
Statistica Applicata Vol. 20, n. 2, 2008 135

THE EXTERNAL EFFECTIVENESS
OF THE UNIVERSITY EDUCATION:

A MULTILEVEL MIXTURE FACTOR MODEL

Roberta Varriale

Tilburg University, Department of Methodology and Statistics
e-mail: r.varriale@uvt.nl

Abstract

The evaluation of the effectiveness of higher education is a crucial aspect of
competitiveness of modern economies. In this work, I investigate the quality and effectiveness
of higher education (university) through the definition and the estimation of a multilevel
mixture factor model (MMFM); in particular, I evaluate the external effectiveness of the
university system on the basis of graduates’ job satisfaction one year after the degree, using
data from an ALMALAUREA survey. The model allows to explore the phenomenon of job
satisfaction at the graduate level and to classify the degree programs in groups with similar
profile.

1. INTRODUCTION

The current financial crisis has highlighted some criticisms of modern
economies, which growth and competitiveness are linked to the quality of the
research and the university education.

The evaluation of the global performance of the university and, more
generally, of a public activity can be divided into two phases: the first deals with
how resources are spent to reach particular objectives (efficiency analysis), the
second deals with the adherence of  the results to the planned objectives (effectiveness
analysis). Both phases can be analyzed from an internal or external perspective. The
effectiveness of higher education can also be investigated from at least three
different points of view: of the student, of the university institution and of the
society in general.

In this work, I analyse the job satisfaction (perceived quality) of graduates as
an indicator of the university external effectiveness. In particular, the job satisfaction
is a complex latent construct not directly observable but measured by some
indicators, and the most appropriate tool for its analysis is the factor model.
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University effectiveness refers to the effectiveness of each study program,
relative to each other, since each program has its own features and organization.
Students attending the same study program share common environments,
experiences, and interactions that may infuence their perceived quality of the
university. Instead of relying on indicators for each group calculated trough the
mean of individual responses, I use multilevel techniques that recognise the
existence of data hierarchies by allowing for residual components at each level in
the data structure (Snijders and Bosker, 1999), and allow correct inferences treating
the units of analysis as dependent observations. Furthermore, through the multilevel
models, the phenomenon can be analysed, at the same time, both at individual and
program level, “pushing up” the information obtained with the questionnaires filled
in by the graduates.

Therefore, this work focuses on the evaluation of university performance with
the use of a multilevel mixture factor model (MMFM), combining features of factor
models and latent class models in the multilevel framework. The MMFM uses a
combination of continuous and categorical latent variables and belongs to the
Generalized Latent Variable framework introduced by Muthén (2008) and Vermunt
(2007). This general framework integrates specific methodologies for latent variable
modeling, such as multilevel, longitudinal and structural equation models as well
as item response models, factor models, etc., in a global theoretical context and
allows to define models with any combination of categorical and continuous latent
variables at each level of the hierarchy.

The peculiar aim of this application is to explore the phenomenon of job
satisfaction at the graduate level and, at the same time, obtain a classification of
programs with some typical profile. The ultimate aim is to provide policy advice
for universities and to highlight the flexibility of the modeling framework.

2. DATA

Data come from the survey conducted by the consortium AlmaLaurea in 2005
through Computer Assisted Telephone Interviewing, concerning the job opportunities
of students who graduated during the summer period of 2004. Because of the
knowledge of the context, only data on the University of Florence will be analysed.
Furthermore, I exclude data on students who changed their studies since they
usually have peculiar charactheristics. As a consequence, I use only data on students
who graduated with the old university system; indeed, the first students enrolled
with the new system could have graduated only from september 2004. Data have
a hierarchical structure, with graduates nested in different degree courses; in
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particular, it is interesting to investigate the effect of this level of aggregation on job
satisfaction.

Since graduates’ job satisfaction has been chosen as an indicator of the
university external effectiveness, graduates who are unemployed at the time of the
interview are excludes from the analysis. Out of 1369 students who graduated from
the University of Florence in 2004 that replied to the question about their
employment status, 61.1% (837 units) works at the moment of the interview, 15.2%
(208 units) worked after the degree but does not work at the moment of the interview
and 23.7% (324 units) never worked. In the survey, while training courses, PhD
courses, Masters are not considered as working activities, temporary jobs are
included in the working activities. The 837 graduates working at the interview
attended 42 different programs; because of the low number of students and, as a
consequence, lack of representativeness, some programs have been grouped. In
particular, two or more programs have been aggregated if they (i) have less than 8
graduates, (ii) are offered by the same Faculty and belong to the same group of
study. The final number of distinct programs is 23, with 826 students. The programs
chimica (3 graduates), farmacia (3 graduates), medicina e chirurgia (2 graduates),
odontoiatria e protesi dentaria (3 graduates) are excluded because they cannot be
aggregated. The total and percentage numbers of graduates in each program are
represented in Table 1.

The questionnaire used for the Almalaurea survey “Employment opportunities”
is very comprehensive, since it deals with many aspects related to the current job
or the search for a job. The questionnaire section on the satisfaction with the actual
job includes 14 items: steadiness-stability, coherence with studies, competence-
professionalism, prestige, cultural interests, social utility, independence, involvement
in the working activity and in the decisional processes, schedule flexibility, free
time, job place, relationship with colleagues, salary, carrier; the direct question on
global satisfaction is also used in the analysis. All items are expressed on an ordinal
scale with 10 categories; the items are considered as continuous variables because
of the number of the categories. Due to item non-response, the number of responses
for each item is different. The multilevel mixture factor model allows for missing
item values: maximum likelihood estimates are consistent under the usual Missing
At Random assumption (Little and Rubin, 2002).
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Tab. 1: Students graduated (old system degree) at the University of Florence, summer session
year 2004: study programs attended.

Program % graduates % graduates Number
(on Faculty) (on Total) graduates

AGRICULTURE 100 2.3 19
scienze forestali ed ambientali 52.6 1.2 10
altro agraria 47.4 1.1 9

ARCHITECTURE 100 18.8 155
architettura 100 18.8 155

EDUCATION SCIENCE 100 12.3 102
scienze dell’educazione 73.5 9.1 75
scienze della formazione primaria 18.6 2.3 19
altro scienze della formazione 7.8 1 8

ECONOMICS 100 9.9 82
scienze statistiche 9.8 1 8
economia aziendale 48.8 4.8 40
economia e commercio 41.5 4.1 34

ENGENEERING 100 10.8 89
ingegneria civile 12.4 1.3 11
ingegneria elettronica 21.3 2.3 19
ingegneria meccanica 29.2 3.1 26
ingegneria informatica 11.2 1.2 10
ingegneria per l’ambiente e il territorio 12.4 1.3 11
altro ingegneria 13.5 1.5 12

LAW 100 4.5 37
giurisprudenza 100 4.5 37

LETTERS 100 13.9 115
filosofia 12.2 1.7 14
lettere 54.8 7.6 63
lingue e letterature straniere 33 4.6 38

POLITICAL SCIENCE 100 8 66
scienze politiche 100 8 66

PSYCHOLOGY
psicologia 100 15.9 131

100 15.9 131
SCIENCE (MPNS) 100 3.6 30
gruppo geo-biologico 56.7 2.1 17
gruppo scientifico 43.3 1.6 13

TOTAL UNIVERSITY 100 100 826
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The analysis of the average evaluation for each item - here not reported for
lack of space - highlights an important influence of the hierarchical data structure
on the job satisfaction. Not only there are differences between average evaluation
in programs belonging to different research fields, but there are also differences
between programs of the same Faculty, such as, for example electronic engineering
compared to the other programs of the Faculty of Engeneering.

Table 2 shows the correlations between the items, highlighting a complex
structure of the observed association between items. The highest correlation is
between the items Salary and Carrier (0.80), followed by the correlation between
Carrier and Prestige (0,64), Prestige and Professionalism (0.64) and by the
correlation between Independence and Involvement in working activity and in
decisional processes (0.63), and the correlation between Coherence with studies
and Cultural interests (0.63). The item Prestige is correlated with almost all other
items. The highest correlations with the Global satisfaction are for the items
Coherence with studies, Professionalism, Prestige, Cultural Interests, Involvement
in working activity and in decisional processes, Salary and Carrier. On the
contrary, the item Free time is not correlated with any other item except with
Schedule flexibility: the graduates’ opinion on the free time is not associated with
the other aspect of job satisfaction. The item Free time is not included in the
subsequent analyses.

Tab. 2: Item correlations. Students graduated (old system degree) at the University of Florence,
summer session year 2004.

It. 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13. 14. 15.

1. 1

2. 0.27 1

3. 0.51 0.1 1

4. 0.62 0.2 0.53 1

5. 0.67 0.28 0.46 0.64 1

6. 0.66 0.09 0.63 0.57 0.58 1

7. 0.41 0.08 0.37 0.36 0.34 0.5 1

8. 0.46 0.2 0.27 0.39 0.45 0.41 0.34 1

9. 0.54 0.22 0.35 0.49 0.54 0.49 0.39 0.63 1

10. 0.29 0.04 0.17 0.26 0.33 0.26 0.19 0.44 0.39 1

11. 0.02 0.1 -0.05 -0.02 0 0.01 0.14 0.12 0.01 0.28 1

12. 0.25 0.16 0.09 0.17 0.23 0.15 0.1 0.24 0.22 0.22 0.17 1

13. 0.29 0.12 0.12 0.24 0.27 0.17 0.13 0.21 0.21 0.17 0.07 0.31 1

14. 0.49 0.37 0.31 0.4 0.57 0.35 0.16 0.34 0.4 0.25 -0.02 0.15 0.16 1

15. 0.54 0.33 0.43 0.52 0.64 0.49 0.27 0.36 0.44 0.27 -0.04 0.13 0.16 0.8 1



140 Varriale R.

3. THE MULTILEVEL MIXTURE FACTOR MODEL

Due to the results of the preliminary analyses and to the latent (non observable)
nature of job satisfaction, we first proceeded with an exploratory factor analysis,
which results are not shown for lack of space, in order to analyse the underlying
structure of the phenomenon. The results of this analysis suggest the presence of 4
latent continuous correlated factors concerning, respectively, satisfaction with
earning and stability (Earning), cultural aspects (Cultural), job environment
(Environment) and autonomy (Autonomy).

Finally, a two-level confirmatory mixture factor analysis have been
implemented in order to confirm the hypothesized structure at the individual level,
to correctly take into account the two-level data hierarchy and to classify the
programs in some homogeneous groups. The model is charachterized by the
presence of continuous latent variables (factors) at the lower level of the analysis
and a categorical latent variable (latent class variable) at the higher level. In
particular, in this application, it is assumed that programs differ in the mean level
of latent factors at the individual level.

Formally, let yhij denote the observed response on indicator h (h=1,...,H) of
individual i (i=1,...,nj) within group j (j=1,...,J), where the total number of first level

units is N nj j
j

J

=
=
∑
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At the program level, λmk
( )3  represents the mean of the m-th factor at individual level

for the programs belonging to the k-th latent class. The model is represented in
Figure 1.
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Fig. 1: Two-level mixture factor model.

The direct question on the job satisfaction is used in the model in order to
estimate the effect of each underlying factor on global satisfaction. In particular, the
variance of the factors at individual level is constrained to 1 to ensure the
identification and, as a consequence, the effect of each factor on the job satisfaction
is “measured” through its factor score. At the second level of the analysis,
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∑ =  for each m, m=1,...,M2, to ensure the identification.

In order to chose between MMFMs with different number of latent classes,
the Bayesian Information Criterion (BIC) (Schwarz, 1978) has been used, since it
is generally considered as a good indicator for class enumeration (Hagenaars, 2002;
Nylund 2007). The index, also known as Schwarz’s information criterion, is
expressed by:

BIC L p N= − ( ) + ( )2 ln ln (2)

where L is the maximized value of the likelihood function for the estimated model,
p is the number of free parameters to be estimated, and N is the number of
observations. The lower the index, the better the model.
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While deciding about the number of mixture components is a delicate and
complicated task in standard mixture models, it is even more complex for multilevel
mixture models. One additional difficulty consists in choosing the appropriate
sample size to use in BIC formula: the number of groups, the number of individuals,
or a combination of the two. Furthermore, different sample sizes can be used
depending on whether the aim of the research is to determine the number of
components at the higher or lower level of the analysis. Neither the literature on
mixture models nor the literature on multilevel analysis give hints on this topic,
except the work of Luko_ien_ and Vermunt (2009) on the multilevel latent class
model, charachterized by the presence of mixture components at both level of the
analysis.

Following the logic and the results found by Luko_ien_ and Vermunt (2009),
the Bayesian Information Criterion index calculated with N equal to the number of
groups has been used to choose between models with different number of classes
at group level. Table 3 shows BIC values for models composed of 2 to 5 classes. The
selected model has 3 classes.

Tab. 3: Two-level mixture factor model: loglikelihood and fit indexes. Students graduated (old
system degree) at the University of Florence, summer session year 2004.

Classes Param. N. Log-Likelihood BIC(N. obs.) BIC(N. groups) AIC

1 54 -22252.8 44868.35 44675.0 44613.65

2 59 -22218.1 44832.41 44621.1 44554.13

3 64 -22209.3 44848.39 44619.2 44546.53

4 69 -22205.4 44874.33 44627.2 44548.89

5 74 -22200.0 44897.06 44632.1 44548.04

At individual level, the factor structure (Table 4) is very similar to the structure
found with the confirmatory one-level factor analysis. The only not significant
coefficient is the loading of the global job satisfaction on the latent factor Autonomy,
while the most important aspect determining the job satisfaction is the factor
Cultural. The factor Earning and stability has a statistically significant, but not high
effect on the global job satisfaction. Probably this is due to the fact that the analysis
concerns only graduates working one year after the degree: the first job is
considered as a first experience required to provide professionalism and experience,
but it has usually a limited duration. Obviously, the latent factors at the student level
are strongly correlated (Table 5).
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Tab. 4: Two-level mixture factor model: parameter estimates. Students graduated (old system
degree) at the University of Florence, summer session year 2004.

Item Loadings
Earning Cultural Autonomy Environment

Global satisfaction 0.22 1.12 0.021 0.43
Steadiness 0.96
Coherence with studies 1.81
Professionalism 1.39
Prestige 0.65 0.88 0.41
Cultural interests 1.77
Social utility 1.14
Independence 1.52
Involvement 0.49 1.20
Schedule flexibility 1.24
Job place 0.93
Relat. colleagues 0.77
Salary 1.80
Carrier 2.03

Tab. 5: Two-level mixture factor model: factor correlations, individual level. Students graduated
(old system degree) at the University of Florence, summer session year 2004.

Earning Cultural Autonomy Environment

Earning 1
Cultural 0.60 1
Autonomy 0.52 0.61 1
Environment 0.32 0.37 0.54 1

The model classifies the programs in three classes with homogeneous
individual factor means. The probabilities of the classes are quite different: a
program k has a probability 0.68 to belong to the second class, 0.16 to the first class
and 0.15 to the third class. Table 6 shows the parameter estimates of the model at
program level, with the Wald tests for the equality of the parameters.

The three classes differ only for the mean level of the two latent factors
Earning and Cultural, while the other two factors do not discriminate the classes.

This can be easily seen in Figure 2 and Figure 3. Due to the constraints λmk
k

K
( )3

1

0
=

∑ = ,

the class-specific effects must be interpreted in terms of deviations from the
“average class” where the effects are equal to 0.

1 Coefficient not statistically significant at α =0.05.
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Tab. 6: Two-level mixture factor model: parameter estimates, study program level. Students
graduated (old system degree) at the University of Florence, summer session year 2004.

Factor Class Coeff. Wald test (=0) df p-value

Earning 1 -0.296 54.952 2 <0.01

2 0.342

3 -0.046

Cultural 1 -0.476 58.614 2 <0.01

2 0.155

3 0.321

Autonomy 1 -0.087 1.894 2 0.39

2 -0.018

3 -0.105

Environment 1 -0.094 1.243 2 0.54

2 0.006

3 0.089
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Fig. 2: Two-level mixture factor model: latent classes’ features. Students graduated (old
system degree) at the University of Florence, summer session year 2004.
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Class 1 of programs is the “worst”: the mean level of the latent factors Earning
and Cultural is really low respect to the average class. Class 3 has a mean level of
the satisfaction with Earning and stability, while the level of satisfaction with
Cultural aspects is quite high. Class 2 has a behavior opposite to class 3: the
satisfaction with Earning and stability is really high, while the satisfaction with
Cultural is not so high.

Using the empirical Bayes modal prediction (Skrondal and Rabe-Hesketh,
2004), the 23 programs degree courses are assigned to the three classes as shown
in Table 7, column 6. The three programs assigned to the first class (the “worst”)
belong to the Faculties of Letters and Psychology. Usually, students with a degree
in these programs need more than one year to find the job they studied for and are
temporary involved in occasional jobs with very low correspondence to their
cultural interests and previous studies. In the third class there are two programs of
the Faculty of Education and one program of the Faculty of Engineering. The other
class is the biggest, with 17 programs; in the data there is not sufficient information
to further divide this class.

Fig. 3: Two-level mixture factor model: latent classes’ features (factors Earning and Cultural).
Students graduated (old system degree) at the University of Florence, summer session
year 2004.
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Tab. 7: Two-level mixture factor model: study program classification based on the empirical
Bayesian posterior distribution. Students graduated (old system degree) at the University
of Florence, summer session year 2004.

Program Faculty Probability Class N
Class1 Class2 Class3 Modal

lettere LETTERS 1 0 0 1 63
lingue e letter. straniere LETTERS 0.99 0.01 0 1 38
psicologia PSYCHOLOGY 1 0 0 1 131
gruppo scientifico SCIENCE-MPNS 0 0.92 0.08 2 13
altro sc. della formaz. EDUCATION SC. 0.01 0.77 0.22 2 8
scienze statistiche ECONOMICS 0.15 0.83 0.02 2 8
gruppo geo-biologico SCIENCE-MPNS 0.01 0.86 0.13 2 17
altro ingegneria ENGENEERING 0 0.98 0.02 2 12
altro agrarian AGRICULTURE 0.01 0.97 0.03 2 9
architettura ARCHITECTURE 0 1 0 2 155
economia aziendale ECONOMICS 0 1 0 2 40
economia e commercio ECONOMICS 0 1 0 2 34
filosofia LETTERS 0.27 0.43 0.3 2 14
giurisprudenza LAW 0.01 0.99 0 2 37
ingegneria civile ENGENEERING 0 0.96 0.04 2 11
ingegneria elettronica ENGENEERING 0 0.99 0.01 2 19
ingegneria meccanica ENGENEERING 0 0.99 0.01 2 26
scienze politiche POLITICAL SC. 0 1 0 2 66
ing. amb. E territ. ENGENEERING 0 0.92 0.08 2 11
scienze forestali ed amb. AGRICULTURE 0.07 0.72 0.21 2 10
ingegneria informatica ENGENEERING 0.04 0.35 0.62 3 10
scienze educazione EDUCATION SC. 0 0 1 3 75
scienze formaz. primaria EDUCATION SC. 0 0.01 0.99 3 19

4. CONCLUDING REMARKS

This work investigated the effectiveness of higher education from the
graduates’ points of view. The evaluation of the performance (effectiveness) of the
Italian university system was conducted through the definition and the estimation
of a multilevel mixture factor model.

At the graduate level, the model highlighted the presence of 4 correlated
continuous latent factors describing the job satisfaction: satisfaction with earning
and stability, cultural aspects, job environment and autonomy.  At the group level,
the model classified the programs in 3 different classes, differing only for the mean
level of the graduates’ satisfaction with earning and cultural.
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Analysing these results, the university can evaluate which are the “best” study
programs relative to the job satisfaction one year after the degree and it can trigger
a system of actions and counteractions aimed at improving the general quality of
its activities relatively to the labour market requests.
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L’EFFICACIA ESTERNA DEL SISTEMA UNIVERSITARIO: UN
MODELLO MULTILIVELLO FATTORIALE A MISTURA FINITA

Riassunto

La valutazione dell’efficacia del sistema universitatio è un aspetto cruciale per la
competitività delle economia moderne. In questo lavoro, la qualità e l’efficacia dell’univer-
sità vengono analizzate attraverso la definizione e la stima di un modello multilivello
fattoriale a mistura finita; in particolare, sarà valutata l’efficacia esterna del sistema
universitario sulla base della soddisfazione per il proprio lavoro espressa dai laureati un
anno dopo il termine dei propri studi, utilizzando i dati di un’indagine ALMALAUREA.  Il
modello permette di esplorare il fenomeno della soddisfazione per il proprio lavoro al
livello individuale e, allo stesso tempo, di classificare i corsi di studio frequentati dai
laureati in gruppi con profili simili.


