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Preface

The Italian university system, along the mainstream of the European higher
education systems, is adopting efficiency and effectiveness as criteria for
process programming and result managing.

For this purpose, both the national system headed by the Ministry of Educa-
tion, University and Research, and the universities, within their managerial
autonomy, activated since the 1990s a systematic assessment of their research
and teaching activities and of other services.

The assessment on a large scale of aspects of the educational system started
in Italy when the Ministry imposed in 1999 that the teaching of each course of
Bachelor and Master programmes be evaluated by the student and that syn-
thetic marks be sent to a National Board for University System Evaluation
(CNVSU) for comparative and intervention purposes.

The compelling need to assess the course quality not only demolished the
atavic distrust that part of the academics have had against the assessment of
the teaching, but also started, in a concrete way, the participation of students
to activities dedicated to them. Moreover, the widespread consciousness of
teaching assessment, as a tool for empowering the higher education system,
entered the Ministry and universities’ agenda.

Even though the use of the course evaluations, for intervention purposes,
still is limited to the most fanciful and fearless faculties and universities, the
process has started and it will not be easy to circumvent.

A second assessment strategy is that of the so-called “external effective-
ness” of university education. This process was started by some scouting uni-
versities and is now customary to the university system. It consists of the as-
sessment, some time after degree achievement, of the graduates’ employment
and professional career.

The employability assessment is a strategic upgrade. First, it focuses upon
the external-to-university life, and academic self-reference is much smaller a
risk than it would be from just an internal evaluation. Second, it refers to the
outcomes instead of the university educational processes. Third, professional-
ism becomes a daily ‘gold standard’, instead than just a faded backstage ele-
ment of university education.

The search of a possible correspondence between education and labour im-
plies the ascription of a social value, as opposed to just individual value, to the
university education. Employability and successful career attainments should
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be in the background of the university aims together with that of developing
culture and civic spirit of students. All this should be kept in mind while de-
signing study programmes and the services that take care of students before,
during and after their university paths.

The ascription of social values to education hints that an athenaeum is a so-
cial entity integrated in its economic and social contexts. This concept per-
vades the European strategies endorsed by the EU Member Countries in Bolo-
gna (1999), Lisbon (2000) and Barcelona (2002). These strategies aim at inte-
grating education with wider economic and social strategies at all levels,
European, national and local, and that of considering social and working de-
velopment while designing the study programmes.

The labour society demands graduates who possess not only a theoretical
education, but also adequate professional competences, namely a mix of
knowledge, skills and attitudes that contribute to their success at work and in
the social life at large.

Hence, work values and educational aims seem to be the two sides of the
same coin. The higher the value ascribed to fast employment, in a good pro-
fessional position and with chances of using the competences achieved, the
higher the mirror value attributed to education.

In this volume — starting from the analysis of some Italian universities — we
wanted to unveil if and how it is possible to measure and infer upon the qual-
ity of the education achieved by graduates by surveying their transition to the
labour market and the short and mid term professional exits.

The volume is partitioned according to the issues dealt with. First, we pre-
sent a set of papers on the effectiveness of university education, then another
on employability of graduates with a discussion on the opportunity to consider
job quality, rather than the employment rate, as the main assessment indicator,
and finally a set of papers on competence analysis for external assessment
purposes.

The first paper of this volume explores the indicators of quality evaluation
that can be drawn from surveys on teaching assessment, on graduates’ place-
ment, on teachers and employers, and on linkage between databases. Those
wishing to provide their own data for education assessment may find it useful.

In the volume, we mixed up study cases and methodological issues. The
study cases are the analysis of the educational effectiveness of the Universities
of Cagliari, Florence, Foggia, Milan-Bicocca, Padua and Naples “Federico I1”
performed by researchers of the same universities. Other study cases concern
the teaching of Statistics and that of Social work at the university level. We
can state that this volume is a university-driven contribution for the definition
of concepts, models and methods for education’s quality evaluation.

Those who like indulging with the modelling of assessment data can read
almost all papers. The Authors adopted for their analyses the ‘fuzzy’ ap-
proach, structural equation models, linear, logistic and Boolean regression
models, chain graph models, principal strata approach to causal analysis, for-



Preface Vil

ward search for robust approach to linear regression, latent growth curves and
other growth models, various approaches to factor analysis (exploratory, con-
firmatory, categorical, Rasch, multiple correspondence), segmentation analy-
sis with various criterion variables, cluster analysis methods, semantic mark-
ing of symbolic objects and other textual analysis approaches, survival analy-
sis with Kaplan-Meier parametric and non-parametric methods, utility func-
tion analysis, and the Delphi-Shang method for data collection.

There is also a paper on the compatibility criteria between occupations and
university curricula. It includes a basic scheme for comparing work require-
ments and the professional counterparts achievable at school. Compatibility is
based on competences required for work and those achievable at school. In
other words, if each job is described in terms of professional competences and
each juxtaposed curriculum is described in terms of comparable competences,
competences become the keys for the job-to-curriculum compatibility evalua-
tion.

We close our volume with two papers that deal with the evaluation of the
so-called ‘human capital’ that is the indicator of long-term external outcome
of an educational programme. The possibility of using human capital as an ex-
ternal assessment indicator is a controversial issue. However, the papers sup-
port the idea that it is possible to compute it with current data. Its large-scale
applicability for the differential evaluation of university programmes’ effec-
tiveness remains, instead, a research issue.

The researches presented in this volume gave some methodological answers
and uncovered political questions. We touched policy issues and highlighted
the interpenetration between methodological and political choices. Let us re-
mind some that are crucial for both methodology and policy:

e [For comparative evaluation purposes, should we consider the profiles
of students that enter a study programme, and how? Should we re-
ward a school that offers an education to less gifted students, or one
that emphasizes quality, even with strict entry selection rules?

e Which are the ways to provide the students with a flexible education,
the teaching of very basic subjects or a more balanced skill-promoting
programme? As training for a job forms a student less than training
on the job, is there an appropriate balance between skill-development
during the school years and that at work?

e Because the assessment of education may be realized at the levels of
single study programmes, faculties, athenaeums and the country, a
complex informative system should be installed to disentangle the
specific effects and understand if, where and how to intervene. None-
theless, how should one account for the social and economic envi-
ronments of the various educational levels?

The papers of this volume had been written, together with others published
elsewhere, within a research funded by the Italian Ministry of Education, Uni-
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versity and Research. The research was titled: “The transition from university
to work and the valorisation of graduates’ competences: models and methods
for multidimensional analysis of determinants”.

Its acronym was OUTCOMES, whose spell is “Occupation as a University
Target and Careers of Outgoing-graduates Maximizing Educational Skills”.
This slogan expresses some of our feelings with regard to university educa-
tion.

We are particularly grateful also to the University of Foggia for the grant
that allowed us to publish these papers.

Let me finally thank all the Authors for their scientific contributions and all
those who helped me in preparing this volume. In particular, | wish to thank
Prof. Francesco d’Ovidio for his pagination work.

Padua, June 2006 The editor

Luigi Fabbris
Statistics Department, University of Padua, Italy
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Informative Sources for the Evaluation
of the University Education Effectiveness in lItaly

Stefano Campostrini, Simone Gerzeli

Dept. of Applied Statistics and Economics “Libero Lenti”, University of Pavia, Italy

Summary. The evaluation of the effectiveness of a study programme refers to
its outcomes, and may be measured with the level of satisfaction of the pro-
gramme objectives. In an educational programme, we can recognize three macro
objectives referred to students:

i) the formation of specific competences;

ii) general competences and individual cultural development;

iii) capability in finding a suitable job.

The measurement of these components is based on the construction and analysis
of several indicators from surveys on teaching assessment, or on placement, or
on teachers and employers, and, too, on linkage between databases.

Keywords: Education effectiveness; Evaluation; University; Informative
sources.

1. The evaluation of effectiveness

The evaluation of the effectiveness of education involves several elements of
complexity, from the definition of effectiveness itself to the multiplicity of pro-
grammes that pursue educational objectives. We will not linger over the deli-
cate question of the definition of effectiveness, accepting, as an operational
definition “the degree to which the educational objectives are achieved”.

Hence, the evaluation of effectiveness implies a clear identification of the
objectives and of the expected results, as well as of their measurement. The
complexity of an educational programme makes the definition of the objec-
tives even more important: only a clear, specific, precise declination of the ob-
jectives allows us to define the concept of effectiveness to which the pro-
gramme refers. We could say that the definition of the objectives also con-
tains the definition of effectiveness.
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Thus, if an initial definition of the objectives leads to a precise determina-
tion of the possible results, a subsequent effort must be undertaken to define
effectiveness, by indicating what it possible to measure is. Often at the initial
stage just proxy measures are used, measures close enough to the concepts ex-
pressed by the objectives.

In defining objectives, particularly in the social context, we often use con-
cepts (for example, the “quality of teaching™) which are not directly measur-
able. However, each of these can be made operational by identifying the com-
ponents of the concept itself, which make it easier to identify possible meas-
ures, which nevertheless are proxy ones.

In the evaluation process, inadequate conclusions may be drawn if the out-
comes are undefined. This is why it is risky to pay attention to only one out-
come indicator and to evaluate the effectiveness with even small variations of
this indicator.

The multi-dimensional nature of the social world implies a multiplicity of
indicators. The basic idea behind evidenced-based approaches refers, on the
one hand, to the impossibility of precisely measuring the complex situation the
programme is on about and, on the other, the importance of choosing evidence
indicators in order to make sufficiently well informed decisions.

A possible guideline for an operative definition of effectiveness may help
also in identifying the information needed for its evaluation: how to make ex-
plicit the central feature of the definition of the objectives specific to the uni-
versity programme and how it may be measured. The process is typically cir-
cular: from an initial definition of objectives, we determine which of these can
be made operational and measured, and this often leads to the redefinition of
the objectives themselves.

Thus, going back to the definition of effectiveness as the “degree to which
the objectives are achieved” it may be added" “provided the objectives are
clearly defined”.

The theory thus indicates that it is difficult to adhere to a single definition
of effectiveness whatever this may be, that is valid for every project and every
context; but this is due to the very same definition of the objectives that the
educational programme intends to set forth.

An important corollary of this issue is that no evaluation of effectiveness is
possible if the programme itself has not stated what concept of effectiveness it
refers to. Hence, each evaluative project should explicitly mention which con-
cept of effectiveness is referred to, if it is a partial or overall measure of it, and
to what extent the “proxy” indicators are valid, reliable and sensitive.

L This should also solve the problem for defining effectiveness as the “satisfaction of

needs”. It is the definition of the objectives that should account for how much and in
what way the programme needs are to be satisfied; this should not be dealt with through
the search for their (ex post) effective satisfaction outside of the objectives set forth by
the project.
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2. The components of university education effectiveness

In order to manage the complexity of programme evaluation, we attempt to
determine (macro) objectives typical to the evaluation process without
discussing the peculiar aspects of each of these. This approach aims to identify
the macro-categories that are measurable.

University education typically unfolds in ways that are often quite diverse
depending on the framework of application, and involves profoundly different
objectives. Nevertheless, it is possible to identify some common features, of-
ten because it is not the basic objectives that change but their relative impor-
tance. Thus, for example, the objective of finding a job cannot be the primary
of university education, but at the same time, it cannot be ignored. Likewise,
in a high-level university education (for example, a Master programme) the
cultural development of the person, while not a priority, is an important objec-
tive anyway.

In Table 1, we outline the macro objectives that an educational programme
could typically seek to achieve. We will try to bring out typical features de-
fined by both the theory and the evaluative practice.

Table 1. A framework for defining effectiveness in university education programmes.

Objectives What we can measure How

Customer satisfaction sur-
veys on teaching and place-
ment

Satisfaction of the students during
and after their studies

Learning / de-
velopment of
specific
knowledge

Self-perception of educational ad-
vancement

Assessment of knowledge/skill ac-
quisition

Perception of employers

Partial and final verifications
Ad hoc surveys of employers
Impact studies of different
programmes

Surveys of teachers

Surveys of experts

Development

Satisfaction of students during and
after their studies

Customer satisfaction sur-

of cross- Self-perception of (ex post) educa- veys on teaching and place-
oceupation | iqnal achievement/ usefulness of ment
Eompetgnces/ cross-occupation competences Ad hoc surveys on employers
formatlonﬂof Perception of employers Surveys on teachers
aperson” | Enrolment in more advanced studies | SUTVEYS On experts
Employability, such as time required | Placement surveys
to enter the labour market Comparison of archives
Employm_ent Quality of work (contract / position / | Surveys on employers
capabilities

professional nature)

Coherence of the job with the studies

Surveys on teachers
Surveys on experts
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Each of the items presented in the table would deserve a full and deep dis-
cussion. This exceeds the aims of this paper, which seeks to take advantage of
this synthetic presentation to discuss the possible sources for evaluating the ef-
fectiveness of University education, their pros and relative limitations. More-
over, the list is not meant to be exhaustive.

The scheme obviously does not consider specific cases and the classifica-
tion cannot capture all the complexities of particular educational programmes.
On the other hand, such an approach perhaps cannot reveal other important is-
sues faced by university education®. If we consider only three macro objec-
tives, we accept the risk of leaving out many important aspects. However,
given the complexity of the problem, we have sought some solid footing to
start from, with the possibility of subsequently widening the scope and detail
of these considerations.

3. The sources for evaluating effectiveness

We will now examine the main problems and possible methodological solu-
tions that can be encountered when using the typical instruments for evaluat-
ing the effectiveness of educational programmes. We begin with an outline in
order to discuss, though briefly, each element.

Table 2. Typical approaches to gather information on the effectiveness of education
programmes, and related problems

Sources and instruments

for evaluating effectiveness Possible problems

Evaluation surveys of teaching methods |Subjective evaluation

Subjectivity
Placement studies Timing of data collection
Selection bias
Linkage of archives Data availability
Surveys on experts Subjectivity / lack of quantitative elements
Surveys on professors Subjectivity / partiality
Subjectivity

Surveys on employers

Coverage and rates of response

2 For instance, we lose the trade-off between quality of education and the increase in the

number of educated individuals, a problem that is dealt with and not yet resolved by the
reform of the educational system in Italy.
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3.1 Evaluation surveys of teaching methods

The evaluation of teaching is quite a well-known approach around Europe. In
Italy its application is recent (late 1990s), but it is routinely used in a most
educational programmes, and is compulsory in public universities.

Even though the data-gathering instruments and the subsequent construc-
tion of indicators have become more refined, one would be wrong in thinking
that the validity and sensitivity of these elements allow for indications of abso-
lute effectiveness of the educational programmes being studied.

In fact, the specific role of this evaluation approach, especially when we
limit ourselves to gathering information from assessments by students, can
only represent a general stimulus for the individual teachers and a sort of
alarm signal with regard to certain particularly critical situations.

It would be deceiving (and in many regards counterproductive) to attribute
to these types of evaluation the role of an absolute judgement on the quality of
teaching and, even more, on the single teacher. In fact, the reliability and sen-
sitivity of the instruments can certainly allow us to make valid considerations
at the macro level as well as regarding the “tails” of the distributions (the left
one in particular, the relevant negative cases), while the validity of comparison
in the central part of the distribution can be questionable. l.e., a teacher who
receives an average score of 3 out of 10 is certainly a problematic case, while
it is not necessarily true that the performance of a teacher with a score of 7.5 is
below that of one whose score is 8.

Thus, the methodological solution to the problems linked to the subjectivity
and partiality of the evaluations does not involve adopting some technical
tricks but limiting ourselves to the role that evaluations of this type can play
and understanding the importance of interpreting the results in light of other
possible information, following an integrated approach (Nevo, 2001; Bernardi
et al., 2005).

3.2 Placement studies

Placement studies are also being used in different educational contexts. Typi-
cally, at a distance of six months, and one to two years from graduation, stu-
dents are interviewed regarding their satisfaction as well as to obtain informa-
tion on their employment situation. It must be emphasized that opinions given
spontaneously and after some work experiences (even unsuccessful ones) can
provide an interesting point of view.

Obviously, all ex post assessments provide us with a lot of information to
define overall judgements, and are not in competition with the approach pre-
sented in the previous section, which focuses more on formative evaluation.

Timing is certainly a critical element: studies too close to the end of the
educational experience do not sufficiently reflect the students’ rethinking of
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their educational lives. However, if the surveys are too far from this experi-
ence, the rethinking can itself be strongly influenced by exogenous factors.

Once again, the specific evaluative objective indicates the appropriate tim-
ing with respect to this trade-off. In any event, experience seems to show a
minimum distance of six months and a maximum of two years.

As far as the employment situation is concerned, we need again to pay at-
tention to the value and the role that this type of informative source can play.
The case of vocational training is emblematic. In many regional systems,
evaluations on the employment capacity of formative programmes have been
considered as points in favour for those seeking financing for their educational
programmes. This use of the evaluation of results in selection processes is cer-
tainly positive and should be encouraged.

There is a mixture of aspects concerning both the definition of objectives
and methodology. It is clear that, with regard to different study programmes
available in a territory, a selection problem could hide the effectiveness — in
terms of employment capabilities — of such study programmes. Students who
choose subjects that are viewed as important by the labour market will cer-
tainly have more chances of success, for example in terms of employment rate
six months after the end of the educational programme.

This typical problem of impact evaluation can be overlooked if we consider
that the ability to select worthier and more appropriate students is itself part of
the educational programme. Thus, we again have a problem of the definition
of objectives: this would surely be a tenable approach.

Should we reward a school that offers a university education to less gifted
students, or one that emphasizes quality, even with a rigid entry selection? If
we do not consider selection problems, which can hide a result (positive or
negative), we run the risk of wrongly judging the outcomes of a placement
survey.

3.3 Linkage of databases

Linkage of databases could certainly be an interesting approach to overcome
most of the above-mentioned problems. At a small cost we could compare the
performance of persons that received a university degree with those without it
(or who have had a different degree) by simply observing the social security
agency status (INPS in Italy) after a certain period. When this has been ap-
plied to similar contexts, there have been encouraging results (see, among the
others, Battistin et al., 2001).

Apart from the methodological problem of linkage, the issue here is often a
“political” one, involving the willingness of different institutions. The data ex-
ists, but what is often missing is the willingness to link the data for compara-
tive purposes. A non-trivial problem is data privacy, although it is frequently
used as an excuse.
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Basic information for the evaluation, in terms of internal effectiveness or
output data, could also be found in the university administrative archives.
These databases allow us to construct indicators to measure the output of the
university education, for instance the number of students and degrees, the
number of courses, etc.

Of course, these archives are useless for outcome evaluation, although some
information on effectiveness can be obtained.

In Italy, the universities’ capability of carrying the students to final degree
is taken by the Ministry for University as an indicator of performance of the
universities.

3.4 Studies on experts

Often the data on the effectiveness of educational programmes is limited to
those directly involved (e.g. students and subsequently to graduates), who un-
doubtedly are aware of the progress in their educational experience, but can
provide only a conditioned point of view. A useful complement to this data
can be “qualitative” studies on experts.

Though not useful to quantify effectiveness, this information can neverthe-
less be precious not only to complete the data that has been gathered but also
to provide a key to interpreting the success or the failure of an educational
programme.

3.5 Surveys of teachers

In many countries (and Italy is one of these) teachers are rarely surveyed for
their opinions, almost as if researchers were afraid to inconvenience those on
the other side of the fence. Actually, teachers can also provide interesting in-
formation, if not on the final effectiveness of programmes, at least on those
elements of the process that favour or obstruct such programmes.

In fact, it is becoming increasingly necessary to include process elements in
ex post evaluations: these allow us to understand not only if an outcome has
been achieved but also how and why, and under what conditions. Those who
manage this process can certainly provide this information. Thus, it is not sim-
ply a question of asking teachers to do a sort of self-evaluation of their work
but to involve them in a more comprehensive evaluation programme.

In this regard, we must quote the disputes between those who believe that
an evaluation should be internal to the concerned organisation (i.e. the organi-
sation that must “learn™) and those who feel it should be external, requiring
third-party evaluators. It depends on the evaluative objectives, on who re-
quires the evaluation, and the point of view the study will take (Chen, 1996;
Campostrini, 2001).
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A third-party evaluator is certainly necessary to guarantee evaluations that
are independent of the context and free of peculiar interests, among the other
targets, when it is used to formulate judgements for programme funding.

In the same way, we cannot deny the validity of internal evaluations, under-
taken as a standard practice by the organization itself (Patton, 1997).

3.6 Survey of employers

As far as the educational objective of labour market entry and specific skills
training are concerned, the point of view of employers is surely important, if
not fundamental.

The problems in this context are technical and cultural. In fact, the basic
limit to employer surveys is the difficulty of getting employers to collaborate.
It is not only the problem of interviewing who are busy, often on the move and
have little time available for activities that take them away from work. It is
not only the problem of selecting the most appropriate person to interview in
highly complex organizations. The problem is (also and above all) cultural.

This is the case in Italy, where employers have shown little interest in edu-
cational programmes. Recently there have been some notable changes, but
these involve training on the job more than training for a job. Even companies
that believe strongly in training programmes, as opposed to basic education,
prefer to train their personnel themselves to provide specific skills than turn to
some training agency.

Some changes are taking place, and it could be worthwhile to study the
methodological problems for this type of survey and to launch some pilot pro-
jects. In the meantime, we feel that the qualitative approach involving experts
presented above still represents the best proposal.

4. Final remarks

In this paper, we have tried to systematise the complexity of an evaluation
project of university educational activities. Our purpose was to provide a pos-
sible framework, discussing the typical sources for evaluation. This has been
done with reference to the Italian situation. Giving these limitations, our work
can represent only a possible starting point for approaching the matter.

Further research is needed to better define the effectiveness of educational
measures, in particular university ones. Although some approaches (such as
customer satisfaction or placement surveys) are well developed both from a
theoretical point of view as well as from the methodological one, some others
(e.g. surveys on employers or data linkages) need to be further studied.
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Summary. In this paper, we propose a fuzzy approach to measure the degree
of satisfaction of graduates on the suitability of university education for work-
ing purposes. The indicators proposed come from two factors: the importance
attributed to six aspects of university education and the quality of the service
perceived by graduates. We use these indices to evaluate the first results of a
telephone survey on a sample group of graduates at the University of Foggia.
Using factor analysis, we show that all the aspects of university education can
be summarised in just one dimension.

Keywords: Fuzzy indicators, Customer satisfaction, Graduates, University of
Foggia.

1. Introduction

The evaluation of customer satisfaction implies the collection of one or more
marks allotted to a service by its users. The allotment of these scores requires
subjective evaluations, which may be though of as values on an ideal contin-
uum and may be suitably summarised.

In this paper, we propose a fuzzy method to measure the satisfaction of
graduates for their university education in terms of preparation for the labour
market. Thus, we evaluate ex post the university education in order to improve
the formative offer according to labour market needs.

L This paper is the result of the joint research of the two authors. C. Crocetta was respon-

sible for the final editing of Sections from 1 to 4, 6 and 7, whereas G. Delvecchio was
responsible for Sections 3 and 5.
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Indeed, the didactic autonomy of universities imposes serious thoughts
about the objectives and contents of the educational pathways through which
the competences develop.

2. The survey

The University of Foggia has recently started the monitoring of placement and
satisfaction of its graduates with respect to the effectiveness of the education
received for preparing their insertion into work.

We will use the database formed through the integration of the data avail-
able in the archives of Student secretariat of the University of Foggia and that
obtained from an ad hoc telephone survey.

Because of some difficulties in interviewing graduates by telephone (some
of them graduated seven years before), we had to undergo some limitations in
the data collection design. The initial purpose was to contact all graduates of
the University of Foggia. We made up to seven attempts to contact the stu-
dents at different hours before considering them unreachable. We carried out
the 2,133 interviews from April 28th to May 26", 2003. The percentage of
completed interviews reached the 72.9% of the eligible population.

The questionnaire is composed of four parts: the first one is dedicated to
graduates who worked before graduation, the second to those who are still
seeking employment, the third to current or past professional experiences and
the last to graduate satisfaction with services received, considering both the
job searching and professional experiences.

In this paper, we will focus on the evaluation of graduate satisfaction with
respect to the services received.

In order to measure the importance that each person assigns to the different
aspects of university education and the quality of the teaching offered by each
faculty, the interviewees were asked to give a score from 0 to 100 to both, im-
portance and quality of service, with respect to the following aspects:

e basic teaching,
specialist teaching,
practical activity (practice, laboratories, job placement, etc.),
use of equipment for improving expertise and research,
forma mentis,
methods and techniques learned during the course.

The answers to this part of the questionnaire required particular commit-
ment from the interviewers because many interviewees found it difficult to an-
swer the questions properly and required the interviewer to explain the exact
meaning of questions. We chose a 0-100 scale in order to have a wide range of
scores, thus providing greater accuracy without using decimal numbers.
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It is not possible to carry out mathematical operations between values as-
signed to the importance and the quality to obtain a satisfaction index, because
they are inconsistent between themselves and with satisfaction. For this rea-
son, to summarise the two (quality and importance) scores, it is inappropriate
to use the arithmetic mean. In the following (Section 3), we propose to esti-
mate this value with a model-free fuzzy approach.

3. The fuzzy approach

In order to identify a fuzzy system it is to be chosen (Dubois & Prade, 1980;

Bualoti et al., 1999; Delvecchio, 2002):

o the type of system, and the way to activate fuzzy subsets (see Section 3.1),

o the memberships associated to the measures entering the system (Section
3.2),

o the memberships associated to the measures leaving the system (Section
3.3),
the input-output association rules (Section 3.4),

o the type of defuzzifier (Section 3.5).

3.1 The fuzzy system used

In the fuzzy logic, the units (importance attributed, quality perceived and in-
dex of satisfaction with respect to six aspects of university education) are di-
vided into fuzzy subsets.

We will indicate a low importance subset with 1A, a medium with 1Ay, a
high with 1Ay, and a very high one with 1Ayy. The analogous subsets associ-
ated to the perceived quality is denoted with Q, Qum, Qn, Quvn, and those as-
sociated to the index of satisfaction with ten subsets Iy, I, ..., li. Our fuzzy
system is based on a method of fuzzy inference known as “Mamdani™. The
basic idea is to incorporate the experience of the researcher who designs the
system”.

2 The main methods of fuzzy inference are those of Mamdani and Sugeno. The former

(Mamdani & Assilian, 1975) is the most popular: it has the advantages of being intuitive
and adaptable to human inputs. The latter (Sugeno, 1985) can be used to model any in-
ference system in which the membership functions in output are linear or constant: it has
the advantages of being computationally efficient, of working well with linear tech-
niques or techniques of optimisation and adaptation, and of adapting well to mathemati-
cal analysis.

«Fuzzy systems allow us to construct systems in the ordinary language. To supply some
fuzzy systems the common sense contained in the heads and maybe in the language of
Cro-Magnon and Neanderthal man was sufficient» (Kosko, 1995).
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We have to establish the membership functions and the matrices of rules:
i.e. the matrices that associate the value of the index (Section 3.4) to a particu-
lar combination of importance and quality. From a set of linguistic rules that
describe the system, we obtain an algorithm (i.e. a system of fuzzy rules)
whose words are defined as fuzzy sets.

The main advantages of this approach are the possibility of making feasible
the knowledge based on empirical rules and on intuition, and also that of not
requiring a process model (Kosko, 1995).

We applied the correlation minimum encoding rule, i.e., the fuzzy subset A’
of a general fuzzy set A, activated by a determined value x, of the non fuzzy
variable ¥, is obtained from H by cutting the upper part at py(Xo), where py(x)
is the membership function of the input data associated to H (Kosko, 1992).

3.2 Memberships associated to the data entering the system

To define the functions that describe the degree of membership of input data
to the fuzzy subsets we chose — for the sake of simplicity — triangular func-
tions distributed in [0, 100].

In Figure 1, we visualise the memberships associated to importance. The
‘low’ fuzzy subset is associated to the membership constituted by the triangle
of vertices (0, 0), (0, 1), (33.3, 0); the “medium’ one is associated to the mem-
bezship made up of the triangle of vertices (0,0), (33.3, 1), (66.6, 0), and so
on”.

The quality issue is represented with similar memberships.
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Figure 1. Representation of memberships associated to educational importance in our
fuzzy system, as visualised in the implemented software.

4 The elements are not attributed to an ordinal class, because each element will belong to

the four fuzzy subsets at the same time, but with a different degree of membership.
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3.3 Memberships associated to data leaving the system

In Figure 2, we represent the memberships and their visualisation associated to
the index of satisfaction (Mathworks, 1999). In this case, too, we decided to
use the triangular type of membership for each of the ten fuzzy classes.
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Figure 2. Representation of memberships associated to the index

3.4 Rules of input/output association

In the fuzzy approach, even the input/output rules of association are based on
the operator’s experience. For instance, in the case of a risk deriving from two
concurring sources, a popular model is multiplicational: i.e. the total risk
equals to the product of the risks of the two components (Fiorentini &
Romano, 1995; Delvecchio, 2002).

However, the rules for the definition of importance and the quality of the
labour market and to the education received from the university cannot be
mathematical, but psychological. To define the rules, we used the opinion of a
group of experts composed of a job psychologist, an anthropologist and two
social statisticians ® who agreed on the following criteria (Table 1):

Table 1. Matrix of rules constructed with expert opinions.

Perceived Attributed importance
quality ™ 1Ay 1A, 1AuH
Qu lq I3 I Iy
Qm lq 4 Is Is
Qn Iy Is I7 ls
Qvn Iy s Iy lio

> We express our thanks to professors Amelia De Lucia; Francesco Delvecchio, Giancarlo

Tanucci and Ernesto Toma who collaborated to define the rules.
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o the scores given to the importance of the aspects of the university educa-
tion are independent of those assigned to the perception of quality;

o satisfaction is maximum when the highest level is attributed both to impor-
tance and quality;

o the bottom of satisfaction is when the quality is at the lowest level and the
importance given to this aspect is highest;

o the satisfaction cannot decrease if the perceived quality increases, whatever
the importance attributed.

3.5 The defuzzifier

The method chosen for defuzzifying (Cammarata, 1994) assumes as output the
abscissa of the barycentre of the area subtended by the function that describes
the fuzzy set output (the method is thus named centroid®).

In Figure 3, we describe an example of activation of rules relative to an as-
pect of university education, whose importance score is 10, quality score is 80,
and satisfaction index is 41.9. Each row reports the three memberships (im-
portance, quality, index of satisfaction) of the 16 rules described in Table 2. At
the bottom right (under the sixteenth rule in the third column of the index of
satisfaction) there is the output subset (obtained by “consolidating” the subsets
in the third column, and outputting 16 rules), and the value of the index (the
abscissa of the barycentre of the subtended area).

Let us consider, for instance, rule n. 7: if the importance is medium and the
quality is high, then the index is ls. The seventh row of Figure 3 shows dia-
grams of the three triangular memberships of medium importance, of high
quality and of index Is. The values in abscissa 10 and 80, by “activating” the
subsets, determine the cutting of those triangular membership functions, thus
generating some trapezoidal memberships (first and second diagram). The
memberships of the output subset (third diagram) is obtained by cutting the re-
spective triangular function of the |5 index near the lower height of the previ-
ous two trapezoidal memberships that regard importance and quality (rule of
correlation minimum encoding, see Section 3.1).

The global satisfaction index is the arithmetical mean of the fuzzy indices
derived for the six aspects of university education analysed.

In Figure 4, we show how the index of satisfaction constructed with our
fuzzy technique is connected to importance and the perceived quality. The re-
lationship is not linear and when the perceived quality is low, the index of sat-

®  This method (which must not be confused with the cluster analysis one), is popular be-

cause it does not fail with several maxima or a maximum limit, and it considers the in-
formation of the output set (Cammarata, 1994; Kosko, 1995). According to Kosko, in
the FAM (Fuzzy Associative Memory) technique, this method is appropriate because
«we feel or perceive the centre of mass»».
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isfaction decreases with increases of importance; however, when quality if
high, the index increases with increases of importance.

Importance attributed Quality perceived Index of satisfaction
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Figure 3. Example of activation of the rules in a fuzzy scheme (the score of the impor-
tance is 10, see the abscissa of the first column, and the perceived quality is 80, see the
abscissa for the second column).

Index

Importance Quality

Figure 4. Representation of the index of satisfaction, obtained with fuzzy rules, ac-
cording to the importance attributed and the quality perceived
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Table 2. Average (M) and coefficient of variation (CV) of the scores assigned to im-
portance, quality and index of satisfaction

Importance | Quality Index of

Aspects of university education attributed | perceived | satisfaction

M| CV|M|CV|M]|CV

1. Basic teaching 75.4| 27.3| 64.0| 31.6| 66.8] 27.7
2. Specialised teachings 73.1| 30.5| 61.1| 35.8| 64.0] 30.9
3. Practical activities (practice, labs, job placement) | 76.5| 34.8| 49.2| 53.8| 53.8| 44.5
4. Use of equipment for expertise & research 74.5| 35.9| 47.6| 54.8| 52.8| 44.6
5. Forma mentis 77.8| 26.5| 67.4| 32.5| 69.9| 28.9
6. Methods and techniques 72.6| 30.5| 58.3| 37.3| 61.5| 32.3
Global index of satisfaction 62.9| 24.2

For low values of importance, satisfaction does not change with changes of
quality, whereas when importance is high, satisfaction increases rapidly with
the increase of quality perception.

4. Index of satisfaction

Following the methodology described above, we computed — for each respon-
dent — six indices of satisfaction for the university education. In Table 2, we
show the means and the coefficients of variation of the six aspects.

On average, the importance of the different aspects rated higher than the
perceived quality. The global index of satisfaction indicates that graduates are
reasonably satisfied (62.9).

The interviewees attribute great importance to forma mentis, practical activ-
ity and basic teaching. This opinion is popular among researchers, considering
the fact that the coefficients of variation of the fifth and first aspect are signifi-
cantly lower than the others. The index of satisfaction regarding practical ac-
tivity, however, shows a great variability.

Therefore, according to the interviewees, the university should give basic
knowledge and integrate it with practical activities (such as internship, labs,
and job placement) in order to prepare graduates to face the problems of work-
ing life. In general, graduates at Foggia University prefer less specialised
courses.

The relations between the scores attributed to importance and to the per-
ceived quality, for the six aspects, are evident in the correlation matrices (Ta-
ble 3). All the values of these matrices are positive, and this indicates that
there is a general agreement between all the variables. The only exceptions are
practical activities and use of equipment for which there is a stronger linear re-
lation both as regards to the importance attributed (r=0.75) and the perceived
quality (r=0.69).
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Table 3. Correlation matrices between the scores regarding the importance attributed
and the quality perceived for six aspects of university education.

Importance attributed to the aspects Aspects
of university education 1 2 3 4 5 6
1. Basic teaching 1.00| 052| 0.31| 0.29| 0.43| 0.43
2. Specialised teachings 1.00| 0.48| 0.45| 0.45| 0.50
3. Practical activities 1.00| 0.75| 0.48| 0.55
4. Use of equipment 1.00| 0.51| 0.56
5. Forma mentis 1.00| 0.63
6. Methods and techniques 1.00
Quality perceived attributed Aspects
to the aspects of the education 1 2 3 4 5 6
1. Basic teaching 1.00| 055| 0.34| 0.27| 0.38| 041
2. Specialised teachings 1.00| 0.48| 0.38| 0.39| 0.47
3. Practical activities 1.00| 0.69| 0.34| 0.48
4. Use of equipment 1.00| 0.32| 0.45
5. Forma mentis 1.00| 0.54
6. Methods and techniques 1.00

Table 4. Correlation and partial correlation coefficients between the scores regarding
the importance attributed, quality perceived and index of satisfaction.

Correlation Partial correlation
coefficients between coefficients between
Aspects of the impor- |importance| quality |Importance and| Quality and
university education | tance and | and satisf. | and satisf. | satisfaction |satisf. index|
quality index index | index | quality importance
1. Basic teaching 0.46 0.67 0.94 0.78 0.96
2. Specialised teaching 0.46 0.61 0.95 0.63 0.95
3. Practical activity 0.34 0.41 0.97 0.33 0.96
4. Use of equipment 0.35 0.39 0.97 0.21 0.96
5. Forma mentis 0.51 0.63 0.97 0.64 0.97
6. Methods& techniques | 0.39 0.53 0.96 0.59 0.96

Let us now verify if there is a relation between satisfaction index, impor-
tance attributed and perceived quality (Table 4).

The correlation coefficients between attributed importance and perceived
quality for the different aspects vary between 0.34 and 0.51. The most corre-
lated are those regarding the forma mentis and the basic and specialised sub-
jects. The correlation between importance and quality for practical activities,
use of equipment and methodology taught is less intense.
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As regards the importance attributed to educational aspects and the corre-
sponding indices of satisfaction, a larger correlation is observed between the
theoretical aspects as compared with the practical ones.

The perceived quality has a much higher correlation with the index of satis-
faction than the one regarding the importance attributed. The explanation may
be found in the type of fuzzy rules used to construct the indices. We con-
structed the indices using fuzzy type rules of association and not combining
the opinions.

According to the rules established by the experts, it was not possible to
foresee the existence of a strong linear relation between the quality and satis-
faction perceived (as measured by the fuzzy indices). Indeed, the rules assume
a nonlinear link (Figure 4), so if the importance attributed to an aspect is low,
the satisfaction remains constant even if the quality changes.

The high correlation coefficient between perceived quality and satisfaction
may depend on the fact that if a person evaluates positively all the considered
aspects, the overall satisfaction will be positive even if some aspects are mar-
ginally important.

The partial correlation coefficients between importance and the satisfaction
indices highlight that, for a given quality, the overall satisfaction grows while
the importance attributed to aspects increases. This agreement is larger for the
more theoretical aspects of education.

For an analogous reason, the positive correlation between perceived quality
and the indices of satisfaction, given the importance, allows us to state that
satisfaction depend on the perceived quality.

It may be seen that the quality-and-importance scores are concentrated in
the triangle limited by coordinates (0, 0), (100, 100) and (0, 100), an area
within which the relations between the satisfaction index, the importance and
quality are linear.

The correlation matrix between indices of satisfaction (Table 5) is similar to
those regarding importance and the quality (Table 4). Still there is a strong re-
lation between satisfaction and practical activities and specialised teaching,

Table 5. Correlation matrix between the indices of satisfaction regarding the six as-
pects of university education considered.

Indices of satisfaction of the as- Indices of satisfaction

pects of university education 11 12 13 14 15 16 |

11 - Basic teaching 1.00| 050| 0.29| 0.25| 0.36| 0.40 0.59
12 - Specialised teaching 1.00| 0.43| 0.36| 0.36| 0.47| 0.69
I3 - Practical activity 1.00| 0.69| 0.32| 0.47 0.76
14 — Use of equipment 1.00| 0.34| 0.44 0.74
I5 - Forma mentis 1.00| 0.57 0.67
16 - Methods and techniques 1.00| 0.79
I - Index of satisfaction (1) 1.00




A Fuzzy Measure of Satisfaction for University Education as a Key for Employment 21

and a similar agreement exists between the use of equipments for providing
expertise and practical activities.

The link between the fundamental aspects of education, such as forma
mentis and basic teaching, with practical activity and the use of equipment is
rather weak. Instead, the satisfaction index is positively correlated with all the
educational aspects.

5. Graduate satisfaction

Because the University of Foggia was only recently established, it seemed ap-
propriate to investigate whether the indices of satisfaction vary according to
study course, year of degree achievement, graduation mark, and employment
position (Tables 6 and 7).

Table 6. Average scores of the importance attributed to six aspects of university educa-
tion, by faculty, year of graduation, final graduation mark and current working position.

Faculty, year at Aspects of university education
grad., clas_ses of gr_ade Basic | Specialist |Practical| Use of | Forma |Methods &
and working position |teaching| teaching | activity |equipment| mentis |techniques
Faculty
Agriculture 81.3 80.8 79.4 79.0 82.2 79.1
Economics 74.7 73.2 73.6 71.2 76.9 72.1
Law 75.2 71.8 77.0 75.7 775 71.6
Medicine and Surgery 75.9 78.2 85.3 78.9 84.1 79.3
Solar year at graduation
Until 1995 79.2 74.1 83.4 88.8 87.3 79.4
1996 79.0 76.0 78.0 70.0 81.0 75.0
1997 78.0 75.0 79.0 76.0 81.0 74.0
1998 79.0 75.0 80.0 76.0 82.0 77.0
1999 78.0 76.0 77.0 76.0 80.0 75.0
2000 75.0 73.0 75.0 75.0 77.0 73.0
2001 75.0 72.0 74.0 74.0 76.0 71.0
2002 74.0 73.0 78.0 75.0 76.0 70.0
2003 69.0 66.0 69.0 66.0 72.0 70.0
Final graduation mark
66 — 99 66.6 64.7 66.7 64.8 69.6 64.7
100 - 105 75.3 73.3 75.2 72.1 77.2 72.3
106 -110 L 79.3 75.8 78.7 76.6 81.1 74.9
Current working position
Employed 78.6 75.3 76.5 75.0 79.8 73.9
Not employed 72.3 71.0 76.4 74.1 75.9 713
University of Foggia 75.4 73.1 76.5 745 77.8 72.6
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Table 7. Average scores of the quality attributed to six aspects of university education,
by faculty, year of graduation, final graduation mark and current work position.

Faculty, year of Aspects of the formation at university

grad., classes of grade | Basic | Specialist | Practical | Use of | Forma [Methods &

and working position |teaching| teaching | activity |equipment| mentis |techniques
Faculty

Agriculture 68.2 66.0 53.1 49.9 67.2 62.0
Economics 63.6 59.8 475 45.0 67.3 59.0
Law 63.8 61.2 50.2 50.3 67.4 57.5
Medicine and Surgery 65.2 64.5 49.7 44.6 68.7 57.9
Solar year at graduation
Until 1995 75.7 67.2 54.8 56.5 76.7 65.2
1996 64.1 62.2 55.2 45.6 66.7 59.0
1997 62.8 61.2 498 47.3 67.2 57.0
1998 66.0 59.7 50.2 47.4 70.7 58.4
1999 66.1 60.4 49.5 49.9 68.7 59.1
2000 63.6 60.6 47.2 47.9 68.0 59.0
2001 63.9 61.3 49.0 49.1 65.9 57.4
2002 62.3 61.7 475 45.1 65.3 56.7
2003 62.1 61.2 51.8 459 67.2 61.3
Final graduation mark
66 — 99 61.6 59.2 48.1 49.2 66.3 58.3
100 - 105 63.5 60.4 48.3 46.2 66.9 57.7
106 - 110 L 67.9 64.2 51.2 47.6 69.5 59.2
Current working position
Employed 65.4 61.6 495 47.8 68.5 59.2
Not employed 62.6 60.7 48.9 47.4 66.3 57.4
University of Foggia 64.0 61.1 49.2 47.6 67.4 58.3

It is evident that the opinions of graduates about the importance they attrib-
ute to education always exceed the quality they feel with it. In particular, the
difference between those opinions (attributed importance and perceived qual-
ity) is generally greater for the aspects regarding the use of equipment and
practical activity but lower for basic and specialist teaching.

Table 8 shows an overall positive opinion (provided by the global satisfac-
tion index 1) for all the faculties. The most satisfied graduates seem to be those
of the Agriculture Faculty, whereas those of the other faculties are slightly
more critical. Obviously, the judgement expressed for the aspects of university
education varies according to faculty: for graduates in Agriculture the highest
satisfaction level refers to basic teaching, whereas for graduates in Medicine
and Surgery, Law and Economics the most important aspect is forma mentis.

Graduates of almost all the faculties are unsatisfied with their practical
training and expertise for the labour market, thus requesting a greater com-
mitment of the University management to take care of it.
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Table 8. Indices of satisfaction regarding the 6 aspects of university education con-
sidered and index of global satisfaction, by faculty, year of graduation, working posi-
tion and final graduation grade.

Faculty, year of Indices of satisfaction
grad., classes of grade| 11 12 13 14 15 16 I
and working position | Basic |Specialised|Practical| Use of |Forma|Methods|Global
teaching| teaching |activities| equipment [mentis| & techn. | index
Faculties
Agriculture 72.2 70.0 58.5 55.3 | 71.2 67.0 | 65.7
Economics 66.5 63.0 52.1 50.3 | 69.7 62.5 | 62.7
Law 66.5 63.7 54.2 55.3 | 69.7 60.2 | 62.9
Medicine and Surgery| 68.0 68.4 55.4 50.5 | 71.5 62.0 | 62.7
Year of Graduation
Up to 1995 76.3 70.2 56.2 59.4 | 79.9 68.0 | 69.5
1996 67.8 64.8 59.6 51.3 | 71.0 61.7 | 63.0
1997 66.7 64.8 54.3 53.3 | 70.8 61.7 | 63.9
1998 68.9 63.6 55.6 53.4 | 73.4 62.6 | 64.4
1999 69.2 64.1 54.5 55.1 | 71.3 62.5 | 64.3
2000 66.6 63.4 52.8 53.2 | 70.0 61.6 | 62.8
2001 66.8 64.2 53.2 54.4 | 68.6 60.8 | 62.6
2002 64.9 64.3 52.0 50.1 | 67.8 59.6 | 61.4
2003 63.6 61.8 54.2 494 | 68.1 62.7 | 61.5
Final graduation grade
66 - 99 63.7 61.7 52.4 54.2 | 68.2 60.4 | 61.6
100 - 105 66.5 63.3 53.1 51.6 | 69.5 60.9 | 62.6
106 - 110 L 71.0 67.3 55.7 52.6 | 72.2 63.3 | 65.0
Curr. working position
Employed 69.0 64.9 54.1 53.2 | 71.3 62.7 | 64.0
Not Employed 64.8 63.1 53.5 52.4 | 68.5 60.3 | 61.9
University of Foggia 66.8 64.0 53.8 52.8 | 69.9 615 | 62.9

In Table 8, by observing the distribution of the satisfaction indices as re-
gards year of graduation, some interesting regularity and some even more elo-
guent peculiarities can be observed.

We have to specify that some people who graduated at Foggia University in
first years after its foundation transferred from other universities, and had the
opportunity of using equipment and the organisation of other long established
universities. The unexpected positive opinions expressed by these graduates on
various aspects of university education can be easily understood. In the first
years, the family-like environment resulting from the small number of students
and the relaxed relation with lecturers may have positively influenced the stu-
dents.

The global satisfaction index assumes higher values for graduates of the
first years and decreases during the last ones. The less theoretical aspects of
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university education (use of equipment and practical activity) always differ
from the others. However, considering the evolution of these scores in time, it
is inevitable to ask why the significant investments made to equip the young
University of Foggia with adequate structures did not affect the evaluation of
those who graduated in the last years.

Of course, as the refreshers increased the intrinsic validity of the teaching
and the presence of adequate structures increased their importance, graduates
became more demanding, and evaluative scores lowered. The evaluation was
good until the University obtained its independence from the University of
Bari in 1999.

The final graduation marks had also influenced the students’ opinions:
those who have achieved a better university education were more positively
oriented on all aspects, the only exception being training on the use of equip-
ment. This confirms that the lower the opportunity of using university re-
sources, the lower the educational performances.

The only aspects that even graduates with the best marks evaluate insuffi-
ciently are those regarding practical activity and use of equipment.

Finally, employed graduates express more positive opinions than the unem-
ployed ones on all the aspects of University education. Also between these
two categories, there is little discrepancy of evaluation regarding practical ac-
tivities and use of equipment.

6. Factor analysis

By comparing the different indices of satisfaction, it emerges the existence of
a latent structure influencing the different aspects considered.

To make this structure clear and minimise the number of evaluative dimen-
sions, we applied a factor analysis on the index scores. Since there is only one
eigenvalue greater than 1, we decided to retain the first factor alone, which
explains 58.3% of the variability. In Table 9, we present the standardised fac-
tor loads and the communalities of each index of satisfaction, by faculty.

From the factor load analysis (Fabbris, 1997), we can see that practical as-
pects are juxtaposed to theoretical-methodological ones, and name the facto-
rial axis theory vs practice.

The factorial loads of the Athenaeum all exceed 0.5 and are distributed in
an almost uniform manner.

We can conclude that the university education quality, evaluated by the sat-
isfaction indices, lead back to a single latent factor spanning from practical to
the theoretical-speculative aspects.

Indeed, the factorial loadings regarding the faculties undergo only slight
variations compared to the one obtained for the whole Athenaeum. The pres-
ence of a theory-practice factor is evident for all the faculties.
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Table 9. Factor loadings and communalities of the satisfaction indices regarding
university education, by faculty.

Faculties

Aspects of university Agriculture | Economics | Law Medicine | University
education & surgery | Of Foggia

Factor loadings
1. Basic teaching 0.60 0.64 0.65 0.69 0.65
2. Specialist teaching 0.57 0.74 0.73 0.76 0.73
3. Practical activities 0.77 0.73 0.75 0.86 0.76
4. Use of equipment 0.73 0.66 0.71 0.80 0.70
5. Forma mentis 0.56 0.64 0.71 0.72 0.68
6. Methods & techniques 0.79 0.73 0.80 0.84 0.78

Communalities
1. Basic teaching 0.36 0.41 0.42 0.48 0.42
2. Specialist teaching 0.33 0.55 0.53 0.57 0.53
3. Practical activities 0.59 0.53 0.57 0.73 0.57
4. Use of equipment 0.53 0.44 0.51 0.64 0.49
5. Forma mentis 0.32 0.41 0.51 0.52 0.47
6. Methods & techniques 0.63 0.54 0.64 0.70 0.61

Nevertheless, some specifications are needed. For graduates in Agriculture
there is a clear cut between theoretical aspects and practical ones and, in this
case, the index of satisfaction regarding forma mentis has a lower factorial
weight than the one regarding basic teaching.

For graduates in Economics, the factorial loads regarding specialist teach-
ing assume an apparently anomalous position. Those related to the indices re-
garding methods and techniques, practical activities and specialist teaching
almost coincide. This is reasonable if we consider that in this faculty, practical
activities concern almost exclusively the specialist teaching.

The factor loads make it possible to position each faculty and the entire
Athenaeum along a continuum (Figure 5). Even if the deviations are small, in-
dicating a basic homogeneity between the considered faculties, we can see that
the graduates in Law and Agriculture are at the extremes of the axis. We can
conclude that the satisfaction of graduates in Agriculture is more influenced
by their opinion on practical activities than it is for Law graduates.

Theory | | | | | Practice
Law Economics Athenaeum  Med.&Surgery  Agriculture

Figure 5. Factorial weights regarding the theory-practice factor
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7. Conclusions

Thanks to the fuzzy approach, we have summarised in a single index the scores
attributed by the University of Foggia graduates on the importance and quality
of education for employment and career purposes.

The index depends on the fuzzy rules provided by experts and thus has a
high degree of subjectivity. Subjectivity is both the strength and weakness of
the fuzzy method because, on the one hand, it allows the solution of complex
problems with incomplete information, but, on the other, it does not guarantee
objectivity of the results obtained.

Although fuzzy techniques have shown enormous progress in the last few
years, applications in the field of customer satisfaction are few and there is a
lack of specific methodological suggestions for this kind of application.

Our analysis has also pointed out that graduates express positive opinions
on the quality of the education received, although there are some critical
points.

The lowest graduate satisfaction was for the following aspects: use of
equipment for specialisation and research, and practical activities (practical
exercises, labs, work placement, etc.). The lack of space and adequate struc-
tures for research depend on the recent establishment of the Athenaeum. We
hope these problems can be solved in the next few years.
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A Multilevel Analysis
of Graduates’ Job Satisfaction

Leonardo Grilli, Carla Rampichini
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Summary. In this paper, we analyse some aspects of job satisfaction by
means of a multilevel factor model, decomposing the factor structure into the
graduate and degree programme components, using data from a survey on the
1998 graduates of the University of Florence. Due to the ordinal scale of the
response variables, we adopt a multilevel factor model for ordinal variables.
The results show that the factor structures at the graduate and study pro-
gramme levels are not the same, although they are similar; the study pro-
grammes with extreme factor scores should be selected for a deeper investiga-
tion.

Keywords: Factor model; Job satisfaction; Multilevel model; Ordinal variable.

1. External effectiveness at Florence University

Nowadays it is relevant for the Universities to improve their efficiency and ef-
fectiveness, in order to ensure a good allocation of public funds, guarantee the
rights of the students and their families to have good services and educational
programmes, and, nonetheless, state the relevance of the University as a cul-
tural, social and economic institution.

With this aim, the University of Florence has developed an evaluation sys-
tem in the last years (Chiandotto et al., 2004). External effectiveness is evalu-
ated with respect to the employment results, such as the employment rate, the
time span to the first job, the probability to find a job consistent with the ac-
quired skills. The analysis of job satisfaction is a relevant part of the Univer-
sity evaluation. In the Italian context this issue is treated, among the others, by
Santoro & Pisati (1996), Bini (1999), Mazzolli (2000), Bartolozzi (2001).

The main goal of the paper is to analyse and summarise the aspects of job
satisfaction by means of a multilevel factor model (Goldstein & McDonald,
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1988; Longford & Muthén, 1992), decomposing the factor structure into the
graduate and study programme components. To this end, the data are taken
from a survey conducted on the 1998 graduates of the University of Florence,
interviewed about two years after the degree. Due to the ordinal scale of the
response variables, a multilevel factor model for ordinal variables (Skrondal &
Rabe-Hesketh, 2004; Grilli & Rampichini, 2006) is specified.

The structure of the paper is as follows. In Section 2 the model is defined,
while in Section 3 the results of the analysis of job satisfaction of the 1998
graduates of the University of Florence, taken from a telephone survey con-
ducted, about two years after the degree, are presented. Section 4 concludes
our paper.

2. The statistical model

Let Y™ be the h-th ordinal variable (h=1, ..., H) observed for the i-th subject
(i=1, ..., m;) belonging to the j-th cluster (j=1, ..., J). In the following, the sub-
ject level will be referred to also with the term ‘within’ and the cluster level
with the term “‘between’. In the application presented in Section 3 the clusters
are the study programmes, the subjects are the graduates and the ordinal vari-
ables are the ratings on 5 items of the questionnaire (H=5).

A two-level factor model for ordinal variables can be set up by defining two
components, namely:

e a threshold model which relates a set of continuous latent variables Vi(,-h)
to the observed ordinal counterparts Y,

o atwo-level factor model for the set of continuous latent variables Y~i(jh) .

As for the threshold model, let assume that each of the observed responses
Yuﬁ“), which take values in {1, 2, ..., Cy}, is generated by a latent continuous

variable Y~i(jh) through the following relationship:
M= e [, <<y, @
where the thresholds satisfy the inequality
M <y < < 7,( <Y = oo

The factor model can now be defined on the set of latent variables. A gen-
eral formulation is (Goldstein & McDonald 1988; Longford & Muthén 1992):

v =pu"+ Zﬂn“‘n)]umJ +6 |+ . (2)

Z Zér:rzvmu + S(h)
m=1
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In this model the cluster level has M, factors with corresponding loadings
A", while the subject level has M, factors with corresponding loadings A .
Note that even if My =M, the factor loadings are generally different, the fac-
tors may have different interpretations.

Now it is convenient to express the general two-level model (2) for the la-
tent variables in matrix notation:

=AU 8 [+ AV + ey ], ®)

where
- V=W .(,1), -,y M) is the vector of response variables

- p_(,u .-, 1) is the vector of the means

- 9= (51.(1),---,51.(“))' are the specific errors at cluster level

- U= (ulj,--- Muj)' are the common factors at cluster level

- = (.-, &) are the specific errors at subject level

- vij = (vlij,--- " IJ) are the common factors at subject level

- Ay is the matrix of factor loadings at cluster level with h-th row
(A2 Alw,)

- AV is the matrix of factor loadings at subject level with h-th row

(h) ﬂv(h)
The standard assumptions on the item specific errors of model (3) are:
iid
8~ N(0,%;),  where¥; =diag{(y ")’}
iid
&~ N(0,¥,), where¥, =diag{(v")’},

while for the factors it is assumed that

iid iid
uj~ N(O,Eu), Vij~ N(O,Ev),

where the covariance matrices X, and X, are, in principle, unconstrained,
but in the following we assume they are diagonal. Moreover, all the errors and
factors are assumed mutually independent, so model (3) is equivalent to the
following variance decomposition

Var(yy) =|AZ,A, +¥; +A LA+, . (4)
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This amounts to a couple of factor models, one for the between covariance
matrix and the other for the within covariance matrix (Muthén, 1994).

The outlined factor model (3) raises several identification issues, related to
the two components: (i) the threshold model which relates the continuous la-
tent variables Y§~ to their observed ordinal counterparts Y,”; and (ii) the
two-level factor model for the continuous latent variables Y~i(jh .

The total relative communality for the h -th item can be computed as

M, 2 M, 2
Zm=1[ﬂv(’r:‘2] O-Vz’m + Zm:l[ﬂh(,hni) O-uz,m

5
Var, (Y~I(Jh)) )

The proportion of total variance (relative communality) of the h-th item ex-
plained by the k-th subject-level factor, can be computed as

Ao .
Var, (v")’

while the proportion of total variance of the h -th item explained by a cluster-
level factor can be computed similarly. Note that, since the covariance be-
tween the h-th latent variable and k-th subject-level factor is ﬂv(,hk)o'vz,k, the cor-
responding correlation equals the square root of the proportion of total vari-
ance (6).

Finally, it is to be stressed that, even if all the estimable quantities are ex-
pressed in terms of the item-specific subject-level standard deviations '/féh)
(Grilli & Rampichini, 2006), the interpretable quantities just described are un-
affected by the item scale, since they are ratios of parameters within the same
item.

3. Results

We used the ordinal multilevel factor model to analyse five items on job satis-
faction of employed Florentine graduates.

Altogether, the considered data set includes 2,432 graduates from 36 study
programmes, with a highly unbalanced structure: the minimum, median and
maximum number of employed graduates by programme are: 3.0, 31.5 and
495, respectively.
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Table 1. Univariate distributions of job satisfaction items. 1998 graduates, University
of Florence.

Levels of satisfaction Total
Items
1 2 3 4 5 % N

a. Earning 7.8 23.9 38.1 20.5 9.7 100.0 2421
b. Career 11.0 28.2 32.6 18.0 10.2 100.0 2393
c. Consistency 245 27.5 24.2 125 11.3 100.0 2427
d. Professionalism 26.0 40.3 22.8 7.7 3.2 100.0 2420
e. Interests 215 32.7 28.2 10.8 6.8 100.0 2419

The question “How much are you satisfied with the following aspects of
your present job?” required a response on a five point scale: 1. absolutely sat-
isfied, 2. very satisfied, 3. satisfied, 4. unsatisfied, 5. very unsatisfied. The five
considered items are: a. earning, b. career’s opportunities, c. consistency of
job with degree programme curriculum, d. acquisition of competences (profes-
sionalism), e. correspondence with own cultural interests. The distributions of
the items are reported in Table 1. Note that the number of responses for each
item is different, due to partial non-response.

The main aim of the analysis is to describe and summarise the aspects of
satisfaction measured by the five considered items, separately for the graduate
and degree programme levels. The two-level factor model for ordinal variables
defined in Section 2 is a useful tool to achieve this goal. In our application, the
model is fitted by maximum likelihood with adaptive numerical integration, as
implemented in the GLLAMM procedure of Stata (Rabe-Hesketh et al., 2004).
Since the model fitting process is very time-consuming, it is useful to follow a
step-by-step procedure:

1. Univariate two-level models. As a first step, it is advisable to fit a set of
univariate ordinal probit variance component models, one for each item,
using standard multilevel software. The estimated proportions of between

variance (ICC™) allow us to evaluate if a two-level analysis is worth-
while, while a comparison of the thresholds among the items should give
some hints about the restrictions to be imposed in the multivariate model.

2. Exploratory non-hierarchical factor analysis. In order to shade some
light upon the covariance structure of the data, it is useful to estimate the
matrix of product-moment correlations among the latent variables, i.e. the
polychoric correlation matrix of the items, and to use this matrix to per-
form an exploratory non-hierarchical (i.e. single-level) factor analysis by
means of standard software.

3. Exploratory between and within factor analyses. More specific sugges-
tions for the two-level model specification can be obtained from separate
exploratory factor analyses on the estimated between and within correla-
tion matrices of the latent variables. The results of this two-stage proce-
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dure are expected to be similar to that obtained from the full two-level
analysis, as in the continuous case (Longford & Muthén 1992).

4. Confirmatory two-level factor analysis. The results of the exploratory
two-stage factor analysis, as outlined in point 1, are used to specify one
or more confirmatory two-level ordinal factor models as defined by equa-
tion (2) of Section 2. These models can be fitted with likelihood or
Bayesian methods, and compared with reference to appropriate indica-
tors. The exploratory two-stage factor analysis of point 1 provides fine
initial values for the chosen estimation procedure, which may allow a
substantial gain in computational time.

3.1 Univariate two-level models

The analysis begins by fitting five univariate ordinal probit variance compo-
nent models. The results, obtained with GLLAMM, are reported in Table 2.

The between proportion of variance, expressed by the ICC, is significantly
different from zero for all items. Note that the ICC value for the first three
items is about 6-7%, which is measurable in a framework with categorical
variables and indicates that a non-negligible part of variance can be explained
by degree programme factors.

In a factor model for ordinal variables the thresholds can be left free, while
fixing the item means and standard deviations. However, when all the items
are on the same scale (and thus C,=C for each h) a more parsimonious specifi-
cation can be achieved by assuming that the thresholds differ among the items
only by a linear transformation, i.e. (yo—pu™)/ ™, where y1,...,7:.1 is a set of
thresholds common to all the items (Grilli & Rampichini, 2006).

In this application, the linear restriction on the thresholds is supported by
the entries of Table 2. In fact, the differences between adjacent thresholds
among the items are similar, except for the third one, which has smaller differ-
ences. This suggests that the third item has a higher variability, as also con-
firmed by the variances calculated after item scoring (Table 5).

Table 2. Univariate ordinal probit variance component models: estimated ICC and
thresholds. 1998 graduates, University of Florence.

ltems IcC (%) Thresholds

Y1 V2 V3 Va4
a. Earning 6.0 -1.53 -0.55 0.47 1.27
b. Career 7.4 -1.37 -0.38 0.52 1.24
c. Consistency 6.8 -0.69 0.05 0.71 1.21
d. Professionalism 2.2 -0.64 0.44 1.26 1.88
e. Interests 2.4 -0.77 0.14 0.98 1.54
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In light of these remarks, the two-level confirmatory factor model of Sec-
tion 3.4 will include only one set of thresholds, vi,...,y4 while allowing the
item means P and item standard errors ™ to be freely estimated (with the
exception of a reference item).

3.2 Exploratory non-hierarchical factor analysis

The second step requires the estimation of the matrix of product-moment cor-
relations among the latent variables, i.e. the polychoric correlation matrix (see
Table 3), whose entries are all significant.

We performed an exploratory maximum likelihood factor analysis on this
matrix. The results of this analysis (Table 4) suggest the presence of two fac-
tors: a cultural factor (labelled Factor 1), that explains chiefly the Consis-
tency-Professionalism-Interests correlations, and a status factor (labelled Fac-
tor 2), explaining mainly the Earning-Career correlation.

Given the low proportions of between variance (ICC of Table 2), this struc-
ture is expected to be quite similar to the within structure, thought it may be
very different from the between structure.

Table 3. Polychoric correlation matrix of the items. 1998 graduates, University of
Florence.

Item a b c d E
a. Earning 1.00

b. Career 0.54 1.00

c. Consistency 0.11 0.25 1.00

d. Professionalism 0.28 0.45 0.54 1.00

e. Interests 0.16 0.33 0.61 0.58 1.00

Table 4. Exploratory factor analysis on the polychoric correlation matrix of the items:
varimax rotated factors and communalities. 1998 graduates, University of Florence.

Item Factor pattern Communality
Factor 1 Factor 2

a. Earning 0.08 0.65 0.43

b. Career 0.26 0.80 0.70

c. Consistency 0.77 0.07 0.60

d. Professionalism 0.68 0.34 0.58

e. Interests 0.78 0.16 0.63
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3.3 Exploratory between and within factor analyses

The third step of analysis calls for the decomposition of the overall correlation
matrix of the latent variables into the between and within components. This
task would require the fitting of a two-level multivariate ordinal model with
five random effects for each level, which takes too long to be fitted with nu-
merical integration. Therefore, an approximate procedure is adopted, assigning
a score to each item category. Various sophisticated scoring systems could be
applied (Fielding, 1999), but given the preliminary nature of this step, the
simplest scoring system is applied, assigning the rank value to each category.
After scoring, the within and between covariance matrices can be estimated by
fitting a multivariate two-level model for continuous responses. To this end,
the MLwiN software with RIGLS algorithm (Goldstein et al., 1998) is used,
yielding restricted maximum likelihood estimates, which are better for the es-
timation of variance-covariance parameters than unrestricted ones.

The results are shown in Tables 5 and 6. As for Table 5, note the following
points:
- itis clear from the last row of Table 5 that the third item (Consistency) has
the higher variability, as yet noted in the univariate analysis (Table 2);
the between proportions of variance are in line with ICC of Table 2;
the between proportions tend to be higher for covariances than for vari-
ances.

As for Table 6, note the following points:

- the total correlation matrix, which is obtained from the between and within
components, is similar to the polychoric correlation matrix (Table 3), with
a moderate attenuation;

- the structures of the between and within correlation matrices are quite dif-
ferent. Particularly, the between correlations are always higher than the
within correlations: this means that the factor model, which explains the
correlations, is suitable for the between level even more than might be ap-
preciated by simply looking at the total correlation matrix;

Table 5. Two-level multivariate model on item scores: between variance-covariance
percentage and total variance of items. 1998 graduates, University of Florence.

Item a b c d e
a. Earning 5.90

b. Career 12.96 8.63

c. Consistency 21.02 13.09 7.37

d. Professionalism 10.55 7.63 6.62 2.30

e. Interests 9.57 4.75 6.07 2.76 2.36
Total variance 1.15 131 1.68 1.04 131
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Table 6. Two-level multivariate model on item scores: correlation matrices. 1998
graduates, University of Florence.

ITEM a b c d e
Between
a. Earning 1.00
b. Career 0.89 1.00
c. Consistency 0.36 0.40 1.00
d. Professionalism 0.72 0.69 0.79 1.00
e. Interests 0.39 0.32 0.81 0.62 1.00
Within
a. Earning 1.00
b. Career 0.46 1.00
c. Consistency 0.10 0.23 1.00
d. Professionalism 0.23 0.39 0.48 1.00
e. Interests 0.14 0.31 0.55 0.52 1.00
Total
a. Earning 1.00
b. Career 0.49 1.00
c. Consistency 0.11 0.24 1.00
d. Professionalism 0.25 0.40 0.49 1.00
e. Interests 0.15 0.30 0.55 0.53 1.00

- the within correlation matrix is similar to the total correlation matrix, due
to the low proportion of between variances and covariances.

The results of the exploratory maximum likelihood factor analyses
performed on the within and between correlation matrices of Table 6 are re-
ported in Tables 7 and 8, respectively.

As for the within structure (Table 7), Bartlett’s test indicates that two
factors are sufficient (p-value=0.5082). The factor patterns are similar to those
found in the non-hierarchical analysis (Table 4).

Table 7. Exploratory maximum likelihood factor analysis on the within correlation
matrix: varimax rotated factor loads and communalities. 1998 graduates, University of
Florence.

Item Factor pattern Communality
Factor 1 Factor 2

a. Earning 0.07 0.59 0.35

b. Career 0.25 0.75 0.63

c. Consistency 0.72 0.07 0.53

d. Professionalism 0.64 0.32 0.50

e. Interests 0.74 0.16 0.58
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Table 8. Exploratory maximum likelihood factor analysis on the between correlation
matrix; factor loads and communalities. 1998 graduates, University of Florence.

Item Factor pattern Communality
Factor 1 Factor 2

a. Earning 0.00 1.00 1.00

b. Career 0.08 0.89 0.80

c. Consistency 0.93 0.36 1.00

d. Professionalism 0.57 0.72 0.84

e. Interests 0.71 0.39 0.66

As for the between structure (Table 8), while one factor is not enough, the
estimation with two or more factors encounters a Heywood case. We decided
to retain two factors, forcing the specificities to be non-negative. The second
factor loads all items, while the first factor presents relevant loadings only for
the last three items.

3.4 Confirmatory two-level factor analysis

Finally, in the light of the results of the preliminary analysis of Section 3.3, a
two-level confirmatory factor analysis is performed using model (2). The
model is fitted with GLLAMM, via adaptive numerical integration with five
quadrature points. This is a flexible procedure, but as the complexity of the
random part of the model increases, the computational time becomes very
long. Since we are not particularly interested in decomposing item specifici-
ties, in order to reduce the computational effort the between error terms &7
are omitted, so the variances of the remaining item-specific errors £i§“) repre-
sent total specificities’.

The within and between structures emerging from the exploratory analyses
are not equally reliable: the within part is estimated on a large number of ob-
servations and Bartlett’s test clearly indicates the presence of two factors,
while the between part is estimated on only 36 degree programmes and the es-
timation is complicated by the presence of an Heywood case.

Therefore, for the within part of the model the two-factor structure sug-
gested by the exploratory within factor analysis (Table 7) is retained, con-
straining to zero the loadings that were close to zero, that is the loading of
Earning in the first factor and the loadings of Consistency and Interests in the
second. As for the between structure, since the hints from the exploratory
analysis are less clear, two configurations at this level have been tried:

L Grilli & Rampichini (2006) discuss the consequences of this choice.
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(i) a one-factor unconstrained structure (model M1); and (ii) a two-factor
structure (model M2), with unconstrained loadings in the first factor and two
loadings equal to zero in the second factor (Earning and Career, see Table 8).

Models M1 and M2 are fitted by means of GLLAMM, using maximum
likelihood with five-point adaptive quadrature. In both cases, convergence is
achieved after a few iterations but the computational times are in terms of sev-
eral days.

The likelihood ratio test comparing the models M1 and M2 clearly indicates
that the second is better (LR statistic=95.6, df=3). The preferred model M2 has
27 estimable parameters: 4 item means 1™, 4 common thresholds y., 4 speci-
ficities ™, 5 factor loadings A{? and 2 factor variances > at the student
level (m=1,2), 6 factor loadings /13}‘,% and 2 factor variances oﬁ at the degree
program level (m=1,2). The parameter estimates are reported in Table 9.

The interesting feature of the model is the covariance structure at both lev-
els, which does not depend on the item means and thresholds and can be
summarized by the communalities (Table 10). These values are obtained as
suitable transformations of model parameters: specifically, the factor ‘%Com-
munalities’ are computed from formulae such as (6), the “Total %Communal-
ity’ is obtained by summing the row values FW1, FW2, FB1 and FB2 (see
equation (5)), while the last column of the Table is the percentage of total
communality due to the between level. The following points should be noted:

- for the first three items the between component is greater for the communal-

ity (last column of Table 10) than for the total variance (ICC of Table 2);

- the last two items, Professionalism and Interests, are poorly explained by the
factors at degree programme level;

- the first factor at the degree programme level, FB1, is interpretable as a status
factor, while the second one, FB2, is essentially related to Consistency.

Table 9. Confirmatory two-level factor analysis: model M2 parameter estimates. 1998
graduates, University of Florence.

Loadings

Item Within Between " Mean

/lv,l(h) ;LV,Z(h) /luyl‘“) /luyz‘“)
a. Earning - 0.80 0.70 - 1.24 0.21
b. Career 10 10 10 - 10 o™
c. Consistency 3.45 - 0.24 10 1.55 -0.79
d. Professionalism 2.34 0.36 0.27 0.19 1.16 -1.42
e. Interests 3.09 - 0.01 0.30 1.15 -0.94
Factor variance 0.26 1.66 0.31 0.34
Thresholds: y,=-2.71, y,=-0.69, 7;=1.13, 7,=2.52

The symbol (*) denotes a fixed value.
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Table 10. Confirmatory two-level factor analysis: communalities. 1998 graduates,
University of Florence.

% Communality %

Item Within Between Total Between

FW1  FW2 | FB1  FB2 on Total
a. Earning - 38.9 55 - 44.4 124
b. Career 8.2 51.4 9.5 - 69.1 13.7
c. Consistency 53.2 - 0.3 5.8 59.4 10.3
d. Professionalism 47.5 7.2 0.7 0.4 55.8 2.0
e. Interests 65.1 - 0.0 0.8 65.9 1.2

The factor scores of degree programmes are represented in Figure 1, where
the labels concern the degree programmes having at least one score greater
than 0.5 or less than -0.5. The points on the right side of the diagram indicate a
high satisfaction on Earning and Career, while the points at the top denote a
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Figure 1. Estimated factor scores for the degree programmes
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high satisfaction on Consistency. Note that some degree programmes are low
only on one dimension (as Humanities on FB1 and Political Science on FB2),
while there are two degree programmes lying in the left-down corner (Phi-
losophy and Natural Sciences) with low satisfaction on both dimensions.

4. Concluding remarks

Our analysis showed that there are two relevant factors at both graduate and
study programme level. The status factors, FW2 and FB1 on Table 9, essen-
tially determine the same variables, Earning and Career. The other factors,
FW1 and FB2 on Table 9, both have a high loading of Consistency, but the
loadings of Professionalism and Interests are relevant only at the graduate
level. This is in line with the subjective nature of such aspects of the job.

Looking at the estimated factor scores at the degree programme level (Fig-
ure 1), extreme cases should be selected for further investigation.

The analysis could be deepened by adding individual-level covariates. This
extension is straightforward and does not require a significant additional com-
putational effort.

At present, the major obstacle to a wide use of multilevel factor models for
ordinal variables is due to software limitations. The GLLAMM procedure of
STATA is very flexible, but it was extremely slow in the present application.
Alternative software for fitting such models is Mplus (Muthén & Muthén,
2003). Currently Mplus cannot fit exactly the same model used in our analy-
sis, but a trial with a slightly different version of the model shows that the
modified EM algorithm implemented in Mplus is considerably faster, achiev-
ing convergence in a few hours.

Anyway, even if fast estimation algorithms are available, it is advisable, es-
pecially in the case of ordinal response variables, to fit the multilevel factor
model as the final step of the analysis, after having explored the data with
simpler techniques.
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Quality Assessment of the University Educational
Process: an Application of the ECSI Model

Bruno Chiandotto, Matilde Bini, Bruno Bertaccini’

Statistics Department “G. Parenti”’, University of Florence, Italy

Summary. In a university, students represent the final users as well as the
principal actors of the formative services. A measure of their perceived quality
is essential for planning changes that would increase the level of the quality of
these services. This perceived quality is analysed in this paper with the ECSI
(European Customer Satisfaction Index) methodology. The ECSI, which im-
plements a structural equation model, is aimed to represent the satisfaction of
the students with some latent variables gauged through a set of observable in-
dicators. We extend the ECSI to the data obtained from graduates of the Uni-
versity of Florence employed one year after graduation.

Keywords: Customer satisfaction; ECSI; Structural equation models; Univer-
sity education.

1. Introduction

We can say that a service is of good quality if it satisfies the consumers’ needs
(Fornell, 1992; Fornell et al, 1996). The development of appropriate activities
aimed at improving the quality represents one of the main strategies of the or-
ganisations willing to increase their productivity and competitiveness (Mont-
gomery, 1997). Hence, studies on customer satisfaction must be accomplished
with the purpose of gathering the appropriate information on purchase experi-
ence in order to improve the quality of the service.

Customer satisfaction studies have become increasingly important due to
the definition and use of new indices (CSI — Customer Satisfaction Indices)
and barometers for the evaluation of large markets or that of the entire produc-

1 The three authors of this paper contributed the initial idea, the structure and the design

of the work, whereas M. Bini and B. Bertaccini elaborated and implemented the model.
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tion of a country. These new tools derive from two kinds of analyses: transac-

tion-specific satisfaction and cumulative satisfaction (Johnson et al., 2000).
The initial interest, focused on single episodes of consumption, shifted to-

wards the overall psychological satisfaction after the use of a service. The as-

sessment is based, therefore, on the upgraded experience of multiple transac-
tions between the consumer and productive organization.

The first model was the barometer proposed in Sweden in 1989 (SCSB -
Swedish Customer Satisfaction Barometer), followed a few years later by the
American index (ACSI — American Customer Satisfaction Index, 1994), then
by the Norwegian barometer (NCSB — Norwegian Customer Satisfaction Ba-
rometer, 1996) and, finally, by the European Community index (ECSI -
European Customer Satisfaction Index, see ECSI Technical Committee,
1998).

These models, based on validated theories concerning the consumers’ be-
haviours, their satisfaction and the quality of the products purchased, consist
of causal links among latent factors, each one representing the values of a spe-
cific set of measurable indicators. Their structure is under continuous review
and is subject to modifications in relation to the context. The differences
among the proposals are due both to the number of the latent factors and to the
number of the causal nexuses involved in the analysis.

Our work is aimed to extend the use of CSI indices to the university educa-
tion framework. We chose the ECSI model since its basic structure and the
relative latent factors are consistent with it. In order to draw a picture of the
quality of the educational programmes realised by universities, we analysed
data on graduates employed one year after graduation.

For estimating the effects of ECSI we adopted the SEM - Structural Equa-
tion Models approach based on maximum likelihood estimation®. SEM proce-
dures were preferred to PLS ones because the former
- model specification is more flexible,

- allow the significance testing of the omitted parameters (such as error co-
variances), loading of the latent variables, inclusion of ordinal and cate-
gorical variables, implementation of a two-level data structure, and han-
dling of missing data,

- can be implemented by means of specific software (Mithen & Miithen,
2003).

We present the ASCI/ECSI models in Section 2, describe the data set used
in our analysis in Section 3, and discuss the results in Section 4. Section 5 is
devoted to some final remarks.

2 The technique initially suggested for estimating latent variables in CSI models (Fornell,

1992) was Partial Least Squares-PLS (Wold, 1975). We abandoned this technique be-
cause it assumes normality for the estimation of latent variables. Nevertheless, the PLS
approach may optimally predict the dependent variable, both with small samples and
skewed distributions.
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2. Structure of the ACSI / ECSI model

The structure of the CSI models includes some latent factors, each of which
explains the variability of a set of, usually observable, indicators. The main
feature of this approach is the connection between latent factors deriving from
causal relationships between the sources and consequences of satisfaction.

The ECSI model has evolved from the ACSI one. In the European model,
the expectations of the consumer, the quality and value perceived, the satisfac-
tion and loyalty concepts are very similar to the American one. The models
differ in two fundamental aspects: the ECSI does not include complaints, but
includes corporate image as a latent variable; this latter aspect may exert a di-
rect effect upon the consumer’s expectation, satisfaction and loyalty.

The causes of satisfaction foreseen in these models are (for the relationships
between factors see Figure 1):
= Perceived Quality (QUA): it refers to the assessment of recent consumer

experiences concerning the characteristics of the service (perceived quality

of hardware — QUAHW), the assistance supplied both during, and after the
consumer’s experience (perceived quality of humanware — QUAUW).

Both sub-dimensions are presumed to exert a direct, positive effect on the

overall satisfaction;
= Value (VALU): it represents the value of the quality perceived in relation

to price. This factor may positively determine the overall satisfaction and
be influenced by the perception of quality;

Figure 1. ACSI/ECSI Model: structure and expected relationships.
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= Image (IMAG): it reflects the sensations generated by the product-brand-
manufacturer association. This factor may positively influence value, over-
all satisfaction and loyalty, and produce a direct effect on perceived qual-
ity, nevertheless the ECSI model considers these two aspects exogenous;

= Expectations (EXPE): it is the level of quality that the purchaser/user ex-
pects to receive and is the result of previous consumption/use experiences.
It is considered an exogenous factor capable of positive influence on both
value and overall satisfaction.

The consequences of satisfaction are:

= Complaints (COMP): it refers to the type and extent of the complaints and,
above all, to the manner in which they are dealt with. In the ACSI model,
an increase in the level of overall satisfaction is expected to decrease the
incidence of complaints;

= Loyalty (LOYA): it is a proxy variable of the power of profit of the organi-
sation since it generates the intention to purchase again, tolerance of varia-
tion in price, intention to recommend the service to others. High levels of
image and overall satisfaction may activate the loyalty of the consumer.
We considered the European version of the customer satisfaction index as

the most appropriate for representing the subject matter because adequate in-

formative sources were available (see Section 3).
Based on the information available and the preliminary analyses performed

and, above all, on previous knowledge of the phenomenon, we defined the struc-

tural section of the reference model for the following analyses (see Figure 2).

-
>

Figure 2. ECSI model expectations for the assessment of the quality of university edu-
cation.
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3. The database

Customer satisfaction surveys are based on questionnaires specifically devised
for the purpose and aimed at covering all aspects that may be connected with
the causes and consequences of the consumer/user experience.
For assessing the quality of education issued by the University of Florence
we created a database containing the data from the ALMALAUREA survey on
graduates and that on ‘Professional opportunities and Florence University
students graduated in the year 2000’ produced by the VALMON GROUP in col-
laboration with the Statistics Department “G. Parenti’ of Florence®. The latter
data have been collected with a telephone interview lasting about 20 minutes
and using a CATI - Computer Aided Telephone Interviewing system®.
The cognitive requirements of the two basic surveys (Chiandotto et al.,
2003, 2004) were different from those entailed in the assessment of customer
satisfaction. However, the surveys allowed the definition of a complete pic-
ture of the quality of university process by students at the graduation stage as
well as some time upon degree achievement.
However, the enticing prospect of being able to combine information sur-
veyed at the time of graduation with that obtained one year after it (which also
referred to certain aspects of the graduates’ employment) actually implied the
exclusion from the analysis of graduates who did not found an occupation
within one year after graduation.
The variables capable of assessing certain aspects of satisfaction are:
= the reason for enrolling in university and choosing a particular course,
= the quality of the relationships with professors, assistant teachers, non-
teaching staff, fellow students,
= the quality of university facilities (classrooms, laboratories, libraries, can-
teens),

= satisfaction about occupation (consistency between job and studies, between
job and own cultural interests, acquired skills) and overall satisfaction;

= the hypothesis of entering university again and doing the same subjects;

= the intention to continue with educational activities.

Nearly all the variables are dichotomous or five-grade ordinal. Thanks to
the number of eligible interviewees, we could delete the records with incom-
plete information. Thus, the selected cases totalled 1,753.

®  ALMALAUREA survey involves graduates of the summer session monitored three (or

five) years after the end of their studies. The Florentine survey extended the observation
of graduates to the years 1998, 1999, 2000 and 2001 one year after graduation. The
Valmon Group, coordinated by B. Chiandotto, is composed of students and professors of
the Department of Statistics, Florence University.

A mail questionnaire was sent to graduates who were not possible to contact by tele-
phone. The purpose of this survey was to detect possible differences with graduates con-
tacted by telephone.
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Table 1. Description of the measurement section of the theoretic ECSI model

structures

Latent Observed variables

IMAG: |Reason for attending University: MOTISCR1, MOTISCR2, MOTISCR3

Reason for choosing specific subjects: MOTCOR1, MOTCOR?2,

EXPE: I\MOTCOR3, MOTCOR4, MOTCORS

QUAHW:

Evaluation of classrooms, libraries, laboratories and canteen (scale 1-5):
STRAULE, STRBIB, STRLIB, STRMENSE

QUAUW: |fellow students, and overall judgement (scale 1-5): RAPDOC, RAPCOL,

Evaluation of relationship with professors, assistants, non-teaching staff,

RAPNDOC, RAPSTUD, GIUDIZIO

Satisfaction for coherence with studies and conformity with own cultural

VALU:iterests (scale 1-5): SODDCOER, SODDICUL
SATI: Satisfaction for acquired skills, and overall judgement (scale 1-5):
* |SODDPROF, SODDTO
LOYA: Hypothesis of re-attendance, intention to continue studies and educa-

tional activities: IPREISC, OKUNIV, OKCOR, INTSTUD, ATTFORM

In Table 1, it is presented the measurement section of the ECSI model of

the relationships between the directly observed variables and latent structures.

4.

The ECSI model for the quality of university education

assessment

As suggested by some Authors (see Bollen, 1989), a model for confirmatory
factor analysis should be used at a first stage to validate a structural equation
model®, that is, to evaluate the quality of the indicators employed as a gauge of

The structural equation models originate from the convergence of two scientific tradi-
tions, the ergonometric, which derives from the theory of a network of causal links be-
tween variables, and psychometric, which comes from the notion of latent variables. The
structural equation model is usually referred to as the LISREL model (J6reskog, 1973;
Joreskog, 1990; Joreskog & Soérbom, 1993; Corbetta, 2002). This model assumes two
components: a structural part, designed to explain the causal links between latent vari-
ables, and a measurement one for evaluating the variability on the observed variables.
The model may be expressed as: y = + BE + ¢ (structural) and X = A&+ d,y = Ay + &
(measurement), where y and x are, respectively, endogenous and exogenous vectors of
observed variables, 5 and & are vectors of underlying latent variables, B, I', Ay and A,
are matrices of coefficients and ¢ and 4 are the measurement error terms. In the SEM it
is normally assumed that the data follow a multivariate normal distribution, so that the
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latent components and eliminate alien sources of variability.

Nevertheless, the use of this procedure would have been inappropriate for
our purposes: the lack of a specific questionnaire would necessitate in fact the
application of an exploratory factor analysis for unveiling the suitable number
of latent structures and the items appropriate for measuring these structures.

Once the measurement section of the model has been defined, the estima-
tion procedure is optimised by applying a confirmatory factor analysis and es-
timating the effects.

4.1 Exploratory factor analysis

The dual aim of the exploratory factor analysis is to detect the optimal number
of latent factors and identify the variables that prove to be appropriate for
measuring them. The analysis highlighted between five and eight factors and
we chose seven factors.

The factorial loadings are presented in Table 2. The variables uncorrelated
with the factors are marked with asterisks. All the other variables are clearly
associated with only one factor, with the exception of that regarding consis-
tency between occupation and studies (SODDCOER). On this ground, we
identified the measurement section of the model (Table 3).

4.2 Confirmatory factor analysis

A typical configuration of confirmatory factorial analysis (CFA) is a model of
structural equations that foresees all the possible links between latent struc-
tures. The purpose of CFA is to assess the quality of the measurement struc-
tures of the model identified in the previous step.

By applying the WLSMV (Weighted Least Square Mean and Variance) es-
timation logarithm, recommended by the MPlus software, the model suggested
by the explorative factorial analysis fails to converge. Nevertheless, the result-
ing estimates are the starting values for the following models.

We performed another confirmatory factor analysis that accounted for the
results of the exploratory analysis and the first implementation of the ECSI
model (Table 4).

vector of means and the matrix of covariance contain the information required for esti-
mation. Nevertheless, there are estimation procedures that use non-normal continuous
data but require the entire data matrix. The statistical tests of fitting generally depend on
sample size. Likewise, when the sample is limited in size, there is a risk of accepting the
model even if the fitting is poor. Several indices have been proposed for measuring the
proximity of the data to the model (Hox & Bechger, 1998).
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Table 2. Factor loadings of 7-factor exploratory factor analysis

A B C D E F G
GIUDIZIO -0,648 0,251 0,028  -0,018 0,101 0,028 0,122
RAPDOC 0,842  -0,176 0,019 0,034 0,027 -0,013  -0,032
RAPCOL 0,829  -0,154  -0,036 0,020 0,018 0,006 -0,012
RAPNDOC 0,652  -0,201  -0,054  -0,036  -0,046 0,020  -0,010
RAPSTUD 0,432  -0,1%  -0015  -0,022  -0,076 0,017 -0,053
STRAULE 0,201  -0,748  -0,042  -0,036  -0,014 0,057 0,005
STRLAB 0,286  -0,665  -0,066  -0,041 0,003 0,104  -0,010
STRBIB 0,238 -0,513 0,042 0,008  -0,051  -0,030  -D,038
SERMENSE 0,188  -0,329 0,026  -0,102  -0,045 0,006 0,021
INT_STUD 0,038 0,008  -0,031 0,053  -0,040  -0,528  -D,033
ATTFORM -0,003 0,019  -0,118 0,014 0070  -0,563  -0,011
EFFESTER -0,022 0,003 0,628 0,033 0,201 0,124 0,269
MOTISCRA1 0,010 -0,006 0,005  -0,587 0,218 0,252 0,002
MOTISCR2 0,065  -0,008  -0,014 0,837  -0022  -0,028  -0,001
MOTISCR3 0,068 0,013 0,017  -0,773  -0,104  -0,099 0,005
* 0,056/ -0,074  -0,014  -0,133 0,179 0,274 0,034
MOTCOR2 0,045 0,088 0,043 0,469  -0,184  -0,140  -0,005
* 0,077/  -0,005 0,045  -0,220 0,014 0,073 -0,129
MOTCOR4 0,012 -0,067 -0,038  -0,433  -0,004  -0,072 0,063
* 0,067/ -0,031  -0,050  -0,308 0,288 0,145  -0,114
SODDCOER 0,056/ -0,025  -0,531  -0,064  -0181  -0,151  -0,583
SODDICUL 0,038 -0,022 -0,184  -0,033  -0128 -0,178  -0,728
SODDPROF 0,042/ -0,013  -0102  -0,038  -0,087  -0,080  -D,791
SODDTOT 0,070 0,017 -0,061 0,031 -0,108 0,080  -0,716
COMPETEN -0,066 0,010 0,932  -0,006 0,183 0,051 0,244
OKUNIV 0,060/ -0,103]  -0,142 0,066  -0840  -0,069  -0,230
OKCOR 0,122/  -0,050  -0,180 0,067  -0,881 0,022 -0,179
* 0,039 0,008 0,185  -0,018 0,234  -0,246 0,393
IPREISC 0,114  -0,052  -0,154 0,110  -0,739 0,005  -0,193

Table 3. Measurement section suggested by the exploratory factor analysis

Quality of relationships with professors, assistants, non-teaching staff, fellow stu-
dents

>

Evaluation of classrooms, libraries, laboratories, canteens

Level of usage of skills acquired at university

OO |®

Reason for attending university and choosing particular subjects

Opinion concerning the hypothesis of attending university again and studying the
same subjects

m

T

Intention to continue studies and educational activities

Consistency between occupation and studies, consistency between occupation and
own cultural interests, acquired skills, overall job satisfaction
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Table 4. Measurement of confirmatory factor analysis according to the exploratory
one

IMAG: | MOTISCR1 MOTISCR2*-0.68 MOTISCR3*0.264
EXPE:| MOTCOR2 MOTCOR4 MOTCORG6
QUAHW: | STRAULE STRBIB*1.06 STRLAB*0.817 SERMENSE*0.568
QUAUW: |RAPDOC RAPCOL*0.98 RAPNDOC*0.815 RAPSTUD*0.554
VALU: | SODDCOER SODDICUL*0.884 SODDPROF*0.876 SODDTOT*.755
SATI: | OKUNIV OKCOR*1.006 IPREISC*.913
LOYA: [INT_STUD ATTFORM*1.163

The adaptation indices denote a model that is capable of describing the sub-
ject matter in a more satisfactory manner (TFl =0.984 e RMSEA = 0.028).
This makes it possible to rely on the measurement section detected and con-
centrate solely on the structural section, estimating the causal links between
the latent components to verify the strength of the expected relationships (Fig-
ure 2).

4.3 Structural equation models

The CFA model was re-configured into a complete ECSI-SEM model, where
the regression equations between the latent components are specified. The
term ‘complete’ describes the particular configuration assumed by the causal
links between the latent components, because of its typical temporal and se-
quential features. That is to say, in the complete model each factor on the left
side of the graph is assumed capable of exerting both a direct and an indirect
influence on factors on its right. For instance, all the theoretic causes of con-
sumption experience (IMAG, EXPE, QUAHW, QUAUW) are assumed as ex-
planatory factors of both the actual components of the satisfaction (VALU e
SATI) and the loyalty (LOYA).

Moreover, since it is plausible to assume that the consumption experience
can activate a cognitive process whereby a value is attributed to a service pur-
chased before the arousal of actual feelings of satisfaction, it is logical to con-
sider VALU as a possible cause of SATI and LOYA.

The implementation of a complete model required new links within the
model originally proposed (see Figure 3 — added links in bold print). Due to
the extreme complexity of the structural section, the complete ECSI-SEM
model did not converge. The estimates produced by the software used have
nonetheless been useful guidelines for improving the model since they suggest
which causal links had to be eliminated.
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Figure 3. Complete ECSI-SEM model: structural section highlighting the added links

©
.\~

Figure 4. Structure of the first ECSI-SEM convergence model

Simplifications applied to the structural section for subsequent steps have
generated the model shown in Figure 4. Even in this case, the normal adapta-
tion indices indicate that the model effectively fits the data (TFI = 0.982;
RMSEA = 0.029).

Being aware that this procedure is tricky and open to criticism, but wishing
to define a more satisfactory model from an interpretative point of view, the
non-significant links have been gradually eliminated.

Just the essential results obtained during this step will be discussed here. It
is sufficient to notice that the adaptation indices always emphasise sensible
modifications tending towards the value that represents perfect adaptation.
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Figure 5. Structure of the final ECSI-SEM mode.

Figure 5 shows the final ECSI-SEM model for which no improvement was
appreciable. The values of the estimated coefficients are shown on the arrows
in the graph that represent the causal links differing from zero: note that all the
effects are oriented in the expected direction. This graph does not show the
correlation relationships that nevertheless existed between the latent compo-
nents. Once again, the good adaptation of the model is substantiated by the
values given by the TLI (0.985) and RMSEA (0.027) indices.

5. Conclusions

The interest on quality assessment of educational activities in Italian universi-
ties is based on law (Laws 168/89 and 537/93). It foresees internal controls on
the efficiency of processes and effectiveness of results of university manage-
ment. Especially in recent years, numerous projects for the assessment of uni-
versity education in terms of efficiency and effectiveness have been proposed
and realised.

The success achieved by university graduates in the labour market may be
considered the mirror image of the quality of educational processes. This suc-
cess may be measured in terms of either objective indicators, like salary and
career, or subjective ones, such as satisfaction for the occupation.

Our work evaluated the ECSI-SEM models as a tool for the analysis of uni-
versity education quality. The results of our analysis not only confirm the va-
lidity of the application of ECSI-SEM models in this subject matter but also
stimulate interest towards the implementation of more detailed analyses,
which, with the collection of appropriate data, could help the development of
theoretical and methodological aspects.
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A suitable questionnaire could be studied to collect opinions on satisfaction.
As far as the methodological aspects are concerned, an evaluation of the ef-
fects caused by the presence of abnormal observations could be performed by
applying the forward search algorithm and implementing new models for
groups of graduates who attended the same programme, in order to test the ex-
istence of specific causal links of satisfaction.
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Evaluating the University Educational Process.
A Robust Approach to the Drop-out Problem

Matilde Bini, Bruno Bertaccini

Statistics Department “G. Parenti, University of Florence, Italy

Summary. The use of robust procedures in regression model estimation iden-
tifies outlier data that can inform on specific subpopulations. The aim of this
study is to analyse the problem of first year dropouts at the University of Flor-
ence. A set of administrative data, collected at the moment of enrolment, com-
bined with the information gathered through a specific survey of the students
enrolled in the 2001-2002 academic year at the same athenaeum, was used for
the purpose. In order to identify the most important variables affecting the stu-
dents’ dropout, the data were first fitted with generalized linear models esti-
mated with classical methods. The same models were then estimated with ro-
bust methods that allowed the detection of groups of outliers. These in turn
were analysed to determine the personal or contextual characteristics. These
results may be relevant for the implementation of academic policy changes.
Keywords: Dropout rate; Outliers; Forward search method.

1. Introduction

The evaluation of the higher education system — and particularly of the univer-
sity one — and the use of statistical methods for measuring its performance
have become important issues given the cultural, social and economic rele-
vance of this educational level. The statistical analyses carried out on the Ital-
ian university system highlight, among the other aspects, its weaknesses (Bini,
1999; Bertaccini, 2000; Chiandotto & Bertaccini, 2003).

We argue that the average levels of single indicators do not emphasize the
‘net’ effects of factors that quantify the indicators, because of the existing in-
teractions among these and grouping variables. Hence, it is necessary to im-
plement appropriate analytical models for representing the relationships with
the phenomenon considered.
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The linear regression model satisfies this requirement. The applications de-
scribed in the following are the basis for a complete and complex analysis per-
formed using the Forward Search algorithm (Atkinson & Riani, 2000). This
method may be used to make correct decisions both for the allocation of re-
sources and verify the planned objectives of the educational programmes. In
fact, this method is able also to reveal the presence of unusual characteristics
of the phenomenon under study.

The procedure starts by fitting the model with a number of observations
sufficient for estimating parameters and continues the fitting of the model to
increasing subsets. The units are ordered according to their proximity to the
fitted model. If the model agrees with the data, the robust and least squared
procedures yield similar parameters and error estimates. However, these may
change considerably with the Forward Search. The monitoring of the changes
and of some statistics used to make inference in regression models allows
reaping information useful not only for detecting outliers, but also, and above
all, to comprehend their importance in inference making.

We present an application of detection of observations with characteristics
that can explain the low degree of withdrawal from university programmes
where the drop-out problem is particularly significant.

In Section 2 we introduce the estimation problems caused by the presence
of outliers, in Section 3 we show the properties of the least median squares as
the robust approach to the regression model; Section 4 is devoted to the pres-
entation of the forward algorithm applied to classic linear models and to gen-
eralized linear models. Concluding remarks are presented in the Section 5.

2. The problem of outliers

In various fields of research, the regression model is a common statistical tool.
The properties of the Ordinary Least Squares (OLS) estimators justify its
popularity but not the mistreatment that occasionally occurs with their use,
when insufficient attention is given to both verification of the specification
theories and the presence of anomalies in the data at hand.

It is to be remembered that the estimate of the p parameters in a regression
model depends on p statistics computed on the whole dataset; if any of these
differ from the bulk of the data, the fitting process can conceal these differ-
ences or, otherwise, be strongly influenced by them.

The outliers can derive from mistakes performed during the recording steps,
or from unusual phenomena, or can identify units accidentally included in the
sample but belonging to other populations.

The response variable is not the only factor that can undergo irregularity.
Outliers may be related with explanatory variables because of the larger fre-
guency with which atypical data may be collected.
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If the regression parameters were known, there would be no difficulty in
detecting the outliers as units enhancing the highest terms of error. However,
difficulty arises when the parameters of the model have to be estimated with
observations that may contain abnormal units.

To sidestep their presence, robust methods of estimation (so called because
they can produce estimates that are not influenced by contaminated data) have
been proposed.

These methods identify as outliers the units that reveal very high residuals’.
Methods for investigating several outliers simultaneously entail the use of ro-
bust techniques for organising observations according to their residuals. One
that deserves special mention is the Forward Search algorithm (Section 3).

3. The Forward Search for classical linear models

The ordinary least squares method yields estimates of 3 coefficients that mini-
mise the residual sum of squares. The distance (y, —¥,)? gives higher weights
to units with higher residuals. Therefore, if there are few observations with
very large residuals, ¢;, the estimates are strongly affected, particularly those
concerned with high leverage points. Because of this sensitivity, estimation
methods that yield good estimates in the presence of contaminated data are
termed “robust” (Box & Andersen, 1955).

Donoho & Huber (1983) introduced the breakdown point (Rousseuw, 1987;
Atkinson & Riani, 2000) that is the smallest fraction of contamination that can
induce a certain estimator T(Z") to assume values arbitrarily distant from
T(2), where Z = (X, y) stands for the matrix n x (p + 1) of the original data
and Z' for all the possible contaminated samples.

Contaminated are the samples obtained by substituting any m number of the
original observations with arbitrary values. No reference is made in this
definition to the probability distribution of the data.

Among the various robust approaches, special mention must be made to the
studies by Huber and to the Least Median of Squares (LMS) estimation
method (Rousseuw, 1984). This latter estimator has a 50% breakdown point,
i.e. at least half of the observations must be outliers in order to have repercus-
sions on the estimates. Even if the contamination rate is lower, the method

L An alternative approach is the diagnostic analysis, which implies the computation of sta-

tistics that detect abnormalities and the data most liable to exert an influence (Cook &
Weisberg, 1982; Atkinson, 1985). The main drawback of these procedures is that, as the
number of potential outliers increases, there is a combined explosion of the possible
subsets under investigation. In robust regression, the model is adapted with techniques
that do justice to the bulk of the data and examine the units that mostly differ from the
predicted values. Nevertheless, robust approaches and diagnostic analyses often produce
the same results.
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gives unbiased estimates of the regression hyperplane, provided n is large.
This is the maximum breakdown point a regression model can tolerate?.

The Forward Search algorithm (Atkinson & Riani, 2000) combines the di-
agnostic ability in identifying groups of outliers with the properties of the ro-
bust estimation methods, particularly the LMS. The basic steps of this algo-
rithm are (Section 3.1): choice of the best starting-set free of outliers, the addi-
tion of observations, and the monitoring of the statistics that detect outliers.

3.1 The choice of the initial subset

The best initial subset is detected with the least median of squares approxima-
tion (Rousseuw, 1984), which guarantees a starting-set free of outliers.

The basic steps of the algorithm are the following. Let Z=(X,y) be a
nx (p + 1) matrix.

If nis not too large and p<<n, the choice of the initial subset derives from

n
p) o PR i
isthei-throwof Z (j=1,...,p)and 1<ij#ix<n.
Let i' =iy, ..., Ip] and eis(p) be the least squared residual for the i-th unit
™~1

the enumeration of the (

since the regression model is fitted only with the observations in Sz( P, Hence,

the starting-set is the set Si P) of p-tuples that satisfies

e? =min| e? : 1)

[med],S(P) ! [med],Sl(P)

where €2 is the k-th ordered square residual among ei2

[k1s® SOR
(i=1,...,n) and med is the integer part of (n+p+1)/2. '

If (nj is large, the subset is chosen by using (1) and enumerating 3,000 p-
p

tuples of matrix Z.
Therefore, the Forward Search, according to the size of the data set and to
the capacity of computers, finds the minimum of (1) among the 3,000 p-tuples

2 The very robust behaviour of the LMS estimator is in contrast with the Ordinary Least
Squares (OLS). In OLS, a sensitive variation in the estimations can take place when just
one outlier assumes arbitrary large values; since the //n fraction tends towards zero as
the sample size increases, the breakdown point will be zero.
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from a sample of size n. If the number of p-tuples is less than 3,000, the For-
ward Search will take account of all the subsets.

3.2 The addition of observations

Let Sim) be a subset of size m>p; the Forward Search procedure moves to-

wards the subset Simﬂ) by selecting units that have the first m+ 1 ordered

Z[k] g(m) - The procedure ends when all the observations are in-

cluded in the subset; that is, when Sim) =S™, Therefore, the Forward Search

residuals e

estimator [3FS is the set of the n—p+ 1 ordinary least squared estimators ob-
tained at each step of the procedure; that is

~

Bes = (B;*B;—l""'ﬁ:—l'ﬁ: EBn )

The change of the dimension from m to m+1 implies in general the entrance
of only one unit into the previous subset. Nevertheless, two or more units

m+1 -
could enter Si ) while one or more could leave.

This last situation may occur, though less frequently, when an observation
that belongs to a group of outliers emerges during a study. In fact, in the sub-
sequent step, the remaining units of the group of outliers reveal a less typical
behaviour and a few can enter the subset at the same step.

This new approach combines the features of the least median squares with
the efficiency of the OLS estimators. The robustness of the approach consists
in the continuous inclusion of units in the subset free of outliers, rather than in
the choice of a particular estimator having a high breakdown point. In other
words, this method is not particularly affected by the technique used to select
the initial subset of units, since it generates a subset free of outliers, or with
masked outliers that may be removed at following steps of the search.

3.3 The monitoring of the procedure

The estimate of ¢ changes during the procedure since, at each step of the
search procedure, m units with the smallest residuals enter the subset
(M=p+1,...,n). Therefore, even without outliers, we have S'gm)<s%m given

m<n. Usually, the curve drawn by szs(m) shows an initial slight increase, as it

happens when the data and the adopted model agree, and a steep increase if
significant outliers are present.
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A very important graphical representation is the one that allows checking
the behaviour of all n residuals at each step of the Forward Search. Large val-
ues of residuals from units not included in the data point out the presence of
outliers.

. 2 . . .
Since Ss(m) is strongly dependent on m, all residuals are standardized with

the mean of the squared residuals s%. The plot that shows the trajectories of
leverage values is useful for detecting outliers. At any step, a unit enters the

-1

subset Sim), and corresponding leverage h X

T T
=X XSim)Xsim) :

i,s(m)
values are plotted.

At start, the search of the subset Sip) includes only p observations, each
one with a leverage value equals to one. Thereafter, these values decrease. The
outliers that enter the Sim) subset at the final steps of the analysis may show

higher leverage values than the others, though it is possible that units that
make up the initial set show the highest values for the whole analysis.

The Forward Search algorithm can be extended to Generalized Linear
Models (GLMs) that are an extension of linear regression models where the
response variable is not normally distributed, so that the expected values are
modelled with a link function (Agresti, 2002). In particular, if models for bi-
nomial data are adopted, as in this work, the search algorithm is the same as
the linear regression one, except that squared residuals of deviance d’ are

used rather than least square residuals. In this case, the procedure starts with a
random selection of subsets in p dimension and chooses the subset with the
smallest value of the median of the deviance®.

The afore-mentioned situations highlight that Forward Search algorithm
can be effective to the sample by combining its diagnostic capability in identi-
fying groups of outliers together with the properties expressed by robust
methods of estimation. The results obtained when the algorithm is applied are
twofold: anomalous units can be eliminated to produce a model that is more
stable and conform to reality, and, on the other hand, the information resulting
from the analysis of the structural composition of the identified outliers can be
used to perform further investigation into the phenomenon under study.

In this respect, the application was successful in evaluating both the effec-
tiveness of university titles in relation to employment and the discontinuation

® This is the general rule except in the case of models for binary data. In fact, except for

the response variable, the number of zeros is not equal to number of ones, the Least Me-
dian of Squares method of estimation will include in the initial subset only observations
with frequent responses. Hence, in order to keep both types of response in equilibrium
during the procedure, the search algorithm must be modified.
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of university studies, and proper for supplying indications that may be helpful
for improving the quality of the educational process.

4. An analysis of the dropout rate in Florence

There has been a significant evolution in the Italian public administration over
the recent years. In particular, the new regulations acknowledge the Ministry
of Education, University and Research as the responsible entity for defining
the targets and general strategies for developing the tertiary educational sys-
tem and its assessment, while the universities are granted ample self-
governance, even though part of the funds are subject to the fulfilment of spe-
cific requisites”.

The decentralization and self-government, and the restriction on funding,
imply that the universities, as responsible for the results achieved, must neces-
sarily perform procedures of intense and exhaustive self-assessment in terms
of both efficiency and internal and external effectiveness.

One of the most important indicators of internal efficiency is the dropout
rate, which continues to override 50% in many universities, even after the re-
cent reform of the study cycles, with serious repercussions on programming
university policies and even on the society as a whole.

Florence University data show that during the 2002/03 academic year al-
most 30% of the enrolled students dropped out of the course they chose in the
previous year. Because of the severe consequences this phenomenon has on
educational programming, Florence University carried out a CATI (Computer
Aided Telephone Interviewing) survey on the possible causes of dropout® of
the students enrolled in the 2002/2003 academic year and who resulted to be
in one of the following conditions:

m Passed (P) to another degree course in Florence University;

m Transferred (T) to another university;

m Renounced (R) explicitly to the studies;

m Implicit (1) if he/she is not enrolled in 2002/03 and does not belong to

any of the previous categories;

m Suspended (S), e.g., for national military service; these students could

also be included in the Implicit category.

The complete database includes a student’s profile (gender, age, residence),
high school curriculum (type and final marks), faculty and study programme
upon first registration, employment status and position regarding compulsory

Financial, managerial and organisational self-government of every Italian university was
introduced under Laws no. 168/89, 537/1993, 59/1997 and 127/1997.

> The survey was realised thanks to funds of CAMPUSONE and OUTCOMES projects.
The data collected permitted the correction (due to errors or delayed input by the Stu-
dent secretariat) of some data in the university files.
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Table 1. Distribution of the dropout rate of the sample by faculty

Response Y EDUCATIONAL —
Degree programme T o SCIENCE
Enrolled AGRICULTURE _

(Y:]') ECONOMICS AND =
AGRICULTURE 358 28,7 BUSINESS |
ARCHITECTURE 1,065 16,8 PSYCHOLOGY ]
ECONOMICS AND BUSINESS 1,029 25,2 LETTERS &
PHARMACEUTICS 197 23,8 M::::;::z:
LAW 777 22,6
ENGINEERING 889 18‘3 PHARMACEUTICS
LETTERS & PHILOSOPHY 1518 243 LAW
MEDICINE 717 18‘3 POLITICAL SCIENCE
PSYCHOLOGY 1,429 24,4
EDUCATIONAL SCIENCE 462 31,8 ENGINEERING
MATHEMATICS 649 24,2 MEDICINE
POLITICAL SCIENCE 450 19,5 ARCHITECTURE
INTERDISCIPLINARY 5]3 15’3 INTERDISCIPLINARY
TOTAL 10,053 22,3 I : . !

10 15 20 25 30%

military service at the time of enrolment, as well as the correct form of regis-
tration and drop-out motives of transfer to another programme within Florence
University or to another university.

The analysis was performed from the following perspectives: dropouts can
be considered a phenomenon depending exclusively on the organisation of the
study programme or on the central organisational policies of the university.
The transfer from one course to another may be an important rupture in a stu-
dent’s career since it involves a waste of time and resources both for the stu-
dent and, indirectly, for the study programme. However, the number of stu-
dents who change programme within the same university is attributable to the
sudden awareness of the incompatibility between their personal aptitudes and
the subject matter of the programme.

The response variable is:

Y=1, if the student has dropped out of the initial enrolment programme
and did not pass to any other programme at Florence University the
year after (the options in the questionnaire were transferred, re-
nounced, implicit or suspended);

Y=0, if the student is still registered in the original programme, or has
transferred or submitted a request to transfer to another study pro-
gramme within Florence University.

Preliminary analyses indicated the association of some covariates with the

response variable® (Table 1). Only the faculty and the study programme re-

® The contingent of students reduced to 9007 because of the omissions in the administra-

tion files corresponding with the variables related to the phenomenon under study; nev-
ertheless, this did not alter the distribution of drop-out rates shown in Table 1.
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Table 2. List of the explanatory variables correlated with response variable

Factor Description Levels
DEGREE Degree programme selected 1 = AGRICULTURE
on enrolment ARCHITECTURE
ECONOMICS AND BUSINESS
PHARMACEUTICS
LAW
ENGINEERING
LETTERS & PHILOSOPHY
MEDICINE
EDUCATIONAL SCIENCE
POLITICAL SCIENCE
PSYCHOLOGY
MATHEMATICS
INTERDISCIPLINARY
COURSE Course programme 104 levels
GENDER Gender 1 = Male; 2 = Female
COUNTY Area of residence 1 = Florence - Hinterland
2 = Other towns in provinces of Florence & Prato
3 = Other provinces in Tuscany
4 = Other northern and central regions
5 = Southern regions and Islands

HSCHOOL  Kind of high school 1 = Classics; 2 = Scientific
3 = Technical; 4 = Others
HSSCORE  Final marks 1=60-56 2=55-51
3=50-46 4=45-41
5=40-36
AGEENROLL Age at enrolment 1 = Under 20 2=20
3=21-25 4 = over 25
WORK Occup. status at enrolment 1 = Employed 2 = Unemployed

sulted to be related to the quality of the organisation of the education, whereas
the others related to the profile of the students (Table 2).

All the variables correlated with the phenomenon under study were consid-
ered as possible predictors’ in a logistic model for binary data, automated with
a backward elimination option. The model is merely exploratory, since it is
used to detect the subsets of explicative variables with the highest powers of
discrimination. In Table 3, we illustrate the main results.

For the best possible assessment of the impact of education organisation as
a possible cause of drop-out, the Forward Search algorithm was applied to the
“global data”® in order to develop a logistic model for binomial data. In this

" The variables associated with the original faculty were deleted from the list of possible

explanatory variables. In addition, the numeric-type variables, such as average marks at
exams and upon degree, were categorised. The loss of information connected with this
transformation caused negative consequences that are nevertheless insignificant for our
purpose, but are advantageous from a computational and interpretative point of view.
The term global data means that all observations showing the same levels of the investi-
gated factors are grouped together.
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case, the unusual data will be groups of subjects with a common profile.
Analysis of the structural composition of these groups might reveal, for exam-
ple, contingencies sufficiently significant to justify the moderate dropout rates

M. Bini, B. Bertaccini

within contexts where the dropout phenomenon is particularly serious.

Table 3. Main results of the logistic model for data grouped according to the levels of

the factors, identified at the start of the analysis

1126.89 on 453
495.73

Null deviance:
Residual deviance:
AIC: 1688.75
Analysis of Deviance Table
Terms added sequentially (first to last)
Df Deviance Resid. Df Resid. Dev

on 431

NULL 453 1126.889
County 4 61.712 449 1065.178
Degree 12 81.135 437 984.042
AgeEnroll 3 383.222 434 600.820
HSscore 3 105.091 431 495.730

Summary of glm(formula =y ~ County + Degree + AgeEnroll + HSscore,

Family = binomial (1ink = "logit"), data = abnd03, weights =
Deviance Residuals:

Min 1Q Median 3Q Max
-2.8730178 -0.8601809 0.0091846 0.7433140 2.9480225
Coefficients: Estimate Std. Error z value Pr(s|z])
(Intercept) -1.298283 0.155187 -8.3659 < 2.2e-16 ***
County2 0.256007 0.081815 3.1291 0.0017534 **
County3 0.342038 0.073441 4.6573 3.203e-06 ***
County4 0.654752 0.108170 6.0530 1.422e-09 ***
Countyb 0.708523 0.098155 7.2184 5.260e-13 **x*
Degree2 -0.593890 0.167855 -3.5381 0.0004030 **x*
Degree4 -0.189403 0.275305 -0.6880 0.4914699
Degreeb -0.115360 0.171284 -0.6735 0.5006290
Degree6 -0.164708 0.170176 -0.9679 0.3331091
Degree’7 -0.177111 0.155681 -1.1376 0.2552667
Degree9 -0.603253 0.179289 -3.3647 0.0007663 ***
Degreel0 0.143121 0.174118 0.8220 0.4110916
Degreell -0.342498 0.200154 -1.7112 0.0870500
Degree49 -0.295448 0.156798 -1.8843 0.0595299
Degreeb52 -0.045730 0.163929 -0.2790 0.7802749
Degreeb56 -0.274399 0.187682 -1.4620 0.1437303
Degreeb58 -0.606601 0.204628 -2.9644 0.0030326 **
AgeEnroll2 0.552379 0.078484 7.0381 1.949e-12 ***
AgeEnroll3 0.958635 0.079691 12.0293 < 2.2e-16 ***
AgeEnroll4 1.262348 0.114303 11.0438 < 2.2e-16 **x*
HSscore2 -0.374010 0.063411 -5.8982 3.676e-09 ***
HSscore3 -0.710940 0.097891 -7.2626 3.797e-13 **x*
HSscore4 -0.983368 0.110800 -8.8752 < 2.2e-16 **x*
Signif. codes: 0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1

Number of Fisher Scoring iterations: 3

degrees of freedom
degrees of freedom

P(>|Chil)

.2666e-12
.5057e-12
.5323e-83
.2492e-22

o N R
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The subjects are grouped according to the covariates detected during the
preliminary stage (faculty, residence, age at enrolment and final marks of high
school). It is well known that if the binomial denominators are not large
enough, the usual goodness of fit statistics do not meet with any known distri-
bution. Moreover, it is likely that very small groups, which yield very little in-
formation, might disturb the search algorithm. Hence, we decided to remove
groups containing less than five individuals.

The model for binomial data adapted to the new dataset is shown in Table
3. The groups thus created are 454. The deviance of this model demonstrates
that adaptation is more than sufficient (the residual deviance is just slightly
higher than the levels of free residuals). The effects of the factors and the sin-
gle levels are evident, with the exception of those referring to certain faculties
that do not show significant effects on the response due to the high levels of
the standard errors. Once the working model has been defined, the Forward
Search algorithm is applied.

An important result is the graph of the statistical test for the goodness of fit
of the link function (Figure 1). The test values demonstrate a decrease beyond
the limits of significance® in the final part of the search algorithm, due to the
presence of groups that differ considerably from the bulk of the data.
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Figure 1. Forward Search: goodness of fit test of the link function

° The test has been structured so that values statistically equal to zero (1 - a = 95%) tend

towards the goodness of the function chosen.
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Figure 2. Forward Search: model deviance before and after the deletion of groups of
outliers

Therefore, the last 98 groups are worthy of further investigation. The pres-
ence of observations with abnormal trends can be detected also from the
graphs referring to explained deviation and R? index (Figure 2). The last 98
groups cause an exponential increase in the residual deviation (from 150 to
500) and a great decrease in the Pseudo R? values (from 0.80 to 0.60).

It is interesting to see how the results would have been different after dele-
tion of the groups at the final stages of the search. The deletion contributed
evidently to the adaptability and stability of the goodness of fit test (Figure 3).

As an example, we can examine the composition of group 270, the last one
that entered in the analysis. It is composed of 12 subjects attending Medicine,
11 of which are enrolled in the Nursing programme. The dropout rate is 83.3%
of students (10 out of 12 students) and 81.8% with reference to the programme
(9 out of 11); this latter value is very high in comparison with the mean of the
overall course enrolments (27.4%, see Table 4).

This may depend on the profile of the group: these are subjects much older
at the enrolment and with lower high school marks than the others. Moreover,
they lived in Tuscany but not in the provinces of Florence and Prato, whereas
the percentage of students residing in these provinces for the entire pro-
gramme duration was 27.4%. This suggests that dropout is attributable more to
personal characteristics of the students than to the organisation of the educa-
tional programme.
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Table 4. Analysis of the composition of cluster 270

Cluster composition and characteristics

Course Obs Variable Mean

Nursing 11 AgeEnroliment 32.54

HighSchoolScore (36-60) 37.90

(92% of the cluster) Y (drop rate) 81,8%
Note:

Freshmen enrolled from Tuscany but out of
the counties of Florence and Prato

Course characteristics

Course Obs Variable Mean
Nursing 197 AgeEnroliment 21.73
HighSchoolScore (36-60) 42.13
Y (drop rate) 27,4%

Note:

31% of freshmen enrolled from Tuscany but
out of the counties of Florence and Prato

5. Concluding remarks

The analyses performed, together with the evidence of a certain level of per-
formance in university education, are useful tools for programming and organ-
ising facilities and educational activities.

Nonetheless, in order to carry out a more thorough analysis of the complex
system of relationships and factors that influence the drop-out rate, it will be
necessary to use specific analytical models. The robust diagnostic tools ap-
plied to regression analysis are capable not only of supplying a reply to this
necessity, like the regression models based on traditional estimation methods,
but can also identifying the units or groups of units with particular characteris-
tics. These observations may be a source of information that is useful for de-
fining new educational programmes, for improving their quality and, as a con-
sequence, for reducing the rate of drop-out at university.
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Summary. The purpose of this study is to investigate the strategies used by
graduates of the University of Foggia to enter the labour market. Using both
quantitative and qualitative variables, quantified by means of optimal scaling,
a structural equation model has been created to analyse the relations between
latent variables tied to university education, and graduates’ expectations and
methods of job searching. Furthermore, we study if the correlation structure
between these latent variables is constant observing separately female and
male graduates.

Keywords: Graduates; Labour market; University of Foggia; Factor analysis;
Structural equation models; Optimal Scaling; CATPCA,; LISREL.

1. Introduction

In the following, we intend to analyse the strategies used by graduates to enter
the labour market. Because of difficulties in the availability of the data, our
analysis considers only the labour offer side.

Our objective is to construct an econometric model capable of detecting the
variables that influence the placement of graduates and to study the relations
between these variables and the labour situation (employed/unemployed) of
graduates.

A great deal of the information collected with surveys can be considered
proxy of latent variables which are particularly useful for describing a fact not

L In this joint work, C. Crocetta was responsible for the final editing of Sections 1, 2, 4, 6

and 7, whereas F. d’Ovidio was responsible for Sections 3 and 5. The authors wish to
thank anonymous referees for their precious suggestions.
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directly measurable, like the behaviour of graduates looking for employment
(Crocetta & d’Ovidio, 2004).

If we have to analyse both quantitative and qualitative variables together,
we can apply the Optimal Scaling procedure known as CATPCA (CATegori-
cal Principal Component Analysis). Such a procedure may be used to quantify,
in the factorial space, the observed variables (De Leeuw, 1984; Meulman &
Heiser, 1999).

For this, we performed a series of analysis to verify:

1. which latent variables are to be considered,

2. the relations that exist between them,

3. whether it is possible to construct a model for explaining the variability

of employment rates of graduates,

4. whether there are other variables, not considered in the model, which

can explain the employment,

5. whether, by considering separately female and male graduates, the

structure of the correlation between the latent variables changes signifi-
cantly.

2. A survey on graduates of the University of Foggia

The data for this analysis came from the archives of the Student office of the
University of Foggia and was integrated with telephone interviews of a sample
of graduates®. The questionnaire is divided into four parts, which are dedicated
to graduates who are already working, those who are looking for employment,
and those with a work experience in progress, and, finally, to the satisfaction
regarding the services and the preparation achieved.

We have found that, as the time upon graduation passes, the number of
fixed term contract grows (Table 1). This situation regards all those who
graduated in Agriculture, 92.5% of graduates in Economics and 83.3% of
graduates in Law. However, by considering the graduates in the period 1997-
1999, doctors in Medicine have the highest rate of stable position (83.3%), fol-
lowed by their colleagues in Economics (75.6%) and Law (74.7%), while just
67.7% of graduates in Agriculture during the same period have a stable job.

The attainment of a stable job is not so difficult even for those who gradu-
ated less than three years before (59.3% of them are in this condition). In this
case, too, graduates in Medicine (70.0%) have a small advantage over those in
Economics (61.2%), in Agriculture (58.8%) and in Law (56.1%).

2 The first objective was to contact all the 2,924 graduates of the Athenaeum of Foggia

starting from when it was set up (1994). Up to seven attempts were made to contact
them at different times, before they were considered unreachable. A number of 2,133 in-
terviews was performed, which is the 72.3% of the eligible population.
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Table 1. Percentage distribution of the employed graduates from the University of
Foggia, according to the year of graduation, faculty, and work contract

Contract . .Faculty .
Economics Agrlculture| Law| Medicine | Total
Years 1994-96
Stable employment (full or part-time) 92,5 100.0 (833 - 88.6
Temporary job or job training scheme 5.0 - 9.5 - 6.8
Occasional employment and the like 25 - 7.1 - 4.5
Years 1997-99
Stable employment (full or part-time) 75.6 67.7 74.7| 833 |74.7
Temporary job or job training scheme 11.9 29.0 124| 16.7 |[135
Occasional employment and the like 125 3.2 12.9 - 11.9
Years 2000-02s
Stable employment (full or part-time) 61.2 58.8 56.1| 70.0 |[59.3
Temporary job or job training scheme 27.2 41.2 30.2| 30.0 |28.9
Occasional employment and the like 11.6 - 13.8 - 11.8
All employed graduates
Stable employment (full or part-time) 69.2 68.5 [68.0| 75.0 68.7
Temporary job or job training scheme 19.7 296 (193] 250 |20.1
Occasional employment and the like 111 1.9 12.7 - 11.2

The proportion of employed graduates with a fixed term contract or on a
job training scheme tends to decrease as time passes. A period of precarious-
ness seems, however, inevitable, especially for graduates in Agriculture
(29.6%) and Medicine (25.0%). Graduates in these two faculties, unlike their
colleagues of Economics and Law, tend not to accept seasonal and temporary
work. Presumably, the number of graduates of the two former faculties is not
so large, and this may prevent the competition that often makes graduates ac-
cept temporary or unsuitable jobs.

3. Analysis of the categorical components of the model

We carried out a descriptive analysis for screening the variables for the model.
After that, we estimated a logit model, whose criterion variable is the binary
position, employed vs. unemployed, of graduates. The variables whose coeffi-
cients were significant at 5% level are listed in Table 2.

Some variables are quantitative (such as the 0-100 score of the suitability of
the university training received) or on an ordinal scale, but many others are
nominal.
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Table 2. Variables selected for the logit model

Quantitative variables Nominal variables

= University graduation final grade. = Faculty.

= Secondary school graduation final degree. i= Type of Secondary School degree.

= Age at university graduation. = Pre-graduation work experience.

= Number of years between second. school = Field of economic activity currently
graduation and university enrolment. employed in or searching for.

= Number of years after the end of course be- {= Current or desired professional posi-
fore graduating. (off-programme) tion

= Number of months between university = Professional or teaching qualification
graduation and first employment.

= Overall score assigned to the adequacy of  {= Employment search methods.
university education with respect to em- = Knowledge of post-graduation pros-
ployment obtained or desired. pects (orderable nominal variable).

We wanted to apply a LISREL model. Because the structural equation
model, given the hypothesised normality of the latent variables, does not allow
using categorical variables®, it was necessary to quantify such variables with
an Optimal Scaling (OS) method.

Given a population of n individuals described by a set of m categorical
variables X;...X....Xm, the OS procedure transforms the categories into real val-
ues wj. OS methods minimize a loss function regarding the categories of in-
terest.

First, a scalar gj, has been defined with value 1 or 0 according to whether
the i" individual possesses the h" category of the x; variable. The vector gj, is
given by this scalar attached to the units in category h of X;.

With all categories of x;, the column vectors g;, originate the indicator-
matrix G;j (of dimensions nxk;). Extending this procedure to all the m categori-
cal variables, we obtain the disjunctive complete indicator-matrix, G =
[G1...G;...Gn], of the order nxK, where K =3 k; .

In this way, each categorical variable is a product of an indicator-matrix by
a vector o; = [wj1...oj...0)]" of scaling parameters that, once estimated (@;y),
originate quantitative variables:

Ko
*xj=Gj®;  or,equivalently, °ij=thjh<Djh (G=1,2,..,p),
=1

where the superscript “OS” indicates the optimally scaled variable. Extending
this procedure to all the units of the population and all variables, we obtain the
matrix of optimally scaled individual scores, *X=(*X1, ®*X, ..., ®*Xm).

% The estimates of the LISREL model parameters with the method of the maximum likeli-

hood are asymptotically biased, because of the violation of the normality hypothesis of
the latent variables and, implicitly, of the observed variables (Browne, 1984). This prob-
lem may be overcome by using non-parametric loss functions, such as WLS, GLS and
ULS (see Lovaglio, 2000).
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The vectors w; may be estimated by optimizing a target function with identi-
fication constraints. It is worthwhile estimating simultaneously the quantities of
the categorical variables, and the parameters of the model®, by directly optimiz-
ing the target function with ALSOS (Alternative Least Squares Optimal Scal-
ing) methods (De Leeuw et al., 1976; Young et al., 1978; Vittadini, 1999).

Among the available ALSOS procedures, we chose CATPCA (CATegori-
cal Principal Component Analyses), a non-parametric algorithm using the
main components of the transformed variables in a factorial p-dimensional
space (p<m) (De Leeuw & Meulman, 1986; Meulman & Heiser, 1999).

In neither the simple case of no weighting for cases or variables and no
supplementary nor multiple variables, the optimisation procedure estimates the
w; scaling parameters (iteratively) by minimising the function

s(Y;Q) =n?Yt[Y-G,0) M, (Y-G,0)]
J

where matrix M; is diagonal (of nxn order) with elements 0 if the i observa-
tion is missing and 1 in the other cases; whereas Y (of nxp order) represents
the p-dimensional standardised factor scores, with the following constraints of
standardisation or centring (given u, unit-vector of order n, and M—Z M;):

Y'MY =nl, UMY =0. [1]
The algorithm begins with an estimate of Y which satisfies those con-
straints (unless otherwise specified, standardised and centred random num-
bers); the initial factor loadings &; are calculated as cross-product between
Y and the categorical codes centred and re-scaled: X = [ls-Mjuu/(UMu)] x;,
with j=1, 2, ..., m (De Leeuw et al., 1976; Meulman & Heiser, 1999).
The first step of the iteration consists of calculating, given D; = diag(G'G;),
Q,=D/'G/ Y. 2]
After a first quantifications of categories® we standardised the data with
O] =0;n /(@] D; @) to compute factor weightsa, —(Q' ,07)/n.
Through the standardlsed matrix of the scaling estlmatesgl =] a , the ma-
trix Y = [I,-Muu/(uMu)] (% M;G; QL) could be now calculated The process
keeps resuming the algorithm Wlth a smgular value decomposition of Y start-
ing again from [2]. After a certain number of iterations, the final estimates o;
of the categories are obtained.

The scaling approach is not separable from the aims of the research, and quantification
must be obtained under specific statistical models (Bradley et al., 1962; Kruskal, 1965;
de Leeuw et al., 1976).

If variables are categorical, the factorial weights m =Q. ;8 are directly used; if vari-
ables are ordinal, the weights ©; are obtained through a monotone regression of the
weighted O 18 with the dlagonal elements of D;, whereas, if they are numeric, a
weighted I|near regression is used.
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Table 3. Percent distribution of the University of Foggia graduates according to work con-
dition and some other characteristic

Labour condition Labour condition
Unem- Unem-
ployed Employed ployed Employed
University Faculty Field of activity employed in/searching for
Medicine and Surgery  80.4 196 |na 85.0 15.0
Law 59.4 40.6  |Public Administration 64.9 35.1
Economics 422 57.8  |{Industry 64.1 35.9
Agriculture 39.6 60.4 |Commerce 46.8 53.2
Type of secondary school diploma Agriculture 29.3 70.7
Languages 90.9 9.1 [Services 26.0 74.0
Others 71.4 28.6  |Other field 27.4 72.6
Classical 60.4 39.6 Current or desired professional position
Scientific 55.2 448 |na. 98.1 1.9
Teacher training 51.6 48.4 |Consultant. 61.5 385
Technical commercial 50.2 49.8 |Entrepreneur 50.0 50.0
Professional 48.7 51.3 |[Employee/Manager 40.9 59.1
Technical Geometer 33.3 66.7 [Self-employed 35.0 65.0
Knowledge of post-graduate prospects  [Teacher/Professor 11.3 88.7
Yes, quite well 49.3 50.7 |Other Position 145 85.5
Yes, in a generic way 59.9 40.1 Employment search method
No 48.4 516 |na 92.0 8.0
Pre-graduation employment Newspaper/Internet 86.3 13.7
Never worked before 56.5 43.5 |Specialized Agencies 80.9 19.1
\Worked before 48.0 52.0 |Local employm.agency  79.7 20.3
Professional/teaching qualification Curriculum sent 39.4 60.6
Not licensed 60.0 40.0 [Interviews/exams 36.8 63.2
Licensed 313 68.7  |Personal Contacts 29.0 71.0
Direct calls - 100.0
Suggestions 9.8 90.2
Total 53.0 47.0 |Other search-methods 13.6 86.4

In Table 3, the categories are shown in decreasing order of employment
rate.

CATPCA defines just four components with eigenvalues higher than one
(Table 4). Altogether, they explain 52% of the overall variability. For a better
definition and identification of the factors, we performed a Varimax rotation
of the factorial axes. The first factor accounted for 16.1% of the variability,
whereas the forth accounts for 9.6%.

Let us now identify the four latent variables (Table 5). The first factor is di-
rectly connected to the age at graduation and to time between high school
graduation and university enrolment, whereas it presents a negative correlation
with the University and high school final grade. We named this factor “regu-
larity and proficiency of educational career”.
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Table 4. Variability explained by the main components and rotated factors*

Weights of unrotated components Weights of rotated factors
1 2.54 18.1 18.1 2.26 16.1 16.1
2 1.93 13.8 31.9 1.86 13.3 29.4
3 1.68 12.0 43.9 1.82 13.0 424
4 1.13 8.1 52.0 1.34 9.6 52.0

* 14 components have a non-zero eigenvalue. Extraction Method: Principal Components Analysis.

Rotation with Varimax Method.

Table 5. Coefficients obtained from factor analysis of variables optimally scaled by means
of CATPCA for the graduates of the University of Foggia

Commu- Components
Variables nality 1 2 3 4
Time between graduation and first employment 0.66 | -017 027 075 -0.05
Time between last exam and graduation 0.63 | 0.63 0.4 -046 0.08
Professional or teaching qualification 0.63 | -005 -0.16 0.78 -0.03
Age at graduation 062 | 0.74 0.03 -0.03 0.26
Graduation final grade 059 |-0.76 0.08 012 002
Current or sought professional position 0.54 | 000 0.74 -005 -0.03
Employment search strategies 052 | 015 050 048 -015
High school final grade 051 [ -0.70 0.08 -0.10 0.05
Faculty 050 | -027 059 -017 0.22
Knowledge of post-graduation prospects 046 | 007 011 006 -0.67
Current or sought field of activity 0.44 | 003 061 025 -003
Pre-graduation work experience 0.42 | 015 013 -0.07 0.62
Type of high school diploma 038 | 000 041 -012 044
Time between high school and university enrolment | 0.35 | 030 -0.10 0.28 0.41

The second factor is directly connected to the field of economic activity, to

the professional position achieved, to faculty and type of high school diploma
and to job search strategy. Because it is strongly influenced by type of studies
and working experience of the graduates, we named it “training-professional
project”.

The third factor is correlated to the time spent between graduation and first
job, to possession of professional or teaching qualification and to job search
strategies, and opposite to time between high school graduation and university
enrolment. All these variables have in common the job finding experiences of
the graduates.



78 C. Crocetta, F. d’Ovidio

The fourth factor is mainly related to the work before graduation, to the
type of high school diploma and to the time between high school graduation
and university enrolment. This factor has also a negative correlation with the
knowledge of the job prospects after graduation®. For this reason, we name it
“work plans and experiences”.

4. The structural equation model

LISREL is a structural equation model. It is popular in social sciences to study
the cause-effect relations within a system. Generally, structural equation mod-
els are constructed with very simple relations.

By applying Path Analysis graphs (Wright, 1934), it is possible to represent
the model with flow diagrams in which the surveyed variables are represented
with right angles, whereas the latent variables and the erratic components are
contained in elliptic shapes. These geometric figures can be connected with ar-
rows that indicate the existence of a relation’.

There is a distinction between measuring models, which are useful for iden-
tifying and measuring the latent variables through the observed variables, and
structural models, which explain causal relations between the latent variables.
The latter may be exogenous, if variables are explicative, or endogenous if
they can be interpreted also as response variables. The LISREL model (J6re-
skog, 1973, 1977; Wiley, 1973; Bollen, 1989) is defined as

n=Bn+T&+(,
with measuring equations given by
X=AxE+0 e y=Ayn+te.

In this model, the quantities & and n are, respectively, the cause and effect
latent variables; the observed quantities x and y are variables linearly con-
nected to § and n through the matrices of factorial weights Ax and Ay ; I" is the
matrix of the coefficients of the cause variable in the structural relation, ¢ is
the vector of random errors in the structural relation between n and &, whereas
6 and € are the vectors of measurement errors of x and y respectively; ¢, € and
6 are not correlated to one another, nor with &, 8 and n.

Crocetta & d’Ovidio (2003) stated that working during the university studies helps job
finding prospects. However, if it concerns a job started before university enrolment, it is
likely that it is maintained.

For the relations of dependence, the previous character is the one represented in the
graphic element from which the arrow goes, whereas the following one is the one indi-
cated in the box the arrow points. The relations of interdependence are represented with
arcs of circumference that have arrows at both ends.
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Then we have:

E(C) =E(e) =E(8) =E() =E(m) =0,
Cov() =Y, Cov(e) =0, Cov(d)=0;, Cov(§)=d,

where @ is the matrix kxk of co-variance of latent factors and ® are diagonal
matrices of only variances.

We can estimate the coefficients and the matrices of variances and co-
variances with various techniques (Joreskog, 1973; Joreskog & Goldberger,
1975; Browne, 1974). We chose GLS estimators because they are robust to
non-normality of the distribution of the latent variables (Browne, 1984)8

The LISREL models can be used to analyse the data coming from several
groups thus giving the opportunity of making comparisons with control groups
or between groups undergoing different treatments.

It is possible to impose constraints on some or all the parameters consid-
ered. If we want to compare two groups, it is necessary to estimate each
group separately for there to be no bonds; whereas if the data has to be ana-
lysed simultaneously to have efficient estimates, crossed constraints must be
imposed between groups (Bollen, 1989; Kline, 1998; Civardi & Zavarrone,
2000, 2002).

We have to check whether the matrices of co-variances and correlation of
the observed variables are equal for each group. To verify the equality of the
matrices of correlation of X, it is necessary to set ®;; = 0 and Ay, as diagonal
matrices of the standard deviations of x (where i=1, ..., m denotes the group)
and 0 is a null matrix. Testing the hypothesis of equality between correlation
matrices is like checking that ¥, = ¥,, where ¥; is the correlation matrix be-
tween the latent factors of group i.

If the hypothesis of invariance of the model is refused without any restric-
tion, more constraints may be imposed to verify the causes of the lack of
equality. First, the hypothesis of invariance of the initial factor weights can be
tested for the measurement model in each of the groups. If this hypothesis is
not acceptable, the invariance of the covariance of the unique factors and fac-
tor weights can be tested. The third hypothesis foresees the test of invariance
of the co-variances of the unique factors and of the variances of the common
factors and factor loadings.

If the hypotheses are less rigid, we can use the first additional hypothesis of
the structural model. This foresees covariance matrices of the unique invariant
factors symmetrical with some similar elements. Then the case with other con-
straints, in which the covariance matrices of the unique factors are invariant
and symmetric to some elements set to zero, can be tested.

& The quantification of each categorical variable through optimal scaling is referred to a

limited number of modalities. So, it is not recommended to assume the hypothesis of
normality of the latent variables.
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5. A structural model for evaluating how graduates work

LISREL results represent just the starting point of the analysis because to ob-
tain a model with convergent estimates it has been necessary to do small
changes. The latent variables used in our analysis are the factors determined
by means of factor analysis, with the exception of the variable irregular stud-
ies, whose importance has been reduced by the relations between latent vari-
ables. The starting variables are those obtained with the optimal scaling quan-
tification procedure. The resulting model (see Figure 1) is laid out as a net-
work of relations and it is complex; so we will consider the main correlations
between the observed variables surveyed and the latent variables.

The most correlated (observed) variables are age at graduation and time
passed between graduation and employment (r=0.95); this variable is also con-
nected to the business field of employment (r=0.49) and study irregularity
(r=0.41). It is noticeable the relation between the graduation grade and school
leaving grade (r=0.38), and the correlation between type of course chosen and
time between graduation and first job (r=0.35). The other correlations consid-
ered are lower than 0.33 in absolute terms; they are significant and have to be
kept in the model to help the convergence or to improve adaptability.

The standardised regression weights show the direction and intensity of re-
lations between latent and observed variables. Those relations slightly differ
from those that come from the explorative analysis, because of the causal rela-
tions hypothesised between latent variables and the structure of the factors
themselves.

The first factor was called education curriculum because it was directly cor-
related to graduation and secondary school final grades, and inversely to age at
graduation and time between graduating and the last exam. The structural
model keeps the same relations and adds a slight connection to the evaluation
based on the adequacy of university education and study irregularity. This la-
tent variable is influenced by the graduates’ work plans and influences, in its
turn, the post-graduate activities.

The latent variable training and professional path is mainly measured by
the faculty chosen (regression coefficient=0.73), whereas the relations be-
tween the types of diploma achieved, the job achieved or sought, and the busi-
ness field are less strong. The work plan factor has a positive relation with the
knowledge of post graduation prospects, and negative (-0.69) with work be-
fore graduation. It influences (0.32) the non-observed variable, education cur-
riculum. The postgraduate activity factor® influences three observed variables:
years between graduation and employment (0.95), professional or teaching
qualification (0.42) and job finding strategies (0.28).

o Differently from exploratory factor analysis, there is no business field related with the

educational and professional pathway, and time between last exam and graduation.
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Figure 1. LISREL Model to describe the working way of the graduates of the University
of Foggia (Italy)

Table 6. Fit Indexes of the LISREL model used for the analysis of working strategies
of graduates from the University of Foggia

Fit Indexes ) Models
Estimated {Saturated |Independence

ECVI (Expected Cross-Validation Index) 0.33 0.10 1.19
GFI (Goodness of Fit Index) 0.96 1.00 0.83
AGFI (Adjusted Goodness of Fit Index) 0.93 - 0.81
RMR (Root Mean Square Residual) 0.07 0.00 0.22
RMSEA (Root Mean Square Error of Approximation)| 0.06 - 0.11
HOELTER critical N (0=0,05) 296 - 98
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This model represents a first step of research in this field. Indeed, to obtain
reliable estimates on employment rates or on the probability of entering the
labour market, methods that are more sophisticated have to be used with in-
formation that is more detailed.

The obtained model fitted well the data, as is shown by the statistics re-
ported in Table 6. The ECVI index is much closer the minimum value regard-
ing the saturated model (0.10) than the independence one (1.19), indicating
that the discrepancy index is rather low. In addition, the GFI index suggests
that this model is very close to maximum adaptability™.

The AGFI (adjusted goodness of fit index) verifies the adaptability of the
model looking at the degrees of freedom available to test the model. In our
case the value 0.93 is very close to 1, which indicates perfect adaptability.

The RMR (root mean square residual) index is given by the square root of
the mean square deviations between the sample variance and its estimate ob-
tained under the assumption that the model is correct. Obviously the lower this
index is, the better is its adaptability. In our case, the value 0.07 is much closer
to the value of the saturated model (0) than to that of the independence model
(0.22).

The RMSEA index is 0.06. In general, a RMSEA lower than 0.08 indicates
a good matching of data to the model.

The N statistic, for a significance level of 5%, is over the critical threshold
(N=200) recommended by Hoelter (1983), whereas for the independence
model this statistic is much lower than the suggested level.

Overall, the processed model seems to represent adequately the relations
that exist within the data.

6. A structural model of invariance between genders

A variable that may influence the occupational possibility of graduates in
Southern Italy is gender. Within the groups of graduates analysed here, 54.3%
of males and 41.8% of female graduates actually work™".

Gender in itself is not a determinant of employment, but it is connected to a
series of socio-economical obstacles that make it more difficult for women to

0 The goodness of fit (GFI) index is given by the complement to one of the relation be-
tween the discrepancy function minimum between model and the sample, in the hy-
pothesis that the variability of the groups is null. This index varies between 0 and 1
where the value 1 indicates the perfect adaptability.

In a segmentation analysis of graduates’ placement (Crocetta & d’Ovidio, 2003), this
variable appeared in the third branch of the classification tree, thus describing a situation
of prevalence of male employment. However, this may depend on the interaction of
gender with other structural variables.

11
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enter the labour market than men. Gender is, therefore, a proxy of the lower
possibility a woman be assigned roles of responsibility which require either to-
tal commitment, or frequent movements, or changes of residence, and implies
work discontinuity caused by absences for personal reasons (pregnancy, chil-
dren’s illnesses, etc.)

Gender also influences the choice of educational courses: there are some
faculties, such as Literature and Philosophy, with a very low male rate. An-
other aspect of university choice connected to gender is the distance from
home: Antonucci et al. (2002) showed a particular inclination for women to
choose the university close to their residence.

For these reasons, we decided to check whether the LISREL model de-
scribed above remains the same with gender. Application of the same structure
with males and females immediately produced convergence of the model.

The first hypothesis tested shows invariance of the correlation structure be-
tween models estimated separately for male (41.7% of the sample) and female
graduates (58.3%): there is no constraint apart from the basic ones
(®i5=0; Aix=1, @ matrix with the elements of the main diagonal set to
1). If we test this hypothesis with the minimum value of the discrepancy func-
tion, which is distributed as a xz, we obtain Cyn = 40.8 with 10 degrees of
freedom, which corresponds to p<0.0001: the hypothesis of invariance of the
structures of correlation (i.e. of the measuring model) has to be rejected.

The hypothesis of invariance of the initial factorial weights is then verified:
Cmin=3.3 with 3 degrees of freedom (p=0,134), therefore the hypothesis of in-
variance of the structural model can be accepted.

Looking at the fit indices (Table 7), it is evident that the adaptation com-
pared to the saturated model does not perform significantly worse, even if the
number of groups has more or less halved (the number of female graduates is
1,215, whereas the number the male ones is just 869).

Table 7. Fit Indexes of the LISREL model of invariance of the structural weights
(compared to saturated model and model of independence) used for the analysis of
working strategies of male and female graduates from the University of Foggia

Fit Indexes Models
Invariance|Saturated | Independence
ECVI (Expected Cross-Validation Index) 0.39 0.20 1.23
GFI (Goodness of Fit Index) 0.95 1.00 0.83
AGFI (Adjusted Goodness of Fit Index) 0.93 1.00 0.80
RMR (Root Mean Square Residual) 0.09 0.00 0.22
RMSEA (Root Mean Square Error of Approximation)| 0.04 - 0.08
HOELTER critical N (0:=0,05) 515 - 179
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Table 8. Standardised regression weights of the variables of the LISREL model for the
employment analysis of male and female graduates of the University of Foggia

Observed variables Stand weights Observed variables Stand weights
M F M F
Work project Educat./professional course
Knowledge of post-degree 028 | 0.27 Faculty 0.63| 0.61
prospects Prof. position current/sought | 0.54 | 0.51
Pre-degree employment -0.70 | -0.71 |High school diploma 0.36 | 0.40
Educational Curriculum Economic field curr./sought | 0.30 | 0.32
iversi i Post-degree activit
Urr;gleersny degree final 039 | 0.41 g Yy
9 Number of years between 089 | 0.85
High School final grade 0.34 | 0.35 |degree and first employment
Study irregularity -0.20 | -0.22 |professional/teaching
] lificati 0.45| 0.47
Age at graduation -0.62 | -0.78 |qualification
Years off-programme -0.82 | -0.87 |Work search strategies 0.35| 0.33
Latent components of the variable Latent components of the variable
Educational curriculum Post-graduation activity
Work project 0.34 | 0.21| Educational curriculum 0.43| 0.42
Educat./professional course | 0.34 | 0.29

* The latent variables in bold type are endogenous.

Although the relations between latent and observed variables changed
somewhat (Table 8), the factorial structure is invariant.

The two groups of graduates seem to differ in few aspects, such as the age
at graduation and, to a lesser extent, the number of off-programme years, the
type of high school diploma and the number of years after completing the
course before graduation.

The relations between latent variables differ very little between genders, as
the structural invariance study indicated.

The analysis confirms that male graduates’ approach to the labour market is
similar to the one of female graduates, but there are differences in female be-
haviour towards university training, because women study with more regular-

ity.
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7. Conclusions

We selected some variables that represent the pathways through which gradu-
ates access the labour market.

The obtained estimates allowed us to measure the external effectiveness of
University of Foggia education and to study in non-monetary terms the effects
of graduates’ choices to enter the labour market'.

Since the relation between education and employment is complex™, we
considered it worthwhile to underline the result based on the individual stu-
dent (learning level, ability to finding employment, amount of human capital),
that is, the final target of the university teaching in the current social and eco-
nomical system (Gori, Crema & Vidoni, 2003).

It is thus particularly useful to have a model capable of examining quantita-
tive, ordinal and nominal variables altogether through an appropriate scaling
procedure.

The analysed models, both the one applied to the whole sample and those
predicted to check the relation-to-gender invariance, showed a good level of
matching with the observed data. This allows us to trust the reliability of our
estimates and of the hypotheses put forward.

The analysis highlighted that the most influential latent variable on place-
ment and success in the labour market is postgraduate activity, which depends
on the educational and professional pathway chosen, on curriculum and indi-
rectly on the work planning.

However, we showed that there is no difference between male and female
graduates. This does not mean that choices and constraints are the same for the
two genders, but that the relations between choices, constraints and latent
variables are of the same order, and that the mental structure regarding the de-
cisions is similar for both males and females.

2 The comparison between the professional skills of graduates and market demand means
“the size and durability of the competences of the trainees, adaptability to situations they
have to face, the propensity to learn from experience, the propensity to evolve from
technical to managerial work” (Fabbris, 2003).

B The knowledge determined by the training process and the consequent increase of ca-
pacity of finding work are “experience goods”, whose effect can only be evaluated ex-
post at different time intervals (Gori & Vittadini, 1999). The results of the training proc-
ess, as well as the resources, can be measured in monetary or physical quantities (e.g,
hours of lessons, number of graduates, etc.), in order to construct productivity indices
for processes, structures, results, extending corporate techniques typical of industrial
processes to the university case (Bini, 1999). However, a greater quantity of lessons
does not imply a better learning and qualification for the labour world (Vittadini, 2001).
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Measurement of University External Effectiveness
Based on the Use of the Acquired Skills

Bruno Chiandotto, Silvia Bacci®

Statistics Department “G. Parenti”’, University of Florence, Italy

Summary. In this paper, we analyse the skills used at work, 18 to 30 months
from the completion of studies, by the students who graduated at the Univer-
sity of Florence in the year 2000. The aim is pursued by detecting the determi-
nants of the phenomenon with particular attention to the possible differences
between study programmes. We performed two analyses: in the first, we iden-
tified homogeneous groups of degree programmes and applied a proportional
odds (logistic) model for each group and a partial proportional odds model for
the whole university. The second analysis was an ordered logistic model with
random intercept having two levels of aggregation with the degree types as
second-level units.

Keywords: University effectiveness; Skills; Ordered logistic regression, Pro-
portional odds models; Partial proportional odds models; Multilevel models;
Cluster analysis.

1. The evaluation of external effectiveness

One of the ways of assessing the quality of the education offered by a univer-
sity is to evaluate its performance in terms of internal and external efficiency
and effectiveness. External effectiveness is the ‘capacity’ of a university pro-
gramme to satisfy labour market needs as indicated by the first-employment
rate (Chiandotto & Bacci, 2004), the length of time lapse between graduation
and employment, the actual usefulness of the qualifications for the work un-
dertaken, the degree to which graduates use at work the skills they have ac-
quired at university, and so on.

1 The idea, the structure and the setting out of the contribution are due to both the authors;

the data processing and the estimate of the models have been done by S. Bacci.
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In this research, we focused on the use of skills that graduates achieved at
university, with particular reference to the capacity of study programmes of
creating the competences required by the labour market. For this purpose, after
an appropriate aggregation of study programmes, we estimated a logistic re-
gression model for every aggregation of graduates as well as for the entire
contingent of the employed graduates. In this latter case, the groups of pro-
grammes were given the role of explicative variable. Thereafter, the results
obtained were compared with those from the application of a multilevel logis-
tic regression model on the same set of data; in this application, the pro-
grammes represented second-level units.

In Section 2, we discuss the phenomenon under study and its possible inter-
actions with both the individual variables and different types of jobs. In Sec-
tion 3, we analyse the resulting groups, while in Sections 4 and 5 we discuss
the predictions and the results of the fitting of a regression model according to
study programme and for the whole Florence University, for finding the net
effect of the determinants of the achieved skill use. In Sections 6 and 7, we
comment on the estimates obtained with a multilevel regression model. At the
end, conclusions about the advantages and drawbacks of using a multilevel
model for hierarchic models are drawn.

2. The skill use of the University of Florence graduates

In the year 2000, 5245 students graduated from Florence University. Out of
these, 4846 had a Master and 399 a Bachelor degree. Of the 3856 graduates
we interviewed, 2882 (approximately 75%) resulted to be working at the time
of the interview: 1867 (64.8%) were using intensively the skills they had ac-
quired at university, 730 (25.3%) were using it to a fair extent, while the other
285 (9.9%) did not use it at all.

The response distributions are far from being homogeneous with either the
study programme? or the faculty (Table 1). For instance, the graduates in the
Humanities who said their occupation entailed considerable use of the skills
acquired at university went from 40.0% (Philosophy) to 65.0% (Modern for-
eign language and literature), while the graduates in Science ranged from
45.8% (Natural science) to 81.3% (Physics).

A comparison between the faculties revealed great differences. Taking into
account the “considerable use of the skills”, there was an 86.7% of graduates
from Medicine and an 81.5% of those from Pharmacy.

2 Because of the small numbers of graduates, Political economics has been merged with

Economics, Tropical and subtropical agriculture and relative Sciences to Agronomy;
moreover, the two courses in Foreign language and literature under Letters and Philoso-
phy and Formation Science have been considered as a single study programme.
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Table 1. Use of the university skills at work, by study programme and faculty

Faculty/programme High % Fair % Notatall % Graduates
AGRICULTURE 44 603 17 233 12 164 73
Agronomy 11 55.0 7 350 2 100 20
Forestry 17 63.0 6 222 4 14.8 27
Forestry and environmental st. 11 611 3 16.7 4 222 18
Scientific and technical agronomy 5 625 1 125 2 250 8
ARCHITECTURE 378 68.0 155 27.9 23 41 556
Architecture 378 68.0 155 27.9 23 4.1 556
ECONOMICS 361 72.6 121 24.3 15 3.0 497
Business economics 15 833 3 16.7 - - 18
Economics 323 72.3 111 24.8 13 2.9 447
Actuarial and statistical science 17 708 5 20.8 2 8.3 24
Statistical and economic science 6 750 2 250 - - 8
PHARMACY 53 815 10 154 2 3.1 65
Chemistry and pharmac. techn. 25 893 3 107 - - 28
Phaarmacy 28 757 7 189 2 5.4 37
LAW 120 63.2 43 22.6 27 142 190
Law 120 63.2 43 226 27 14.2 190
ENGINEERING 224 718 72 231 16 5.1 312
Civil engineering 68 819 15 18.1 - - 83
Electronic engineering 57 62.0 27 29.3 8 8.7 92
Mechanical engineering 48 69.6 17 246 4 5.8 69
Computer engineering 11 647 6 353 - - 17
Environmental engineering 31 816 3 79 4 105 38
Telecommunication engineering 9 69.2 4 308 - - 13
LETTERS and PHILOSOPHY 186 53.6 96 27.7 65 187 347
Philosophy 14 40.0 11 314 10 286 35
Letters 97 52.4 48 25.9 40 216 185
Foreign language and literature 38 551 24 348 7 101 69
Modern foreign lang., literature 26 650 9 225 5 125 40
History 11 611 4 222 3 16.7 18
MEDICINE 65 86.7 9 120 1 1.3 75
Medicine and surgery 39 848 6 13.0 1 2.2 46
Dentistry and dental prosthesis 26 89.7 3 103 - - 29
FORMATION SCIENCE 208 67.3 64 20.7 37 120 309
Foreign language and literature 10 625 2 125 4 250 16
European foreign lang. and liter. 8 615 3 231 2 154 13
Humanities 14 609 4 174 5 217 23
Pedagogy 23 575 11 275 6 15.0 40
Psychology 28 622 12 26.7 5 111 45
Educational science 125 72.7 32 18.6 15 8.7 172
POLITICAL SCIENCE 85 36.0 100 42.4 51 216 236

Political science 85 36.0 100 42.4 51 21.6 236
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Faculty/programme High % Fair % Notatall % Graduates
SCIENCE 143 64.4 43 194 36 16.2 222
Chemistry 27 692 6 154 6 154 39
Physics 13 813 2 125 1 6.3 16
Mathematics 12 48.0 10 40.0 3 12.0 25
Biology 48 649 12 16.2 14 18.9 74
Information science 7 583 5 417 - - 12
Geology 25 781 4 125 3 94 32
Natural science 11 458 4 16.7 9 375 24
Total 1,867 64.8 730 25.3 285 9.9 2,882

On the other hand, the majority of those who said that they were not able to
make any use of the acquired skills had graduated from Political Science
(21.6%), Letters and Philosophy (18.7%), Agriculture (16.4%) and Sciences
(16.2%). Overall, the qualifications that corresponded to the widest use of
skills are the “technical’ ones, while the general, non-technical, qualifications
(such as Political Science) encountered greater difficulties in job searching.

The high levels of Cramer’s V and Chi-square statistics (0.236 and 299.329,
respectively; p<0.0001) point out a significant difference between the type of
studies undertaken and use of the skills: that is why we examined the influence
exerted by the specific study programmes.

There are factors other than the type of degree that can influence the use of
the acquired skills at work (Chiandotto et al., 2004). The highest percentages
of graduates who use the acquired skills are employed in small firms, have
taken at least one post-graduate programme and either have a managerial posi-
tion or are self-employed.

Moreover, the skill use is positively correlated with both job satisfaction
and the perceived usefulness of the qualifications for the work duties.

3. Response variable and cluster analysis

We applied an ordinal logistic regression model. The response variable was
the use at work of the skills acquired at university on a three level scale: high
(Y=1), fair (Y=2), not at all (Y=3).

Since our aim was to assess the effect exerted by the study programme on
the response variable, the programmes have been aggregated in order to esti-
mate a model for every group detected. Another model was estimated for the
entire contingent of graduates with the programmes as an esplicative variable®,

® From a theoretic point of view, these analyses could have been performed by study pro-

gramme rather than groups of programmes. We grouped the data because of the small
number of graduates in several courses and because of the large number of programmes.
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Due to the differences between study programmes within the same faculty
(Table 1), we grouped them with a cluster analysis (Chiandotto, 1978). We
adopted the hierarchic grouping method based on minimum variance (Ward’s
approach)®. The variables were selected according to their explicative capacity
between programmes®: median age at graduation, median final marks on de-
gree, median finals marks at secondary school, % of males, % of graduates
who attended an internship to complete the studies, % of graduates who had
work experience during university studies, and % of graduates coming from
classical or scientific high schools.

The cluster analysis formed four groups of study programmes® (Table 2):
Group 1 contains mainly programmes of the humanities and formative science
and theoretical programmes (Biology and Natural science); Groups 2 and 3 in-
clude programmes of a technical nature (Group 2 refers roughly to economics
and engineering while Group 3 to health fields); Group 4 corresponds almost
entirely to Agriculture.

From the analysis of the aggregation variables, profiles that are more spe-
cific emerged (Table 3). In the study programmes of Group 1 there is a preva-
lence of female graduates (62.4%), who come from classical or scientific high
schools (76.6%), had generally low final marks at secondary school (21.7%
had marks ranging from 36/60 to 40/60) and took quite a long time to com-
plete their university studies (12.3% were over 6 years over the prescribed
time and 26.2% graduated after 30 years).

Group 2 was the only one with a prevalence of males (55.9%) and with the
highest percentage of technical school diploma-holders (40.0%). The high
school final marks of these graduates were high (25.5% achieved their secon-
dary school diploma with at least 55 out of 60), whereas their graduation
marks were the lowest in the university (54.8% graduated with less than
100/110 and only 14.2% received a 110/110 degree cum laude’) and the time
taken to complete their studies was longer (25.6% took more than twice the
programme duration).

The majority of graduates in Group 3 came from classical or scientific high
schools (82.4%), with high final marks at school (38.6% had marks over
55/60) and with less previous work experience than the other groups (only

* Ward’s method was chosen because the other grouping methods (complete link, median

and centroid methods) gave unsatisfactory results in terms of distribution of the study
programmes among groups: there was a tendency to form a principal group containing
programmes heterogeneous with one another and of several small groups.

The grouping variables have been standardized (zero mean and unit variance) because of
different units of measurement.

We partitioned into four groups because a finer aggregation would have generated prob-
lems in the maximization of the likelihood function for the estimation of the model, es-
pecially for groups containing very few individuals.

In the other three groups, the same frequency did not exceed 21.6% (Group 3), in the
first case and at least 34.6% (Group 3) in the second case.
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45.1% vs. 70-80%). However, 34.6% of them attended an internship in order
to complete their studies (compared with the 7-8% of those in groups 1 and 2).
The graduates in this group took the shortest length of time to finish their stud-
ies: almost 25% of them graduated within the established time.

Group 4 showed a prevalence of females (69.8%) and subjects from techni-
cal schools (38.8%), with low final marks at school (26.4% had marks under
41/60). However, 93.8% of them had attended an internship and 58.9% gradu-

ated within less than one and a half times the normal time.

Table 2. Composition of the study programme groups

GROUP 1 GROUP 2 GROUP 3 GROUP 4

Architecture Business economics (Chemistry I/Agronomy

Philosophy Economics Chem.+pharm. techn. [Forestry

Letters Law Pharmacy Educational science
Foreign language & lit. |Civil engineering  [Physics Scient. techn. agronomy

Modern foreign lang. lit.
European foreign lang. I.
Humanities

Pedagogy

Psychology

Biology

Natural science
Actuarial and statistics.
Statistics and economics
History

Electronic engineer.
Computer engineer.
Mechanical engin.
Mathematics
Information science
Geology

Political science

Medicine and surgery
Dentistry dental pros.
Environmental engin.
Telecommunic. eng.

Forestry and environ. st.

Table 3. Profiles of the study programme groups (percentage values)

GROUP1 GROUP2 GROUP3 GROUP14
Female 62.4 44.1 51.0 69.8
High school: Lyceum 76.6 60.0 82.4 61.2
Diploma mark >55/60 19.0 25.5 38.6 13.2
Graduates in legal time 6.2 2.3 24.2 13.2
Degree mark <100/110 11.0 54.8 21.6 8.5
Work during university 74.0 73.2 45.1 83.0
Internship 7.1 8.2 34.6 93.8
Graduates (n) 1170 1221 246 245
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4. Independent variables

The models for investigating the use of skills were estimated on 2882 newly
graduated subjects in the year 2000 at Florence University who were em-
ployed at the time of interview. The explanatory variables were selected ac-
cording to the descriptive analyses (see Section 2) and to our prior knowledge.

The following covariates were included at least in one of the initial steps:
Quantitative explicative variables

1.

2.
3.
4.

Graduation marks (gradmark). It is the mark at graduation that ranges
from 66 to 113 over 110 (113 corresponds to 110 cum laude). Since the
variables referring to the graduation mark and to the mean of the marks
achieved in the examinations are strongly correlated (r=0.84), only the
first variable was included in the model to avoid multicollinearity.

Age at graduation (agegrad), ranging from 21.9 years to 67.6 years.
Final secondary school marks (finmark), ranging from 36/60 to 60/60.
Number of hours worked per week (num_hrs) ranging from 2 to 90; the
highest frequency corresponded to 30, 36, 40, 45 and 50 hours per we-
ek.

Qualitative explicative variables

5.

10.

Gender (gend): it is a binary variable with categories ‘female’ (female)
and a ‘male’ (male). Since the female graduates were 56.4%, ‘female’
was the reference category.

Work experience during studies (workl): this is a binary variable
(workl_no if the graduate did not have work experience during his/her
studies and workl1_yes otherwise). Even though the majority of gradu-
ates had had experience of work during their studies, the ‘no’ category
was chosen as reference in order to directly interpret the estimated coef-
ficient.

Attendance of an internship or training programme for completion of
the studies (stage). It is a binary variable with categories ‘no-internship’
(stage_no) and an ‘internship done’ (stage_yes). More than 83% of the
graduates did not attend an internship.

Type of high school diploma (typdip). Its categories are: ‘classical’
(classics), ‘scientific’ (scientific), ‘technical’ (technical), ‘other’ (oth-
dip). The “scientific’ category was the reference.

Social class background (p_socgen). Its categories are: ‘upper middle
class’ (upper — adopted as reference), ‘white-collar middle class’
(white-collar), ‘lower middle class’ (low_mid), ‘working class’ (work-
ing).

Knowledge of English (langl_gb). Its categories are: ‘non/poor’
(engl_poor), ‘sufficient’ (engl_suff), ‘good’ (engl_good), ‘excellent’
(engl_excel). The majority of graduates had a good knowledge of Eng-
lish.
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.
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. Knowledge of word processors (info3_wp). Its categories are the same
as those for langl_gb; the most frequent was that referring to a good
knowledge of word processors (wp_good).

Geographical area of work site (site_work). Its categories are ‘Florence
and Province’, “‘North and abroad’, ‘Centre’, “‘South’; the ‘Florence and
Province’ category was taken as reference. The work site was considered
more interesting for analytical purposes than that of the area of residence
of graduates, since the latter does not always coincide with the work site.
Occupation at graduation (occgrad). Its categories are: already work-
ing at the time of graduation and still the same work, working at the
time of graduation and changed work, not working at the time of
graduation (this last was taken as reference).

Type of work (typ_work) with categories, with categories: ‘employee’
(reference mode — employ_work) and self-employed’ (self_work).

Type of contract (typ_contr) with categories ‘tenure employment’
(mode used as reference) from “precarious’; this latter is comprehensive
of all types of contracts limited in time (such as contracts for collabora-
tion, training, etc.).

Economical field of business (econbus): with categories “public’ (pub-
lic) and “private’ (private); the latter was taken as reference.
Professional position of the graduate (prof_pos): the original categories
were ‘manager’, ‘employee’, ‘free-lance’, ‘self-employed worker’ and
‘other’. When the model was being estimated, this variable turned out
to be somewhat significant though with just some categories, so di-
chotomization was resorted to by distinguishing employees and workers
on one side (mode taken as reference — employ/worker) and managers,
free-lancers and self-employed workers (man/free) on the other, in or-
der to separate ‘lower’ from ‘higher’ professional positions.
Post-graduate qualification accomplished (post_grad): it is a binary
variable aimed at assessing the effect of post-graduate studies on the
quality of job.

Size of the firm® (size_firm): a distinction was made between
‘small/medium firm* (small_firm — max. 50 employees) and ‘large
firm’ (large_firm — over 50 employees)

Qualification necessity (necess): a distinction was made between the
qualifications required by law (qualif_law), qualification actually useful
(even if not compulsory by law — qualif_useful) and qualification use-
less for the type of work performed (qualify_useless). The ‘qualification
required by law’ was adopted for reference.

Satisfaction in work performed (satisf) with categories: ‘great/very
great’ (very_satisf), ‘sufficient’ (sufficient_satisfy), ‘little or none at all’

No

te that the term “firm’ is intended as workplace in general, and defines both private

companies and public entities.
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(little_statisf) and refers to job satisfaction. Most graduates were very
satisfied with their work.

22. Search for new work (search_work) for which a distinction was made
between those already employed but on the lookout for a new position
and those already working but not in search of a new position.

5. Proportional odds logistic model
and partial proportional odds logistic model

The nature of the variable response (ordinal polytomous with three categories)
and the results of the score test for evaluating the hypothesis of proportional
odds suggested the use of an ordinal logistic model with proportional odds for
each one of the four groups of degree programmes, with the following general
structure expressed in logit terms (McCullagh & Nelder, 1989: chapter 5)

logit(P, )= Iog( i ]= Iog[:’“j —a+ Y B,

1- Pli 23i

h
REY] 3i =

where: i indicates a generic graduate, Pr(Y=1)=P;, Pr(Y=2)=P,, Pr(Y=3)=P3,
P1+ P,=P1,, Po+ P3=P,3, a1 and a, the intercepts of the two logit models, x;
is the j™ explicative variable and p;i is the corresponding regression coeffi-
cient; in this case, the covariate number h is equal to 22.

A logistic model for ordinal data is a set of logistic models for binary data as
the number of categories of the Y response variable minus one. In the same way
as for the dichotomous case and in the presumption of proportional odds, the f;
coefficient of regression can be interpreted as the increase (if positive), or as
the decrease (if negative), that the logits undergo with a unit increase of the x;
predictor. With a 3-mode Y, ¢/ indicates both the odds of P; compared to P,
and the odds of P,, compared to Ps.

We estimated the four models with the PROC LOGISTIC of SAS software,
using the Fisher-scoring maximization algorithm; the explicative variables and
any quadratic or interaction effect were selected with the forward procedure®.
To assess the goodness of fit, we adopted the likelihood and score tests and
computed Pearson’s statistics and deviance, and R-square®. The significance

° We applied also stepwise and backward selection procedures. In the case of Groups 1, 2
and 4 they produced identical results. Vice versa, in the model referring to Group 3 there
were problems of fitting and convergence of the maximization algorithm.

1 For non-linear models, the R? very seldom reaches high values; hence, a 20-25% quota of
explained variance may be satisfactory.
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of the coefficients was evaluated with Wald’s tests™.
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Table 4 shows the list of selected covariates, the estimates of the intercepts
and coefficients of regression; together with the relative standard errors and
the results of Wald’s test (significance was 10%). The reference category is

labelled “0’.

The last column shows the odds ratio, i.e. the variation of P; with respect
to Pys or, similarly, of P1, with respect to Ps, with a unit increase of an expli-

cative variable.

Table 4. Proportional odds ordered logistic models, for every group

Effect Reference Estimate Standard Valuet p-value Od(_]ls
Error ratio

Group 1 (R?=0,27)
Intercept 1 - 19775 0.1885 110.0778 <.0001 -
Intercept 2 - 3.8092 0.2607 213.5712 <.0001 -
qualif _useful qualif_law -0.8117  0.2261  12.8918 0.0003 0.444
qualif _useless  qualif_law -3.3951 0.3536  92.1649 <.0001 0.034
search_work_yes search_work no | -0.6415  0.2512 6.5232 0.0106 0.526
sufficient_satisfy very_ satisfy -0.6897  0.2279 9.1625 0.0025 0.502
little_ satisfy very _ satisfy -1.4907  0.3642 16.7531 <.0001 0.225

Group 2 (R?=0,22)
Intercept 1 - -2.4672  1.2882 3.6680 0.0555 -
Intercept 2 - -0.2560  1.2856 0.0397 0.8422 -
post_grad_no post_grad_yes -0.3506  0.1675 4.3810 0.0363 0.704
man/free employ/worker 0.4196  0.2061 41440 0.0418 1.521
large_firm small_firm -0.4888  0.1797 7.3975 0.0065 0.613
qualif _useful qualif_law -1.1002  0.1932 324162 <.0001 0.333
qualif _useless  qualif_law -3.0929 0.3504  77.9196 <.0001 0.045
sufficient_satisfy very_ satisfy -0.6967  0.1831 14.4867 0.0001 0.498
little_ satisfy very _ satisfy -1.3932 0.3213 18.8010 <.0001 0.248
gradmark - 0.0463 0.0124  13.8852 0.0002 1.047

Group 3 (R?=0,20)
Intercept 1 - 8.3295 2.4155  11.8907 0.0006 -
Intercept 2 - 9.8271  2.4746 15.7702 <.0001 -
post_grad_no post_grad_yes -1.0962  0.5044 4.7233 0.0298 0.334
self_work employ_work 2.7989  1.2444 5.0594 0.0245 16.427
little_ satisfy very _ satisfy -1.2445  0.5154 5.8305 0.0158 0.288
public private 1.8586  0.5388  11.8975 0.0006 6.415
agegrad -0.2624  0.0896 8.5806 0.0034 0.769

1 The former one was applied to assess the overall significance of each discrete polyto-
mous covariate; the latter was used for evaluating the significance of the individual es-

timated coefficients of regression.
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Effect Reference Estimate Standard Valuet p-value Od(_lls
Error ratio

Group 4 (R*=0,26)
Intercept 1 - 22181  0.5576 15.8256 <.0001 -
Intercept 2 - 3.3970  0.6229 29.7390 <.0001 -
post_grad_no post_grad_yes -1.3308  0.4809 7.6576 0.0057 0.264
man/free employ/worker 1.0200  0.4964 4.2222 0.0399 2.773
qualif _useful qualif_law -0.8744  0.5325 2.6961 0.1006 0.417
qualif _useless  qualif_law -3.7764  0.8838 18.2576 <.0001 0.023

The results highlight that some covariates are significant in three of the four
groups: the usefulness of the qualifications with respect to the type of job
(Groups 1, 2 and 4), the level of job satisfaction (Groups 1, 2 and 3), and the
accomplishment of at least one post-graduate internship/training programme
(Groups 2, 3 and 4). Even the probability of an intense use of skills is posi-
tively influenced by the usefulness of graduates’ qualifications, job satisfac-
tion and accomplishment of at least one post-graduate internship/training pro-
gramme.

Each group model is characterized by the presence of specific covariates. In
Group 1, the probability that graduates on the lookout for a new job use their
skills to a great extent are half the probabilities of their colleagues who did not
expect to change activity; therefore, a poor job satisfaction stimulates young
graduates to search for new jobs.

In Group 2, the professional role of graduates, the size of the firm and the
graduation marks determine the use of skills. Those employed in small firms,
with higher responsibilities, with high marks at graduation, have greater prob-
ability of using their university skills to a higher level than those with lower
gradltéation marks who work in clerical or waged positions in large compa-
nies™.

In Group 3, the self-employed and those working in public corporations
show higher odds ratios than those working as employees and in private con-
cerns; moreover, as the age is more advanced at graduation, the lower the
probability is to use the expertise acquired at the university.

In Group 4, the only additional variable with regard to attendance in post-
graduate internships/training programmes and the usefulness of the relative
qualification is the professional status of the graduate: managers and free-
lancers show higher odds ratios than clerical and waged workers.

With regard to estimation of the model for the whole university, the results
of the score test have suggested not to accept the hypothesis of proportional

12 The effect of this covariate was very weak, so confirming the results of descriptive
analyses that the final marks poorly discriminated among graduates because of a con-
centration of high values.
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odds for the covariate represented by the groups of degree programmes.
Hence, the model applied is a partial proportional odds logistic model, whose
general structure is as follows:
H Pli Pli \
Ioglt(Pli ) =log| —— [=log =at+ Zﬂ, X5 + Bina  Xnawi
1-F; P =

23i

h
logit(P,,;) = IOg[lPl;] = |09[ Fl;m J =, + Zﬁ, X+ B X,
_ _ =

12i 3i

where Xq+1 indicates the explicative variable (the cluster variable, in this case)
for which the proportional odds hypothesis is not valid and for which S n.+1
and S he1 are the xn. coefficients of the first and second logit, respectively. In
other words, the partial proportional odds model takes on proportional odds
for only certain explicative variables and not for others.

Consequently, the two logits that compare Y = 1 with (Y =2) u (Y = 3) in
the first case, and (Y = 1) u (Y = 2) with Y = 3 in the second, are distinguish-
able not only because of the intercept but also of the value assumed by the re-
gression coefficients for which no proportional odds had been assumed. Since
Y assumes 3 categories, €”+"* indicates the P; variation with respect to P,3 with
a_unitary increase Xn+1, while ¢’ indicates the same variation that P1, under-
goes with respect to Ps.

Once the significant variables have been selected and each of them submit-
ted to the hypothesis of proportional odds, the final model for the whole uni-
versity is estimated with the PROC GENMOD application of the SAS soft-
ware, using Newton Raphson’s maximization algorithm.

Table 5. Partial proportional odds ordered logistic models, for every group

Estimate Estimate S.E. S.E. ?;t?j ?:t?c?
Effect Reference P/P;  Pi/Py;  Pp/Ps PPy PPy Pu/Ps
Intercept - -0.9734 1.0523 -
post_ grad_no  Post_grad_yes -0.2461 0.1075 0.782
man/free employ/worker 0.4661 0.1232 1.594
large_firm small_firm -0.3375 0.1126 0.714
qualif _useful qualif_law -3.2424 0.2072 0.353
qualif _useless  qualif_law -1.0422 0.1219 0.039
sufficient_satisfy Very_ satisfy -1.3017 0.1984 0.510
little_ satisfy very _ satisfy -0.6732 0.1155 0.272
agegrad - 0.0410 0.0091 1.042
Group 1 Group 2 -0.7510 -0.3904 0.2415 0.2683 0.472 0.677
Group 1 Group 3 0.0710 -0.4736 0.4187 0.4879 1.074 0.623
Group 1 Group 4 0.3125 -0.4561 0.3511 0.4335 1.367 0.634
Group 2 Group 3 0.8220 -0.0833 0.4156 0.4782 2.275 0.920
Group 2 Group 4 1.0635 0.1249 0.3531 0.4228 2.896 1.133
Group 3 Group 4 0.2415 0.0935 0.4893 0.5854 1.273 1.098
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In Table 5, the selected covariates are listed with an indication of the effect
compared to the category assumed as reference, followed by the estimated re-
gression coefficients, the relative standard errors and the odds ratios™. Due to
the non applicability of the hypothesis of proportional odds for the cluster
variable, the estimates are given for both logits, that is, for P1o/P3 and P1/Pys.

The determinants of the use of skills are the type of study programme, the
attendance of post-graduate internships/training programmes, the professional
position, the size of the company, the use of the qualifications achieved, the
satisfaction for the job, and the marks obtained upon graduation. The net ef-
fect exerted by the determinants of the proportional odds is similar to the ef-
fects revealed with by the analysis of the groups, even if covariates that were
significant for single groups of study programmes (age at graduation, field of
work, type of work, and search for a new job) were ignored in the general
model.

The probability that a graduate belonging to Group 1 uses his/her skills to a
high extent is approximately 33-37% less than that of colleagues belonging to
the other groups; in contrast, the odds ratio for a graduate in Group 3 is 8.0%
higher than that of graduates belonging to the other groups. The graduates be-
longing to Groups 2 have more of an advantage over Group 4 (P1/Py=1,133)
in job-hunting that conforms to the expertise acquired at university. However,
both have higher odds ratios than their colleagues in Group 1 but lower than
those in Group 3*.

6. Two-level random intercept model: a comparison

The hierarchical structure of the data led to the adoption of a multilevel ordi-
nal logistic model of regression in which the first level units were 2,882 em-
ployed graduates, whereas the second level units were 38 study programmes.
The explicative variables of the previous analysis were the first-level co-
variates, whereas the grouping variables of the study programmes served as

B The p-values do not exceed 2.2%. Though the cluster variable (p-value 0.0019) showed
overall significance, some of the comparisons between groups were not significant.
This problem could have been avoided with a further aggregation of the groups, but we
preferred to present the results so to analyse the four original groups.

The interpretation of the odds ratios that compare (Y=1)u(Y=2) with Y=3, that is, P1,/P3,
is not so clear. The focus on one of the two odds ratios depends on the relevance given
to the Y=2 intermediate response category: in the case P,/P,; it is cumulated with the
Y=3 mode, and has therefore a negative meaning, while in the other case P,/P3 it is
added with the Y=1 mode, and is consequently positive. In our analysis, a negative
meaning was considered more appropriate for Y=2, since this category represents a clear
stand taken by the subject interviewed with regard to the questions asked, whereas the
aim of our research is to pinpoint the study programmes characterized by their capacity
to create skills useful for the labour market.

14
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second-level covariates. We chose the model by estimating®™® the null model
(that is, without explanatory variables) in order to assess the significance of
the second-level residual variance. Through a stepwise procedure, the signifi-
cant first and second-level covariates were selected as well as any quadratic
terms and effects of interaction. A random intercept model with two levels of
aggregation (proportional odds, see: Fielding et al., 2003; Goldstein, 2003;
Hedeker, 2004) was obtained.
The general structure for the k™ generic programme is the following:

Piic P(Y, <1 :
Iog(PJ = IOQ[M] =y, + ;ﬁj X

23ik

P, P(Y, <2) K
log| 22% |=log) —*——2 |=q,, + X
g( Paic J g[ P(Y; > 2)] “ ;ﬂj "
Since the agx and ay intercepts vary according to the degree programme,
a = y1+ Uge and o = y2 + Ugy,
the model takes on the following form:

. P, P, h
IOglt(Plik):IOQ( 1 ]:IOQ( b ]=y1+Z:Bj'ink+Uok
1- Plik P23ik =

h
logit(P,, )= |0g(1 Pl;k J = Iog( P J =7t Z,BJ X U
=

Mok P3ik

where Uy indicates the residual second-level component corresponding to the
k-th group; it is assumed that the second-level residuals are normally distrib-
uted with zero mean and constant variance.

Because of the failure in the convergence of the log-likelihood algorithm, in
some cases, and due to the non-significance of the estimates obtained in oth-
ers, the estimated model has no random coefficients. The main consequence is
that the net effect exerted by the explanatory variables for each study pro-
gramme cannot be distinguished. On the other hand, our analysis allows the
estimation of coefficients and the consequent detection of groups of covariates
for every group of degree programmes.

The estimated model (Table 6) showed significant variability in the second-
level residuals, and the adoption of a multilevel analysis is so justified. No
second-level covariate resulted to be significant, probably because of the ag-
gregation process of these variables.

With regard to the first-level covariates selected, five out of seven were also
in the partial proportional odds logistic model and showed similar net effects.

% The model was estimated via the PROC NLMIXED system of SAS software, by means
of maximization of the log-likelihood function using the Dual Quasi-Newton algorithm
and the Gaussian adaptive quadrature method.
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Table 6. Two-level random intercept ordered logistic model (proportional odds)

Effect Reference Estimate StEndard Valuet p-value Odqls
rror ratio
FIXED EFFECTS
Intercept 1 - -0.0863  0.9022 0.10 0.9243 -
Threshold - -2.1287 0.0804 26.47 <0.0001 --
male Female -0.1962  0.0948 2.07 0.0453 0.8218
self_work employ_work -0.5353  0.1552 3.45 0.0014 0.5855
post_grad_no post_grad_yes | -0.2008  0.0888 -2.26  0.0296 0.8181
man/free employ/worker 0.7452  0.1460 -5.11 <0.0001 2.1069
qualif _useful qualif_law -1.0146  0.0994  10.20 <0.0001 0.3625
qualif _useless qualif_law -3.1033  0.1726  17.98 <0.0001 0.0449
sufficient_satisfy  very_satisfy -0.7012  0.0948 7.40 <0.0001 0.4960
little_ satisfy very _satisfy -1.3428  0.1540 8.72 <0.0001 0.2611
gradmark - 0.0172 0.0086 -2.01 0.0521 1.0174
RANDOM EFFECTS
St.Dev.(Ug) - 0.2904 0.06473 4.49 <0.0001 -

However, in contrast to what emerged in the previous analysis, the size of the
firm was no longer significant; nonetheless, both the gender of the graduate
and the self-employment activity became part of the model.

The probability of using skills to a wider extent resulted to be 18% greater
among male graduates than female; the same probability was 42% less in the
case of self-employed subjects as compared to employed colleagues. This rela-
tionship contradicts what emerged for the same variable in the logistic model
referred to Group 3 (Table 4).

7. Conclusions

The two approaches adopted for detecting the determinants of the use of skills
acquired by young graduates at university and for calculating their relative net
effect led to similar conclusions. The higher the graduation mark, the greater
the graduate’s chance of finding a suitable position, and the more the gradu-
ate’s qualification was useful for job-hunting, the more he/she may be satis-
fied with his/her job. Moreover, if he/she has accomplished at least one post-
graduate internship/training programme and taken up a position entailing a
certain degree of responsibilities (manager or free-lance) it is likely that he/she
will be assigned tasks that require a satisfactory use of his/her skills.
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Over and above these undoubtedly important conclusions, the analysis of
groups permits more exhaustive considerations than those from the multilevel
analysis. In the group of non-technical graduates, the search for a new job may
be explained by the particularly poor usage of the university skills. The size of
the firm and the professional position occupied are critical for the graduates in
Engineering, Economics and Law who can choose between self-employment
and employment. Lastly, physicians, dentists and chemists, who can be either
self-employed or employed in public or private fields, is consistent with the
type of work (self-employed or employed) and with the field of work (public
or private).

The study programmes in the humanities and formative sciences are associ-
ated with a poor use of the skills acquired at university, those related to health
are right the opposite, and technical study programmes are in the middle. We
may point out a lack of coherence in the classification of some study pro-
grammes: the statistical programmes are classified in the first general group
and the Educational science together the health group.

To conclude, even if the multilevel approach has a theoretical structure that
takes into consideration the hierarchy of the data on graduates, it does not con-
tribute significantly to the analysis of the phenomenon. Contrariwise, the
mathematical complexity of the model and the optimisation algorithms, make
it extremely difficult to estimate the random coefficients, which are essential
for a comprehension of the effects of the second-level units (degree pro-
grammes) on the criterion variable.
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Graduates’ Job Quality Dimensions
According to a Delphi-Shang Experiment

Luigi Fabbris, Maria Cristiana Martini

Statistics Department, Padua University, Italy

Summary. In this paper, we discuss the salient information drawn from a Del-
phi experiment (Shang version) on some Italian job market issues realised by
an email interview of a panel of experts. We define firstly the job quality
dimensions of newly hired graduates and then compare it with the possible
situation of graduates at the end of their careers. The dimensions are compared
with a multivariate statistical analysis on the relationships between the satis-
faction perceived by the Paduan graduates for their own job, and some per-
sonal and job characteristics. Such an evaluation may suggest new criteria for
a future survey on “external effectiveness” of university education based on
graduates’ reports. The dimensions of initial and end-of-career quality of
graduates are correlated to the experts’ concepts through a semantic differen-
tial analysis.

Keywords: Job quality; External effectiveness of teaching; Delphi method,;
Shang method; Semantic differential analysis; Multiple regression analysis;
University of Padua.

1. Aims and methodology of Delphi experiment

«This way, it will be required to have a university degree to work as a street-
sweeper». This sentence was typical in the Sixties when, interrupting the long-
lasting elite access to university, masses of youngsters entered the Italian uni-
versity. The apparently sceptical motto meant that Italy was starting a process
of liberalisation of the tertiary educational level, and individual educational

1 The two authors jointly designed and realised the work described in this paper. How-

ever, M.C. Martini has edited Sections 3, 4 and 5 of the paper and L. Fabbris the oth-
ers.
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choices were going to be determined by the job market more than by family
wealth.

So many things have changed since then. The birth rate almost halved, the
educational level increased rapidly, and about three quarters of young people
have a high school degree. After the Italian educational reform, determined by
Decree no. 509 of 1999, the enrolment in university steeply increased, so that
in the academic year 2004/05, the ratio between the number of university re-
freshers and the number of people in the age of 19 was 60%.

It is likely that in a few years about half the young people entering the Ital-
ian job market will possess a university degree. Right now, the proportion of
graduates searching for a job exceeds the proportion of technicians, intermedi-
ate, executive and professional workers in the Italian private and public eco-
nomic sectors. Cappa & Fabbris (2004) showed that several graduates already
accepted general clerical and other positions that before were rejected as initial
jobs.

Hence, the quality of initial jobs is the key issue to define an acceptable job
for a graduate.

A job is of good quality if it satisfies both the worker’s and the employer’s
requirements. Job quality is a multidimensional concept that varies in time,
space and among clusters of people.

In the following, we will represent the job quality at the insertion stage and
privilege the viewpoint of graduates. In fact, we compare the experts’ percep-
tions collected through a Delphi survey — Shang version, with the graduates’
ones collected by means of a specific survey.

We selected the 12 experts among people who covered top positions in
various cultural and professional Italian bodies specialised in labour market is-
sues (academy, employers’ and workers’ associations, operators for guidance
and job matching). Three sets of questions progressively focusing on job qual-
ity aspects were administered to the experts by email.

The first set of questions focused on the selection of quality dimensions.
The experts were asked to define the three most important dimensions of job
quality at graduate’s recruitment-stage. The second set of questions related to
the assignment of percentages of importance (with a 100 sum) to the five se-
lected dimensions (see Section 2). The third to the importance of job quality
dimensions at the top-of-career stage (Section 3). Then, the experts were made
aware of the mean parameters of the obtained distribution and asked, if they
wanted, to change their importance grades. This procedure can be considered a
Delphi method, Shang version (Ford, 1975).

After the request of the last set of opinions, the experts were asked, through
20 dichotomous items, to state their knowledge and their perception of the
characteristics of job market for the new graduates. We applied a semantic dif-
ferential method on the obtained answers (Section 4).

The distribution of the obtained answers was compared with the analysis of
data independently obtained from employed graduates of the University of
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Padua surveyed six months and eighteen months after graduation. The data re-
lated to satisfaction with various aspects of their occupation.

The two informative approaches are radically different: the former is based
on conjectures of ‘third parties’ about the relevance of selected variables for
graduates’ work; the latter is based on perception of employed graduates for
aspects of their job referred more or less to the same time reference.

The comparison between the two viewpoints will highlight discrepancies
between conjectured and practiced job dimensions and may suggest contents
for a new survey on graduates’ satisfaction with their job. The possible sug-
gestions for a survey on early graduates’ jobs are described in Section 5.

2. Dimensions of graduates’ job quality

The recruited experts highlighted — in agreement with Touraine (1955) — the

following dimensions:

e Work environment and worker’s logistics. This dimension regards appar-
ently heterogeneous features: easiness to reach the work site, quality
(comfort, aesthetic) of physical spaces, adequacy of the available informa-
tion, tools, methodology and technology? for work, quality of relational
environment (interpersonal relationships with colleagues, hierarchical
structure and customers, possibility of lifelong learning and working to-
gether with experienced colleagues and managers), interaction with other
companies. Our experts weighed the importance of work environment and
individual logistics 15.3%, with a certain variability of opinions (coeffi-
cient of variation 33%, see Table 1).

e Social prestige. This dimension is the mirror image of the job’s relevance,
as perceived by graduate’s relatives, friends and other social micro-
cosmos. The dimension is considered by experts less important than oth-
ers as for initial jobs (weight: 12.7%), since initial jobs are transient and
most of them are obscure to people who do not belong to work organisa-
tions similar to the graduate’s one.

e Internal acknowledgment of competences. This dimension may be decom-
posed in two sub-dimensions: value given to economic features (income)
and professional features (type of job and qualification, use of high-level
competences). Experts rated this dimension 20.4%, mainly as a function
of the relevance of professional acknowledgment of graduate’s work.

e Chances of professional enhancement. As the previous dimension, it is
structured as the union of economic and professional sub-dimensions, but
in a dynamic, instead than cross-sectional, perspective. Specifically, those

For the ambivalent role of technology as a parameter of job quality for intellectual
workers see Lutz (1992).



108 L. Fabbris, M.C. Martini

Table 1. Average score and standard deviations of graduates’ job quality dimensions
and compositional aspects drawn from a Delphi survey

% Aspects Average | Standard

Dimensions | weight score | deviation
Purposive 75
autonomy 22.9 |Flexibility of working times & modes 7.1 2.0
Possibility to propose projects 8.5 2.1
Expectation of 8.4
professional 296 Increase professional position 8.7 0.6
enhancement "~ |Increase income 7.6 1.1
Improve competences 8.5 13
Internal compe- 7.5
tence acknowl- 20.4 Economic aspect 7.1 1.6
edgement " |Professional position 7.7 1.4
Competence utilisation 7.7 1.1
Social prestige | 12.1 4.0
Work environ- 6.7
ment and Locations’ comfort and aesthetic 7.1 1.0
worker logistics | 15.0 |Technology, work methodology 7.6 1.0
Relational environment 8.4 0.8
Proximity to home, access easiness 5.8 2.6

graduates who feel that their professional potential is initially sacrificed
accept a job according to the perception that in nuce chances of bettering
their initial work position are important®. The rate assigned by experts to
this dimension is 28.7%, absolutely higher than the relevance of job con-
tract (tenure) and functional qualification. Moreover, the variability
among experts is limited (coefficient of variation 22%).

e Purposive autonomy. This is the dimension of creativity, freedom of de-
signing one’s own work, spirit of responsibility, non-affliction even for a
dependent work position. Autonomy relates both to the subjective choice
of operational times and modes, to the possibility to propose innovative
projects, and to the possibility of realising ever changing functions and
applying various kinds of competences. Even this dimension is so funda-
mental for graduates jobs’ qualification, that experts assign to it a 22.9%
weight.

The five dimensions could be post-classified according to Herzberg (1959)
essential classification criterion:
(a) Hygienic factors, i.e. factual features of work, such as physical environ-
ment, work organisation, internal social and cultural environment, in-
come and incentives, perspectives of the economic division;

3 Some psychologists (Nielsen, 1993) call this dimension “empowerment”. Evidently, it is

like a set of chances to be disbursed during the professional life.
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(b) Motivational factors, which have roots into human superior needs: self-
realization, social acknowledgement, and freedom in own work realiza-
tion. The motivational factors are the intrinsic-to-job factors that may
improve the worker’s feeling of belonging to a social community and
promote his/her psychological growth®.

The classification of needs of employed graduates may be juxtaposed to the
Maslowian human needs hierarchy (Maslow, 1954). Interpreted in relation to
work (Mc Gregor, 1960; Bonazzi, 2002), the needs may relate to:

(i) physiology if they concern short term worker’s economic safety,

(ii) long term stability and professional safety,

(iii) socialization, concerned with the worker’s environment,

(iv) social esteem, concerned with the workers’ expected appreciation for
their activity and professional status;

(v) self-accomplishment, concerned with the enrichment of their psychologi-
cal dimensions so to become “what they shall be able to become”.

Both Herzberg and Maslow hypothesize that each layer of human needs is
to be satisfied in turn, from bottom to top. l.e., a worker whose needs are be-
low a certain level is not pulsed to satisfy a higher need.

Instead, the quantification of the importance of all needs for employed
graduates, upon which our work relies, implicitly states that newly employed
gradusates are concerned, in different proportions, with all job quality dimen-
sions”.

If we borrow from the philosopher Campanella the image that social levels
are like a terraced hill with a large basis and a progressively harder spiral path
to the top (the so-called “Sun city” of Utopia), we can state that workers’
needs start from survival levels and move towards higher levels of self-
fulfilment. Any worker aims to self-accomplish him/herself, once low and in-
termediate needs are satisfied. Graduates’ expectations start close to the hill-
top. In fact, they expect to be offered high standard jobs, consistent with their
educational level and strengthening their social esteem and early self-
accomplishment.

The strictly motivational components qualify graduates’ jobs for 64.3%,
those exclusively environmental for just 15.3%, those inherent to income and
professionalism, which may be put half way between the two poles of Herz-

4 Herzberg (1966) argues that only the motivational factors may generate satisfaction,

while income and the quality of the work environment may, at most, minimize work dis-
satisfaction. Vroom (1964) discussed the relevance of the individual motivation on job
search and working activities.

Maslow’s scale describes the historical evolution of human needs. The dimensions of
graduates’ jobs are cross-sectional, i.e. inherent to a particular time point of graduates’
lives. The graduates too, when the distance between their own aspirations and the real
possibilities in the job market becomes overwhelming, will start satisfying the lower
levels of the scale.
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berg’s scale, for the remaining 20.4%. Hence, even if the acknowledgement of
competences were added to the environmental ones, the self-accomplishing
dimensions would dominate the job quality rates.

Finally, our experts have put the job quality dimensions in a order that is
similar to the Maslowian scale. What is different from that scale is the experts’
indifference for social prestige stemming from the professional role of the
newly hired graduate.

3. The employed graduate as a homo socialis

The representation of the job quality is different at the top stage of career and
at the beginning (Table 2). Expectations of graduates tend to grow together
with successes, may be conditioned to the work environment and evolution of
social and professional models.

The most relevant differences between starting and final stages of career
concern the importance of work environment quality and the possibilities of
growth, both of which are less and less relevant as time goes on (the relative
weight is 4% lower at the top of career for both dimensions), and that of ex-
ternal esteem, which increases of about 5%.

The possible changes the experts imagined are rather intuitive: the gradu-
ate’s motivation for growth, together with the need for professional autonomy
and creative freedom, remain salient. Altogether, these dimensions represent
almost half (47.6%, but they were 51.6% at the start) of the job quality dimen-
sions. The possibility of professional growth remains the most important di-
mension through the working life, so emphasizing that good jobs are continu-
ously evolving jobs.

The external esteem for a graduate’s job and hierarchical position increases
its importance during the professional career. In fact, it may be a velleity at the
very beginning, but it acquires relevance as the position consolidates. The ac-

Table 2. Percentage rates, and corresponding standard deviations, of 5 graduates’ job
quality dimensions, at the recruitment stage (after adjustments) and at the top of pro-
fessional career, according to Delphi experts

) _ Recruitment stage Top of career
Dimension Rate % Stand. dev. | Rate % Stand. dev.
Purposive autonomy 22.9 6.9 23.1 3.2
Expectation of professional enhancement | 28.7 6.4 245 4.1
Internal competence acknowledgement 204 5.8 23.6 4.0
Social prestige 12.7 3.3 17.3 3.6
Work environment and worker logistics 15.3 5.0 115 4.1
100.0 100.0
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knowledgement of the professional value of a job becomes a pathway for in-
dividual’s social empowerment. A certain time after recruitment, a job be-
comes a vehicle to realize the ambitions of a graduate as homo socialis, a so-
cial person.

The quality of job environment, which is at the lowest rank in the begin-
ning, loses further importance if referred to final stages of career. This is not
surprising, since the quality of the work environment, being a “hygienic fac-
tor” & la Herzberg®, is given for granted for the (high level) market segment
we are dealing with. Of course, it is even less relevant if referred to the top
managerial positions, which are likely at the edge of professional career.

Income, one of the internal acknowledgement features, assumes a different
relevance at the last career stage. The employed graduates, focusing on their
professional life, and comparing their income with the peers’ ones’, may per-
ceive income as a gold standard for power and self-esteem.

Hence, the long-term representation is the most similar to Maslowian py-
ramidal order. The top dimension is that of self-realization through work, fol-
lowed by social esteem and then by extrinsic quality needs qualified by work
and relational environments.

It should be mentioned that the variance of rates assigned by experts to the
dimensions is larger if referred to the initial working stages than to the job-
consolidated paths. This suggests that experts’ judgements are better defined if
they relate to the final career stages (which the experts are directly experienc-
ing) than to the volatile freshmen’s conditions.

4. Semantic differential on expert’s perception of the job
market

In order to understand the basics of the opinions on job quality given by the
consulted experts, we applied the method of semantic differential on their an-
swers to a set of 20 couples of antithetic dichotomous adjectives. The experts
defined, for each of the paired adjectives, which was the one that better repre-
sented their perception of the graduates’ labour market.

The percentages of endorsement of each adjective are presented in Figure 1.
The consulted experts perceive the large majority of features of the job market

Herzberg et al. (1959) hypothesize that job satisfaction and dissatisfaction are caused by
different factors: satisfaction may derive from motivating factors while dissatisfaction
by hygiene factors, where hygiene means work environment, worker logistics and in-
come.

In comparing their incomes with peers’ ones, women may assign a different value than
men. Ross & Mirowsky (1996) state that women look, in a larger proportion than men,
for other-than-economic satisfaction sources, like the acknowledgement of a well-done
job.
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Figure 1. Relative frequencies of experts’ endorsement of antithetic adjectives describ-
ing graduates’ job market

in a similar way. They converge on perceiving that graduates face a very dy-
namic, rational, evolving, but fluctuating, job market. The analysts perceive
differently its variations and the possibility given to them to understand the
dynamics and forecast its endpoints.

The correspondence analysis (Greenacre, 1984; 1993) through the SAS-
CORRESP procedure (SAS Institute, 1999, 20002 highlights the multiple rela-
tionships among experts’ opinions. Main results” of correspondence analysis
are presented in Figure 2, where the importance levels assigned by experts to
the five dimensions of job quality at the recruitment stage are projected, too.

Along the main axis the vision of a dynamic and rational labour market, i.e.
regulated by well-defined laws, is juxtaposed to a stagnant, unqualified and
almost random market. The second dimension relates to the possibility of
identifying the extension of the market, and the vision of a delimited and
transparent market is juxtaposed to that of a vague, explosive and unbounded
ground.

8 The two main dimensions account for almost 50% of the overall inertia. After Benzécri

(2979) correction, the first dimension explains 51.5% and the second 28.4% of the iner-
tia.
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Figure 2. Correspondence analysis on bivariate occurrences of adjectives describing the
graduates’ job market and projection of aspects rated by experts over the factorial axes

Both factorial dimensions are related to the possibility of forecasting how
the job market evolves. The first dimension refers to the possibility to master
the ruling principles of the market, the second to its complexity and extension.

These factors stem from the ratings given by the experts to the dimensions
of job quality. The perception of difficulties in grasping the principles that
govern the graduates’ job market is related to low and medium qualification
level occupations, characterized by low levels of complexity, available mainly
at the local level, in a certain way, to the professions less pertinent to the com-
petences possessed by graduates.

On the opposite side, an occupational scenario characterized by qualified
and wide-angle jobs, where the employees can exploit their competences and
obtain decisional autonomy and growth chances, is perceived by experts as a
rational situation they can master and represent on request.
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5. Job quality satisfaction of employed graduates

The University of Padua graduates have rated the dimensions of their job mar-
ket, too. Of course, the surveyed dimensions are those they could perceive at
the very beginning of their professional career: the internal-to-company ac-
knowledgement and the characteristics of the working environment. The miss-
ing ones are the growth chances, the decisional autonomy and the social (ex-
ternal) acknowledgement of job quality.

Our main hypothesis is that the newly recruited graduates reduce the com-
plexity of job quality to the satisfaction rate for their job. The plausibility of
the equation Job quality = Satisfaction for job is indirectly shown by the fact
that graduates often associate high job satisfaction levels to underpaid or even
to unpaid jobs, and show appreciation for potential job returns which undergo
the contingent situation.

The determinants of job satisfaction are detected at two time points: six
months and eighteen months after graduation. Before the first time point, the
graduates experience several contacts with companies and attempt to start an
autonomous activity. Between the two time points the working experience be-
gins to consolidate, therefore the comparison between the two configurations
may highlight possible trends of consolidated and prestigious career positions.

A multivariate regression analysis was performed on graduate’s job satis-
faction rate, on a 1 to 10 scale, as a criterion variable. The possible predictors
may be classified in three categories:

- characteristics of the graduates and of their career as university students:
attended course; gender; work situation at graduation; degree grade; time
delay for degree achievement;

- aspects of internal-to-company acknowledgement: type of job contract;
professional position; income; consistency between university title and job;
value given to competences at work; use of competences acquired by at-
tending either basic or professional courses; use of forma mentis for pro-
fessional work; use of job-specific and on-the-job acquired competences;
missing professional competences; excessively or not-enough job-specific
education; adequacy of acquired competences for work;

- aspects of working environment: size and economic sector of the company;
distance between home and workplace; number of coordinated employees;
company habits to work in team; prevailing educational level of work-
team; difficulties and advantages of working in team.

A sample of 1695 employed graduates and another of 1911 have been in-
terviewed, respectively, six and eighteen months after graduation. Since
graduates may be classified according to the attended faculty, we adopted in
our first attempt a multilevel model with random intercept (Snijders & Bosker,
1999; Biggeri et al., 2001).
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Table 3. Parameter and significance level estimates from stepwise regression analysis
on the criterion variable “satisfaction with job six months after graduation”

B s.e. p-value
Intercept 3.13 0.32 <0.001
Veterinary degree -0.92 0.33 0.006
Autonomous job 0.50 0.16 0.002
Administration (general) employee 0.19 0.07 0.011
Unpaid work 0.99 0.38 0.009
Income lower than 750 Euro -0.38 0.22 0.082
Company with 20 to 249 employed people -0.15 0.08 0.073
Working in social services -0.45 0.17 0.009
University degree needed for job 0.27 0.07 <0.001
Consistency between job and university degree 0.19 0.05 <0.001
Use of forma mentis for work 0.15 0.05 0.002
Competences missing for working purposes 0.14 0.07 0.052
Use of basic knowledge acquired at university 0.03 0.01 0.001
Relevance of competences at work 0.73 0.06 <0.001
Part-time job -0.37 0.16 0.024
Difficulty in working alone -0.81 0.27 0.003
Difficulty in team working -0.87 0.21 <0.001
Advantages in team working 0.27 0.07 <0.001

The intercept variance was not statistically significant’.

Therefore, we abandoned the multilevel approach and applied a multiple
regression with stepwise selection of predictors (Draper, 1998). We used the
SAS package (Sas Institute Inc., 1999; 2000) for regression estimation with
parameters 0.10 significance level for selecting a marginal covariate, and 0.15
for discarding a selected covariate.

The estimated model is described in Table 3. The model explained 28% of
the overall variance. It is rather evident that graduates’ features do not explain
satisfaction for job if the equation includes the indicators of job environment
and working habits. The only exceptions are the graduates in Veterinary, who
are much less satisfied than expected.

Various aspects of the internal-to-company acknowledgement and working
environment are, instead, relevant for job satisfaction explanation. The inter-
nal acknowledgement pertains to economic gain, professional position and
competence exploitation aspects. Since the survey was held just a few months

° For the sake of precision, the intercept variance was very low for the nil model and went

to zero after predictor selection. Hence, the application of the multilevel model gives pa-
rameter estimates analogous to those of the multiple regression analysis.
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after recruitment, it is not possible to disentangle the professional career
growth. Hence, at the very beginning, satisfaction stems from chances given to
the newcomers to realize professionally qualified activities and to put in evi-
dence their own professional skills.

Explanatory indicators of consistency between graduates’ type of job and
study contents, use of forma mentis and basic knowledge acquired at univer-
sity, relevance of the degree and competences for their job, define the level of
acknowledgment of graduates within the company.

Anyway, some distance between the education acquired at university and
the competences required within the company — both for working alone and in
team — is outlined by graduates as a job dissatisfaction cause. These difficul-
ties are related mainly to cross-occupational skills.

Income is a positive issue for work refreshers but it is less relevant than
other features of the internal acknowledgement of graduates’ activities. In fact,
a low income may be associated to an unsatisfactory job, but at least at the ini-
tial stage, interesting work activities may be more relevant for job satisfaction
than being paid for that. In some sense, graduates feel, at the beginning, that a
good occupational project may be an investment, similar to a prolongation of
the study period.

Work setting is relevant for graduates’ job satisfaction: working in a me-
dium size company or in social services, and having part-time jobs are as
makeshifts compared with both small and large size companies and full time
jobs. The dissatisfaction of working in small size companies and in the social
services is generated by the fact that most graduates belong to the humanities.
That of part-time jobs may be due to the perception of some women to be un-
willingly submitted to family duties and then to be forced to slow down their
career.

Instead, the importance of the relationships with colleagues is clear, both
for settings that privilege working in team or alone. Good work relationships
may better the newcomer’s perception of the work setting, whilst a good job
may be spoiled by difficulties with colleagues. This corroborates the intuition
of the Delphi experts that home-to-work distance is less important than the in-
ternal relational setting to define graduates’ job satisfaction levels.

Autonomous jobs are associated with high levels of satisfaction. Indirectly,
this indicates that work autonomy improves job satisfaction. In fact, who is
more free to design and organize his/her own work than an autonomous
worker?

For the analysis of the data eighteen months after graduation, we attempted
a multilevel model, but, since the intercept variance was irrelevant after pre-
dictors’ selection, we applied a multivariate regression model with stepwise
selection of predictors. Parameters of the analysis were the same as in the six-
month application.

The results, presented in Table 4, are quite similar to those of the six-month
analysis: the estimated model explains a 30% variance, but neither personal
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Table 4. Parameter and significance level estimates from stepwise regression analysis
on the criterion variable “satisfaction with job eighteen months after graduation”

B s.e. p-value
Intercept 3.13 0.22 <0.001
Bachelor obtained in Science Faculty 0.59 0.27 0.031
Autonomous job 0.30 0.13 0.028
Income above 1.200 Euro 0.15 0.08 0.074
Private company job -0.23 0.06 <0.001
University degree needed for job 0.20 0.07 0.003
Use of forma mentis for work 0.14 0.05 0.004
Use of basic knowledge acquired at university 0.05 0.02 0.006
Use of professional knowledge at work 0.04 0.02 0.030
Relevance of competences at work 0.82 0.05 <0.001
Adequacy of formation for working purposes 0.05 0.02 0.013
Education unspecific for job purposes 0.12 0.07 0.064
Difficulty in working alone -0.78 0.24 <0.001
Difficulty in working in team -0.80 0.23 <0.001

characteristics of graduates, nor their university curriculum explain job satis-
faction. The only exceptions, in this case, are the bachelors of the Science
Faculty who show an above-the-average level of satisfaction.

Some time after recruitment, internal competence acknowledgement and
socio-relational work setting determine job satisfaction. The importance of
work setting lowers, in accordance with experts’ perception of a diminishing
relevance of the work conditions as the professional career consolidates.

Even eighteen months after graduation, it is evident that working in a pri-
vate company has negative effects on satisfaction, while working autonomy
induces positive effects.

Hence, broadly speaking, the regression analyses confirm the experts’ intui-
tions that the first job quality is due mainly to the internal-to-company profes-
sional acknowledgement and autonomy left to graduates to design and organ-
ize their own job activities. The only aspects of the work setting that are rele-
vant for job quality are the human and relational ones.

Our analyses highlight that the type of degree (bachelor, master) and the at-
tended faculty do not significantly determine graduate’s job satisfaction, even
at the initial stages of work, with the only exception of one degree for each
application. This implies that the existing differences in job satisfaction among
graduates do not depend on their title, but on their individual professional
paths. The graduates, who get acknowledgements for what they are able to do,
and operate in a stimulating and reasonably competitive work setting, will be
satisfied workers.
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We can then state that job quality dimensions of graduates are rather uni-
versal and cross-disciplinary, and that the aspects presented in Sections 2 and
3 are common to all graduates with just slight differences between the techni-
cal and scientific programmes and the humanistic ones.

6. The design of questions on graduates’ working life

We have been able to find the relevant dimensions of graduates’ job quality
with the help of experts consulted through a Delphi experiment. We estimated
the importance of each dimension at the initial and consolidated stages of
graduates’ professional career and corroborated our estimates with the deter-
minants of their job satisfaction. Now, we outline the possible questions to
collect data on these aspects.

The most important dimension is growth potential at any stage of gradu-
ate’s professional life. It is the cornerstone of any decision, from recruitment
to subsequent activity changes. Although company dynamics are unforesee-
able, the perspective tension of professional growth should be, and can be,
perceived since the first contact between graduate and the company.

The indicators of professional growth trend are:

(i) the acknowledgment of competences by company’s management and the
consequent climbing of internal hierarchy. Graduates perceive that their
competences may be valued if the relational environment is receptive
and the structure is oriented to continuous learning. At least at the begin-
ning, one should survey the consistency between the formative invest-
ment and the professional activities of graduates, i.e. if job-specific skills
and forma mentis moulded at university as basic items. Some time after
recruitment, one should be checked to see if graduates are assigned a re-
sponsibility position that gives them the possibility to manage projects
and people.

(if) The economic acknowledgment of professionalism. Even if income may
appear initially secondary to other issues, in the end, social life and com-
parison with peers raises its importance. Hence, satisfaction for eco-
nomic benefits and, possibly, (broad-class) income represent questions
related to complementary aspects of the recognized professional value of
a graduate worker.

One may argue if a newcomer is able or not to foresee his or her economic
and professional future in a company. However, since job quality is the mirror
image of the complex relations between the graduates and their job activities
(within the framework of work setting), the workers are the best witnesses of
their own professional destiny and the appropriate sensors of their jobs’ multi-
facet evolutionary trends.
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Another important dimension of job quality is the chance given to graduates
to design and manage, in an autonomous and responsible way, their own work
activities. The questions related to autonomy may deal with:

(i) jobs realized either as self-employed (entrepreneur, professional, handi-
craftsman), or as partners in a cooperative or a professional office,

(ii) job flexibility level of an employee in terms of chance to manage times
and modes of work. The cases of managers/executives, researchers, per-
sons belonging to industrial technical offices, and other people who can
manage themselves, may be put in evidence.

In a broader sense, work autonomy may be conceived as the chance to ex-
press creativity at work. Since the perception of professional freedom is a dis-
tillate of the empathic relations between the graduates and their work struc-
ture, this subjective aspect may be highly relevant for job quality measure-
ment.

Another job quality dimension is the responsiveness of the work setting. A
first aspect to be surveyed is the distance between home and workplace. Ex-
perts consider this aspect of little importance; nevertheless, Italian (young)
graduates consider it a sensible issue in job bargaining. It may be asked if the
workplace is either within the same commune of residence, or within the same
province, or the same district, or outside the district, or abroad.

The sustainability of the work setting, as a daily vital environment and the
quality of methods and work-tools available may be surveyed by asking
graduates to rate any aspect of it. A question on setting sustainability and an-
other on technical (or technological) level of the instruments may suffice to
detect the physical aspects of work setting. To figure out the quality of rela-
tional dimensions, questions should be posed on relations with the hierarchy,
colleagues and customers.

The last dimension identified by experts is the social (external) recognition
of the graduate’s job relevance. It is the least important dimension at the start-
ing stage, but it becomes more and more relevant as the career progresses and
the graduate settles down. The social acknowledgement may be detected by
asking the prestige associated by relatives and close friends to the job position.

At the end, the level of overall satisfaction for job should be measured, any-
way. Quantitative (for instance, 1 to 10) scales may allow comparisons in time
and space more than just ordinal ones.

Our experts figured a graduate worker as a member of professional and so-
cial elites. However, graduate’s job quality dimensions appear applicable for
any other worker. Hence, in future experiments, it could be verified if there
are differences in the expected intensity level of quality dimensions. For in-
stance, is it the need of self-completion of the same order of magnitude for all
categories of workers, or do expectations vary according to the (beginning, or
target) hierarchical position? Do expectations vary according to the technical
role? Do expectations vary according to interactions between expertise, tech-
nology and professional position?
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In our experiment, we took for granted that job quality dimensions are simi-
lar in all companies. Nevertheless, small and medium companies require com-
petences and satisfy workers in a way that is different from the larger ones™.
How these differences were related to job dimensions, they may be an issue
for further research.

Our experiment was not fully successful in detecting the relationship be-
tween the importance of job dimensions and experts’ viewpoints. This may be
due to a substantial homogeneity of viewpoints. It could be interesting to test
if the thin semantic differences were related to the simply dichotomous scales
used, or to the small sample size of experts.
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Networks of “Weak” Ties of Padua University
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Summary. In this paper, we apply a model for the analysis of job search ef-
fectiveness through the so-called “weak ties”, i.e. the personal links through
which the attainment of a work position may be favoured. We analyse weak
ties with reference to the first job research by the University of Padua gradu-
ates through family, friendship and university links. To obtain a work position
more coherent with a graduate’s educational investment, we analyse, too, the
information about job opportunities that colleagues communicate to employed
graduates. By hypothesising that graduates use their personal links in different
portions, we segment, by means of a multivariate method, the sample of
graduates according to the faculty and, within faculty, according to the cur-
ricular and social characteristics of graduates.

Keywords: Weak ties; Job Search; Parental links; Educational links; Profes-
sional links; Graduates; Padua University.

1. “Weak” tie networks

To return to the felicitous formula coined by Granovetter (1973), “weak ties”
are those informal or extra-institutional ties that an individual is able to make
use to get a job. The term covers both the acquaintances to which the individ-
ual knows he or she can turn and those effectively called upon to get a job re-
gardless of the outcome.

Y The four authors designed and realised jointly this research work. However, A. Boaretto

wrote Sections 3 and 4 of the paper, whereas G. Rota wrote Section 2, |. Silvestri Sec-
tion 5, and L. Fabbris the other sections.
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That an individual’s social network of acquaintance is a vehicle of opportu-
nities towards the world of work is certainly not a recent discovery, nor is the
phenomenon isolated to one part of the world (Katz, 1958; Lin et al., 1981;
Smelser & Swedberg, 1994). Such ties have been elevated to the status of re-
spectable job-hunting channel since labour economists and economic sociolo-
gists have highlighted their relevance as alternatives or complements to the
traditional pathways of job-hunting (Flap & De Graaf, 1986; Fevre, 1989; Wa-
tanabe, 1994; Bian & Ang, 1997). It is now commonplace to find that informal
ties can generate or support opportunities, and that they are “weak” only inso-
far as they are less apparent (or less openly admitted to) than formal or institu-
tional ties.

Graduates who apply for a job appear to the prospective employer - or se-
lector acting on the employer’s behalf - as a set of knowledge-driven, malle-
able abilities and wiliness to work in the context for which they are applying.
If graduates also manifest their range of personal ties, these ties become part
of how they present themselves. A recommendation from a person, of conse-
quence, is perceived as a node in the network of relationships the person or in-
stitution evokes. Thus, when employing a graduate, not only do employers
know that they are linking their network of acquaintance to the candidate’s,
they are also aware of gaining credit in the eyes of the person who made the
recommendation.

Weak ties are not considered as socially negative; rather they are perceived
as providing opportunities for the individual and results for the system of pro-
duction as a whole. Of course, recommendations, which aim to place those
candidates who benefit from them at the top of any shortlist regardless of their
abilities, are exposed to individual moral considerations.

In the following, ties are evaluated in relation to the potential of obtaining
their first job for new graduates from Padua University, and to the potential of
changing jobs for those already in work who want to improve their position.
What we seek to know is:

i) if there are groups of graduates looking for work who rely heavily upon
these ties and whether the use of weak ties is exclusive, that is, the only job-
hunting channel used, of if such ties are used to complement, perhaps in the
wake of failed attempts, searches which followed traditional channels;

ii) if such ties are more effective in job-finding than formal or institutional
channels, or whether they are effective only when used to defend positions
obtained with other means, or, again, whether they facilitate low-level jobs,
or high-profile positions (Granovetter, 1974). In other words, we want to
understand the very nature of ties because it is quite different if they help to
gain a low-level job, which present no substantial risk for the employer, in-
stead of a high-profile position, which require total empathy between the
new hire and the company.

In Section 2, we examine a number of hypotheses concerning individuals
who make use of informal ties in their job-hunting. We analyse the acquaint-
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ances of and with friends and relatives (Section 3), as well as of any faculty
members the graduates may be in contact with for research or teaching rea-
sons, and in particular with their dissertation supervisor (Section 4), and with
co-workers (Section 5). The hypotheses under examination are:

- whether social status is linked to knowledge of and acquaintances in the
labour market. We hypothesise that the more the social background is ele-
vated, the more likely it is that networks of the capitalist system of pro-
duction, intellectual bourgeoisie and professional politics are aware of the
possibilities available in the market for prestigious professions, and are
able to dangle in front of their potential employers the possibility of “link-
ing up with” the graduates’ network;

- whether female graduates, traditional less sure of themselves when apply-
ing for work, are more inclined to rely on their network of informal ties in
job-finding. The hypothesis that women make more frequent use of weak
ties is controversial (Granovetter & Follis, 1998), such as it is also moot
whether they do so because of entrenched cultural stances, because of ob-
jective weakness in the humanistic and social science disciplines that
women traditionally tend to choose, or simply because of cultural inertia;

- whether the academic qualification in question leads to differences in be-
haviour. First, we can distinguish between the behaviour of university
graduates. There is ample proof in the literature that the frequency of sug-
gestions is linked to the level of academic achievement (Corcoran et al.,
1980; Lin et al., 1981; Flap & De Graaf, 1986; Marsden & Hulbert, 1988;
ISTAT, 1997), although a number of researchers have stated that the rela-
tionship is U-shaped. A second distinction can be made between the dif-
ferent faculties or academic schools, humanities or science, from which
the individuals graduate, in that employment expectations may differenti-
ate the feeling of prior acceptance from the market;

- whether the individual’s academic progress and achievement influence the
use of weak ties. The graduates’ university curriculum is represented by
age at graduation and final mark. All other things being equal, the younger
the age at graduation the more efficient university progress has been, just
as the final graduation mark indicates overall commitment to academic
achievement.

The data under examination concern 2,057 graduates and diploma-holders
from Padua University who look for work six months after gaining their quali-
fication (Fabbris, 2003).

2. Effectiveness of weak ties for job finding purposes

When hiring a worker, a company seeks to identify the most appropriate can-
didate among a reasonably sized pool. For the same reason, job-hunters want
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Table 1. Percent distribution of Padua University graduates and diploma-holders
without jobs upon gaining their qualification, by use of weak ties in the search for
work six months after graduation, by qualification, and by faculty

In searching for employment No action | Total
Type of degree | Weak ties | Weak ties and others | Other ties
Master 9.5 30.3 32.8 27.3 100.0
Bachelor 8.2 27.4 48.1 16.3 100.0
Univ. of Padua 9.4 30.0 34.4 26.2 100.0

an idea of the vacancies available in the kind of job they are looking for in or-
der to choose the best one. Suggestions from relatives, acquaintances and
teachers tend to fulfil the needs of both new graduates and companies, and
typically yield more information than the graduates would obtain simply by
sending their CV directly to companies.

Around 40% of graduates make use of informal channels in job-hunting,
that is, at least 53% of those who have made at least one attempt to find work?
(Table 1). Among those graduates who made use of at least one informal
channel, around a quarter used only this means, while the others used sugges-
tions to back up other search options.

Those graduates who were in work at graduation and who make use of in-
formal channels in job-hunting come mainly from the school of Education
Studies, while those who were entering the world of work for the first time
graduated mainly from Agriculture, Letters and Philosophy, Education, Psy-
chology, Law, Political Science, and Economics. Graduates in Statistical Stud-
ies, Medicine and Surgery, and Engineering tend to use, almost exclusively,
formal search channels (Table 2).

Thus, graduates from the humanities and social sciences as well as from
Agriculture use informal channels more frequently. The latter present a num-
ber of differences compared with the former group, because of the nature of
the profession: in the absence of a suitable heading, those agronomists who
have found work with the family firm reported having made use of family ties.
Thus, with the probable exception of Agriculture graduates, graduates who
consider themselves in a weak position in the job market tend to make use of
suggestions from friends and relatives.

Considering the graduate set as a whole, informal channels tend to be used
in almost equal measure by both male and female graduates (Table 2). The
tendency to do so among female graduates in the hard sciences, Veterinary
Medicine, Engineering, and Statistics is slightly higher than male graduates

2 The following did not engage in job-hunting after graduation: those who continued with

their studies, those who fulfilled their military service obligations, and those who starter
a family.
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Table 2. Percent distribution of Padua University graduates and diploma-holders not
in work upon graduation, by use of weak ties in their job hunting® at six months from
gaining their qualification, by gender and by faculty

Actions in searching for employment
Weak ties | Weak ties | Other ties | No action Total
and else

Agricolture M 11.8 38.8 29.4 20.0 100.0
F 12.8 43.6 28.2 15.4 100.0

Economy M 6.8 34.1 45.5 13.6 100.0
F 6.7 42.2 31.1 20.0 100.0

Pharmacy M 6.5 29.0 41.9 22.6 100.0
F 10.2 16.7 45.4 27.8 100.0

Law M 5.9 13.2 26.5 54.4 100.0
F 7.1 24.4 22.8 45.7 100.0

Engineering M 13.9 32.7 37.2 16.2 100.0
F 20.5 38.5 35.9 5.1 100.0

Humanities M 5.9 35.3 26.5 32.3 100.0
F 4.4 38.2 42.6 14.8 100.0

Medicine M 18.2 9.1 54.6 18.2 100.0
F 10.6 27.7 53.2 8.5 100.0

Veterinari M 9.1 18.2 27.3 455 100.0
Med. F 27.3 4.6 22.7 45.5 100.0
Psychology M 6.9 17.2 10.3 65.5 100.0
F 9.3 15.0 23.6 52.1 100.0

Pedagogy M 25 50.0 0.0 25.0 100.0
F 7.3 47.7 36.7 8.3 100.0

Political M 9.7 26.6 28.6 35.1 100.0
Science F 2.4 43.2 33.1 21.3 100.0
Sciences M 10.3 29.3 39.7 20.7 100.0
F 3.4 39.0 44.1 13.6 100.0

Statistics M 4.7 25.6 55.8 14.0 100.0
F 9.1 47.3 34.6 9.1 100.0

University |M 11.2 29.2 34.5 25.1 100.0
of Padua F 8.0 30.7 34.3 27.1 100.0

from the same faculties (around 10%). As these are scientific disciplines, it
means that, although the world of work is certainly more open to women to-
day than in the past, female graduates continue to feel more at risk than their
male counterparts when applying for jobs, and reinforce their chances through
recommendations.

3 Weak ties in the first six months from graduation were used overall by 174 individuals;

informal ties in association with another channel, 623; other channels by 623; no chan-
nel by 407, for a toal of 1980 graduates and diploma-holders.
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Table 3. Percent distribution of Padua University graduates and diploma-holders not
in work upon graduation, by use of weak ties in job-hunting at six months from
graduation, by qualification and degree result

Actions in searching for employment

Degree n Weak ties Weal;lt;gs and Other ties No action | Total

Upto89 132| 121 28.9 41.6 17.4 |100.0

90-99 550 | 10.7 33.3 32.6 23.4 |100.0

Master 100-110 866 8.8 29.0 314 30.8 |100.0
110 laude 244 7.6 28.7 325 31.2 | 100.0

Total 1792 9.5 30.3 32.8 27.3 |100.0

Up to 89 16 0.0 27.9 50.4 21.7 |100.0

90-99 75 6.9 29.1 46.4 17.5 ]100.0

Bachelor [100-110 79| 12.8 27.8 46.9 12.5 ]100.0
110 laude 11 0.0 39.5 41.9 18.6 | 100.0

Total 181 8.2 27.4 48.1 16.3 |100.0

Table 4. Percent distribution of Padua University graduates and diploma-holders not
in work at graduation, by use of weak ties in their job search at six months from
graduation, by qualification and age at graduation

In searching for employment
Age degree  n Weak ties Weak ties Other ties [No action Total
and else

<24 57 4.6 30.8 40.2 24,5 100.0

24-26 776 9.0 28.7 32.0 30.4 100.0

Master 26-28 950 9.7 29.7 31.2 29.3 100.0
28-30 407 14.0 30.5 30.4 25.1 100.0

> 30 312 7.2 28.8 325 31.6 100.0

<24 146 11.9 22.4 42.3 23.4 100.0

24-26 96 7.8 19.4 57.2 15.7 100.0

Bachelor 26-28 36 1.9 41.2 41.3 15.5 100.0
28-30 21 13.0 33.9 33.6 19.4 100.0

> 30 12 26.1 11.7 38.4 23.7 100.0

It is an unquestionable fact that graduates who feel weaker when it comes
to the job market make use of informal ties. A higher proportion of individuals
who graduate after the age of 26 or who graduate with a low final degree re-
sult make use of weak ties (Tables 3 and 4).

Separate consideration needs to be given to suggestions from university
teachers. The category that benefits most from this kind of recommendation is
that of new graduates from the scientific faculties who graduate at a young age
with a good result.

These reasons for this state of affairs are easily identifiable: teachers in sci-
entific disciplines have more contact with the business community and gov-
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ernment agencies than their counterparts in the humanities and these teachers
tend to mention the names of their more brilliant students, those who will re-
flect well on the teachers themselves. Suggestions from faculty members stand
apart, because companies perceive them as rigorous declarations of the quality
of the graduates in question.

In any case, the use of these channels is usually a winning move, regardless
of the faculty or degree course. It is slightly more effective for bachelor de-
gree-holders who apply for jobs with lower expectations in terms of salary and
position in the company (Table 5).

Table 5. Percent distribution of Padua University graduates and diploma-holders in
work at graduation, by use of weak ties in their job search at six months from gradua-
tion, by qualification and work status at graduation

In searching for employment | No action| Total

Degree Weak ties | Weak ties | Other

and else ties

Master 88.5 81.3 76.8 75.1 81.0
Employed Bachelor 100.0 94.0 93.5 81.2 91.3
Total 90.7 82.7 86.1 75.8 82.6
Master 69.4 62.5 58.8 11.3 48.1
Unemployed Bachelor 95.9 70.3 92.7 25.5 75.8
Total 71.7 63.3 63.7 12.2 50.9

Table 6. Percent distribution of Padua University graduates and diploma-holders who
found employment working for others or under an “atypical” contract at six months
from graduation, by use of weak ties in their job search, and by relevance of job to
qualification

Weak ties Weak ties & else Other ties
Coherent?
Not at all 6.0 9.6 9.3
Little 12.3 12.9 15.9
Enough 50.8 50.0 48.2
A lot 30.8 27.5 26.6
Total 100.0 100.0 100.0

Table 7. Percent distribution of Padua University graduates and diploma-holders who
found employment working for others or under an “atypical” contract at six months from
graduation, by use of weak ties in their job search, and by whether the job they do could

be performed by a high school graduate or by someone less academically-qualified

Weak ties Weak ties and else Other ties
It could be done by
a non-graduate 44.3 45.4 49.5
a high school graduate 14.9 17.3 16.8
only university graduate 40.8 37.3 33.7
Total 100.0 100.0 100.0
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Individuals who make use of informal ties not only find it easier to obtain
work, they also tend to find positions that are in line with their qualification
(Table 6). A proportion of 40% of graduates who used only their acquaintan-
ces (compared with 33% who used only formal channels) declared that their
work required an academic qualification and fully 82% (compared with 75%
who used only formal channels) have jobs that reflect their academic qualifi-
cation (Table 7).

Because of finding a job in line with their qualifications, graduates are more
optimistic with respect to professional growth and salary progression, com-
pared with co-workers who, having obtained their position on their own
strengths, start out from slightly less advantageous positions (Table 8).

Graduates usually follow more than one direction in their search; very few
of them adopt only one channel in their job search. However, it is misguided
to think that more attempts will lead to a higher probability of success.

Indeed the figures show that graduates, who look for work using either their
own means and strengths, or informal networking, find work more easily than
graduates who use both methods. Individuals who use both traditional and un-
derground channels do so because they feel at a disadvantage and usually ob-
tain less satisfactory results in employment terms than graduates who select
just one approach (Table 4).

It can be deduced, then, that the fact of having a wide acquaintance, of be-
ing in contact with a large number of people rather than isolated in closed
“networks”, however intense they may be, is a winning condition in the hunt
for work. We can infer that social background does influence, in the first in-
stance, the choice of degree or qualification, and then the entry into work.

Table 8. Percent distribution of Padua University graduates and diploma-holders who
found employment working for others or under an “atypical” contract at six months
from graduation, by whether they used weak ties in their job search and by their expec-
tations for professional progression in two years’ time

Weak ties | Weak tiesand |  Other ties

Professional expectations others
Few or no changes 4.6 11.2 8.5
Economic improvements 14.2 6.8 5.2
Career progression 13.3 21.0 28.9
Increase of the operating within 21.4 6.6 15.8
Professional institutionalization 51 14 3.9
Social acknowledgment 2.2 0.0 4.0
Other 39.2 52.9 33.6

Total 100.0 100.0 100.0
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3. Parental ties

To obtain a more precise picture of graduates who use informal search chan-
nels, we processed the sample with binary segmentation analysis (Fabbris,
1997), taking as the criterion variable the logit of the conditional probability
that graduates would make use of the knowledge of friends and relatives.

The analysis was carried out using the LAID-OUT package (Schievano,
2002), following the variant proposed by Fabbris & Martini (2002) which, at
each step in the analysis, maximises the difference in the logits of the propor-
tions in the sub-samples that are formed by the dichotomous split in the sam-

ple:
[logit(7(Y | X,))-logit(Z(Y | X,))] ,

where #(Y|X) denotes the value of dependent variable Y conditioned by the di-
chotomized predictor vector X and logit(.) indicates the natural logarithm of
the term in brackets related to one on completion.

The predictors considered in the segmentation are faculty attended, qualifi-
cation (Bachelor/Master), gender, age at graduation (6 classes), degree result
(above/below average), previous employment status (was/was not in work at
graduation).

For the segmentation analysis, we decided
a) To force the variable “in work at time of graduation” as the first predictor;
b) To select ternary segmentation analysis where it is clearly better than a

couple of binary segmentations;

c) To limit the minimum group number to 50.

It emerges that, employment status being equal prior to graduation, the fac-
tors which influence the choice to use personal and family acquaintances are
the faculty attended, gender, age at graduation, and final degree result.

Among those in work at graduation, students who graduated from the Fac-
ulty of Education were more inclined (63.3%) to use personal connections
compared with graduates from other faculties. In all likelihood, this is due to
teachers/educators who use the relationships consolidated during their own
working life to improve their position within private companies/bodies, such
as nurseries, playschools, or health centres.

Among those graduates not in work who looked for work, the majority who
made use of weak ties came from the Faculty of Education (52.9%), followed
by Agriculture, Psychology, Law, Classics, Political Science and Economics,
which presented average levels of employment slightly lower than the others
(Fabbris et al., 2002).

Gender is a significant factor in the breakdown of graduates from Engineer-
ing, Veterinary medicine, Mathematics, Physics, and the Natural Sciences.
Female graduates look for jobs by means of weak ties in 51.1% of cases, as
opposed to 41.6% for their male counterparts. In faculties that are considered
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Figure 1. Segmentation tree for the “looks for work using personal and family ac-
quaintances” variable

Table 9. Percentage in work, average level of satisfaction and percentage of inter-
viewees who state that their job is in line with what they studied, by group derived
from the segmentation analysis

Group n % employed | Mean satisfaction | % very coherent with studies
1 92 90.2 7.1 38.3
2 346 83.6 7.0 17.1
3 136 87.4 7.3 41.0
4 731 54.0 7.1 19.7
5 241 80.5 7.4 34.3
6 182 68.7 7.3 41.1
7 101 74.4 75 39.6
8 134 76.8 7.4 43.7
9 94 66.6 7.6 37.2

Total | 2817 60.7 7.3 28.4

“strong” in employment terms, female graduates seek further guarantees. This
may depend on the persistent masculine overtones attached to the professional
qualities female graduates may believe they possess, and thus on the reduced
chances they believe they have when it comes to applying for jobs, because of
the fact that they have studied in faculties with male student prevalence.
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Male graduates approach job-hunting in ways that are influenced by their
final degree result and their age at graduation. Graduates who took longer to
complete their degree and achieved lower results are more inclined to use per-
sonal and family connections (51.5%) compared with those who graduated in
less time (17% fewer graduates in this category make use of weak ties) or with
a high final result (11% fewer).

In such cases, weak ties bolster academic records that are less than brilliant.
Nevertheless, the employment rate in this apparently less-gifted category
stands at 76% and the percentage of graduates who declare that their jobs are
in line with what they studied is 43.7%, among the highest percentage re-
turned in the segmentation analysis (Table 9).

4. University ties

Among graduates who sought work within six months of graduating, 12.6%
made use of contacts with teachers met during their studies at Padua Univer-
sity.

Data from the segmentation analysis (Figure 2 and Table 10) show that
those students who had worked during their degree course tended less to make
use of connections with teachers, and usually graduated at 30 years of age or
later (2.8%), regardless of which faculty they had attended.

It is not surprising that graduates over 30 already in work have little famili-
arity with teaching staff, given that their aim is usually to use their new quali-
fication to progress at work, but that, as they attended courses less often, they
did not have the opportunity to build up a network of university contacts.
Among graduates, this category declares the lowest satisfaction level (6.7%)
and the lowest level of congruity between their jobs and the degree studied
(15.7% compared with an average of 28.4%).

Among students already in work, those who used most their connections
with teaching staff were early graduates from the faculties of Agriculture,
Economics, and Engineering (20.2%).

Among those not in work at graduation, students from Political Science or
Law were the least likely to make use of connections with their teachers
(3.6%), whereas graduates with a high final graduation mark from Agriculture,
Economics, Engineering, Veterinary medicine, the hard and natural sciences
were more likely to make use of those connections (27.7%). For this last
group, the congruity index between jobs and degree courses was particularly
high (41.1%) and satisfaction in the job was above average (7.5%).

The factors, singly or in combination, which may lead students in scientific
disciplines to cultivate a privileged relationship with their teachers are the fol-
lowing:
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Figure 2. Segmentation tree for the “looks for work using professors’ acquaintances”
dependent variable

Table 10. Percentage of those in work, average satisfaction level and percentage of in-
terviewees who declare a high degree of congruity between their job and their degree
course based on groups derived from segmentation analysis

Group n |% employed | Average satisfaction rate |% very coherent with studies
1 197 43.6 7.5 19.8
2 108 88.3 6.7 15.7
3 89 78.8 7.4 30.7
4 294 60.0 7.2 25.7
5 219 69.6 6.9 21.3
6 104 89.5 7.4 27.5
7 70 89.7 7.5 45.7
8 325 69.1 7.5 41.1
9 359 71.3 7.4 26.7
10 102 82.9 7.1 33.4
11 117 79.8 6.8 24.6
12 73 90.3 7.2 21.1

Total 2817 60.7 7.3 28.4
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- a high ratio of students to teachers effectively influences the possibility of
establishing relationships of trust between the two groups;

- the experimental nature of most dissertations produced on scientific de-
gree courses compared with the dissertations in the humanities which are
more frequently reviews or compilations; an experimental dissertation,
more often than not involving issues and methods close to the teacher’s
research interests, usually involve close collaboration between the student
and future supervisor;

- the greater openness of scientific faculty members towards the world out-
side academe and in particular to the business community.

5. Professional ties

The tendency on the part of the 480 new graduates who were in work to turn
to other co-workers and colleagues as part of their job search strategy was
evaluated in proportion to the number of contacts obtained to which the
graduates could send their CV.

In the segmentation analysis, the following possible predictor variables
were added to the variables used in the previous two analyses: “position at
work” (above or below the rank of salaried office employee); “the company’s
business area” (private or state); “the size of the company” (number of work-
ers greater or lesser than twenty).

A summary of the results of this analysis is shown in Figure 3 and Table 11.
The category which made greater use of contacts with co-workers (53.8%)
was made up of graduates from almost all faculties (except Economics, Phar-
maceutical Studies, Law and Classics) who had a “fall-back” job, on a lower
level than salaried office worker (teacher, factory worker, shopkeeper, crafts-
man or woman, “atypical” contract) and who graduated quite late, after the
age of 28. Members of this category typically declare that they feel weak in
professional terms and express lower than average job satisfaction (6.8%).

Graduates who have a position equivalent to salaried office worker, man-
ager or executive in the state sector, tend to make less use of such contacts,
and usually occupy a role which is congruous with what they studied (33.4%
compared with an average of 28.4%) and which gives them a high level of job
satisfaction (7.6%).

Age at graduation is also directly proportional to the tendency to make use
of ties established in the private sector; individuals who graduate later have
had the time to establish their own network of contacts at work.
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Figure 3. Segmentation tree for the dependent variable “made use of help from co-
workers or acquaintances to send CVs”

Table 11. Average satisfaction and percentage of interviewees who state that their job
is congruent with what they studied based on groups identified during the segmenta-
tion analysis

Group n Mean satisfaction % very coherent with studies
1 113 7.0 17.4
2 107 7.2 35.8
3 52 6.8 33.5
4 52 7.6 334
5 51 7.3 414
6 105 6.8 8.8
Total 2817 7.3 284

6. Final considerations

Individual networks of acquaintance are used by one in two of all Padua Uni-
versity graduates looking for work. It is possible that in areas with a less effer-
vescent job market than the Veneto region, the proportion will be even higher.
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It is worth making a distinction between suggestions/recommendations from
university teachers and those from family and friends. The former are opportuni-
ties offered to the new graduate directly by a teacher, often as compensation for
particularly good dissertation performance. Faced with such a proposition, a
graduate can only say yes or no. If he or she does not accept, the opportunity
will go to someone else, as the tie is strictly a function of the teacher’s discretion.

The opportunities that arise in an academic context are thus particularly
concrete, and may be “spent” just once for one position; such opportunities are
short-lived and are asymmetric in their configuration, from the teacher to-
wards to the student-graduate.

The second category is multiple opportunities, beneficial for those who can
make use of them. They are, in this sense, acquisitions which belong entirely
to the graduate, shared with the family or social group, but which the individ-
ual can “spend” whenever he or she perceives the usefulness in doing so. In
other words, out of five recommendations exercised during the hunt for work,
four come from the family and social group and one from the academics.

We must underline the extent to which our analyses involve a homogeneous
group of people, characterized by the fact that all members posses a superior
academic qualification and are of similar age.

In order to make use of one’s connections, one needs to have some. Rec-
ommendations from teachers usually favour almost exclusively those students
who have produced a convincing experimental dissertation. Consequently, this
category of ties is narrowly limited to those students who make good aca-
demic progress, who do not work and dedicate almost all the time to studies,
and who have followed courses strongly geared towards their profession.

The extent of acquaintance through family and friends varies considerably
in relation to the new graduates’ social background. The higher social classes
have at their disposal a greater range of contacts in searching for work.

Nevertheless, those who feel they have greater need use such contacts more
frequently and more intensely. Thus, they are used mostly by graduates from
the humanities and social sciences, by individuals who gain their qualification
at the end of difficult academic or personal experiences, and those who feel
they are at a disadvantage.

Among those who that feel they are at a disadvantage, we find numerous
graduates who make systematic use of recommendations, to a much greater ex-
tent than their counterparts with similar degree qualifications, but to a lesser ex-
tent than the student-dissertation supervisor axis. What is interesting is that these
contacts are also used by graduates who have perfectly acceptable degrees for
job hunting, such as a degree in engineering or other scientific discipline.

It is thus evident that weak ties are called upon to act as shields when
graduates or diploma-holders feel exposed, or when they want to use an “ex-
ternal” force to even out their chances of successfully finding a job which, in
their view, birth, the life they have lived, and their academic achievement have
rendered unequal.



138 A. Boaretto, G. Rota, I. Silvestri, L. Fabbris

If this statement were true, the use of a network of informal contacts to ob-
tain a job one thought was lost to one rather disqualifies the applicant on
moral grounds. Regardless of how we analyse these data, it is clear that those
who make use of the network of acquaintance, because they feel weak, run an
explicit risk of bearing the brunt of moral judgement; whereas those graduates
whose curricula testify to a certain degree of accomplishment and profession-
alism, play the recommendation card to enhance further their own position.

From this moral judgment, we can exclude those individuals who use con-
tacts in their working environment for no other reason than to learn before
possible rivals what opportunities are available in the job market that could
improve their own professional position.

Nevertheless, companies and selectors do not perceive the use of informal
channels as harmful. First, as the selector gains more information on the can-
didate from the recommendation itself, it narrows the margin of uncertainty at-
tached to choosing candidate. Second, from the implicit complicity that un-
derpins a recommendation, the selector draws a certain guarantee regarding
the behaviour of the new employee, in that the later must ‘answer’ not only to
his or her employer, but also to the person who made the recommendation.
Moral judgments on the recommendation as an institution are thus relative.

In conclusion, it would be very interesting, but with our data it is not possi-
ble to do so, to examine if and to what extent ethical and cultural factors influ-
ence the use of informal ties to find work. Given a social status and an aca-
demic qualification, some graduates make use of the social network while oth-
ers do not. An understanding of the extent to which an individual’s values act
as a hindrance to his or her using those ties would help us formulate a more
precise assessment of this social practice.

It would also be instructive to assess if and for whom in the mid to long
term these contacts are useful, including in career progression.

For those already in works who are seeking a better position, we would
need to examine either if length of service is connected with the use of ties in
order to gain a new job, or whether, with the passing of time in a job, ambi-
tions and contacts lose their importance.
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Summary. The need to match academic education with the ‘know how’ re-
quired by the labour market may give birth to both co-operation between uni-
versities and enterprises, and to “flexible’ academic curricula. Students can
choose from a wide range of University degrees, and within each program can
choose the applicative field/major and opt for a short work experience, the in-
ternship. The feedback from the university-enterprises interaction may be ob-
served in graduates’ job opportunities, since they constitute the third pole in a
triad of changing relationship. The case of the Faculty of Statistical Sciences
at the University of Milan — Bicocca, in the academic years from 1998/99 to
2002/2003, allows one to identify patterns in undergraduates’ educational
strategies and poses questions as to the relationship between academic knowl-
edge, individual expectations and actual experiences at work.

Keywords: Competences; Transition times; Non-metric individual differ-
ences.

1. Academic and entrepreneurial perspectives

The weakening self-governance of the university system, in favour of the la-
bour market, has raised questions about the usefulness of undergraduate stud-
ies with regard to professional requirements (Ottaviani, 2004). The consequent
adjustment process gave birth to experiences of co-operation between univer-
sities and enterprises, which has put into motion a process that favours some
disciplinary areas.

! Sections 1 and 4 were jointly written by F. Crippa and P. Mariani, Sections 2 e 3 by F.

Crippa.
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The traditional hiatus between theoretical and applicative disciplines allows
the latter a ready and flexible fine-tuning adaptation of curricula, via the inclu-
sion in the undergraduate education on the job experiences, hence merging the
academic and the entrepreneurial perspectives.

In the creation of a professional identity, this experience widens the stu-
dents’ range of choices and may affect their means entering the labour market:
so it is possible to calculate multiple career paths arising from specific
choices, in terms of their external efficacy? (Fabbris, 2003).

Our study focuses on a particular case: in accordance with the guidelines for
university/enterprises interactions, the Faculty of Statistics at the University of
Milan-Bicocca includes forms of job training (internship) at selected compa-
nies’ sites in its curricula, under both academic and corporate supervision.

Ever since the so called “3+2” reform, that started in 2001, some under-
graduate credits can be acquired for periods of training no less than three
months, as well as introducing students into the labour market. This is particu-
larly relevant for statisticians, whose qualifications are still not well defined in
the Italian labour force scenario, with a gap between an offer of 1,862 posi-
tions for statisticians in 2004° and 1,287 graduates in Statistical Sciences in
2003 (Unioncamere-Ministero del lavoro e delle politiche sociali, 2004).

In order to improve its services, a first survey on the Faculty outcomes was
carried out in the Academic Year (A.Y.) 2000-2001 (Martini, 1997), thereafter
replicated every academic year, named ‘Statisticians and Work’. In 2003, it
was devoted to the Faculty graduates’ work situations.

Data collection was conducted in November 2003 by means of telephone
interviews regarding curricular and professional characteristic of the 300
graduates at the Faculty of Statistics, University of Milan-Bicocca from A.Y.
1988/89 to A.Y. 2002/2003, using lists of former students provided by admin-
istrative offices”. The response rate was 76.7%.

Each interviewee, in addition to the characteristics of his course of studies,
provided information on the qualifications gained during her/his educational
experience, such as internships, masters or other specialisations believed to be
relevant to occupational opportunities. The occupational status at the time of
the interview was classified as employed, unemployed and in search of first
employment. In addition, it was pinpointed whether any kind of employment
was entered into prior to graduation.

2 Average waiting times before occupation, apart possible post lauream experiences (such
as internships), may be considered indices of external effectiveness of education (Fab-
bris, 2003).

Estimates of the Excelsior Information System.

Data collection, retrospective dating November 2003, includes more than ten cohorts
and spans across a time interval with changing market conditions. Thanks to the favour-
able conditions of the labour market in Lombardy in these years, such sources of hetero-
geneity are, at least partially, mitigated.
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On the subject of present profession, questions focused on channels and
length of job search, activity branches, whether self-employed or on a tempo-
rary contract and to what extent the academic knowledge was utilised, and
level of job satisfaction.

2. From graduation to work

Descriptive summaries of the data indicate a high rate of employment, namely
89.9% of the subjects under investigation, even before graduation (37.4%) and
generally with stable, long lasting contracts (60.3%). An internship was per-
formed by approximately 50% of persons and, for about half of them, leads to
a professional position, commensurate for a graduate. Furthermore, the Fac-
ulty’s Internship Office is referred to often, directly, by enterprises, so that the
university adds to its formative function the role of facilitator in the transition
to work, representing up to 36.7% of entrants in the labour market.

The present employment position is regarded as befitting their academic
degree by 71.5% of subjects; only half of them, however, reckon their func-
tions pertain exclusively to a degree in Statistics, whereas 45.7% think they
pertain to other scientific branches, and 5% to any degree. In line with this
evidence, specific competences acquired at university are linked to the re-
quirements of the job in the opinion of 66.8% of the graduates, while for the
others at least some of their competences are redundant.

As a matter of fact, descriptive statistics play a large role in routine corpo-
rate work (66.7%, multiple answers), multivariate analysis absorbs a substan-
tial area (25.7%) while, on the contrary, statistical inference, econometrics and
time series analysis are rarely used (respectively, 15.2%, 9.9% 3.9%). The gap
between the material studied and effectively used does not seem to discourage
newly-graduated statisticians, as they consider themselves satisfied in their
professional positions, even if not enthusiastic (Table 1). Neither the graduates
express an immediate goal of job improvement, being low the percentage
wishing to look for a new job in the next three years (19.1%).

Table 1. Satisfaction for the current profession (graduates in Statistical Sciences at the
University of Milan — Bicocca employed in November 2003, percent values)

Satisfaction regarding Very Fair Alittle  Notatall
career perspective 16.8 53.6 19.9 9.7
tasks 26.8 52.0 15.7 5.6
permanence in the position 36.9 29.8 21.2 121
wage 18.5 55.9 18.5 7.2
autonomy 45.2 447 8.1 2.0
degree of responsibilities 41.1 46.2 10.7 2.0
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2.1 Duration in the transition to current professions

Approximately one third of interviewees entered their present job before
graduation, 36.4% of whom being employed in the same company which of-
fered them an internship. The internship achieves the value of a substitute for
the first trial months typical of many standard contracts in Italy, but free of bu-
reaucratic and administrative red tape.

The remaining subjects were asked how long they waited since they started
searching for and when they actually found employed in their current job.
Search time for entering the labour market are estimated only in relation to
subjects unemployed at graduation, by means of non-parametric methods for
study of event history (EHA - Event History Analysis), applying actuarial
methods (life tables) for discrete failure time variables and assuming the tri-
mester as the time unit.. One of EHA purposes® is to estimate the risk of ex-
periencing a certain event and to explain it as a function of a set of covariates
(Cox, 1972, Blossfeld & Rower, 2002). In order to avoid inflated estimates,
durations for current job searches exclude the military service for males and
any kind of post lauream learning experience.

1.0

0.0 “_‘—'—‘_

o 2

for
oy
o0
=
[m]
-
]

trimesters

Figure 1. Survival function in the unemployed status estimated according to the actu-
arial method (graduates in Statistics from the University of Milan-Bicocca unem-
ployed at graduation)

® In fact, its designation varies in relation to the disciplinary field it is applied to; hence-

forth it is meant as a synonymous of hazard models.
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The economy in the metropolitan area is flourishing, with good chances of
work, giving the overall survival function its expected ‘L’ shape (Figure 1).
The probability of entering the current position equals 0.59 after six months,
0.80 after nine months, and 0.92 after one year, while the median time is five
and a half months.

2.2 Educational choices and transition times

Academic titles were grouped according to both the length of the course of
study (two-year and three-year diploma, and four-year ‘laurea’ programme be-
fore the ministerial reform, three-year bachelor programme afterwards®) and
the disciplinary field (economic, demographic, or purely statistical). In each
disciplinary field, students can perform an internship, whilst after graduation
she/he can follow post lauream courses or work/study abroad.

The differential impact on the labour market, resulting from the range of
undergraduate choices, may be transformed into the estimation of differential
entry timing for each value of a covariate. In our case, the violation of the as-
sumption of proportional hazard functions implies that the relative risk (the ra-
tio of risks for two distinct values of the same covariate) is not constant in
time and thus the semi-parametric Cox model may not be applied.

In order to perform such differential analysis, stratification for academic ti-
tle, disciplinary field, and both has been carried out, so as to compare stratified
survival tables (Blossfeld & Rohwer, 2002).

When hazard differs from one group to another, it needs not to be signifi-
cantly homogeneous. The statistical test for verifying the equality of risk
among strata, applied here in Gehan version, is:

: :amj[Dj—E(Dj)]z
=] ofvar(D;)

)

where:
- j(j=1,2,..,9) is the j" survival table or the j™ stratum,
- o are weights, equal to 1 in log-rank test and to the number of subjects at
risk of experiencing the event in Gehan test (or generalized Wilcoxon test),
- Djis the observed number of entries in current professions,
- E(Dj) is the expected number of entries in current professions.
Results provide evidence that the disciplinary choice renders a degree more
expendable, particularly when the economic-statistics field and the purely sta-
tistical one are compared (Figure 2)’. No indicators are found in other direc-

® At the date of the survey, the graduate courses of studies have not been introduced long

enough to be concluded by any students.
Unfortunately, the demographic-social field is not directly comparable as it was the only
one at the Faculty foundation and the others offered only some years later.

7
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tions: the internship, the kind of academic title or the software sophistication
generate respectively analogous effects. In replicating the survey, as well as
suitable missing data treatment, it would be a great advantage to adopt specific
guestionnaires, such as the Event History Calendar interviewing (Conway,
1996) in order to exploit the information intensively.

1.0
5 .
— — statistical
— cconomical-statistical
— - detographical-statistical
- - diploma
0,0 P
0

trimesters

Figure 2. Survival functions in the unemployed status for each disciplinary field, esti-
mated according to the actuarial method (graduates in Statistics from the University of
Milan — Bicocca unemployed at graduation)

3. The graduate statistician in the corporate world

A global view of the qualifications and skills that newly graduated statisticians
put into practise in their professional life can be achieved by means of com-
parative analysis, after quantifying categorical variables though ‘optimal scal-
ing’. This procedure projects categories and qualitative scores on a continuum,
in order to process quantitative data.

Let Ynm be the observational matrix for n subjects and m variables Y;
(=1,2,.., m). A variables assumes k, categories (h=1,2,.., K;). Let 1 or 0 be the
value of x;y, whether the i subject (i=1,2,..., n) shows or not the h™ value on
variable Yj. A vector x;, is generated by a33|gn|ng these values to a subject. It-
erating this process for all Kj values of variables Yj, the complete indicator ma-
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trix X; is obtained. Extending the procedure to all m variables, matrix X=(X;
X3, ..., Xyy) is obtained. The scaling parameters for variable Y;, ¢=(d1 2 di;),
permit the correspondence of X; with X*; as a ‘scaled” value of the i" subject

for the " variable:
X*5= 2 h Ojn Xjn (2)

and therefore allow one to compute the individual score matrix for scaled
variables X* =( X*1,X*;, ..... , X*m).

Certain scaling techniques can be performed while applying a multivariate
statistical method, without any distributive assumptions for the variables in-
volved. In our case, categorical principal component analysis (CATPCA) is
applied to ordinal data: alternating least squares (De Leeuw et al., 1976) are
utilized as an optimal scaling method for the estimation of the covariance of
quantified categorical data.

3.1 Just one statistician or many statisticians?

The dimensional reduction of the data provides three factors, linked to the dy-
namics of entering the labour market (Table 2).

The first dimension represents formal educational qualifications as deter-
mined by the academy, such as the type of title, the disciplinary field and final
graduation marks. The second represents specialized competencies actually
applied in an enterprise during the first years of work, in terms of knowledge,
both theoretical and applicative. The two components have equal weights and

Table 2. Factor loadings® and reliability of the model (graduates in Statistical Sciences
at the University of Milano — Bicocca employed in November 2003)

Dimensions
Aspects 1 2 3
Software 0.376 0.815 -0.191
Statistical methodology 0.275 0.774 -0.160
Waiting time -0.188 0.001 0.709
Entry channel 0.161 0.314 0.839
Graduation mark 0.578 0.259 0.120
Academic title 1.015 - 0.352 0.027
Disciplinary field 1.010 - 0.359 0.017
Model summary: Cronbach’s Alfa Explained va_\riance/
dimensions total variance
1 0.729 0.473
2 0.473 0.299
3 0.259 0.228

@ Loadings refer to the quantification of each value of a variable, expressing the incidence of such
quantification on the detected dimensions, in terms of linear regression. Increases in weight corre-
spond to an increasing association with the dimension.
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Figure 3. Graphical representation of neo statisticians (graduates in Statistics from the
University of Milan — Bicocca employed at interview)

Subjects, represented in each of the first quadrant of the Cartesian plane, can be distinguished ac-
cording to study programme, 1=diploma, 2= three-year bachelor, 3= four-year ‘laurea’.

overlapping graphical representation, highlighting the absence of any distinc-
tion between ‘theory and praxis’ in the working environment. The third factor
affects the network graduate statisticians use in looking for a job.

Altogether, the three dimensions adequately explain the characteristics of
the employed subjects, as the value of Cronbach’s alpha®, 0.956, demonstrates.

The projection of individual CATPCA co-ordinates on the Cartesian plane
indicates the presence of two groups (Figure 3), a first one composed of
strictly job-oriented diplomas, and a second one in which three-year and four-
year bachelor degree are barely distinguishable. This representation pictures
the first set as a sub-par academic experience, somehow of subaltern rank.
Three and four-year degrees are very close to each other, hence the so-called
“3+2” reform seems to have maintained the same image of the graduate statis-
tician despite the change in duration of the programs.

Actually, the formal description of the ‘laurea’ corresponds to a slightly
higher mastery of complex analytical and computer skills, whilst channels for
entering the labour market are the same.

8 Cronbach’s alfa is an index of internal coherence. It is based on the total eigenvalue and

is referred to cardinal variable, either such in origin or scaled.



University Choices and Work Destinies in Italy 149

4. Conclusions

The picture painted so far suggests that students are aware of employers’ ex-
pectations that they attempt to satisfy by exploiting competences gained at
university. In this sense, the internship (particularly if preceding the gradua-
tion) is a useful tool for broader co-operation between the study programme
and the entrepreneurial world, abetted by the reduced number of students en-
rolled at the Faculty of Statistics.

The multidisciplinary image of the statistician favours business and eco-
nomics opportunities, with a more modest requirement in knowledge than the
one university provides. Statistical techniques actually used in current job po-
sitions seem to confirm a stereotypical academic education veined by specula-
tion that is neglected, at least initially, by enterprises.

On their side, newly graduated statisticians apparently face these situations
nonchalantly, with no impact on their overall job satisfaction.
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Accept or Refuse a Job? How Graduates Decide

Mario Bonamin, Luigi Fabbris*

Statistics Department, University of Padua, Italy

Summary. In this paper, we discuss aspects of a behavioural model of new
graduates on the labour market. The model regards the search for, possible re-
fusal, and acceptance of a job by graduates of the University of Padua. Some
jobs are considered a makeshift with respect to expectations the graduates ma-
tured along with degree achievement. We will analyse data collected by the
University of Padua through a long-lasting perspective survey on its own
graduates. We compare, in particular, the behaviour of graduates who worked
before graduation with that of graduates who did not.

Keywords: Job search; Job refusal; Makeshift job; SHOT Model; Survey on
graduates; University of Padua,

1. How graduates choose a job

After degree achievement, a graduate has to define his or her own life strate-
gies. The first decision is that of deciding if, and when, either look for a job, or
enter higher university courses, or start an internship, or, otherwise, settle
down and create a family before deciding about work and further studies.

Whatever the schedule, the graduate has to face the job market. Fabbris et
al. (2002) represents this hierarchy of decision with a model, named SHOT -
Search for, Hold back Opportunities, Try again, where the main choices are
made explicit and the graduates who worked before graduation are kept apart
from the others who look for a non-episodic job after degree achievement.

The application of SHOT model is appropriate to University of Padua
graduates because the local economy is florid and labour market is near full

1 The authors designed and realised jointly the work described in this paper. However, M.

Bonamin wrote the Sections 3 and 4 of the paper whereas L. Fabbris wrote the other sec-
tions. The authors wish to thank the anonymous referees for their contribution to a first
draft of this paper.



152 M. Bonamin, L. Fabbris

employment and, so, graduates can really choose. On the other side, they have
to be competitive and possess, or be willing to achieve, the required compe-
tences.

Regarding those who offer work, the graduates are often faced with more
than one occupational opportunity, not to just obtain an income, but also to re-
alise professional roles that exploit his/her formative investments.

In such a social environment, graduates feel they could refuse some job of-
fers and accept the most consistent with his/her strategic expectations. In the
following, we will discuss the graduates’ choice parameters according to the
study curriculum and social and personal characteristics of graduates.

For graduates who worked before degree the decision to maintain the cur-
rent occupation — often chosen to get an income but often different from their
expectations — may proceed along with the search of a new position. The
novel position may be either a new role within their company, or a new job in
another company. Besides, the change of position will not be an issue in this
paper.

In the least favourable situations, if the gap between the offered job and the
graduate’s expectations cannot be filled, he/she may consider the opportunity
to look for further education. Even this issue is left aside in this paper.

In the following, we focus on movements of bachelor and master graduates
in the labour market (Section 3), the work roles they accept or deny (Section
4) and the possible makeshift position towards low-competence jobs if they
are not able to find one that suits their expectations (Section 5).

We conclude in Section 6 with some issues that may weave the plot of the
arguments developed in our analyses and may ground future research hy-
potheses on graduates’ work roles and relationships with their companies.

2. The survey on University of Padua graduates

The University of Padua (Fabbris, 2003) has collected the data we analysed
with a perspective survey started in 2000 and ended in 2005. Delayed cohorts
selected from the graduates list of five adjacent graduation sessions (Figure 1)
form the panel.

Cohort |...2000...2001............ 2002............ 2003.............. 2004.............. 2005
S 1 2 3 4 5 6

G wWwN P
w
=
N
w
S
3
'
]
]

Figure 1. Panel design of the University of Padua CATI survey (S=sampling)
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Interviewing of cohorts was realised in two stages:

1. at time “zero”, i.e. at graduation, a web questionnaire was completed by
all students who asked to discuss their graduation thesis. This CAWI —
Computer Assisted Web-based Interviewing procedure generated a data-
base where general data and references (mail, telephone, and internet) of
students were made available. A stratified sample of graduates was se-
lected from this database;

2. every six months after graduation, for three years, the panel was con-
tacted by telephone with a CATI questionnaire. So, all panellists were
contacted four times and most six times, apart from the time-zero occa-
sion. Interviews have been realised by the Statistics Department of the
same University by means of a system named CAPTOR — Computer As-
sisted Personal Telephone and Oneself Reporting (Capiluppi, 2000).

The data we analysed concern all interviews within three years of data col-
lection. To this data the time-zero interview was linked. The size of the sam-
ples are 2954, 2955, 2847, 2763, 2630, 1467, 735 respondents at the six se-
mester-cadenced occasions. The sizes differ due to cumulative non-responses.

The cohort size was designed to give reliable estimates for single faculty.
Faculties themselves defined the estimates’ reliability. So, faculties were
asked to add (a sum for interviewing) a number of sample units sufficient for
the stated reliability target. This way, units entered the sample with varying
probabilities and weights had to be used for unbiased estimation (Fabbris,
2003).

With the data collected, it is possible to organise either a cross-sectional da-
tabase, or a longitudinal one. The cross-sectional database may be organised
as in Table 1, where graduates interviewed at the same time from graduation
are put together to define a set six months away, and others twelve, eighteen,
and so on, months away.

The longitudinal data are specific for the analysis of time-dependent phe-
nomena. The linkage of panel data collected at subsequent time points allows
the analysis of data in a dynamic, rather than cross-sectional, perspective and

Table 1. Databases to be organised with the survey on the University of Padua
(P=Population; S=Sample)

Time
Cohort 0 1 2 3 4 5 6
1 P, S, Sy S S S S
2 P, S, S, Sy Sy Sy Sy
3 P Ss S Sy Sy S
4 P, S, S Spr Spr
5 P Ss Ser Ser Ser

(*) A star indicates the survivors of the sample selected for time 1 interview.
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the estimation of individual ceteris paribus variability that is unconditional to
variables whose effect could disturb our analysis.

The population was stratified according to the following characters:

e Faculty. Padua University faculties are: Agriculture, Economics, Phar-
macy, Law, Engineer, Humanities, Medicine, Veterinary, Psychology,
Pedagogy, Science, Political Science, and Statistics;

e Bachelor or master programme. Master graduates in Medicine are not
included in the sample because they need a post-lauream period of spe-
cialisation at University so long that they are useless for this survey pur-
poses.

The data were processed with SAS package (SAS Institute, 1999, 2000) at

the Department of Statistics, the University of Padua.

3. Contacts and contracts with companies

The largest part of university students is nearly exclusively devoted to their
studies until receiving their degree. However, a substantial number of stu-
dents (31%), dedicate some of their time to work during their university stud-
ies (Table 2). If a minor part of their time is dedicated we refer to them as
'student workers', and if they dedicate a major part, ‘'working students'.

Some student workers do "odd jobs", that is to say jobs with normally un-
stable contracts, often low profile and paid in cash, however economically
useful for completing their studies. All students show very different behaviour
upon receiving their degree:

e The ‘working students' try to utilize their degree as soon as it is received
and focus on career advancement or a change of professional duties
within the company for which they work. Otherwise, in order to reposi-
tion themselves on the market, they must undergo a new selective proc-
ess and, in various cases, suffer a period of unemployment. At six

Table 2. Percentage distribution of graduates of the University of Padua, according to
conditions concerning work during university studies and the time passed since
graduation

o Time passed since receiving degree (months)
Conditions

0 6 12 18 24 30 36

Employed 31.1 59.5 68.8 76.8 82.2 87.2 88.7

Unemployed 68.9 39.8 30.4 225 16.8 115 8.8

Other condition = 0.7 0.8 0.7 1.0 1.3 2.6
Total 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0
(n) (2954) | (2955) | (2847) | (2763) | (2630) | (1467) | (735)
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months from graduation, 18% of the new graduates that had been work-
ing are unemployed (Table 3). The percentage drops a little at 12 months
to 16.9% and at 24 months to 9%. The proportion of employed among
the unemployed graduates at graduation tend to converge soon with that
of the student workers in the same period (Figure 2). The act of receiv-
ing a university degree therefore standardises the expectations of em-
ployment and career of the graduate, enforcing the professional consid-
eration of the new graduate already inserted in activities for which a high
school degree is sufficient to those who have never been employed and
about productive companies have a merely hypothetical representation.

The proportion of unemployed graduates that find employment in the
first few months after receiving degree exceeds 49%. Please note closely

Table 3. Percentage of graduates of the University of Padua that work at various
dates, according to the conditions with respect to work at the moment of receiving
their degree and for the time passed since receiving degree.

Upon Receiving Degree Time passed since receiving degree (months)
6 12 18 24 30 36
Employed (n=876) 82.0 83.1 86.9 91.0 92.9 92.8
Unemployed (n=2079) 49.6 62.7 725 78.4 84.3 86.2
Total (n=2955) 59.5 68.8 76.8 82.2 87.2 88.7

55

50

Unemployed

6 12 18 24 30 36

Figure 2. Percentage of graduates of the University of Padua that work at various
dates, according to the conditions with respect to work at graduation and time passed
since receiving degree
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that this is a gross amount, and includes a denominator of those that have
decided to continue the formative activities with other courses for de-
grees, for masters, or of a university specification, in Italy and elsewhere.
The percentage of new graduates employed raises rapidly to 62.7% at 12
months, to 78.4% at 24 months and to 98.4 at 36 months, always a gross
number of the formative activities over a long period.

At just a year since receiving a degree, about 90% of those that have
found work act as if their position were stable. The tendency to stabilise
at work is estimated based on the proportion of employed graduates for
at least two successive surveys. The proportion of those employed that
last for at least six months is 82% following six months from graduating,
to 87.7% at a year and to 95.5% at 24 months (Table 4).

If for no other reason except to try, all seek employment after receiving
university degree. Among those who do not find it within a year or so,
over half decide to obtain ulterior formal instruction or create the situa-
tion to be able to register for a professional board. In the first six month
there are, instead, many frequent brief formative programmes, for pro-
fessional refinement (English courses, computer skills, and others), or
stage post lauream, eventually associated to an European Social Fund
(ESF-FSE) funded course.

6.9% of graduates employed within six months from their degree change
occupation. The proportion falls rapidly at just a year from receiving the
degree (1.4%) and oscillates about 2% between 12 and 30 months (Table
5). It is not necessary to conduct a specific survey to imagine that for
many graduates it was not easy to find their first employment, many of
them had to undergo recruitment interviews and compete with other new
graduates for the same job. In conclusion, while those that have found a
job immediately after their degree could be presented within a brief time
period a possibly better position, those that find employment later do not
feel like risking a change and accept more easily an offered employment
position.

Table 4. Percentage of graduates of the University of Padua that work at various dates,
according to their conditions with respect to work at a period of 6 months prior and the
time passed since receiving degree

Six months prior

Time passed since receiving degree

6 12 18 24 30 36
Employed 82.0 87.7 93.7 95.5 96.7 98.4
Unemployed 49.6 416 3758 385 39.9 236
Total 59.5 68.8 76.8 82.2 87.2 88.7
(n) (2955) | (2847) | (2763) | (2630) | (1467) | (735)




Accept or Refuse a Job? How Graduates Decide

157

Table 5. Percentage of University of Padua graduates that have changed employment
at various times since receiving degree, for conditions with respect to the employment
6 months prior, type of work relation, and activity of graduates

. . Months passed since receiving degree
Six months upon receiving degree
6 | 12 | 18 [ 24 | 30 | 36
Relation of Employment
Normally Hired 28 | 13 | 10 | 14 | 06 | 3.2
Independent Contractor 72 | 08 | 14 | 29 | 03 |76
Unusual Contract 49 | 16 | 33 | 59 | 26 | 7.7
For the activity of a graduate
Any university degree sufficient 31 | 13 | 12 | 22 | 13 | 43
Bachelor degree sufficient 30 | 16 | 24 | 11 = =
Specific degree required 42 | 12 | 16 | 35 | 0.8 |54
Worked 6 months prior and changed work| 6.9 | 1.4 | 15 | 25 | 0.8 | 45
(n, worked 6 months prior)| (710) |(1469)[(1794)|(1884)((1160)|(619)

e There are no longer initial gender handicaps. In various researches (see

among others, Fabbris et al., 2002) it was revealed that, in the productive
contexts of substantial full employment, like the area in which a graduate
of Padua would fit in, the percentage differences between male and fe-
male graduates are within one percentage point (Table 8).

Some difference exists for the time frame of employment between Master
and Bachelor graduates, in that the bachelor graduates are more imme-
diately hired of the two.

The employment research channels followed by graduates are multiple.
A graduate does not want to preclude himself any possibility and tries
every channel, public or private, to find employment. Not excluding the
Placement Office of the University of Padua, the personal acquaintances,
family, friends, business colleagues and the professor with whom the
thesis was realised to have useful contacts for a job interview (Boaretto
et al., 2006). There are those who, less secure of their means, use even
repeatedly the same channels, as if the number of attempts could incre-
ment the probability of success, and others that search only in the places
in which they have a high chance to find employment. On average, the
graduates test research routes that over 46% are three groups of channels,
public, private and foreign (Table 6). The proportion of attempts falls
rapidly with the passing months, even if the speed of the decline is dif-
ferent for those that work with respect to those that are still looking for
employment. For all, the progressive knowledge of the rules of the mar-
ket, which comes with the experience of searching for employment and
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Table 6. Average number of employment channels attempted by University of Padua
graduates and percentage not researching actively employment, for conditions with re-
spect to employment at graduation, six months prior and time passed since receiving
degree (between parentheses the size of the sample)

Months passed since receiving degree

6 | 12 | 18 | 24 | 30 | 36
Upon receiving degree
124 | 100 | 072 | 040 | 036 | 028
Employed ©876) | (840) | (827) | (781) | (493) | (269)
161 | 127 | 087 | 054 | 047 | 037
Unemployed (2081) | (2007) | (1936) | (1849) | (974) | (466)

Six month prior

1.24 0.87 0.62 0.32 0.28 0.21

Employed (876) | (1683) | (1916) | (1974) | (1203) | (631)
Unemployed 161 164 | 129 | 107 | 120 1.18
(2081) | (1146) | (821) | (633) | (255) (88)
Sector of activity
Bublic 2.95 345 | 308 | 264 | 264 247
432) | (328) | (226) | @@38) | (71) (25)
orivate 254 245 | 247 | 245 | 221 2.29
655) | (532) | (287) | (143) | (52) (25)
. 2.60 256 | 286 | 234 | 241 2.36
Foreign

(289) (205) (116) (69) (46) (16)

0.00 0.00 0.04 0.00 0.00 0.00

Self Employed @ | an | @ | @3 | @ @)

1.50 1.19 0.83 0.49 0.43 0.34

Total (2957) | (2847) | (2763) | (2630) | (1467) | (735)

% not researching

actively employment 43.7 56.6 67.5 79.1 81.7 85.3

with the tightening of the perception of the possibilities of success,
brings a simplification to the ways to effect the search. At 18 months
from obtaining a degree, who already works gives slight attempts in only
one direction (0.6 channels tested between 12 and 18 months), who does
not work depends even more on public placement and maintains contacts
with the private one, but the research is more specific (1.3 channels be-
tween 12 and 18 months).

The multiple regression analysis (Fabbris, 1997), applied with the number
of research channels tested in the first six months from graduation as criterion
variable and forcing the faculties as predictors?, arrives at the following con-
siderations (Table 7):

Faculty estimates refer to the Faculty of Political Science.
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Figure 3. Number of active research channels tested by University of Padua graduates,
according to time passed since receiving degree

Table 7. Synthetic results from the application of the analysis of regression referred to
the number of research channels of employment tested by graduates of the University
of Padua in the first 6 months since obtaining degree

Estimate of s(B) p value
Intercept -0.546 0.283 0.054
Agriculture 1.582 0.282 <0.001
Economics 1.639 0.298 <0.001
Pharmacy 0.758 0.283 0.008
Law 1.087 0.273 <0.001
Engineer 1.449 0.270 <0.001
Humanities 1.837 0.268 <0.001
Medicine 0.566 0.301 0.060
Psychology 0.607 0.273 0.026
Pedagogy 1.329 0.275 <0.001
Science 1.571 0.266 <0.001
Political Science 2.026 0.279 <0.001
Statistics 2.189 0.288 < 0.001
Gender 1=M 2=F 0.436 0.074 <0.001
Employed at 6 months 0.259 0.070 0.002
Employed at 0 time -0.446 0.073 <0.001
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The behaviour of the graduate on the employment market depends on the
department of origin.

The female graduates search for employment more hardly than men do.
If the number of tested channels is a reflection of the confidence of their
own means, the male graduates are shown to be more confident than the
female graduates are. It should be noted that female students numerically
prevail in the humanities and that the degrees supplied by these faculties
are “weaker” in the research for a first employment. Hence, the faculty
obscures the analytical relevance of the gender of the graduates, meaning
to say that the major mobility in the employment research is observed
between feminine vs non-feminine faculties.

The unemployed do research that is more active at time of the degree,
while those that already had a job during their studies search in a more
specific way. At six months from obtaining the degree, those that had a
job are searching more than those that did not have one. That is probably
because the former ones already had a taste of the employment market,
while many of the latter ones, originally uncertain whether to prolong
their studies or search intensively for a job, may have decided to enter
another period of training at the university. Hence, six months from ob-
taining a degree are enough for Master or Bachelor graduates to define
their life strategies.

4. The refusal of offered jobs

In conclusion of the processes of the employment research, a good part of the
graduates of the University of Padua is employed.

At six months, 82% of the Bachelor graduates are employed and 58% of the
Master graduates. Altogether, 61% of those who obtained a degree at the Uni-

Table 8. Percentage of University of Padua graduates that work, according to the time
span since obtaining the degree, gender and type of degree

Type of degree

Months passed since receiving degree
0 6 12 18 24 30 36

Males Master 28.2 58.9 69.8 76.3 81.6 87.2 89.2

Bachelor | 38.7 71.3 76.9 81.1 88.8 94.9 97.4

Total 29.5 60.4 70.7 76.9 82.5 88.2 90.4

Females Master 30.0 55.0 64.4 74.4 80.3 84.9 85.1

Bachelor | 41.7 90.2 91.3 94.2 95.5 95.4 96.5

Total 31.3 58.8 67.5 76.8 82.1 86.4 87.2

Total

Master 29.3 56.7 66.7 75.2 80.9 85.9 87.0

Bachelor | 40.3 81.7 84.9 88.7 92.6 95.2 96.8

Total 30.5 59.5 68.8 76.8 82.2 87.2 88.7
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Table 9. Percentage of graduates of the University of Padua that have refused at least
one employment offer in the first six months after obtaining a degree, according to the
study programme, conditions at the time of degree and motive for refusal

At time of obtaining degree

Employed Not Employed Total
In that period Master | Bachel. | Master | Bachel. | Master | Bachel.
(n=92) | (n=7) |(n=450)| (n=40) |(n=542)| (n=47)
worked 4.2 12.5 2.7 1.8 2.9 3.2
were not interested 33.3 12.9 28.6 25.9 29.4 24.3
were precarious 0.0 0.0 2.2 0.0 1.9 0.0

were inconsistent with study 5.0 0.0 4.0 3.6 4.1 3.2

were inadequate for degree 0.8 0.0 4.2 5.4 3.7 4.7

were far from home 2.1 0.0 2.9 3.9 2.8 3.4
wanted to continue studies 15.6 12.9 24.6 9.7 23.2 10.1
other motives 57.3 745 43.2 63.0 45.6 64.4

versity of Padua are employed. At 12 months from the degree, the percentage
of graduates rises to 70% and at 24 months to 82% (Table 8).

The insertion in employment is a bilateral process of offer and accep-
tance/refusal of a job. In general, a company proposes job positions to the ap-
plicants and they refuse some offers. In the first six months from obtaining a
degree, half of those that leave with a Master or a Bachelor degree from the
University of Padua refuse at least one offer of employment (Table 10).

Table 10. Percentage of graduates of the University of Padua that, at different times
from obtaining degree, have refused at least one employment offer, according to the
employment condition six months prior

Six months prior
Employed Not employed Total
At 6 months from obtaining degree
Employed 52.8 47.1 49.4
Not employed 50.6 49.0 49.2
Total 51,1 48,7 49.2
At 12 months from obtaining degree
Employed 67.5 41.4 55.9
Not employed 50.9 35.2 38.6
Total 55.9 38.5 38.8
At 18 months from obtaining degree
Employed 0.0 40.5 34.9
Not employed 41.3 32.1 33.9
Total 34.9 33.9 33.9




162 M. Bonamin, L. Fabbris

The proportion of refusals declines with the passing of time, being 39% be-
tween the 6 and 12 months and of 34% in the successive six months. The mo-
tives of the decrement are double:

a. the decrease of interest of the companies for the graduates that have not

yet found employment after a certain time since obtaining degree,

b. the decreasing energy of the graduates after repeating the unsuccessful
trials of employment research.

The insufficient satisfaction for the accepted job has different causes, as

Master or Bachelor graduated categories (Table 11):

e The bachelor graduates show a low propensity to continue their studies,
both in the cases that before obtaining the university degree they were in
employment and that they were without employment experience. The
employment offers for the bachelor graduates already in service are rare
enough because they must be more advantageous than the position ad-
dressed (which is coherent with the possession of a high school degree),
and, actually because does not involve elevated positions, are a often
regulated by stiff contracts. The refusal of the bachelor graduates is,
therefore, much more than those of the master graduates, tied to practi-
cal considerations, of existential organisations, and ‘affected’ toward the
owning company.

e The master graduates show behaviours however differentiated according
to whether they were employed or not at the time of the degree. Those
that were employed, having already their own problem for the existence
solved, are able to wait for an interesting occasion to change employ-

Table 11. Percentage of graduates of the University of Padua that have changed an
employment activity in the first six months after obtaining degree, according to study
programme, period in which they changed the activity and motive

Referral period
First 6 months 6-12 months 12-18 months
Motives Master [Bachelor| Master |Bachelor| Master |Bachelor
(n=417) | (n=80) | (n=277)| (n=28) |(n=240)| (n=27)

Just wanted to change 0.3 0.0 0.0 0.0 0.6 5.6
Distance from residence 0.0 0.0 0.3 0.0 0.0 0.0
Inadequate retribution 0.9 3.0 3.0 2.3 2.3 0.0
Professional duties low 3.4 1.6 3.4 12.6 7.9 6.2
Unstable employment 4.3 5.6 3.7 1.5 5.7 22.7
Family problems 0.0 1.7 1.1 0.0 1.1 2.6
Inadequate internal rapport| 23.5 16.9 25.2 15.1 25.4 16.2
Expired contract 3.4 1.6 3.3 0.0 3.7 4.3
Military service 0.6 0.5 2.4 0.0 3.7 0.0
Dismissal 8.8 49 239 21.6 12.1 25
Other motives 54.8 64.2 33.8 46.8 37.6 39.9
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ment. The unemployed, instead, refuse an employment often to continue
their studies. Unfortunately, we are not able to establish if the desire to
continue the studies was born after the offers refused, or if it was a pre-
defined choice empowered by the perception of inadequacy of the
achieved degree in relation to the market. It is, in fact, plausible that the
offers of employment advanced by the companies are few for the prestig-
ious positions and many for second calibre ones. However so, the major
part of the graduates refuse employment because they feel a hiatus be-
tween their aspirations and the desirability of the offer received.

A logistic regression analysis, applied on dichotomous variable "refusal of
an offered job™ shortly after obtaining degree (Table 12) as a criterion vari-

able,

o confirms that the most important variable for the interpretation of the fre-
guency of refusals is the faculty. The faculties with the highest "risk™ of
job refusal no matter the study programme (master vs. bachelor) and the
possible position of worker student are Economy and Engineering.

Table 12. Results of the logistic regression analysis referred to the refusal of at least
an offered job on University of Padua graduates six months since obtaining degree®

Estimate of 5|  s(f) Significance |Estimate of w

Intercept -0.057 0.401 0.887 =

Agriculture -0.363 0.328 0.269 0.70
Economy 0.494 0.377 0.190 1.64
Pharmacy 0.251 0.339 0.459 1.28
Law -0.412 0.259 0.111 0.66
Engineering 0.417 0.300 0.165 1.52
Humanities -0.119 0.278 0.668 0.89
Medicine 0.418 0.906 0.645 1.52
Veterinary 0.226 0.422 0.592 1.25
Psychology -0.590 0.274 0.031 0.55
Pedagogy 0.244 0.363 0.501 1.28
Science -0.219 0.254 0.387 0.80
Statistics 0.229 0.378 0.544 1.26
Gender 0=M 1=F -0.173 0.135 0.201 0.84
Master=0 Bachelor=1 0.382 0.275 0.165 1.46
Worked (=1) at graduation 0.227 0.167 0.174 1.25

3

Faculties have been forced into the model as explanatory variables. Faculty estimates re-

fer to Political Science Faculty. A stepwise selection technique (Fabbris, 1997) was ap-
plied for the selection of other predictors. The other predictors we considered were: (i)
employed at 6 months, (ii) age at graduation, (iii) graduation vote. None of these vari-
ables reached a significance level of 20%.
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e adds a few other significant variables. The gender, index of a greater
propensity of males to refuse incongruous jobs, having obtained a
Bachelor (vs. Master) degree, since it is easier for an employer to make
offers with a low professional content to lower training figures, and hav-
ing been a worker student indicate that the comprehension of the func-
tioning rules of the employment market makes one evaluate more criti-
cally the opportunity offered.

5. Makeshift working positions

For a graduate, job dissatisfaction may be caused by the acceptance of a
makeshift position. It may be correlated to:

e unqualified professional duties,

e precarious employment contract or remuneration,

e unfavourable place and conditions of employment.

The makeshift attitude of the graduate on undesirable work positions shows
various gradations of severity. For a graduate, the acceptance of waged job is
probably the least desired condition. In the first six months since obtaining de-
gree, it regards 2.3% of those that have obtained a degree from the University
of Padua. Fortunately, the proportion is limited and evaporates with the pas-
sage of time, it is reduced, in fact, to 1% at one year and to 0.5% at eighteen
months after obtaining degree (Table 13).

The work positions that do not require a university degree are a step lower
on the scale of severity of dissatisfaction causes. At six months, 14% of the
graduates of the University of Padua affirm that their work could be done by
anyone even without a high school degree. Since this proportion remains at
10% at 18 months, it may concern the nature of the activities involved and not
an undesired job contract.

During the insertion stage, there are frequent references to atypical con-
tracts, or time-limited contracts, or even working without a contract. These
conditions regard one in three activities within 18 months from the degree
achievement. Since many employment contracts that pre-exist to graduation
are stable, it implies that the major part of the “ex-novo” jobs is with precari-
ous or atypical contracts®.

Some graduates undergo a limitation in remuneration instead of a penaliza-
tion of contract. Less that 600 Euro per month, that represents about half of
the average pay, is the earning of 11% of the graduates at six months from ob-
taining degree, of 6% at one year, and of 4% at 18 months. The graduates that
have to face this limitation are included in the periods of apprenticeship, for

* " In the handicraft firms, it is not rare to have an offer of an apprentice contract even to

engineers destined to do qualified activities.
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Table 13. Indicators of acceptance of makeshift positions on the part of Master or
Bachelor graduates of the University of Padua in the first 18 months from obtaining
degree, according to type of degree and working conditions at time of graduation

m(_)nths % % degree % work % remunerated % W(_)rk
since | factory not contract outside
.5 | to600 euro -

degrees | workers |necessary| precarious region
Padua 6 2,3 14,2 32,7 11,3 76
University 12 1,0 11,4 34,3 59 5,3
graduates 18 0,5 10,3 33,1 4,0 3,1

Employed at time of graduation
Master 6 1,7 23,3 20,4 14,8 6,4
degree 12 0,4 14,8 21,7 6,7 4,7
18 0,3 14,1 20,2 57 2,9
Bachelor 6 55 = 18,3 4,5 3,4
degree 12 2,4 = 20,6 0,3 1,3
18 0,0 = 22,5 0,0 0,9
Unemployed at time of graduation

Master 6 1,2 14,1 39,7 12,6 10,9
degree 12 0,9 12,1 38,5 7,9 8,0
18 0,3 12,5 36,4 4,9 4,0
Bachelor 6 7,6 = 45,4 8,4 4,6
degree 12 0,4 = 37,7 3,8 0,9
18 0,9 = 36,5 2,1 1,2

the admission to the State exam, with badly paid and precarious activities. The
low pay couples with every other manifestation of difficulty of work insertion.

Graduates only if necessary accept a place of work far from the area of
residence. In addition, the majority of them consider working with rotating
hours, or during the weekends, exceptional. With the passing of time also the
percentage of graduates that were initially employed outside the region dimin-
ishes, a clear symptom that the acceptance of an employment that is distant
from home is a makeshift choice caused by the difficulty of finding local em-
ployment. The proportion at six months is 8%, falls to 5% at one year and to
3% at eighteen months.

6. The insertion-and-adaptation process

The research of employment opportunities, the choice between the opportuni-
ties offered, the evaluation of the employment position in rapport with the pos-

° Percentage ratio of master/bachelor graduates employed with atypical or stiff subordi-

nate contracts and total of master/bachelor employees.




166 M. Bonamin, L. Fabbris

possibility to integrate their own training, the family pressures, all this requires
quick and definite choices to graduates. These elements occur in a sequence
repeated even more than once, until the decision is made whether to enter the
job market or continue with studies in order to obtain a degree that is superior
or more specific for the imagined job.

The analysis of the transition to employment of the graduates of the Univer-
sity of Padua demonstrates that getting a job is just a matter of time. The re-
sults of the research for employment may depend on the capacity of the new
graduates to present themselves adequately to who is offering employment.
For the major part of the new graduates, and particularly for those that possess
a degree in the humanities or the social sciences, a positive result in the re-
search depends on their ability to adapt to the offers of the market.

In our analysis we have found that graduates who refuse certain jobs are ei-
ther more prepared on a professional level, or possess a technical or econom-
ics degree, or, having worked, know the rules of the employment market. The
refusal of an offered job is in direct relation with the image that the new
graduates have of their own degrees. However, there is no correspondence be-
tween the graduates’ ideal image and the market’s opportunistic view for the
same degree. For instance, the frequent refusal for first employment positions
by Economy and Business graduates is not correlated with a proportional offer
of high rank positions for the same class of graduates.

The adaptation of the graduates to the market is, instead, progressive. Some
modest positions on the professional level, like the positioning in a job as a fac-
tory worker or similar, is in fact transitory, and may last even less than six months.
A low standard of remuneration may last, for one graduate in twenty, even one
or two years, however in the mid run it converges towards higher values.

Massive — above 30% also over 18 months from the insertion — are the per-
centages of employment with precarious contracts that goes to say atypical,
for a limited amount of time, with the possibility of dismissal on the part of
the employer, and even “by verbal agreement”. These ways to regulate the
first employment rapports are so common that their value is shared, with few
exceptions, both by who asks for and by who offers employment. Actually, the
most desirable employment positions are regulated by unstable contracts,
while the lower ones are accompanied with longer contracts. Although it is a
mass phenomenon, the instability of contracts is transitional. That is demon-
strated by the progressive flow of the newly assumed toward stable positions
and toward productive organizations of more ample dimensions.
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Summary. The main goal of the present paper is the analysis of the working
position of graduates using multilevel and chain graph models, extended to the
case of correlated data. After a brief introduction to multilevel modelling and a
description of the conditional independence implied by the model, we describe
chain graphs for multilevel models. The model put forward can analyse the
factors influencing the graduates’ job position, using the data collected on stu-
dents of the University of Florence who graduated in the year 2000.
Keywords: Chain graph models; Logistic regression; Multilevel models; Uni-
versity system evaluation.

1. Multilevel and chain graph modelling

The university system evaluation requires ad hoc methods and statistical mod-
els able to capture the complexity of the phenomenon. Such a complexity
originates from many facets, such as:

(a) the hierarchical structure of the data, entailing a correlation among the
observations and requiring the consideration of effects at different lev-
els of the hierarchy. This hierarchical structure (students within classes,
classes within study programmes, and so on) is substantial for the
analysis and the underestimation of cluster effects and the fact that
some of the assumption of the usual regression models are not satisfied,
may lead to incorrect standard errors of the estimated coefficients;

(b) the presence of variables referring to different moments along the stu-
dents’ careers (e.g. parents education, high school grades, exam grades,
graduation grades). This aspect implies a logical and temporal order
among the involved variables that must be taken into consideration to
shed light on the way students achieve their final result (e.g. getting a
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job), and to distinguish between direct and indirect effects.

Multilevel models (Snijders & Bosker, 1999; Goldstein, 2003) allow us to
cope with the intra-class correlation and to analyse in a proper way the cluster
effects. For such reasons, multilevel models are widely applied in the educa-
tion evaluation framework. Chain graph models (Cox & Wermuth, 1996) are a
useful tool for the representation of the process described at point (b).

In the following, we propose a method for the integration of multilevel and
chain graph models that allows:

Q) to properly model the relationships among the probability of find-
ing a job after the degree, the students’ careers and their individual
characteristics;

(i) to stress the contribution of the study programme to the student’s
success in the labour market;

(iii) to distinguish among direct and indirect effects of the background
and career variables.

In Section 2, we describe the two-level linear model and its extension to a
binary response. In Section 3 the multilevel graph model derived from the in-
tegration among the multilevel model and the chain graph model is illustrated.
In the fourth Section, we present the data at hand and the main results of the
empirical analysis, and in the fifth we conclude by giving some lines for future
research.

2. The linear random intercept model

Let us consider a two-level hierarchical structure, where Yj; is the response
variable for the i-th subject (first level unit) of the j-th cluster (second level
unit), i=1,2,...,n;, j=1,2,...,J. For each subject, a vector X;j; of individual (e.g.
gender, high school rank) and cluster (e.g. number of enrolled students for
each program course) variables is available.

Let us assume Yj; is a continuous variable. If the relationship between the
response Yj; and the covariates Xj; is linear, it is possible to specify the follow-
ing linear random intercept model:

Yij =q; +[5'Xij +&

@

aj=a+Uj

where g; are the first level residuals, while U; are the second level ones. Re-
siduals are assumed to be independent and normally distributed, with zero
mean and variances Var(gij):o2 at subject level and Var(U))= 7 at cluster
level. Moreover, as it is common in regression models, the correlations among
residuals at both levels and the covariates are assumed null. The independence
hypotheses among the observations following from this model are:



A Multilevel Chain Graph Model for the Analysis of Graduates’ Employment 171

Ykl X, Vi#i’, Vj (2)
YileYi’j'| X, Vi,i’, Vjij’,

where X={X;:i=12,...,n;, j=1,2,...,J}.

It can be seen from relationships (2), conditionally on the covariates X, that
observations from different clusters are independent, while observations be-
longing to the same cluster are dependent. The intraclass correlation coeffi-
cient

0 sej#j'
p=Corr(Y; Y, ;) =1 -
o Z+or 17

measures the within-cluster dependence. Moreover, conditionally on the
covariates X and the second-level errors U; also the observations belonging to
the same cluster are independent:

YijJ.LYi-j| X,Uj , Vi?fi’, VJ (3)

For each cluster j the joint probability distribution can be factorised as
follows™:

FOY3U %) = £y 1U 0 £ 1) ()
= £y 1u; ) F () () 4

{H £y, |uj,x)} F(u,)f(x)

where Y'; = {yij, Y2j,---, Ynji}- Actually, from the independence among u; and X
it follows that f(u;j|x) = f(u;), while for the conditional independence (3) the
conditional density f(y;|u;j, X) corresponds to the product of the n; individual
densities.

In general, the effect of a first-level covariate can be decomposed into two
parts: within and between clusters, according to the covariate variance decom-
position (Snijders & Bosker, 1999). For instance, in the linear model with only
one covariate X, the OLS total coefficient j3; is a linear combination of the
coefficient of the regression among cluster means ﬁB and of those within clus-

ters 4, :
,BTzﬁi'AN"'(l_ﬁi)'ﬁB (5)

1 In factorisation (4) it is the same if one considers the matrix of the covariates X of all the

individuals or only the sub-matrix X; of the covariates of the subjects of the j-th cluster,
so, for the sake of simplicity, only the sub-matrix X; is considered.
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where 735 is the correlation ratio of X. As a result [3. assumes an intermedi-
ate value among g, and j, . The between and within coefficients have a dif-
ferent interpretation and they can take opposite values. Thus, the total coeffi-
cient can be non-significant, whilst the between and within coefficients are
significant but opposite in sign.

Therefore, it is better to specify the model in order to estimate both the be-
tween and the within coefficients of each subject-level covariate. A way to
perform such an estimation is to insert in the model both the covariate X;; and
the cluster mean X ;

Yy =t B Xy +(Bs = B) X +... - (6)

In model (6), the coefficient of the cluster mean represents the difference
among the within and between coefficients, so the usual test for the X ; coef-
ficient is to be interpreted as a test for the difference among the within and be-
tween coefficients. If the X ; coefficient is not significant, the distinction
among the between and within effects can be ignored, leaving among the pre-
dictors only the raw covariate X;;.

Note that the insertion of the cluster mean of a covariate allows us to elimi-
nate the possible correlation among the covariate and the random effects U;
(Snijders & Bosker, 1999).

When the response variable is binary, it is possible to assume the linear
random intercept model (1) for a continuous latent variable that generates the
observed binary variable Yij°bs as follows:

W [0 ifY, <0
i1 if Y, >0

Assuming a standard logistic distribution for the first-level errors g; (equa-
tion 1), the logistic random intercept model for the probability of response is:

1
P =1|u,x.) = .
(Y” [U;:%;) 1+exp(—(a+P'x; +u;))

Many multilevel analysis textbooks (e.g. Snijders & Bosker, 1999) describe
the properties of such a model.

2.1 Graphical models for hierarchical data

Graphical models are a class of probabilistic models on a set of random vari-
ables whose conditional independence structure can be represented by a graph.
A graph is a mathematical object consisting of two sets: a set of nodes and a
set of undirected or directed edges (arrows) between nodes. In the graph asso-
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ciated with a particular model, each node corresponds to a random variable in
the model. Usually, a discrete random variable is depicted as a circle, O, a
continuous random variable is represented by a dot, e , an edge between two
nodes stands for an association between the variables or, more precisely, the
absence of a connection between two nodes indicates conditional independ-
ence between the corresponding variables.

A chain graph admits both undirected and directed edges, and (partially) di-
rected cycles are forbidden. This implies that, starting from a node, it is not
possible to go back to it through the edges and arrows of the graph.

In a chain graph, nodes can be partitioned into an ordered sequence of
blocks. Nodes in a same block can be connected by undirected edges, while
only arrows can connect nodes in different blocks. The arrows stay for an
asymmetric relationship between the variables, while undirected edges indi-
cate a symmetric relationship.

A chain graph model for a set of random variables is specified by assuming
that their joint distribution satisfies the chain graph Markov properties. There-
fore, chain graph models are a class of probabilistic models allowing for both
symmetric and asymmetric relationships between variables, assuming a sort of
logical and temporal order among the variables. Each variable in a block has
to be considered explanatory of the variables in the following blocks.

Because of the partial ordering among the variables, it is possible to distin-
guish the set of pure explanatory variables (usually in the last block on the
right), from the set of pure response variables (last block on the left) and from
the set of intermediate variables, that are both explanatory and responses, posi-
tioned in the intermediate blocks. In this work, we refer to the chain graph
Markov properties proposed by Lauritzen & Wermuth (1989) and Fridenberg
(1990). These properties are usually termed LWF Markov properties.

An important Markov property for chain graphs is the global Markov prop-
erty, which is based on the definition of the ‘moral graph’. Starting from a
given chain graph, a moral graph can be obtained by connecting parents of
common children (or children belonging to the same chain component), and
then converting all the arrows into undirected edges. See, for example, Figure
1, where the graph in (b) is the moral graph of the chain graph in (a). More de-
tails can be found in Lauritzen (1996).

The global Markov property combines the concept of conditional independ-
ence to that of separation between nodes in the moral graph. If, in the moral
graph, a set of nodes S separates the nodes in A from the nodes in B, that is,
each path from A to B passes by some node in S, then X, L Xg|Xs, where Xy is
the vector of random variables represented by nodes in k, k = A, B, C. Markov
properties induce a factorization of the joint distribution of the variables in a
model, which is useful for the inferential procedures (Lauritzen, 1996).

Graphical models are apt to represent the conditional independence rela-
tionships among a set of variables, if statistical units are independent. This as-
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sumption is no longer valid whenever the data have a hierarchical structure.
Gottard & Rampichini (2004) propose to overcome this issue by representing
in a graph all the variables of a generic group j, given that the J groups are as-
sumed independent and identically distributed. For instance, in a two-level
model all the variables of the vector (Yj, U;, Xyj, ...,Xk;) of the j-th group are
represented in the graph. Whatever the cluster sizes n; are, it is enough to de-
pict the minimal sub-graph suitable to read the conditional independence
structure from the graph. For instance, in the case of a two-level structure,
only two elementary observations have to be included in the minimal sub-
graph.

This solution implies additional definitions. An individual node is a node
that represents a random variable for a specific statistical unit. A grouping la-
tent node, is a node representing a latent random variable U; being a separator
between the individual nodes, such that, Y;lLY;;|U;. Such node is represented
by the symbol ®. A deterministic node is a node representing a random vari-
able whose conditional distribution is degenerate. This node is represented
with a double line block.

The conditional independence structure of a two-level random intercept
model can be represented by a chain graph where: the last block on the left,
made up of pure response variables, contains two individual nodes and the
second-last block contains a grouping latent node. LWF Markov properties
can be used to encode the conditional independence structure of such a graph.

Figure 1 shows an example of a chain graph for a two-level random inter-
cept model with only one explanatory variable. Therefore, the main advantage
of this proposal is that the usual LWF Markov properties and the factorization
criterion are valid in such chain graphs. For instance, in Figure 1, the pairwise
chain graph Markov property suggests that the latent variable U; is marginally
independent from the explanatory variable Z;. Moreover, due to the global
Markov property, looking at the moral graph in (b), one can see that U; is not
independent of Z, conditionally on the response variables Y;.

Yi; N Zi Y™ I
N v l\..___‘f\ \_/
—— — /_/ e
i"f__\'jui / S
L / A
— . e =
Ya; :'\ et Yy JI/""\,/ \."\"\._:-\I-f ;
o \_/ P

(a) (b)

Figure 1. Example of (a) two-level random intercept graphical model, and (b) corre-
sponding moral graph.
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3. A multilevel graphical chain applied to graduates’
employment

We adopted the multilevel graphical chain model described in Section 2.1 to
analyse the data collected on the students who graduated in year 2000 at the
University of Florence. They had been interviewed at approximately two years
from the attainment of the degree. We analysed the occupational condition at
the interview for the graduates who, at that time, were working or were seek-
ing for an occupation. Our aim is to determine the factors that influence job
finding, with reference to both individual characteristics and type of degree.

The data include 2,917 graduates employed or seeking a job: 46% had an
occupation with tenure, the other 54% was unemployed or with a temporary
occupation. The graduates under consideration had 56 types of degrees, with a
number of graduates per course ranging from 4 (Chemistry) to 504 (Architec-
ture), and a median of 22. Graduates (first level units) and degree programmes
(second level units) thus characterize the hierarchical structure.

The response variable is binary with a value of 1, if the graduate has a sta-
ble occupation to the date of the interview, and 0 otherwise.

The use of a graphical model allows the study of the joint distribution of all
the involved variables, bringing to light direct and indirect relationships. It is
just this point that differs our contribution from others where the response
variable is studied through a multilevel model, but the relationships among the
explanatory variables are not modelled (e.g. Chiandotto & Bacci, 2004).

The specification of the graphical chain model requires, first, the covariates
to be ordered according to the prior knowledge of the phenomenon, following
a logical and/or time order. The variables used in our analysis® and their block
ordering are shown in Table 1.

The variables in block 5 are the cluster means of the corresponding subject
level variables. As shown in equation (6), the insertion of the cluster mean al-
lows to decompose the total effect of a variable into a between and a within
component. Since the conditional distribution of a cluster mean degenerates,

that is f(X; |x1j,...,xnjj) =1, a cluster mean is represented in the graph as a

deterministic node, located in a block following the block containing the cor-
responding individual-level variable and preceding the block containing the
cluster latent variable.

Block 6 contains only the random effect U, represented as a grouping latent
node, whose role is to model the variance of the response.

2 The variables were selected on a logical basis and thanks to past analyses. Our aim was

to design a relatively simple model able to catch the key features of the process under
scrutiny.
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Table 1. Block ordering of the variables. Graduates of the year 2000, University of
Florence.

Block Variable Description

1 exogenous MALE Gender: 1=male, 0=female

MOTHER EDUC. Mother’s education: secondary school or
low, high school (ref. cat.), degree

2 intermediate LICEO High school: 1=lyceum, O=other
SCH. MARK High school final mark: 36-60 (mean=48.0)

3 intermediate DIPLOMA Type of degree programme: 1=diploma (3

years), O=laurea (usually 4 years)

4 intermediate AGE Age at graduation: 21-50 (mean=27.6)
UNIV. MARK Average exam mark: 18-30 (mean=26.8)

5 cluster means C.M. SCH. MARK | Degree programme mean of SCH. MARK
c.M. AGE Degree programme mean of AGE

C.M. UNIV. MARK | Degree programme mean of UNIV. MARK

6 cluster latent node (U, ~ N(0,7%) Degree programme latent variable

7 response EMPLOYED Employment: 1=stable occupation, 0=other

The block ordering shown in Table 1 and the independence assumptions of
the multilevel model imply the following factorization of the joint distribution:

fly . upx) = £y fupx) fu))f(x)
f(x)= f(X[4] |X[3]’X[2]’X[1]) f (X[a] |X[2]vx[1]) f (X[Z] |X[1])

(7

where X denotes the variables of the k-th block, k=1,2,3,4, for example
X2={LICEO, SCH. MARK}.

The fitting of the multilevel graphical chain model that corresponds to fac-
torization (7) requires the fitting of four regression models, some of which
have a multivariate response.

Given the alternation between categorical and continuous variables in con-
secutive blocks, we adopted the estimation procedure by Cox & Wermuth
(1996). The procedure consists in fitting, for every endogenous variable, a
univariate regression model whose explanatory variables are those in the same
block and those in the previous ones. When the endogenous variable is con-
tinuous, a linear regression is fitted, while in the binary case a logistic model
is used. The multilevel (random intercept) model is the one for the response
variable EMPLOYED.

All the regression models are fitted by maximum likelihood. For the ran-
dom intercept logistic model, the likelihood is approximated through adaptive
Gaussian quadrature using the g1 1amm command of Stata (Rabe-Hesketh et
al., 2004).
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Figure 2. Multilevel graphical chain model: black (grey) arrows are positive (nega-
tive) effects at 10% significance level. Graduates of the year 2000, University of Flor-
ence.

The resulting graphical model is shown in Figure 2. The arrows are drawn
when the p-value of the corresponding regression coefficient is less than 0.10.

In order to ease the reading of the graph the positive effects are represented
by black arrows and the negative ones by grey arrows. The arrows pointing to
the cluster means represent a deterministic relationship (as suggested by the
double line block). The sign of the relationship between the response variable
and the latent node Uj; is not identifiable. Moreover, the two individual nodes
in the final block are identically distributed, that is the dependence structure of
the two nodes is the same even if, in order to simplify the reading of the graph,
the arrows have been only traced for one of the two individual nodes.

The estimates concerning the models for the intermediate variables are not
shown, as the essential information for the aims of the analysis is encapsulated
in the graph of Figure 2. The estimates concerning the random intercept logis-
tic model for the probability of a stable occupation are reported in Table 2.

Figure 2 shows that the response variable EMPLOYED directly depends only
on MALE and UNIV. MARK. Therefore, the variables MALE and UNIV. MARK
constitute a separator set between the response variable and the other covari-
ates, in the sense that EMPLOYED is independent from AGE, DIPLOMA, LICEO,
SCH. MARK and MOTHER EDUC. conditional on MALE and UNIV. MARK.

If only the model for the response variable was fitted, one would conclude
that the factors relevant for employment were MALE and UNIV. MARK. Actu-
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Table 2. Random intercept logistic model for the probability of stable occupation.
Graduates of the year 2000, University of Florence.

Parameter Estimate Standard error p-value
Intercept 4.925 6.024 0.414
MALE 0.372 0.087 0.000
MOTHER EDUC. (secondary sch.) -0.020 0.090 0.820
MOTHER EDUC. (degree) -0.115 0.135 0.397
LICEO -0.089 0.087 0.308
SCH. MARK -0.003 0.007 0.595
C.M. SCH. MARK 0.070 0.050 0.164
DIPLOMA 0.612 0.396 0.122
AGE -0.005 0.016 0.737
C.m. AGE -0.034 0.106 0.747
UNIV. MARK -0.055 0.030 0.069
C.M. UNIV. MARK -0.221 0.119 0.063
Cluster residual variance 7 0.510 -0.148

ally, also other covariates influence the result, even if indirectly. This high-
lights the potentiality of the graphical chain model: given a block ordering of
the variables, such a model allows to study the phenomenon taking into ac-
count the whole dependence structure.

The presence of an arrow between the cluster mean of UNIV. MARK and the
response variable points out that UNIV. MARK has distinct within and between
effects. From expression (6) it follows that the within effect is the coefficient
of the variable at the subject level (-0.055), while the between effect is the sum
of the coefficient of the variable at the subject level and the coefficient of the
cluster mean (-0.221), and it turns out to be -0.276. Both the effects are nega-
tive, but the between effect is stronger, so the negative effect of the mark is
largely due to the degree programme: a higher mark is associated with a lower
probability of a stable occupation, because high marks are more frequent in
degree programmes that usually yield modest occupational opportunities, e.g.
the Humanities.

The effect at the subject level, even if significant and negative, is low. The
effect at the subject level may be negative because the graduates with higher
marks have greater ambitions and therefore are more demanding in job search.

If between and within effects are not disentangled, namely if the model con-
tains UNIV. MARK without its cluster mean, the coefficient is -0.068 (s.e.
0.029). Such a coefficient is the total effect of the variable uNIv. MARK and
therefore is difficult to interpret. However, a reader not accustomed to multi-
level analysis is likely to misinterpret this effect as an effect at the subject
level.

The unobserved factors at degree programme level are relevant: the likeli-
hood ratio test comparing the models with and without random effects is sig-
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nificant (test statistic 108.8 with 1 degree of freedom) and the intraclass corre-
lation coefficient p=0.134, that is 13.4% of the unexplained variance is at the
degree programme level. Such value is rather high given the kind of model
and the field of application.

The probability of stable occupation P(Yij =1| uj,xij) is a function of the
subject level covariates Xj; and the degree programme random effect U;. To
assess the role of the random effect, let us consider a particular graduate who
is a male, has a mother with high education, attended a high school other than
LICEO, had a high school final mark 48, obtained a ‘laurea’ degree, graduated
at 27, and had an average examination mark of 26. For such a graduate the
probability of a stable occupation is 0.56 if graduated in a mean course
(u; = 0), 0.72 if graduated in a course yielding high occupational chances
(u; =+27) and 0.38 if graduated in a course yielding low occupational chances
(u;, =-27).

JAfter parameter estimation, the residuals G; can be calculated with the Em-
pirical Bayes method (Snijders & Bosker, 1999). The degree programmes with
a positive (negative) residual yield graduates with a probability of a stable oc-
cupation higher (lower) than predicted. The ranking based on the residuals has
Nursing in the first position and Physics in the last position.

Figure 3 can be used to compare the residuals in pairs: two residuals are
significantly different (at 95% average confidence level) if and only if the cor-
responding intervals do not overlap. The interval length is a decreasing func-
tion of the sample size of the degree programme: two extreme examples are

] 20 60

L
Figure 3. Intervals for pairwise comparisons between residuals at the

“~— Economics
o { |Physics (%)
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Chemistry (4 graduates) and Economics (394 graduates). For a study pro-
gramme with few graduates the considerable length of the interval hinders the
comparison with the other programmes, as the differences are nearly not sig-
nificant.

The residuals d; incorporate all the unobserved factors at the study pro-
gramme level, so they can be interpreted as a measure of external effective-
ness of the study programme, though not adjusted for the conditions of the la-
bour market. For example, the job opportunities yielded by Nursing depended
not only on the quality of the programme, but also on the labour market needs

(see, about this, Chiandotto & Grilli, 2003.

4. Final remarks

In this paper, we presented and applied a method of analysis based on the in-
tegration between chain graph and multilevel models. This method has the ad-
vantage to make explicit the assumptions on the ordering of the variables and
on the conditional independences underlying the multilevel model. Moreover,
the use of the graph helps to visualize the direct and indirect effects on the re-
sponse variable and to read in a simple and direct way the conditional inde-
pendences among the variables. It is not necessary that the variables follow a
joint Gaussian distribution, nor a Conditional Gaussian one, so the estimates
depend on the assumed block ordering of the variables. With a different block
ordering the estimates could change and so the conditional independences.
However, in our application, the adopted block ordering was plausible because
it follows a logical and/or time ordering.

The potentiality of this class of models is still to be explored. It would be
useful to extend the methodology in the following directions: several multi-
level regressions in the same graph, modelling of the process of formation of
the clusters, regression of cluster-level variables on individual-level variables.

The application based on data from the graduates employed or seeking a
job, so the considered joint distribution is conditioned on this subset of gradu-
ates. For example, the relationship between the type of degree programme
chosen by the student (DIPLOMA) and their characteristics (MALE, MOTHER
EDUC., LICEO, SCH. MARK) is not referred to all the students enrolling in uni-
versity, but only to students who eventually graduated and searched for jobs.

This choice follows the need to have a random sample from the joint distri-
bution, as is customary in graphical models. The consideration of a wider
sample, such as a cohort of freshmen, requires an adequate representation of
the selection process in the graphical model: for example, for the freshmen
who do not graduate, all the variables associated with graduation and succes-
sive job search are not observable, and they cannot be treated as missing at
random. The development of multilevel graphical models able to represent
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also the process of selection of the statistical units is an interesting topic for
future search.
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Transition from University to the Job Market.
A Time Analysis of the University of Cagliari
Graduates

Mariano Porcu, Nicola Tedesco®

Department of Social and Economics Research, University of Cagliari, Italy

Summary. To investigate the transition from University to work, and indi-
rectly assess the effectiveness of university education, time analysis can play a
key role. The period that elapses between graduation and finding work is usu-
ally influenced by various factors. In this work, an analysis of such determi-
nants is performed by means of non-parametric and parametric survival mod-
els.

Keywords: Transition to work; Time intervals; Graduates; Kaplan-Meier
model; Weibull model.

1. Transition times between graduation and employment

The transition from university to the job market is a basic aspect to be consid-
ered when assessing the efficacy of the higher education system in Italy (Giam-
balvo, 1996; Ortu et al., 2000). Any analysis of the outcomes of the university
system has to evaluate the success of graduates in finding a job in a short time.

The occupation of graduates must be evaluated both in relation to the em-
ployment rate and job qualification, and to time needed to reach a given target.
The length of a transition period may be influenced by several factors. By ana-
lysing these factors, we can understand how the missions of state-run universi-
ties to educate its citizens and to satisfy the demands of the labour society are
accomplished.

L This paper is the result of the joint research of the two authors. M. Porcu was responsi-
ble for the final editing of Sections 1, 2 and 4, whereas N. Tedesco was responsible for
Section 3. The authors wish to thank the anonymous referees for their precious sugges-
tions.
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Moreover, considering the “3+2” reform of the Italian university system,
this aspect is an essential instrument to correct and improve the process of
university education. Therefore, in this work, we will study transition times
with semi-parametric and parametric techniques on a sample of graduates of
University of Cagliari, in order to evaluate the importance of some covariates.

After the presentation of some general traits of the graduates of the Univer-
sity of Cagliari (Section 2), we will analyse their transition times (Section 3)
and draw some general conclusions from the obtained results (Section 4).

2. The University of Cagliari graduates

Our data comes from a survey on graduates of the University of Cagliari, un-
dertaken in autumn 2003. Our research, realized with a CATI system, in-
volved 4,363 graduates (aged 37 years or less at graduation) who had their de-
gree in years 1999 and 2000.

We selected a sample size of 1,112 (one out of four population units). For
each subject, the professional status at the interview was noted: i.e. whether
employed, unemployed (before employed), seeking for first employment, en-
rolled in a masters or PhD course, not interested in finding an occupation.
Moreover, those in employment were asked whether they had started in their
current job before or after completing their degree.

According to these variables, we selected a sub-sample of 906 graduates
who were employed when interviewed and had begun their present job after
the graduation. We concentrated our analysis on the employment status during
a given period. Each of the 906 graduates was observed for a period ranging
from 35 to 56 months (TIME) and their unemployment (transition) times were
evaluated retrospectively. If a subject was not working at the end of survey
period, his/her exposure time was truncated.

The criterion variable TIME is computed as difference between the student’s
first employment time and that of graduation. If, during the observational pe-
riod, the subject had obtained a master/PhD/specialization title, the time span
(both truncated and complete) was recalculated subtracting the frequency pe-
riod because we hypothesised that during post-graduate education subjects did
not look for jobs.

For an explanatory analysis of transition times, we considered the covari-
ates: sex (SEX), type of degree (TY_DEG), degree final mark (MARK), delay in
finishing university studies (obtained by subtracting the statutory time for uni-
versity studies from the time taken) (LAG), completion of master, or Ph.D., or
other specialisation courses (POST).

Concerning the variable MARK (the interval is 66-110), we decided to create
two levels (< 105 and > 106) in line with its distribution (Fig. 1). The variable
LAG was categorised in three levels: “<1 year”, “2-3 years”, “> 4 years”.
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Figure 1. Graphics for variables TIME (only not censured), MARK and LAG

As for variable TY_DEG, we consider four groups: Economics-Law-Social
Sciences (EGS), Scientific-Technical subjects (SCT), Life and Health Sci-
ences (SVS) and Humanities-Education-Behavioural Sciences (UEC)? (the
classification rationale is explained by Porcu & Puggioni, 2003).

Table 1, and Figures 1 and 2 show the distribution of the examined vari-
ables. It is important to point out the negative asymmetry for variable MARK
and high values for the average (105.0) and for the median (106.0). Contrari-
wise, the variable TIME shows a positive asymmetry (the average being equal
to 17.4 and the median being 15.0 months) according to previous studies (Ortu
et al., 2000).

EGS group: degrees in Economics, Law and Political Science; SCT group: Engineering,
Physics, Mathematics, Chemistry and Geology; SVS group: Medicine, Biology, Natural
Sciences and Pharmacology; UEC group: Literature, Languages and Educational Sci-
ences (Pedagogy and Psychology).
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Table 1. Synthetic statistics for variables TIME, MARK and LAG on sample of survey.

Covariates Min Q: M, u Qs Max o

TIME* 0.00 6.00 15.00 17.36 27.00  55.00 12.94
MARK 78.00 102.00 106.00 105.02 110 110 5.73
LAG 0.00 3.00 4.00 4.47 6.00 14.00 2.47

* Relative to non truncated observations

One noteworthy finding, considering its negative implication for an evalua-
tion of the performance of our university system, is the average value for the
variable LAG (4.47 years) and the median (4.00 years). We can conclude that
in Sardinia the average time a student spends at university amounts to twice
the statutory duration with a consequent and evident increase in costs for a
university system that is clearly inefficient.

In Figure 2, we can observe distributions of some variables on a sub-sample
of 906 subjects. The employment rate is 78% (707 events of interest and 199
censured), in which there is a prevalence of female (62%) graduates not in-
volved in post-graduate education (53%), and the principal degree categories
are EGS (36%) and UEC (30%).

A B

Events
78%

SCT
23%

Censures
22%

10% 30%

Yes
F 47%
62%

M No
38% 53%

Figure 2. Variables indicating the event (A) and TY_DEG (B), SEX (C) e POST (D)
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3. Analysis of transition times

In order to study the transition times and the importance of some covariates on
times, we initially applied the Kaplan-Meier (KM) method, a non parametric
technique (Section 3.1) and then a parametric one (Section 3.2). The total du-
ration of the follow-up was 56 months (March 1999 — October 2003), and the
longest time-event was 55 months.

The survival function on all observations (Fig. 3) displayed a uniform trend
with a median of 21 months and with 25% of the graduates who found a job
within 8 months from graduation. We found that truncated observations (the
unemployed) appear after 35 months (the minimum period of observation re-
ferring to graduates that are more recent).

The regularity of the survival function is an indirect indicator of the labour
market’s inability to absorb graduates. When there is a good level of demand
for graduate employees, we would expect the survival function to have an “L”
form. In other words, the majority of graduates would find a job in a short
time and only a minority would require longer finding employment. In our
opinion, this aspect is all the more relevant if we consider that the variable
TIME does not incorporate the time for post-graduate education, as if someone
who is studying for a post-graduate qualification would not in the job market’.
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Figure 3. Kaplan-Meier survival function on 906 observations

% The hypothesis is conservative. In a context of relative backwardness of an economic

system such as Sardinia’s, it is plausible that a large percentage of graduates view post
graduate education as a sort of status in which they can study and work simultaneously.
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3.1 Non parametric analysis: the effect of covariates

We carried out a non-parametric analysis of transition times in relation to
some covariates SEX, MARK and POST (Fig. 4) considering the stratifica-
tion of observations according to the levels of covariates. No covariates
proved significant because the survival curves for each level of covariates
were similar, in particular for the POST variable. This is an interesting result
for three reasons: a) the local labour market’s inability to employ graduates
with an post graduate qualification; b) the low quality of post-graduate educa-
tion in Sardinia*; c) the possibility that post-graduate education is a way of
overcoming the gaping divide between demand for and supply of graduates in
Sardinia.

Survival Function Sex
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Figure 4. KM survival function for variables Sex, MARK and pOST

In our sample, in most cases post-graduate education was not a PhD or a Master pro-
gramme but a shorter duration course.
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Figure 5. KM Survival Functions for variable TY_DEG

The stratified analysis of transition times by type of degree (TY_DEG) is
rather interesting. As we can observe (Figure 5), survival functions for gradu-
ates SCT and SVS show how their transition times are lower than they are for
other graduates (in particular for SCT) and that the shape of their curves is
more similar to “L” than in the other groups, which is the typical situation for
short time events.

The comparison between medians and quartiles (Table 2) provides us with
further points for reflection. On average, an SCT graduate finds a job in half
the time it takes UEC or EGS graduates to find one. It is interesting to notice
how the longest observation time of the event for SCT graduates (43 months)
is lower by almost one year than for graduates of groups EGS (53 months) and
UEC (55 months).

Such evidence is a well-known factor among those who analyse university
education performance; our evidence stems from a context (Sardinia) of rela-
tively low economic development. Therefore, this would indicate that even in
a region where the services, and in particular the public ones, are particularly
demanding for the new employment, graduates of groups EGS and UEC do
not have a greater probability of finding a job®.

Nevertheless, it is reasonable to believe that this evidence is influenced by the persis-
tence of a blocking of employment opportunities in the public sector.
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Log-rank, Wilcoxon and Likelihood Ratio tests were applied to test the hy-
pothesis of homogeneity of survival curves for each category of covariate
TY_DEG. They are significant in all cases (p<0.0001).

The analysis of transition times for the LAG variable (Figure 6) does not
show any differences in distributions of times, even though those who com-
plete a degree course with a lag of one year have shorter transition times (Ta-
ble 2). Moreover, for the same category of graduates, Q; and M, are quite
similar to the corresponding values for other categories, while values of Q3
and Max appear lower.

Table 2. Some statistics on transition times for covariates TY_DEG and LAG

Variables Min Q: M. Qs Max
TY_DEG:
EGS 0 12 23 46 53
SCT 0 4 12 28 43
SVS 0 7 16 40 46
UEC 0 14 26,5 42 55
LAG:
<1 0 8 18 34 45
2-3 0 8 19 38 55
>3 0 9 23 43 54

Survival Function

0.0

Time (in monthsr

T T T T T
[0} 10 20 30 40 50

Figure 6. KM Survival Functions for variable LAG
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This meant that only Log-Rank and LR tests were significant (at 5% level),
but this was the case for the Wilcoxon Test (not significant because of the in-
tersection of curves in the initial part of the follow-up).

3.2 Parametric analysis of covariate effects

Non-parametric analysis enabled us to distinguish between different durations
of times in a status of unemployment. Nevertheless, it could not actually
measure the strength of the effects of covariates. That is why we applied a pa-
rametric Weibull survival model®.

The hazard function of the model is defined as

h, (t) = exp(B,x,; +B, X +...+ BoX, )h, (1),

where ho(t) = ayt"™ distributes as the Weibull function, with A being a scale
parameter and y a shape parameter.

The results of the application of the model (Table 3), show clearly how the
principal covariates that influence the likelihood of finding employment are
LAG (p=0.0136) and TY_DEG (p<0.0001).

Table 3. Significance of factors and parameters applying a Weibull model

Covariates Estimates | Standard error | Chi square p-value
INTERCEPT 3.6241 0.1327 746.23 <0.0001
SEX 0,6940

Fvs M 0.0389 0.0989 0.15 0.6940
MARK 0.9686

> 106 vs < 106 0.0037 0.0929 0.01 0.9686
CORSO 0.7660
Yes vs No 0.0262 0.0880 0.09 0.7660
LAG 0.0136

<1vs>3years -0.4269 0.1541 7.68 0.0056

2-3vs > 3 years -0.1682 0.0999 2.84 0.0922
TY_DEG <0.0001

EGS vs UEC -0.0652 0.1163 0.31 0.5747

SCT vs UEC -0.6104 0.1305 21.87 <0.0001

SVS vs UEC. -0.2329 0.1587 2.15 0.1422
A scale parameter 1.1359 0.0375
v Weibull shape 0.8803 0.0290

& we applied the parametric Weibull model to test the existence of a linear relation be-

tween log(times) and log[-log S(t)], where S(t) represents the survival function calcu-
lated with the Kaplan-Meier method . We did not apply the semi-parametric Cox model
because we did not verify for all covariates the hypothesis of the proportional odds of
events for each different category of covariates.
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These results were by no means unexpected because they were disclosed in
the non parametric KM analysis and in other studies (Tedesco, 2002; Porcu &
Puggioni, 2003a), albeit with different research objectives.

The analysis of estimated parameters clarifies the role of the above-
mentioned factors.

First of all, with regard to the time taken to obtain a degree, it is evident that
a lag of 2 to 3 years, with respect to a baseline lag of 3 or more, does not cause
any significant reduction of transition times (p>0.09).

On the contrary, what appears to be evident and statistically significant is
the reduction of transition times for those who finish their university career
either within the statutory time or with a minimum lag (one additional year)
compared to the baseline ( 8 =-0.4269; p=0.0056).

As regards type of degree, the only significant parameter is for the category
SCT (8 =-0.6104; p<0.0001); the estimate for this parameter is particularly
high because exp(-0.6104) = 0.5431: in other words, the probability of a SCT
graduate getting a job is almost twice as high as it is for a UEC graduate
(baseline) .

Results for the SVS group were quite interesting: the parameter is not sig-
nificantly different from that obtained with the non-parametric KM analysis.
The high value for dispersion of the estimate (0.1587) is probably due to the
substantial number of those not employed (more than 25%) in this group of
graduates and this causes the parameter to be non significant.

4. Conclusions

Our research represents the first analysis of transition times undertaken on a
sample of graduates at the University of Cagliari with the aim of defining a
general context in which to carry out an in-depth study of the problem of tran-
sition from university to job market.

We observed a linear survival function which shows that the labour market
can absorb the supply of graduates, which shows the existence of endogenous
and exogenous obstacles to employment. One such exogenous obstacle is the
lack of new openings for jobs in the public sector, which, in a region such as
Sardinia, represents the principal employer for graduates in several areas, and
in particular in the education sector.

In contrast with the results of other research on the efficiency of employ-
ment markets, no significant differences were recorded between genders (but
lack of new job positions in the public sector can mask the effect of gender).
Similar results have been obtained with the variables degree classification
(MARK) and postgraduate education. This may indicate that these are not dis-
criminating factors in obtaining a job. This is in contrast with general opinion,
in particular in the opinion of students.
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The flattening toward high level frustrates any possibility of selection based
on the criteria of final degree mark, while for post-graduate education the re-
sult is surprising because it seems that the choice to attend a postgraduate pro-
gramme is dictated more by the lack of available employment than the idea of
getting a higher qualification for the market.

Among the significant factors, we quoted the effect of the type of degree
and, to a lesser extent, that of the duration of university studies.

As far as type of degree is concerned, only the SCT (Scientific-Technical)
group shows significantly shorter transition time, as well as a lower percent-
age of censures (unemployed) at the end of the observation period.

A similar trend was observed for graduates of group SVS (Life and Health
Sciences), but the large number on censures (explained by the high percentage
of graduates that attend specialisation programmes for medical doctors) and
the low values for transition, or those finding work in a short time made the
parameter in the Weibull model non significant.

As for the duration of studies, we have the confirmation that those who get
their degree in a short time have a higher probability of obtaining a job in a
short time in comparison with those who complete their degree with a lag of
four years or more (this was the case for more than 50% of our sample).

In conclusion, the labour market in Sardinia, displays a striking inability to
select graduates based on their curricula. Probably, the labour market is satu-
rated in traditional economic sectors (public administration) and, because
there is no innovative post-industrial development policy, we might see a rise
in the phenomenon of graduate emigration, which recent research (Porcu &
Puggioni, 2003b) puts at about 10%.
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The Determinants of Graduates’ Placement.
Analysis of Interactions Using Boolean Logit
Models
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Summary. In this analysis of the occupational placement of graduates, we de-
fine the role played by some covariates assembled to predict the dichotomous
event occupied/unoccupied. These covariates influence the response variable
singularly and jointly. This work aims to evaluate this joint effect by means of
a recently developed technique known as Boolean logit. We applied an ex-
ploratory binary segmentation analysis to support the analysis.

Keywords: Graduates’ placement; Segmentation analysis; Boolean regression
analysis; Logit regression analysis.

1. Introduction

In the evaluation of the performances of the university educational system, the
search for the determinants of the occupational placement of graduates is an
important issue at stake. The issue has been approached with different meth-
odologies (Chiandotto, 2004; Civardi & Zavarrone, 2004). An approach that
appears to have an important role is the logit model, based on causal depend-
ence between a response variable and a set of predictors. The dichotomous
variable employed/unemployed is considered as dependent on a set of p predic-
tors

y = f(X1,...,Xp).

L This paper is the result of the joint research of the three authors. M. Porcu was responsi-
ble for the final editing of Sections 1, 2, 5 and 6, whereas N. Tedesco was responsible
for Section 4, and G. Puggioni for Section 3. The authors wish to thank the anonymous
referees for their precious suggestions.



196 M. Porcu, G. Puggioni, N. Tedesco

Predictors influence the response variable singularly, and in combination
with each other. Such responses outline a framework of analysis based on the
conceptual category of causal complexity. According to Braumoeller (2003),
causal complexity is a concept in which “multiple causes interact with one
other, and the way in which they interact is described by the logical operators
and and or”.

A number of concepts can be considered as special cases of causal com-
plexity, that is:

e multiple conjoint causation: X; and X, and X3 produce Y;

e substitutability: X; or X, or X3 produce Y;

e contexts: X, produces Y but only in the presence of Xy;

e necessary and sufficient conditions: X; and X, produce Y, either X; or X,

produce Y;

« INUS conditions®: (X; and X5) or (X5 and X,) produce Y.

Complex causation is a problem for the majority of standard statistical tech-
niques. The problem is that causal complexity implies non-additivity, which
arises from the cumulative process of the influence of the independent
variables on the response variable. This means that the presence or absence of
one independent variable mitigates (or even nullifies) the impact of another.
So, from a practical point of view, the problem arises of how to “capture”
causal complexity with standard statistical techniques.

A number of methodological proposals have been put forward and much at-
tention has been paid to studying them (Frosini, 2004). With reference to the
dichotomous event employed/unemployed, we observe that in several research
studies it has been stated that the event could be considered as the outcome of
a process of causal complexity.

2. Modelling the interactions

The logistic regression model is often used to model the probability of a cer-
tain event as a function of a set of explanatory variables. The influence of the
explanatory variables on the response is considered linear on a logit scale

log(#/(1 7)) = o + p1X1 + foXs .

The possible joint effects among covariates are usually taken into account
by fitting the product among the variables into the model itself (Hosmer &
Lemeshow, 1989):

log(z/(1 - m)) = fo + f1Xs + foXo + Ba{X1 x X5 }.

2 The acronym INUS, created by Mackie, defines a particular kind of causal relationship.

It makes reference to “an insufficient but necessary part of a condition which is itself
unnecessary but sufficient for the result” (Braumoeller, 2003).
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This modelling forces the researcher to keep the interactions among the
variables on a very simple level, generally one-way or two-ways, for both
technical (e.g. sparsity of data, power of tests) and theoretical reasons (e.g.
parsimony principle). Consequently, only the main effects are usually included
in the model, although the joint effects are more useful in predicting or in se-
lecting groups, especially for social analysis purposes.

2.1 The Boolean logit

A method that can take into account the relationships among variables that are
rooted in the concepts of causal complexity is the so-called Boolean logit
(Braumoeller, 2003). It allows the researcher to estimate the influence of the
interactions among predictors on the binary response Y. It is postulated that Y
is thought to be produced by a Boolean or logic combination of some condi-
tions Ay, ..., Ak, ..., €.0.:

Ajand (A2 or Az) — Pr(Y=1) = 7= Pr(A)xPr(Az L Aj).
where Pr(.) denotes the probability of the argument. The probability of occur-
rence for each condition
Pr(Ax) = px
is expressed by means of a logit (or probit) model (Braumoeller, 2003):

_ exp(BX)
“ 1+exp(8 X)

The k index means that each “condition” depends on its own explanatory
variables X = {X;} through corresponding parameters f. The same X; can be
included in different p, with no multicollinearity arising. Obviously, if there is
only one “condition”, Boolean logit reverts to the standard logit.

Boolean logit can be helpful in solving the problem of statistical estimation
when causal complexity is present. To fit it, we need to postulate a model for
mand to express ras a function of explanatory variables and relevant parame-
ters through the py. As an example, if we assume that

7=Pr(A;)xPr(Ao),
logit(p,)=xiB,; logit(p,)=x:p ,
the model takes the form
76 = P1i X Pai
and the likelihood is

n

Lik(ﬂl’ﬁz)zn(pli X Py ) (L= Py x Py )7

i=1
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So, once the occurrence of the event is explained in the language of com-
plex causation, the consequent hypothesis can be expressed in probabilistic
terms®. In conclusion, it might be worthwhile noting that the brackets are quite
important since the Boolean statement “(A and B) or C” is different from “A
and (Bor C)".

3. The data

Data were collected with a CATI survey carried on in November 2003. A
sample of 1,112 graduate students of the University of Cagliari was selected
among those who graduated in the years 1999 and 2000. At the end of the sur-
vey, interviewees were classified according to their occupational status: 823
were employed, 150 unemployed, 137 were enrolled in postgraduate educa-
tional programmes (2 were missing). The whole group of employed was then
split into two subsets, one of which included graduates (756) that found em-
ployment after graduation, the other graduates that were in work before they
finished university studies (67).

Before performing the analysis, we decided to fix some eligibility criteria
for the observation, i.e.

occupational status:
o employed;
o unemployed;
for the employed:
¢ job found after graduation;
e no more than 36 months to get the job.

Because of such criteria, and in order to model the dichotomous event “Y”
employed/unemployed, we considered a total amount of 837 observations.
Among them, 687 were employed (Y=1), 150 unemployed (Y=0).

During the survey, a lot of information on demographic as well social in-
formation on the graduates was collected. Evaluations on their educational
programmes and previous working experiences were also collected together
with data on time spent looking for a job (Porcu & Tedesco, 2004; Porcu &
Puggioni, 2004).

Some exploratory analysis was carried out. The results (not shown here) led
to the selection of a set of variables that could be particularly relevant in un-
dertaking the present analysis, namely sex, high school attended, mark gained
in the high school leaving examinations, degree®, age at graduation, final

2 A possible alternative to Boolean logit to model causal complexity is the so called Logic

Regression recently proposed by Ruczinski et al. (2003).

The study programmes were classified into four groups. a) Economic-Legal-Social
(ELS); b) Scientific-Technical (SCT); c) Health and Life Sciences (SHL); d) Humanities
and Behavioural Sciences (HBS).
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mark at graduation, post-graduation studies. We will dichotomise all these
variables.

4. Groups of variables for the analysis of interactions

One of the major drawbacks of the Boolean logit is the arbitrariness in the
choice of the combination of predictors. A good set of predictors is the re-
searcher’s beliefs and opinions; such ideas are obviously rooted in her/his own
experience on the topic that is being investigated. In any case, the uncertainty
and the subjectivity of such a method for choosing the combinations of predic-
tors may weaken the final model.

Moreover, the Boolean logit models require numerous computational re-
sources and a model choice based on comparisons among the results gained
with different combinations of predictors that could be excessively time con-
suming.

In the following, we propose a method to choose the combination of predic-
tors. We will apply an exploratory segmentation analysis to give the re-
searcher useful hints on the influence exercised by a set of predictors on a re-
sponse variable and on the relationship between them. With such a method,
results could vary with respect to the choice of the kind of segmentation (es-
pecially considering the chosen “criterion function™).

Nevertheless, the choice for a binary segmentation analysis based on the
likelihood criterion function could be considered suitable in that it allows the
researcher not to choose a distance function (Tedesco, 2002). Segmentation
could be considered as a representation of the causal complexity data as well.
Therefore, our aim is not to lose this kind of information while building up
Boolean groups. Essentially, we try not to make the abstract ideas of the re-
searcher prevail but let the data ‘speak for itself’.

The software used for segmentation was SAS-RECPAM (Carinci & Pelle-
grini, 2001; Ciampi, 1991). The chosen criterion function is to maximise the
likelihood ratio of the logit employed/unemployed with respect to all the pos-
sible two by two combinations of the predictors; a minimum number of 40 ob-
servations per node/leaf was also incorporated into the model (minimum 10 of
them employed). The split was set to 0=0,05. Such a restrictive criterion was
chosen to form a concise tree with not too many branches. The main objective
was, indeed, to explore data for the next Boolean logit analysis.

The possible predictors we set in the segmentation were: the attending of a
post graduate programme (Yes/No); sex (Male/Female), type of high school
attended (Lyceum’/Other); kind of degree (ELS, SCT, SHL, HBS); mark

® The Italian “Lyceum” provides a classical education such as the one offered by the old

British “Grammar Schools”.
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Figure 1. Segmentation tree

gained in the school leaving examinations ; age at graduation, final mark at
graduation. We considered these variables on a continuous scale so to obtain
guidance for the setting of thresholds useful to collapse them into categories.

The tree diagram (Figure 1) shows some interesting results. First, we per-
ceive a marked asymmetry because graduates in the SCT group have a high
employment rate (94.8%) and do not split further. This means that for these
graduates the kind of degree they gained is the only important factor of suc-
cess in getting employment.

On the other hand, for all the other graduates, the total employment rate is
lower (77.8%) but it reaches notably higher values, in particular, for those
younger (<27 years old) and who did not attend postgraduate programmes of
study (89.9%). Among older graduates (>27 years old), what seemed to be the
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cause of notable disadvantage was a low mark at high school final examina-
tion, the attendance of post graduates studies and a low mark at graduation.

It is clear that among graduates that are not in the SCT group, the low age
at graduation is more useful than postgraduate studies for getting a job.
Maybe, this is because post-graduate education is sometime a sort of standby
status for those seeking occupation, and training is provided directly by com-
panies.

The mark gained at high school leaving examinations also seems interest-
ing: it occurs several times in segmentation, especially if this evidence is com-
pared with the non-significant role played by variables such as sex, or type of
high school. It may suggest that the “quality” of a graduate lies not only in the
university education but also in the high school curriculum, as it plays an im-
portant role in determining the occupational placement of a graduate.

Focusing again our attention on the non-SCT group and on younger and
with a postgraduate education, we highlight that the graduation mark has little
influence (87.8% is the percentage of employed with a graduation mark
<106/110). Among those with a high graduation mark (>106), it is the mark
gained at high school leaving examinations that seems to play a role.

In conclusion, for the non-SCT group (considering the values of the GPI°,
see Table 1) marks for high school leaving examinations and the age at
graduation play a joint effect on the response variable.

Table 1. GPI values

Covariates GPI
High school leaving examination mark 100
Degree 96
Age at degree 90
Degree mark 60
Postgraduate studies 55
Type of high school attended 28
Sex 27

5. Modelling the event employment

To model the event employed (Y=1) vs unemployed (Y=0) we considered the
results of the segmentation analysis and we treated them as dichotomous vari-
ables (1=Yes; 0=Not):

® The GPI (Global Predictive Index) is a measure of the predictive power of a covariate

based on increments of the LRS for each covariate in each node with respect to the value
of LRS obtained without that predictor. It is a measure of the informative power of the i-
th predictor. Once the i sums are calculated, the bigger value is set at 100 and the re-
maining are rescaled in relation to this (Ciampi, 1991).
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* male sex (SEXM);

* “lyceum” attended as high school (LIccs);

« mark at high school final examination >90/100 (D1P90);
« degree Technical-Scientific (SCIEN);

* age at degree < 26 years (LAUZ26);

» final mark at graduation >108 (VOTOHIGH);

* postgraduate studies = Yes (CORPOST).

5.1 Fitting of a standard logit

We will first present the results of the fit of a standard logit model and then
the fit of the Boolean logit. The results are summarised in Table 2. We can see
that the only significant (z= 0.05) variables’ are DIP90, SCIEN, LAU26 and
CORPOST.

Table 2. Point estimates (,B) and z-scores (z= [3/ SE(;})) for the standard logit model
(LogLik=-362,937)

Covariates B |z|-score
SEXM 0.1967 0.916
LIcCS -0.2801 1.417
DIP90 0.5453 2.068
SCIEN 1.4855 4,315
LAU26 0.6134 2.875
VOTOHIGH -0.2575 1.301
CORPOST -0.4493 2.309

Table 3. Point estimates (ﬁ) and z-scores (z= ﬁ/ SE(ﬁ)) of some standard logit mod-
els

Basic model Without SCIEN With SEXMXSCIEN

Covariates B |z|-score B |z|-score B |z|-score
SEXM 0.1967 0.916 0.5464 0.916 0.1780 0.787
LICCS -0.2801 1.417 -0.2030 1.417 -0.2770  1.398
DIP90 0.5453 2.068 0.8068 2.068 0.5454  2.069
SCIEN 1.4855 4.315 - - 1.3758 2.544
LAU26 0.6134 2.875 0.5251 2.470 0.6128 2.873
VOTOHIGH -0.2575 1.301 -0.3212 1.633 -0.2579  1.303
CORPOST -0.4493  2.309 -0.5115 2.668 -0.4445  2.274
SEXM X SCIEN - - - - 0.1778  0.256

logLik -362.937 -374.985 -362.904

! Negative values for [§ indicate a lower probability for the event.
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After the fitting a second model that took into account the first order inter-
actions among predictors, we observed that none of them seemed to be signifi-
cant for the response (Table 3).

The causal relationship as the one just described poses the researcher with
the problem of how to interpret the effect exercised by the set of predictors on
the response variable Y. For example, if from the base model in Table 2 we do
not include the sCIEN predictor, we can note that the variable SEXm has a sig-
nificant influence (even though the model is poorer in terms of logLik). Never-
theless, if we fit a new model that considers the interaction term between
SCIEN and SEXM, it is not significant.

5.2 Fitting a Boolean logit

To fit a Boolean logit® model we have considered the same predictors used for
the standard logit (hamely, SEXM, LICCS, DIP90, SCIEN, LAU26, VOTOHIGH,
CORPOST). To fit the Boolean logit model it is necessary to posit some pre-
liminary conditions. Taking into account the results we obtained with the bi-
nary segmentation analysis we decided to set the following conditions:

- A; =*ownership of winning qualifications for the job market”

- A, =*"ownership of characteristics pertaining to the educational profile”.

A, is defined by a set of covariates that refers to some of the most notable
characteristics of someone who is seeking to enter the job market, namely age
and skills: LAU26 and SCIEN. A; is defined by a set of covariates that refers to
the educational background of the graduate, plus the variable sex, namely,
DIP90, LICCS, VOTOHIGH, CORPOST and SEXM.

The probability of being employed, Pr(Y=1)=x is modelled as the interac-
tion among A; and A,:

= Pr(A;)xPr(Ay)

The conditions A; and A, are expressed as an additive function of the ex-

planatory variables considered:
- A;=LAU26 + SCIEN
- A, =SEXM + DIP90 + LICCS + VOTOHIGH + CORPOST.

As we can note from Table 4, the results are rather similar to those we had
with the standard logit both in terms of log likelihood and parameter estimates.
Nevertheless, the underlying models are quite different: in the standard logit,
no interaction term shows significant effects on the response and therefore the
model suggests that no variable influences the probability of dropping-out in-
dependently of the remaining ones.

On the contrary, in the Boolean logit, the model shows that the response is

& To process the data we applied the “Boolean” library available for R package (R Devel-
opment Core Team, 2003).
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Table 4. Point estimates ( 8 ) and z-scores (z= B/ SE() ) for the standard logit model
and two Boolean logit models

. Standard Boolean 1 Boolean 2
Covariates - - -
B |z|]-score B |z|-score B |z|-score
LAU26 0.6134 2.875 1.0330  2.996 1.0363 1.904
SCIEN 1.4855 4.315 2.2442  2.813 2.2573 1.192
LICCS -0.2801 1417 -1.4221 1.094 0.0070 0.008
SEXM 0.1967 0.916 0.5035 0.796 0.4973 0.501
DIP90 0.5453 2.068 1.3693 1.715 1.3640 1.326
VOTOHIGH -0.2575 1.301 -1.2291 1.251 -1.2127 0.527
CORPOST -0.4493 2.309 -1.6930 1.066  -1.6632 0.408
LICCS - - - - -1.4294 0.904
logLik -362.937 -360.640 -360.639

produced by multi-vector interactions, namely interactions of vectors of vari-
ables. Thus, it has been assumed that a student’s dropout from University de-
pends jointly on A; and A,, with the parameters tacitly maintaining an “inter-
action meaning”. The parameters DIP90 and CORPOST show no significant in-
fluence on the response Y and this means that in interacting with the other
variables these covariates lose their predictive power.

The Boolean logit allows the researcher to fit models where the same co-
variate is set in more than one “condition”. For example, the variable lyceum
as high school (Liccs) could be inserted both in condition A; and in condition
A,. The results of the fitting are in Table 4 in the “Boolean 2” columns. In
spite of the variable Liccs being statistically not significant, it acts on the re-
sponse in opposite directions if considered in A; or in Ax.

6. Conclusions

The use of standard logit to model the probability of a dichotomous event as
the effect of a causal relationship from a set of predictors gives researchers
some useful tools to understand social phenomena. These tools (namely the
log-odds ratios) allow the researcher to interpret the role played by each pre-
dictor on the response controlling for the remaining parameters.

Modelling the probability of graduates of finding an occupation, the stan-
dard logit allows us to identify factors that negatively influence the probability
of ‘getting an occupation’. Among these factors, the graduates who obtained
high marks at graduation and in their postgraduate studies are likely to be
older and therefore less attractive for the companies when they try to enter the
job market.
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We have seen that other factors play an opposite role (they contribute to in-
creasing the event probability). Among these, we can highlight the case of sci-
ence graduates and the importance of completing a study programme when
still relatively young. We should remember that the fitted standard logit does
not take into account possible interaction among covariates. Such an assump-
tion entails a form of additive causal dependence that makes it difficult for the
model to catch the full complexity of the phenomenon studied.

Boolean logit is neither an alternative nor a method better than the standard
logistic one, but it does offer an advantage: it allows the researcher to consider
models that consider causal complexity. Causal complexity mechanisms make
it possible to improve the predictive power of the variable response models.
Their major drawback lays in the subjective choice of the probability state-
ments that lead to the combination of predictors.

However, the likelihood-based criteria for choosing the best model tend to
mitigate this subjectivity. Another drawback is that (unlike standard logit) the
parameters are not (log) odds-ratios for the response. Finally, the method is
computationally time consuming.

Nevertheless, considering the encouraging results gained in this and in
other applications (Muggeo & Porcu, 2004) we can conclude that Boolean
logit is a useful tool for implementing sensitivity analyses of other models and
for re-enforcing the evidence that emerges regarding the meaning of the pre-
dictors studied.
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Summary. In this work, we analyze data provided by official records on
graduates of Sardinian universities in the period 1991-2001 with the aim of
obtaining contextually relevant information for the realisation of a survey on
the transition from university to the job market. Examining data from the sur-
vey, we looked in particular at certain aspects of the conditions of graduates in
search of employment, their postgraduate education and the opportunities for
entering the labour market. We also present some initial results regarding the
emigration of graduates and the evaluation of human capital.

Keywords: Graduates, Emigration, Survey, CATI, Human Capital.

1. Introduction

In the years immediately before the “3+2” Italian university reform, the percent-
age of high school graduates enrolling at Sardinian universities was about 65%
for males, and as high as 75% for females. At the beginning of the 80s this rate
actually decreased, coming more or less into line with national averages.

In this work, we analyse administrative data in order to carry out a survey
on University of Cagliari graduates and their transition from university to the
job market. The goal is to build up a general framework for analysing a local
context characterized by the low input-output dynamics of university students.

Taking a sample of graduates of University of Cagliari in the years 1999
and 2000, we analyse their positions “vis-a-vis” the employment market,

' This paper is the result of the joint ideas and efforts of the three authors. M. Porcu was

responsible for the final editing of Sections 2.1, 3 and 5, G. Puggioni for Sections 1 and
6, whereas N. Tedesco was responsible for the other Sections.
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their postgraduate education and their opportunities for entering the labour
market.

In addition, we present some initial results on the emigration of graduates
and the evaluation of human capital. With regard to this latter aspect, we
should underline that this analysis is preliminary. In fact, according to some
recent definitions of human capital, recent theories have recognised that stud-
ies on human capital must take into account the concepts of social capital and
training. These theories (Morgan, 2000) have begun to define the concept of
social capital in terms of “resource capital” development and how this can be
related to the resources that an organised society is prepared to make available
for the cultural and social development of it members.

We should also note what all sectors of the economy have for some time
been stressing, i.e. the need to have a workforce educated and trained in strict
view of the new skills required by technological innovation. A region such as
Sardinia, which is characterised by a slow economic development and a new
phenomenon of emigration, is an interesting context in which to study which
aspects determine the emigration of graduates.

2. Time series dynamics for graduates and higher
education programmes at Sardinian universities

In the period 1991-2001 in Sardinia we had 27,599 graduates: 0.64% not resi-
dent in the region, 67.8% graduates at the University of Cagliari, 62.1% fe-
male (61.1% in Cagliari and 64.1% in Sassari).

Time series of indexes (base year 1992=100) of graduates in the period
1992-2000 in Sardinia, as pointed out by the high value of the correlation co-
efficient (r=+0.97), show a similar increasing trend for the two universities.
This trend, as shown in Figure 1, has become more evident in the last three
years (1998-2000); for the University of Cagliari the index goes from 151 to
190. In the same period for the University of Sassari it goes from 136 to 167.
If we examine the time series for female graduates, we see that the trend is the
same as it is for graduates as a whole (MF vs F r=+0.98).

The number and typology of university courses in Sardinia is less varied
than it is on the Italian mainland, though not greatly so (Figure 2). The two
Sardinian universities differ in the courses they offer because some courses are
run in one university, but not in the other. What we can derive from this situa-
tion is a non-negligible dissimilarity (z=0.34) between distributions of gradu-
ates according to type of degree in the two universities.

The comparison between Cagliari and Sassari according to type of degree
show a slightly higher concentration? for Cagliari (Cagliari g=0.42; Sassari

2 Concentration was measured with Gini’s index of concentration g (Leti, 1983).
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g=0.39). For the purpose of this work, the different degrees have been classi-
fied into four groups: a) Economic-Legal-Social (ELS); b) Scientific -
Technical (SCT); c) Sciences of Health and Life (SHL); d) Humanities and
Behavioural Sciences (HBS).
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Figure 1. Graduates in Sardinia from 1992 to 2000 (Index: base year 1992=100)
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2.1 Input-output dynamic of graduates in Sardinia

The factors that influence social and economic life in Sardinia relate to the la-
bour market (Bottazzi, 1999). Data on this aspect is common knowledge: dur-
ing the 1950s and 1960s, with a trend evident in regions at a similar stage of
development, there was the apparently strange phenomenon of a simultaneous
decrease in the number of employed and of workforces. This decrease re-
sulted, for that period, in a low unemployment rate with values of approxi-
mately 5%.

The reduction in workforce rate in the transition from an agricultural to a
modern industrial society is a well-known phenomenon; emigration from Sar-
dinia (in those years there was an average annual negative balance of about
10,000 units) reduced the number of the working population. From the mid-
seventies, the situation drastically altered when the unemployment rate began
to grow constantly until it reached peaks of up to 20% in the 1980s, values
that remained, with some oscillations, for most of the 1990s.

The main causes of this situation (Bottazzi, 1998) were the extraordinary
increase in the numbers of those in search of work® due principally to the ef-
fects of the sixties” baby boom”, by the slowdown of migratory dynamics and,
moreover, by the increasing number of women entering the labour market.

In this context of high unemployment, what reduces the risk of exclusion
from the labour market is an educational qualification (Bottazzi, 1999). This is
particularly true for those who have obtained a diploma at a vocational type
high school. Graduates also have a greater probability of entering the labour
market and show a greater inclination to seek employment outside Sardinia.

With regard to this latter phenomenon, from an analysis of changes of resi-
dence from and to Sardinia between the two last censuses, we have made an
initial evaluation of the graduates’ emigration. Considering that almost all
graduates in Sardinia are resident in the region, according to public registry
records for graduates up to 35 years of age on completion of a degree (94.8%
of graduates of decade), the emigration rate is about 10% and the proportional
migration index is -8.3. This result is just approximate evaluation because the
registry office counts emigrations only from changes of residence and those
who emigrate from Sardinia usually maintain their official residence for a not
necessarily short period.

This information will be of particular interest because if it is true that the
social capital of graduates represents a fundamental condition to guarantee
constant scientific and technological progress, it is ever more a key require-
ment to activate development policies in Sardinia that are coherent to present

In the period under consideration, the number of jobs available increased more than em-
ployment levels (+1.4% against +0.4% annual average) but the workforce numbers in-
creased by 2.1% per year.

By baby-boom we refer to the rapid increase in births in Italy during the 60s.
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economic wisdom. Furthermore, as is well known, we can add that the emigra-
tion of graduates is usually a selective process: younger and more qualified
graduates choose to emigrate to develop themselves professionally.

If we look at figures for the year 2003 in an international context in which
Western countries are trying to reduce immigration, the USA issued almost
200.000 green cards for highly qualified foreign professionals. The United
States have effectively enriched their human capital, while the ‘donor’ coun-
tries of origin of new immigrants have lost “highly valuable resources”. These
countries have of course incurred the heavy costs of their education.

Gini (1953) examined the effects of this process as early as 1940. He quan-
tified (based on conservative estimates and not ignoring relative advantages
for countries of origin owing to a decrease in the labour supply) what was a
great accumulation of wealth (notwithstanding money remittances and re-
emigrations to homelands) for the USA economy”.

3. A survey on University of Cagliari graduates

In an initial step aimed at studying graduates’ transition from university to the
job market, the survey was carried out on a sample of graduates from the Uni-
versity of Cagliari aged 35 years or less at the moment of graduation, over a
two-year period (1999 and 2000). The decision to consider graduates from
these two years was justified for two reasons. Firstly, it was possible to select
a sample from a large population and secondly, because of the need to observe
a fairly long retrospective period (> 34 months) for each of the graduates in
order to study their transition for three years. We chose the cut-off age of 35
because older graduates probably come from the category of students that
were already working before their graduation®.

Thus, total population consisted of 4,363 units, classified by sex, age,
groups of faculties (Table 1). Subsequently, using a stratified sample design
by faculty, with selection proportional to the number of each stratum, a sample
of 26% was selected from the total population.

Estimating emigration trends of Sardinian graduates with administrative
data will only provide an approximate evaluation of the phenomenon because
of the limitations of these sources. In fact, the registration or cancellation of
resident status will not necessarily coincide with physical transfer to another
town.

In November 2003 a CATI survey was carried out on a sample of graduates
from the University of Cagliari (Porcu & Puggioni, 2003). This sample of

> For an evaluation of this kind of migration, see also Todisco (2000) and Fondazione

ISMU (2002).
We should note that graduates over 35 numbered 216 (4.7% of population). From this
group we eliminated 16 graduates non-resident in Sardinia at graduation.

6
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Table 1. Graduates of the University of Cagliari in the years 1999 and 2000 by sex,
class of age and faculty group

o Female Male Total Total for
g 27- 130 27- 130 27- | 30 Groups
o [<26 29 | 35 Total |< 26 29 | 35 Total | < 26 29 | 35 N %

ELS| 326| 396|215 | 937|204 |225|155| 584 | 530 | 621| 370|1521 | 38.8
SCT| 105| 150 46 | 301|157 (327 (213 | 697 | 262 | 477| 259| 998 | 22.9
SHL| 195| 170| 87| 452 | 63| 90| 71| 224 | 258 | 260| 158| 676 | 15.5
HBS| 429| 352|215 | 996 | 64| 57| 51| 172| 493 | 409| 266|1168 | 26.8
Tot | 1055(1068| 563 | 2686 | 488 | 699 | 490 | 1677 | 1543 |1765(1053| 4363 | 100,0
% 61.6 38.4 | 35.4 [40.5|24.1 100.0

Table 2. Age at graduation by faculty: some statistics for sample and population

Faculty groups Mean Sd M Q:—-Q; u (pop.)
ELS 27.78 2.64 28.00 3.00 27.78
SCT 28.37 2.74 28.00 4.00 28.11
SHL 27.52 2.47 27.00 3.00 27.75
HBS 27.72 2.94 27.00 4.00 27.52

1,112 units represented almost a quarter of all graduates aged below 36, who
graduated in either 1999 or 2000 according to official administrative records .

With respect to age at interview, sex and high school attended, the sample
showed good overlap with the overall population. Considering those inter-
viewed with regard to their faculty grouping, even the mean age at graduation
seemed to overlap with the population (Table 2). A total number of 697 fe-
male and 415 male graduates were interviewed. 62% of those interviewed had
attended “Lyceum”® and 17.5% had a Technical school background.

4. Occupational placement of the graduates

Of the 1,112 graduates interviewed, a proportion of 74.0% were working at
the time of survey; 13.7% graduates were still looking for a job. All the gradu-
ates had had at least 34 months in which to get a job; 12.3% were still in-
volved in postgraduate studies.

As regards gender, male graduates that were in work comprised 78.3% of
their total; the corresponding figure for female graduates was 71.4%. The un-

7

Only the 5% of graduates were aged over 35 at graduation in 1999-2000.
8

The “Lyceum” provides a classical education such as the one offered by the old British
“Grammar Schools”.
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employment rate among males was 7.5% and 11.0% among females. Both
males and females have the same percentage of graduates choosing to con-
tinue their studies (11.6% males, 12.8% females). As a benchmark for com-
parisons, we can note that in Sardinia in 2003 the total unemployment rate was
18.5%; the total unemployment rate in Italy for graduates aged 25 to 34 was
13.6% (ISTAT, 2004).

If we look at the categories ordered by degree type, we note that the highest
rates of employment are among graduates from the faculties of Engineering
(88.7%), Educational Sciences (84.9%), Pharmacy (81.3%), Economics
(77.3%) and Sciences (77.1%). The lowest rate of employment was registered
for graduates from the faculty of Medicine, but there is a high percentage
(76.8%) of graduates in medicine who are still enrolled in postgraduate courses.

The majority (72.1%) of graduates find work as company/state employees.
Only for Law faculty graduates do we note the opposite: employee workers
comprise 32.3% vs. freelance workers (67.7%). More than half (56%) of those
in employment are not working in the same city in which they hold official
resident status.

After Medicine, the faculty of Law registers the highest percentage of
graduates that have continued their studies in a postgraduate programme. The
percentage of Philosophy graduates in work totals 65.8% (19.2% are unem-
ployed, against an overall unemployment rate of 9.7%). Next we find the fac-
ulty of Political Science: 70.0% of graduates are in work and 18.0% are un-
employed.

A high proportion (59.1%) of the employees is working for private compa-
nies; 34.7% are working in the public sector (the 2001 census revealed that
25% of the total number of workers is engaged in the public sector).

If we classify employees according to the type of employment contract
held, we find that 49.1% of employees have permanent contracts and 26.6%
have fixed term contracts, with 20% of the latter being termed atypical. The
majority of those working for private firms (59.3%) have permanent contracts.
44.7% of those working in the public sector have fixed term contracts. The
percentage of atypical contracts is the same in both the private and public sec-
tor (20%).

The highest number of graduates in employment with a permanent contract
is from the faculties of Economics (74.5%), Pharmacy (68.0%), Engineering
(65.7%) and Law (51.6%). On the contrary, graduates from the faculties of
Philosophy (50.8%) and Sciences (40.5%) tend to be working in precarious
conditions or on fixed term contracts. Graduates from the faculties of Humani-
ties and Languages are among those working with the highest number of
atypical contracts, with percentage values of 45.6% and 36.0% respectively.

We can note that for the public sector the majority of workers (72.8%) are
winners of job competitions (the normal procedure in Italy for assigning can-
didates for public sector jobs); the most common means of obtaining a job in
the private sector is by job interview (65.2%) or through direct hiring (15.2%).
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91.9% of the 823 graduates who were working at the time of the survey
started their job after graduation; 59.8% of them had obtained a postgraduate
qualification and of these 74.7% stated that they had completed such studies.

71.8% of the workers that started their job after graduation found employ-
ment as regular employees. It is only for the Law faculty that we see the oppo-
site trend, with 70.7% of graduates starting their careers as freelance workers.
The overall percentage figure for private sector employees is 66.1%. The fac-
ulty with the highest amount of graduates in the private sector is Engineering
(79.8%). More than a half (55.8%) the employees are working in the service
sector (28.6%) and education (27.3%). For all the groups of faculties consid-
ered, the majority of employees are working in these sectors. The exception is
the prevalence of engineering graduates finding work in the building sector
(29.8%); only 12.5% of engineers are employed in the education sector.

5. Graduates that migrate

Of the 756 interviewed who started their working career after graduation (Ta-
ble 3), 10.6% said that they were working outside Sardinia. One in five of
these were working abroad. Almost all (94%) are employees.

More than 2/3 of the 80 emigrant graduates came from the faculties of En-
gineering, Sciences and Economics (graduates from these faculties make up
44.3% of the total). Therefore, the faculty of Engineering produces graduates
that, in comparison with other faculties, have greater success in job placement
not only in the local labour market but also outside Sardinia.

It is particularly interesting to highlight some characteristics of graduates
that emigrated compared with those of graduates that are working in Sardinia.

Table 3. Comparison between some distributions for graduates that are working in
Sardinia and those who have emigrated

Faculty _ _ _Graduates that work: _
in Sardinia | out of Sardinia
F/Mx100
Engineering 245 16.0
Economics 127.3 140.0
Sciences 213.1 }156 140.0
Average mark at graduation
Engineering 104.0 105.8
Economics 102.9 106.2
Sciences 106.0 106.7
Average age at graduation
Engineering 28.4 27.8
Economics 21.7 27.3
Sciences 27.5 27.2
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We only consider graduates from the three faculties that produce the majority
of emigrant graduates (i.e. Engineering, Economics and Sciences).

As expected, the female/male percent rate for graduates who have emi-
grated is lower than that of those who work in Sardinia: Engineering 16%
(25% in Sardinia), Economics and Sciences 140% (156% in Sardinia).

On examining the graduate population as a whole, we see that the average
mark at graduation for emigrant graduates is significantly higher (=0.05)
compared to those that are working in Sardinia. On the other hand, the average
age at graduation does not seem to be significantly different (p=0.408).

It is important to note that when we ask graduates that have emigrated and
graduates that work in Sardinia their opinion on the relevance of their degree
to their job, only 11% of the engineers that are working in Sardinia think that
it is not relevant; the same opinion is expressed by 29% of emigrant engineers.
Graduates in Economics or Sciences say the exact opposite; 23% of those who
work in Sardinia said that the degree is not relevant. For graduates who have
emigrated the percentage saying their degree is not relevant, is 17%.

With regard to using competencies acquired during their university studies,
almost all graduates (93% for Engineering, 91% for Economics and Sciences)
working in Sardinia use them at work. Among those who have emigrated, the
percentage is considerably lower, especially among engineers (74%).

Such a result seems to be in contrast with the opinions expressed on the
relevance of the competence acquired. Indeed, almost 40% of emigrant gradu-
ates say that the skills acquired are relevant. Regarding graduates that work in
Sardinia, such an opinion was expressed only by 23% of graduates in Engi-
neering and by 26% of graduates in Economics or Sciences. Such issues raise
two points:

Table 4. Comparison between some distributions of opinions expressed by graduates
working in Sardinia and by those who have emigrated

Faculty _ _ _Graduates that work _
in Sardinia | out of Sardinia

% degree and work not relevant
Engineering 111 28.6
Economics 18.2 27.3
Sciences 29.8 8.3

% use competences
Engineering 93.4 74.1
Economics 95.9 83.3
Sciences 84.6 80.0
% relevance of competence acquired

Engineering 23.0 39.3
Economics 21.2 36.4
Sciences 32.8 41.7
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¢ Is the local job market looking for competences different from those
provided by the degree courses at the University of Cagliari?

e Given the competences required by the job market, do the graduates
that have emigrated consider they have adequate skills, as compared
with those of other workers with the same skills?

Finally, it is also important to note that a greater percentage of emigrant en-
gineers are looking for a new job compared to those who are working in Sar-
dinia (37% vs 31%). For those that have a degree in Economics or Sciences
we can note that 37% of emigrant graduates are looking for a new job but this
percentage increases notably among those working in Sardinia. For all the
three kinds of degrees, the reason for wanting to change job is dictated by fi-
nancial motives. If only emigrant workers are considered, the percentage of
Science or Economics graduates that want to change their occupation for fi-
nancial reasons is close to 90%; among engineers, it is only 50%.

6. Final remarks

The evaluation of graduate emigration obtained analysing administrative data
seems to give results that underestimate the real importance of the phenome-
non. The exploratory analysis of the data collected with the sample survey car-
ried out on graduates of the University of Cagliari enabled us to obtain an ini-
tial evaluation of the phenomenon of graduate emigration. First, the total un-
employment rate for Sardinian graduates aged 25-34 is 13.5%, which is very
close to the national average. This is an important statistic, considering that
Sardinian has a much higher unemployment rate than the rest of Italy; so it
seems quite clear that a university degree does positively influence the prob-
ability of getting a job. Yet, this does not mean that all working graduates in
Sardinia are doing a job that is relevant to their degree course.

Another important factor concerns those graduates that emigrated to find a
job. The data are particularly worrying not in strictly quantitative terms, but
qualitatively. Emigrant graduates tend to obtain good grades in a technical-
scientific degree. In a context such as the Sardinian labour market, that needs
well-designed policies to support local development, it will be crucial to be
able to exploit qualitative human capital, in other words the very skills pos-
sessed in particular by those that emigrate to find work.
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Summary. In this paper, we propose a methodology, based on the principal
strata approach to causal inference, for assessing the relative effectiveness of
two university study programmes with respect to the employment status of
their graduates. The analysis relies on a parametric model fitted by maximum
likelihood. In that context, we discuss some relevant modelling issues and the
implications of the results for policy.

Keywords: Causal effects; Effectiveness; Employment; Principal strata.

1. Students’ propensity for employment

Traditional analyses of the effect of study programmes on employment (also
called external effectiveness analyses) are performed on the sole basis of
graduated students, neglecting the fact that the students who are able to gradu-
ate in a programme are in principle different from those who are able to
graduate in another one. In other words, two programmes could select differ-
ent kinds of students with specific propensity for employment.

The analysis of the employment of graduates mixes the “direct” effect of
the study programme on the employment status with the “indirect” effect
through the graduation status. The possibility to disentangle the two effects
could be important from a political point of view. For example, if there is a di-
rect effect on employment, then the programme with smaller effectiveness
should try to adapt its contents in order to match labour market requirements.

If, instead, the occupational success of a programme is merely due to dif-
ferent selection criteria of the university career (e.g., one programme is more
difficult than the other one and thus selects better students), the problem be-
comes an issue of educational policy. We should evaluate whether it is desir-
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able for the society to graduate students with low ability or to allow the exis-
tence of study programmes with different difficulty levels.

To study the direct effect of programmes on employment, avoiding the pos-
sible bias caused by different graduation processes, it is necessary to envisage a
joint study of graduation and employment. In this respect, a convenient frame-
work is that of principal stratification (Frankgakis & Rubin, 2002), a develop-
ment of the potential outcomes approach to causal inference (Rubin, 1974).
Barnard et al. (2003) recently used the framework of principal stratification for
the analysis of a complex randomized experiment in the educational context.

In the following, the treatment variable is the degree programme, while the
intermediate (post-treatment) variable defining the principal strata is the
graduation status (graduated or not). The key point is that if a student does not
graduate, the outcome variable, that is the employment status, cannot be de-
fined for assessing the external effectiveness of a given programme. This is an
example of the so-called censoring by death (Zhang & Rubin, 2003).

The present analysis is limited to the comparison of two study programmes.
The extension to three or more degree programmes entails some technical dif-
ficulties, but the conceptual framework would remain unaltered.

We compare the programmes of Economics and Political Science of the
University of Florence, which are supposed to be similar with respect to the
contents of the courses and to the job market opportunities. In the light of this
similarity, the choice of a student to enrol in a programme should be weakly
related to unobserved characteristics that potentially affect also graduation and
employment status, so the ignorability assumption discussed later seems rea-
sonable.

The paper is organised as follows. Section 2 describes the data, while Sec-
tion 3 outlines the principal strata framework and the probabilistic structure
used to model the data at hand. Section 4 describes the model fitting and
shows the main results. Section 5 concludes the paper with some remarks.

2. The data

A joint analysis of the academic careers and job opportunities of university
students requires the merging of two data sources: an administrative database
of a cohort of freshmen and survey data on employment of the graduates be-
longing to that cohort. The two sources are: (i) the administrative database of
the 1992 cohort of freshmen enrolled in the two programmes to be compared,
and (ii) three surveys on the occupational status of the graduates of the years
1998, 1999 and 2000, respectively. The matriculation number is used to merge
the datasets.

Overall, 1941 freshmen belong to the examined 1992 cohort: 1068 enrolled
in Economics and 873 in Political Science.
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Table 1. Percent distribution of curriculum status of the 1992 cohort by the end of the
year 2000

Status Economics Political Science
Dropped 51.0 60.9
Graduated 25.3 20.2
Still enrolled 23.7 18.9

(n) (1068) (873)

Table 2. Employment status at the interview of the 1992 cohort

Status Economics Political Science
Graduates (n) (270) (176)
% graduates interviewed 69.3 56.2
% graduates with permanent job 51.9 36.4

The choice of the 1992 cohort is motivated by the availability of survey
data for the graduates of the years from 1998 to 2000. Only 21 students of the
1992 cohort graduated before 1998, while among the students who did not
drop out, the majority of them graduated in the triennium 1998-2000.

The status of the students by the end of the year 2000 is summarised in Ta-
ble 1. For the students still enrolled at the end of 2000 there are no data on their
employment status. Therefore, for the purpose of the present analysis, gradua-
tion means “graduation within nine years from enrolment”. This definition is
not particularly harmful for the analysis since graduation after nine years typi-
cally concerns students who already have a regular job during their studies.

All the interviewees responded to the question on the employment status.
Apart from 21 students who graduated before 1998 and are out of target, al-
most all missing interviews are due to failed contact. The outcome variable of
the analysis is a binary indicator of permanent job at the time of the interview,
i.e. from one to two years after graduation. The employment status at the in-
terview for the subset of graduated students is reported in Table 2.

The administrative database includes some additional information on every
student of the 1992 cohort, which is used to define five dichotomous covari-
ates: gender, residence (Florence vs. others), high-school degree (Gymnasium
vs. others), high school grade (high grade, i.e. 50-60, vs. low grade, i.e. 36-49),
late enrolment (i.e. the student did not enrol soon after high school). Table 3
reports the sample means of the covariates.

The covariates have different distributions in the two programmes, i.e. in
the two treatment groups, since the assignment mechanism is not random. In
particular, the high school grade is higher for the Economics students. The
most striking difference concerns late enrolment, which is relatively rare in
Economics, but reaches 22% in Political Science.



222 L. Grilli, F. Mealli

Table 3. Percent estimates of the covariates for the two study programmes

Covariate Economics Political Science
(n=1068) (n=873)

Female 0.41 0.54

Residence in Florence 0.23 0.31

High school: gymnasium 0.34 0.45

High grade at high school 0.37 0.25

Late enrolment 0.06 0.22

3. The principal strata representation

Let n denote the total number of individuals under study, i.e. the dimension of
the 1992 cohort of freshmen enrolled in Economics or Political Science. The
treatment variable Z; is thus defined as Z; = 1 if student i was enrolled in Eco-
nomics, and Z; = 0 if student i was enrolled in Political Science.

Now let z; denote the realized value of Z; and let z denote the vector of z; for
all n individuals. In the potential outcomes framework every post-treatment
variable, i.e. any relevant variable that takes its value after treatment assign-
ment, depends on the vector of treatment assignments z. However, in the pre-
sent application it is reasonable to make the standard SUTVA (Stable Unit
Treatment Value Assumption): for any individual i every post-treatment vari-
able depends on z only through z;. This excludes possible interactions between
individuals.

Given SUTVA, every post-treatment variable has many potential versions
as the number of possible treatments (two in the present application). There-
fore, the post-treatment variables can be defined as follows.

The first potential post-treatment variables are the intermediate variables
Si(z), z=0,1: S; (z) = 1 if student i graduated by the end of 2000 (i.e. within 9
years) when enrolled in study programme z, and S; (z) =0 otherwise.

The availability of survey data for the graduates up to the year 2000 sug-
gested to identify S as to represent the event “the student graduated by the end
of 2000”; in this way the groups “Dropped” and “Still in course” collapsed in
the same category.

Other potential post-treatment variables are the response indicators
Ri(z), z=0,1: R; () = 1 if student i responded to the question on the employ-
ment status when enrolled in programme z and graduated, and R; (z) = 0 oth-
erwise.

The last potential post-treatment variables are the outcome variables
Yi(z), z=0, 1: Yi(z) = 1 if student i had a permanent job at the time of the inter-
view, i.e. from one to two years after graduation, when enrolled in programme
z and graduated, and Y;(z) = 0 otherwise.
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For each individual, the treatment variable assumes a single value; for every
post-treatment variable, only one of the two versions can be observed. There-
fore, we introduce the notation $;° = $i(Z)), R®™ = Ri(Z), Y** =Y, (Z).

Since both the treatment variable and the intermediate variable are di-
chotomous, four principal strata can be defined through the latent variable L;:

- Lij = ‘GG’ (Graduated, Graduated) if S;(1)=1 and S;(0)=1: students who
are able to graduate in both study programmes;

- Lj = “GN’ (Graduated, Not graduated) if S;(1)=1 and S;(0)=0: students
who are able to graduate in the first programme (Economics), but are
not in the second (Political science);

- Lij = ‘NG’ (Not graduated, Graduated) if S;(1)=0 and S;(0)=1: students
who are not able to graduate in the first programme (Economics), but
are able to graduate in the second (Political science);

- Lij = ‘NN’ (Not graduated, Not graduated) if S;(1)=0 and S;(0)=0: stu-
dents who are not able to graduate in either programme.

Note that each student belongs to a single stratum, although the data cannot
in general reveal which stratum a person belongs to. In other words, the prin-
cipal strata are latent classes and the data only allow estimating the probability
that a given student belongs to a certain latent class. Also, note that the couple
of potential values of the intermediate variable define the principal strata, so
the strata are not affected by the treatment and thus can be viewed as an unob-
served pre-treatment covariate.

The relationship between the observed groups, defined by Z; and S;™, and
the principal strata is described in Table 4, along with the corresponding sup-
ports of R°™ and Y;**,

For the post-treatment variables the sample proportions in the two treatment
groups are: Ps; = 0.253 that is the sample proportion of graduates among stu-
dents enrolled in Economics (Z;=1), and Ps, = 0.202 is the analogue for Politi-
cal science (Z; =0); Py, = 0.516 is the sample proportion of Economics stu-
dents with a permanent job (Zi=1), who graduated (5° = 1) and responded to
the interview (R®® = 1), while Py, = 0.364 is the analogue for Political Sci-
ence (Z; =0).

Therefore, Economics has a higher graduation rate and a higher employ-
ment rate among the graduates. The analysis should assess if the better per-
formance of Economics can be attributed to a positive causal effect.

obs

Table 4. Observed groups, principal strata and variables of the study

Observed group  ,  gons RO y obs Latent group L;
0(z, S™) ' ' ' ' (principal stratum)
0(1,1) 1 1 e {01} e {01} GG or GN
0(1,0) 1 0 not defined  not defined NG or NN
0(0,1) 0 1 e {0,1} e {0,1} GG or NG
0(0,0) 0 0 not defined  not defined GN or NN
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Since the purpose of the study is to evaluate the effectiveness of graduation
in a given programme with respect to the job market, the outcome variable Y is
defined only for the graduates. Therefore the causal effect Y;(1)-Y;(0) on the
employment status is properly defined only for the GG stratum, i.e. the stu-
dents who are able to graduate in both programmes.

In principle, if data were available, the outcome variable Y could be defined
for all the enrolled students, allowing comparisons within the other strata.
Anyway, such comparisons would not address the issue of relative effective-
ness of graduation in different programmes.

The parameter of main interest is thus the average causal effect (ACE) for
the GG stratum. When interest rests only on the population at hand, this esti-
mand is simply the difference of the means of the two potential outcomes of Y
for the individuals belonging to the GG stratum: Y, (1) =Y. (0) .

However, we are interested on the more general data generation mecha-
nism, so the results will be implicitly referred to a superpopulation and ex-
pressed in probability terms. The estimand is thus the difference between the
probabilities of having a permanent job under the two treatments, again for the
GG stratum: E(Ygg(l)) - E(Ygg(o» = P(Ygg(l) = 1) - P(Ygg(O) = 1) .

The probabilities of the principal strata are also of interest since they allow
deepening the analysis of the effectiveness of the programmes with respect to
graduation, as explained in Section 4.

Since Z is not randomised, there may be some confounders that influence
both Z and S or both Z and Y: in such a case, the simple association between Z
and Y cannot be interpreted as a causal effect. The available covariates Xx;, de-
scribed in Table 3, may alleviate this problem and this is what underlies the
following assumption (Unconfoundedness of treatment assignment):
Zi L{Si(0), Si (1), Yi (0), Yi (1)} | xi.

In the present application, this assumption would be violated if students
with the same observed covariates would base their enrolment decision on re-
liable predictions on graduation and employment that depend on unobserved
covariates. However, this behaviour seems unlikely, since the two competing
degree programmes have many common features.

The data on the graduates’ outcomes also suffer from a problem of missing
data: in fact, even if the outcome variable Y is defined only for the graduates,
it is available only for the interviewed ones. We assume that the information
about Y is Missing at Random: R; (z) L Yi(2){xi, Si(z)=1} for each z=0,1.
Under this assumption, the response mechanism is ignorable, so the analysis
can be safely based on the available responses (conditional on observed co-
variates). Overall, the assumption of missing at random seems reasonable in
the data at hand" because almost all missing interviews are due to failed con-
tact.

1 Mealli et al. (2004) discuss alternative assumptions on the response mechanism.
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Under the assumptions of SUTVA, treatment unconfoundedness and miss-
ing at random, the data generating process can be defined in terms of the fol-
lowing two sets of probabilities:

A. Probabilities of the principal strata: 7ce, e, Toni, s Where,
for example, mgn:i = Pr(Li='GN'|X;) is the probability that student i
belongs to principal stratum GN, i.e. he or she is able to graduate in
Economics but not in Political Science;

B. Probabilities of outcome conditional on the principal stratum: % ca:,
%.cci AN JNei Where, for instance, yo,cg:i = Pr(YiObS: 11z;=0,
Li="'GG', x;) is the probability that student i has a permanent job when
he/she belongs to the principal stratum GG and graduated in Political
science (Z;=0). From the unconfoundedness assumption,
yocei = Pr(Yi(0)=1|Li="GG', x;) .

The probabilities corresponding to combinations of the programme and
principal stratum, other than the four listed, are not defined in the present ap-
plication. The probabilistic structure is analogous to that of latent class mod-
els, except that in the present case belonging to a certain latent class deter-
mines not only the values of the probabilities of Y, but also whether they are
defined or not. The estimand of main interest is the average causal effect
(ACE) on employment in the GG stratum, i.e. the difference between the prob-
abilities of the outcome Y under the two treatments for individuals belonging
to the GG stratum:

Pr(Y.(l) =1 | Li = IGG', Xi) - Pr(Y.(O) =1 | Li = IGG', Xi) = %.6G:i— GG - (l)

Also the probabilities of the principal strata (7sg:i, G, AN, i) are
interesting in itself, as they throw light on the dynamics of the graduation
process in the two programmes. In fact, the average causal effect (ACE) on
graduation is

Pr(Si(1)=1x:) =Pr(Si(0)=1[x)=(7c:i + Ton:i)~(7ee:i + Me:i)=Teni—G:i - (2)
Therefore, the probability of the GG stratum, mgg., is irrelevant for the
ACE on graduation, but it can still describe different scenarios. In particular,
as /g diminishes, the graduates of the two degree programmes tend to be
more heterogeneous. Even in the case of a homogeneous population, the prob-
abilities z’s and y’s are not directly estimable from the data without further
assumptions. In fact, there are three non redundant z’s and four y’s, com-
pared with only four sample proportions (Ps 1, Pso, Py, Pyo). In particular, Ps
and Ps, allow us to get a point estimate of the z’s only after fixing one of
them, as long as the z’s are the same in both treatment arms. Moreover,
the y’s cannot be directly estimated, since they are defined conditional on the
principal stratum. Rather, the data allow to estimate (through Py; and Py,) the
following mixtures of probabilities, so that estimation requires some mixture
deconvolution:
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4. Model specification and fitting

Model specification and estimation is a difficult task, since in the principal
strata framework the latent groups lead to mixtures of distributions that are dif-
ficult to disentangle. The covariates are extremely useful to identify the model:
identification can be achieved by several alternative restrictions whose plausi-
bility should be judged case by case, as illustrated by Jo (2002) in the special
instance of non-compliance with two latent groups. However, the likelihood
function is usually flat, so its maximization is not trivial. A Bayesian analysis
(Imbens & Rubin, 1997) may circumvent these difficulties, but, apart from the
computational complexity, the choice of suitable prior distributions is tricky.

Here we perform a maximum likelihood analysis, which turns out to be ef-
fective for the problem at hand. As noted in the previous section, the data gen-
erating process can be defined in terms of two sets of probabilities, the 7’s,
leading to the principal strata sub-model, and the s, leading to the outcome
sub-model. The variables available for each individual are Z;, S°%, R, Y°*
(if R°™ =1) and the vector of covariates X;.

In the present application, the 19 individuals with missing values on the co-
variates are simply deleted, so the covariates can be treated as fully observed.
Extensions to handle missing values in the covariates are shown in Barnard et
al. (2003).

Now let us collect the parameters in the vector 0 and the variables for the n
individuals in the vectors Z, S°*, R*® and Y°* and in the matrix X. Then the
likelihood can be written as a product over the four observable groups defined

by Z; and $;°*, where ie O(k,h) stands for Z; =k and $;°*=h:

L(e | Z, Sobs, Robs' Yobs, X) —
obs _y.obs Ri(Jbs obs _y.obs RiDbs
H {”Ge:i [(Vl,ee:i)Yi (1_7’1,<3G:i)1 K ] e [(V1,GN;i)Y' (1_7’1,szi)1 i ] }X

i€0(11)

X H{”Ne:i + 7Ty 1X (4)

ic0(L0)
y.0bs 1-Y.0bs Riobs y.0bs 1-Y.0bs Riobs
x gn{ﬂeezi [(Vo,ee:i)' A-y0661) " ] Ty [(Vo,NG:i) b =ronei) ] X
e ).

X H{”GN:i +7TNN:i}

i€0(0,0)
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The model is based on the assumptions of SUTVA, treatment unconfound-
edness and missing at random. In the likelihood (4) the individuals who did
not respond to the interview (R =0) do not contribute to the estimation of
the #/s, but do contribute to the estimation of the z’s. Therefore, the 7’s are es-
timated from all the individuals in the sample, while information about the ¥'s
is given only by the individuals who graduated and were interviewed (overall,
15% of the sample), so estimation of the ¥’s relies on scarce data.

As in the majority of current applications of the principal strata approach,
the treatment and the intermediate variable are binary, leading to four princi-
pal strata. While in many settings it is sensible to assume that certain strata are
empty (e.g. the assumption of no defiers in an experiment without compli-
ance), in the present context such assumptions are not plausible in the light of
the symmetry of the two treatments, so all the strata exist. This level of gener-
ality implies a considerable increase in model complexity since, as it is clear
from the likelihood (4) that every observed group O(k,h) is generated by a
mixture of two distributions to be disentangled.

The probabilities of the principal strata (7’s) are subject to some restrictions
since they must lie in the [0, 1] interval and must sum to one. Therefore, in or-
der to model the dependence of these probabilities on the covariates it is useful
to operate a transformation to a set of unbounded parameters, using a multi-
nomial logit specification (where NN is the reference category). For example,
the model probability for GG is

— exp(ngG:i) .
1+exp(1Ge:) +eXP(gn: ) + eXP(7ic:)

For the probabilities of the outcome (3s) the transformation to unbounded
parameters can be obtained through separate logit specifications. For example,

1
1+exp(—1/s6:)

and four linear predictors are defined: 77/si, 75 ei s Moni aNd 7§ yei -

Then, the 17" ’s and the 1" ’s are assumed to depend linearly on the covari-
ates. In the most general version of the model, each of these parameters has its
own set of regression coefficients. In the current application the most general
model we consider entails an unconstrained linear specification of the 1" ’s,
e.0. Maei =Oas +PBes 'X;, and a linear specification of the 1”’s with a specific
intercept, but a common vector of slopes, €.g. M/ ssi = %ss +B”'X; . In this
way it is assumed that each covariate has the same effect in each principal
stratum and that the ACE on employment in the GG stratum is additive on the
logit scale, 0fss — 04 qs , i.e. is the same for all levels of the covariates. In our
application, this specification seems a reasonable one. Other specifications
could be devised (Jo, 2002), but in the present case their use is hindered by the
limited sample information.

TG

yl,GG:i -
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Model identification is possible only with a suitable number of covariates.
The model specification just outlined has 27 parameters and 5 covariates, so
that conditions for identification are met (Grilli & Mealli, 2006). However,
empirical underidentification problems are likely with models of this kind, and
in fact in the model selection process we had to put some constraints on some
parameters entering the 7”’s.

Maximum likelihood estimation was performed by means of the
NLMIXED procedure of the SAS system (SAS Institute, 1999). The proce-
dure has several maximizing algorithms, the default being quasi-Newton with
a BFGS update of the Cholesky factor of the approximate Hessian.

For certain values of the covariates, some principal strata have very low
predicted probabilities, meaning that they are nearly empty. In particular, for
the baseline individual, which was chosen to be the most frequent pattern in
the sample and characterised by all the covariates being zero, the NG stratum
seems to be empty, since the corresponding value on the multinomial logit
scale is -7.826 (s.e. 14.763).

Therefore, in order to follow a simple and clear model selection strategy,
we redefined the coding of the covariates in order to obtain a new baseline in-
dividual with non-negligible probabilities for all the four strata. The goal was
achieved simply by switching the coding of the covariate Late enrolment,
from now on labelled Regular enrolment.

In the unrestricted model, six of the estimated £™’s are below -5 with huge
or not available standard errors, meaning that when the covariate switches
from zero to one the corresponding principal stratum disappears. In particular,
with the exception of some students who enrolled late, the NG stratum appears
to be empty. This is not surprising, since the overall proportion of graduates is
modest and is lower for Z; =0, so that the NG stratum (Not graduated if Z; =1
and Graduated if Z; =0) is necessarily very limited. In addition, the opposite
GN stratum seems to be empty in some cases.

Therefore, model selection goes on by fixing to —e the aforementioned
B"’s, leading to the results shown in Table 5. The reduction from 27 to 21 pa-
rameters entails a negligible reduction in the deviance, while the other
parameters and standard errors are essentially unchanged. Some of the g™’s are
not significant at conventional levels, so the principal strata sub-model could
be further refined. However, model selection was stopped since a parsimoni-
ous principal stratum sub-model is not an objective of substantive interest and
has little effect on the precision of the estimates of the outcome sub-model.

In the outcome sub-model the 5”’s are not significant at conventional levels,
though two of them (Gymnasium and Regular enrolment) are high in magni-
tude: more data would be needed to assess the influence of the covariates on
the outcome. Nonetheless, the primary target of the analysis, i.e. the causal ef-
fect on the logit scale afGG —af s, is estimated as 0.666 with a s.e. of 0.301,
so it is significantly different from zero at the 5% level.



University Studies and Employment. An Application of the Principal Strata Approach 229

Table 5. Parameter estimates (and standard errors) of the model

Principal strata submodel (7 ’s) Outcome submodel (y’s)
s -4.402  (0.448)] oo 1.262 (1.241)
oy -2.647 (0.752)] %ne -1.365 (1.568)
(4 -3.207 (0.835)| %o 0.596 (1.185)
Bss.gymwesium 1.275 (0.157)] %o 0.484  (1.058)
i p— -0 o masium 0410 (0.374)
B gmasim - 0 Brian_arace -0.036 (0.263)
B rign_grace 1.205  (0.146)|  Breguar_enomen -0.932  (0.979)
Ben nigh._grade 1.113  (0.652)| Bl 0.070 (0.272)
Blic high_grace - Bliorence 0.104 (0.333)
Bl sequtar_envomen: 2.023  (0.425)| ACE onempl. GG /s -afss 0.666  (0.301)

ﬁgN‘regular_enrolment '0009 (0792)

ﬂrﬁe,regmauenmmem - o0
Bs. temate 0.117 (0.137)
Bin, temate -0.622 (0.755)
Bl emate 0.991 (1.111)
B Frorence 0.280 (0.144)
B Frorence -
B Fioence -

Table 6. Estimated percent probabilities for some covariates' patterns

Probability 00000[00100|00110{00101{01100{10100/11100|11111
TG 1.1 8.0 9.1 10.9| 20.3| 24.9 52.5 62.2
TeN:i 6.3 6.0, 3.3 0.0 140, 0.0} 0.0 0.0
NG 3.6 0.0, 0.0 0.00 0.0 00 00 0.0
TN 89.0| 86.0] 87.6| 89.1| 65.7| 75.1] 47.5 37.8
ACE on graduation mmgni—e:i 27 6.0 3.3 0.0 140 0.00 0.0 0.0
Neai 77.9] 58.2| 59.9] 60.7| 57.3| 48.0 47.1| 51.5
.66 64.5| 41.7| 43.4] 44.2| 40.8] 32.2| 31.4] 35.3
NN 61.9] 39.0| 40.7| 41.5| 38.1 29.8/ 29.0| 32.8
NG 20.3] 9.1 9.7 10.00 89 6.3 6.1 7.1
ACE on empl. for GG % gei—csi | 13.5] 16.5 16.5] 16.4] 16.5] 15.8| 15.7| 16.2
Wi 30.6| 41.7| 43.4 44.2| 40.8) 32.2| 31.4| 35.3
Wi 64.2| 49.9 54.8| 60.7| 49.5| 48.0 47.1| 51.5
Wi = % 33.6] 8.2 11.4] 16.4] 8.6] 15.8 15.7| 16.2

The pattern (x1,X2,X3,Xa,Xs) Stands for Gymnasium = x,, High grade = x,, Regular enrolment = x;, Fe-
male = x4, Florence = xs
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To aid the interpretation of the results, Table 6 reports the estimated prob-
abilities for some covariates’ patterns. The patterns are in increasing order of
e Note that 7zgni—mG: is the ACE on graduation (2) and % cei—%.6G:i IS
the ACE on employment in the GG stratum (1), while 3; and % are the
probabilities of employment for the two programmes obtained through the
mixtures defined in (3).

The estimated proportion of students belonging to the GG group varies a lot
with the covariates, from a minimum of 1.1% to a maximum of 62.2%. More-
over, the proportion of students belonging to the GN and NG groups (i.e. the
students able to graduate in only one programme) tends to diminish as the GG
stratum grows even if the NN stratum goes down.

On one extreme, the individual with all the covariates equal to one (a fe-
male with residence in Florence coming from a gymnasium with high grade
and regular enrolment) has the highest probability of graduation (62.2%)
which is entirely attributed to the GG group.

On the other extreme, the baseline individual (a male with residence outside
Florence coming from a school other than a gymnasium with a low grade and
late enrolment) has a low probability of graduation in at least one of the pro-
grammes (11.0%), mainly attributed to the GN and NG groups.

Since the ACE on graduation, mgn:i—7ng:i, stems from the GN and NG
groups, it follows that the two degree programmes have a differential effect on
the probability of graduation only for students having a weak background.
Special guidance policies should be designed for this kind of students.

In general, knowing the sizes of the principal strata is important for guidance:
for example, the students who benefit from enrolling in Economics are the ones
belonging to the GN stratum, as they graduate only in that degree programme.

Looking at the effect on employment, some results are worth stressing. The
level of the probability of employment varies a lot with the covariates, ranging
from 47.1% to 77.9% for the graduates in Economics, and from 31.4% to
64.5% for the graduates in Political science. However, the ACE on employ-
ment in the GG stratum, which we assumed constant on the logit scale to
avoid identification problems, generates a quite stable differential of about
15% in the employment probability.

Of course, the reliability and also the substantive importance of such an ef-
fect depends on the size of the GG stratum: for example, the causal effect in
the GG stratum has little relevance for our baseline individual, which has a
probability of only 1.1% to be a GG.

5. Concluding remarks

In the paper, two programmes of the University of Florence have been com-
pared in order to evaluate their effectiveness with respect to employment rate.
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The principal strata approach to causal inference was used to set up a general
framework for the analysis of the problem, with a precise definition of the
quantities of interest. Inference was drawn through a model fitted with maxi-
mum likelihood. Some care was needed in the model selection strategy to ac-
count for the possibility that some principal strata were empty.

The causal effect in the GG stratum (i.e. the students who are able to gradu-
ate in both programmes) is positive (namely in favour of Economics gradu-
ates). Moreover, the model gives some additional insight into the phenome-
non, as it shows how the principal strata structure changes with the covariates:
this information is crucial to understand the enrolment process and to interpret
consciously the estimated causal effect.

Unfortunately, the limited sample information on the employment status led
to a lack of statistical significance in most parameters of the outcome sub-
model and prevented us from exploring structures that are more complex.

The model could be developed also in a Bayesian framework, which entails
several difficulties (specification of the priors, computational complexity), but
offers some advantages which become crucial as the complexity of the model
increases (Barnard et al., 2003). Alternatively, if the assumptions of the para-
metric model are judged too restrictive, large-sample non-parametric bounds
can be calculated (Grilli & Mealli, 2006).
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Is the Length of the First Job Search Spell
a Valid Measure of External Effectiveness
of University Programmes?
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Summary. The aim of this paper is to show that labour-market outcomes re-
lated to holding a job are not valid measures of the relative impact of different
programmes, while better performing measures are those related to holding
jobs reaching given quality standards. For this purpose, we develop a simple
job-search model: graduates decide whether to accept a job offer depending on
the utility of the different options. If graduates with better work prospects are
more selective than others, it can be shown that neither the exit rate from un-
employment, nor the probability of being employed at a given time, are neces-
sarily higher for those coming from “the best” university programmes. On the
other hand, under mild conditions, neither the waiting time for a job reaching
given quality standards nor the probability of having a “good job” depend on
individual behaviour, but only on work opportunities: this makes the latter in-
dicators better measures of external effectiveness. Nevertheless, while cross-
sectional data suffice for assessment of the working condition, evaluation of
the waiting time for a “good job” requires longitudinal data.

Keywords: University educational programmes; External effectiveness; Tran-
sition from school to work; Job search models; Hazard function.

1. Introduction

The process of integrating young adults into the labour market is a common
problem at the international level (OECD, 1998), as is shown by high youth
unemployment rates in many countries. From a comparative standpoint, the
assessment of the role of national school systems in the process of transition
towards the labour market is one of the most interesting areas of investigation
in this particular field (Muller & Shavit, 1998; Van der Velden & Wolbers,
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2001; lannelli, 2001; Brauns et al., 2001). Other studies focus on the effects of
various educational levels and programmes in individual countries (Nguyen &
Taylor, 2003) or on earning returns to schooling (Angrist & Krueger, 1991;
Harmon & Walker, 1995; Colussi, 1997; Checchi, 1997).

From a different perspective, occupational outcomes are considered as indi-
cators of the external effectiveness of educational programmes (Gori et al.,
1993; Biggeri et al., 2001; Rampichini & Petrucci, 2001; Bratti et al, 2004).

One of the aims is to rank’ professional training courses, schools, universi-
ties or specific university study programmes, with respect to their ability to fa-
vour the entry of young people into the labour market. Ideally, the purpose
should be to assess the net impact of attending a particular course: occupa-
tional outcomes are then assessed by controlling for characteristics of the indi-
vidual and of the context. The main problem to face is the selection process, if
the propensity to choose a particular study programme depends on attributes
that would make the individuals interesting to potential employers, even in the
absence of the study programme itself.

To evaluate the external effectiveness of scholastic or university education in
general, various authors (Biggeri et al., 2001; Rampichini & Petrucci, 2001;
Nguyen & Taylor, 2003; Porcu & Tedesco, 2004) use as indicator the length of
the first job-search spell after attaining a qualification. Others (Giommi &
Pratesi, 2001; Bratti et al., 2004) focus instead on the probability of employment
at a given time. The use of these indicators is based on the (implicit) assump-
tion that better job prospects correspond to shorter time needed to enter the la-
bour market. As we will see, however, these suppositions may be confuted.

Purpose of this paper is: a) to show the limits of occupational outcomes re-
lated to work in itself as indicators of the external effectiveness of study pro-
grammes; b) to assess the validity of alternative indicators of external effec-
tiveness, related to performance of a work activity that reaches a given stan-
dard of quality.

The idea is simple. Having a job means that:

(i) a job opportunity came up;

(ii) one chose to accept the opportunity.

Hence, the waiting time for first employment depends on the effective will-
ingness of graduates to accept the jobs that are proposed to them. Using a sim-
ple job-search model, it can be shown that the waiting time to first job is not
necessarily briefer for graduates with better job prospects if they have higher
ambitions.

' The approach, which originated in the growing demand for accountability in public sec-
tor activities, is particularly widespread (but also frequently criticized) in Great Britain,
where all levels and types of educational institutions are subject to comparative evalua-
tion. The resulting rankings (league-tables) of performance indicators are easily accessi-
ble to the public (http://education/guardian.co.uk). For a critical analysis of this ap-
proach, see Goldstein & Spiegelhalter (1996).
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The choice of which indicators to use depends critically on the nature of the
information obtained: in particular, whether the data concern employment at
the time of the interview, or rather the entire work history observed over a
given period.

The present paper is divided as follows: Section 2 presents the job-search
model, reproducing a “world” characterized by very simple operative mecha-
nisms. The aim is not to propose an innovative specification of the processes
regulating, at the micro level, the match between work demand and supply,
but rather to show that the premises underlying the use of the waiting time for
first employment as indicator of the external effectiveness of study pro-
grammes may not hold. The theoretical results, presented in Sections 3 to 5,
can be illustrated by means of a simulation exercise, developed in Section 6.
Working histories for graduates of different study programmes are generated
under alternative hypotheses on job opportunities and choice criterion. The
conclusions follow.

2. The model

The process regulating the search for work involves two categories of actors:
the subjects looking for employment and that of potential employers. The lat-
ter choose whether, and to whom, they will make work available, while the
former chooses whether to accept the proposals.

Our model is based on the idea, borrowed from economics literature, that
people’s choices are based on comparing the values of the utility function?
corresponding to the different options. In this paper, utility can assume a very
general connotation, diverging from what is hypothesised in job-search mod-
els that refer to earnings (Jensen & Westergard-Nielsen, 1987; Eckstein &
Wolpin, 1995). Ideally, one should refer to the variety of features that charac-
terise job quality: type of contract, relevance to academic qualifications, need
for qualifications, utilization of knowledge and skills acquired, and remunera-
tion.

The model is characterized as follows. Every employment offer is associ-
ated with a specific value of the utility function. We assume that the utility as-
cribed to a job is the same for all graduates, depending only on the characteris-
tics of the job itself. The job offers that each graduate can receive vary, how-
ever, among subjects. One and only one job opportunity is allowed for each

2 The concept of utility is based on the notion that individuals derive satisfaction from
consumption of material goods and from leisure time; utility is a measure of this satis-
faction (Borjas, 1999). The decision whether to work or not (and how much to work)
therefore depends on the hourly wage and on individual preferences (expressed by the
indifference curve). The wage below which the individual decides not to work is called
the “reservation wage”.
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subject at each time t, with utility value described by the random variable
U, '(t) with distribution g. We formulate the following:

ASSUMPTIONT  U/'(t) ~ g'(u () = g(u | x),

where X is the vector of the individual characteristics which the potential em-
ployer is able to observe. X could indicate the graduate’s gender, degree of
motivation or intelligence, social class, and store of knowledge and skills ac-
quired during university (represented by the disciplinary field and the particu-
lar study programme).

The U/(t) are i.i.d. random variables over i and t: quality and quantity of
work offers do not change over time, do not depend on previous or future of-
fers®, and do not depend on offers received by other people.

The assumption that, at each t, one and only one work offer arrives* does
not rule out that individuals may receive offers with varying frequency. If
P(UL(t)=0) > 0, the absence of offers at time t corresponds to the arrival of an
offer with zero utility.

Each individual chooses whether to accept or refuse a work opportunity in
relation to the threshold, us, the minimum level of utility that he or she is will-
ing to accept. The choice criterion is as follows:

ASSUMPTION 2 accept the job if u_>us;
reject the job if u . <us.

We also assume that the threshold does not change over time within the
spell®. The threshold is described by Us , which is related to individual charac-
teristics z:

ASSUMPTION 3 Ug' ~ f'(us) = f(us | 2) .

In principle, factors X and Z are distinct (Logan, 1996) in that they are de-
termined by different actors (X affects the choices of potential employers, who
decide to whom they will propose the job offer, while Z relates to graduates’
choices). However, it is plausible that the elements characterizing these factors
are mostly the same. If individuals behave in a rational way, those with good

® For the sake of simplicity, we do not allow for dependence on local labour market con-

ditions, nor for structural negative duration dependence in the exit rate from unemploy-
ment, which could occur for example because of loss of skills or loosening of social
networks (in these cases the i.i.d. assumption would have to be relaxed).

Discrete choice (Mc Fadden, 1974) and job-search models typically refer to situations in
which individuals choose among a number of work opportunities (as well as the condi-
tions of no work or of waiting for future employment). The model presented here can be
related to a similar circumstance, if we hypothesize that U, (t) represents the utility cor-
responding to the best offer arriving at time t.

The condition is too restrictive if individuals become less selective as time in unem-
ployment grows longer. This could happen because of discouragement.
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employment prospects will tend to be more selective, and vice versa®. This
could be true, for example, for subjects who are especially talented, or who
belong to a high social class, or attended a university programme providing
knowledge or skills that are in great demand on the market.

The dependence of U, and Us on common factors implies that they are gen-
erally positively correlated. We assume however that:

ASSUMPTION 4 U (t)LUg|X,Z,

implying that correlation is spurious. The reason is that work offers cannot de-
pend in a causal sense on the individual’s threshold, since such threshold is
not observable by the potential employers.

Let us assume, in conclusion, that study programmes can be arranged ac-
cording to the “value added”’ which they potentially offer to the graduates in
terms of marketable skills. If programme A provides a higher “value added”
than programme B, offering better job prospects other things being equal, we
say that A is preferable to B. We assume that, ceteris paribus:

ASSUMPTION 5 G"(uy) > GB(uy) Y ou
ASSUMPTION 6 F"(ug) > F3(us) Y ug

where G(u.) = P(UL >up) and F(us) = P(Us > us). The “best” programmes
offer better employment prospects and lead to more selective behaviours of
graduates.

Let S represent the body of possible study programmes, with A and B any
two elements of S, and A preferable to B in the sense indicated above. I is an
indicator of occupational outcome. We say that | is a valid indicator of exter-
nal effectiveness of degree programmes if, ceteris paribus, one of the follow-
ing relations holds:

EA()>E®(1) VABeS|A=B , (1a)
EA(1)<E®(1) VABeS|A-B . (1b)

That is, indicator | must capture the existing differences among pro-
grammes.

® Jensen & Westergard-Nielsen (1987) — in a perfectly rational environment, where the

graduate knows the distribution of employment opportunities — derive the optimal reser-
vation wage, which depends explicitly on the distribution of job offers. On the other
hand, Eckstein & Wolpin (1995), while observing a positive correlation between esti-
mated reservation wage and average salary of job offers, maintain that such dependence
is not theoretically necessary.

The term “value added” is frequently employed in the literature on league tables. Notice
that we do not address here the problem of how to control over the potential confound-
ing factors due to the selection process. The reasoning is here always “other things being
equal”.
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If | is the length of a spell, for example the duration of first employment
search after graduation, then (1) is equivalent to:

PAT=t|T=>t)>P5(T=t|T>1), (2)

where T is the duration itself and P(T = t| T > t) is the discrete-time hazard
function. If condition (2) holds, the speed of leaving unemployment is greater
for the “better” programme A than for B, and the average duration shorter.

Employing instead a binary indicator of working condition at some time t,
say L(t), condition (1) corresponds to:

PA(L() = 1) > PP(L(t) = 1), (3)
meaning that the employment probability should be higher for A than for B.

3. Waiting time to the first job
If T is the duration of the first employment search spell, the hazard function
can be expressed as:

P(T=t|T>t)=P(UL(t) > Us | U.(t-1) < Us,..., U (1) < Us). 4)

Starting from the particular case in which the threshold utility is a constant
given Z, we obtain:

P(T=t|T>t)= P(UL(t)EUS | UL(t-1) <us,..., U (1) < Us) = P(UL > Us) (5)

as the utility of job offers at subsequent times are assumed i.i.d.. Note that the
exit rate does not change with increasing elapsed time in unemployment.

Let us now take two subjects, identical for all other relevant characteristics,
one of whom gained degree A, the other degree B. If A is preferable to B, for
assumption 6 we will have us® > us®. Condition (2) holds if:

PU > us™) > PULS > us®),

that is, G*(us") > G®(us®). However, without additional assumptions, it is not
possible to derive relation (2) in the general case, as is shown in Figure 1.
Now let Us be a random variable. From (4) we derive that:

PT=t|T>1t)= juS P(UL(t)>Us | U (t-1) < Us,..., U (1) <Us) dus  (6)
For t=1 we obtain that:

P(T=1) =P(U(1) > Us)= J.US P(UL(L) > us | Us = us) P(Us = us) dus
J-USP(ULEUS) P(Us=us) dus %
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AGL(U)

- B A >
... possible values of ug”  Ug

Figure 1. A priori it cannot be assessed whether P(L(t) = 1) is higher for A or B

PA(US = us)

Us

Figure 2. Factors in the integral function (7).

Separately analyzing the two factors inside the integral (see Figure 2) we

observe that:

- P(UL>us) decreases with us. Thus, given us, this probability is higher for
A than for B by assumption 5;

- P(Us = us) gives more weight to high values of us for A, to low values of us
for B by assumption 6.
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Without other assumptions, it is not possible to assess a priori which of the
integrals representing PA(T = 1) or PE(T = 1) takes a larger value. Similar re-
sults hold for a generic value of t".

To conclude, the link between quality of education and time needed to enter
the labour market is not clear-cut. The waiting time to first employment is
therefore not a valid indicator of external effectiveness, in the sense indicated
in Section 2.

4. Probability of employment at time t

The model described in Section 2 specifies how the first work episode after
graduation begins, but does not formulate assumptions about its duration or
about how the later periods of employment may start. Nevertheless, the em-
ployment condition at time t also depends on these factors.

Wishing to limit the model’s complexity, we formulate the additional hy-
pothesis®:

ASSUMPTION 7 The first work episode has a minimum duration
equal to t.

In this framework, the graduate proves to be employed at time t if by that
date he or she is offered at least one job with a utility higher than his/her per-
sonal threshold of acceptability. Therefore:

P(L(t)=1)=P{max[u @)U (2).U ()]zUs}

= Jp{maX[U LOUL2).ULt)]2ug |Ug =ug}P(Us =ug )dus
us
=1- [[PU (1) <u)PU(2)<ug)-.PU (t)<us)IPUg =ug )dug
us
=1- [[PUL <ug)I'PUs =us)dus
us
For the same reasons produced with reference to (7), the general validity of
relation (3) cannot be demonstrated.

& Knowledge of ug would help eliminating spurious duration dependence, but would not

change the terms of the problem: relation (2) is still not generally true.
The hypothesis, which is not very realistic in a world where temporary or short-term
jobs are increasingly common, has the effect of overestimating P(L(t)=1).

9
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5. Indicators based on quality work

Measures based on employment rate are not valid indicators of external effec-
tiveness of study programmes because a favourable value of the indicator does
not always correspond to study programmes offering better employment pros-
pects. This occurs because subjects behave differently in the labour market.

The role of individual behaviour weakens if we take indicators based on
holding a job that reaches a given quality standards. This standard may be de-
fined with reference to the same dimensions used to connote the concept of
utility: type of contract, earning, relevance of university education, need for
the acquired expertise, and degree to which acquired skills and knowledge are
used. A “good” job is thus a job that achieves a predefined minimum level of
utility, uo.

Two assumptions have to be added to those formulated in Section 2:

ASSUMPTION 8 Us' < U Y i,

meaning that all graduates are willing to accept jobs that reach the standard,
and

ASSUMPTION 9 when graduate i finds a job, us', changes and takes
the value of the utility of the current job.

Assumption 9 implies that, if presented with an opportunity with a utility
higher than that of the work they are already doing, individuals change job
(assuming that there are no job-to-job costs).

In this framework, indicating with Tq the time before the first quality job,
we obtain that:

P(Ty =t|Ty 2t)=PU_(t)2u, U (t-1)<u,,..U (@) <uy)=PU, 2u,),

because U, (t) are assumed to be i.i.d.. The speed with which individuals find a
“good” job, therefore, varies only in relation to work opportunities, and not to
personal choice criterion. Thus, if A is “better” than B, G"(uo) > G®(u,) by as-
sumption 5, and the waiting time for A will be, on average, shorter.

Let us now consider the probability of performing a quality job at time t.
Let Lo(t) be the binary random variable assuming value 1 in favourable cases.
The following should hold:

P(Lo"(H=1) = P(Lo"(H)=1) (8)

Let us see. A graduate will have a good job at time t if by that date he re-
ceives a work offer with a utility higher than u,. Therefore:

P(Lg (t)=1)= P{max[u @)U (2).U ©)]>ue}
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=1-[PU_ M) <ug)PUL(2)<ug)..PU(t)<up)]
=1-[PUL <ug) =1-[L-G(uo)I"-

Since G*(uo) > G®(uo) by assumption 5, condition (8) is verified.

Thus, both the length of the search for a quality job and the probability of
holding a “good” job at some time t lend themselves well to assessing the ex-
ternal effectiveness of study programmes.

6. Simulation exercise

The theoretical results described in Sections 3-5 can be illustrated with a simu-
lation. Working histories for 1000 individuals have been generated (Table 1)
under different distributional assumptions for Us and U (t).

Degree A is always preferable to degree B. In case 1, differences between A
and B refer to working opportunities only, while in cases 2-7 they refer to the
choice criteria as well.

Waiting time to first job. Average waiting times can be higher for programme
A or for programme B (Table 2). A performs much better than B only in case
1, where Us™ and Ug® have the same distribution, i.e. the study programme
does not affect the choice criterion. In all other cases, only small differences
are observed.

Table 1. Distributional assumptions for Us and U, (t). Threshold u=3.

Us* Us® ul u®

. . . [ 0 with p=0.25

Case 1 |Uniform(2,3) |Uniform(2,3) Uniform(0,4) lUniform(03 2) otherwise
] ] . j 0 with p=0.25

Case 2 |Uniform(2,3) |Uniform(1,2) Uniform(0,4) [Uniform(os 2) otherwise
_ _ _ [ 0 with p=0.25

Case 3 |Uniform(2,3) |Uniform(1.5,2.5) [Uniform(0,4) lUniform(032) otherwise
. . ) [ 0 with p=0.25

Case 4 |Uniform(2,3) |Uniform(1,2) Uniform(0,3.5) [Uniform(032) otherwise
0 with p=0.2E

Case 5 [Uniform(2,3) |Uniform(1.5,2.5) [Uniform(0,3.5) {Uniform(osz) otherwise

[0  withp=0.25
|uniform(0,4) ~ otherwise
[0 withp=050
lUniform(0,4) otherwise

Case 6 |Uniform(2,3) |Uniform(1,2) Uniform(0,4)

Case 7 |Uniform(2,3) |Uniform(1,2) Uniform(0,4)
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Table 2. Waiting time to the first job. Statistics based on simulated data.
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MEAN MEDIAN S.D.

A B A B A B
Case 1 2.85 7.62 2 5 2.4 9.1
Case 2 2.83 2.56 2 2 2.5 2.0
Case 3 2.88 3.65 2 3 2.4 3.3
Case 4 3.86 2.51 2 2 4.1 2.1
Case 5 4.13 3.84 3 3 4.7 3.6
Case 6 2.71 2.17 2 2 2.2 1.7
Case 7 2.95 3.18 2 2 2.6 2.4

Table 3. Waiting t

ime to the first “good” job. Statistics based on simulated data.

MEAN MEDIAN S.D.
A B A B A B
Cases 1-3 4.0 21.1 3 15 3.5 20.0
Cases 4-5 6.8 22.2 5 17 6.5 20.6
Case 6 4.1 5.4 3 4 3.6 4.9
Case 7 3.8 7.7 3 6 3.3 7.6

Table 4. Probability of being employed six time units after graduation. Statistics based

on simulated data.

% EMPLOYED AFTER SIX TIME UNITS
A B
Case 1 92.6 60.6
Case 2 93.4 93.8
Case 3 94.6 84.5
Case 4 83.4 94.2
Case 5 83.7 85.2
Case 6 92.8 97.8
Case 7 92.4 89.5

Waiting time to first ““good” job. Differences between programmes are much

more marked here (Table 3). In all cases, average spells are much shorter for A

than for B.

Probability of being employed at time t. The percentage of individuals holding

a job six time units after graduation is not uniformly higher for A than for B, as
we would expect if the indicator was a valid measure of effectiveness (Table
4). In this case, as occurs for the waiting time to the first job, the difference is
markedly more favourable for A in case 1 only.
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Table 5. Probability of having a “good” job six time units after graduation. Statistics
based on simulated data.

% HOLDING A “GOOD” JOB AFTER SIX TIME UNITS
A B
Cases 1-3 81.3 22.2
Cases 4-5 59.6 23.6
Cases 6 81.7 67.7
Case 7 80.9 55.8

Probability of having a *‘good” job at time t. The percentage of graduates
holding a job which reaches given standards of quality at time t=6 is every-
where much higher for those with degree A (Table 5).

7. Conclusions

We have argued that indicators referring to jobs reaching a given standard of
quality are the most appropriate for the evaluation of external effectiveness,
nevertheless we have to acknowledge that data required to construct these in-
dicators are much more demanding than those related to the holding of “any
job” (Table 6).

Table 6. Data requirements for the evaluation of external effectiveness

INDICATORS DATA REQUIREMENTS

Probability of being employed | Occupational condition at time of interview.
attimet.
Waiting time to first job. (Beginning time of job-search).

Beginning time of first job.

Probability of having a “good” | Occupational condition at time of interview.
job at time t. Characteristics of current job .

Waiting time to first “good” job. | Beginning and end time of all jobs.
Characteristics of all jobs.

University “Bad” job “Bad” job “Good” job
eccccccoe »

— _/
~—

Waiting time for a “good” job

Figure 3. The assessment of time to a “good” job requires event history data.
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Waiting time to the first “good” job has the highest data requirements: event
history data on working careers are needed (Figure 3). Given the deep changes
that have occurred in the labour market in recent years, this kind of informa-
tion is particularly relevant, as lifelong jobs are now much less widespread
among young people.

The nationwide survey on Italian graduates carried out by ISTAT (2004)
does not collect event history data. Thus, the assessment of waiting time to the
first “good” job is not feasible now. Nevertheless, these surveys do collect de-
tailed information on the current job, thus the quality of the current job can be
evaluated.

In conclusion, given data limitations, it seems to be a much more sensible
practice to evaluate the external effectiveness of university programmes by re-
ferring to the “probability of having a job reaching a given quality standard at
time t” rather than employing the “waiting time to the first job”.
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Competence-based Compatibility
between Jobs and University Curricula

Luigi Fabbris

Statistics Department, Padua University, Italy

Summary. In this paper, we put forward a mathematical and statistical model
for measuring the “compatibility” between jobs and university curricula based
on professional competences. Our model aims at comparing work require-
ments and the professional counterparts achievable at school. Even if the basic
concepts might be valid for the analysis of outer educational realms, the model
is devoted to the analysis of highly qualified jobs, and in specific those “from
technical to managerial positions” that may be taught at university. Our model
is general enough, too, to frame various studies on the job market and clarify
the terminological, conceptual and operational entities of occupations.

Keywords: Competences; Labour market; Jobs; Professional profile; Univer-
sity curricula; Formative profiles; Degree Programmes; Compatibility analysis.

1. Work activities, jobs and university curricula

The professional competences required in global-market activities change rap-
idly. The changes concern the technical refinement of occupations, i.e. the
ability of workers in relating with customers, dealers and colleagues, commu-
nicating internally and externally with their company, working in a team, solv-
ing problems and organising their own job and that of others.

The term competences encompasses the knowledge, skills and attitudes re-
quired to applicants for work. This topic is dealt with in Section 2. In the fol-
lowing, without loss of generality, we assume that school is where the compe-
tences, as part of a person’s personality causally related to superior job per-
formances (Spencer & Spencer, 1993), are grounded.

1 The author wishes to thank Professors Simona Balbi, Marisa Civardi and Corrado Cro-

cetta for invaluable suggestions on a first draft of this paper.
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Figure 1. Type of relationships hypothesised between work activities and educa-
tional profiles in a “competence-based” society

Our relational model between work activities and competences stems from
the hypothesis that the (bi-directional) links between the sites of production-
reproduction of knowledge, whose edge is university, and those of economic
production, represented by private companies, public bodies and professional
offices?, are knowledge and skills an educated person has to possess to cover a
work role. The basic hypothesis of these links, represented in Figure 1, is a
“competence-based” social system.

We can describe the links between job demand and offer in mathematical
terms and quantify it by focusing upon the pertinent social segment. In par-
ticular, each work activity requires competences peculiar to the size and activ-
ity of the concerned company and its economic sector. The possibility to quan-
tify the relationships represented in Figure 1 could allow us to predict and
harmonise the needs and actions of labour and education universes.

From now on, we will use the terms “educational profile”, or “formative
profile”, to indicate the competences achievable at a study programme. A for-
mative profile is a direct output of a university programme, even if a study
programme may generate more than one profile and, on the contrary, different
programmes may generate the same essential profile. Sometimes, we will
name “curriculum” the formative path a student can go through during his/her
university studies.

The terms “professional tasks” and “activities” denote the work roles in
companies. The terms “job”, “occupation” and “professional profile” are the

2 From now on, dealing with competences, we will not distinct between the private and

public sectors of economy.
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work roles a person, through his/her interrelated competences and culture, can
realise.
In the following, we discuss:

o a relational model between work activity and professional compe-
tences (Section 2); the model is specified in statistical and mathemati-
cal terms to make the relationships between entities clear,

o criteria for identifying the current and possible work activities in the
economic sectors we are concerned with, and the competences asso-
ciated to the identified activities. The criteria are extrapolated from
the current literature (Section 3) and direct data collection (Section 4).

In Section 5 we summarise our analyses and suggest issues for further re-
search.

2. Arelational model between work roles and
competences

Professional competences are composed of knowledge, skills and attitudes ap-
propriate for working in a productive environment. Knowledge is the set of
principles and information usable at work. Skills are the sound aptitudes that
enable a person to realise a work activity and may be either job-specific or
cross-occupational (Befani, 2004; Silvestri et al., 2005). Attitudes relate to
workers’ positive relationships with the productive structure, the people work-
ing with them, and their own professional tasks.

Competences are the results of a complex personal elaboration of the edu-
cational and experiential inputs (Keagan, 2002). This process implies a con-
tinuous matching with individual values, beliefs and aims. That is why we can
define the competences the professional personality, or the professional style
of a person.

Cross-occupational skills and personal attitudes may give a worker five
types of know-how: (i) facing the complexity and picking up from a situation
what is new; (ii) focusing on situations and behaving consistently; (iii) select-
ing, with reference to values, the most correct, appropriate, desirable behav-
iour; (iv) perceiving other people’s competences; (v) abstracting over the con-
tingent situation and imagining alternative scenarios. This know-how has no
relationship with job-specific knowledge.

The job-specific competences differ according to job. They are composed
of knowledge and skills specific of a certain job. Some technical competences
are basic, and, at the hiring stage, it is taken for granted that graduates who
apply for certain jobs possess these general competences. For technical and
managerial positions cross-occupation competences are the fluency in English,
spoken and written, and the ability to use the main computer functions and to
correctly use the national language (for details, see Section 4). The ‘a priori’
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relevance attributed to these skills does not imply all graduates at work (Fab-
bris & Visentin, 2005) use them.

From a mathematical viewpoint, the relationship between work activities
and competences may be expressed with the following data matrices:

o competence-by-job matrix (Section 2.1),

competence-by-educational profile matrix (Section 2.2),
job-by economic sector matrix (Section 2.3),
curriculum-by-university matrix (Section 2.4),
job-by-educational profile compatibility matrix (Section 2.5).

O O 0O

2.1 The competence-by-job matrix

A matrix of competence-by-job is a rectangular (AxK) matrix, where A is the
number of jobs identified within S economic sectors we are concerned with
and K is the number of job-related competences:

Z={.z.} (s=1..S;a=1..,Ak=1..,K),

where the element ¢z, is the amount of competences of k-th type necessary to
realise a-th activity.

The expanded form of matrix sZ is represented in Figure 2. Each row-vector
represents the variety of competences used for a-th activity and each column
the jobs for which k-th competence may be used. The relevance of a compe-
tence to an occupation may be estimated with Delphi-like methods (Ford,
1975).

The mean of the elements of a column vector

A
Zo = 2y /A=1ZIA  (s=1..,S; k=1,.., K),
a
where 1’ is a vector of A ones, estimate the average level of k-th competence
utilisation in occupations of sector s.

1 k. K
1 211 e Zik e $Z1K
sZ = a slal  eeeen slak ~ eeeees sZak sla+
A SIAL e LAk e SZAK
sL+k

Figure 2. Matrix of competences needed to realise work activities in the economic
sector s (s=1,..., S)
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The sum by row, weighted to account for the possible non-independence of
competences relevant to a-th job (see Section 2.5), represent the average use
of competences to realise that job:

K
L= ZW, =D 2y W, (s=1..S;a=1..,A),

k

where w, is a vector of K weights that vary between 0 and 1 and sum 1.

2.2 The competence-by-educational profile matrix

The competences associated to C University curricula are ordered in a (CxK)
matrix

Z=1uZa) (U=1..,U;c=1.,C;k=1..,K),

whose generic element ,zy represents the amount of competences associated
to k-th profile achievable by attending programmes at university u (u=1, ...,
U).

The expanded form of matrix ,Z is represented in Figure 3. A row-vector
represents the competences associated to c-th curriculum (c=1, ..., C) and a
column-vector the set of programmes where k-th competence is modelled. The

column mean
C

ZLo=D..2,/C=1ZIC (u=1..,U; k=1,..,K),
where 1’ is of order C, is the average level of k-th competence achievable at u-
th university programmes.
Analogously, the weighted mean by row is an estimate of the level of com-
petences achievable by attending programme ¢ (c=1, ..., C):
K
W= ZWo =Y 7 W, (u=1..,U;c=1..,C),

k

where w, is a column vector of K non-negative weights whose sum is one.

1 kL K
1 11 e ik e JZ1K
“Z= ¢ Zel e ek e wZek Lo+
C wlcr 0 e wlck 0 e uwZck
uZ+k

Figure 3. Matrix of competences achievable at study programme u (u=1, .., U)
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2.3 The job-by-economic sector matrix

The job by economic sector matrix is of order (SxA*), where S is the number
of sectors and A* that of occupations of s-th sector

Xz{xsa} (s=1..S;a=1.., A

where the generic element X, is a 0-1 indicator of the absence-presence of a-th
occupation in s-th sector. Zero denotes the absence of a-th occupation, one its
presence®. The expanded form of matrix X is presented in Figure 4. The ones
of a row of the matrix represent the work activities of s-th sector (s=1, ..., S)
and the ones of a column the sectors where a-th job is required.

1 a . A*
1 Xll ...... Xla ...... X]_A*
X= S X1 eeeens Xsa  eeeens Xspx Xs+
S Xs1 e Xsa  eeeees Xsax
Xia

Figure 4. Matrix of jobs by economic sector

2.4 The curriculum-by-university matrix

The matrix of curriculum-by-university is of (UxC) order, where U is the
number of universities and C that of different curricula:

Y=1{y,} @=1.,U;c=1..C)

where vy, is the 0-1 indicator of the c-th formative profile stemming from the
homonymous programme at u-th university.
The expanded form is presented in Figure 5.

i c ... C
1 Yo oo Yie Yic
Y= u Yoo 0 e Yoe e Yuc Yu+
U Yur e Yue e Yuc
Y+c

Figure 5. Matrix of curricula by university

3 Matrix X could be a relevance matrix of jobs to sectors, too, and its elements assume

values between zero and one. In the following, we will assume, without loss in general-
ity, that matrix elements are zeroes and ones.
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2.5 The compatibility matrix

The relationship between educational profiles and occupations may be organ-
ised in a (AxC) matrix of “compatibilities™:

P=1{p,.} (@=1..Ac=1..C),

whose element p,. is the amount of competences shared by c-th educational
profile and a-th occupation. The values of matrix P vary between zero and one,
zero indicating the absolute independence of occupation and educational profile
and one being its maximum. The expanded form is presented in Figure 6.

1 C C
1 Pu1 e P e Pic
P= a Par e Pac  eeeee Pac
A pAl ...... pAC ...... pAC

Figure 6. Matrix of compatibilities between formative profiles and occupations

The compatibility is an appropriate function of ,Z and ¢Z. If we assume
competences are independent to each other, in both matrices, compatibility pac
between a-th activity and c-th curriculum may be quantified as follows:

K
Pa =Y. Min(,zg,; Z, )W, (@=1.., A c=1.,C),
k

where wy is a non negative weight associated to k-th competence (X wi=1).
Such compatibility varies between 0, if no overlap exists between a-th activity
and c-th curriculum, and 1, if the use of competence is systematic and con-
tinuous.

If we assume that competences correlate either with an activity, or with an
educational profile, we could transform columns of matrices ,Z and Z into
their independent linear components. A possibility is to define a (ACxK) ma-
trix X whose rows are the logical product of rows of the two Z matrices and
columns are the competences. The generic element of matrix X may be esti-
mated as the minimum value of k-th competence proper to both educational
and professional profiles:

Xy = min(zak; ch) (i=1..,AC k=1..K).
Another measure, pac”, of compatibility between c-th educational and a.-th

professional profiles may be the sum of the r factorial scores f;; weighted with
their eigenvalues:
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pa =Zr: fii 4  (i=1..ac .., AC).
i

r being the rank(X) and 4; the generic eigenvalue of the variance-covariance S
matrix whose columns sum zero:

AC
S=X'X/AC :{Sij = Xy X /CA}.

3. Compatibility estimation

To define the relationships between work activities and educational profiles it
iS necessary:
= to represent the functional structure of companies of each economic
sector. The identification of functional areas that discriminate some
types of companies, and in particular companies by size, will give us
hints for understanding the specificity of competences of a given occu-
pation;
= to identify work activities of all functional areas of companies of a
given economic sector. We are concerned with managerial, technical
and other white-collar activities, to which general clerical positions are
added”. These work positions are those that a graduate may aspire to
and, actually, are covered by graduates. To define work activities, en-
trepreneurs, managers and other top people in companies, and entrepre-
neurial associations are to be interviewed. Operatively, it is necessary to
define a dictionary of activities of the examined economic sectors. We
can start from the last Ateco classification (ISTAT, 2002) and add the
new findings in classification research, such as the OECD (2001) clas-
sification developed after PISA project, CITP-88 international classifi-
cation of jobs by ILO-BIT, ISTAT’s in progress classification of jobs,
ROME (1982, 1999) system developed by ANPE - Agence Nationale
frangaise Pour I'Emploi, the Italian Ministry of Labour-ISFOL series of
publications on jobs typical of an economic sector or a functional area
within companies (ISFOL, 1999; www.isfol.it/orientaonline), the reper-
tory of jobs of Padua University (Fabbris, 2000, 2005) and other reper-
tories fostered for guidance, statistical, or simply rational, purposes;

Despite clerk, as a professional position, is generic in principle, it is often required in
practice that clerical workers possess qualified competences. This is why clerk is con-
sidered as a position relevant even for graduates. Several graduates accept clerical posi-
tions while looking for first employment (Cappa & Fabbris, 2004). Blue collar positions
are, instead, absent on graduates’ expectations, even if they should be considered merely
for first employment.
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= to identify professional competences inherent to work activities. Com-
petences can be ascertained according to research experience or expert
evaluation. Type and intensity of competences may be correlated to
structural features (economic sector, size) of companies and functional
areas within them. An important issue is to realise if, in a given work
environment, competences are specialised forms of a broader category,
or are simply different. For this, we need a ‘dictionary of competences’
of each examined economic sector. The basic grid edited by the Uni-
versity of Padua for its repertory of jobs, the Spencer & Spencer (1993)
list will be the bases to be enriched with outer experiences;

= to define target competences of each university curriculum. The termi-
nology of competences must be that in use at work. We will try to har-
monise the possibly different terminology of competences as defined at
the labour and educational levels (see Gonzélez & Wagenaar, 2005).
Either competences may be achieved from the stated curriculum, or in-
terviewing graduates about their work activities. Competences and jobs
associated with a university curriculum may depend on the university
that offers it, i.e. programme contents and teaching methodology of dif-
ferent universities may differ substantially. Nevertheless, for the sake of
generality, programmes with the same name will be considered equiva-
lent;

= to define a one-to-one correspondence between competences qualifying
work activities and university programmes. To define the correspon-
dence, a common terminology is to be used. We should use the termi-
nology used in the job market;

= to measure compatibility between work activities and programme aims.
To be able and associate a number to compatibility, we assume it is
possible to quantify both the relationships between the activity and
competences, and that between the curriculum aims and competences.
A one-to-one correspondence between a formative profile and a job ex-
ists just for the regulated professions and some other specialised activi-
ties. Either the correspondence between non-regulated professions be-
comes to blur as the company size lowers® or its activities are new and
unconventional. In micro and small companies, graduates are hired to
realise work activities, some of which are consequent to his/her degree,
while others may be more or less qualified.

® Del Favero & Fabbris (2002) found that 36% of Padua graduates work in micro and

small companies (up to 19 employees). This implies that several graduates may cover
rather heterogeneous professional roles.
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4. Criteria for data collection on occupations

We assume that the employers, managers and experts in charge of personnel
hiring within companies possess realistic information on work roles. They are
informed about the company’s professional needs regarding both the number of
people recently hired and the company’s future needs of jobs and competence.

The data may be collected face-to-face with a partially structured question-
naire administered by skilled interviewers. Normally, the data collection is re-
alised on the company’s premises.

A CATI - Computer Assisted Telephone Interviewing may be realised if ei-
ther the companies of the analysed economic sector are heterogeneous, or a lar-
ger sample is required, or a face-to-face survey is not practicable. A CATI sur-
vey is less expensive and organisationally easier than a face-to-face interview.

The collection of data on professional roles of handicrafts and regulated
professions may be realised with focus groups, where a limited number of
people (8 to 12) are interviewed together by the researcher him/herself. Focus
group interaction makes it easier to define roles and competences than inde-
pendent interviewing.

A questionnaire should be designed to collect the following areas of con-
tent:

o Size, age, legal, organisational and network structures, and outsourc-
ing activities of the company.

o Indicators of company development related to certification, informa-
tion system, plants renewal, e-business, and so on.

o Functional organisation of company (areas with a person in charge of
that function)

o Number of employee by professional position and company’s func-
tional areas. The seasonal and foreign people hiring, the frequency of
parental aid and the annual frequency of internships.

o Turnover and new occupation forecast two-three® years apart.

o Definition of technical, intermediate and managerial positions exist-
ing within the company, or to be covered with future recruitment, by
functional areas.

o Basic, cross-occupational and job-specific competences of profes-
sional roles, possibly by functional areas.

Basic competences may be surveyed with reference to the following re-
quirements:

- the level of spoken and written English. It is convenient to inquire
about the knowledge of other foreign languages, even if the other than
English knowledge is to be considered a job-specific skill;

® It could be possible to enquire the entrepreneurs/managers and foresee their needs five

years onward. Several research experiences indicate that this is really a problematic task.
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- the level of computer skill. The question should be asked in a non
trivial way, given that no technician can work without knowing Of-
fice package, nor can managers manifest the snobbish attitude not to
use PCs. In general, we can distinguish between the abilities of using
highly specific packages and that of producing computer programmes.

Cross-occupation competences are peculiar from the data collection view-
point, since they are not taught as such at school despite their professional
relevance. These competences — to be collected in relation with work effec-
tiveness’ and not personal effectiveness — are the capacities:

- towork in team,

- to communicate with customers and tradesmen,

- to organise his/her own and other people’s work,

- to conceive and manage research and work projects,

- to write and present reports and management indicators.

The job-specific competences differ according to job. Hence, it should be
decided beforehand if the survey should care about it. In general, entrepre-
neurs and managers leave them implicit into the occupation labels perceived
as suitable for a work position. Besides, there are questions about competences
used on (almost) a daily basis and others on peculiar and very qualifying pro-
fessional activities. Whenever the information about job-specific competences
is collected, it may be processed by means of text analysis and enters the dic-
tionary of competences.

The attitudes that deserve to be collected are the professionally distinctive
ones. We can ask about the availability to work in uncomfortable conditions,
such as, working in open air, underground or in closed environment, travelling
frequently or for long periods. With reference to a job, these attitudes could be
thought as technical requirements.

5. Conclusive considerations

Our model aimed to quantify the compatibilities between educational and pro-
fessional profiles. Compatibilities are a paradigm to qualify curricula and jobs
in terms of competences, too.

Our model takes it for granted that university programmes can be compared
with work needs. We doubt work needs are a parameter for quality of compe-
tences acquired at university, because otherwise cultural, non-professional,
competences risk to be considered second category. We aim to define how it is

! Competences oriented to personal effectiveness are: the possession of formal languages,

mental flexibility, leadership, self consciousness, decisional character, ability to face the
unexpected, analytic and synthetic abilities, risk propensity, autonomy of judgement,
emotional self-control, professional engagement, faithfulness, creativity and other com-
petences ideal for work and life.
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possible to assess relationships between the two kinds of profile whenever the
decision to start this link would be taken.

The critical point of our model is the possibility to quantify the compe-
tences required for working purposes. Even the possible quantification of rela-
tionships between educational and professional profiles would be meaningless
if not framed within a design concerned with the estimate of short-mean term
work possibilities for the considered economic sectors.

The estimate of work chances are an aim of Excelsior informative system
(www.excelsior.unioncamere.it) and Istat’s surveys (Decennial population and
economic activities censuses, quarterly labour force survey, European panel
survey on families).
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The Ideal Candidate.
Analysis of Professional Competences
through Text Mining of Job Offers
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Summary. The aim of this paper is to propose analytical tools for identifying
peculiar aspects of the job market for graduates. The main objective is to re-
duce the complexity of the phenomenon, both on the variable side, by trans-
forming the collected information into latent factors, and on the unit side, by
classifying observations. We propose a strategy for dealing with data that have
different source and nature. The dependence structure is investigated to iden-
tify potential evolutionary paths. Moreover, symbolic objects and their graphi-
cal representation are used for identifying the peculiar characteristics required
by companies operating in different economic sectors.

Keywords: Text mining; Association rules; Factor analysis; Symbolic objects;
Zoom-star.

1. Text mining

The huge quantity of on-line documents and companies’ data warehouses
makes necessary tools and methods for their analysis (Manning & Schitze,
2001). Text mining is a way to unveil the information within verbatim docu-
ments, i.e. written in natural language, by using statistical, linguistic and in-
formation technology methods. The applications of text mining are increasing
at a fast rate: search engines, email filtering and automatic delivery, market
analysis based on reports and papers, automatic document classification ac-
cording to different queries and criteria, and case-based reasoning.

* This paper is the result of the joint research of the three authors. However, M. Misuraca
was responsible for the final editing of Sections 2 and 5, whereas M.G. Grassia was re-
sponsible for Section 4 and E. Di Meglio for Section 3.
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Multivariate statistical analysis gives good results in terms of synthesis and
graphical representation of the information discovered. These techniques ana-
lyse the association structure in documents and create a knowledge base of the
different concepts in the text.

This knowledge base can be used in different applications. For example, we
can represent proximities and oppositions of different concepts on a graphical
display, automatically classify documents according to some concepts and ex-
tract the information by querying the obtained index.

To analyse real situations, we can define some rules that point out situations
and behaviours of the objects detectable not in an intuitive way, but only
through a deep analysis of the databases using formalized methodologies.
Such behavioural rules are known as Association Rules (Agrawal et al., 1993).

Rules are defined as binary attributes (presence/absence,) and, if necessary,
through a transformation of the data. A rule is made of a precedent and a con-
sequent part; at the same time, it is possible to identify two distinct parts in the
information contributed by a rule, called support and confidence. Support is
the association strength between the considered items, confidence is the logi-
cal dependence strength expressed by the rule. The identified rules are reduced
with ad hoc algorithms for analysing only the meaningful information.

The first order observations are generally described by classical data, while
the second order observations, because of their conceptual complexity, need the
use of more structured data, such as the symbolic data. The symbolic data analy-
sis consists of a first step of collection and organisation of simple data, in a
Knowledge Discovery in Database (KDD) framework.

Then, new concepts are defined in terms of complex data and analysed with
statistical techniques. A concept is characterized by a set of properties apt to
define its description, while the classes of observations that satisfy these prop-
erties, known as objects, represent its extent.

The objects can be created in several ways. For example, in a multidimen-
sional dataset the categories of a variable can represent concepts to be de-
scribed with the values assumed by other related variables. On the contrary, if
we consider a relational database, the descriptors of the objects can be extracted
with a query that expresses the properties of a set of units whose description im-
plies the union of several relations.

Moreover, the objects are derived from the description of the classes ob-
tained from a classification technique. In this way, it is possible to reduce con-
siderably the first order observations. The objects are called native if they are
the results of an expert knowledge on the phenomenon.

In this paper, we propose the joint use of multidimensional analysis tech-
niques together with association rule building and symbolic data analysis. The
aim is designing new text mining strategies, resulting in finding patterns and
regularities in on-line job offer databases (Section 3), in organising the data in
higher order structures and visualising them with graphic tools (Section 4),
and in graphical information syntheses (Section 5).
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2. The data structure: on-line job offer databases

Internet has deeply modified our approach to information. This statement ap-
plies to several aspects of common life, and to job searching.

Almost all the companies’ official websites have a section dedicated to job
vacancies and job offers. Nevertheless, many job thematic portals publish the
announcements proposed by the selection companies and the provisional work
agencies. On these websites, it is possible to insert hyper-textual links to con-
tact the proponent or have more information, and personal documents for ap-
plying directly for job.

Among the websites specialized in the job offers we will analyse the portal
<http://www.cambiolavoro.it>. This site contains a section dedicated to the
announcements published online, a section in which the candidates can post
their own curriculum vitae in four different databases (managers, qualified
workers, fresh graduates and unemployed) and a section with some sugges-
tions for improving the job search. Moreover, it is possible to subscribe to two
weekly newsletters to get informed, respectively, on the proposals published
by the selection companies and the provisional work agencies.

We decided to focus on the job announcements published by the selection
companies because their vocabulary is fairly standardised and allows to iden-
tify, with a wider detail, competences required by the companies.

Most of the time, the documents are in some way structured. Let us think
about scientific articles: they usually have an abstract, an introduction, a pro-
posal and a conclusion. This structure can be more or less evident depending
on the kind of document. We can say these documents are semi-structured.

The announcements we analysed are semi-structured. In fact, the descrip-
tion of the job and positions offered makes it possible to identify the character-
istics and the skills required to candidates together with the information as to
the economic treatment and the references for participating in the selection.

The native corpus is composed of more than 2000 announcements. After
the deletion of the republished announcements and those related to different
kinds of training courses, we proceeded to a categorisation based on the activ-
ity sector of the company and the job position offered. We analysed a collec-
tion of 726 pre-treated announcements, by normalising the data in order to re-
duce the risk of data splitting, and carrying out a quite in-depth lexicalisation
in order to avoid ambiguity (Balbi & Misuraca, 2005).

3. Selecting the useful information in semi-structured
documents

One of the main problems in treating textual data is the huge quantity of data
analyzed for understanding and describing the underlying phenomenon.
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Data exploration is a fundamental step in the study of natural language.
Visualization is equally important because it allows the interaction with the
extraction process of the significant information. In order to use the large
amount of available information at best, it was organised for its subsequent
processing with the recording of some meta-information, as in data warehous-
ing systems.

The most widely used scheme to encode natural language documents is
bag-of-words. This scheme transforms documents into document/vectors, a
data structure to which mathematical and statistical techniques are applicable.
Actually, the classical bag-of-words coding has some limits. Each vec-
tor/document has as many elements as the terms taken into account and so,
many null values. By juxtaposing the vectors for creating a lexical table
{terms x documents}, we obtain sparse matrices whose analysis is often diffi-
cult.

Text classification is the labelling of natural language documents with the-
matic categories from a predefined set. It can be assimilated to a task of super-
vised classification and implies the task of assigning a Boolean value to each
pair (dy, ¢;) in the table {documents x categories}.

A value ‘true’ is assigned if a document dy (for k=1, ... , n) is classified un-
der a category ¢; (for j=1, ... , ) and a “false’ is assigned if it is not under that
category. This methodology exploits the structural organisation of sentences
into documents in order to detect the significant ones for the following steps of
the analysis. This approach, given an informative need, allows eliminating the
useless information for that need. Therefore, it allows computational speed-
ups, documents and term analyses targeted on the particular informative need.

Standard text classification algorithms are based on two assumptions:

- the categories do not add information to the classification procedure,
- no external information is available.

This means that documents are classified only because of their semantic
content. A classifier should therefore be able to capture the semantic similari-
ties among documents and use them in the classification procedure.

The proposed strategy (Balbi & Di Meglio, 2004), based on the principles
of text classification, allows to extract interesting patterns of terms. The at-
tempt is to go beyond the bag-of-words as we encode sentences (i.e. sequences
of terms contained between two full stops) and not the whole documents. In
this way, we build some sequential boundaries, as we are not interested in the
general contexts in which words are used, but only in the local contexts, con-
veying the specific information of interest.

To ‘mine’ the information on a specific aspect of the document, it could be
useful to consider only the sentences carrying information about the selected
aspect and discard the not interesting aspects. The mining can be done by rec-
ognising the sentences that contain the information.

The first step is to eliminate non-informative terms, to obtain an indirect
disambiguation of homographs through discarding the different contexts in
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which they might appear, to reduce the complexity and therefore the computa-
tional burdens. The sentence selection is obtained through a segmentation
analysis on a training set of sentences. The generated classification rule set is
validated on a test set and then applied to all the collection at hand.

Once the sentences have been identified, a text mining technique proper for
the applicative domain is applied. The extracted subtexts in fact have less vari-
ability in terms of the desired information and contain less noise. This leads to
better performances of visualization, retrieval and clustering techniques. The
proposed strategy consists of the following steps:

[STEP 1]
Aim: identifying sentences of interest in the document
Tools: statistical techniques for discrimination
Input: a training set and a test set, both consisting in sentences tagged
by expert knowledge (0 = uninteresting; 1 = interesting).
Output: logical rules for identifying interesting sentences in the docu-
ment.

[STEP 2]

Aim: eliminating uninteresting sentences in the document, by apply-
ing the logical rules identified in STEP 1

Tools: advanced software or programming language dealing with text

Input: the logical rules and the document to be analysed

Output: a new document consisting only of the concerned sentences to
be analysed with textual data techniques and according to pre-
defined objectives.

Symbolic marking seems to perform well in the case of text mining, being a
segmentation method with a very high performance in the case of huge data
sets. Additionally, its results may be easily expressed in terms of logical op-
erators (Balbi & Gettler-Summa, 2001).

Symbolic marking is a non-binary segmentation technique, which aims at
finding the association structures in a group G; belonging to a typology natu-
rally defined, or obtained by a previous classification analysis. Symbolic
marking takes into account logical relations, as conjunctions and disjunctions,
between attributes describing the units in G;. The result can be expressed in
natural language as logical rules, connecting attributes with logical operators
(Figure 1).

We applied a clustering procedure for identifying typologies of skills re-
quirements (Table 1). The typology of reduced collection describes four skill
groups: the first is mainly characterized by term experience. This heterogene-
ous class describes the skills required to experienced workers. This group also
being quite large, a deeper investigation is needed. The other three classes de-
scribe more defined skill profiles, respectively, industrial relations experts, in-
ternship candidates, and salespersons.



266 E. Di Meglio, M. G. Grassia, M. Misuraca

MARKING CORE number 1 weight = 51 (7.6%)
test-value REC DEB

weight % weight %

11.28 49 29.2 2 3.9

11.28 KNOWLEDGE

MARKING CORE number 2 weight = 30 (4.5%)
test-value REC DEB RECCUM

weight % weight % weight %

7.99 28 16.7 2 6.7 77 45.8

6 .87 EXPERIENCE AND

2.00 NOT TENURE

Figure 1. An example of rules obtained by symbolic marking

Table 1. Classification based on the symbolic marking of sentences

Class 1 (85.5%) Class 2 (0.2%) Class 3 (12.0%) Class 4 (2.3%)

Experience Expert Word Dynamic

Years Relations Excel Sale

Title Industrial Internet Agents

Availability Milan Internship Aims

Endowments Access Chemistry
Degree

We see that internship candidates are required to have a university degree
and basic computer skill. To salespersons, it is required to be dynamic and
work by objectives. The obtained typology describes fairly the skills required.

4. Defining professional competences

When a characteristic expressed by a category of a nominal variable is observ-
able on all the available documents, it is possible to create homogeneous
classes of documents related to that characteristic. We cannot however apply
the same procedure of dimensionality reduction for the lexical table on the
terms side, if we do not want to loose information. In this case, it is better to
‘organise’ the data in a complex structure of upper order, such as symbolic
data (Bock & Diday, 2000).
We define a symbolic object as a triplet

s=(a, R, d),
where d = (dy, ..., dj, ..., dy) is the description of the object, based on the
values assumed by a set of p descriptors (Y4, ..., Yj, ..., Yp), a is the identifi-
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cation function (mapping) and R = (Ry, ..., Rj, ..., Rp) is the relation used for
the comparison between the conceptual description given by d and every ob-
servation.

The descriptors of a symbolic object can be nominal, continuous or discrete
and they can have several categories or values for each object. The a Boolean
function assumes values {true, false} and allows for the identification of the
elements which belong to the description set d and define the extent of the ob-
ject ext(s).

Let us consider a symbolic variable Y, with domain y, defined in a set E of
statistical units, classes or objects, with values defined in a range ®. Accord-
ing to the specification of @ in terms of y, it is possible to define the type of
symbolic variable:

- if =y we have the classical single-valued variable;

- if 3= @y), with @ function of the y non empty subsets Y(h) c y (for
each h € E), Y assumes a set of values;

- if Bis the set 3 of all the intervals in y, Y is an interval variable, for
each h =E, if Y(h) = [a, ] is an interval of values of y in the order de-
fined iny;

- if B is a subset of values with Y(h) cy and |Y(h)|]<w,Vhe E,Yisa
multi-value variable (categorical or numerical);

- if B =M(y), with M function of the subsets of y so that Y (h) = z, (for
each h € E), where x, is a non negative measure in y (a frequency, a
probability or a weight), Y is a modal variable with domainy.

From an analytical viewpoint, it is possible to formalise the process of ob-
ject construction in terms of matrices (Grassia & Misuraca, 2004). Let us con-
sider a lexical table T, with p terms and n documents, and a matrix Q in com-
plete disjunctive coding where a classification variable with q categories is in-
dicated for the documents of the collection. Thus, we construct an aggregated
lexical table F = QT with the q categories of the classification variable on the
rows and the p terms on the columns. The generic element is the number of
times each i-th term is used by the units in the j-th category.

The F matrix, obtained by reducing the rows of the T matrix, shows the dis-
tribution of the objects created by using a classification variable among the se-
lected terms. In order to reduce the columns of the aggregated lexical table we
will organize the terms in modal variables, where each single term becomes a
category of the related variable. By doing this, we will obtain a symbolic ma-
trix Z (Figure 2), having s, objects on rows and Y modal variables on columns,
each with z; categories related to the terms.

The j-th object of the Z matrix is defined as:

Y
Sj = k/zl[zk Z{Zk,m( fk,m)}m=1,2,m,mi :| ’

where fy ., is the relative frequency of z , , m-th category of the Z, variable.
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Figure 2. The symbolic matrix Z {objects x variables}: an excerpt

The proposed strategy enables us to visualize, in a new way, the informa-
tion contained in a corpus, by operating a categorisation of the terms that are
more interesting and a representation in terms of frequency distribution. An
expert does the categorisation and so the result may be influenced by human
subjectivity.

However, this modus operandi is necessary even in the frame of a systema-
tisation of the term recognition process, by using a textual database manually
categorised for the training of the automatic procedure. This also helps to ver-
ify the validity of the tagging operated by the expert.

The use of upper order structures makes it possible to describe the several
aspects of the complex phenomenon. However, it is necessary to use specific
graphical representations in order to identify the relevant information and
visualize the possible similarities among the objects.

The classical two-dimensional representation is not suitable for showing the
levels of the variables that characterize the objects and visualizing their com-
posite structure.

An interesting prospective in the representation of the particular aspects of
the several objects is the so-called zoom-star (Noirhomme-Fraiture & Rouard,
1997). These graphics derive from the “Kiviat diagrams”: they are multivari-
ate representations of “radial” type where a different variable corresponds to
each axis. Instead, in the zoom-star it is possible to represent:

- several types of variables at the same time (interval, multinomial and
modal variables);

- in the case of interval variables, the minimum and maximum limits for
each symbolic object;

- in the case of multinomial variables, the respective values;

- in the case of modal variables, the values with the respective weights or
the respective frequency distributions;

- the logical relations;

- the taxonomies.
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The 3D zoom-stars procedure (Ahlberg & Schneiderman, 1994), not only
give a general view and a descriptive representation of the object, but it also
make it possible to visualize other kinds of information related to the distribu-
tion associated to the objects. In comparison with the factorial maps, the
zoom-stars technique makes it possible to recognize correctly the forms that
characterise a document. At the same time, it highlights the forms that are less
frequent but that can inform on the studied phenomenon.

We can apply this strategy to analyse the language used for describing job
offers, to point out the personal characteristics and the professional skills re-

quired from those that apply for a job in a specific business sector.

Table 2. Textual modal variables obtained from the corpus by using an expertise

Main Activity
[ATPR)

Required Prerequisites
(RERI)

Computer Skills
(SKIN}

Offered Opportunities
(OPOF)

Required Professionalism
(FRRI)

Required Competences
(CORI)

Business Sector
(SETA)

Required Qualification
(LARI}

Language Skills
(SKLI)

Selection Process
(SELE)

Personal Abilities
(CAPE)

Contract ty pology
TIco)

Firm Characteristics
(CARA})

Firm Typology
(TISO)

Firm Location
(SESO)

ricerca; informatice; telecomunicazioni; consulenze; ekttronics; information te-
chnology. commercio; manutenzione; sviluppo software; e-commerce; macca-
nico; sistami infarmativi; sssistenzse tecnica; mulimadiale.

glovans; lsuresto, nzolsursato; lsures; dipomsto; curiculum vitss; professo-
nalita; etd; diploma; lsureando; specislizzezione; tiolo prefarenziale; esparien-
ze di lzvoro, master, trasferts; qusificeto; preparszions; residenzs; formazions
universitana.

javs; linguaggl di programmazions; unog windows, visusl basic; o++, ssp;
databass; office; srchitetturs; javsscrpt; dsta warshouse; linux; sistemi oparati-
i, non applicabile,

formszione; inserimanio; opporunitd; crescits; successo, camerns; spprenders;
sutonomia; beneft: ingquadramanto; aggiomamento; realizzazions; retribuzione;
incentivi, ambiems giovane; formszione contnus; percorsi di camiera; training
on the job: sviluppo professionale; ambiente dinamico.

programmatore; sistamista; manager; agente; sviluppatore; analisti programma-
tor; collsborstors; consulente; specislsts; professionisia; analists; ingzgnars;
figure professionsli; venditore; docems; product manager, pubblicitario; project
manager, sagaire; account manager.

esperenzs; compstenze; responssbilts; psdronanza; compstenze tscnichs;
sapere; compstenze professionsli; comp. teonico-informatiche.

marketing; commerciale; vendite; risorse umane; produzions; management;
progattazions; comunicaziong; finanza & controllo; amministreziona; bgistics;
ricerca & sviluppo: acquisti customer service: engineenng.

ingagnaris; sconomis; informatica; discipline tecnico scientifiche; ng. elettroni-
ca; fisica; scienze delinformazions; metamstica; chimica & ing. chimics; ing.
meccanica; scienze [comipol); statistica; scienzs (geo/iolsgr).

inglase; lingua straniers; francesa,
coliogquio; sslezionars; st psico-stitudinali; colloqui indvidusli.

capacitd; dinamicitd; lavorare in iesm; motivazione; stiitudine; spirto
d'iniziativa; disponibilts; spontaneita; potenzisits; fliessibilts; interesse; pradic
sposizione; forte motivazions: talento; passione; entusasmo; rapporti intzrpar-
sonsli; capacits ralszionali; impagno; propensone.

stags; contratto; tempo indeterminsto; collsborszions; assunzions.

itals; l2adershp; 2urops; livello nezionsle; lvello mondisk; dinamics; fettursto;
rmultinszionals; cartficazions.

soC & resp limitsta; soc per azioni; socdi persone.

nord est nord ovest; centro; sud = isole
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With the aid of an expert, some selected terms have been used for building
modal variables that characterise the objects (Table 2). The result is a sym-

bolic matrix, graphically represented by using the zoom-stars containing the

frequency distributions of the considered variables.
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Figure 3. Zoom-star representation of Professional Activities
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By using the zoom-star representation, it is possible to sketch a profile of
the candidates with respect to the job positions for the different business sec-
tors, pointing out both the frequency distribution of the skills and of the re-
quired abilities as well as the different characteristics of the firms. As an ex-
ample, the representations related to Professional Activities (Figure 3) and
Software Houses (Figure 4) are shown.
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5. Lexical richness of job announcements

Many strategies of text retrieval are based on latent semantic indexing (Deer-
wester et al., 1990) and its variations, mainly based on different weighting
systems for words and documents.

Correspondence analysis and latent semantic indexing share the basic alge-
braic tool, the singular value decomposition, and its generalisations (Green-
acre, 1984) which concern different ways of weighting the importance of each
element, both in determining and representing similarities between documents
and terms.

The tf-df family of vector based information retrieval schemes (Salton &
Buckley, 1988) is very popular because of its simplicity and robustness. Some
peculiarities of text analysis are the conceptual bases of the approach:

- as more frequent terms in a document are more indicative of the topic,
it is important to consider f;; = frequency of term i in document j;

- a normalisation of f;; can be proper, by considering the number of oc-
currences of the most used term in each document, introducing tfj;

tfij = fij / max f;

where max f; is the term which occurs more frequently in j-th docu-
ment;

- as terms that appear in many different documents are less indicative of
the overall topic, it is important to measure the term discrimination
power with the index idf;. Naming df; the document frequency of term
i (# documents containing term i), the inverse document frequency of
term i is given by

idf; = log, (n/df)

with n as number of documents. The logarithm may dampen the effect
related to term frequency.
A typical combined term importance indicator is given by tf-idf weighting:

w;; = fij / max f; - log, (n/df;) .

The effect of using wj; is that a term i, occurring frequently in a document j
but rarely in the rest of the collection, has a high weight. Many other ways of
determining term weights have been proposed, but empirically tf-idf has been
found to work properly.

The opportunity of graphically representing the similarity between docu-
ments has shown in terms of lexical richness, by using a peculiar factorial ap-
proach.

With reference to matrix F, our purpose is to project the cloud N, repre-
senting the g categories, in a lower dimensional subspace by assuming a uni-
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tary weighting system and a peculiar weighted Euclidean metric. Because of
the different role played by rows and columns, we assign the same importance
to all categories, but we measure the distance between categories by taking
into account the different weight of the p terms, expressed in terms of term
frequency index.

Given the i-th term frequency f;;, we consider the tf;; as:

tfij = fij / max fj ,

where max fj is the number of occurrences of the most used term in the j-th
category.

By considering the number of documents in each category as weights, we
compute for each word the average tf as:

atfi=1/n Zj (fij / max fJ) dj .

Let Q= [atf; ... atfp]T be the vector of p average tf, we consider as met-
ric:

D, = diag(Q).

From a mathematical point of view, the method leads off with the eigen-
analysis of the matrix:

A=F (D)"'F
i.e. with the generalized singular value decomposition of:

F=UAV
U (D) U=V'V=l,

where A is the diagonal matrix whose elements are the singular values given
by the square roots of the eigenvalues A, of A, while (DQ)'l’ZU and V are, re-

spectively, its left and right singular vectors.

The graphical representation obtained by the factorial analysis (Figure 5)
helps us to evaluate the lexical richness of the document categories. The cate-
gories narrower to the origin have a wide vocabulary with respect to the oth-
ers. This is readable in terms of skills required by companies with different ac-
tivity sector.

The high skilled positions require, in fact, less technical competences than
the lower, but more specialized, ones. Let us think for example of the duties of
a front-desk clerk, especially in a small firm, with respect to those of a top
manager.
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Figure 5. Factorial representation of lexical richness in job announcements

6. Conclusions

The joint analysis of texts is an interesting challenge. We have put forward a
procedure for the joint use of multidimensional analysis together with unsu-

pervised classification proced

ures (Symbolic marking) and association rules

building. The procedure includes the development and the application of clus-
tering complex data, for compressing and better organising elementary data in
higher order structures. Our text mining strategy can find patterns and regu-
larities in a database, organise elementary data in higher order structures, and
visualise them with graphic tools.
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Companies, Competences and Graduates’
Selection Processes: an Attempt to Quantify

Marisa Civardi, Emma Zavarrone®

Department of Methods of Economics, University of Milano - Bicocca, Italy

Summary. The assessment of the employment potential of University gradu-
ates represents a direct evolution of the quality evaluation of higher education
systems. This paper aims to identify competences that companies, which sub-
scribed the Vulcano-database, require when selecting graduates for employ-
ment. Our analysis consists of two parts: one in which a quantitative score is
associated through Rasch analysis to the companies’ interest with respect to
four classes of characteristics and competences they take into consideration
when selecting candidates. In the second part, we apply a segmentation analy-
sis to check whether there is correspondence between companies that prefer
certain university degrees and the interest levels towards the characteristics
and competences so quantified.

Keywords: Rasch analysis; Segmentation analysis; Rumm; C@rt; Graduates’
competences.

1. A survey on companies’ interests

Studies on self-assessment of work experience and career expectations of uni-
versity graduates draw a general picture of graduates’ transition from higher
education to employment in Italy. Instead, studies on companies’ interests are
less frequent.

The awareness about the candidates’ features companies consider relevant
in the recruitment process may help universities to improve their educational
offer.

This paper refers to a CATI survey carried out by Checchi & Pravettoni

' In this joint work, M. Civardi was responsible for the final editing of Sections 3,

whereas E. Zavarrone was responsible for the other Sections.
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(2004) at Milan State University’ in 2003. The survey was conducted on a
non-probability sample of 278 companies, out of the 476 that subscribed for at
least one year the services of Vulcano database since its start in February
1998.

Vulcano database was set up in cooperation with Cilea® to link university
graduates and the companies. It is a free access service for graduates, who are
given a password by their own university for writing and possibly editing their
curriculum vitae (CV). Companies can have either free or fee access to the da-
tabase for recruitment purposes.

The survey aimed to identify companies’ structural characteristics and their
willingness to collect some information about the candidates’ profiles and
competences from the database.

“Sections” D6, D7, D8 and D9 of the questionnaire suited the objectives of
this study. The aim of these questions was to measure the importance compa-
nies attributed to four classes of *“characteristics and competences” of gradu-
ates. Each section consists of a set of items obtained on a 4-grade ordinal scale
ranging from 0=no interest to 3 = greatest interest.

2. Methodology and application context

The following data were analysed:

o the items of section D6 derived from graduates’ administrative re-
cords (age, sex, schooling, grades, dissertation topic) edited by the
university services;

o graduates’ curriculum (study experience abroad, foreign language
skill, IT skill, internships, military service), described in section D7;

o skills evaluated by companies at graduate’s recruitment stage (com-
municating, speaking, listening, synthesising, emotion control, con-
centration, understanding different points of view, flexibility, prob-
lem solving, honesty, creativity, self-confidence, study and career ex-
pectation consistency), described in section D8 of the questionnaire;

o other competences the companies take into consideration while evalu-
ating candidates for recruitment (behavioural, relational, and organ-
isational attitude and professional skills), described in section D9 of
the questionnaire.

2 We are grateful to the Authors and to COSP (Centre for Study and Career Advice) of
Milan State University for consenting us to use of micro data.

CILEA, established in 1974, provides Information and Communication Technology ser-
vices on behalf of universities and related organizations, public organizations and enter-
prises. It provides also professional advice for both the planning and dissemination of
advanced technologies in the fields of high performance computing, networking services
and informatics.
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We applied the Rasch method to estimate the relevance of each one of the
four dimensions. This method creates a metric scale for each dimension and
places both the characteristics of the selection process and the companies on
an underlying continuum. This continuum reflects the ideal candidate’s profile
between the two extremes of “no importance” on the left and that of “highest
importance” on the right. The Rasch results are two-fold: the subject’s ability
(i.e. his/her propensity towards the latent continuum) and the item difficulty
that identifies the position of each item on the latent continuum (Wright &
Masters, 1982).

With reference to our application, subjects are the companies, while item
difficulty is the importance assigned to a specific graduate’s feature by com-
panies. The subject’s score is obtained through the scores the companies as-
signed to the items; the item difficulty is the level of companies’ endorsement
of the items.

As response items are ordinal, we chose a Partial Credit model to fit the
data. This model is based on the hypothesis that the ability of the i-th subject
to pass from one response scores to the next can vary according to items. Ac-
cording to Rasch’s terminology, if Y=0, 1, 2,..., k; is the ordinal response vec-
tor for the j-th item, the difficulty of indicating score y in item j for a subject is
larger than the difficulty of each response placed below y in the scale.

Therefore, if 9;, expresses the difficulty to indicate score y for item j:

y y
0y, = Z5jw = 2(51' +Tp) [1]
w=0 w=0

oj indicates the mean difficulty of the j-th item, while 7, the threshold of the
scores preceding scores y. The probability zj;, of subject i to respond y to item
j is obtained by:

y
exp > (Bi—djw)

Tcijy = kj W:Oq ' [2]
Yexp X (Bi—0jw)
q=0 w=0

where f; is the ability of subject i. For a subject i, the natural logarithm of the
ratio between his/her probability to assign score y to item j and the probability
to score y-1, is represented by a multi-parametric logistic model:

In( Ty ]z B-5,. [3]
Tij(y-1)

Expression [3] determines the value of ability f;, the core dimension of the
analysis. In fact, g; indicates the position of a company on the continuum and
varies between “no importance” (minimum f;) to “very large importance”
(large positive S;).
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Table 1. Ability scores descriptive statistics for the four dimensions, full sample

D6 D7 D8 D9
Sample size 278 278 186 278
Mean -0,681 -1,083 1,160 1,741
Variance 2,689 3,610 0,785 0,660
Percentile
10 -3.590 -4.323 0.159 0.759
20 -3.590 -4.323 0.562 1.119
30 -0.744 -1.086 0.842 1.245
40 -0.233 -0.697 1.026 1.509
50 0.013 -0.508 1.221 1.650
60 0.136 -0.108 1.221 1.861
70 0.391 0.111 1.431 2.129
80 0.524 0.344 1.664 2.319
90 0.812 0.873 2.251 2.783
&
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Figure 1. Ability scores statistics for the four dimensions, full sample.

Descriptive statistics of ability score for the four latent dimensions obtained
with Rasch analysis, using Rumm software, are presented in Table 1 and Fig-
ure 1.

The ability scores for dimensions D6 (official graduates’ CV) and D7 (gen-
eral competences for work) present the greatest variability. Companies
showed different levels of interest towards these two dimensions.

The mean values for these two dimensions are smaller than those for D8
and D9, which concern the features the companies regarded as highly desir-
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able. We can conclude that the information stored in the VVulcano database are
less relevant for the companies.

Nevertheless, 92 out of the 278 sampled companies did not associate any
score to D8, in fact, they did not answer to these questions. Consequently, a
second analysis was carried out on the subset that evaluated all items. Table 2
and Figure 2 show results of this more pertinent analysis.

Table 2. Ability scores descriptive statistics for the four dimensions, companies re-
sponding to all items

Sections D6 D7 D8 D9
Sample size 186 186 186 186
Mean 0.121 -0.134 1.160 1.747
Variance 0.569 0.793 0.785 0.586
Percentile
10 -0.650 -1.086 0.159 0.877
20 -0.357 -0.697 0.562 1.119
30 -0.110 -0.678 0.842 1.245
40 0.111 -0.313 1.026 1.509
50 0.260 -0.108 1.221 1.650
60 0.391 0.111 1.221 1.798
70 0.524 0.344 1.431 2.129
80 0.663 0.597 1.664 2.319
90 0.975 0.965 2.251 2.533
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Figure 2. Characteristics/competences ability score box-plot - selected sample
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Table 3. Correlation matrix, full sample

D6 D7 D8 D9
D6 1 ,906 0,115 -0,029
D7 1 0,217 0,006
D8 1 0,535
D9 1

Table 4. Correlation matrix, partial sample

D6 D7 D8 D9
D6 1 0,487 0,115 0,145
D7 1 0,217 0,191
D8 1 0,535
D9 1

The greatest difference between the two analyses concerns dimensions D6
and D7, whose scores are much more homogeneous in the subset sample than
the full one. In particular, this subset expressed the highest scores, the ones
closer to the greatest importance extremity. On the contrary, there is no differ-
ence between the characteristics/competences taken into consideration at the
time of the interview and the “ideal competences” expressed by D8 and D9
sections.

Tables 3 and 4 indicate values of linear correlation coefficients r between
each pair of graduates’ features, respectively for total and partial samples. For
both, the score associated to D6-D7 and D8-D9 pairs are significantly corre-
lated. D7 and D8 are also correlated, although with a lower r value. In the sub-
set sample, D6 and D9 are correlated, too, at 5% significance level.

3. Ability scores for graduates’ competences

The ability scores show the importance assigned to the four graduates’ fea-
tures by companies at the recruitment stage. This raises the question whether
different importance levels for each dimension correspond to the type of de-
gree in which companies are interested. If that is the case, on the one hand,
university degrees preferred by companies can be predicted. On the other, it
can help the definition of an appropriate university formative offer.

We used a segmentation analysis for this purpose. This method detects
groups of units characterised by maximum differences on a criterion variable
according to a set of binary splits on selected covariates. In this analysis, the
criterion variable was the proportion of companies that consulted the VVulcano
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database for selecting graduates from a specific faculty. The possible predic-
tors were the graduates’ features.

We applied the segmentation algorithms implemented on the AnswerTree
3.5 (additional SPSS software) following the C@rt procedure proposed by
Breiman et al. (1984). Gini’s impurity criterion was used as the segmentation
criterion, and the minimum number of units in the parent and child nodes was
set, respectively, to 5 and 2. The analysis was conducted on:

1. the courses of study of Mathematics, Physics, and Natural Sciences
(Science Faculty);

2. the courses of the Faculty of Political Sciences;

3. the courses of the Humanities Faculty.

The segmentation was conducted on both the 186 companies, where the full
information was available, and on the 278 companies, after the exclusion of
the explanatory variable D8.

3.1 Graduates in Mathematics, Physics, and Natural Sciences

For the courses of the Faculty of Sciences, the access rate to Vulcano database
did not differ substantially: 62.6% out of the 278 companies had access to it in
order to select graduates of these courses, while in the subset of 186 compa-
nies the proportion was 64.5%.

Within both samples, the companies interested in selecting these graduates
were characterized for a score lower than or equal to 1.309 in the dimension
D9, and a D7 score greater than 0.470. With regard to the whole sample, these
companies occupied the lower positions (up to 30™ percentile) on D9 dimen-
sion, and the top ones (above the 70" percentile) with reference to dimension
D7.

In the screened sample, the significant predictors were the same of the pre-
vious analysis, but in the latter case companies scored in the D7 dimension
above the 80™ percentile, far above the total sample one. In both cases, dimen-
sion D6 did not show differences between companies’ propensities. Therefore,
the analysis seems to indicate that the companies interested in graduates of the
scientific faculty of the Milan Athenaeum, beyond being the most numerous,
give the maximum importance to the cross-occupational skills achieved by the
graduates while, in the direct job interview, assign relatively little importance
to the behavioural, relational and organizational attitudes.

3.2 Graduates in Political Sciences

With reference to the full sample of companies, the segmentation analysis
identified two main groups. The first one, which is small but well character-
ised, consists of the companies with D7 larger than 0.470 and 2.43<D9<3.14.



284 M. Civardi, E. Zavarrone

Although D6 appears in the lowest part of the tree, it does not seem to dis-
criminate. These companies give the outmost importance to both graduates’
CVs and their behavioural, relational and organisational attitude (D7 scores
are above the 80" percentile and between the 80" and the 90™ percentile for
D9). The second group of companies that are interested in Political Science
graduates manifest a relatively small importance to dimensions D7 and D9
(D7<0.47 and D9<1.579). Again, D6 does not discriminate.

In the selected sample, the segmentation analysis identifies a small number
of companies with a score higher than 1.361 for D7, while D6 scores are put
together along the two distributional tails: the companies placing above the
90™ percentile are particularly interested on graduates’ study curriculum.
Amongst the companies with a D7 score lower or equal to 1.361, D6 is dis-
criminant. Conversely, D9 does not discriminate as it excludes less than 10%
of the companies (the value of this percentile being 0.877).

In conclusion, the segmentation analysis suggests that companies that are
interested in Political Sciences graduates either assign high importance to D7
or, if they consider D7 less important, they take into consideration even the
administrative data.

3.3 Graduates in the Humanities

The segmentation analysis carried out on the total sample shows that amongst
the companies interested in Humanities graduates, a rather consistent number
show D7 scores higher than -0.210 and lower or equal to 0.002 with D6 scores
between -0.684 and 0.075. D9 does not seem to be a discriminatory dimen-
sion.

These results show that the importance assigned to administrative informa-
tion are very close to the median, while the importance assigned to the experi-
ence is placed just above the median (60" and 70™ percentile).

In the selected sample, segmentation analysis identified companies with D7
scores between -0,210 and 0.0015. With reference to experience, the results of
the total sample are confirmed. D6 does not seem discriminant. Conversely,
D8 identifies companies with scores lower than 0.075, i.e. companies that give
little importance to candidates’ competences emerging during the selection in-
terview.

Hence, companies interested in selecting graduates in the Humanities give a
medium-high importance to study curriculum, a medium-low importance to
administrative characteristics and a very low importance to competences
emerging from the selection interview. All this could indicate that graduates in
the Humanities are required for general administrative positions.
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4. Conclusions

The quantification of the characteristics the graduates should possess for find-
ing a job is a complex process, because of the difficulty in identifying the in-
teractions occurring amongst the factors involved. Undoubtedly, the adminis-
trative information “certified” by the universities leads the selection process of
candidates, even if the companies do not always consider it as the decisive
element for recruitment. Actually, companies pay great attention to the candi-
dates’ competences exhibited at the recruitment interview stage, but condi-
tional to their university degree.

An in-depth analysis of the three actors involved would be needed: the uni-
versity, who is responsible for the making of competences offer, the graduate,
as the holder of the competences, and companies, who require it. Our ap-
proach, which is based on the quantification of the importance companies as-
sign to graduates’ competences, could be the connecting link amongst the
three actors.
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Tesserae of Graduates’ Competences
for Mosaics of Work Activities
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Summary. In this paper, we analyse with multivariate statistical methods the
frequencies of use of the basic, cross-occupational and occupation-specific
competences by employed graduates. The basic idea is that competences may
be tesserae of a mosaic of graduate’s professional personality. We analyse the
relationship between competences and a set of professions. We evaluated the
differential effect, on competence use, of the specific degree held by each
graduate, so to connect graduate’s features and working environment’s charac-
teristics in terms of a selected set of competences.

Keywords: Basic competences; Cross-occupational competences; Occupa-
tion-specific competences; Multilevel analysis; Correspondence analysis; Sur-
vey on graduates; University of Padua.

1. Professional skills of employed graduates

The work activities of graduates can be characterised by the frequent and in-
tensive use of their competences, in other words, the knowledge, skills and
willingness with which they respond to professional needs. Blended together
with their values, the competences define their “professional personality” or
“professional style”.

Knowledge is a set of principles and usable information, abilities are dura-
ble talents that make a person capable of performing work activities, and will-
ingness is the personality trait that favours the use of abilities.

Y The four authors designed and realised jointly the research work described in this paper.

However, A. Boaretto wrote Sections 3 and 5 of the paper, whereas G. Rota wrote Sec-
tion 2, I. Silvestri Section 3 and L. Fabbris the other sections.
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The skills necessary to carry out a task are complex and multifunctional.
They are multifunctional in that they help solve many tasks, and for this rea-
son we call them “cross-occupational” (Spencer & Spencer, 1993; Isfol, 1998;
Ajello & Meghnagi, 1998). They are complex because what individuals have
obtained from education and professional training is processed by experience,
thus enabling individuals to choose consciously their own values and goals.

Skills can be broken down into independent units. The units identified in
the DeSeCo project (Befani, 2004) are:

(i) the capacity to face complexities, which consists of the capacity to

break up and analyse reality by distinguishing between what fits
within known parameters and what is new,

(i) the skill of perception, which consists of the capacity to grasp the
sense of situations and to vary one’s own behaviour accordingly,

(iii) the self-governing skill, which consists of a guideline of one’s own
actions based on values determining what is right, opportune and
desirable,

(iv) co-operation skills, which involve the capacity of identifying in
other people’s abilities the particular talents that make teamwork
possible, and

v) the skill of narration, which consists of being able to disassociate
from contingency, identify alternatives and process viable future
scenarios.

Many skills are not taught in school. Many remain implicit until when they
are applied to activities to be undertaken. For example, it is hypothesized that
individuals are competent to work in a team if they are capable of listening,
presenting problems in a suitable language and style, empathizing with others,
controlling their emotions, mediating between differing interests and imposi-
tions, etc. Nevertheless, the fact that they are capable of working in a team will
be proven only when they are faced with a work problem requiring teamwork.

Graduates seeking employment are required to possess various types of
skills and knowledge. Those that are taken for granted in job candidates are
called “basic” or “strategic/cross-occupational” skills. For a graduate, basic
skills include the written and oral knowledge of English and basic computer
literacy. The level required for these two skills varies according to the charac-
teristics of the company and grows in conjunction with market globalization
and the rise of education and professional training in the world?.

Basic skills are relevant to the moment of initiation of a job, but are not
necessarily used in the performance of professional activities. Indeed, Fabbris
& Visentin (2004) found that basic skills are used in companies less intensely

2 Many researchers stress that a basic skill is also the knowledge of the Italian language,

not taking for granted that even people who have gone through at least 16 years of the
Italian educational system know it.
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than one would surmise by their presence in the list of requirements necessary
for recruitment.

The cross-occupational skills required of recent graduates depend on the
position they are to hold. In equivalent positions, they may depend on work
parcelling and on the sectoring of company activities. In large companies
where production is standardized and workers’ individual contribution is a
part of the whole, technical skills are used with greater intensity than in small
companies. The multifunctionality of the positions of graduates is, on the other
hand, a peculiarity of small-to-medium companies. In these companies, gradu-
ates must perform a number of specific tasks pertaining to their position, but
they are also expected to perform numerous other lower- and upper-level ac-
tivities (Fabbris & Visentin, 2004).

Occupation-specific skills are the graduate’s professional peculiarity. For
example, to an engineer in a mechanical apparatus factory the essential skills
are: knowing how to make calculations, analyses, projects, designs, knowing
how to operate machinery and installations with complex equipment, etc., as
well as the forma mentis characterizing engineers. To a marketing operator in
a market-oriented company the important skills are: knowing how to develop
contacts with partners, customers, sellers and mediators, participating in trade
fairs and markets in Italy and abroad, knowing how to use the Internet to gain
knowledge of the competition’s offers, etc. as well as the forma mentis spe-
cific to marketing and sales personnel.

What tells cross-occupational skills apart from specific skills is not techni-
cality, but functional generality. Indeed, Levy & Murnane (1999) call cross-
occupational skills soft skills, identifying them as technical skills but not as
hard as specific skills.

Graduates are usually involved in positions “from technician on up” (Del
Favero & Fabbris, 2002), positions that also include middle-ranking managers,
management assistants, executives and consultants. Recent graduates may
even hold managerial positions in their first employment, just as they may ac-
cept to perform manual activities; these are nevertheless improbable positions.

In this paper, we intend to identify a limited number of possibly independ-
ent units in the use of graduate work skills (Section 3) and to create maps of
skills to classify graduate professions (Section 4) with the units found. In Sec-
tion 5, a multilevel analysis is made of the units deriving from the use of
skills. Our paper ends (Section 6) with a few comments and suggestions.

The data used in the analysis was collected by the University of Padua in
the course of a survey that began in 2000 and ended in 2005 (Fabbris, 2003).
The sample was made up of five cohorts selected from as many undergraduate
sessions.

Six months after graduating and every six months after that for a total of
three years, specialized interviewers via a CATI (Computer Assisted Tele-
phone Interviewing) system interviewed the sampled graduates.
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2. Cross-occupation and occupation-specific skills

The analysis of the skills used by University of Padua graduates when per-
forming professional activities (Table 1) shows that technical skills are fre-
quently used by graduates and that the frequency of the use of skills varies ac-
cording to their study programme.

Almost everyone uses the computer as a daily calculation, memorization,
and communications tool within the organization (86%) and use his/her rela-
tional (82%) as well as English communication skills (77%) to maintain posi-
tive relations with customers/users and suppliers.

The computer is a functional tool in the activities of newly hired personnel
in the company information network. Some employees, hired for technical-
scientific related jobs, use the computer to perform complex calculations and
designs. The importance of training to develop this skill is unquestionable.

Table 1. Frequency of use of basic and cross-occupational skills by graduates of the
University of Padua, by type of study programme and faculty

Faculty 1 2 3 4 5 6 7
Agriculture 91.5 95.7 38.7 71.7 75.5 53.2 50.0
Bachelor| 91.5 96.3 40.7 70.0 78.0 52.4 54.9
Master| 91.7 91.7 25.0 83.3 58.3 58.3 16.7

Economics 65.9 81.8 34.1 84.1 56.8 63.6 50.0
Pharmacy 80.3 87.7 18.2 95.5 53.0 515 48.5
Law 86.8 92.1 31.6 84.2 64.5 38.7 29.0

Bachelor| 86.8 92.6 32.4 82.4 63.2 37.3 27.9

Master| 87.5 87.5 25.0 | 100.0 | 75.0 50.0 375

Engineering 87.2 79.0 31.4 82.7 86.7 63.5 80.7
Bachelor| 87.2 78.2 30.9 80.9 85.6 60.6 79.3

Master| 87.1 83.9 41.9 93.5 93.5 80.6 90.0

Letters, philosophy 91.5 83.0 46.1 98.5 155 54.3 43.8
Veterinary Medicine | 79.0 94.7 42.1 79.0 52.6 68.4 57.9

Psychology 75.0 74.0 13.5 79.2 59.4 33.7 38.5
Education Science 92.1 60.4 18.0 775 65.9 23.0 56.8
MPN Sciences 87.7 81.8 20.6 62.4 55.9 51.2 67.1

Bachelor| 86.9 80.0 20.0 61.4 54.5 50.3 66.9
Master| 92.0 92.0 24.0 68.0 64.0 56.0 68.0
Political Science 90.1 80.4 38.5 90.1 67.0 47.8 41.3
Statistics 88.3 44.2 154 69.2 60.3 41.0 47.4
Bachelor| 88.2 43.1 15.4 75.0 63.5 40.4 50.0
Master| 88.5 46.2 15.4 57.7 53.8 42.3 42.3
University of Padua| 85.8 775 28.2 81.7 64.5 49.0 56.4
Bachelor| 85.5 77.4 27.8 81.6 63.4 47.6 55.3
Master| 88.5 79.1 32.0 82.2 78.0 66.2 70.0

1: Computer use skill; 2: English skill; 3: Other foreign languages skill; 4: Relationships with
customers; 5: Working basically in team; 6: Organising other people’s work; 7: Writing reports
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The relational skills useful in interfacing the productive structure the gradu-
ate works for (required of 65% of employed graduates) with the outside world
could be considered a personality trait that is difficult to develop with a uni-
versity education. Nevertheless, the relational skills necessary for working in a
team, which involve extroversion, the ability to argue convincingly, to uphold
one’s own theories in public and to integrate and mediate between contending
positions, may be cultivated via university studies. For instance, these skills
may be developed by opting for oral exams over written ones, and by examin-
ing for academic progress in terms of empirical teamwork.

More than other graduates, those holding degrees from the School of Let-
ters and Philosophy or from the School of Political Science (98.5% and
90.1%, respectively) use relational skills with customers, users and suppliers
(Table 2), whilst Engineering graduates are more likely to organize other peo-
ple’s work (86.7%) and to write technical reports for the company (80.7%).

Table 2. Frequency of use of occupation-specific skills by University of Padua gradu-
ates and parameters of the factorial analysis of the matches, by faculty

Skills Mas- | Bache- | Factor | Com-
ter lor loads | munality
Faculty of Agriculture
Application of agronomic analysis techniques 4441 8.3 0.31 0.573
Application of forestry analysis techniques 341 | 91 0.24 0.357
Application of zootechnical analysis techniques 159 | 0.0 0.18 0.199
Use of economics, estimates, etc. 50,0 | 333 | 0.25 0.375
gfie;\)gf lab and technical and scientific instrumen- 3171 167 | 018 0.189
Use of topological, GIS analysis techniques 4441 16.7 | 0.27 0.438
Use of vegetable protection techniques 34.1| 16.7 | 0.23 0.311
Faculty of Economics

Accounting and budget analysis 72.8 = 0.12 0.248
Financial market analysis and decisions 31.8 = 0.13 0.304
Legal aspects of company management (com- 56.8 _ 011 0.203
merce and taxes)
Management control, budgeting and reporting 59.1 = 0.16 0.448
Logistics process management 32.6 = 0.12 0.272
Company finances management 40.9 = 0.17 0.492
Marketing and communication plan- 591| = 005 | 0481
ning/management
Company planning and management 59.1 = 0.16 0.459
Planning of computer systems 30.2 = 0.13 0.310
Prog_rammmg of raw material production / pur- 273 - 0.13 0.288
chasing
Auditing 38.6 = 0.13 | 0.294
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Mas- | Bache- | Factor | Com-

Skills ter | lor | loads | munality

Use of mathematical/statistical decisional models,

. 43.2 = 0.10 | 0.171
data analysis

Use of organizational and process analysis tools 47.7 = 0.17 0.481
Management and development of human resources| 37.2 = 0.10 0.164
Faculty of Pharmacy

Familiarity with pharmaceutical legislation 90.9 = -0.21 | 0.134
Cheml_cal, microbiological and technological 13.2 _ 044 | 0568
analysis

Development of pharmaceuticals, chemicals and 18.2 _ 047 | 0638
cosmetics

Use of lab techniques and instruments 43.9 = 0.36 | 0.371

Faculty of Law

The ability to interpret or apply new laws 91.2| 875 | 0.23 0.328
The ability to write an act or legal opinion 75.0| 75.0 | 0.30 0.547
The abl_llty to orientate concrete cases to judicial 912 | 875 | 0.9 0.233
categories

Composition of disputes, mediation between sub-

jects and interests 794 | 625 0.25 0.419

Familiarity with contractual regulations 88.2 | 100.0 | 0.19 0.227
ﬁg?];ch of bibliographical info on laws and regula- 776 | 375 | 021 0.284
The ability to hold a legal discussion 88.2| 75.0 | 0.27 0.460
Faculty of Engineering

Discussion of technical/scientific problems 845 | 90.3 | 0.33 0.345
Design/planning 484 38.7 | 0.30 0.274
Development of mathematical models 309 | 258 | 0.33 0.344
Calculation 58.8 | 58.1 | 0.35 | 0.385
Search of information on databases and reading 786 | 645 | 0.29 0.27
material

Us_e of lab and technical and scientific instrumen- 529 | 742 | 0.22 0.151
tation

Faculty of Letters and Philosophy

Application of economics/corporate knowledge 34.1 = 0.15 0.071
Cultgral, museum and environmental asset cata- 252 - 021 0143
loguing

Written and oral dominion of the language 96.1 = 0.42 0.572
Search of sources and data in the Internet and 721 _ 0.38 0.471

reading material
Problem-solving 88.3 = 0.41 0.563
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Skills Mas- | Bache- | Factor | Com-
ter lor | loads | munality
Faculty of Veterinary Medicine
Data management and analysis 57.9 = 0.34 0.372
Application of clinical knowledge 73.7 = 0.46 0.653
Use of technical and scientific instrumentation 79.0 = 0.49 0.750
Faculty of Psychology

Analysis of observable and experimental data 44.8 = 0.16 0.417
Application of personality research techniques 33.3 = 0.18 0.534
Application of behaviour observation techniques | 69.8 = 0.15 0.350
Analysis of group dynamics 62.5 = 0.16 0.097
Mediation between subjects, interests and cultures | 71.9 = 0.08 0.119
Orientating toward study and/or work 49.0 = 0.09 0.198
Planning of educational intervention 62.5 = 0.11 0.317
Conduction of clinical interviews 29.2 = 0.14 0.227
Familiarity with and use of data sources 59.4 = 0.12 0.287
Copstructlon of tools to measure psychological 208 - 013 0.229
variables

Experimental research 23.2 = 0.12 0.384
Planning therapy 34.4 = 0.15 0.476
Administration and correction of tests 36.2 = 0.16 0.399

Faculty of Education Science

Data analysis 64.8 = 0.12 0.337
Active listening skills 95.7 = 0.12 0.322
The appllcatlor) of edutainment and educational 746 - 015 0.476
methods/techniques

Dlagn05|_s of the needs/potentials of people and 835 _ 016 0.606
community

Interpretation of events as per education science 79.1 = 0.13 0.392
Mediation between subjects, interests and cultures | 79.0 = 0.13 0.353
Orientating toward study and/or work 57.6 = 0.11 0.272
tsc))g;[:matlc observation and use of methods and 79.1 _ 013 0.364
Planning, monitoring and assessing educational 79.9 - 016 0573
events

Egcr)]motmg interpersonal and inter-group interac- 871 _ 014 0.419
Research-action skills 64.8 = 0.13 0.369
U_se of mediated and direct language and tech- 89.1 _ 01 0.236
niques

Faculty of Mathematical, Physical and Natural Sciences

Mediation between subjects, interests and cultures | 62.1 | 56.0 | 0.09 0.033
Discussion of scientific and technical problems 743 | 72.0 | 0.27 0.290
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Mas- | Bache- | Factor | Com-

Skills ter lor loads | munality
Development of mathematical models 33.6 | 36.0 | 0.27 0.278
Organization of lab activities 424 | 440 | 0.38 0.565
Finding, consulting and use of database informa-

. 745 76.0 | 0.25 0.254
tion

Use of laboratory and scientific instrumentation 545 | 56.0 | 0.38 0.564
Faculty of Political Science

Familiarity with budgets, accounting 54.4 = 0.31 0.511
Analysis of statistics 38 = 0.21 0.546
Familiarity with corporate economics, marketing | 58.2 = 0.22 0.241
Orientating toward study and/or work 39.6 = 0.12 0.244
f:omposmon of disputes, mediation between sub- 69.7 _ 022 0.070
jects interests and cultures

Knowledge of contractual, labour, corporate law | 57.6 = 0.26 0.260
Knowledge of civil law 44.6 = 0.11 0.356
Knowledge of economics and financial science 64.8 = 0.32 0.660

Faculty of Statistics
Budget analysis, management control 42.3 | 385 | -0.02 | 0.003

Familiarity with and use of official data sources 51.9 | 423 0.2 0.347

Construction and interpretation of decision- 519 462 | 018 | 0.265
making indicators

Population and social forecasting 115| 8.0 0.19 0.297
Economic forecasting 346 | 385 | 0.14 0.162
Computer simulation (Montecarlo method) 346 | 269 | 0.17 0.252
Interpretation of miscellaneous analysis results 32.7| 308 | 0.24 0.469
Planning and assessment of services 30.8 | 50.0 | 0.21 0.360
Survey, market research and product testing plan-

. 275 | 26.9 0.21 0.379
ning

Experiment planning and interpretation of results | 34.6 | 30.8 | 0.21 0.377

Graduates make use of skills acquired during their university studies in
varying measures depending on whether the job they hold is consistent with
the studies they did. Almost all occupation-specific skills used at work were
acquired during the university years. School of Letters and Philosophy gradu-
ates are an exception, as 34.1% apply business-corporate skills not obtained
through their university studies.

Some technical skills are “shared” by graduates of different majors. Gradu-
ates from the Schools of Education Science, Political Science and Mathemati-
cal, Physical and Natural Sciences share the ability to mediate between sub-
jects, interests and culture. This proves that the frequency with which techni-
cal skills are used ties with the profession, context and company size.

It is also evident that the basic skills used by those who hold a technical po-
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sition could be skills specific to those who hold administrative or marketing
positions. For example, linguistic skills, which are taken for granted in any
newly hired employee, are specific to those who work in import-export de-
partments or in trade fair or market organization. The basic nature of the skills
is also connected with the tasks performed and the operating context.

3. Main factors of skills

We applied factor analysis to search for latent factors (Fabbris, 1997) with the
SAS package (SAS Institute Inc., 1994, 2000) on data regarding the use of
skills by employed graduates. Various types of analysis were conducted:
- one on the use of seven cross-occupational or basic skills common to
all University of Padua graduates;
- one for each school, concerning occupation-specific skills.

The factor loadings found with the analysis of non-specific skills are shown
in Table 3. The solution shows the presence of a main factor, which grades the
presence versus the absence of basic cross-occupational skills used by gradu-
ates.

The second factor compares two different types of non-specific skills. On the
one hand there is the professional knowledge of languages, by now expected as
a requisite for most jobs. On the other hand, there are cross-occupational skills,
such as the ability to organize the work of others and perform teamwork.

Table 3. Factor loadings and common variables for cross-occupational and basic skills

Skills Factor loadings Communality
| factor Il factor
Working in team 0.180 0.453 0.380
PC use 0.237 0.128 0.263
Relationships with customers 0.208 0.119 0.205
Read and speck in a foreign language 0.307 -0.500 0.701
Organising other people’s work 0.241 0.471 0.512
Reading and writing in English 0.338 -0.433 0.716
Writing reports 0.285 0.174 0.389

Every sample unit corresponds to two scores, one concerning the “use of
specific skills” factor, and the other to the use of non-specific skills. The aver-
age score by school is an estimate of their level of use by employed graduates
(Table 4).

The correlation coefficient between the two factor scores for Paduan gradu-
ates is 0.38. Clearly, a high correlation indicates that when performing their job,
graduates use cross-occupational skills jointly with technical skills, whilst
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Table 4. Average score value on factors combining cross-occupational skills and cor-
relation coefficients with the occupation-specific factor, by faculty

Correlation between technical-
Faculty Average SCOre on Cross- specific and cross-occupational
occupational skills
scores

Agriculture 0.144 0.36
Economics 0.004 0.50
Pharmacy -0.194 0.46
Law -0.060 0.50
Engineering 0.260 0.20
Letters and Philosophy -0.009 0.48
Veterinary medicine 0.148 0.28
Psychology -0.266 0.47
Education Science -0.199 0.49
Sciences (Math, ...) -0.051 0.48
Political Science 0.068 0.34
Statistics -0.295 0.50
Padua University 0.000 0.38

graduates who do not use cross-occupational skills also do not use technical
skills. This shows that the work activities performed by graduates are not so
characterized by the type of skills used as by the intensity of the use of skills.

Engineering graduates recorded the lowest correlation between the intensity
of use of technical and cross-occupational skills. In fact, engineers hold het-
erogeneous professional positions, from those who require the use of organiza-
tional-management skills where the approach to work activities is less techni-
cal in the traditional engineering sense, to those that require complex occupa-
tion-specific skills, such as those necessary for planning and research, in
which few cross-occupational skills are used. The highest correlation was re-
corded for activities in the social and economics sectors, that is, for graduates
from the schools of Economics, Law and Statistics (50%).

4. Jobs on skill maps

A number of 118 professions was recorded among working graduates, some of
which, being specific or with low market demand, are filled by a meagre
amount of graduates. A factor analysis (Fabbris, 1997) was performed on the
usage of seven cross-occupational and basic skills. The factorial solution is
described in Figure 1 and in Table 5.

The graph juxtaposes (along the first axis, vertical) an area of usage versus
the non-usage of skills and (along the horizontal factor) of skills requiring
public relations versus those that envisage activities performed individually.
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Table 5. Factor coordinates of active variables that determined the solution of analysis
of correspondences and some supplementary variables

Code |F1) |F@ | Code |FQ) |FQ |
Active variables
Computer skill Yes=cl |-0,26 [-0,01 | No=cl_n | 0,88 | 0,01
English skill Yes=c3 |-0,71 | 0,37 | No=c3 n | 0,73 |-0,39
Other languages Yes=c4 |-1,02 | 0,87 | No=c4 n | 0,39 [-0,34
Relationship with customers| Yes=c5 |[-0,20 | 0,05 | No=c5 n | 1,01 |-0,27
Working in team Yes=c6 |-0,16 |-0,14 | No=c6 n | 0,87 | 0,78
Organising others” work Yes=c7 |-0,37 [-0,44 | No=c7_n | 0,69 | 0,82
Writing reports Yes=c9 |-0,48 [-0,42 | No=c9 n | 0,56 | 0,49
Supplementary variables

. Artig. 0,17 | 0,07 Piccola 0,05 |-0,05
Company size Media |-0,11 | 001 | Grande |-0,23 |-0,02
Job a2 -0,16 [-0,20 a3 0,36 |-0,06
a4 0,03 | 0,42 ab 1,12 | 0,47
Income <600 0,64 | 0,36 | 600-1000 | 0,22 | 0,11
1000-1600 |-0,10 |-0,08 >1600 -0,46 |-0,09
Satisfaction for own job st 0,49 | 0,18 s2 0,09 | 0,06
s3 -0,17 [-0,09 s4 -0,39 |-0,06
Value professional skills Val -0,08 |-0,05 No_Val 0,56 | 0,36
Use methods and techniques Mt -0,16 | -013 No_mt 0,21 | 0,16
Forma mentis Fm -0,08 |-0,08 No_fm 0,37 | 0,35
Work environment S 0,30 | 0.30 Eq_u -0,03 |-0.11
Eq d -0,17 | -011
Fac01 |-0,18 | 0,06 Fac02 0,07 | 0,44
Fac03 0,05 | 0,13 Fac04 0,14 | 0,08
Faculty Fac05 |-0,31 |-0,42 Fac06 0,01 | 0,97
Fac08 0,19 | 0,46 Fac09 0,30 | 0,24
Facl0 0,57 |-0,24 Facll -0,01 |-0,17
Facl2 |-0,05| 0,13 Facl3 0,70 | 0,07
. - laurea_spec|-0,11 |-0,16 Diploma | 0,41 | 0,31
Substitutability of degree Other degree | -0.07 | 0,02

Setting the professions on coordinated axes (Figure 2, Table 6), four sec-

tions can be identified:

o the first section (top right), characterized by a meagre use of skills and
interaction with customers, work carried out independently, low starting
salaries, irregular labour contracts or precarious status, and low job satis-
faction. Professions are: teacher and tutor of pre-university educational
institutions, sales clerk, pharmaceuticals representative, journalist, ana-
Iytical psychologist and production and logistics head with subordinate
duties and activities not related to university studies. These graduates are
predominantly from the schools of Humanities, Psychology, Pharmacy,
Veterinary Medicine and also from the schools of Law and Statistics;
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Figure 1. Active and illustrative variables over the layout of correspondence analysis
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Figure 2. Active modes and professions represented on the resulting graph from the
analysis of correspondences
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Table 6. Factorial coordinates of professions
Profession D1 | D2 Profession D1 | D2
1 Purchases -0.75| 0.82 |118 Civil engineer -0.28|-0.65
2 Insurance agent 0.95(-0.73 {120 Telt_acommumcanons -0.48|-0.46
engineer
5 Agronomist -0.40|-0.03 |121 Construction engineer | 0.28 |-1.43
6 Finance administration | 0.38 | 0.12 |122 Electric engineer 0.00 |-0.48
8 Financial analyst -0.10 |-0.15|123 Electronics engineer  |-0.33|-0.62
9 Analyst programmer  |-0.23|-0.02 |124 Management engineer |-0.21|-0.57
15 Quality controller -1.11] 0.00 {125 Computer engineer -0.60|-0.54
17 Production assistant 0.60 | 0.77 |126 Mechanical engineer |-0.31(-0.15
23 Lawyer, legal practitio- -0.311 0.14 1130 Electronigs_engineer- 0.71 |-0.79
ner ing technician
38 1SO quality certifier ~ |-0.03 | 0.47 [131 COMPUter engineering | 7, 4 45
technician
40 Chemist 10.43]-0.20 |13 Mechanical engineer- | 4| g 3¢
ing technician
41 Industrial chemist -0.75]-0.31 {133 Instructor 0.50 | 0.44
44 Clerk, sales clerk 0.47 | 0.60 {134 Primary school teacher| 0.34 | 0.97
48 General consultant 1.05| 0.06 |135 Second. school teacher| 0.32 | 0.16
49 Labour consultant 0.21 |-0.87 {139 Chemical analyst 0.03]-0.09
51 Financial consultant  |-0.97 | 0.31|145 Marketing analyst -0.26| 0.23
53 Legal consultant 0.53 |-0.30 {154 Veterinary small anim. | 0.02 | 0.38
59 Management control 1.08 |-0.65 167 Training operator/org. (-0.56| 0.11
70 Technical-scientific | 5o 4 |17 Prod. planning, pur-— 1 g | 5 45
documentation chases/sales
74 Educator 0.551-0.55 |177 Customer care 0.04]1.21
76 Pre-school teacher 0.58 |-0.47 |179 Production & logistics | 0.45 | 0.02
77 Community educator | 0.57 -0.41 {182 Development & design|-0.10(-0.35
85 Pharmacist 0.17 | 0.00 |185 Clinical psychologist |0.17| 0.18
89 Applied physicist -1.151-0.20 (186 Labour psychologist [-0.30(-0.49
90 Electronics physicist  |-0.31 [-0.63 |188 Neuropsychologist 0.33] 0.70
94 Trainer 0.63]-0.42 {193 Public relations -0.86| 0.71
96 Trainer-counsellor -0.66 | 1.08 [195 Quality controller -0.54]-0.11
97 Tutor 0.84] 0.39 {198 Laboratory head -0.13/-0.89
102 Geologist 0.14|-0.71|201R & D -0.30{-0.39
103 Environment geologist | 0.01 |-0.29 {202 Researcher -0.10| 0.06
104 Geologist -construction |-0.10 |-0.32 |207 Secretary & staff -0.03| 0.36
108 Human res. manager 0.03 |-0.06 |208 Personnel selection 0.42 |-0.37
110 Journalist, press-room | 0.14 | 0.46 [223 Marketing -0.43| 0.70
112 Admin. clerk/officer 0.33] 0.36 |224 Quality assessment -0.06| 0.62
113 Paralegal -0.19| 0.10|225 Sales management -0.27| 0.75
115 Pharmaceut. promoter | 0.47 | 0.80 [228 Other, related major  [-0.02| 0.27
117 Chemical engineer -0.52 |-0.65 |229 Other, unrelated 0.75] 0.64
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¢ the second section (top left) has to do with jobs that do not involve inter-

action with customers. These types of occupations include that of corpo-
rate, legal or labour consultant, community and pre-school teacher, in-
surance agent, personnel selector, company administration management
control head, building designer, electronics technician and professional
geologist;

the third section (bottom left) consists of positions such as laboratory
head, research and development and quality control technician and de-
signer, almost all types of engineers and engineering technicians, applied
physicist, chemist, computer engineer, scientific document collector,
guality assurance inspector, labour psychologist, financial analyst, corpo-
rate finance and administration head, agronomist and field geologist.
These jobs are characterized by high salaries, the feeling that the
worker’s professional skills are appreciated in the workplace, daily use
of cross-occupational skills except for linguistics skills, and by forma
mentis, teamwork, often together with experts of various professions in
fairly sizeable companies that may overtop a workforce of 250;

the fourth section (bottom right) is comprised of occupations with a high
use of skills geared toward clientele and toward international contacts
(linguistic, dialectic and relational). They involve purchasing, marketing
and post-sales (customer care), public relations, guidance, certification
and quality assurance, secretarial work and administration staff, financial
consulting, training course organization, law firms, social and economic
research, as well as other professions generically relevant to the major
studied. Performing the job gives a certain satisfaction in monetary
terms, not always accompanied by as much professional satisfaction.
This is the area with the most graduates with degrees in Economics, Po-
litical Science and Agriculture.

5. Multilevel analysis of use of skills

In order to study the variables associated to the use of skills shorn of the influ-
ence of the degree, the relationship between the factor scores in Section 3 can
be examined from a multilevel standpoint. The analysis consists of an estimate
of a multilevel linear regression model in which the first level units, the
graduates, are embedded within the second level units, the faculties:

H K
Yii =Yoo +Z7hoxhij + Z?’Okzkj +U0j + Rij
h=t k=1

Factor scores on the first cross-occupational factor and on the first specific
factor are dependent variables. There being no second level explanatory vari-
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Table 7. Multilevel regression models on factor scores calculated over the first cross-
occupation factor and on the first occupation-specific factor (* p=0.15)

. Cross-occupation Occupation Specificit
Variables Factof P FactoFr) /
Yho | S(Pho)| P 7o | S(Pho) p

Intercept -0.59 | 0.48 | 0.237 |-0.49 0.71 | 0.497
Manager 0.17*/ 0.10 | 0.087 | 0.30*| 0.16 | 0.059
Regulated profession -0.05 | 0.10 | 0.642 | 0.09 0.16 | 0.575
Atipical contract 0.06 | 0.06 | 0.358 | -0.06 0.10 | 0.532
Other -0.16*| 0.11 | 0.142 | -0.02 0.17 | 0.898
Private sector -0.01 | 0.05 | 0.886 | -0.14*| 0.09 | 0.109
Income >1100 Euro 0.20* 0.09 | 0.030 | 0.08 0.15 | 0.588
Income between 850 and 1100 € | 0.07 | 0.07 | 0.376 | 0.06 0.12 | 0.607
Unemployed at graduation -0.01 | 0.04 | 0.804 | 0.07 0.07 | 0.298
Firm 50-250 workers -0.02 | 0.05 | 0.765 | 0.02 0.09 | 0.814
Firm 250-1000 workers 0.10*| 0.06 | 0.091 | -0.06 0.09 | 0.523
Firm more than 1000 workers 0.21* 0.10 | 0.035 | -0.06 0.16 | 0.698
Age at graduation -0.01 | 0.01 | 0.159 |-0.01 0.01 | 0.511
Graduation mark 0.01* 0.01 | 0.029 | 0.01*| 0.01 | 0.140

ables, the variability between academic degrees is attributed to the intersec-
tion’s random component. The results® are in Table 7.

Significant predictors in the model in which the dependent variable is the
cross-occupational skills score are the professional position, the salary, the
size of the company and the graduation mark. The use of these skills is greater
when the company is larger and the higher the grade-mark, the higher it is for
executives and the lower for blue-collar workers, apprentices and merchants
(all from the “other’ category) with respect to employees.

As regards regression on occupation-specific skills scores, the multilevel
model perforce yields the same results as a simple linear regression: in fact,
since scores are normalized in each school, divergence between groups is null.
As per fixed effects, the use of technical skills is higher in executives than in
clerks and for the more brilliant academic careers.

This analysis confirms the hypothesis that highly qualified jobs involving a
high degree of responsibility require greater use of both cross-occupational
and specific skills. It comes as no surprise that company size is important,
since in companies with a high workforce the tasks of a recent graduate are
technical but also orientated toward management and organization.

% The sAs (SAS Institute Inc., 2000) MIXED Procedure, which allows for the estimate of

linear hierarchy models with a method of the closest reflection of reality (Wolfinger,
1999), was used for statistics analysis. The predictors’ levels of reference are: clerk/staff
member as the average professional position; salaries under 850 euros as the average
pay; less than 50 employees as the average company size.
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6. Conclusions

We found that cross-occupational skills are used massively in the workplace,
more so than basic skills. Indeed, jobs requiring computer use and knowledge
of the English language, considered necessary requirements for hiring, as
these skills are overall used less than cross-occupational skills.

A person hired to perform a professional activity needs skills specific to the
sector. These skills are acquired almost exclusively through higher studies, at
university level, in particular. The intensity with which graduates use them
when working depends on the specific position they hold. Nevertheless, the
speed with which technology, techniques and the skills necessary for work are
to be updated requires the development of the capacity to learn throughout
one’s entire working life with an outlook toward constant updating. The basic
skill of workers is therefore the capacity to learn.

Indeed, jobs and professional positions may also vary considerably depend-
ing on company size. Graduates working in smaller companies must be more
versatile and more willing to cover a wide spectrum of tasks. The larger the
company, the more probable it becomes that the type of service rendered will
be exclusively of a technical nature. Therefore, not only the level of use of
skill varies, but also the mix necessary for different types of companies.

The possibility of associating to each graduate values representative of the
intensity of use of occupation-specific, cross-occupational and basic skills to a
graduate is analysed in the note. Thus, a sample of employed graduates was
used to measure their use of skills.

The solution of estimating the intensity of the use of specific skills sepa-
rately from cross-occupational skills and cross-occupational-strategic skills
results in the definition of skills specific to a particular profession. If they are
specific, these skills are absent in most of the other professions. The method of
estimating the technical level of a graduate’s work activities is therefore heavy
under a computational standpoint and sparing in general indications.

The quantification of the intensity of use of specific, cross-occupational and
basic skills by each graduate is nevertheless the technical condition used to
qualify each position or profession according to the technical and cross-
occupational levels of the skills used. The types and levels of professional
qualification to associate with educational profiles emerging from university
careers can be discerned by mapping these skills.

The intensity of use of cross-occupational skills is discriminating from a
social and professional standpoint. On one side of the spectrum, there are pro-
fessions openly deemed as satisfying, consistent with the university career
graduates invested in, and that make them practically irreplaceable in their po-
sition. On the other side, there are more general jobs characterized by a high
graduates’ offer and by the frustration of those employed regarding the moral
and material rewards obtained.
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From among the positions that graduates consider the most frustrating, and
which we hand over to the attention of university study strategists, we extrapo-
late the teacher.

Another profession that merits the attention of academics is that of adminis-
trative staff. It is located in the area of little use of occupation-specific and
cross-occupational skills. However, it is better positioned, in terms of compe-
tence use, than numerous other specific occupations (cultural tourism, profes-
sions involving marketing and post-sales services, and even professions such
as microbiologist and some engineering positions).

This corroborates the idea that numerous *“generalist” study programmes
that converge in this position can be enhanced in the future, given the demand
for more technical training for this type of professional.
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Summary. The development of the European higher education system, within
the frame of the Bologna process, requires that higher education be more and
more integrated with the wider economic strategies (Lisbon objectives) and
that employability be taken into account by the study programmes. Higher
education institutions are invited not only to answer to the needs of the na-
tional labour markets but also to incorporate into their perspectives the Euro-
pean one. The Italian university reform provides for a first triennial cycle with
educational and training purposes that give graduates an immediate access to
the labour market. The labour market requires, on the other hand, graduates to
have not only a theoretical education, but also professional competences. This
paper aims to build cognitive maps of the study programmes in Statistics and
rank the competences required by the job market to graduates in Statistics. We
apply for that various methods of multivariate and textual analysis.

Keywords: Competences; Statistics; Programme statements; K-means cluster
analysis; Multiple correspondence analysis; Rasch analysis; Textual analysis.

1. Competences and the Italian University reform

The reform of the Italian university system (decree of 3 November 1999, no.
509) has radically transformed the formative objectives of the study pro-
grammes (Aureli & lezzi, 2004, 2005; lezzi, 2005). Since 2001, the Italian
university programmes are organised on 3 cycles: Three-year cycle (CDL1 =
Bachelor); Two-year cycle (CDL2 = Master); Third cycle of variable length
(CDL3 =Ph.D.).
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The CDL1 aims at guaranteeing undergraduate students with an adequate
command of general scientific concepts and methods, as well as professional
skills. General admission requirement is the Italian high school certificate
awarded to those who pass a national exam, after completing 13 years of
schooling; foreign comparable certifications may be accepted as well. Admis-
sion to individual degree programmes may be subject to specific requirements.
First level degrees are awarded to students who have earned 180 credits.

The CDL2 includes highly qualified activity in specific areas. Access to the
second level is through the Italian CDLL1 or a foreign comparable degree. This
degree is awarded to students who have earned a global amount of 300 credits,
including a maximum of 180 of the first level that have been recognised for
access to the CDL2. The drawing up of an original dissertation is compulsory.

A limited number of programmes regulated by EU directives (in dentistry,
human medicine, veterinary medicine, pharmacy) share the following different
features: access is free to those who have an Italian high school graduation di-
ploma or a foreigh comparable certification. Admission is always subject to an
admission exam; normal length is 5 years (human medicine takes 6 years).

The postgraduate studies consist of the following typologies of degree pro-
grammes:

A) Ph.D. programmes; B) 2nd level specialisation programmes;
C) 2nd level university master degree programmes.

Competence, or competency (Spencer & Spencer, 1993) is “an underlying
characteristic of an individual that is causally related to criterion-referenced
effective and/or superior performance”. In our case, a competence may be de-
fined "an enduring characteristics of an individual that causes and foresees
his/her work-hunting and professional behaviour".

Competences are a mix of knowledge, skills and attitudes that make it pos-
sible graduates to be successful in their interactions with others at work,
school, home, and in the community at large. To match the university educa-
tional offers and the job market requisites we assume the so-called ‘iceberg
model’ of competences (Spencer & Spencer, 1993, see Table 1).

The concept of competence became influential initially in business organi-
sations, more specifically in the field of recruiting and selecting new employ-
ees. The McClelland’s (1973) goal of “testing for competence rather than for
intelligence” is the starting point of the competence movement (Barrett & De-

Table 1. Iceberg model of competences

Skills .
Measurement Performance Knowledge Behaviour
Competence
Hidden Competence Self-concept Convictions/ beliefs
Stable personal attributes Identity
Guess Ability Motives & intentions Spirituality
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pinet, 1991). McClelland argued that commonly used 1.Q. and personality
tests were poor predictors of successful performance, and that competence as-
sessment had to be developed instead. He suggested the Behaviour Event In-
terview (BEI), an interview method that combines Flanagan’s Critical Incident
Method (Dailey, 1971; Boyatzis, 1982) with the Thematic Apperception Test
(McClelland, 1989).

The BEI is often applied to discover differences between a person, who has
been selected by knowledgeable judges as outstanding, and a reference person.
The underlying assumption is that it is less difficult to deciding who is compe-
tent than what makes them competent (McClelland, 1998). Starting from sev-
eral studies conducted in various types of organisations, Spencer & Spencer
(1993) wrote a dictionary of competences that distinguishes superior from av-
erage performers in middle to upper-level jobs.

Consoli & Benadusi (1999) point out that the concept of competence
emerges together with that of learning, formative credits, project organisation,
continuous evaluation. There is an ongoing national and international debate
(Ajello, 2002; Boyatzis, 1982; Capaldo et al., 1996; Carretta et al., 1992; Civ-
elli & Manara 1997; Cerase, 2002; Consoli, 1998; Consoli & Benadusi, 1999;
Fabbris, 2004; lezzi, 2003; Zan, 1988) on competences required by the job
market from new graduates.

The aim of this paper is to verify points of contact between the university
offer and the demand of the job market. The structure of the paper is as fol-
lows: in Section 2 we present the data at hand; in Section 3 the results of pro-
gramme statement analysis; in Section 4 the ranking of competences required
by job market from new graduate in Statistics, and in Section 5 the conclu-
sions of our analysis.

We will use partial credit method (Wright & Masters, 1982) to rank the
competences required from graduates. Partial credit is a Rasch model that
transforms categorical data in continuous data, providing a complete solution
to almost every measurement problem encountered in social science studies.

2. The data

Our study examines the Italian university system and the new role of compe-
tences in CDLL. In this way, we can match the competences achievable
through university studies and those required by the labour market.

The functional aspect of this new system favours the development of skills
rather than just knowledge as it happened in Italy in the days before the reform.
That is why we tried to verify if and how the university educational offer is
shaped according to the labour market perspectives, and which are the skills a
graduate should posses to get a job.

We realise our analysis in two steps: in the first, we examine the reformed
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university system; in the second, we identify the requests of the market. The
point of contact between the first and the second phase is the graduate.

In the first phase, we will examine the stated intentions in the programme’s
arrangements (Ministry decree 4™ August 2000). The reform provides for each
disciplinary class with a “declaratory”, i.e. a programme statement. We will
use the 41 statements of “Statistics”. Each statement is divided into two parts:
the aims of this discipline and the job opportunities for its graduates.

The programmes of the Statistics class represent a small part in comparison
with the amount of programmes activated after the reform (1.5% of the trien-
nial programmes). All programmes were organised by five universities: Milan
“Bicocca”, Padua, Bologna, Rome "La Sapienza", and Messina. We consid-
ered the ministerial arrangement as a reference for the 41 programmes.

In 2004, we interviewed 137 people who graduated in Statistics at the Uni-
versity “La Sapienza” between March 2000 and March 2001 through a CATI
— Computer Assisted Telephone Interviewing survey (Aureli & Ottaviani,
2004). We collected data on graduates’ knowledge, technical and “soft” skills
and confronted this with their work needs. Knowledge was composed of ques-
tions on “how is it important for your current job” each one of the 13 follow-
ing disciplines: Insurance, Demography, Law, Economics, Finance, Opera-
tional Research, Computer Science, Mathematics, Probability, Sociology,
Economical statistics, and Social statistics.

3. A model to analyse the statements

The first phase of the analysis was the transformation of the verbatim informa-
tion into a data matrix. We obtained a matrix of 42 rows, 41 CDL1s and the
ministerial arrangement. A pre-processing step was required to eliminate
meaningless words (Bolasco, 1999). After that, we applied lexical analysis and
identified m matrixes one for each of two themes: “programme aims” and “job
opportunities”.

We have built two different data matrices because we wanted to test each of
two analytical strategies:

i) amatrix T of [(n+1) x p)] order; where n is the number of statements,
1 represents the model and p is the number of meaningful words;

ii) amatrix S of [(n+1) x q)] order, where n is the number of statements,
1 is the model and g the number of chosen keywords (p>q).

For the first strategy, we applied principal component categorical (PCC) to
identify and show the association structures on the table. This statistical tech-
nique is useful when it is not possible to explain the relationships among ob-
jects because of the number of variables.

The principal factors obtained by PCC showed m text maps and m key-
words. We used an integrated approach to classify the texts by starting the re-
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sults of PCC. We searched the best partition of texts and the words from initial
configuration of group centroids.

For the second analytical strategy, we applied multiple correspondence
analysis (MCA\) to build a map. The S matrix was transformed in m blocks of
matriz Z = [Z3, ..., Zy] with full disjunctive codes. The dimension of Z is
[(n+1) x g)]. The application of MCA detected the latent factors (Greenacre,
1984).

Even in this case, we applied an integrated approach to classify the texts.
We used three different algorithms to identify the number of groups (single
linkage, centroid, and Ward’ method). We identified three groups with Ward’s
method and four with single linkage and centroid methods.

Since the university reform started, the Italian Ministry of Education, Uni-
versity and Research organised a web site for reporting all the activities of the
Italian Universities (http://offertaformativa.miur.it/corsi/). We searched the in-
formation on first and second study levels and acquired the 41 statements re-
lated to Statistics.

The wealth of words depends on topic, the descriptive analysis showed a
major wealth for “aims” than for “job opportunities” (Table 2). A detailed list
of aims means a good specificity of a programme that justifies various educa-
tional offers in a given faculty.

Table 2. Descriptive analysis of graphical forms

oytoic | ot | i Jorapcal el most e
Aim (Model) 1 175 111 63 TO POSSESS
Job opportunities (Model) 1 193 131 68 ACTIVITY
Aim (CDL1) 41 | 9718 | 1465 15 STATISTICS
Job opportunities (CDL1) | 41 | 4598 | 1041 23 FIRM

The more frequent word is “to possess” for job opportunities topic and “ac-
tivity” for aims. Those words are also in declaratory statements, but the more
common graphical form is “firm” for job opportunities and “statistics” for
aims.

We noticed that a change of outlook is starting in university statements,
both for knowledge taking and technical and “soft” skill training.

The ministerial purpose is the possession of analytical skills: “graduates
must possess adequate knowledge and tools to analyse data”. The statements
promote the professional role of Universities and define a graduate in Statis-
tics as a problem solver. This young professional is able to analyse and man-
age complex systems (Table 3).

An exploratory analysis of the model shows that job opportunity keywords
focus on educational activity, study and learning, while the statements intro-
duce professional aspects. In the last ones, we find a direct connection to job
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Table 3. Keyword of study programme aims
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MODEL Number of words | STATEMENTS [ Number of words
TO POSSESS 7 STATISTICAL 148
SUITABLE 3 DATA 83
KNOWLEDGE 3 ANALYSIS 78
STATISTICS 3 MANAGEMENT 72
TREATMENT 2 STATISTICS 61
DATA 2 TOOLS 57
STATISTICAL 2 COMPETENCES 54
TOOLS 2 KNOWLEDGE 52
DISCIPLINES 2 STATISTICIAN 42
COMPETENCES 2 SYSTEMS 41

* A star marks the words used both by the model and by statements.

Table 4. Keyword of job opportunities in statements and model

MODEL Number of words| STATEMENTS | Number of words
ACTIVITY 6 FIRMS 58
STATISTICIAN 4 ACTIVITY 41
EDUCATIONAL 3 STATISTICS 36
STUDY 2 STATISTIC 35
KNOWLEDGES 2 MANAGEMENT 34
TO UNDERSTAND 2 ANALYSIS 32
CASE 2 PROFESSIONAL 28
CAPABILITY 2 CONTROL 25
FIELD 2 SYSTEMS 21
LEARNING 2 SERVICES 19

* A star marks the words used both by model and by statements

market: firms, activity, management, analysis, professional, control, systems

and services (Table 4).

The ministerial arrangement is oriented to curriculum vitae, while the state-
ments are focused on job context and the projection of present students into

future graduates.

Maps, obtained with ACM, mark latent factors of aims and job opportuni-

ties.

The first factor juxtaposes theory and application words. In fact, we observe
that on the left hand side there are knowledge, skills and discipline, and on the
right one tools, data and systems. The second factor juxtaposes knowledge and
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Figure 1. Keyword map of declaratory statement aims

ability; we observe that the verb “to possess” is in the opposite position to
management and analysis (Figure 1).

The map of job opportunities shows one principal latent factor that marks
prerequisites for work: learning, capability, analysis and management in the
private and public sectors. In Figure 2 the two sectors are in an antithetical po-
sition. About 60% of the university statements focus on knowledge.

The employment issues classify the CDL1 into four groups that move along
a continuum: from public administration oriented programmes, where the
words “services”, “study” and “educational” prevail, to market-oriented ones,
where the words “firm”, “activity”, and “control” dominate.

Inside this continuum, we have crossed public and private-oriented matter.
In the public-private oriented group, we have words like “knowledge”, “pro-
fessional” and “management”; in the private-public oriented group, we found
words like “system”, “capacity” and “analysis” (Table 5).

Based on MCA, we classified the CDL1. Programme aims divided CDL1
into four groups: theoretical, professional, theoretical-professional, profes-
sional-theoretical (Table 6).

Within the theoretical group, knowledge dominates all the aims. In the op-
posite position, we find the professional group that prefers to teach the tools of
the subject matter. The groups may be disposed along a continuum: it starts
with a theoretical approach (“to possess”, “adequate”, “treatment”) and ends
up to a professional planning (“tools”, “data” and “statistics”. Along this con-
tinuum, we have a theoretical-professional and a professional-theoretical ap-
proach in which “knowledge”, “skill”, “ability” and “disciplines” link together.
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Figure 2. Keyword map of job opportunities
Table 5. Classification of CDL1 based on job opportunities
Key topic GROUP
1 2 3 4
cbLl Public oriented Public-private | Private-public Private oriented
characteristics oriented oriented
Services Professional Systems Firm
Keywords Study Management | Capacity Activity
Educational Knowledge Analysis Control

Table 6. Statement classification of CDL1 based on programme aims

Key topic GROUP
ytop 1 2 3 4
CDL1char-| Theoretical Theoretical- Professional- | o o ional
acteristics | (cdl=knowledge) professional theoretical (cdl= skill)
(knowledge+skill) | (skill+knowledge)
To possess Knowledge Systems Tools
Keywords |Adequate Competences Management Data
Treatment Discipline Analysis Statistics
Number of
CDL1s 7 14 14 7
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Moreover, there is cohesion between objectives and job opportunities of the
classes of CDL1 (last row of Table 6). The lexical analysis of the corpus high-
lights that it prevails programmes in which theoretical and practical aspects
are balanced. However, if we divide the corpus into “aims” and “job opportu-
nities”, in the second we can find a clear partition between traditional and
modern vision of University.

4. A model for competence ranking

We converted the ordinal data into values applying a Rasch partial credit
model (RPCM) in order to analyse the data on knowledge, technical and soft
skills collected on ordinal scales. RPCM is an extension of the Rasch one-
parameter ‘item response’ model proposed by Rasch (1992) and extended by
Wright & Masters (1982), Wright & Mok (2000) and Linacre (2004).

We measured distance and determined the rate of change to define scale
units and measures using verbal scale of four items (much, enough, little, not
at all). Rasch methods are to obtain objective, fundamental, linear measures
from stochastic observations of ordered category responses.

For a given item with m score categories, the probability a statistical unit
scores x on item i is given by:

— i=0
Pxni —_ mi » 1
2.exp 3 (B.— Dy)
k=0 i=0
where x=0, 1, 2, ..., m-1, B, is the individual competence level and Dj; is a

0
step difficulty, and > (B.—D;)=0.
j=0

The RPCM estimates the probability that a graduate scores x on the m steps
of question i as a function of his or her competence level B, and step difficulty
Djj out of the m steps in prompt i.

We used WINSTEPS program to implement Rasch's JMLE (UCON) (un-
conditional maximum likelihood, joint maximum likelihood). The JMLE
(UCON) method was iterated to obtain more precise estimates, standard errors
and fit statistics. We used proportional curve fitting for finding improved es-
timates.

We examined technical skills through the assessment of 19 items aggre-
gated in 5 classes of topics:

1) writing documents; 2) looking for sources and methods;
3) analysing data; 4) organising and checking trials;
5) speaking a foreign language.
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‘D much @ enought O a little @ nothing ‘

We verified soft abilities through the examination of 18 items separated in 5
classes of individual propensity: 1) decision taking; 2) communicating with
others; 3) working in a team; 4) setting and solving problems; 5) inclination to
long life learning. We have to highlight that there is no clear cut between

‘technical’ and ‘soft” competences.

In knowledge dimension (Figure 3), 60% of graduates’ responses (Sociol-
ogy, Economical Statistics, Social Statistics, Operational Research, Insurance,

Law) are concentrated on the negative side.

Technical skills (Figure 4) are more variable than the other dimensions,
with the exception of the use of personal computer, which is widespread (Fig-
ure 5). Soft ability dimension items are positively oriented (Figure 5).
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Figure 4. Frequency distribution of the “technical’ skills

We used Cronbach’s Alpha (Cronbach, 1951) to measure if and how a set
of items for each ‘competence dimension’ (knowledge, technical and soft
skills) describe a uni-dimensional latent construct. The resulting reliability is
good for the three subsets; in fact, the alpha value equals 0.76 for knowledge
items, 0.86 for skill ones and 0.82 for the ability ones.

The knowledge item map (Figure 6) partially confirms the results of the de-
scriptive analysis: the continuum’s top includes the least used disciplines (So-
ciology and Law) and the bottom includes the widely used ones (Computer
Science). We can observe some changes of position.

During the initial stages of employment, freshly graduates in Statistics
make use of the basic subjects, such as Mathematics, Statistics and Economics,
and a little specialist knowledge.
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Figure 5. Frequency distribution of the soft abilities

It is worth noticing that some positions, such as Probability, moved and we
would not have been able to observe it if we stopped at a descriptive analysis.
Moreover, some distances among the disciplines differ.

Computer Science is far away from all other subjects; while Insurance, So-
cial Statistics, Law, Operational Research are close to each other.

Technical skill dimension (Figure 7) is consistent with the knowledge scal-
ing: working with a personal computer is the most important skill used at work
by young statisticians, far above any other subject. All other subjects are close
to each other: writing technical documents for other people, using technical
documents written by other people, using data to evaluate.
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Figure 7. Map of graduates’ technical skills

In the cross-occupational ability map (Figure 8), the five areas of the pro-
pensity to assume decisions, communicate with others, work in a team, solve
problems and be incline to long life learning are very close to each other.

This may mean that during first years of job activity the newly hired gradu-
ates in Statistics operate more as technicians than decision makers. This result
may depend on the possibility that the survey reached graduates working in
research activities together with their dissertation supervisor. These precarious
activities are a sort of extension of the final dissertation research activities that
graduates accept waiting for job offers.
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5. Conclusions

The aim of this study was to check if and how the university offer for higher
education in Statistics had assumed the competence approach to outline the
educational profiles, and if graduates’ curricula and job market’s requirements
matched. We realised that changes for statisticians’ education and employ-
ment are slowly taking place.

From the methodological point of view, we highlighted that, within a short
document containing a homogeneous and standardized text, it is sufficient to
analyse keywords. In fact, sparse matrices gave the same results, but needed
much more computational burden than traditional approaches. We put forward
the proposal to classify key topics and the entire corpus with a consensus algo-
rithm, not to waste resources (Vichi, 1997).

From a substantive point of view, the analysis of the statements showed
that, although universities have adopted the ministerial model, they modulate
their statements taking into account the local market requirements, and tend to
define programme statements where typology, knowledge, skill requirement
and ability demand prevail in a functional way. In fact, even if the ministerial
arrangement remains adherent to substantive knowledge, the universities pro-
pose programmes targeted at the development of cross-occupational compe-
tences and other job-specific competences on students.

The interviewing of newly graduated statisticians about competence use at
work gave a surprising outcome: the graduates, at the very beginning of their
career, apply the knowledge of basic disciplines (mathematics, probability and
mathematical statistics) and in very limited cases they use the so-called “ap-
plied statistics’. This is right the opposite of the result of similar studies and of
commonsense.

Moreover, the labour market appreciates cross-occupational competences
that are not explicit on graduates’ curricula. This is open to a dual interpreta-
tion: either the companies prefer to shape themselves professional compe-
tences, and expect solid and flexible foundations from the educational system,
or the universities should develop even students’ soft skills, not only the tech-
nical-specific ones.
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Jobs and Competences
of Graduates in Statistics

Maria Cristiana Martini, Luigi Fabbris
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Summary. The aim of this paper is to analyse the competences used at work
and the professional profiles for people who graduated in Statistics at the Uni-
versity of Padua. Our study, accomplished by means of correspondence analy-
sis and cluster analysis, highlights a general consistency between the forma-
tive profiles modelled at the Statistics Faculty and the tasks performed by
graduates. Moreover, our analysis points out that several graduates are work-
ing in clerical jobs that do not allow them to use the competences they
achieved during their university studies.

Keywords: Jobs; Competences; Educational profiles; Graduates in Statistics;
University of Padua; Correspondence analysis; Cluster analysis.

1. Why an analysis of competences?

In Italy, tertiary education in statistics is traditional at any programme level,
bachelor, master and PhD. The placement of graduate statisticians on the job
market has always been easy, at least in comparison with other non-technical
types of study programmes (Fabbris et al., 2002).

Statistics is not a regulated profession in Italy’. Nevertheless, statistical
skills are strongly required by the market and statisticians are required for a
variety of jobs. Statisticians work in agencies of services supply, craft and

1 This note has been edited by L. Fabbris for Section 1 and by M.C. Martini for the other

sections.

In fact, that of actuarial statistician is a regulated profession in Italy, but the Paduan
Faculty of Statistics does not supply the specific degree required for the admission to
this position. A graduate in Statistics can take an exam to qualify in Statistics for the
public administration, but this qualification is not really valued.

2
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industrial companies of any size and activity, agencies for public opinion sur-
veys, central and local public administrations, professional offices, and coop-
erative societies of services.

The knowledge and skills in demand concern marketing research, informa-
tion systems management, industrial production and provision of quality con-
trol, demographic, social and economic forecasts, different types of counsel-
ling, technical support to activities of certification, goods and services quality
control, technical offices, research and experimentation for goods and proc-
esses development.

However, statisticians are at a disadvantage because the poor knowledge of
their professional potential: entrepreneurs and managers perceive the impor-
tance of statistics, but are not fully aware of the work duties a statistician can
realize. Moreover, the extent of statistical activities rarely requires a “whole”
statistician. This means that, in general, the statistical tasks are associated with
other tasks and graduates in Statistics are often employed as computer scien-
tists, business economists, and other capacities.

The variety of roles and contexts where the statisticians operate makes it
more difficult to identify the professional profile of graduates in Statistics. The
functions that a statistician exerts, in fact, are common to almost all the com-
panies and institutions and, with few exceptions, to the functional areas where
statisticians are engaged.

The condition of statisticians is common to most qualified workers. In small
and medium companies, and in particular in professional offices, graduates are
hired to carry out a multiplicity of functions, one of which — hopefully but not
necessarily the main — referring to his or her educational subject.

The key to define the work activities carried out by statisticians, and to
shape their professional profiles, are the competences they use. Competences
are cross-occupation and job-specific kinds of knowledge and skills, and atti-
tudinal features useful to work in a complex working environment, such as the
capability to work in team, to feel him/herself part of a whole, to detect and
concretely solve company’s problems.

Technical competences can be taught at school. Attitudes are believed to be
a sort of personal heritage. Nevertheless, with suitable educational methods, it
is possible to develop even professional attitudes. For example, working in
team is an attitude that can be instilled by studying in a team, so that students
understand the value of a so-called “professional democracy”, the necessity of
reaching a shared solution while being able to argue in favour of their own
ideas. Analogously, problem-solving abilities can be developed by focusing on
problems instead of methods at some points during their university studies.

Competences represent the parameters of a professional profile, its suitabil-
ity for working purposes. Knowledge, skills and attitudes, whose achievement
starts at school, can be used to satisfy work needs. Hence, competences are the
elementary units for comparing professional profiles and work needs and, too,
for describing the contents of formative curricula and jobs.
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In the following, we will describe the competences used by graduates in
Statistics (Section 2). We will also try to understand if either the competences
used at work are the same, apart from content specificities, or the occupations
of statisticians are so culturally and technically different that we cannot define
a single professional figure of statistician but distinct ones (Section 3).

We will analyse the answers given by 145 bachelor and master graduates in
Statistics at the University of Padua. The graduates were interviewed by tele-
phone six months after graduation (Fabbris, 2003). A number of 99 out of 145
had a job and answered about their work activities.

The use of competences in their working experience has been assessed by
means of 23 closed questions. The jobs in which the graduates in Statistics
were engaged have been collected by means of a partially closed question
based on a list of typical jobs and the possibility to specify the job in a verba-
tim form. In several cases, instead of directly coding the job, interviewers pre-
ferred to record it in a verbatim form.

2. Competences of the Paduan graduates in Statistics

Martini (2003) found that graduates in Statistics find a job in a relatively short
time, get a fair income and are fairly satisfied for their job, but their jobs and
study curricula are weakly consistent. Hence,

e which competences do graduates really use, and

e what are the ones they feel they miss?

The given answers (Table 1) show that new graduate in Statistics use some
specific competences acquired at university, but are employed mostly as com-
puter scientists. It is not surprising that the employed statisticians use social
and demographic competences less than the economic ones, since the fre-
quency of economics and business courses overwhelms that of socially ori-
ented courses.

In order to study the relationships between pairs of competences, we built a
square symmetric matrix whose general element, for each crossed pair of
competences, is the frequency of graduates who reported the use of these
competences. This matrix can be considered a complete social network (Scott,
1991) whose nodes are the competences, strengths and the intensities of com-
mon use in a given work activity. Ideally, the intensity is inversely propor-
tional to the Euclidean distance between paired competences.

We conducted a hierarchical agglomerative cluster analysis on competences
with Ward’s, complete linkage and single linkage methods (Fabbris, 1997).
The cophenetic correlation coefficients (Sokal & Rohlf, 1962) were, respec-
tively, 0.83, 0.91 and 0.86. This indicates complete linkage as the most ade-
quate method to represent our data and, consequently, that competences tend
to cluster.
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Table 1. Percent distribution of competences use levels for people who graduated in
Statistics at the University of Padua and work six months after graduation (n=99).
Within brackets the label of competences represented in Figure 1

Ng:lat Scanty | Fair | High | Total
Use of official data (sources) 424 | 20.2 | 232 |14.2 | 100.0
Survey design (survey) 576 | 243 |141 | 4.0 | 1000
Sample design (sample) 521 | 265 [143 | 7.1 | 100.0
Experimental design (exper) 525 | 242 |18.2 | 51 | 100.0
Experimental results analysis (exp res) 384 | 19.2 |27.3 |15.1 | 100.0
Computer programming (program) 26.3 | 10.1 |29.3 | 34.3 | 100.0
Use of statistical packages (package) 495 | 131 |21.2 |16.2 | 100.0
Simulations (simulation) 465 | 242 |21.2 | 81 | 100.0
Multivariate analysis (multiv) 485 | 19.2 |20.2 |12.1 | 100.0
Socio-demographic analysis (social) 60.2 | 16.3 |[143 | 9.2 | 100.0
Economic analysis (economic) 394 | 141 |26.3 |20.2 | 100.0
Demographic forecasting (demography) 76.5 | 133 7.1 | 3.1 | 1000
Economic forecasting (forecast) 49.0 | 13.3 |245 |13.2 | 100.0
Social services design (social prog) 76.8 | 121 7.1 | 4.0 | 100.0
Budget analysis (balance) 439 | 143 |235 |18.3 | 100.0
Management control (manage) 434 | 19.2 | 243 |13.1 | 100.0
Service quality evaluation (quality) 439 | 214 |255 | 9.2 | 100.0
Market research (research) 63.7 | 21.2 | 111 | 4.0 | 100.0
Indicators for decision design (indices) 394 | 151 |27.3 |18.2 | 100.0
Writing research reports (report) 40.2 | 155 [29.9 |14.4 | 100.0
Internal communication (experts) 31.3 | 18.2 |253 |25.3 | 100.0
Use of multi-media tools (audiovis) 36.4 | 28.3 |15.1 |20.2 | 100.0
English and other languages (language) | 34.3 | 283 |23.2 | 14.2 | 100.0

The analysis of the resulting dendrogram (Figure 1) highlights three groups
of competences:
e one related to economics and management curricula,
e another to socio-demographic curricula
e anindependent group of basic competences.
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Figure 1. Dendrogram from the cluster analysis on competences (between-
competences Euclidean distance; complete linkage analysis)

3. Jobs as combinations of competences

The long list of collected professional figures made it necessary to aggregate
the jobs of statisticians into 11 categories (Figure 2). It is clear that non-
statistical jobs prevail among those graduates. They relate mainly to computer
science, general clerical works, teaching, and to a residual category that can-
not be logically associated to any of the other categories (among the others,
waiter, call-centre operator, building surveyor, worker, but also consultant,
census coordinator, and so on).

Either such a large number of graduates with vaguely consistent jobs may
depend on the fact that some of them already worked before graduation, and
remained in the same position after it, or that other graduates, as newcomers,
were assigned a marginal professional position.
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Marketing expert | ]34

Research assistant | ]4,5

Social statistician | ]4,5
Trade support clerk | ]4,5
Teacher | ]4,5

Economic statistician | ]5.6

Production assistant | 16,7

Management assistant | 16,7
Clerk (general) 113,5

Computer scientist ‘ ] 25,8
Other ] 20,2
\
0,0 5,0 10,0 15,0 20,0 25,0 30,0

Figure 2. Percent distribution of Paduan graduates in Statistics jobs

In order to define the relations between competences and jobs, we carried
out a correspondence analysis (Benzécri, 1979) on the 23 dichotomized com-
petences®. Then, we projected over the factorial axes the identified jobs and
some general characteristics of graduates (gender, type of programme) and of
their work (satisfaction for job, consistency between job and curriculum, use
of forma mentis, work status before graduation).

The data were processed with CORRESP procedure of package SAS (SAS
Institute, 1994, 2000). In Table 2, we report the factor coordinates for each an-
swer category of the active variables, and in Table 3 the coordinates of the
supplementary variables. The scree test shows the existence of a unique fac-
tor’. Nevertheless, to ease the analysis, a second dimensions is represented in
Figure 3.

The first dimension represents the general use of competences acquired dur-
ing university studies, and shows juxtaposition between the use and non-use of
competences. The main contributions for the use of competences are given by
the use of official data, socio-demographic and economic analyses, economic
forecasts, research reports, and decisional indicators, all competences that
suggest qualified professional activities. Opposite we see the non-use of spe-

In order to avoid the unwanted influence of the ordinal items on correspondence analy-
sis, the answers on competences have been dichotomized into “Use” (“Fair” + “High”)
and “Non use” (“Not at all” + “Scanty”).

The first two dimensions explain 81.6% and 11.9% of Benzécri (1979) adjusted inertia.
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Table 2. Factor coordinates on competences used by Paduan Graduates in Statistics

Coordinates Coordinates
1 2 1 2

Use of official data sources | 0.77 | 0.03 |No demographic forecast |-0.10 |-0.19
No use official sources -0.46 |-0.02 |Economic forecasting 0.77 |-0.54
Survey design 0.86 | 1.27 |No economic forecasting |-0.48 | 0.33
No survey design -0.18 |-0.27 |Social services design 0.81 |1.74
Sample design 0.63 | 0.58 |No social services design |-0.10 |-0.21
No sample design -0.17 |-0.15 |(Budget analysis 0.63 |.0.61
Experimental design 0.77 | 0.28 |No budget analysis -0.43 | 0.42
No experimental design -0.24 |-0.09 |Management control 0.64 |-0.34
Experiment analysis 0.60 | 0.10 |No management control |-0.40 | 0.21
No experiment analysis -0.47 |-0.07 |Service quality control 0.65 | 0.40
Computer programming 0.52 |-0.17 |No services control -0.30 |-0.19
No computer programming (-0.91 | 0.30 [Market research 0.75 |-1.20
Use statistical packages 0.64 | 0.40 |No market research -0.11 | 0.18
No use statistical packages |[-0.40 |-0.25 |Decisional indicators 0.68 |-0.11
Simulations 0.64 |-0.71 |No decisional indicators |-0.56 | 0.09
No simulation -0.27 | 0.30 |[Research reporting 0.77 | 0.15
Multivariate analysis 0.67 | 0.31 |No research reporting -0.55 |-0.11
No multivariate analysis -0.33 |-0.15 [Internal communication 0.54 |.0.09
Social data analysis 0.94 | 0.83 |No inter. communication |-0.53 | 0.09
No social data analysis -0.28 |-0.25 [Multimedia tools use 0.70 |-0.13
Economic analysis 0.69 |-0.45 |No use multimedia tools |-0.33 | 0.06
No economic analysis -0.59 | 0.38 |Foreign languages 0.60 | 0.12
Demographic forecasting 0.95 | 1.77 |No foreign languages -0.36 |-0.07

cific competences and especially the non-use of computer skills. This may be
considered the negative pole of this dimension. Because the non-use of com-
puter skills is at the extreme of the non-use of statistical competences, we can
say that computer skill is the professional minimum quantum for a graduate in
Statistics.

The second dimension contrasts the socio-demographic and economic kinds
of competences. Along this axis, the main contributions come from survey de-
sign and social services design, demographic forecasts and socio-demographic
analyses on the one side, and marketing research, simulations and budget
analyses on the other.

We observe that the activities of clerks and teachers lie in the area of non-
use of specific competences, together with the residual category. Graduates
employed as computer experts do not use but basic competences.
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Figure 3. Correspondence analysis on use of competences for Paduan graduates in
Statistics with profession, gender, type of programme, working status before gradua-
tion, job satisfaction, consistency, use of forma mentis, and need for educational quali-
fication as supplementary variables.

Among the jobs related to the socio-demographic field we find the social
and bio-statisticians that use the acquired competences to the largest extent,
the assistant to research, and the assistant to marketing’.

®> The distance between the professions in the marketing area, in the socio-demographic

part of the display, and the competence of marketing research design, in the extreme
side of the economic zone, is rather curious: although marketing research is an activity
for economic statisticians, in practice it is realized with competences formed in the so-
cial study programmes.
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Table 3. Factor coordinates and quality (sum of partial contributions) for each answer
category of the supplementary variables

Coordinates Coordinates
1 2 1 2

Research area 0.19 | 1.95 |No work before graduate 0.12 | -0.02
Social, health statistician | 0.67 | 1.53 |Master programme 0.19 | -0.06
Marketing expert 0.17 | 0.40 |Bachelor programme -0.36 | 0.11
Economic statistician 0.95 | -0.38 |Unsatisfied with job -0.87 | 0.21
Production assistant -0.03 | -0.70 |Fairly satisfied with job -0.24 | -0.09
Commercial assistant 0.03 | -0.63 |Satisfied with job 0.39 | 0.04
Management assistant 0.22 | -1.04 |Job consistent curriculum 0.54 | -0.02
Computer scientist 0.25 | -0.02 |Job inconsistent -1.01 | 0.03
Teacher -1.45 | -0.06 |Use forma mentis 0.27 | 0.05
Clerk (general) -0.75 | -0.25 |No use forma mentis -1.13 | -0.19
Other -0.29 | -0.12 |Compulsory school required | -1.18 | -0.16
Male -0.25 | -0.13 |Secondary school required | -0.45 | -0.38
Female 0.19 | 0.10 [University degree required | 0.55 | 0.30
Worked before graduation | -0.32 | 0.06

On the economic side, we find both jobs associated with a massive use of
competences, such as the economic statistician — the highest position on the
first factor — and others associated with a limited use of competences, like the
clerical positions in trade, management and production activities.

We observe a tendency for females to work in the social area and use more
competences than males in consequence of the larger frequency of socio-
demographic courses by female students.

Those who worked before graduation use competences less than those who
entered the job market after graduation. This may depend on the likelihood
that, six months after graduation, most of them may have maintained the same
job they had before, which obviously did not require a university education.

The extreme positions on the first factor regard job-curriculum consistency,
job satisfaction and systematic use of forma mentis. The non-use of compe-
tences is associated with unsatisfactory and inconsistent jobs, which exclude
the use of a “statistical forma mentis”. The second factor has no extreme val-
ues on any of the supplementary variables, apart for types of job.

In general, the professional activities of graduates in Statistics are consis-
tent with the underlying competences, so that we can imagine jobs as combi-
nations of competences. Hence, jobs of newly recruited graduates in Statistics
can be considered as a “basket” whose content is the required knowledge,
skills and attitudes.

Finally, we identified similarity between jobs according to the type and in-
tensity of competence use. We carried out a hierarchical agglomerative cluster
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Figure 4. Dendrogram from cluster analysis on jobs of Paduan graduates in Statistics
(Euclidean distance, complete linkage)

analysis on this matrix, using the complete link and the single link methods.
The cophenetic correlation coefficient computed for the three applications in-
dicates complete link as the preferable method, and this allows us to identify
clusters of jobs.

The dendrogram analysis (Fig. 4) suggests the existence of two groups of
jobs, one typical of socio-demographic jobs and another typical of economic
and business activities. The economic area includes also jobs that make scarce
use of statistical competences, such as teaching and general clerical positions.
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4. Final remarks

The analysis of competences of graduates in Statistics highlighted a heteroge-
neous situation where, together with small groups of graduates who use re-
fined statistical competences, a majority of graduates applies just a little of the
knowledge acquired at school.

The competences graduates use the most are cross-occupation and we put
forward they should be cross-curriculum: foreign language skills, computer
skills, communicational, relational and organizational skills. It is relevant to be
able to communicate with experts on other-than-Statistics subjects and write
research reports.

Highly qualified statistical competences are the skill of identifying indica-
tors for decision-making, that of analysing economic phenomena and com-
pany’s budget and the skill of interpreting the results of multivariate analyses
and experiments.

We stressed the relevance of computer skills for a graduate in Statistics to
find a suitable job. Nevertheless, the graduates employed as computer scien-
tists may get frustrated in the end because this occupation is barely compatible
with statistical activities.

For those who use the acquired competences, the professional activities
substantially reflect their formative curricula. A professional profile made of
organizational and substantive competences in the field of company manage-
ment, economic analyses, computerized support to production, R&D and
commercialization activities, echoes the courses in the economics and busi-
ness fields.

On the other hand, the socio-demographic curricula corresponds to profes-
sional profiles mainly employed in support-to-research activities, health and
community services, marketing research, where competences on survey meth-
odology and data analysis, design and evaluation of social policies, projects
and services, demographic and qualitative analysis are needed.

The framework does not change if we concentrate on jobs instead of com-
petences: in fact, we observe a tri-partition of graduates according to the type
of work activity that is graduates employed in a-specific jobs, in social field
jobs and in the economic and management field jobs.

The tricky aspect is the set, quite wide in terms of size, of graduates who do
not use specific-to-statistics competences, cover a position that is rarely con-
sistent with their expectations, show a low level of job satisfaction, and whose
position does not require a university degree. A thorough analysis of the per-
formed activities, of the used competences, and of the missing ones, could be
useful to identify possible educational gaps and plan courses adherent to the
job market needs.
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of Social Work
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Summary. In this paper, we present a quantitative and qualitative analysis of
the competences and employability of graduates in Social Work. Our approach
follows the methodological lines of the Credits project, which includes the sta-
tistical analysis of interviews with experts, such as teaching staff and entre-
preneurs, mail questionnaires, focus groups, and the textual analysis of docu-
ments. Our target is the entire population of social workers in Tuscany. We
expect to create indicators of the competences required by the job market, ver-
ify the efficacy level of education and training, and create an interactive sys-
tematic relation between academe and the labour market.

Keywords: Academic training, Competences, Social work.

1. Competence and performance

In the following, we refer to competence as a new concept and not as a de-
rivative of the ancient latin term competentia, which applies to the sphere of
jurisdiction. The English word competence, as Chomsky (1969) used it in
linguistic epistemology, is to be considered a developmental process of
knowledge, while performance names what is put into action. Competence is
the acquisition through experience, on a knowledge basis, of the ability to
act (Smelser & Baltes, 2001).

The transition from university to work has been the object of several sci-
entific studies (Dolton et al., 1993; ISFOL, 1994; Mariani & Tronti, 1994;
ISTAT, 2000; Biggeri et al., 2001; Fabbris 2003) and the relationship be-
tween graduates’ competences and professional roles has been the object of
a number of empirical research projects (La Rosa, 1984; Carli Sardi, 2002).
These studies helped to interpret and link individual, institutional and market
factors with the elaboration and experimentation of particular learning mod-
els.
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The need of worker’s knowledge and the interactive relationships with the
organisation take us back to Likert & Murphy (1938) definition of the worker
as a person with ‘emotional maturity’ so that it is necessary to take into con-
sideration a set of psycho-social processes which may change his or her cog-
nitive structure, motivation and capacity for action. The question concerns all
formative agencies, from school to university, from profession to workplace,
be it a public institution, a private company or a professional office.

Wittorski (1998) has broken down the competence as a function of work
into components of the training process. The components are cognitive, affec-
tive and social, each of which concerns actions which imply a number of di-
mensions which are cross-occupational, subjective, inter-subjective, objec-
tive, thus defining a complex concept of competence, measurable through a
set of indicators and evaluation procedures.

The core components of competences have been sufficiently theorised
(Boyatzis, 1982), but there is a certain fragility going from description to
definition and to identification.

From the theoretical point of view, competences are not just behaviours,
even though they may be expressed through individual behaviour. Compe-
tences are the expression of knowledge, abilities, and attitudes that express a
potential capacity of the individual that can be realised and powered within a
work context. Therefore, knowledge, experience and motivation refer to spe-
cific contexts.

We want to draw the attention to the competences that are necessary to re-
alise a “regulated profession”. They are different from the professional busi-
ness skills because the work contexts are different and vary according to eco-
nomic activity and size of the company.

In the following, we will refer to the professional profile of the social
worker. This profile has been under consideration since the first normative
law of study programmes in Social work®. A syllabus was first organised dur-
ing the period from 1960 to 1970 in six “special university schools”. In the
last years, a ministerial norm regulated the training of social workers with
rigid curricula, until the university diplomas and the current three-year first-
level programmes were born (Carli, 1996). The common denominator in all
these phases has always been the distinction between knowledge (savoir),
expertise or skills (savoir faire) and attitudes (savoir étre).

The relationship between education and competences has generated a vast
multidisciplinary literature with an applied psychology perspective.

1 The links between professions and the market have been studied by Sarchielli (1993),
Levati & Sarad (1998), Ajello (2002). Advanced statistical methods for the analysis of
competences have been experimented by Buscema et al. (1999), Authier & Levy (2000),
Fabbris (2003), Bolasco (2003).

A programme in Social work was first formulated by Senator Ossicini, professor of Psy-
chology at the University of Rome “La Sapienza”.

2
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We can identify three basic models:

a) an individualistic approach (Spencer & Spencer, 1993), which refers to
the cognitive sphere and personal abilities, and also takes into account
“achievement”;

b) a systemic—relational approach (Barney 1991), which refers to the job sys-
tem, and so to skills and technologies, with a strong base of competences;

¢) a mixed model, which usefully combines personal and environmental
characteristics with experience, similar to Piaget (1972) pedagogic con-
ceptualisation.

In the present analysis, we adopted the last model. We will test it by exam-
ining both the social worker’s route from university to the workplace and
documents that identify, on the one hand, the training system and, on the
other, standards of recognition and testing.

We used the data gathered by CREDITS-EST (Schmidt & Michelotti, 2002)
project that examines the subject matter in the Social work study programmes.
In order to detect the subject contents on the syllabus, we analysed official
programmes and consulted various documents, such as the norms for the the-
sis production and project work, and the English language requirements. The
aim was to gain an understanding of the competences (basic, technical-specific
and cross-occupation) and the partition into academic subject fields.

The result of such an analysis was a list of contents that we submitted to the
judgement of some teachers and people responsible for other training experi-
ences. They were asked to rate — on a 1 to 5 point scale — the items according
to the importance for future social workers (see the following scheme).

Please, assign a number to each according to the following scale:
1=totally irrelevant 2=not relevant; 3=relevant; 4=very relevant; 5=extremely
relevant)

Principles and foundations of social service

Social service as a multidimensional profession

The relationship between Welfare State and the development of social service in
Italy

The profession of social worker: social and institutional mandate,

Objectives and functions

The philosophical and value basis, ethics and attitudes

Ethics and attitudes

Theoretical and methodological basis of work: models

Working instruments and techniques: relationships, working with groups, docu-
mentation, and administrative work.

We applied the same procedure with recent graduates who did not have
work experiences as social workers, again with the aim of collecting their
relevance judgement about competences. A group of working professionals
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was sampled for comparative reasons from the Tuscany Register of Profes-
sionals. As a whole, the register contained 1,600 names in the year 2003.

A mail questionnaire was sent to on a random sample of 600 graduates,
which produced a 70% return without any reminder®. After a check for valid-
ity and completeness, an exploratory study of 200 randomly selected subjects
was carried out.

In order to maintain a correspondence with the academic classification,
both traditional and general areas were grouped according to competence clas-
sification into the basic, technical-professional and cross-occupational. The
analyses carried out on the different viewpoints are presented in Section 2.

2. The exploratory analysis

The competences that the teachers felt they offered, those that the graduates
felt they had acquired, and those that the professional social workers believed
they should posses are presented in Table 1.

Table 1. Average scores given to competences by new graduates, university teachers
and social workers.

. New Universit Workin

Subjects graduates | teaching sthf graduategs Total
Prmuples_ and fu_ndamentals 420 384 3.95 387
Public institutions legislation 353 | 354 4.06 3.69
Private institutions legislation 3.26 1.38 2.63
Political economics 3.07 1.88 2.69
Sociology 3.40 4.06 3.55
Hygiene 4.15 1.94 3.40
General psychology 3.52 5.00 3.97
Social statistics 4.20 3.44 3.91
Social history 3.40 1.56 2.89
Computer science 4.05 4.06 3.97
English (as a foreign language) 2.93 3.44 3.31
Administrative law 3.44 2.63 3.19

®  The mail questionnaire contained 180 items relating to socio-demographic and family

items, school and university curriculum, previous experience and present working situa-
tion, specific knowledge, updating, competences used and deemed necessary, evaluation
of training etc., and standard scale items relating to personality, scales measuring atti-
tude (Krech et al., 1962) such as willingness to work in a public body, values and other
psychological factors.
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The teaching staff and the graduates’ evaluations are close to each other.
One can discern a slight tendency of new graduates to rate lower than teachers
the individual components of the knowledge/competences, and, on the other
hand, higher scores are given by the teachers to general principles such as the
juridical aspects of social work and research methodology.

The professionals, on the other hand, rate either higher or lower the compe-
tences. One can see convergence on the juridical-economical issues and the
fundamental technical-specific areas, with little standing out for the compe-
tences relative to specialist subjects (e.g. historical approaches).

The question raised by the specific analysis refers to how much the compe-
tences indicated by those working in the field as being necessary or important
reflect the necessities of the social work and in which proportion they are a
factor of personal utility which could be less representative.

Table 2. List of identified transversal competences and related academic subjects

Computer |= Knowledge of and ability to use the PC for activa-  |Information

skills tion or use of information systems technology
= Knowledge of and ability to use word-processing Methodology of
software social research
Foreign = Threshold level of English or French for the under- |P.E.T.
language standing of documents and articles or for interacting
with the public or colleagues when an interpreter is |Language test
not available
= Exchange of simple letters with particular reference |Erasmus
to the English language programme.

Dissertation [~ Methodological abilities and research skills using a |Dissertation
variety of sources

Knowledge of a specific sector

Ability to create a document to report objectively
and correctly expressed

Abstraction skills

Practicum |= Specific knowledge of the institutional sector Practicum
Ability to relate to colleagues and outside institu-
tional skills

Communication skills on a number of levels
Carrying out of administrative tasks

Prioritisation of problems presented by members of
the public

Use of information technology

Use of specific professional techniques (interviews,
reports, meetings, assessments, projects)

Reading the community and local area

Awareness of attitudes and behaviour of individuals
and groups with reference to professional values and
principles (tolerance, democracy, etc.)




340

L. Carli Sardi

Table 3. List of identified professional competences and related academic subjects

Ability to share with other services efficiency and
economy with respect to institutions with docu-
mented and checked use of resources

Capacity to produce administrative documents tak-
ing direct responsibility; knowledge of own and
those depending on administrative management
Ability to produce specific professional documents
for the use of the public and the services

Ability to work with projects with scientific plan-
ning and methodology

Methodolo- [«  Recognition of the rights of citizens as being pro- |Organization of
gies tected by essential levels of help (UEA/UVEAS)  |Social services
and ability to define them
= Ability to organisational innovation of traditional ~|Methodology of
services and of expansion social research
= Use of planning methodology .
- Knowledge of and correct use of staff and line of | 1N€SIS
the Service
= Ability to express and communicate on a number of
levels of the institutional organisation and to man-
age outside information
= Ability to analyse and evaluate the needs of groups
through direct research processes
= Ability to use methods of quality control
Principles |« Activation of promotional functions with respect to |Methods and
individuals and the community techniques of the
Ethics « Use of interdisciplinary work and team work Social services
= Use of networks Principles and
= Respect for the ethical code with respect to the pub-|fundamentals of
lic and colleagues. Social services
Social policy
Work with |« Ability to recognise “the person” and support with |Methods and
people individualised programmes of aid techniques of So-
» Sharing of the objectives of efficacy of the services |Cial Services
Relation- and interventions with adequate documentation and
ship skills checks Organization of

Social services
General and de-
velopmental psy-
chology

Practicum

After this explorative analysis, we included in the structure of the question-
naire the contents that are shown in Tables 2, 3 and 4.
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Table 4. List of identified basic competences and related academic subjects.

Social = Awareness of the socio-political context of the  |General sociology
country and with reference to Europe
= Ability to identify social phenomena to be found |Sociology of the
in physiological and pathological forms in a spe- [family
cific local area (community), including social-
health problems General psychology
= Acquisition of and adaptation to new principles . .
(for example, recently the idea of “federalism”,  |Social medicine

“universalism” of the services) .
Political systems

Legal = Public institutional contexts Public institutions

= Pluralism of the service providers legislation

= Updating of Health and Social service legislation
at the national and regional levels

= Acquisition and updating of general welfare
norms through use of published material or more
competent colleagues

= Acquisition of and adaptation to new principles [Administrative law

Private institutions
legislation

Penal law

Statistical |= Ability to trace statistical documentary sources in |General economics
and order to become familiar with demographic and
economic socio economic characteristics of an area Applied economics

= Ability to produce database spreadsheets and/or o
to carry out directly surveys to document a report, [Statistics
a plan, to produce summarising data

The correlations between the judgements expressed by the workers about
their training and those concerning their work situation proved to be helpful
(Table 5).

One can see a very high value assigned to the adequacy and satisfaction for
technical skills with reference to the standard of the university training. One
reason is that many of the teaching staff also have roles as management in the
social work and thus corroborate the transfer of the academic knowledge into
expertise by the graduates in their practical experience, with the help of super-
visors and the integration of seminars and experimental theses.

For the same reason, it is possible to explain why the basic and cross-
occupational competences received lower consideration from those at work,
even though they were judged as important and useful for work.

This may depend on the fact they are fragmented, often of single value and
above all characterise “the other” so much, so that the common response from
all graduates was that any other graduate could not carry out their job.
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Table 5. Matrix showing the correlation between the evaluation of training and the evalua-

tion of competences
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3. Conclusions

What has emerged from this first analysis illustrates a clear transfer of the
academic training into professional action.

By examining groups of basic, cross-occupational and specific compe-
tences, we identified a professional profile of the social worker, within a pub-
lic and institutional dimensions, with a strong orientation towards the rights of
citizens, and responsible for the governance of the care processes in terms of
social and health services. He or she receives the support of specific profes-
sional methodologies, but also of procedures, technical instruments such as the
computer, of professional skills and finally the ability to plan and evaluate sci-
entifically.

The profile outlined does indeed correspond to the aims of the training with
advances in some competences for example the use of computers with infor-
mation systems, administrative procedures, basic foreign language skills for
communication, attention paid to research methods for all documentary
sources and their production; for other dimensions they appear somewhat re-
stricted compared with multidisciplinary training curricula.

On this topic, it seems that the economic dimension is not clearly defined
across the competences, despite a need to manage budgets and estimate
economies.

Limited are also the specialist skills and useful further training for particu-
lar target populations, e.g. immigrants.

References

AJELLO A.M. (ed.) (2002) La competenza, Il Mulino, Bologna.

AUTHIER M., LEVY P. (2000) Gli alberi di conoscenza, Feltrinelli, Milano.

BARNEY J. (1991) Firm resources and sustained competitive advantages, Journal of
Management, 17: 99-120.

BIGGERI L., BINI M., GRILLI L. (2001) The transition from University to work: a
multilevel approach to the analysis of the time to obtain the first job, Journal of
Royal Statistical Society, 164: 293-305

BOLASCO S. (2003) Applicazioni di analisi testuale, Ed. Universitaria, Roma.

BOYATZIS R. (1982) The Competent Manager: a Model Effective Performance,
Wiley, New York.

BUSCEMA M., SEMEION GROUP (1999) Reti neurali artificiali e sistemi sociali
complessi, Angeli, Milano, Vol I, Il.

CARLI SARDI L. (1996) La scuola di Servizio Sociale di Siena nella sua storia ed e-
voluzione, Atti Convegno Formazione e operativita del Servizio sociale, Tipogra-
fia Senese, Siena: 16-68.

CARLI SARDI L. (2002) Formazione universitaria e mondo del lavoro, Quaderni del
Nucleo di Valutazione, Universita degli Studi, Siena, 7: 21-68.

CHOMSKY N. (1969) Aspetti della teoria della sintassi, Boringhieri, Torino.



344 L. Carli Sardi

DOLTON P.J., MARKPEACE G.H., TREBLE J.G. (1993) The Youth Training Scheme
and the School to Work Transition, Research Paper, University of Wales, Bangor.

FABBRIS L. (2003) Il monitoraggio dell’inserimento occupazionale e professionale dei
laureati e dei diplomati dell’Universita di Padova, Quaderno Pharos, 6, CLEUP, Pa-
dova.

ISFOL (1994) Competenze trasversali e comportamento organizzativo, FrancoAngeli,
Milano.

ISTAT (2000) Inserimento professionale dei laureati, Informazioni 10, Istat, Roma.

KRECH D., CRUTCHFIEELD R.S., BALLACHEY E.L. (1962) Individual in Society,
Mc Graw Hill, New York.

LA ROSA M. (ed.) (1984) Il lavoro che cambia, Angeli, Milano.

LEVATI W., SARAO M.V. (1998) Il modello delle competenze, Angeli, Milano.

LIKERT R., MURPHY G. (1938) Public Opinion and the Individual, Harper, New
York.

MARIANI P., TRONTI L. (1994) La transizione Universita - Lavoro in Italia: una e-
splorazione delle evidenze dell’indagine ISTAT sugli sbocchi professionali dei
laureati, Economia e Lavoro, 25: 3-26.

PIAGET J. (1972) Problemes de psychologie génétique, Dunot-Gonthier, Paris.

SARCHIELLI G. (1993) Nuove competenze per il lavoro che cambia: il ruolo della
formazione professionale nel processo di socializzazione adulta, Atti Convegno
“Formation professionnelle en mutation”, OFIAMT, Berne: 4.

SMELSER N., BALTES P. (2001) Social and Behavioral Sciences - International En-
cyclopedia, University Press, Cambridge, 1V: 2433.

SPENCER L.M., SPENCER M.S. (1993) Competence at Work, Wiley, New York.

SCHMIDT R., MICHELOTTI S. (eds) (2002) Manuale per I’integrazione dei sistemi
formativi in Toscana , TRIO, Regione Toscana, Firenze.

WITTORSKI R. (1998) De la fabrication des compétences, Education permanente,
135: 57-69.



Profiling and Labour Market Accessibility for
the Graduates in Economics at Naples University

Simona Balbi, Maria Gabriella Grassia®
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Summary. In this paper, after defining a pseudo-panel of groups observed at
subsequent times, we propose a strategy for the construction of a set of asso-
ciation rules related to different survey occasions. First, we measure the simi-
larity between systems built at different times for understanding the stability
of the phenomenon. We apply a procedure developed for symbolic data analy-
sis for this purpose. The procedure consists of two phases: the definition of the
pseudo-panel and that of a system of rules referred to the semantic marking
technique. Then, the agreement between the systems is measured. We applied
such a strategy for studying the labour market accessibility for graduate in
Economics, the University of Naples “Federico II”, and the market evolution
during an eight-year time span.

Keywords: Semantic marking technique; Pseudo-panel; Association rule;
Symbolic objects.

1. The pseudo-panel definition

The Faculty of Economics at the University of Naples “Federico I1” has been
carrying out for over twenty years recurrent sample surveys on its graduates in
order to evaluate their labour market accessibility. We will examine the last
three surveys for evaluating the evolution of the phenomenon and apply a co-
herent policy.

The questionnaire and the survey methods for these surveys are constant in
time. Therefore, it is possible to examine the evolution of the graduates’ be-

L This paper is the result of the joint effort of the two authors. S. Balbi was responsible for

the final editing of Sections 1, 6 and 7, whereas M.G. Grassia was responsible for the
other Sections.
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haviours and destiny by constructing a pseudo-panel formed by cohorts, that
is to say, sets of individuals identified according to characteristics that do not
vary in time according to the studied phenomenon.

The analyses will be carried out on higher order units, formed by aggregat-
ing the elementary units, which are present at each survey occasion. For in-
stance, it is possible to study if the selection devices used for graduate women
who have obtained the maximum final score have changed in a given period.

The literature on symbolic objects has produced statistical methods for the
analysis of complex structures. The complexity relates both to the characteris-
tics of the units and the membership relationship linking each elementary unit
to its own object (Section 2).

In the following, we put forward a strategy that, taking an advantage from
the tools developed within the analysis of symbolic objects, makes a pseudo-
panel approach feasible in the described context. At each survey occasion, the
proposed strategy defines the constitutive elements of a pseudo-panel in terms
of association between descriptors.

We propose a data-driven strategy suitable to set up a pseudo-panel accord-
ing to the data association structure. The rules (called implication rules or
logical rules ““if-then’”) will be referred to the survey waves and associated to
measures of the rule authenticity.

The comparison between the rules may give a measure of the structural sta-
bility of the phenomenon. The rules refer to a symbolic data analysis frame,
the symbolic marking, and the comparison between rules will be carried out by
means of a similarity measure between symbolic objects.

2. The symbolic objects

A symbolic object, s, is defined as a triplet:
s=(a, R, d)

where: d=(d; , .., dj, .., dy) is a set of values on p descriptors,
Y=(Yy,...,Yj,...,Yp), of the object,

a is a recognition function,

R=(Ry, ..., R}, ..., Rp) is the type of relation applied for the comparison
between the description provided at a conceptual level, in intention,
from d, and an observation.

The descriptors of a symbolic object can be on a nominal, continuous or
discrete scale and can have several categories for each object. The Boolean
function a has categories true and false and identifies those elements which
belong to the d description set and that are the extension of the s object, ext(s).
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The construction of conceptual models described in terms of symbolic ob-

jects (Bock & Diday, 2000) may be based on:
1) the expert opinion,
2) the knowledge acquired from repeated surveys.

We will merge the two approaches by using the implied longitudinal nature
of the data. In order to construct a pseudo-panel we have to identify the struc-
tural characteristics that allow a partition of the time-related samples. Then,
we will interpret the partition through the associated symbolic object.

Let us consider a set of units E = {1, 2, ..., Q } to which a questionnaire
was administered T times. This set can be partitioned in t subsets E;, with t =
1,..., T, composed by the units who participated to wave t. If, for example, a
graduate participated in several waves, he or she is considered each time as a
different individual. So, E;nE,N...NE,=Dand UE,=E ,fort=1, ..., T.

Let us assume that the E elements are described by the same P variables Y
={Y1,.....Yj ... Yp }and that each Y; variable has m; response categories. Con-
tinuous variables are made discrete with the same scale at all times. If the ele-
mentary units of the E set are groups of individuals that possess common
characteristics, the data structure will be a symbolic matrix whose generic
element is the marginal frequency distribution of the Y; modal variable.

The s¢ symbolic object is then defined as:

)
S = j/;l[YJ' :{yjm’ pim}mzl,z ..... mj } (1)

where pj, is the relative frequency of y;, , m-th category of Y; .

In defining a symbolic object, it can be useful to consider the object impli-
cations, assuming relations that can be expressed as logical rules (if-then, see:
Agrawal et al., 1993). The symbolic object s, is defined as:

A c
Sk = a/:\l[Ya = {yam ! pam }mzl,z,_ma ]:> C/zl[Yc = {ycm ! pcm }m:1,2...mC ] (2)
— / — e
Y I
(A) = (©)

with ACcY and ANC=Q,

where A is the set of the antecedent categories (whenever possible, independ-
ent and exclusive variables) and C is the set of consequent categories.

With reference to T times, it is possible to define sy in each E; . The use of
complex structures allows us to measure the similarity between the objects
collected in different times, as well as to value the stability of the structures.
The comparison is done among the implication logical rules: for instance, two
generic objects sy and sy with the same expression for A and a different ex-
pression for C, imply a change of the individual behaviour going from time t
to time t’.



348 S. Balbi, M. G. Grassia

3. Selection of descriptors that define the objects
implication

For the selection of the descriptors apt to define the intension of the symbolic
object, having chosen the consequence variable, we use the semantic marking
technique (Gettler-Summa, 1998; Grassia e Muratore, 2001), considering all
the remaining variables that are part of the set of antecedent characteristics
within the implication of a logical rule.

The semantic marking is a non-binary segmentation technique aimed at
pointing out the characteristics of a class K (it may be a natural partition, or
derived from a cluster analysis), considering the conjunctions and disjunctions
logical links among the attributes that describe the units. The procedure de-
termines some marking cores, that is to say, groups of individuals that are
identical according to a set of “traits™:

me, i [V, = Y JA e alY, =y ] with r<P. ©)

The union of the G marking cores mcy (expressed in terms of logical AND),
based on the OR disjunction operator, forms the description of the K class:

K:mc, vme, V...V mCy V...V MCq . (4)

By using the semantic marking, we build abstractions based on the two cri-
teria of: homogeneity of the K elements and difference with the NOT-K ele-
ments. The parameters of the algorithm are the indexes:

1. Rec = Card [ext, (mc,)] ,

2. Deb = Card [ext(mc,) ],
where mcy is a generic marking that is a subset of K, characterized by the same
categories of one or more descriptors. The Rec index is the percentage of ele-
mentary units belonging to K that satisfy the conditions defined by the mc,
marking. The Deb index is the percentage of elementary units that satisfy the
marking conditions, but do not belong to K.

The semantic marking is a procedure for constructing symbolic objects, be-
cause its output is a symbolic matrix of smaller dimensions than the input ma-
trix, with the same variables expressed in modal form, that is to say, with the
respective frequency or probability distributions.

4. The comparison among objects

We compare two symbolic objects in times t and t” with a dissimilarity meas-
ure (Bock & Diday, 2000; Bruzzese & Davino, 2002) based on the Minkowski
L, distance:



Profiling and Labour Market Accessibility for the Graduates in Economics 349

d(¥;(Se), Y5 (8¢, )) (5)

ol

45, .50,) =Y

=

where d(Y;(Sy).Y; (Sk't' )) compares the frequency distributions so that:

FRRRENCO RO

mJ = maX‘py (Sk[) pyj(sk[)

d(Y; (5c),Y; (S, )) = (6)

The dissimilarity index varies between 0 if the two objects have the same
frequency distribution for each variable, and 1 if they are completely different,
that is to say, if the dissimilarity is maximum for all variables.

If we introduce the logical relationships (2), the dissimilarity between two
symbolic objects can be the average of the dissimilarities among the frequency
distributions of the variables in antecedent (A) and consequent (C) categories:

A5y Scp) = %(d(Akt Aep) +d(Cie,Ciep)): @

where d(Ax, Axr) € d(Cy, Cke) are the dissimilarities among the objects s, and
S obtained with formulas (5) and (6), considering in the first case only the
variables in antecedent and in the second only the variables in consequence.

5. A synthetic index for rule evaluation

Let us consider a single modal consequent variable. The extension of this vari-
able to other consequent variables is immediate, through the construction of
composite variables. By using the semantic marking, which characterizes a
natural partition obtained from the categories of the consequent variable, we
can have objects that, compared in T times, can assume the same or different
consequence.

If the Y. consequent variable has m. response categories (Yci,...Yem--Yemc),
the dissimilarity between times t and t’ will be the mean obtained for each
category by averaging the means of the dissimilarities among the antecedences
of the objects at times t and t’ that have an identical consequence and averag-
ing the similarities among the antecedences of the objects at times t and t’ hav-
ing different consequences:

e DX CHI NN )3 S ISP
Y1 2M, [ NQ T k= Yem hig = vemt Yot

where n is the number of symbolic objects at time t having y.n category for the
answer variable (consequent), g is the number of symbolic objects at time t’
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having the same modality m; for the response variable, h is the number of
symbolic objects at time t” having any other category for the variable Y..

6. Labour market accessibility for Economics graduates

We applied the strategy set forth in the previous chapters in order to study the
labour market accessibility for students who graduated in Economics at the
University of Naples “Federico 117,

The data at hand were collected in three repeated surveys performed in 1997,
2000 and 2002. The questionnaire was structured into a set of common ques-
tions and specific modules with each one relating to a survey occasion. The
comparisons concerned the common parts of the questionnaires (Table 1).

We analysed 1030 units: 385 from the 1997 survey, 397 from 2000 and 248
from 2002 (Table 2).

The consequence variable is the employment status with three categories:
unemployed, not permanently employed, permanently employed. The aim of
our analysis is to study the evolution of the labour market accessibility from
1997 to 2002. There are 29 antecedent variables in the construction of logical
rules. By using the semantic marking, 43 marking cores have been pointed out
for the different periods (13 in 1997, 18 in 2000, and 12 in 2002). A measure

Table 1. Common variables of the questionnaire

1 Gender 16  Number of job interviews

2 Residence during studies 17 Job conditions

3 Diploma degree 18  Time spent searching for job
4 Age 19  Job position

5 Type of secondary school 20  Type of job

6 Secondary school degree 21  Company’s economic sector
7 Type of studies 22 Channels used for job finding
8 University attendance 23 Work site

9 Subject of diploma 24 Second job

10  Years spent getting degree 25  Job sector condition

11 English knowledge 26 University satisfaction

12 Informatics knowledge 27  Job satisfaction

13 PhD 28  University education

14 Job qualification 29  Job mobility

15  Worked during studies 30  Research channels
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Table 2. Dataset structure

ID |Gender | Study |[Diploma|Age| ... |Job satis- |University| Research
Residence | degree faction |education | channels
11 1 3 4 2| .. 1 4 4
121 2 2 2 3. 2 2 2
1997
1254 2 1 1 2 | ... 1 1 1
11 1 2 3 1. 2 3 3
1 2 1 1. 2 1 1
2000 12
1332 1 1 2 2 | ... 1 2 2
11 2 3 1 2 | ... 2 1 1
2 1 1 2 | ... 3 1 1
2002 12
1220 1 2 1 4 | ... 1 1 1

of importance related to the previously described Rec and Deb indexes has
been associated to each marking core.

For example, let us consider the first marking for the not permanently em-
ployed category during the years 1997, 2000 and 2002 (Tables 3, 4 and 5). By
using the semantic marking, the individuals who answered not to have a per-
manent job constitute pseudo-panels represented by 7 symbolic objects in
1997 and in 2000 and by 5 in 2002. All the non-marked individuals form a re-
sidual symbolic object for each year.

Within the wide group of interviewees who declared not to have a perma-
nent job, in 1997 there was a subgroup of individuals who had found a job
thanks to family ties. The persons of this subgroup were self-employed, did not
work during their university studies and were unsatisfied of the university
education received.

So, the logical rules were expressed as:

IF Channels Used = family ties And Job Position = self-employed
And University Satisfaction = no And Worked during studies = no
And Company’s economic sector = n.a. (not applicable)

THEN Job Position= not permanently employed.

This rule was good for the 13% of the not permanently employed persons
and was bad for the 2% of the other persons.
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Table 3. First marking of the not permanently employed category in 1997

Category: not permanently employed category year 1997 (119)
Weight | Percentage | T-Value |
Marking 1 18 1,75 7,443 Category Variable
8,118 |Family ties Channels used
REC 16 13,45 7,933 |And Self-employed |Job position
University satis-
REC Correct 16 13,45 7,299 |And No faction
REC Cumulated 16 1345 3623 |And No Worked during
studies
. Company’s
DEB 2 11,11 2,048 |And not applicable economic sector

For the year 2000 survey, we have the following rule:

IF University Satisfaction = partial And Company’s economic sector
= services for firms And Channels Used = family ties And Job Position
= self-employed person And Type of Diploma = technical diploma

THEN Job Position= not permanently employed.

This rule was good for the 12% of the not permanently employed persons
and was bad for the 1% of the other graduates.

Table 4. The first marking of the not permanently employed category in year 2000

Category: not permanently employed category year 2000 (181)
Weight | Percentage | T-Value
Marking 1 24 2,33 7,411 Category Variable
9,248 |Partial panpversity satls-

And Services for |Company’s eco-

REC 21 11,60 7,552 firms nomic sector

REC Correct 21 11,60 7,247 |And Family ties |Channels used

REC Cumulated 21 11,60 4,324 |And Self-employed|Job position
And Technical Di- .

DEB 3 12,50 1,598 ploma Type of diploma

For the year 2002 survey, we have the following rule:

IF University satisfaction = missing And Job position = self-employed
And Job satisfaction = No
THEN Job Position= not permanently employed.
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This rule was valid for 50% of the not permanently employed and, in any
case, it was false.

Table 5. The first marking of the not permanently employed category in year 2002

Category: not permanently employed category year 2000 (181)

Weight | Percentage | T-Value |
Making 1 76 7,38 18,015 Category Variable
REC 76 50,33

. University satis-

REC Correct 76 50,33 8,018 |Missing faction
REC Cumulated 76 50,33 7,473 |And Self-employed|Job position
DEB 0 0,00 6,578 |And No Job satisfaction

We highlight the radical modifications occurred in the last period for the
necessary qualifications requested to enrol at the Register of Graduates in
Economics and Commerce, a regulated profession that represents one of the
most important employment opportunities for graduates in Economics in
Naples.

Therefore, this event can be measured, by applying the proposed strategy,
considering the characteristics in the antecedent part of the rules referred to
different periods.

The aim of the proposed strategy is an evaluation of all the modifications
registered in the structure of the rules that represent the phenomenon in each
period. The three previous marking cores represent only one of the 7 observed
subsets (5 for 2002). The global evaluation must then consider all the rules
that have the same consequence and all the situations when the antecedences
have produced different consequences in different times. We have also con-
sidered, while computing this index, all the variables pointed out on the stud-
ied object.

By using the marking cores, we have built the matrix of the symbolic ob-
jects in modal form, composed by 43 rows and 30 columns (Table 6).

In Table 7 we show, for each compared pair of years, the value of the first

term of (8), ZTZZ (ASk A ),that is to say the dissimilarity of

¢ k=1k'=1
the rules that have identical consequence.
The similarity among the rules in each time t and the rules of the other
years havmg dlfferent consequences, that is to say the value of the second
term Z 22(1 d(A, A, ) of (8), is shown in Table 8.

Yozt N h ¢ k=lk"=1
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Table 6. Symbolic matrix of data
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Table 7. Dissimilarity of the rules that have identical consequence

Unemployed 1997-2000 0,19
Unemployed 1997-2002 0,23
Unemployed 2000-2002 0,27
Not permanently employed 1997-2000 0,25
Not permanently employed 1997-2002 0,29
Not permanently employed 2000-2002 0,24
Employed 1997-2000 0,40
Employed 1997-2002 0,39
Employed 2000-2002 0,21

Table 8. Similarity among the rules at time t

Unemployed 1997 and all other rules 2000 0,59
Unemployed 1997 and all other rules 2002 0,62
Unemployed 2000 and all other rules 2002 0,63
Not permanently employed 1997 and all other rules 2000 0,66
Not permanently employed 1997 and all other rules 2002 0,65
Not permanently employed 2000 and all other rules 2002 0,71
Employed 1997 and all other rules 2000 0,74
Employed 1997 and all other rules 2002 0,74
Employed 2000 and all other rules 2002 0,68

Table 9. Dissimilarity among the rules system in the three surveys

1997-2000 1997-2002 2000-2002
0,47 0,49 0,26

355

By applying formula (8), we obtain the dissimilarity among the rules sys-

tem in the three surveys shown in Table 9.

So, it is possible to see how the first survey, related to a period of unem-
ployment for Neapolitan graduates, shows anomalous accessibility rules to the
labour market, while “a getting back to normality” is expressed by the poor
value of the dissimilarity index relative to the comparison between the years

2000 and 2002.

7. Conclusions and future developments

We proposed a strategy, the symbolic marking, as a tool for the analysis of the
evolution of a phenomenon in a given time span. We have shown it is applica-

ble to the examined dataset and may be applied in other cases.
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The proposed comparison measure may be further enriched if, for its calcu-
lation, we introduce a weighting system related to the different strength of the
applied logical rules. Other future developments may derive from the possibil-
ity of simultaneous treatment of different types of variables (multinomial, mo-
dal, continuous, interval variables) without operating any previous transforma-
tions.
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Human Capital Growth
for University Education Evaluation

Pietro Giorgio Lovaglio, Giorgio Vittadini*
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Summary. In this paper, we propose a method for the evaluation of relative
and impact external efficiency of university studies as effects of education on
the long-term income of graduates. In order to evaluate the “ceteris paribus”
levels and growth we applied a multilevel longitudinal model with random ef-
fects. The variables used in our analysis refer to Human Capital studies. The
Bank of Italy has collected the data used for the analysis in the years 1998,
2000 and 2002.

Keywords: External efficiency, Human capital, Multilevel growth model.

1. The external efficiency of university studies

The organizations that distribute services of public utility, as managers of col-
lective resources, must account for their performances to the funding authori-
ties, the community, and the customers (Hanushek, 1997).

Guidelines are being delineated, at national and international levels, for the
accreditation of university education and research programmes, and services
for the students. The university accreditation processes should not only meet
the ex-ante requirements, but also verify the results.

To evaluate an educational institution, we adopt the outline put forward by
Lockheed & Hanushek’s (1994). The inputs of the system determine whether
the terms “efficiency" or "effectiveness” should be used. The outputs of the
system determine whether the descriptors "internal" or "external" are to be ap-
plied to efficiency and effectiveness (Table 1).

L This paper is the result of the joint effort of both the authors. G. Vittadini took care of

the final editing of Section 1, whereas P.G. Lovaglio was responsible for all the other
Sections.
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Table 1. Criteria of evaluation for university education

Internal External

INTERNAL EFFECTIVENESS: | EXTERNAL EFFECTIVENESS:
University/type of bachelor pro- | University/type of bachelor pro-

Effectiveness gramme effect on the student gramme effect on employment
achievement Short term Human Capital
INTERNAL EFFICIENCY: EXTERNAL EFFICIENCY:
Costs-benefit analysis University/type of bachelor pro-
Efficiency of the investment gramme effect on the returns of in-
in higher education vestment in higher education

Long term Human Capital

The internal effectiveness and efficiency can be used to self-evaluation of
universities, while the external ones may be the most proper way for evaluat-
ing the universities’ performances (Elias, 2002). As of today, there are very
few studies of the analysis of external efficiency of education based on the
evaluation of the earned income of graduates in the vital cycle. In the follow-
ing, we will define and apply the criteria for the evaluation of organizations
that distribute public utility services.

The investment in higher education may be evaluated in terms of the gradu-
ates” earned income. In other words, we can evaluate the so-called Human
Capital (HC) of an individual in terms of his or her expected earned income
related to the competences achieved through education (Becker, 1964).

In the following, the evaluation of the university education does not coin-
cide with the estimation of HC, but with the following aims: to evaluate “ce-
teris paribus” the universities’ investment in HC with returns in terms of
earned income (relative efficiency), and if and how the university education is
a real advantage in monetary terms (impact of efficiency).

2. Gain score, added value, and multilevel growth model

In order to overcome the problem of “selection bias” (Garen, 1984) due to
lack of randomization of the individuals between treatments, the effectiveness
and efficiency must be evaluated ceteris paribus, i.e. adjusting the outcome
for the different individual characteristics, university resources, and local job
markets (Fitz-Gibbon, 1997; Scheerens & Bosker, 1997).

To this aim, even if a linear model may be applied, the nature of the de-
pendent variable suggests non-linear approaches. To this purpose, we intro-
duce the concepts of initial performance or pre-test (y,), final status or post-
test (y»), as well as the concept of improvement or gain (y2-y1).
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In the gain score approach the “adjusted outcome” is simply the expected
value of gain, E(y»-y1), whereas the added value or residual gain score ap-
proach? is concerned with the quantity y,-E(y,/y1), i.e. the difference between
the post-test and its expected value E(y./y;), a result of the regression of y,
onto y;.

Both approaches present some drawbacks. Some researchers highlight the
technical problems associated with the residual gain score approach (Cronbach
& Furby, 1970; Scheerens & Bosker, 1997; Hanushek, 1997, 2002; Willett,
1988; Thum, 2002). First, it is reasonable to expect that the same set of factors
affecting the pre-test would affect the post-test as well. Like the post-test, the
pre-test is measured with error, so that a regression of post-test on a pre-test
score violates the basic regression assumption that covariates are error-free.
This implies that the residual gain score is an inefficient and inconsistent esti-
mator of true change. Secondly, because the pre-test typically explains a large
quota of the post-test outcome, this drastic reduction of residual variance lim-
its the explicative power of other factors, for example the resources of the or-
ganization, its quality and so on.

Other researchers (Rogosa et al., 1982; Rogosa & Willet, 1985; Rogosa,
1995; Singer & Willet, 2003) dispel the notion that gain scores are inherently
unreliable, so demonstrating that the correlation between gain and initial status
(the major drawback of the gain score approach) is merely an artefact of the
design. The nature of the correlation is the outcome of the parameterization we
choose for the growth factors and, as a consequence, the meaning itself we at-
tach to them.

Thum (2002) and Bryk et al. (1998) propose to measure the outcomes in
time series in a longitudinal framework, an approach that allows insertion of
covariates related to the institutions that can affect the performances of the
micro units (students, classes). The repeated measurement approach we adopt
in this paper places the pre-test and the post-test on an equal footing in that
both serve as outcomes in our models. The change with respect to gain scores
is evident in recent research (Collins, 1996; Maris, 1998; Mellenbergh, 1999;
Williams & Zimmerman, 1996).

The second development, known as “hierarchical”, “multilevel”, “growth”
or “mixed-effects” modelling, provides the methodological complement for a
proper, flexible, treatment of growth data in stratified sampling designs that
are common in educational research settings (repeated measures on students
over time, students nested with schools in the district, etc.).

Its origins can be traced to notions of goods, value and wealth in political economy
(Saunders, 1999); value-added analyses address a model for comparison (Goldstein &
Spiegelhalter, 1996) adjusted for the factors out of control for the researchers. Research-
ers have frequently applied the regression analysis of the post-test score on the pre-test
score, motivating this choice with the notion of “fairness" in order to flatten the playing
ground (Good et al. 1975).
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Multilevel models facilitate the study of the effects of covariates of devel-
opment at every level of nesting (Laird & Ware, 1982; Bryk & Raudenbush,
1992; Goldstein, 1995). The advent of multilevel models helped accountability
agencies to avoid the misleading picture conveyed by aggregate scores, such
as the school or district means, and focus on student level and/or change
(Meyer, 1996). Many current accountability systems adopt multilevel models
(Bryk et al., 1998).

A Multilevel Growth Model (MGM) analyses random effects in the sense
that intercept and slopes describing individual trajectories over time vary be-
tween individuals (Bryk & Raudenbush, 1992). Such a model requires a speci-
fication of the covariance structure between observations at different times on
the same subject, because it is plausible to assume that observations on the
same unit are correlated (Willett, 1988).

There are two fixed effect factors, treatment and time. Random effects re-
sult from variation between subjects and from variation within subjects.
Measures on the same subject at different times are usually correlated, with
measures taken close in time being more highly correlated than measures
taken far apart. Observations on different subjects are assumed independent,
although the validity of this assumption depends on the study design. Multi-
level models are used with repeated measures data to accommodate the fixed
effects of treatment and time and the covariation between observations on the
same subject at different times.

In a MGM, we will conceptualize the repeated measures as observations
‘nested” within individuals. To start, we must again specify our model for the
individual trajectory, which we will refer to as the Level 1 (or within-person)
model for intra-individual change:

Yij =gy + 7y time, + 1 1)
where: yy; represents the educational outcome at time t (t=1, .., k) for the i-th
subject (i = 1,..., nj) nested in the j—th institution (university, school, type of
programme) (j = 1,..., m); timey; is the variable time having cardinality equal
to the number of instants; 7;; and m;; are the intercept (mean of outcome at
time;;=0) and slopes (rate of increase over time) for subject ij. In equation (1),
where for the sake of simplicity we did not insert covariates varying over time,
it is assumed that the outcome follows a linear trend.

We also specify a Level 2 (or between-person) model for inter-individual
differences. The Level 2 model decomposes the individual intercept and
slopes (m;j and mj;) into the mean values of the parameter institutions across
individuals (Booj and Big;), in the effect of a set of individual characteristics (Xsij
with o associated parameter) of subject ij and the individual effect (ug;; and
Ugij).

Finally, the Level 3 model decomposes the mean effect of institutions into
the mean values of the parameters across all institutions (7600 and 7o), in the
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effect of a set of characteristics (g,; with associated parameter A,) of institution
j and institution effect (mgg; and myg;):

T =PBogj + s X+ Ugiy i = Bagj + g0 X5 + Ui )

sj /N sij sj /N sij
BOO] =%00 T z:r)LTng' + My, ij =%0 T z:r)LT(EJrJ' +Mmy;. (©)

Each equation presents errors at all nested levels: ry; is the random effect of
time t on the trajectory of outcome evolution for subject ij; ugj and uy;; are the
random effects of subject ij with respect to the mean trajectory for the subjects
nested in institution j; megj; and myg; are the random effects of institution j with
respect to the mean trajectory for all institutions.

The distribution of the time specific disturbances, individual trajectory pa-
rameters and institutions’ specific parameters are assumed normally distrib-
uted, with zero expectation, and mutually independent:

rtij 0| 0 O
uj [~No,Jo T o (©)
m..; 0[]0 0 G

J

where X is the (k,k) covariance matrix of the time-specific disturbances (rg;), T
the (2,2) covariance matrix of the individual trajectory parameters (u.j;) and G
the (2,2) covariance matrix of the trajectory parameters between institutions
residuals (m..;). Even if MGMs neglect the specification of the covariance be-
tween observations at different times on the same subject, a special attention
must be paid to X otherwise we risk incorrect conclusions on fixed effects
(Rogosa, 1995; Laird & Ware, 1982; Cnaan et al., 1997).

The model specified with formulas (1), (2) and (3) is applicable for estimat-
ing the specific effect of institutions on the level (in a temporal instant, mgg;)
and on the rate of outcome increase over time (m;g). The model can be ex-
tended (Lovaglio, 2005) to the case of the evaluation of the efficiency among
institutions (relative evaluation) and to that of the distributed service (impact
evaluation).

In the latter case, the model allows to check if an institution that distributes
a service (higher education) obtains better performances in comparison with a
(control) group of subjects with similar characteristics to whom the service
was not distributed. To this aim, a dummy variable I;; — which assumes value 0
for subject i of the control group and 1 otherwise — is inserted in equations (2)
and (3) for the estimation of the impact level (xp) and slope (x1):

Toij =Booj + Zs0sjXsij + Ko ljj +Upij  Tyij =Prgj + ZsgiXgj + kg Iy +ug ()

Booj =Yooo T ZsAr 9y + lij Moy B1oj = Y100 + ZsA(Gyj + Ijj My (6)
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3. The external efficiency of Italian universities

The proposed methodology was applied to the evaluation of the external effi-
ciency of Italian university education using the data collected by the Bank of
Italy with the Survey on Household Income and Wealth (Banca d’ltalia, 2002)
for the years 1998, 2000 and 2002.

The dependent variable is the earned income for each individual in a time
series and the covariates are individual factors (social-demographic-economic
background), university covariates (input, resources, intangible aspects, per-
sonnel) and job market variables (region, province, etc. where the subject is
addressed).

Several indicators concur to identify the individual human capital and
household socio-economical status: Age, Gender, Region of residence, Marital
status, Educational level, Employment status, Type of job, Economic activity
sector, Years of schooling, Age of entrance in the labour market, Number of
children; Years of full-time work, Years part-time work, Household total
wealth, Household total debt, Household income, and Parents’ educational
level.

The outcome of the analysis is the partial disposable earned income (from
here on earned income) composed of earnings of employed and self-employed
people, pensions, transfers and economic assistance.

The sample was composed of subjects belonging to the labour force with
positive earned income for all three years; we identified the graduates as indi-
viduals who had achieved a university bachelor or master degree before 1998.

The panel of income earners is composed of less than 2000 subjects,
whereas the group of graduates of 559 individuals (Table 2). Because of the
reduced number of panel graduates, it is not possible to deepen our analyses
on the external efficiency by university, or type of degree. The analysis is
therefore limited to the effect of the higher education tout court on the income
dynamics (impact analysis that compares the level and the growth rates of
graduates and non-graduates earnings in Italy)®.

Table 2. Composition of the Bank of Italy panel sample

. - . Income earners
Period Families | Individuals | Income earners Graduated after 1998
1998 7147 20901 7635 764
2000 8001 22268 8140 825
2002 8011 21148 7313 793
1998 - 2000 — 2002 | 2591 6953 1978 559

% such data moreover prevent the estimation of the short-term university education effect,

because we must select the graduates who have recently acquired a degree, typically go-
ing back three to five years from the first survey.
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Table 3. Means of the earned income (in Euro) by degree level and time

Period Graduate Non Graduate
1998 17,959 13,108
2000 20,700 14,269
2002 22,024 15,429

In order to estimate income temporal trend and the between-group differ-
ences, a MGM is specified for evaluating:

a) the temporal correlations for every subject (covariance structure);

b) the existence of temporal dynamics for earned income trajectories
(time effect);

c) if such a trend differs between graduates and non-graduates (bachelor
effect);

d) the individual characteristics that explain the levels and the growth
rates over time.

The specified longitudinal model is therefore a two-level model composed
of equation (1) and (5) describing, respectively, Level 1 (time effect) and
Level 2 (subject effect). We highlight that both level and growth rate for
graduates are larger than for non-graduates (Table 3).

We can state that the hypotheses on which the classical approaches of re-
peated measures (Anova and Contrast Analysis) are based (constancy of co-
variance between couples of measures when the temporal lag varies, and con-
stancy of variances in time) are too rigid. A correct modelling of the covari-
ance structure X - representing it as a function of a relatively small number of
parameters - is fundamental for valid inference and estimation of fixed effects
(impact of the bachelor study programme on the level and growth rates of
earned income). For most of the structures, the covariance between two obser-
vations on the same subject depends only on the lag between measurements
with constant variance.

Estimates of between-graduate variances (diagonal elements) and correlations
within groups at each period are shown in Table 4, referring to the MGM speci-
fied with the effects of treatment, time, treatment-by-time interaction, and other
significant covariates (Table 5). The estimated parameters show that variances
between graduates within each group are approximately equal across times and
correlations decrease with increasing interval between observational times.

Table 4. Estimated correlations and variances of incomes over time

Time 1998 2000 2002
1998 0.34 0.50 0.39
2000 0.50 0.32 0.49
2002 0.39 0.49 0.39
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Table 5. Effect of covariates on earned income at 1998 and on growth 1998-2002

Level (Income at 1998) | F Value| Pr>F | | Growth rate F Vvalue| Pr>F
Intercept 173.61 | <.0001 | |Intercept 123.56 | <.0001
Gender 161.90 | <.0001 | |t* Occupation 99.29 | <.0002
Occupation 80.29 | <.0002 | |t*Cl_age 66.34 | <.0003
Bachelor 58.43 | <.0003 | |t*Sector 23.56 | <.0006
Full_job 14.65 | <.0005 | |t*Bachelor 3.83 | 0.0218
Sector 8.51 | <.0006 | |t*Gender 1.68 0.0932
Marital 4.43 | 0.0042 | |t*Full_job 1.65 | 0.1021
Area 3.85 | 0.0039 | |t*Area 1.15 | 0.1362
Cl_age 3.09 | 0.0150 | |t*Marital 1.12 | 0.1423

Akaike's information criterion and Schwarz's Bayesian criterion are the in-
dices of relative goodness-of-fit chosen for comparing models with the same
fixed effects but different covariance structures. The covariance structure as-
sumed for X is the first order autoregressive one (the estimated correlation pa-
rameter for unitary lag is 0.373), which specifies homogeneous variance and
covariances between observations that decrease toward zero with increasing
lag. The test of heterogeneity indicates a common covariance structure for
graduates and non-graduates.

Once X is structured, the longitudinal analysis requires the construction of
the Unconditional Means Model (UMM), a model that does not require co-
variates at each level (level 1, level 2). It is useful to both estimate whether a
systematic variability exists in the outcome, and show how the total variance
of the outcome is decomposed between and within subjects, depending on the
time or on individual factors that changed over time.

The estimated intraclass correlation (the ratio of the between and total vari-
ances) shows that the 43% of the total variability of income is attributable to
the differences between the individuals (i.e. individual characteristics) and for
the remaining part to the differences within the subjects, confirming the hier-
archical structure (multilevel) of the dataset.

Inserting the variable time (as a continuous quantitative covariate) in the
UMM we obtain the Unconditional Growth Model (UGM) that explains how
much of the within subject variance is explained by time. We estimated that
28% of the within-subject variability is determined by time and the remaining
part by individual characteristics that change over time (occupation, sector, etc).

Relative to the fixed effects, the overall growth rate of earned income is
positive and highly significant, so indicating a strong dynamic effect on the
income trajectories, while, relatively to random parameters, the variance of in-
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come in 1998 (the reference time) and the variance of the growth rates -
between the subjects- are significantly different from zero. The estimated co-
variance between the levels of incomes in 1998 and growth rates is not signifi-
cant, and this implies unstable relations between slopes and initial income.

In order to explain the residual variability between the levels (earned in-
comes in 1998) and between the growth rates (yearly increment of income),
we inserted individual covariates in the 2 level model (equation 5): some of
which, for the sake of simplicity, are kept fixed in time and measured at the fi-
nal year (2002).

The covariates and the significance levels of the associated parameters
(fixed effects)’ are shown in Table 5. The level of earned income at 1998 (left
part of Table 5), gender, type of occupation at 2002 (Occupation), possession
of a bachelor’s degree (Bachelor), years of full-time job (Full_job), occupa-
tional sector at 2002 (Sector), area of residence at 2002 (Area), marital status
at 2002 (Marital), and age at 2002 (Cl_age) are highly significant.

The factors that characterise the evolution of the growth rates are (right part
of Table 5): type of occupation at 2002 (t*Occupation), age at 2002
(t*Cl_age), occupational sector at 2002 (t*Sector) and, to a lesser extent, the
possession of a bachelor’s degree (t*Bachelor), whereas the other covariates
are not significant at 5% level. Relatively to the random parameters (not
shown here), the residual variances in the 1998 level and growth rates remain
significant.

We can conclude that income level at 1998 and income growth rates are
greater and faster increasing (even though close to the limits of the customary
significance levels) for graduates. The selected covariates explain a large
quota (56%) of the UGM residual variance for the level and just a part (21%)
of the between-subject growth rate variability, thus leaving open the search of
other individual covariates that may affect the evolution of income over time.
The trajectories estimated for each group of subjects (after adjustment for the
selected covariates) give a mean growth annual rates of 1,051€ for a graduate
and 426€ for a non-graduate.

Moreover, we estimated the means of growth rates for the two groups for
the more relevant age class. By comparing the growth rates of a graduate
(1507€) and a non-graduate (916€) in the age class less of 30 years it is possi-
ble to quantify how the labour market rewards university education. The im-
pact of a university degree appears highly significant in absolute terms, while
in comparison with the non-graduate rates this difference remains significant,
but constant in the older age groups (606€ for 31-40 year group; 584€ for 41-
50 group).

Finally, we estimated the differences between group income means at every
time and for the income growth rates. The contrast analysis shows that for all

* The application of QQ plot test for Level 1 and Level 2 residuals shows that normality is

supported by data.
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Figure 1. Observed and estimated income trajectories

three temporal moments the differences between income means are not only
meaningful, but increasing in time (in particular, the difference is 1188€,
2015€ and 2118€, respectively for 1998, 2000 and 2002) and that the income
growth rate of the graduates (estimate: 525€) is larger than that of non-
graduates (p-value=0.0169).

Figure 1 shows the incomes trajectories for graduates and non-graduates,
relatively to the average observed means (Oss) and to the average estimated
means (Adj). The continuous lines, which show the income trends adjusted for
the subjects’ characteristics, confirm our previous results. The adjusted trajec-
tories make it evident the "correction” effect (also called risk-adjustment).

4. Conclusions

The proposed methodology performs “ceteris paribus” comparisons, so allow-
ing a better inference in the sense that the impact of the university degree is
estimated net of the different group characteristics.

In fact, controlling for the possible factors of heterogeneity, the difference
of the two trajectories is reduced, because graduates possess individual charac-
teristics more coherent with the ability to produce high salaries (area of resi-
dence, household context, remunerative occupation, employment sector, etc.),
as illustrated by the fact that the adjusted trajectory for graduates lowered
drastically.
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Estimating University Human Capital
through Growth Models

Marisa Civardi, Emma Zavarrone®

Department of Methods of Economics, University of Milano - Bicocca, Italy

Summary. Our paper focuses on the law of growth of the human capital deriv-
ing from the evaluation of undergraduates’ human capital due to university edu-
cation. For this purpose, we introduce the definition of University Human Capi-
tal (UHC), a kind of human capital that sums up to the other kinds of human
capital and that acts, for the concerned companies, as a detector of competences
owned by graduates. It follows that UHC can be interpreted also as a component
of the “intellectual capital” that characterizes the different kinds of enterprises.
UHC individual growth trajectories are to be established by means of two-level
growth models. We attempt to synthesise the law of individual UHC growth
through both a logistic and a Gompertz function.

Keywords: Latent growth curves; Human capital; Specific competences; Mul-
tilevel models; Gompertz function.

1. Introduction

All the theories on Human Capital (HC) share a macroeconomics approach
that raises questions about the suitability of the analysis of HC. Indeed, at a
macroeconomics level, the focus of such an analysis is on assessing the gen-
eral relevance in establishing the contribution to the national wealth. At a mi-
croeconomics level, instead, the focus is on quantifying the internal compa-
nies’ HC. A microeconomics approach brings about the need to determine the
capital identifying the company market value, the so-called Intellectual Capi-
tal (IC) (Lev, 2000).

L In this joint work, M. Civardi was responsible for the final editing of Sections 1, 2, 3 and

4, whereas E. Zavarrone was responsible for Sections 4.1, 5 and 6.
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The rapidly changing job market requires graduates to hold a good post-
graduate degree and the ability of being flexible for an effortless and a rapid
vocational rehabilitation. University education and flexibility are not only two
aspects of company IC, but also the value added by universities to their gradu-
ates. Therefore, identifying the HC that can be offered by university is crucial
if an analysis and a quantification of the level of competence required by
companies are being carried out.

In this perspective, a microeconomics approach to determine and measure
UHC - that is the HC increase in terms of competencies for work by univer-
sity — is a three-phase process. In the first phase, HC is assessed according to a
university perspective. For each graduate the HC increase is quantified assess-
ing the competence acquired by graduation.

In the second, HC is analysed according to a company’s perspective, which
implies that the required HC typologies are identified.

In the last phase, a feedback is dealt with: procedures and strategies devel-
oped by university to adapt higher education to market demand are analysed.

2. From Human Capital to Intellectual Capital

In order to adopt a microeconomics perspective to quantify UHC, an agree-
ment on terminology is required to identify the common terms shared by uni-
versities and companies. To start with, while companies consider IC an intan-
gible asset, universities regard it as the increase in graduates’ knowledge by
way of the learning process, which essentially transforms a secondary school
graduate into a university graduate.

From the university viewpoint, UHC can be defined as the difference be-
tween students” HC when entering university and the HC held at graduation.
In other words, UHC represents the improvement of knowledge, skills and at-
titudes attained thanks to the educational activities, use of didactic structures,
exams passed and social interaction with fellow students. Measuring this im-
provement can be an aid to assess university ability to produce competences,
depending on the variety of students’ HC at university enrolment.

A first simplified representation of the higher education process can involve
only two actors: users of education (students) and providers of education (uni-
versity). A more realistic approach needs to take into consideration the exist-
ing relations between students” HC (family background, social background,
and educational background), the education provider and companies in the job
market. Obviously, the choices about education made by family, as well as all
interactions with the social environment, crucially contribute to identify stu-
dents” HC typology at the enrolment time (human capital at time t;: HCy ).

During the time spent at the university, the initial HC, changes: it modifies
and specializes according to the education received, the experiences, and the
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opportunities taken. It is exactly during higher education that HC specifies it-
self into University Human Capital. This kind of human capital assumes spe-
cific relevance and distribution in each student depending on his/her speed of
learning and time spent at the university. As a result, at the end of the educa-
tional process, this component, which plays a differential role in the recruit-
ment selection process, characterizes the graduates’ human capital.

Moreover, IC can be considered as the HC component that characterizes
company typologies. In fact, even though it is never included into companies’
balance, IC is a company’s intellectual asset and is at least as basic as capital as-
sets. Undoubtedly, in today’s economy, knowledge and information increasingly
influence national wealth and consequently reduce the input of manufacturing.

Developing and managing knowledge in conjunction with intellectual capi-
tal is the most effective way through which companies can develop a competi-
tive advantage: company’s value and company’s performance depend on its
ability to create, gather and share knowledge. Companies, therefore, measure
IC as the difference between its own market value and the cost of assets re-
placement.

Human capital, organizational capital and relational capital are the three
main IC components. Organizational capital consists of company culture,
company philosophy and information systems while relational capital consists
of all relations with customers, suppliers and the environment/area/region. The
main contributors to the development of human capital are, on the one hand,
the knowledge, the capacity and the ability of each individual to provide cli-
ents with appropriate solutions, and on the other, the company overall ability
to choose the most appropriate solution among all those proposed.

According to Edvisson & Malone (1997), know-how concerns two distinct
aspects: knowledge and experience. With reference to graduate students,
knowledge is anything formal and informal offered to the individual through-
out university education. The cumulative experiences, regardless of their na-
ture (deliberate or not, documentary, verbal, tacit), are the main sources of in-
fluence on learning and individual behaviour. In turn, individual performance
is the result of the causal link between the two competences mentioned above
through a circle linking motivations, characteristics, behaviour and result. The
result influences in its turn motivation and characteristics.

3. UHC guantification

Assuming that some features of the above-mentioned HC characterize IC a
whole, as a result, UHC can be considered as a very important element con-
necting university, which trains professional figures, and the job market,
which searches them. In other words, UHC becomes the link between stu-
dents, universities and companies.
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Briefly, while students aim at gaining the credits required to graduate
within the given time of their studies, university aims at providing effective
educational services for training professional figures qualified to fill in the va-
cancies offered by companies. From this viewpoint, specifying HC in UHC
represents the characterizing and decisive key element when companies select
new employees or partners.

Let us now define the measure of UHC adopted in this work and its charac-
teristics. UHC is the increase of students’ competence acquired through higher
education, in a dynamic context. This process consists of:

a. an individual component related to:

1. different initial HC,

2. different UHC increase paths,

3. the interaction between individual UHC levels and the time spent to
obtain them,

b. a group component that expresses the influence of the system on the

individual component (such as the chosen study programme).

For a graduate j, the value of accumulated UHC at the time t is determined

by: t
100)" uhc; (i)

UHC (t)=—= t=1,2,3,...,T, [1]
! max UHC,(T,)

where: uhcj(i)zz cfu;(i)xmark; (i) represents the global credits gained

by j at the time i (the time when the examination result was registered by Stu-
dent services) weighted with the respective marks. Hence, uhcj(i) represents
the graduate j UHC increase at the observation i.

The denominator of [1] expresses the theoretical maximum for the subject j
at the time T;, that is, the time within which j obtains his degree. If no marks
are added for first-class honours, the maximum for a three years degree gradu-
ate is: max UHC;(T;) = 180x30. Therefore: 0 <UHC;(T;) < 100.

4. Methodology

The individual component, which depends on individual students” UHC ac-
cumulation paths (component a.2), can be evaluated by assessing the parame-
ters of appropriate time functions. Clearly, as this involves both a constant

growth rate k and absence of an upper limit t lim f(t)=c, the linear func-
—> oo

tion f(t) = B+ kt is not the most appropriate to consider (Rao, 1958).
More realistically, by assuming an upper value o of UHC, several options
are possible among which three are chosen. In the first one, the growth rate at
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time t is directly proportional to total growth to be still achieved, where the
proportionality factor k>0. Under these conditions, the following growth curve
is identified as a modified exponential growth curve:

f(t)=all-pge™) B>0 . [2]

In [2], xis not only a function scaling factor, but it is the horizontal asymp-
tote. Therefore, it is also UHC maximum value. In our case, a = 100. Parame-
ter k controls the scale along the time axis and, being UHC initial value
UHC(0)=(1-p), B determines the intersection between curve and vertical
axis. If a is known, the transformed function g(t)=f(t)-o. is an exponential
function whose parameters can be estimated by the least squares method.

Provided the limit growth value equals ¢, the second option assumes that
the growth rate at the time t is directly proportional to the total growth to be
still achieved by the proportionality factor k>0. This leads to the following
three-parameter logistic function:

f(t)=$ £>0 . [3]

This curve has two horizontal asymptotes: the lower is the time axis, the
upper one is ¢, that is still UHC maximum value. The initial value is:
UHC(0)=c/(1+/). In addition, the curve presents an inflection point.

As in [3] f(t) reciprocal is a modified exponential function, introducing the
function g(t)=1/f(t) brings the identification of the logistic function back to i-
dentify the modified exponential function.

The third option, assumes that, given the upper limit ¢, time t growth rate is
proportional to the difference between the maximum achievable level loga-
rithm and the logarithm of the level achieved at the time t, with a proportional
factor k>0. The corresponding function is Gompertz curve:

f(t) = aexp(- ™) B>0. [4]

In Gompertz curve both the time axis and o are horizontal asymptotes.
Therefore, « is again UHC maximum value, while the initial value is:
UHC(0)=c e®. In the Gompertz function, log f(t) is expressed as a modified
exponential function, hence, introducing the function g(t)=log(f(t)) brings the
identification of its parameters back to identifying modified exponential func-
tion.

The three growth curves described above represent respectively three be-
havioural models for gaining the university credits required to obtain a degree.
The assumption underlying the Italian Ministry of Education, University and
Research supply of higher education is that students’ yearly accumulation rate
of credits in each of the three studying years, should be constant. In fact, this
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is not the case: few students obtain their degree within the expected time and
when they do, a constant accumulation rate is very rare.

As already proved, the modified exponential function involves growth
rates, and therefore number of credits gained in a unit time slot, decreasing in
any time. According to this behavioural rule, students should gain more credits
in their first year than in the following years. Unsurprisingly, its numerical ap-
plication leads to the rejection of the model.

The other two models seem to be definitely more appropriate. In the second
model, the hypothesis of proportionality between the relative growth rate and
that to be achieved is equivalent to the assumption that the ratio between the
credits gained in a time unit slot and the total credits at the beginning of the
slot is proportional to the credits still to be gained out of the 180 required to
obtain a degree. In the initial period of their studies, that is during the first ex-
amination sessions, students gain credits slowly while they speed up during
the central periods.

According to Gompertz model, the ratio between credits gained during the
generic time unit slot and the total credits at the beginning of the slot, that is
the relative growth rate, is a decreasing linear function of the gained credits
logarithm. Like the previous model, this also shows a slow start, but with an
earlier acceleration. As we will shown below, both models fit the observed
data.

4.1 Two-level growth linear models

In order to consider the effects of the interaction between UHC total amount
(or its appropriate transformation) and the time spent achieving it, a 2-levels
linear growth model can be referred to, where level 1 expresses the individual
growth model. Because of what has been said above, three different growth
models have been set up. They are based on the three individual UHC trans-
formations introduced above:

UHC*=log(100-UHC) — growth model expressed by the modified ex-
ponential curve;

UHC*=log(1/UHC-1/100) —»  growth model expressed by the logistic func-
tion;

UHC*=log [log100-logUHC] —growth model expressed by the Gompertz
curve.

If 7 indicates the model parameters for level 1 (“within” students) and S
the parameters for level 2 (“amongst” students):

UHC:; =7TOJ+7Z'1]tu+ru r” = N(O,O'Z) y [5]

where
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moj=Poo+lUpj »  Tij =P +Uij [6]

Mo )l
Upj 0)\to

Equation [5] expresses the variable UHC;;* for each student j at time i as a
linear function of time. Parameters m; e m; correspond respectively to the
mean value at initial time and to UHC;* growth rate. Equations [6] indicate
that for student j UHC;* value at initial moment (7;) depends on the average
UHC* of all students’ (By) and on a specific casual effect of student j (ug;).
Likewise, it indicates that the growth rate (m;) depends on the mean growth
rate of all students (810) as well as a specific casual effect of student j (uy;).

The presence of random errors on both levels shows the random nature of
the model. In particular, as shown in [5], rj; expresses instant time i casual ef-
fect on UHC;* growth curve while, as said above, ug; € uyj are the random ef-
fects on student j growth curve in relation to all students’ average one, respec-
tively by intercept and growth rate.

Merging the two levels in one equation generates the following:

UHC;; = (600 +ﬂ10tij]+ [UOj + Uyt + rij] : [8]

Equation [8] indicates that the multilevel model can be expressed as the
sum of two parts. The first includes two fixed effects, one for intercept and the
other for time parameter - growth rate. The second consists of three random
effects: on intercept, on t slope, and on the residuals within students, rjj. In this
formula, both intercept and slope are assumed to be random. Additionally, at
level 2, there is no variable. These assumptions can be both modified (Singer,
1998).

and

5. Application

The application was conducted on a cohort of University of Milan-Bicocca
Faculty of Economics students, registered in the academic year 2000-2001.
The career of each student was observed until December 31, 2004, provided
everyone graduated within the observation period. Hence, the cohort was ob-
served for 48 months.
The following characteristics were collected for each student:

— first examination mark (VE;)

— credits associated with first examination (CE,),

— first examination date (mm/yy) (DTE,)

— second examination mark (VE,)
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— credits associated with second examination (CE,)
— second examination date (mm/yy) (DTE,)

— last examination mark (VE,)

— credits associated with last examination (CE;)

— last examination date (mm/yy) (DTE,)

— final oral examination (graduation) mark (VL)

— credits associated with final oral examination (CL)
— final oral examination date (mm/yy) (DTL)

According to Student secretariat, the initial database contained, for each
student, n;+1 records (one record for the student’ n; examination, plus the final
oral examination record). Each of n; record consisted of: registration number,
examination name, mark, credits and examination date; final oral examination
record consisted of: registration number, graduation mark, credits and final
oral examination date.

Consequently, the same monthly inquiry frequency and observation period
was established for each student. The 31* of December 2000 was chosen as
initial observation time ty because that is when freshmen can first sit for ex-
aminations and accumulate own UHC, while the maximum time Tyg is De-
cember 31%, 2004.

A record of 49 inquiries was then built for each graduate, the first of which
consists of the registration number (the identifier) while the other 48 include
the uhc;(t;) values at monthly inquiries ty, t,,..., tss.

The uhc;(t;) values were obtained from the following formula:

uhc;{t; )= CE;(t; )xVE; (t;) ,

where the sum operator has to do with examinations passed within the time in-
terval between t;; e t;. Hence, if student j passed two examinations in January
2001, his/her uhc; (ty) is obtained from the summation of the two examination
products (credits « mark); if he/she did not sit for any examination, his/her
uhc;j(ty) is then equal to O.

A new record based on 49 records and registration numbers was built in-
cluding UHC(t;) values obtained as ratio between the cumulative of uhcj(t;)
and its theoretical maximum. The UHC growth curves for the five study pro-
grammes and for the whole faculty were calculated with these data.

The parameters of each of the three growth curves examined in Sections 4
and 4.1 were then evaluated with the procedure MIXED of SAS software (Lit-
tell et al., 1996). With a focus of fixed effects (level 1), the first two columns
on Table 1 show parameters of the functions (made linear in their parameters),
on line one; and in brackets on line two, the related test t values. The other
columns provide estimated UHC values at time 0 after 12, 24 and 36 months
on line one, and on line two, the corresponding mean growth rates.
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Table 1. Fixed effects for the three growth models: estimated averages.

377

Linear Function UHC values (1° row) and
parameters UHC Growth rate (2°row): Average UHC
Degree’ estimated| after 12 after 24 after 36 | observed on
Course Po p1 attime 0 | months months months | 36 months
Exponential model
1 4,968 -0,049 | -43,728 | 20,585 56,120 75,755 69,758
t-value|123,291 -9,682 3926 2,169 1,199 14,800
2 4,997 -0,056 | -47,909 | 24,739 61,705 80,514 73,103
t-value|161,576 -19,406 4,237 2,156 1,097 14,894
3 5,016 -0,058 | -50,830 | 24,689 62,397 81,224 77,960
t-value|204,353 -17,846 4,359 2,176 1,087 12,142
4 5,290 -0,084 | -98,295 | 27,328 73,367 90,240 87,315
t-value| 66,989 -25,894 6,079 2,228 0,816 2,650
5 4993 -0,052 | -47,375 | 21,246 57,916 77,511 73,434
t-value|112,229 -11,055 4,113 2,198 1,174 14,740
Faculty 5,007 -0,056 | -49,476 | 24,095 61,455 80,427 74,256
t-value|250,427 -27,981 4,286 2,177 1,105 14,277
Logistic model
1 -0,392 -0,149 | 1,459 8,000 34,359 75,686 69,758
t-value| -1,239 -15,946 1,105 3,351 2,734 14,800
2 -0,747 -0,130 | 2,066 9,156 32,504 69,705 73,103
t-value| -3,385 -14,248 1,084 2,859 2,752 14,894
3 -0,246 -0,155 | 1,263 7,635 34,811 77,527 77,960
t-value| -0,609 -12,691 1,096 3,528 2,709 12,142
4 -0,194 -0,162 | 1,200 7,848 37,397 80,733 87,315
t-value| -0,172 -3,907 1,174 3,800 2,525 2,650
5 0,010 -0,163 | 0,980 6,552 33,176 77,854 73,434
t-value| 0,030 -16,907 0,999 3,616 2,812 14,740
Faculty |-0,526 -0,141 | 1,664 8,435 33,397 73,185 74,256
t-value| -3,347 -22,928 1,091 3,141 2771 14,277
Gompertz
1 1,583 -0,078 | 0,768 | 14,939 47,600 74,837 69,758
t-value| 23,331 -15,272 2,226 2,769 1,700 14,800
2 1,793 -0,101 | 0,247 | 16,794 58,856 85,428 73,103
t-value| 19,012 -12,734 3,030 3,155 1,361 14,894
3 1,772 -0,096 | 0,279 | 15,757 55,962 83,330 77,960
t-value| 17,262 -12,985 2,810 3,135 1,466 12,142
4 2,388 -0,144 | 0,002 | 14,576 71,145 94,159 87,315
t-value| 9,424 -9,677 4,053 3,498 0,818 2,650
5 1,668 -0,083 | 0,499 | 14,189 48,699 76,712 73,434
t-value| 23,072 -17,787 2,305 2,915 1,692 14,740
Faculty 1,775 -0,098 | 0,273 | 16,115 56,843 83,962 74,256
t-value| 29,299 -19,229 2,875 3,139 1,435 14,277
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Since variables are absent from the model at level 2, the values above ex-
press mean values of UHC level and instant growth rate for single degrees and
the Faculty. Test t values, which are all highly significant, particularly for the
logistic and Gompertz model, allow us to reject the null hypothesis that pa-
rameters are equals to 0 in the population.
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Figure 2. Mean Trajectory for each Degree’ Course and Faculty - Logistic model.
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Figure 3. Mean Trajectory for each Degree’ Course and Faculty for Gompertz model.
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Figures 1 and 2 show the mean growth paths of each degree and the faculty,
having assumed respectively a logistic model and a Gompertz model. Clearly,
both models show slight differences in growth paths of study programmes.
This may be due either to pre-selection, in other words, best student choose
certain degrees and not others, or to a difference in the difficulty of each de-
gree. The first hypothesis can be easily tested by introducing three individual
characteristics (time independent variables Xg;;, s =1,2,3) in equations [9], that
is, type of secondary school diploma, secondary school final mark, university
registration date.

Table 2 shows, instead, the evaluation of casual effects, particularly, of those
related to intercept and slope and therefore to UHC mean levels and mean
growth rate. The significance of these values shows the existence of intercept

Table 2. Comparison among fixed and random effects estimates

Fixed Effects Random Effects
Degree’ Course Linear parameters Covariance coefficients
Bao | B1o Too | T | Tol
Logistic

1 -0,392 -0,149 0.818 -0.018 0.001
t-value]  -1,239 -15,946 0.097 0.174 0.162

2 -0,747 -0,130 2.298 -0.090 0.004
t-value]  -3,385 -14,248 0.000 0.000 0.000

3 -0,246 -0,155 3.555 -0.099 0.003
t-value]  -0,609 -12,691 0.002 0.003 0.003

4 -0,194 -0,162 3.080 -0.113 0.004
t-value] -0,172 -3,907 0.418 0.412 0.410

5 0,010 -0,163 1.556 -0.038 0.001
t-value 0,030 -16,907 0.020 0.037 0.038

Faculty -0,526 -0,141 2.003 -0.073 0.003
t-valug|  -3,347 -22,928 0.000 0.000 0.000

Gompertz

1 1,583 -0,078 0.043 -0.001 0.000
t-value| 23,331 -15,272 0.060 0.324 0.031

2 1,793 -0,101 0.451 -0.036 0.003
t-value| 19,012 -12,734 0.000 0.000 0.000

3 1,772 -0,096 0.224 -0.014 0.001
t-value| 17,262 -12,985 0.003 0.005 0.001

4 2,388 -0,144 0.085 -0.007 0.001
t-value 9,424 -9,677 no sig. no sig. no sig.

5 1,668 -0,083 0.079 -0.003 0.000
t-value 23,072 -17,787 0.012 0.112 0.006

Faculty 1,583 -0,078 0.317 -0.025 0.002
t-valug] 23,331 -15,272 0.000 0.000 0.000
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and slope variation that can be that explained with the individual characteris-
tics, that is, with UHC level achieved by each student and through the time
spent in achieving them. Covariance between intercept and slope, instead, is
significant, although negative, only for two study programmes. These results
indicate the existence of negative covariance between time and initial UHC so
that longest times to achieve a given UHC level correspond to weaker students.

6. Conclusion

This work achieved the objective to obtain a measure of graduates specific
competence growth during higher education based on results of each examina-
tion and related time dynamics of a cohort of students registered at five differ-
ent degree courses of the University of Milan - Bicocca, Faculty of Economics
who graduated within the 44 months of observation period. The objective was
achieved with statistics methodologies recently presented in the area of vari-
ance components models.

The initial hypothesis is that the growth of competence corresponds to a
particular type of human capital, namely, university human capital. This
evolves in a dynamic context that obviously depends on students’ characteris-
tics (the individual component) and is affected by the type of degree course
students’ registered for (the group component).

On the one hand, the slightly different growth paths of different degree
courses seem to confirm what the preliminary statistics analysis, concerned
with type of degree and marks distribution, outlined: the existence of some
sort of self-selection that brings clever students to choose certain courses
rather than others. On the other hand, it seems to point at some disparity in the
difficulty of different degrees.

In conclusion, it is this last hypothesis that needs to be further investigated
if the effectiveness of education offered by a faculty is to be assessed.
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