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Abstract

The paper aims to prove how suitable the Sequence Analysis’ tools are for stud-
ying the complexity of Italian Higher Education System. Through longitudinal
administrative data of a cohort (AY 2001-2002) of enrolled for the first time at
Sapienza University of Roma, this approach permits to: (1) describe the phe-
nomena of late graduate and late performance (retention); (2) identify different
type of students’ dropping out (attrition); (3) evaluate others particular phenom-
ena (that are frequent in Italy) that can delay the students’ career (as such as
intra or extra faculty mobility).

Introduction

This paper aims to prove that the Sequence Analysis (SA) tools are suitable for
studying the complexity of Italian higher education students’ careers
(Blanchard, Biihlmann and Gauthier 2014; D’ Alessandro 2015). The SA is an
efficient method that involves examination of the ordered social process (such
as university career, life course trajectory, etc.). Actually, SA is commonly used
to study professional careers, occupation histories, school-to-work transitions,
etc.

Italian university system is confronted by the three main problems (Benve-
nuto et al. 2012; Moscati and Vaira 2008): (1) low number of graduates; (2)
excessively long university careers; (3) very high number of drop outs. In the
course of the last fifteen years in Italy, “Bologna process” has introduced radical
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reforms with the principal aim to control the phenomena of dropping out, per-
petual students and low number of graduates. More specifically, the AY 2001-
02 represents the transition from a university education based on a single level
degree (4 or 5 year-courses) to a dual level degree: bachelor - BA (3 years)/mas-
ter - MA (2 years) or other types of master (5 or 6 year-course, such as Archi-
tecture or Medicine).

For the purpose of our research, Sapienza University of Rome was identified
as a representative case due to its dimensions (i.e. in AY 2015-16 there are
101,492 students - 6,1% of Italian university students and 3,555 professors -
6,9% of Italian university professors) and its variety, in terms of scientific and
educational areas of academic training.

1 Research aims

This paper shows a secondary analysis of longitudinal administrative data. We
use SA in order to (1) describe in detail the phenomena of late graduation and
late performance (retention); (2) identify different kinds of students who are
dropping out from the university (attrition); (3) evaluate other particular phe-
nomena that could delay the careers (such as the mobility within and between
faculties). Our interest is focused on the linearity of the university career. The
non-linearity of career (mobility is a relevant aspect of retention), from a stu-
dent's point of view, can have a double value. On one hand, it might be a prelude
to a successful outcome, in case that a student who is taking up a new university
career obtains a degree; on the other, it might cause delay or even dropping out
in a student’s career. From the university point of view, however, student mo-
bility could determine important impacts, such as increasing the phenomena of
late performance and dropping out, but also contributing to the creation of new
graduates. The hypothesis is that different types of mobility could cause differ-
ent outcomes. Mobility between faculties represents a greater educational tran-
sition than mobility within faculty.

The case study shows the construction of a longitudinal dataset of infor-
mation extracted from the administrative archives of the Sapienza University,
which refer to the registered students.

SA allows us to identify useful longitudinal measures for describing and an-
alysing the students’ careers (Gabadinho et al. 2009; 2011). In particular, the
main interests of this study are to 1) identify pattern of the entire sequences; 2)
analyse their diffusion; 3) identify groups of similar careers; 4) highlight rela-
tions between career outcomes and students’ characteristics (micro-level varia-
bles); 5) characterize relation between career outcomes and university context
characteristics (meso-level variables).

The SA approach has proven to be valuable for pointing out the relevance of
phenomena in temporal order (Blanchard, Biihlmann and Gauthier 2014). The
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main hypothesis is that the timing (i.e. the observation point when an event oc-
curs) is the most relevant aspect which determinates the career outcome. For
instance, a change of study course during the first part of career could be more
advantageous than the one performed in the central part of studies (McCormick
and Carroll 1997). Indeed, an early change could be an admission of a choice
of study course that does not correspond to a student's interest and aspiration
(career reorientation); whereas, a late change could be a proof of a student's
difficulties in reaching the attainment in the first enrolment study course.

2 Data

Due to the relevance of the AY 2001-02, since it represents the turning point for
the passing from the old to the BA/MA university system, the analysis focuses
only on this cohort (AY 2001-02) (23,854 students). Information concerns the
students enrolled for the first time and without previous university career'. The
cohort was monitored until March 2014 (the end of AY 2013-14). Therefore,
each student is monitored up to 25 semesters. It means that, even if a student
graduated at the sixth semester, all his/her following states would be “graduate”.

Such information are collected for administrative purposes, like, for exam-
ple, monitoring fee payments and exam registrations. However, the information
are collected in different archives. These archives of Sapienza are related to four
main areas: socio-economic profile, high school education, higher education ca-
reer (first enrolment course, graduations, possible second enrolment course,
etc.), and university performance indicators (number of exams, credits, etc.).
This kind of (de)structuration is not suitable for the purpose of temporal dynam-
ics studying.

Furthermore, the information are registered in a synchronic way (each infor-
mation refers to a single moment) and this represents a further critical issue for
temporal dynamics studying (Menard 2007; Scherer 2013). Indeed, the phe-
nomena characterized by continuous process of change, such as university ca-
reers, can be studied in a more appropriate way through the use of longitudinal
data (Blossfeld et al. 1989).

Starting from these archives, a unique dataset has been re-constructed in a
longitudinal way, using the key codes (such as the identification numbers of the
study course and of the students) in order to joint the data. Through the record-
ing of the events related to each student’s career (payment of every semester
fees from the first enrolment to graduation or dropping out, passing the exams,
etc.), a longitudinal data vector for each student was created. By positioning the

"Since the AY 2001-2002 was the first year of the “3+2 system” (in this way it is known the Anglo-
Saxon university education system in Italy), in this cohort there are no students that enrol for the
first time at Sapienza in a MA study course.
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events on a chronologically ordered string, it is possible to control the dynamics
of each academic career and to highlight specific phenomena (dropping out,
stopping out, mobility, degree attainment, etc.). In fact, these data allow us to
follow students’ careers from the enrolment until graduation (or dropping out).

The data query was very complicated and it required a large quantity of
Structured Query Language (SQL) code writing in order to obtain a longitudinal
data vector for each student from the first semester of AY 2001-02 to the first
semester of AY 2013-14. Firstly, the dataset consisted of several vectors for
each student. Every vector matched every degree course that student had taken
up at Sapienza University (i.e. one for BA and one for MA). A unique data
vector for each student was created with the use of the key codes. In this way,
it was possible to reconstruct the entire career for each student, including the
temporary stopping outs and mobility (between the different and within the
same degree courses).

In the final dataset, the data referring to the socio-demographic characteris-
tics and high school training are synchronic (registered at students’ first enrol-
ment), whereas those referring to university career and performance indicators
are diachronic (repeated for each semester of students’ university careers).

The used data encoding format is the STS (State Sequence). It is «a natural
way of representing list is a (row) vector of k elements» (Ritschard et al. 2009,
p. 159). In the dataset, the row vector has variables as moments of observation
for each student’s career. Therefore, the column vector corresponds to a prede-
termined unit of time (the semester).

The structure of the database implies the persistence of the last observed
state (dropping out or graduation) for the student throughout the following ob-
servation period. Indeed, the aim to observe how different types of careers
within the University would lead to different outcomes is well accessible
through the University monitoring viewpoint, which suggests the non-use of
missing values.

3 Methodology

The basic idea is to list each student’s academic trajectories at Sapienza as an
ordered list of administrative states, which are defined on a time axis. The time
interval being used is the semester.

For the scope of this analysis, we consider ten different administrative
“states”, that define the alphabet for the SA. They are: (1-4) four types of enrol-
ment (due to the course length: 2, 3, 5 or 6 year-course); (5) continuation (after
the previous semester); (6) graduation; (7) formal dropping out (with a formal
request of study interruption, probably due to a transition to another university);
(8) informal dropping out (due to no six-month fee payment); (9) change of
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faculty (between two faculties); (10) change of the course (within the same fac-
ulty).

A distance matrix between each pair of careers was calculated by Optimal
Matching (OM) algorithm (MacIndoe and Abbott 2004; Studer and Ritschard
2014; Blanchard, Biihlmann and Gauthier 2014). The OM produced a huge ma-
trix’, used for Wald cluster analysis (Studer 2013). The purpose is to achieve
well-defined clusters and to characterise them with reference to the information
regarding the students (i.e. personal data, high school information — micro-level
variables) and the first year performance indicator (i.e. number of exams, num-
ber of university credits — micro-level variables), the university context (i.e.
length of first enrolment study course and limited enrolment course — meso-
level variables).

4 Results

The first step is to give an overview that takes into account the homogeneity/het-
erogeneity of the students’ careers within the University.

Students act within a regulated framework and their chances of action are
limited in various ways. In a chart of ideal careers (each student enrolls and
continues his/her career until graduation, Graph 1), immediately after the dif-
ferent types of enrollment (three different tones of green: soft green for BA,
medium green for 5-year course, such as Architecture, and dark green for 6
year-course, such as Medicine), can be observed only continuation (yellow) and
graduation (blue) states. In addition, there can be observed the graduation states
in different points of students’ careers, coherently to study course length. In
particular, the possible ideal careers for students enrolled in BA are two: the
first one stops with graduation in the second semester of the third year (sixth
moment of observation); the second one continues in MA from the seventh point
of observation (first semester of the fourth year, very soft green in the middle
of the plot) until the tenth point (second semester of the fifth year).
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I Baenrolment [l Six-year course envolment [l Graduation B Formal dropping out B Change of faculry

Graph. 1. Ideal index-plot

2 The matrix had about 566 million of cells.
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The Graph 2 represents the index-plot of the entire 2001-2002 cohort. Con-
trary to the ideal index plot, there is a preponderance of red color, which indi-
cates dropping out in its two connotations (formal and informal). This outcome
concerns particularly the BA students’ careers. Although the majority of drop-
outs are registered in the transition between the first and second year of the
study course, many students experience dropping out later (even after many
years).

1 1428 3390 5352 7314 9276 11417 13736 16055 18374 20693 23012

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 2 23 24 25

MA envolment [l Five year course enrolment still enrolled [l Informal dropping out [Jfj Change of course
0 Baenotment [l sisvear course cuvolment [l Graduation Il Formal aroppingowt [l Chiange of facury
Graph. 2. Index-plot of the entire 2001-02 cohort*

* In the Index-plot each horizontal line corresponds to one career; the events that form the career
are represented through different colours (as showed in the legend)

The index-plot of the careers (4,804 students, 20.1% of them enrolled in
2001-02 cohort) with one or more mobility events (Graph 3), shows a much
more complex situation. The careers look even more partitioned and it is diffi-
cult to highlight trends. Anyway, the states of mobility (change of faculty,
marked by purple colour, and change of the course, marked by fuchsia) fre-
quently involve students’ careers in the period immediately after enrolment.

The complexity in the right side of the graph, which refers to the end of the
observation period and, therefore, to the outcomes of careers, could suggest an
interesting association between the time of the change of the faculty or study
course and the career outcome. Students who take a reallocation of study course
in the years immediately following the enrolment are those that may stand more
chances to complete successfully their career.
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Graph. 3. Index-plot of the mobility students’ careers

By splitting the entire cohort into groups according to the study course
length (Graph 4), we can observe how the heterogeneity is different among the
groups. Whereas in the entire cohort 42.5% of the career is represented by the
10 most frequent sequences (45.8% of the BA careers), for the six-year course
students the homogeneity is greater: almost 70% of the careers can be expressed
in terms of the 10 most frequent sequences. However, for the five-year course
students, the share is close to 50% and thus the homogeneity is more in line with
that registered for the BA students.
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Graph. 4. Most frequent careers of the entire 2001-02 cohort

Among the 10 most frequent sequences (Graph 5) of students’ careers with
mobility events, the fifth is a discontinuous career (0.77%, 37 cases): this is the
case of a BA student who leaves (formally) the university for one semester,
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changes faculty, there remains registered only for one semester and then drops
out permanently (in an informal way). This is a very complex career that might
suggest the attempts implemented by the students to pass the limited enrolment
course test. Furthermore, similarity of this career with the second one is rather
interesting. These pathways differ only for the administrative state during the
second half of observation: continuation in one case; formal dropping out in the
other.

Formal dropping out is relevant in BA careers: it becomes a definitive state

as a result of a change of faculty (ninth most common sequence, 26 cases,
0.61%). The direct comparison among the three subgroups allows us to high-
light how the BA students have the worst performance with regard to the reten-
tion. Indeed, for these students dropping out state appears in 4 out of 10 most
common sequences, while for five-year students it appears only once, and not
even once for the six-year students.
The homogeneity among subgroups is radically different. The most frequent
sequence for BA students includes only 7.9% of the students; the first one of
five-year course students 45.6%; the six-year course students 31.2%. This index
plot shows that the courses with limited enrolment test (all the six-year and the
majority of the five-year courses) could ensure a better chance for success in
university career. Indeed, the students enrolled in longer study courses achieve
graduation more frequently than BA students. The only exception among the 10
most frequent sequences is that the sixth career refers to five-year students: the
outcome of the study course change is the informal dropping out.

Another interesting element is the consistency of delay (perpetual students)
in study courses, especially for the students enrolled in the six-year study
courses. Indeed, 3 out of the 10 most common sequences relate to students that
are still enrolled after 25 semesters (15 cases, 15.6%). The phenomenon is more
restrained for five-year course students (24 cases, 5.1%).
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Graph. 5. Most frequent careers of the mobility students

Through cluster analysis (Graph 6), performed on the OM distance matrix,
six well-defined groups of students were identified. The majority (35,5%) of the
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first group are the students that are still enrolled at the end of the observation
period (25 semesters); part of them are drop outs (informal, 32,3%, and formal
8,3%) or graduates after 10 years since the enrolment (22,2%). The second and
the fourth groups differ for the dropping out timing: the students of the second
group keep postponing the dropping out decision until the 9th semester, whereas
for the fourth group the dropping out occurs in the first half of the observation
period. The second type of dropping out (the formal one) characterises the sixth
group. In other words, the majority of these students drops out at the beginning
of their career. The other two groups (the third and the fifth) are composed of
students that end their career with graduation. Although the students of the third
group graduate at the regular course length, the timing of graduation in the fifth
group is slower.

Group 1 - Late performers Group 2 - Late informal dropouts
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0 BAcoroiment Ml Sixyearcourse enrolment [l Graduation [l Formal aroppingout [l Change of faculty

Graph. 6. Index-plot for the six groups, cohort 2001-02

These six groups are used as dependent variables in a multinomial logistic

regression model (ML) (Table 1). The ML includes two types of independent
variables: micro-level variables [social characteristics of students (gender, age
at enrolment, residence, family income), high school information (high school
type and high school final mark) and first year performance indicators (credits
and average mark)]; meso-level variables [university context information
(length of first enrolment study course and limited enrolment course)].
The main result shows the importance of the warming-up in determining the
development of each career. The first year performance indicators are the best
predictors of success. Furthermore, the university context information, espe-
cially the length of first enrolment study course, are important: students enrolled
in a 5 or 6 year-course stand more chances to graduate than BA students.
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Through the use of the same clustering algorithm, performed on the OM
distance matrix related to careers with one or more states of mobility, we obtain
similar groups (Graph 7). Obviously, a greater complexity of careers, which has
already been highlighted in the Graph 3, is also present in these subgroups. The
discontinuity of career of the sixth group (early formal dropout) is very blatant.
The index-plot for this group (Graph 7) highlights how the formal dropping out
is very widespread. This phenomenon affects the students’ career in a different
way respect to the informal dropping out: many students, after formally drop-
ping out, enroll again at Sapienza, maybe in a different faculty or study course.

Early informal dropouts

still enrolled [l 1 ropping ot [JJ] Change of course

enrolment [l Graduation [l Formal dropping out I Change of faculty

Graph. 7. Index-plot for the six groups, mobility students’ careers

Through the studying of the mobility among faculties/courses as a popula-
tion migration and thinking of the institution (Sapienza) as a multitude of ele-
ments, variously connected among each other (Mohr and White 2008), the So-
cial Network Analysis (SNA) tools are used to identify structure characteristics
of the mobility (Graph 8).

In order to study the relevance of the connections among the events of each
trajectory (such as within and between mobility), the OM analysis was per-
formed on the careers with one or more mobility events. With the use of the
previous clustering algorithm, we obtained similar groups. The SNA was used
to identify attraction and repulsion nodes among the Sapienza study courses.
The network among study courses allows us to visually observe how the core
(stronger connections) is mainly occupied by the BA courses (in purple). The
MA courses (in red) are arranged radially around the central core. This position
is due to the links that some of these courses have with other different duration
courses, particularly five-year courses. For instance, a well-defined group is
composed by the six-year courses. These nodes are only the degree programmes
in Medicine, which has a six-year term. The proximity of these courses to the
rest of the network is given by the relations with some Pharmacy courses and
some Mathematical, Physical and Natural Sciences courses (MMPPNNSS).
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12

This analysis allowed us to identify specific study courses (such as Life Sci-
ences, BA course in MMPPNNSS faculty, and Pharmacy, five-year course)
used by students to circumvent the admission tests of medicine courses.
Five-year courses (15 in total) do not resemble among each other, but they
appear to be divided into small groups, and they are more similar to other BA
courses, which partially share educational curricula: for example, Construction
Engineering (BA) is similar to Architecture course (five-year course).

34,14%
61,45%
ar courses 2.01%
year courses  2,40% .

Graph. 8. Change of study course according to legal course length, entire cohort 2001-2002

A second ML aims to explain the outcome through temporal and spatial in-
formation. The dependent variable in the analysis is the career outcome: still
enrolled (reference category), graduate and dropout. The dependent variables
are all features related to the ongoing changes: time related (timing of change;
difference in course length) and context related (type of change; difference in
course scientific area). The timing of change is identified as the most relevant
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success predictor, confirming that the warming-up period is fundamental for the

career outcome.

Table 2. ML for mobile students’ careers of BA*

13

a Std. . . Exp(B)-
Outcome T Err. Wald gl Sign. Exp(B) 1%100
Intercept 0.3 0.566  0.28 1 0.596
2th year 3308 0202 266900 1 .000 27323 2632303
3th year 2753 0219 158568 1 .000 15.683 1468.343
. 4th year 2487 0269 85537 1 .000 12.026 1102.604
Timing of
change Sth year 2523 0319 62521 1 .000 12468 1146.782
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Beyond the b
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gree
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area 0 0
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Intercept 0241 0566 0.182 1 067
2th year 1.813  0.194 87591 1 .000 6.128 512.799
3th year 1518 0210 52.063 1 .000 4561  356.082
. 4th year 1764 0260 46.060 1 .000 5834 483.403
Timing of
change Sth year 1.882 0316 35561 1 .000 6569 556.886
6th year 1.683 0243 48163 1 .000 5382 438.178
Beyond the b
6th year 0 0
Faculty 1.059  0.199 28.178 1 .000 2.883  188.349
change
Dropout
Type of change Study
course 0° 0
change
A A Equallength  0.007 0,521 ,000 1 0989 1007  0.735
Difference in -1.674 0541 9558 1 0.002 0.188 -81.244
course length )
Lower 0 0
Difference in S:‘;:“C' 0509 0205 6.156 1 0013 1.664 66354
course scientific £
area Different sc. o 0

arca

a. Reference category: Still enrolled.
b. This parameter is zero due to redundancy

* the model refers onlzy to the BA students and at the first career.
Cox e Snell pseudo R* 0.187; Nagelkerke pseudo R 0.222; -2log final model 412.917 sig. <0.001
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Firstly, the model parameters show that the timing of change is crucial: the
chance to graduate rather than to remain registered is higher as soon as the
change occurs.

The type of change (course or faculty) is not significant with reference to the
probability of graduation or to the fact of still being enrolled, but it is related to
the probability of dropping out: a change of faculty nearly doubles the proba-
bility of dropping out rather than being still enrolled with respect to a change of
study course (Exp (B) -1 * 100 = 188.3). Therefore, we can confirm the assump-
tion that a strong reorientation (which determines the faculty change) requires
a higher investment compared to a weak reorientation (such as a change of study
course within the same faculty), exposing more students at risk of dropping out.

Mobility between equal-length courses seems not to have a significant influ-
ence neither on the probability of graduating nor dropping out, compared to the
probability of persistence inside the system. On the contrary, the “upper” ex-
change, i.e. the course change from a shorter to a longer one, reduces both the
probabilities of graduation and dropping out, rather than the continuation (re-
spectively with Exp (B) -1 * 100 = -78.4 for the graduation and -81.2 for the
dropping out. This effect could be determined simply by the increased duration
of the second course of study. However, with reference to the lower probability
of dropping out, this effect could hypothetically also be determined by a strong
motivation of these students.

Any difference between the scientific area of the original course and the sci-
entific area of the second one has a double effect on the outcome: students who
change course or faculty within the same scientific area are more likely both to
graduate or to drop out rather than to continue (Exp (B) -1 * 100 47.3 for the
graduation and 66.3 for the dropping out). However, only the dropping out ef-
fect is statistically significant. This evidence shows that the mobility between
different scientific areas represents a higher chance of still being enrolled than
the changes within the same area.

Summary and conclusions

This paper shows the value of transforming synchronic administrative infor-
mation into diachronic data vectors. Throughout this transformation, we were
able to obtain a longitudinal dataset of students’ careers and to investigate their
dynamics by highlighting specific phenomena (dropping out, stopping out, mo-
bility, degree attainment, etc.) and the connections among them.

The longitudinal structure allows us to study all the processes characterised
by continuous changes, such as university careers. The students’ careers com-
plexity was examined in detail with the use of SA. The main results show the
importance of the warming-up period (in terms of study course reorientation
and first year performance) in determining the success/failure of each career.
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The SA and the SNA have allowed us to look into the events related to the
university dispersion. For instance, these tools have allowed us to reveal how,
almost all the changes, related to the medical courses take place in the early part
of the career. In most cases, these changes are strategies applied by the students
who fail the first time medical limited enrolment course test, and try again in
subsequent years.

All this will lead to improper management of the resources by the Univer-
sity: while the medical courses are becoming increasingly competitive (students
who attend medical test are not high school graduates but students already in-
cluded in the university context), those of Pharmacy and MMPPNNSS courses
constantly lose students.

The analysis is a pilot methodological study but it can easily be used for
evaluation purposes. Universities, faculties or degree programs can adopt these
tools in order to monitor the career dynamics (monitoring purpose) and to
promptly intervene in order to contain the dispersion phenomena (action pur-

pose).
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