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Abstract:

The use of tests or examinations for student admission is an extended strategy in most higher
education institutions. However, tests in Latin-American countries have not received attention
regarding the validity and interpretation of these measures. As such, the aim of this study is
to analyse the psychometric properties of a new university entrance examination test in Ec-
uador in a community sample of 1238 university students (28.10 % female). A two-parameter
multidimensional item response theory (MIRT) model was used to calibrate item difficulty and
discrimination parameters as well as differential item functioning (DIF) by gender. The final
instrument was composed by 71 items, which was considered appropriate to ensure the mea-
surement precision of all levels of students’ achievements.

Keywords:
University selection test, polytechnic school, Test Validation, multidimensional item response
theory



192

Promoting Equality in Higher Education

1 Introduction

The evaluation process is a fundamental
tool for training and measuring the impact
of educational systems. During the past de-
cades, different studies have attempted to
address the quality of measuring external
performance assessment tests in interna-
tional contexts, such as the Programme for
International Student Assessment (PISA)
and the Trends in International Mathe-
matics and Science (TIMSS), among others
(Carnoy et al., 2015; Haladyna & Downing,
2004; Kane, 2013). Moreover, within the
fields of science, technology, engineer-
ing, and mathematics (STEM), these tests
have been considered as major indicators
for ranking countries in international as-
sessments (Liou & Bulut, 2020), including
education policy initiatives from different
countries (Ho, 2016; Lietz & Tobin, 2016;
Schmidt & Burroughs, 2016).

The use and application of achievement
measures are also crucial in higher educa-
tion, especially in the tests or examinations
designed for student admission and in en-
suring the comparability of results (Coe,
2010). In this context, a number of Europe-
an studies have considered the theoretical
and validity measurements of certificate
examinations (Baird et al., 2000; Coe 2007;
He et al., 2018) or university entrance exam-
inations (Veas et al., 2020a 2020b). Howev-
er, tests in Latin-American countries have
received no attention regarding the validity
and interpretation of these types of mea-
sures, considering that more social disad-
vantages exist among students.

This study aims to fill this gap by con-
sidering the social and academic selec-
tion context of a large polytechnic school
in Ecuador to develop and validate a new

measurement instrument that assesses

the science and language level of students
who want to enrol into a STEM degree. This
study investigates the test functioning of
a new measure under a multidimensional
item response theory (MIRT) model, which
includes a range of item difficulty and dis-
crimination parameters along a latent con-
struct. Moreover, differential item function-
ing (DIF) is also explored to determine item
gender bias, which may affect the measure-
ment precision of the instrument.

1.1 Social diversity in the higher
education selection process

In the Latin-American and Caribbean re-
gions, student retention and dropout are
distinct and negative realities in all levels
of education. Traditionally, possible reasons
focused on the students’ characteristics, al-
though these reasons finally moved on from
the relation between the students and the
institutions to the institutions’ responsibil-
ity to address a massive and heterogeneous
group of students (Braxton et al., 1997; Him-
mel, 2002).

The negative impact of inequality on
student achievement across cultures has
proved to be consistent in multiple studies
(Alexander et al., 2001; Georges & Pallas,
2010; Ma et al., 2018). The reduction of in-
equalities in the access to and completion
of higher education has been a strategic
target in different countries (Eurydice,
2012). This priority is given by the fact that
the probability of university enrolment and
retention differ substantially across social
backgrounds. Important theoretical models
have been proposed to provide a consistent
explanation of this phenomenon. For in-
stance, Bourdieu and Passeron (1990) re-
ferred to the theory of cultural reproduction,
where children in the highest classes have
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advantages in gaining educational creden-
tials due to their possession of cultural cap-
ital. Breen and Golthorpe (1997) conceived
of the educational success of students in
terms of evaluating costs and benefits and
the perceived probability of success out-
comes. Another recent view is the consider-
ation of learning capitals from the actiotope
model of giftedness (Ziegler & Baker, 2013;
Ziegler, Chandler, et al., 2017; Ziegler et al.,
2019). This model can be extended to all stu-
dents’ levels of achievement, as it endorses
different factors in a dynamic complex sys-
tem (Ziegler, Balestrini, et al., 2017; Ziegler
et al., 2013; Ziegler & Stoeger, 2017). Con-
sidering educational capital as external in-
fluence of self, inequality may affect to both
cultural and social capitals. In this context,
it is clear that performance differences in
the transition to higher education are also
produced by social selection during the ear-
lier stages of schooling.

1.1.1  Selection process in
Ecuadorian higher
education institutions

Special efforts have been taken in Lat-
in-American higher education institutions
for them to be considered as relevant ac-
tors of social development (Arocena &
Sutz, 2005). During the twentieth century,
important student movements triggered
the so-called University Reform Movement
([URM]: Ribeiro 1971; Tiinnermann, 2000),
allowing the inclusion of social policies
based on the increasing enrolment in high-
er education despite political or military
controversies over the past decades. This
spread of democracy in the higher educa-
tion system has met the goals of stronger
teaching and research standards (de Moura
Castro & Levy, 2001).

According to social demands, polytech-
nic schools began to provide qualified
professional techniques in fundamental
areas of progress in the country. Starting
from religious institutions, expert groups
determined objective criteria for the de-
velopment of undergraduate degrees and
assessment standards (Contreras & Maluk
2017). For example, polytechnic schools,
in comparison to universities, should pro-
vide at least 70 % of the professional titles
in the basic and applied sciences with the
guarantee of excellence and academic rigor
among the scientific field. As a more formal
example, the National Polytechnic School
of Ecuador (NPSE), created on the 30th of
August, 1986, is a public higher education
institution that is in line with a mass access
model policy. As such, and in line with the
National Secretariat of Higher Education,
Science, Technology, and Innovation (SE-
NESCYT), the student admission process
considers vulnerable groups of students
from the perspective of social inequality.
During this process, an applicant of an Ec-
uadorian higher education institution must
meet certain requirements, such as taking
the National Exam of Educational Evalua-
tion (Ser Bachiller) and completing the As-
sociated Factors Survey. Although there is
no minimum score needed to apply for a de-
gree (it varies depending on the institution),
the allocation of places is automatically
made according to the application score,
the availability of places in each institution,
and the demand that exists for a degree in
a given period. In short, applicants with the
highest scores in the exam are more likely
to get a place (SENESCYT 2018). However,
in 2014, SENESCYT implemented a positive
action policy that would expand access to
higher education for socially and econom-
ically vulnerable applicants through the Af-
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firmative Action Programme. An applicant
who has been included in this programme
can preferentially apply to 15 % of the aca-
demic places offered by public higher edu-
cation institutions, even if their application
score has not met the minimum required
for a specific institution during the admis-
sion process (Di Caudo, 2015).

The determination of the beneficiaries
of the Affirmative Action Programme is
achieved through the analysis of each ap-
plicant’s self-declared information in the
Associated Factors Survey. Then, a vulner-
ability index is calculated, and the lowest
values correspond to applicants from tra-
ditionally-excluded groups, those who have
a disability, or those who are placed in the
lowest decile according to their socio-eco-
nomic status. In this sense, applicants in sit-
uations of greater vulnerability are usually
assigned to the Affirmative Action popula-
tion segment.

Since 2017, SENESCYT has included,
among the new students entering the level-
ling course of the NPSE, those from the Af-
firmative Action population segment. These
students’ average application scores were
observed to be lower than those obtained by
other population segments, denoting poor
previous academic preparation. During the
first year of study, students from vulnerable
groups generally show lower academic per-
formance when compared to that of their
peers from other population segments. Ad-
ditionally, during high school, mathematics
typically has the lowest indicator as it is
perceived as being more complicated.

1.2 Multidimensional item response
modelling in test development

Research has begun to apply item response
theory models (IRT) to validate measures
in different fields (Christensen et al., 2019)
with a general use in educational assess-
ment (Embretson, 1984; Hartig & Hohler,
2009), and more specifically, in science
education (Kaspersen & Ytterhaug, 2020).
Van der Linden (2017) claimed that IRT
analysis, which focuses on the quality of
items when measuring underlying con-
structs, perfectly complements classical
test theory approaches. In this sense, IRT
models has become popular in test con-
struction, including large-scale educational
assessment, to optimize item selection and
scale validation across diverse populations
(Khorramdel & von Davier, 2016). Differing
from classical test theory, which considers
that an observed test score is composed by
a true score and a random component, IRT
considers that the probability of a person’s
expected response to an item is a mathe-
matical function of that person’s ability and
one or more parameters that characterize
the item (Reckase, 2009).

MIRT models have appeared in the re-
search literature since the 1980s (e.g. Bock
& Aitken 1981). The purpose of MIRT is to
provide a model with an appropriate rep-
resentation of data (given an incidental
vector, 6, which describe the locations of
individuals), and structural parameters are
used to describe the functioning of the test
items in a m-dimensional space, where m is
the number of dimensions used to model
the data (Reckase, 2009).

MIRT models for dichotomous items
(those with two categories) are one of the
most important in achievement tests. A
multidimensional extension of the two-pa-



Promoting Equality in Higher Education

195

rameter logistic model is given by the fol-
lowing equation (Reckase, 2009):

o " dy
P(U;=1|6,a,d;) = 14 g ienrd

where U, is the score for person j in item
I Qj is the parameter that describes the
ability of the jth person in item /; and q, is
a parameter related to the maximum slope
of the item characteristic curve along the
latent construct which measures the item’s
discriminating power. Given the multidi-
mensional nature of the model, a slope/
intercept form, a@ + d, is introduced in the
equation, where dis the result of the ab item
interaction (b = item difficulty). Therefore, a
is a 1 x mvector of the item’s discrimination
parameters and 6 is a 1 x m vector of the
person’s coordinates, with m indicating the
number of dimensions in the coordinate’s
space.

The present study

The NPSE has two levelling courses: one
for the engineering, sciences, and admin-
istrative sciences and one for the superior
technological level. The aim of the levelling
course, beyond its academic purposes, is to
enrol new students to the university context
until the study programme’s completion.
However, according to the information pro-
vided by the management and information
processes department, approximately 40 %
of students who receive a score that is less
than or equal to six points in all the subjects
of the levelling course (mathematics funda-
mentals, geometry and trigonometry, phys-
ics, chemistry, and language and communi-
cation) during the first bimester abandon
this course.

The antecedents described are of rele-
vance to the Latin-American science uni-
versity system, as it is crucial to determine

the correct application of selection tests
to students who may enrol in the levelling
course. Otherwise, possible defects are as-
sociated with potential higher education
dropout rates. For these reasons, the pres-
ent study aimed to analyse the psychomet-
ric properties of a new selection test under
the two-parameter MIRT model. The specif-
ic objectives were as follows: (1) to analyse
model-data fit of items of the test, (2) mea-
sure the precision of items according to in-
dividual levels of ability, and (3) invariance
properties according to gender.

2 Method
2.1 Participants

The sample comprised of 1238 newly en-
rolled students (mean age = 18. 85, SD=
1.84) from the NPSE for the first semester
of 2019 (890 males, 348 females). Of these,
955 students (280 males, 675 females) were
enrolled in the engineering levelling course,
and 288 students (215 males, 68 females)
were enrolled in the technology levelling
course.

2.2 Measures

The design process of the test began with
an initial survey administered to the profes-
sors assigned to the levelling courses. These
professors identified the elemental topics
that students usually present academic
difficulties in. These topics were compared
to those studied at the higher level of basic
general education and the Baccalaureate,
and a list of curricular content was elabo-
rated upon to determine students’ previous
knowledge in order to receive an appropri-
ate score in the levelling courses. Therefore,
a diagnosis test was designed following this
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content criteria.

The first pilot test composed of 65 mul-
tiple choice items that evaluated the fol-
lowing topics: real numbers operations,
polynomials operations, factoring system,
equations and inequations, and functions
in real geometry and trigonometry fields.
After its first application in October 2018,
the evaluation committee decided that the
test should include items on language and
communication, with a maximum length
of 80 items. Therefore, the instrument was
composed of a mathematics section (55
items) and a language and communication
section (25 items). All of the items present-
ed four alternative options, of which only
one was correct.

2.3 Procedure

The data were collected on the 28th of
March, 2019 in paper-pencil form from dif-
ferent classes in the NPSE. Before the appli-
cation of the test, the university made an of-
ficial announcement to students via email
and provided an instructive link in the uni-
versity webpage. Furthermore, professors
in the department of basic training were
recruited for responsibility over controlling
the students during the test application as
well as distributing and collecting the mate-
rial. The duration of the test was two hours
in accordance with the evaluation criteria.

Students’ responses were sent to the ad-
mission and registration unit for comput-
er correction. Every correct response was
scored as 1 point, whereas incorrect re-
sponses were scored as 0 points. Incorrect
responses were not penalised. Punctuation
in each section was computed as 50 % of the
total score.

2.4 Data analysis

Data analysis comprised of two phases of
validation. First, the fitting quality of each
item considering the multidimensional
structure was analysed through the expect-
ed values of infit (weighted) and outfit (un-
weighted) mean square error, and statistics
were determined to be between -2 and +2
according to standard criteria (Fan 1998).
Second, regarding the content, this study
employed the fitting quality of each item
considering the multidimensional struc-
ture of the instrument. Next, with respect
to the generalisability aspect of validity, this
study conducted differential item function-
ing (DIF: Holland & Wainer, 1993) analysis
among gender. A difference of 0.5 logits in
the overall item difficulty across groups was
considered as a substantial DIF. The mean
item parameters were set to be equal over
groups so that the differences in the param-
eter estimates could be directly compared.
Moreover, the item discrimination index
was analysed and a good index criterion
was considered to be above 0 and below 2
(De Ayala, 2009). The parameters were es-
timated using the computer programme
Conquest Version 2 (Wu et al., 2007) via the
maximum likelihood method.

3 Results

The two dimensions of the entrance exam-
ination test were calibrated simultaneous-
ly. Table 1 shows the difficulty estimates,
fit statistics, discrimination estimates, and
DIF magnitudes for each item. All of the
items showed excellent infit and outfit val-
ues, and most of them were close to 1.00.
The discrimination parameters showed ac-
ceptable values in all of the items that be-
longed to the mathematics subscale. With



Promoting Equality in Higher Education

197

respect to the language and communica-
tion subscale, items 56 (-0.33), 57 (-0.20), 64
(-0.07), 74 (-0.07), 75 (-0.04), 76 (-0.16), and
77 (-0.15) showed values below 0. Therefore,
these items did not have enough power to
discriminate between the more and less
able students on the language and commu-
nication subscale.

DIF analyses were conducted to assess
the model-data fit across gender. As indicat-
ed in Table 1, items 31, 56, and 61 showed
significant DIF, implying that these three
items were more difficult for females. The
largest values were for items 56 and 61,
which were included in the language and
communication subscale.

When applying the purification proce-
dure (Lord, 1980), items with non-adequate
discrimination parameters or no DIF values
were removed, and a new item parame-
ter was implemented which considered 71
items: 54 belonged to the mathematics sub-
scale and 17 belonged to the language and
communication subscale.

An item-person map is provided in Figure
1, as it is possible to calibrate a person’s mea-
surement from low to high and item difficul-
ty from easy to hard along the same latent
trait scale. The two continuums on the left
side of the figure indicate students’ measures
in the two dimensions of the test. Individu-
als who had high scores are placed at the top
of the continuum and those who had lower
scores are placed at the bottom. Moreover,
the items that fall into each of the two di-
mensions are clustered on the right side. All
of the items are distributed reasonably well
along the latent construct. The students lo-
cated at the medium side of the scale were
targeted by the majority of items. The most
difficult items were 59, 60, and 64, which
belonged to the language and communica-
tion subscale; the easiest items were 7, 42,

and 36, which belonged to the mathematics
subscale. These items targeted an important
proportion of low-ability students.

4 Discussion

This study aimed to analyse the psychomet-
ric properties of a newly developed version
of a university entrance examination test
in a sample of university students enrolled
in the ESPN, one of the largest public in-
stitutions in Ecuador. This instrument was
intended to ensure that students of a min-
imum curriculum level had access to the
levelling courses under a global access pol-
icy that focuses on the population’s social
diversity and vulnerability.

To gain a deeper understanding of the
measurement precision, a two-parameter
MIRT was implemented. Considering the
initial 80 items distributed in two subscales
(mathematics and language and communi-
cation), the results showed excellent item fit
values. Nine items showed poor discrimina-
tion parameters or DIF; without these items,
the new estimation provided acceptable
values for all parameters. In general terms,
the mathematic subscale showed better pa-
rameter values than the language and com-
munication subscale. The item-person map
showed that item difficulty was reasonably
spread at the top of the map, as the main
objective of the scale was to detect all stu-
dents’ achievement levels using adequate
measurement precision.

By using construct validation measures, it
is possible to extend appropriate measure-
ment practices in Latin-American universi-
ties and ensure equality processes through
innovative network policies among institu-
tions (Arocena & Sutz, 2001). Because of the
widespread concern over the social needs of
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higher education systems, academic quality
seems to be increasing. Hence, new public
policies for student recruitment and selec-
tion should be able to obtain stronger sup-
port than in past years.

The application of common standard
criteria in examination tests considers the
variability of social background differen-
tials in the enrolment and retention prob-
abilities across student profiles (Jordan et
al., 1996). This possibility allows improved
actions in the environment based on a
depth analysis of learning capitals (Ziegler
& Baker, 2013). The main advantage is to
establish more objective decisions regard-
ing academic and professional trajectories
that does not depend on the possible indi-
rect cost of education or on less prestigious
choices due to being more risk averse. In
terms of episodic learning capital, resource
investments imply that better-quality edu-
cation and better involvement fosters cog-
nitive and non-cognitive skills (Carneiro &
Heckman, 2002; Ziegler, 2005). Latin-Amer-
ican institutions might decide on how to
collaborate with national development us-
ing divergent strategies and consolidate an
open policy without being worried about
disadvantages, such us losing the effective-
ness of the application of curriculum and
knowledge through standard measurement.
To this end, active purposes are intended to
analyse the pragmatic and contextual ap-
proach to examining the process, the results
obtained, and the methods used by various
organisations (Sondergeld & Koskey, 2011)
to ensure the principles of equity and equal
opportunity for university admissions.

In conclusion, this study initiates an ef-
fective analysis in Ecuador that analyses
test scores using advanced psychometric
methods such as MIRT as an extension of
European studies and American studies on

official certificate examinations. However,
it is important to bear in mind certain lim-
itations, which may guide future research
on this topic. First, it should be noted that
the data used herein were students enrolled
only in ESPN. Larger samples from other
Ecuadorian universities may enable both
better estimates of the achievement mea-
sures of students and deeper comparisons
between the rates of access to levelling
courses between the institutions. In this
specific context, the use of MIRT models en-
able comparisons to determine appropriate
measures for equity. Second, future analyses
should include possible influences of the in-
dividual selection of science subjects or the
effects of educational reforms on testing
(Hiibner et al., 2019; Korobko et al., 2008).
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