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Abstract

Previous studies suggest that the major taken at high school is a very rel-
evant variable in predicting average marks during the first year of business
administration (BA) degrees. However, the effect on particular subjects and
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specifically on mathematics, is not fully solved, as there are very few studies
on the topic, the evidence is contradictory and there are no comparative stud-
ies between different centers. This paper compares the results at two different
universities: 873 students of the BA degree at the Universidad Complutense de
Madrid and 822 at the Universidad Pontificia Comillas. The information was
obtained from the institutional databases at the two centers, selecting from
among the students enrolled between the academic years 2009/2010-2021/2022
those for whom complete information was available. Methodologically, the use
of regression models has been combined with interpretable neural networks to
ensure the robustness of the results. The analysis shows that, at both universi-
ties and independently of the methodological approach, the results are virtu-
ally identical: students from the science major outperform their peers from the
social sciences major in business mathematics I and II. From the point of view
of teaching practice, these results have two implications. Firstly, it seems neces-
sary to reflect on the focus and content of mathematics in the social sciences
major, seeking greater alignment with the requirements of the degrees linked to
this major. Secondly, regarding teaching practice in the first year of university,
it seems necessary to rethink teaching strategies in mathematics, bearing in
mind the characteristics and learning styles of students from the social sciences
major.

Keywords: Mathematics, higher education, academic performance, business
degree, advanced high school.

Resumen

Estudios previos apuntan a que la especialidad cursada en bachillerato es
una variable muy relevante en la prediccién del rendimiento medio durante el
primer curso en grados en Administracion y Direccion de Empresas (ADE). Sin
embargo, el efecto en asignaturas concretas y especificamente en las de mate-
maticas, no esta plenamente resuelto, pues ademas de que existen muy pocos
estudios al respecto, las evidencias son contradictorias y no existen estudios
comparativos entre varios centros. En este trabajo se comparan los resultados
en dos universidades diferentes: 873 alumnos del grado en ADE de la Univer-
sidad Complutense de Madrid y 822 de la Universidad Pontificia Comillas. La
informacién se ha obtenido de las bases de datos institucionales de ambos
centros, seleccionando de entre todos los alumnos matriculados entre los cur-
sos 2009/2010-2021/2022 aquellos para los que se disponia de informacion
completa. Metodolégicamente se ha combinado el uso de modelos de regresion
con redes neuronales interpretables, para asegurar la robustez de los resulta-
dos. El analisis muestra que, en ambas universidades e independientemente de
la aproximacién metodolégica, los resultados son virtualmente idénticos: los
alumnos procedentes del bachillerato de ciencias presentan un rendimiento
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académico sensiblemente mejor en matematicas empresariales I y II que sus
companeros de ciencias sociales. Desde el punto de vista de la practica docen-
te, estos resultados tienen dos implicaciones. En primer lugar, parece necesario
llevar a cabo una reflexion sobre el enfoque y contenidos de matematicas en
el bachillerato de ciencias sociales, buscando un mayor alineamiento con los
requerimientos de los grados ligados a esta especialidad. En segundo lugar,
respecto a la practica docente en el primer curso universitario, parece necesario
repensar las estrategias didacticas en matematicas, considerando las caracteris-
ticas y el estilo de aprendizaje de los alumnos procedentes del bachillerato de
ciencias sociales.

Palabras clave: Matematicas, educaciéon superior, rendimiento académico,
grado en administracion de empresas, bachillerato.

Introduction

According to previous research (Arroyo-Barrigiiete et al., 2020a), the
major at advanced high school has a considerable impact on the aca-
demic performance of Business Administration (BA) students during the
first year of their university studies. However, this result refers to average
performance, not to specific subjects. In the particular case of mathemat-
ics subjects, there are very few studies and the evidence is also contradic-
tory. Thus, for example, Gonzalez Veiga et al. (1999) concluded that, both
for the former five-year BA degree and for the three-year BA diploma,
students who had taken the science major in their advanced high school
studies achieved a better performance in BA mathematics than their
peers who majored in social sciences. This study was based on a sample
of 242 undergraduates in the five-year degree and 169 undergraduate
students in the three-year diploma, all at the University of Oviedo. Mar-
tinez de Ibarreta et al. (2010), working on a sample of 554 BA students at
the Universidad Pontificia Comillas, concluded that having taken a high
school major in science had a positive effect on performance in quanti-
tative subjects, especially in mathematics. However, these results do not
coincide with a more recent study by Davila et al. (2015) for students
of the BA degree in this subject, whose conclusions suggest that there
are no differences between the two groups of students. In this case, the
authors worked on a sample of 279 students from the University of Las
Palmas de Gran Canaria.
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Knowing that mathematics subjects in the first year of the BA degree
tend to present the highest drop-out rate! is key to identifying those fac-
tors that influence this. Therefore, it is necessary to know the effect of
a variable that, according to the aforementioned studies, could have a
considerable impact.

This study has been carried out by university lecturers of quantitative
methods in Business Administration studies, with the ultimate goal of
improving teaching and learning processes, so that synergies between
their teaching and research work can be generated (Jaworski, 1998).
This research paper can be framed within the area of knowledge of
Mathematics Education, whose philosophical and theoretical foundation
is presented in Ernest (2016).

The need to accurately define the objective of the research and test
out a concrete hypothesis can make it difficult to connect with the com-
plex problem of improving teaching and learning processes. Godino et
al. (2021) offer a solution to this difficulty that includes three contri-
butions to research in Mathematics Education, based on the so-called
onto-semiotic model (Godino and Batanero, 1994, Godino et al., 2007,
Godino et al., 2019). The first of these contributions is the specification
of the mathematical content of the problem under study. This specifi-
cation is directly related to the name of the reference model, since it
requires the development of two tasks: on the one hand, the ontologi-
cal task of identifying the mathematical objects involved; on the other
hand, the semiotic task of studying the relationships between these
objects. The second contribution by Godino et al. (2021) is the decom-
position of instructional processes into their different facets, which
they call epistemic, cognitive, interactional, ecological, affective and
mediational dimensions. Focusing on each of these facets allows such
a complex problem as mathematics teaching processes to be efficiently
analyzed; Hence, this is the approach chosen to draw the conclusions
of this study. The third contribution, which consists of identifying cri-
teria that contribute to good teaching practices through the so-called

'Annex 1 of this paper includes a cluster analysis, which shows that in the “Basic Training” subjects
of the first year, mathematics exhibits behaviour that is clearly different from that of other subjects,
while also presenting significantly higher levels of academic failure.
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theory of didactic suitability, will also be considered. The concept of
didactic suitability of a teaching process is defined as the degree to
which it meets certain characteristics that allow it to be classified as
optimal or adequate for its objectives. Suitability can be considered
both in relation to the general teaching process and to a particular
dimension.

Accordingly, the existence of discrepancies in previous studies and
the importance of mathematics subjects in the academic failure of BA
students justify this paper. In order to overcome certain limitations iden-
tified in previous studies, we have used significantly larger samples and,
additionally, we have worked with two different universities - one public
and the other private - whose students have a different sociodemograph-
ic profile.

Secondly, two types of causal models have been used - linear regres-
sion and neural networks. In this regard, the recent development carried
out by Pizarroso et al. (2022) has paved the way for the use of neu-
ral networks for explanatory purposes, something that was not possible
before. Some previous developments allowed an understanding of the
functioning of the network to some extent, but this work allows a much
simpler interpretation, which is relatively similar to that of a regression
model. The enormous advantage is that a neural network model does
not require an a priori functional specification, but the network itself is
able to automatically detect any linear, non-linear or interaction effect.
This avoids omitting relevant effects that could distort the result, and is
therefore an extremely useful tool for validating the results of more con-
ventional models: any discrepancy would indicate that some significant
effect has been omitted?.

This double validation, with large samples from two different univer-
sities and using different methodologies, will make it possible to verify
to what extent the results are similar regardless of the university or meth-
odological approach, which would confirm the robustness and external
validity of the results.

2 As this development is brand new, it is currently not possible to use the neural network model alone,
since the authors of NeuralSens have not yet proposed hypothesis tests to determine when a variable
is significant. This is why, in its current state, its main use in the social sciences is to validate the
functional specification of conventional econometric models.
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Method

Context

This study is part of a research project funded by the Spanish Ministry
of Science and Innovation, whose objective is to develop algorithms to
anticipate academic risk situations among university students. This work
focuses on undergraduate studies in Business Administration, and on the
effect of the high school major on academic performance in mathematics
subjects taught in the first year of the degree. This choice is justified by
the fact that the first year is key, which accounts for a large number of
the dropouts, and mathematics subjects are in turn those with the highest
level of academic failure.

Sample

The sample is composed of 1,695 students of the BA degree, of which
873% are students at the Universidad Complutense de Madrid (academic
years from 2009/2010 to 2021/2022), and 822 at the Universidad Pontifi-
cia Comillas in the same period. The information was collected through
the institutional databases of the two universities?, obtaining data on all
the students enrolled in the period considered. Subsequently, the data
were cleaned, eliminating incomplete records, i.e. those for which no
information was available on any of the variables required for the model.
The study was carried out on all the students for whom complete infor-
mation was available.

As seen in Table I, there are certain differences between the two
groups of students, both in the percentage of women and in the percent-
age of students from the science major in advanced secondary education.
Differences can also be seen in the university entrance marks and in the

3The initial sample consisted of a significantly larger number of students (see Annex 1), but many of
them were eliminated from the study because there was no information available on the major studied
at high school. The same happens in the sample from Universidad Pontificia Comillas, since there is
no information on the high school major prior to the 2012/2013 academic year.

4 Integrated Institutional Data System (Sistema Integrado de Datos Institucionales—SIDI) of the
Universidad Complutense de Madrid (UCM), and General Secretary's Office of the Universidad
Pontificia Comillas.
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average marks in Business Mathematics I and II. Among other factors,
this is due to a high percentage of students who do not take the first
exam sitting at the first university (students who have been assigned a
mark of zero). However, in the case of the second university, we hardly
found any students that did not sit the exam. This induces a notable bias
in the average mark, and is one of the main causes of the aforementioned
difference in marks, in addition to, possibly, the different percentage of
students from the science major. At any event, given that the objective is
not to make a comparison of performance between the two universities,
we will not delve further into this particular aspect, which furthermore
presents considerable complexity.

TABLE I. Sample used in the analysis

Sample % % science EvAU: Maths I: Maths II:
size female major average average average
mark (sd) | mark (sd) | mark (sd)

U. Complutense

o 873 43.99% 19.36% | 7.02(0.77) | 275 (255) | 383 (3.02)
V. Pontificia 822 50.24% 3187% | 771085 |533(194) | 573 (176)
Comillas

Source: Compiled by author.

Procedure

The R programming environment (R Core Team, 2020) was used for data
processing and model building, employing the packages Imtest (Zeileis
and Hothorn, 2002), lubridate (Grolemund and Wickham, 2011), Ife
(Gaure, 2013), NbClust (Charrad et al., 2014), ggplot2 (Wickham, 2016),
car (Fox and Weisberg, 2019), RCurl (Lang and CRAN team, 2019), caret
(Kuhn, 2020), gplots (Warnes et al., 2020), dplyr (Wickham et al., 2022)
and NeuralSens (Pizarroso et al., 2022).

In both samples, a linear regression model was adjusted, using the aver-
age mark in Business Mathematics I and II as a dependent variable, and
the major taken at high school, the gender of the student, and his or her
university entrance exam score (EVAU) as independent variables, the latter
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being the equivalent of the SAT in the United States, since it is the score
used in the university admission process. Due to problems of heterosce-
dasticity, robust estimations have been used, the absence of multicollinear-
ity problems has been verified, and standardized variables have been used.

To confirm the functional specification validity, neural network mod-
els have also been adjusted using the same variables. Historically, neural
network models were not suitable for the development of explanatory
models due to their black-box nature. That is, they offered good predic-
tions, in many cases better than those of more conventional econometric
models, but it was not possible to interpret them, since the effect of each
variable was unknown. However, several recent studies have solved this
problem. Specifically, the development of Pizarroso et al. (2022), based
on the NeuralSens algorithm, allows their interpretation in a very simple
manner, since the slope of each variable is obtained, which would be the
equivalent of the beta in a regression model. The nuance is that, unlike
regression models, where the slope of each variable is unique (a single
beta), in neural networks a slope is obtained for each piece of data. This
implies that each variable will have a distribution of slopes. In the absence
of non-linear effects, the distribution will be very narrow and its mean
value will coincide exactly with the beta obtained in a regression model.
The main advantage of using neural networks over regression models is
that they do not require an a priori functional specification, and any non-
linear effects in the data will be automatically identified by the network,
without the need for the researcher to explicitly formulate them. Thus, if
the results of the neural network coincide with those of the regression
model, the functional specification of the second model would be con-
firmed to be correct. In the event of discrepancies, the regression model
would be wrongly specified and would need to be modified, probably to
include some non-linear effects not initially formulated.

The results section includes the three indicators proposed by Pizarroso
et al. (2022) to interpret the results of a neural network: mean sensitivity,
sensitivity standard deviation and mean squared sensitivity. As already
indicated, in a neural network a sensitivity or slope is obtained for each
piece of data, which is equivalent to a beta in a regression model, so that
a given variable has as many betas as data in the sample. In other words,
instead of obtaining a value for the slope of each variable, we obtain a den-
sity function, which in the absence of non-linear relationships will have a
mean sensitivity equal to the slope of the regression model. The presence
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of distributions with several modes or high dispersion (high values of
sensitivity standard deviation) are clear indicators of the presence of non-
linear effects or interactions. If detected, they would force the functional
specification of the regression model to be modified®. Finally, the value
of the mean squared sensitivity is the metric proposed by the authors to
determine the relative importance of each of the predictors.

The main problem of neural networks is their propensity to overfitting,
which is why taking certain precautions in the process of selecting their
hyperparameters (number of neurons in the hidden layer and penalty or
decay) is essential. In this study, we have opted for the net method, i.e.
adjusting all the penalty combinations between 107 and 102, and between
1 and 10 neurons in the hidden layer. In other words, 60 different neural
networks have been adjusted, selecting the one with the lowest root mean
square error (RMSE) as optimal. As a precaution, the 10-folds cross-vali-
dation procedure was applied in all cases to avoid over-fitting problems.

Finally, this analysis has been complemented with an equivalent one
for the subject of Business Statistics, which, in addition to being the most
similar subject in terms of content among all the basic-training subjects,
presents the worst results (Jlower mean) of all the subjects except for
Business Mathematics I and II (see Annex 1).

Results

Universidad Complutense de Madrid

The regression model obtained for the Universidad Complutense de
Madrid students presents an R? of 0.18, and the three predictors have a
positive and significant effect (alpha = 0.01). It can be seen that the major
taken at high school has a considerable impact (see the left-hand side of
Table II).

>The detection of these effects is very important since previous research has detected non-linear effects
or interactions in mathematics performance. Thus, for example, the work of Arroyo-Barrigiiete et al.
(2020b) identified that among the students of BA-Law double degree, there was a group of students
(around 30%), with a strong bias towards law, who used a rote learning approach to mathematics.
This translated into an absence of correlation between performance in mathematics subjects, i.e. their
performance in Mathematics II was not related to that obtained in Mathematics I, while, for the rest of
the students the correlation was logically very strong. This type of possible interaction, which a priori
are not easy to identify, are precisely those that the neural network model would allow us to detect.
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As far as the neural network® is concerned (see the right-hand side of
Table II), it does not seem to have detected non-linear effects or interac-
tions, since the distributions are relatively narrow (Sensitivity std. devia-
tion small, as shown in Table II) and unimodal (see bottom part of Figure
I’). In fact, the coefficients estimated by the regression model are virtu-
ally identical to the mean sensitivity values obtained with the neural
network (“Coef.” and “Mean sensitivity” columns in Table II). This is
an indicator of the adequacy of the functional specification used in the
regression model.

TABLE I, Estimates obtained by the regression model and the neural network for students at the
Universidad Complutense de Madrid (average mark in Business Mathematics | and Il)

Regression model (OLS) Neural network (NeuralSens)
Coef. sd p-value Mean Sensitivity sd | Mean sq.
sensitivity sensitivity
Constant -0.25 0.05 8.6 E-8
Gender (Female=1) 0.32 0.06 10 E-6 0.32 0.03 0.32
EvAU 0.28 0.03 <2E-16 0.29 0.02 0.29
High school major 0.54 0.08 2.0 E-10 0.56 0.05 0.56
(Science=1)

Source: Compiled by author.

The consistency of both models confirms the importance of the vari-
able under study: the high school major has a considerable effect on per-
formance in Business Mathematics I and II, so that those students who
take the science major have a significantly higher performance than their
peers that take the social sciences major.

®The optimal neural network identified presents a 3-1-1 architecture, with a decay of 10*. The fact
that we only find one neuron in the hidden layer is already a first indication that there are probably
no complex non-linear effects.

7 Figure 1 shows the results of the neural network sensitivity analysis performed with NeuralSens.
It is divided into three parts: the lower window shows the distribution of the slopes (sensitivity) of
each variable; in the middle window we find the mean squared sensitivity for each variable, which, as
already indicated, allows us to determine the relative importance of each of the predictors; the upper
part shows the mean sensitivity and the sensitivity standard deviation of each variable, which are
precisely the values shown in Table II.
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FIGURE I. Neural network results, including the metrics proposed by Pizarroso et al. (2022), for
Universidad Complutense de Madrid (average mark in Business Mathematics | and Il)
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In order to assess whether this effect extends to other related subjects,
the analysis has been reproduced with the subject of Business Statistics,
which is also taught during the first year and forms part of the “Basic
Training” subjects which, after the two mathematics subjects, presents
the worst results (lower mean) of all the subjects (see Annex 1). Given
the focus of mathematics in the social sciences major, which has a greater
content in statistics, it would be expected that students from this major
would perform significantly better in this subject.

The results obtained are shown in Table III: on the left-hand side, the
regression model, which obtains an R* of 0.08; on the right-hand side,
the neural network (3-1-1 with a decay of 0.01). Once again, both models
are consistent, since the coefficients estimated by the regression model
are practically identical to the mean sensitivity values obtained with the
neural network. The results indicate that there are no differences (at a 1%
significance level) between students from the science and social sciences
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major. However, at a significance level of 5%, there would be differences
in favour of students from the science major. This result is even more
striking than that obtained in the case of Business Mathematics I and II
since, as already indicated, the social science major has a significantly
higher statistics content than the science major.

TABLE Il Estimates obtained by the regression model and the neural network for students from
the Universidad Complutense de Madrid (mark in Business Statistics)

Regression model (OLS) Neural network (NeuralSens)
Coef. sd p-value Mean Sensitivity sd | Mean sq.
sensitivity sensitivity
Constant -0.20 0.05 27 E-5
Gender (Female=1) 0.38 0.07 26 E-8 0.38 0.16 0.41
EvVAU 0.17 0.03 9.5E-7 0.19 0.08 0.21
High school major 0.19 0.08 25E2 0.20 0.08 0.22
(Science=1)

Source: Compiled by author:

Universidad Pontificia Comillas

The regression model obtained for the Universidad Pontificia Comillas
students (left-hand side of Table IV) has an R? of 0.26, somewhat higher than
in the previous sample, and the three predictors also have a positive and
significant effect (alpha = 0.01). The optimal neural network identified (right-
hand side of Table IV) presents a 3-1-1 architecture, with a decay of 0.01,
somewhat lower than in the case of the Universidad Complutense de Madrid.
It should be noted that the standard deviations of the sensitivities (Sensitiv-
ity sd) identified by NeuralSens are somewhat higher than in the case of the
Universidad Complutense de Madrid, as can be seen in both Table IV and
Figure II. This points to the possible existence of some non-linear effects in
the EVAU and high school major variables®, albeit not too pronounced.

81t might be appropriate to include a quadratic term for EVAU in the regression model. However, for
the sake of comparability with the model of the Universidad Complutense de Madrid, it has been
decided not to do so.
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TABLE IV. Estimates obtained by the regression model and the neural network for students at
Universidad Pontificia Comillas (average mark in Business Mathematics | and 1)

Regression model (OLS) Neural network (NeuralSens)
Coef. sd p-value Mean Sensitivity sd | Mean sq.
sensitivity sensitivity
Constant -0.27 | 0.05 74E-8
Gender (Female=1) 0.19 0.06 18 E-3 0.19 0.05 0.19
EvAU 0.46 0.03 <2E-16 0.47 0.11 0.49
High school major 0.56 0.07 | 299E-16 0.52 0.13 0.54
(Science=1)

Source: Compiled by author.

FIGURE II. Neural network results, including the metrics proposed by Pizarroso et dl. (2022), for
Universidad Pontificia Comillas students (average mark in Business Mathematics | and Il
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In this case, the coefficients estimated by the regression model are
again very similar to the mean values obtained with the neural net-
work (Mean sensitivity column in Table IV). It is confirmed that, in
this sample, the major taken in high school again has a considerable
effect on performance in Business Mathematics I and II, with students
from the science major performing better than those taking social
sciences.

Reproducing this analysis for the subject of Business Statistics, we
obtain the results shown in Table V (regression with an R? of 0.26 and
a neural network of 3-1-1 with a decay of 0.01). We should indicate that
although this exercise has been carried out for the purpose of com-
pleteness, in this case the comparison with the results obtained at the
Universidad Complutense de Madrid is not appropriate for two reasons:
at the Universidad Pontificia Comillas this subject is taken in the second
year of the degree, which incorporates an uncontrolled effect due to
the different maturity of the students, and this subject was incorporated
into the curriculum in the 2015/2016 academic year, so the sample is
somewhat reduced since there are no data for previous years, losing
428 records. At any event, the results of both causal models are, again,
virtually identical to each other, and it is observed that the only relevant
variable is the EvAU mark.

TABLE V. Estimates obtained by the regression model and the neural network for students at
Universidad Pontificia Comillas (mark in Business Statistics)

Regression model (OLS) Neural network (NeuralSens)
Coef. sd p-value Mean Sensitivity sd | Mean sq.
sensitivity sensitivity
Constant -0.04 0.07 0.57
Gender (Female=1) 0.00 0.09 0.96 0.00 0.00 0.00
EvAU 0.52 0.04 | <2E-16 0.52 0.07 0.52
High school major 0.12 0.10 0.21 0.10 0.01 0.10
(Science=1)

Source: Compiled by author.
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Discussion and conclusions

This work is framed within the difficulty of the transition of students
from high school to university, particularly with regard to mathematics
subjects (Gueudet, 2008, De Guzman et al., 1998). Specifically, we have
studied the effect on performance in the first year of the BA degree
caused by the major taken at high school. From the perspective of the
onto-semiotic model (Godino et al., 2007; Godino et al., 2019), the global
problem is made up of different dimensions: epistemic, cognitive, inter-
actional, ecological, affective and mediational. The epistemic dimension,
which is not the object of study in the present work, is dealt with in other
studies such as that of Contreras de la Fuente (2001), focused on the
epistemological obstacles that arise in mathematics subjects in the initial
years of university. In contrast, this research focuses on the cognitive
dimension, although the other facets may also have some influence. The
aim is to contribute to a better understanding of teaching and learning
processes through the identification of the factors that may explain the
differences in student performance and facilitate the implementation of
measures to reduce academic failure.

Two samples were taken from universities that are very different in
their ecological dimension, especially in terms of the socio-demograph-
ic profile of the students, and have a larger size than used in previous
research. The results indicate that the value of the coefficient relating the
high school major to the average mark in Business Mathematics I and II is
practically identical at both universities: 0.54/0.56 (regression model and
neural network respectively) for the Universidad Complutense de Madrid,
and 0.56/0.52 for the Universidad Pontificia Comillas. Taking into consid-
eration that we have worked with two different methodological approach-
es and two different universities, this consistency suggests that the results
are robust. The conclusion is that the major taken at high school has a
considerable impact on performance in mathematics in the first year of
the BA degree, with students in the science major performing better.

From the point of view of the educational pathway (interactional
dimension), it is surprising that students who have taken the recom-
mended major to study Business Administration (social sciences) are at
a disadvantage compared with those who opted for a non-recommended
major (sciences). This effect extends to other related subjects, such as
Business Statistics, a subject in which there is surprisingly no difference
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between the two groups, despite the fact that the statistical workload is
greater in the social sciences major. Given that the risk of academic fail-
ure is precisely concentrated in these subjects, these results invite reflec-
tion on the design of high school curricula. However, it should not be
taken for granted that university programmes are not in need of revision
(Ellerton and Clements, 1998).

In the cognitive dimension, a possible explanation of the result, sup-
ported by Skemp's (1976) approach, is that mathematics in the social sci-
ence major has an instrumental focus, while mathematics in the science
major achieves a greater relational understanding. Using the terminology
of constructivist theory, relational understanding facilitates learning out-
comes already achieved to scaffold new learning objectives. In this way,
the zone of proximal development (Vygotsky, 1996) is expanded, so that
they can be expected to understand new concepts more efficiently and
achieve better results. It can be understood that an indicator of relational
understanding is that there is a correlation between the student's results
in one subject and those on which it is based (Gimenez et al., 2021).
Therefore, in order to evaluate at least indirectly the plausibility of this
explanation, in Annex II we have performed an exercise by estimating
the regression models of the mark in Mathematics II against the mark
in Mathematics I, and incorporating the mark in EvAU and gender as
control variables. For students from the science major, the coefficient
associated with the mark in Mathematics I is 0.61 and 0.56 (Universidad
Complutense de Madrid and Universidad Pontificia Comillas respective-
ly). In the case of students taking social sciences, this coefficient is lower,
0.43 and 0.44 respectively. This seems to confirm the hypothesis that
students taking the science major have a better relational understanding
in mathematics, and perhaps this is one of the factors that explains their
higher performance in the first year of the degree.

The difficulties in learning mathematics in the first year of university
may also stem from the affective dimension and its interaction with the
cognitive facet (Gémez-Chacon, 2009). A second possible explanation for
the results of this work, compatible with the first, is that the motivations
and skills that led students to choose their high school major are related
to their skills and attitudes towards abstract thinking and, consequently, to
their performance in mathematics subjects. The results of Corrales Serrano
(2020) support this explanation to some extent, since the personal percep-
tion of abilities and aptitudes appear as the third most important criterion

Revista de Educacion, 402. October-December 2023, pp. 109-132
Received: 15-10-2022  Accepted: 30-05-2023



Arroyo-Barrigtiete, |.L, Carabias Lépez, S, Herndndez, A., Segura, M. EFFECT OF ADVANCED HIGH SCHOOL MAJOR ON
MATHEMATICAL PERFORMANCE AT UNIVERSITY: A COMPARATIVE STUDY IN BUSINESS ADMINISTRATION DEGREES

for students to select their high school major (after two internal criteria on
the valuation of the profession which it will give them access to).

From the point of view of teaching practice, the results of this work
have two implications. Firstly, and with regard to the approach and con-
tent of mathematics during high school, it would be necessary to reflect
on the social sciences major. It is interesting that students taking this
major, which in general is the one recommended for BA studies, obtain
worse results than those who took a major recommended for other
degrees. Therefore, it seems appropriate to review the focus and content
of mathematics in this major, seeking greater alignment with the require-
ments and needs of the related degrees. Secondly, we can reflect on
teaching practice in the first year of university. As indicated, the theory
of didactic suitability presented in Godino et al. (2021) facilitates the
identification of criteria that contribute to good teaching practices. In the
cognitive dimension, it highlights that the instructional process supports
students according to their individual differences in prior knowledge and
learning styles as a criterion of suitability. Therefore, better knowledge of
the factors that generate differences among students facilitates compli-
ance with this criterion. As has been shown in this work, the major taken
at high school is one of these factors, the impact of which is consider-
able. Consequently, it seems necessary to rethink the didactic strategies
in mathematics used during the first year of university. Perhaps it would
be appropriate to consider the characteristics and learning style of stu-
dents taking the social sciences major, adapting the teaching methodol-
ogy to them.

Limitations and future lines of research

This study has two main limitations. Firstly, the study was carried out
on a single degree programme. Given that the main objective of this
research was to perform a comparative analysis between two universi-
ties, it is difficult to find degrees that are sufficiently similar for such a
comparison to be suitably made. Even in the case studied in this paper,
the analysis of the subject Business Statistics presents the problem that it
is taught in different years (first year at the Universidad Complutense de
Madrid and second year at the Universidad Pontificia Comillas), which
prevents direct comparison, as mentioned above. In this regard, as a

Revista de Educacion, 402. October-December 2023, pp. 109-132
Received: 15-10-2022  Accepted: 30-05-2023

125



126

Arroyo-Barrigtiete, |.L, Carabias Lépez, S., Herndndez, A., Segura, M. EFFECT OF ADVANCED HIGH SCHOOL MAJOR ON
MATHEMATICAL PERFORMANCE AT UNIVERSITY A COMPARATIVE STUDY IN BUSINESS ADMINISTRATION DEGREES

future line of research, it is proposed to extend the analysis to other
degrees, such as psychology or social work, degrees that are currently
offered at the two universities analyzed and that include quantitative
subjects in their curricula.

A second limitation is the number of universities compared. It would
be desirable to extend the study to more universities, particularly in
other Spanish provinces, in order to achieve a broader comparison. In
this regard, it would be particularly relevant to replicate the work, using
more recent samples, in those faculties in which discrepant results with
those obtained in this work have been obtained, as is the case of the
University of Las Palmas de Gran Canaria (Davila et al., 2015).

Finally, it is proposed as a future line of research to study the evolu-
tion throughout the degree in other quantitative subjects, such as Econo-
metrics and Financial Mathematics. It would be of interest to check
whether the advantage that students from the science major have in the
mathematical subjects in the first year is maintained or disappears in
mathematical subjects in later years. The results obtained for the case of
Business Statistics seem to indicate that this advantage tends to disap-
pear: at the Universidad Complutense de Madrid, where it is taken in
the first year, there are differences at a significance level of 5%, while at
the Universidad Pontificia Comillas, where it is taken in the second year,
there are none. However, precisely because it is not a homogeneous
comparison, this conclusion is merely indicative. It would be necessary
to carry out a more in-depth study that would allow a realistic compari-
son both within each center and between different centers.
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Annex 1: cluster analysis at Universidad Complutense de Madrid

In order to verify the importance of Mathematics I and II in the first-year
subjects, a sample of 3,279 students of the BA degree at the Universidad
Complutense de Madrid was taken as a starting point. We have considered
the cohorts from the academic year 2009/2010 (the year in which the cur-
rent study plan came into force) until 2021/2022. A large number of records
do not have information on the high school major, whether sciences or
social sciences, which is why they could not be used in the main analysis.
However, in all of them, there is information on the mark obtained by each
student in the first exam sitting of the 10 subjects comprising the Basic Train-
ing®. The sample of 3,279 students is summarized in Table VI. Therefore, a
cluster analysis has been performed considering these marks as variables.

TABLE V1. Sample used for the cluster analysis (3,279 students on the BA degree at the
Universidad Complutense de Madrid): average mark in each subject

Financial Fundamentals Fundamentals Company Law Introduction to
Accounting | of Business of Financial Economics
Administration | Administration
433 5.21 3.70 5.29 4.34
Microeconomics | Business Business Business Economic
Mathematics | Mathematics Il | Statistics | History
3.95 2.83 324 3.70 453

The Euclidean distance and Ward's linkage method were chosen. The
grouping by subjects (vertical interpretation of Figure III), points to three
different clusters, one of which is comprised of Business Mathematics I
and II. The first cluster, made up of Company Law, Economic History,
Introduction to Economics, and Fundamentals of Business Administration,
seems to be made up of subjects of comprehension with a certain rote
learning nature, whose quantitative weight is reduced or null. The second
cluster is made up of Business Statistics I, Microeconomics, Fundamentals
of Financial Administration, and Financial Accounting I, subjects of a quan-
titative nature, although not purely mathematical. The last cluster includes
Business Mathematics I and II. Analysis of the average marks in each of

® Non-attendance at the exam sitting equates to a mark of 0 for the subject.
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these groups confirms considerable differences, as shown in Table VII: the
average mark in Business Mathematics I and II is not only significantly

lower than in other clusters, but the distribution is markedly different.

FIGURE Ill. Heatmap for the 10 Basic-Training subjects at Universidad Complutense de Madrid
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TABLE VII. Main statistics for the average mark in each cluster identified at Universidad

Complutense de Madrid

Cluster 1: compre- Cluster 2: quantitative Cluster 3: Business
hension subjects subjects Mathematics | and 11

First quartile 3.75 2.20 0.65
Median 4.98 4.05 2.75
Mean 4.84 392 3.04
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Annex 2: relationship of performance in Business Mathematics | and I

Table VIII shows the results of the regression model using the mark in
Mathematics II as the dependent variable and the result in Mathematics I
as the independent variable, including gender and the EvAU mark as con-
trol variables. In this case, we have considered the sample of students from
the Universidad Complutense de Madrid, split into two groups: students
from the social sciences major and students who took the science major.
Table IX is identical except considering the sample of students from the
Universidad Pontificia Comillas. As with the previous models, the effect of
the high school major is remarkably similar in both samples. It is observed
that, in the case of students from the science major, the effect of the mark
in Mathematics I is higher than for students from the social sciences. This
seems to confirm, at least indirectly, the hypothesis that students from the
science major have a better relational understanding of mathematics.

TABLE VIII. Regression model for the variable Mathematics Il (Universidad Complutense de
Madrid), distinguishing by high school major

High school major: High school major:
sciences (R? = 0.45) social sciences (R? = 0.27)
Coef. sd p-value Coef. sd p-value
Constant -0.15 0.07 35E2 -0.08 0.04 8.0 E-2
Gender (Female=1) 0.45 0.13 49 E-4 0.17 0.07 12E2
EvAU 0.00 0.06 9.6 E-1 0.13 0.03 28 E-4
Mark Mathematics | 0.61 0.06 <2E-16 0.44 0.03 <2E-16

TABLE IX Regression model for the variable Mathematics Il (Universidad Pontificia Comillas),
distinguishing by high school major

High school major: High school major:
sciences (R? = 0.39) social sciences (R? = 0.36)
Coef. sd p-value Coef. sd p-value
Constant -0.01 0.07 8.6 E-1 -0.07 0.05 17 E-1
Gender (Female=1) 0.03 0.10 7.9 EA1 0.14 0.07 5.8 E-2
EvAU 0.13 0.05 15E-2 0.24 0.04 18E-8
Mark Mathematics | 0.56 0.07 14 EA15 0.43 0.04 <2E-16
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