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Abstract

This article makes two different contributions: analysis of learning styles among
undergraduate students in different academic progiraand a proposed regrouping of
programs in order to improve teaching practice.

The study was conducted in Mexico City in a Mexigarivate university (Instituto
Tecnoldgico Autbnomo de México - ITAM), among a glimg of 753 first-year students
in 11 undergraduate degree programs, applyingeaming styles questionnaire developed
by Felder and Silverman.

The results of our research showed that there wiardarities between the learning styles
of some programs, which can be grouped into fouomzategories: 1) active, sensitive,
visual and sequential learning styles in the Adstmtion, Business Engineering,
Economics, Industrial Engineering and Law progra?)sctive-reflective, sensitive, visual
and sequential learning styles in the Actuarial akwtounting programs; 3) active-
reflective, sensitive-intuitive, visual and sequalrglobal in the Applied Mathematics,
Computer Engineering and Telematics Engineeringnaras; 4) active, sensitive-intuitive,
visual and sequential-global in the Internationelaflons program.

The results of our investigation imply that coursésuld be planned taking into account
learning styles shared by the students in diffeppagrams, adjusting teaching techniques—
electronic media, for example—in order to optimearning.
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Introduction

Research has shown the students learn in many ava/prefer to use different resources
in the process. Most investigators in the fiel&edficational technology agree that learning
material should be designed for specific typestafients and their learning styles, and not
just the teaching style of the professor (Daggegd#&/and Conlan, 2003; Paredes and
Rodriguez, 2002; Triantafillou, Pomportsis and @emr2002; Stern and Woolf, 2000).



Individuals have different ways of learning: sonte better able to assimilate knowledge
by seeing, others by hearing, or by some othereserBhe traditional teaching styles
generally tend to favor just one type of repred@masystem, whether visual, when
everything is written on the blackboard, or by leets, who resort only to spoken
explanations. Students are assigned differentpgr@fi course requirements based on the
program of studies they have selected and the wboteéhe curriculum, without taking into
account whether there are differences or simikgitn their learning styles. Furthermore,
the professor freely chooses learning techniquashé or she considers most appropriate
for the class, using them for students in diffenerdagrams, without taking their different
learning styles into account.

Interest in research into learning styles has beeled by the need to improve the quality
of the educational process, examining the waysdst beach students, to orient their
learning appropriately (Juarez et al., 2011). Meadle, Alonso, Gallego and Honey
(1999) found that students at various educatiogxls learn more effectively when they
are taught in a manner consistent to their predantilearning style.

There are a number of studies focused on compdaeagning styles in programs that
belong to a common area, particularly the engingefields (Bekerman et al., 2010;
Franzoni and Assar, 2007; Duran and Costaguta, ;2B@teroa et al., 2005). Unlike
previous research conducted into programs in desfrejd of knowledge, this investigation
was conducted across 11 university programs, imojudooth administrative and
engineering degrees.

Taking into account previously conducted researdgb iearning styles, we define the
objective of this study: to determine whether ort lbere were differences and/or
similarities in learning styles among students aivdrsity programs offered by ITAM, in
order to serve as a basis for academic and adnaitiv&t decisions on the courses.

Felder and Silverman Learning Styles Model

There are a number of theories regarding learniylgss For this research, however, we
chose the Felder and Silverman learning styles md@®88) because it has successfully
been used in previous work on individual adaptatmithe didactic content of electronic
learning (Hong and Kinshuk, 2004; Paredes and [godr, 2002).

Felder and Silverman (1988) defined a learningesag a set of characteristics, strengths
and preferences in the way that people receivepanckss information. In other words, it
refers to the fact that each person has his oower method or set of strategies when it
comes to learning.

Felder and Silverman's model proposes that a stedearning style is made up of four
dimensions: the way that thé&erceive(sensitive or intuitive), what sensorial organythe
use inCapturethe information (visual or verbal), how thByocesshe information (Active
or Reflective), and what process they follow foinderstandingor comprehension
(Sequential or Global).



To identify the type of learning that correspondseach student Felder and Silverman
(1988) recommend answering the following questions:

[0 What type of information does the student percdigst: sensitive (external)--
places, sounds, physical sensations, or intuitineerfal)--possibilities, ideas,
hunches?

[0 Through what sensorial channel the students mofdctefely perceive
information: visual--through images, diagrams, @ndphs; or verbal, through
words or sounds?

[0 How does the student process information: actividlgugh physical activity or
discussions; or reflectively, through introspectand reflection?

[0 How does the student progress in learning: secaibntusing a series of steps;
or globally, with great leaps toward an overaliwn®

The following describes the characteristics of eagde of learning style identified by
Felder and Silverman (1988).

Sensitive students prefer facts, data and expetatien; they are patient with details but
they do not like complications. Intuitive studeptefer principles and theories, are bored
with detail, and except complications.

For visual learners, it is easier to remember whay see: images, diagrams, timelines,
films, demonstrations. Verbal learners find itieaso remember what they have heard,
read or said.

Active learners learn better working in groups a@gdnanipulating things, while reflective
learners learn when they can think and reflect aio& information presented to them.
They work better alone, or with one other persomast.

Sequential learners follow a process of linearory when they resolve problems. They
can work with the material once they have partiallysuperficially understood it. Global
learns make intuitive leaps in the information, andy find it hard to explain how they
reached a solution; they need the big picture.

M ethodol ogy
Participants and Procedure

The research was conducted in the Mexican privateetsity located in Mexico City,
called the Instituto Tecnoldgico Autonomo de Méxid@AM). ITAM is a nonprofit
higher educational institution with approximatel0® undergraduate students enrolled.
This university is internationally renowned, acéred by the AASCB for business
programs and ABET for engineering programs. Initadto his teaching programs, it is
considered an autonomous center for high qualisgarch. ITAM students come from
high schools in various cities of Mexico. The inge offers 14 undergraduate programs,
but only 11 were included in this research project.



All the participants were first semester studentS AM, between 17 and 21 years of age.
The study did not take into account any class-gsalpeady created, but rather the entire
population sample, consisting of 503 men and 24&ro(total of 748). The distribution
among the degree programs was as follows: Actu@otdl = 87), Administration (total =
38), Accounting (total = 83), Law (total = 61), Eamy (total = 201), Computer
Engineering (total = 30), Business Engineeringaltet 77), Industrial Engineering (total =
60), Applied Mathematics (total = 46), InternatibRalations (total = 35), and Telematics
(Total = 30).

Questionnaire

The questionnaire we chose was the Index of Legr@ityles (ILS). This is an online
instrument applied to evaluate students' prefeserice four dimensions of learning
(active/reflective, sensitive/intuitive, visualoal and sequential/global), according to the
learning styles model formulated by Richard M. Eelénd Linda K. Silverman. The
instrument was developed by Richard M. Felder aath&a A. Salomon of the North
Carolina State University, and adapted into Spanishhe questionnaire was chosen
because of its focus on the academic sphere; becdilke conceptual base that sustains it,
the experiential learning theory of David Kolb (#98because it has been successfully
used in previous works (Hong and Kinshuk, 2004aréBes and Rodriguez, 2002), and
because it is been validated by its author andrstf@&wno, 2003, Felder and Spurlin,
2005). Itis also easy to use, and the resultsianple to interpret (Paredes and Rodriguez,
2002).

The questionnaire consists of 44 questions, bathirceuch a way that each learning style
corresponds to 11 items for measuring it. Eadkstjon has two dichotomous values. A
preference is obtained on a scale ranging from11toA score of 1 to 3 indicates a slight
preference for one style; but the student is egdbntvell-balanced and can learn from
both styles; for example, visual and verbal. Arscof 5 to 7 indicates a moderate
preference for one style and the student will leaore easily in a learning medium that
favors that style. A score of 8 to 11 indicatesrdanse preference for one style, meaning
the student will have difficulty learning in a fordifferent from the characteristic of that
style. For example, if the verbal type is predamnin the student will have difficulty
assimilating information presented visually.

Method of Analysis

The statistical techniques used in the study werollows: calculating the means for the
students in each of the degree programs in the domensions measured by the ILS
guestionnaire on learning styles: active-reflectigensitive-intuitive, visual-verbal and
sequential-global.

Once the measures obtained from each of the diowhsire calculated, we proceeded to
calculate a two-tailed t-test for related samplesee if there was a statistically significant
difference, first between global means, and sed@tdeen the styles of each dimension of
learning in each program. The results of the t-é@stbled us to identify the learning style
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characteristic of each program studied. The le¥e&lompetence selected for the t-test was
.05.

Finally, we use the ANOVA technique to test whettiexre was a statistically significant
difference in each of the dimensions of learningest among students in the different
degree programs. We used .05 as the minimum psuote to accept a significant
difference among groups.

Results
The following section discusses the results ofiouestigation.

In Table 1, we show the means obtained in each rme of learning styles,
corresponding to each degree program.

[Table 1 near here]

After calculating the global mean for all the praigps by learning style, we conducted a t-
test to identify whether there was a predominaylesn all the programs studied. We
compare the global mean for active (5.9655) with global mean for reflective (5.0 345),
the global mean for sensitive (6.3234) with thebglomean for intuitive (4.6766), and so
on successfully. When only comparing global meaesfound a uniform pattern in the
learning styles of ITAM students, regardless of phegram to which they belong, because
there is a statistically significant differencetime measures obtained between the active and
reflective, sensitive vs. intuitive, visual vs. bal and sequential vs. global styles.

The typical style of learning of students at ITAM Active (t = 6.56), Sensitive (t =
13.115), Visual (t = 23.865) and Sequential (t 35Y).

Since our objective was to test whether there wiéferences among the degrees programs
studied, we then calculated the t-test again, ltistttme comparing the mean obtained for
each program individually, on the presumption ttie global means could be hiding
significant differences in the learning stylestoé different programs.

Table 2 shows the t-test calculation for each liearstyle dimension, to determine whether
there are statistically significant differencesvietn the means for each program studied.
We compared the mean for active vs. reflectivesisi®e vs. intuitive, visual vs. verbal,
and sequential vs. global, corresponding to eaghegeprogram.

Based on the results of the t-test, we identiffezltypical learning style of students in each
program. For example, in the Actuarial program, feend no statistically significant

difference in the means obtained by students iratiwe-reflective types, while the mean
obtained in the sensitive type was higher thamtkean in intuitive. Meanwhile, the mean
in the visual type was higher than the verbal tyge finally, the mean in sequential was
statistically different from and higher than theandor global. Taking these four results
into account, we concluded that the learning stffighe Actuarial student is: active-



reflective, sensitive, visual and sequential. \Wtwon to obtain a typical learning style for
each program (see Table 3).

[Table 2 near here]
[Table 3 near here]

According to the results of the t-test (Table 2¢réhis statistical evidence of different
learning styles among students in some of the progrstudied, which had not been
identified when calculating the t-test of the glblb@eans. At the same time, there is
statistical evidence that not all programs havéedsht learning styles, since some of them
share the same learning style.

The statistical results permit us to group togethemprogram studied into four categories:

Group 1:
Learning style: active-sensitive, visual and setjaén
Programs: Administration, Economics, Law, Businesgineering, and Industrial
engineering

Group 2:
Learning style: active-reflective, sensitive, visaad sequential
Programs: Actuarial and Accounting

Group 3:
Learning style: active-reflective, sensitive-iniv, visual and sequential-global
Programs: Applied Mathematics, Computer Engineefligdematics Engineering
Note that unlike Applied Mathematics and ComputeagiBeering, Telematics is
solely sequential.

Group 4:
Learning style: active, sensitive-intuitive, visaald sequential-global
Program: International Relations
Students in the International Relations degree naragpresent the learning style
different from the other programs studied.

After identifying the learning style that correspsnthe students in the program, we
proceeded to compare the means for all the progmamach of the dimensions of learning
styles, to test whether there were statisticalgnisicant differences between them. For
example, the visual learning style predominatedviery program, but we were interested
to see if students in some programs were more Misaa others.

Table 4 shows the level of significance obtainethsmnANOVA by students in the different
academic programs in the active-reflective dimamsiarhe minimum accepted level of
significance in the ANOVA was .05.

[Table 4 near here]



According to the results of the ANOVA, there iststiical evidence that students in the
Computer Engineering program are more reflectian tetudents in Administration, Law,
Economics, Business Engineering, Industrial Engingeand International Relations.

Table 5 shows the level of significance obtainethsmANOVA by students in the different
academic programs in the sensitive-intuitive dinn@ms

[Table 5 near here]

The results of the ANOVA show statistical evidendet students in the Applied
Mathematics, Computer Engineering and Telematiesnaore intuitive than students in
Actuarial, Administration, Accounting, Law, Econamsj Business Engineering and
Industrial Engineering.

Table 6 shows the level of significance obtainethsmANOVA by students in the different
academic programs in the visual-verbal dimension.

[Table 6 near here]

Although the visual style of learning predominatesall the programs studied, there is
statistical evidence that students in InternatidRelations and Law are more verbal than
students in the rest of the programs we compared.

Table 7 shows the level of significance obtainethsmANOVA by students in the different
academic programs in the sequential-global dimensio

[Table 7 near here]

According to the results of the ANOVA, there iststiical evidence that students in the
Industrial Engineering, Applied Mathematics andetnttional Relations programs are
more global than those of only two programs. Mdaiteystudents in Actuarial Studies are
more global than those of three programs: Comphtegineering, Applied Mathematics
and International Relations.

The sequential-global dimension was where we fdhedeast significant differences in the
means for the different programs.

Discussion

In this investigation comparing global means olgdim the learning styles questionnaire,
we found that there was a predominant style ofiegramong students at ITAM: active,
sensitive, visual and sequential. These resulks cansistent with those obtained by
Bekerman (2010). This study was based on foursaegzording to the career path chosen:
Health, Engineering, Exact Sciences and Others t€8ys Analysis, Accounting,
Economics, Communications, History, Law, Graphicsige, Arts and Agronomy), and
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found that since there were no significant diffeesnbetween the programs chosen and the
learning style, the central result of the invedtoya was that there was one predominant
general style: Active, Sensitive, Visual and Sediaén Our own investigation, however,
has shown that there are significant differencese@ning styles when we analyze the
means obtained for each of the programs, and sbthe global mean.

In our study, we analyzed the learning styles ahegarogram in particular, we found that
there are significant differences depending on phegram studied. This conclusion
coincides with the results obtained by Camarem.€2000), which indicated that the type
of university studies and students' learning stgled strategies, differed depending on the
discipline they were studying.

Although we might assume that students in any @®ging program have the same

learning style, the results of our investigationrfd that this was not the case. Computer
engineers and telematics engineers share one wftlylle; business engineers and industrial
engineers share the learning style of studentsaratiministrative programs, which include

economics, administration, and law.

The results of our study coincide with conclusieaaghed by Figuero et al. (2005), which
was that learning styles differ for students infetént engineering specialties. They
grouped together degree programs in informaticsramdinformatics programs. As with
the results obtained in their investigation, theurfd that there were differences in the
learning style for non-informatics programs.

It is also interesting to note that students in rifecnics share their learning style with
administrative programs, like Administration, Inti Engineering and Business
Engineering, when one might expect that studentEamnomics had the same learning
style as programs with a heavy quantitative contém Applied Mathematics, Computer
Engineering and Telematics.

Another finding different from what was expectedthsit the Actuarial and Accounting
programs share the same learning style.

Finally, students in the international relationsgd® program have a learning style
different from all of the other programs studied.

Conclusions and Suggestions

The results we obtained indicate that there anmaifsignt differences in the learning styles
of the four groups identified in this investigation

We suggest that in making administrative and teggtdecisions, universities regroup their
programs into the four categories identified insthgtudy: 1) learning style Active,
Sensitive, Visual and Sequential for the Administra Business Engineering, Economics,
Industrial Engineering and Law programs; 2) Leagnstyle Active-Reflective, Sensitive,
Visual and Sequential in the Actuarial and Accouggprograms; 3) Learning style Active-
Reflective, Sensitive-Intuitive, Visual and SequarGlobal in the Applied Mathematics,
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Computer Engineering and Telematics Engineering] d) Learning Style Active,
Sensitive-Intuitive, Visual and Sequential-Globathe International Relations program.

We suggest that when universities make academic aalmdinistrative decisions, they

consider differences in learning style among the fgroups identified. For example, for

programs with a common core, it would be a gooda itbeopen specific courses for each
group identify in our study, in which teachers ad#meir teaching techniques to the

learning style of the students. As students advdhmugh the course requirements for
their degree program, we recommend that professses didactic techniques that

correspond to the abilities and competencies reduin that profession. For example,
although the initial learning style of lawyers isgsuwal, they must develop their verbal

capacity, both written and oral. In other word® suggest the professors in the early
semesters of the program take into account thaitegastyle with which students arrive at

the University, and little by little develop theroplementary dimension of each style, as
required by the career they have chosen.

Upon comparing the means obtained in each of theemkions of learning styles in one
program against the others, we may conclude thaests in Computer Engineering are
more reflective than students in administrativegpaons. Meanwhile, students in the
Applied Mathematics, Computer Engineering and Telgte Engineering are more

intuitive than students in Actuarial, Administratijo Accounting, Law, Economics,

Business Engineering and Industrial Engineeringthduigh the visual style of learning

predominates in all of the programs studied, therstatistical evidence the students in
International Relations and Law are more verbahtetudents in the other programs we
compared. In the sequential-global dimension,etiveas very little significant difference

among the means of the different programs.

Further investigation might be useful among stuslant the later years of the degree
programs examined in this study, to see if theesttgl learning styles change over time. If
this is the case, teaching techniques should bestad to the evolution of the learning
styles.
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