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ABSTRACT:

The indices of learning styles by Felder-Soloman’s method have been studied for 188 students of the speciality
"Industrial Pharmacy" of 1-5 years of study. The preferred learning styles for undergraduate students remain
practically unchanged during four years of study and are characterised by the predominance of active (65-79%
of all respondents), sensitive (82-92%), visual (75-81%) and sequential (64-73%) styles. In contrast, master’s
students demonstrate more adherents of the reflective (43% graduate versus on average 29% undergraduate
students), intuitive (29% vs 12%) and verbal styles (43% vs 23%). No significant changes in the dimension of
sequential-global styles are observed: 70-71% of students prefer a sequential style for all five years of study.
Thus, the preferences in learning styles demonstrate stability over four years of a bachelor’s course. The
difference between the styles of undergraduate and graduate students is likely to emerge at a stage of the
additional selection of students when they enter a master’s course. The change in the learning profile of a
group of master’s students takes place compared to a group of undergraduate students rather than a variation in
the preferred styles of individuals. Master’s students are generally more prone to scientific and research work
that, in turn, forms a tendency to reflection and synthesis and activates various channels of perception of
information, enhancing the role of reflective, intuitive and verbal styles. At the same time, no fundamental
changes in learning styles are observed for individuals; their preferences remain typical for students of
engineering and chemical specialities. The comparison of the learning profiles of the 3rd year students,
entering the university after either secondary schools or medical colleges, provides additional arguments in
favour of the importance of a selection stage in the formation of the profile of student groups. The former
college students retain the preferences which have already been formed in the process of their admission and
training at medical colleges and are inherent in future physicians and pharmacists. In contrast, school-leavers
demonstrate preferences typical for the speciality of industrial pharmacy.

KEYWORDS: Index of Learning Style by R. Felder and B. Soloman; industrial pharmacy speciality;
chemical disciplines; learning style stability; college graduate and school-leaver.

INTRODUCTION:

The urgent problem of modern education is the
creation and maintenance of conditions ensuring the
efficient acquisition of knowledge in specific subject
areas!. One of the ways that enhance the efficiency of
the educational process consists in the development of

adaptive learning strategies that take into account the
Received on 21.08.2018 Modified on 10.09.2018 psychophysiological characteristics of students and
Accepted on 13.10.2018 © RIPT All right reserved thus assist individualisation of their training. In turn, a
Research J. Pharm. and Tech 2018; 11(10): 4277-4284. successful learning strategy requires the identification
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of predominant styles of learning of students, as well
as the provision of consistency between learning and
teaching styles?.

A learning style can be defined as a cognitive,
psychological and emotional behaviour which is
typical for a student and serves as a relatively stable
identifier of how a person interacts with the learning
environment. Such a definition takes into
consideration the fact that a preferred learning style is
an adaptive strategic response to a situation. On the
one hand, it depends on different factors, such as e.g.
level of interest. On the other hand, a learning style
shows its worth as a more stable feature associated
with personal characteristics. A variety of approaches
are used to characterise the learning styles of
people®*, Each of them has advantages and
disadvantages while there is no generally accepted
universal theory. However, among the existing
developments, it is possible to highlight the common
features which allow ones to identify the most critical
differences in student's learning preferences, and
establish a relationship between the degree of their
manifestation and the effectiveness of learning
specific subject areas.

Students from different areas of study often
demonstrate different preferences in their learning
styles®7. The origin of varying learning preferences in
different environments is still under discussion. As
mentioned above, learning styles are constituents of
educational strategies that describe the actions of an
individual in response to demands by a particular
learning situation. Therefore, the learning styles are
directly influenced by the educational technology
used, including the types of educational resources,
teaching methods, positions of teachers and
educational institution, etc.2®. In turn, individual
peculiarities of scholarly activity are formed under the
influence of cognitive styles of a person, such as
coding and information processing methods, setting
and solving of problems, cognitive attitudes to the
environment, etc.

Connections between the learning styles and the
academic performance of students are somewhat
complicated®?. On the one part, if teachers
understand students’ preferences in learning styles,
then they can design the course materials in
accordance with them. On the other part, if students
recognise their preferred methods of study, they can
develop an optimal strategy for mastering the
discipline in line with their wishes. In-depth research
in this area is vital for implementing modern
information and communication technologies (ICTs)
into the teaching process which is the mainstream of

contemporary education'®%4. As is known!s17, the use
of ICT-based electronic learning resources (e-
resources) does not automatically improve the quality
of digestion of knowledge. E-resources are sensitive
to a variety of characteristics of a person, including
cognitive and learning styles, as was demonstrated in
a few papers devoted to the use of e-resources in
chemistry teaching®®1°.

Today, ICT-based means are increasingly used in the
training of future pharmacists®®2t, while little
information is known about students’ learning
preferences®®?4, Such a gap in knowledge requires
additional research because understanding students'
learning styles and developing appropriate teaching
technologies will allow ones to optimise a set of e-
resources for the training of future pharmacists and
thus provide the effectiveness of the ICT-based
learning. The aim of this work is an experimental
study of the learning preferences inherent in students
of pharmaceutical specialities of different years of
training.

METHODS:

Totally 188 students (Table 1) of the Faculty of
Chemical and Biopharmaceutical Technologies took
part in the survey at Kyiv National University of
Technologies and Design (KNUTD) during 2017-
2018 years. All they are learning by the speciality
“Industrial Pharmacy” to get diploma qualification
"Technician-Technologist” on the completion of the
four-years undergraduate course or ‘Pharmaceutical
Technologies” with diploma qualification "Master of
Industrial Pharmacy" (one-year graduate course upon
completion of Bachelor’s Degree).

Table 1: Number of students participated in the survey

Speciality Year | Total number of Including
students college

graduates

Industrial pharmacy | 1 28

Industrial pharmacy | 2 41 4

Industrial pharmacy | 3 58 10

Industrial pharmacy | 4 47

Industrial pharmacy | 5 14

Total | 188

Most students entered KNUTD after graduating from
secondary schools. A smaller part of 2nd- and 3rd-
year students first graduated from various medical
colleges, and then they enrolled for a baccalaureate
course at KNUTD, starting directly from the second
or third year of study. Taking into account the
different backgrounds of school and college
graduates, in some cases, the characteristics of former
college students were analysed separately. Then the
results of former college students were compared
with the results of former secondary school-leavers.
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All students participated in the survey to identify
their preferred learning styles with the use of Index
of Learning Style (ILS) instrument developed by R.
Felder and B. Soloman (thereinafter Felder-Soloman's

model)®.  The model includes interviewing
respondents and analysing their answers to 44
questions  to  assess  preferences on  four

complementary dimensions. A pair of style / anti-
style characterises each dimension. All dimensions
and a list of the available styles with their brief
description are shown in Table 2.

Table 2: Learning styles and dimensions of Felder-Soloman’s
model

Dimension Style name Description
(in short)
Perception of | Sensitive Awareness of information, facts
information (sen)
Intuitive (int) | Intuition, forming an abstract
concept
Sensors for Visual (vis) Preference to drawings and
perception diagrams
Verbal (vrb) Preference to the written or oral
explanation

Understanding | Active (act) Activity, experimentation

information Reflective Reflections, observations
(ref)
Learning Sequential Step-by-step understanding,
patterns (seq) convergent thinking and analysis
Global (glo) Understanding by jumps, system

thinking and synthesis

Indices of Learning Style categorise individuals’

choices regarding mode and type of percept of
information,  approaches for the information
processing and the progress rate  towards

understanding. Learning styles are calculated for a
scale from 0 to 11 points; the total score for each of
the four available dimensions is 11 points. Since the
overall style and anti-style score is always 11 points,
the result for only one style for each of the four
aspects is sufficient to get a general picture.

The advantage of one of two opposite styles was
determined in two ways. For the first (bipolar)
option, the advantage of a particular style was
attributed to all answers with 6-11 points, and its
absence to 0-5 points. Then the total and relative
numbers of respondents of a specific preferred style
were calculated. The relative numbers in percentage
were used to describe preferred learning styles in
different groups of students. This method was used
to plot learning profiles of student groups and
compare profiles in different groups from various
universities and areas of study.

The second way for learning preference description is
based on the distribution of 11 points between two
opposite styles. The points in the range 4-7 are

considered as a sign of balance between styles, 8-9
points in favour of one style indicate its moderate
advantage, and 10-11 points prove the presence of a
strong advantage. The second method was used to

study correlations and links between preferred
learning styled and academic performance of
students.

The results of the study of learning preferences of
students were compared with the results of academic
performance in learning chemistry and chemical
technology disciplines, such as inorganic, organic,
analytical, physical and colloid, and
biopharmaceutical chemistry; pharmacognosy;
pharmaceutical technology and chemical technology
apparatus. In total, the results of examinations in 8
disciplines, which are taught in the baccalaureate and
scored on a 100-point scale, were analysed for
student groups with different learning profiles.

The experimental results obtained were analysed by
statistical methods using IBM SPSS-19 software. Any
correlations between individual data were examined
with the use of Pearson’s correlation coefficients. All
data were tested for variance homogeneity with the
Levene’s test and normal distribution with the Shapiro—
Wilks model. The results were presented either as the
means with standard errors of the mean for data with a
normal distribution or medians and quartiles for
asymmetric distributions.

One-way analysis of variance (ANOVA) was used to
analyse possible differences among the mean values.
The significance level o was fixed at or below 5% (o <
0.05). Post hoc pairwise multiple comparisons were
applied if the means display the significant differences,
Post hoc tests allow one to determine which means
differ. The least significant difference for equal
variances or Tamhane’s T2 methods for unequal
variances were used in post hoc comparisons depending
on the results of Levene’s tests.

RESULTS:

Available learning profiles for the 1st- to 5th-year
students are shown in Fig. 1 compared to the mean
profile averaged over all five years of study.
Significant changes in the learning profiles do not
occur during the baccalaureate studies (Fig. 1, a, b,
¢, d). Students are mainly characterized by active
(65-79% of all students), sensitive (82-92%), visual
(75-81%) and sequential (64-73%) styles. The mean
figures for all students are respectively 71%, 88%.
77% and 70%; the difference between current and
mean indices does not usually exceed 1-5% (1-8%
for dimension act-ref).
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Fig. 1: Learning profiles of industrial pharmacy students of different years of study at KNUTD

A significant quantitative difference in educational
preferences (Fig. 1e) appears in the 5th year of study.
However, no wide qualitative discrepancy is observed:
all students remain mostly active, sensitive, visual and
sequential. Nevertheless, master’s students are more
reflective, wverbal and intuitive compared to
undergraduate students. No significant changes occur in
glo-seq dimension. The differences between the
average and the 5th year figures are between 14% and
20% for three aspects and within 2% for the fourth one

(glo-seq).

Figure 1f compares the learning preferences of 3rd-year
students who have entered the university after either
secondary schools or medical colleges, respectively.
Former college students look much more balanced: the
values of their preferences do not usually exceed 60-
70%, and the number of students divides in half for glo-
seq dimension.

The issue of availability of any relationships between
the learning styles and academic performance is of
importance for the optimal design of curricula. The
results of the survey, where actual learning style of each
student was attributed by a particular score on an 11-
point scale, were compared with the individual results of
examinations in 8 chemistry and chemical technology
disciplines, assessed by a 100-point scale. Such
correlations seem to be quite complicated if any. The

analysis of Pearson's pair correlations found no
statistically significant interdependences between the
examination points and learning preferences for
individual students. The Pearson’s correlation
coefficients do not exceed +0.05-0.15 values.

However, some differences in the examination scores
are observed among different groups of students. As
seen from Fig. 1, the typical profile of future
pharmacists is based on the preferences towards the
following four styles: act, sen, vis and seq. Students with
such preferences can be conventionally referred to as
typical and grouped into a group of typical students.
Using the bipolar method for classification, totally 47
persons among 105 students of the 3rd- and 4th-years of
study can be ascribed to students with typical profiles.
Other individuals, which demonstrate at least one
preferred style different from the four typical styles
mentioned above, were made up of a group of others (58
students).

The analysis of histograms examination points indicates
their proximity to the normal (Gaussian) shape in both
groups. Such a statement is illustrated in Fig. 2 where
the results of examinations in pharmacognosy are
shown. Therefore, the mean values together with the
mean errors are possible to use for the description of the
characteristics of groups and a comparison of the
academic performances of different student groups using
ANOVA.
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Comparison of the points obtained in chemical
discipline examinations is presented in Fig. 3a for both
groups. As is seen, students with typical learning
profiles consistently show better learning outcomes. The
only exception is the result in analytical chemistry
where the performance of both groups is practically
equal. According to the statistical analysis (ANOVA),
the revealed differences in scores are not statistically
significant. Nevertheless, they are observed in virtually
all considered cases.
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Fig. 2: Distribution of the results of examinations in
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with different profiles of learning preferences
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Similar to Fig. 3a figures are shown in Fig. 3b for two
groups of students consisted of school-leavers and
graduates of medical colleges. The values of differences
in scores are not sufficient to form a statistically
significant difference except for the results for
biopharmaceutical ~ chemistry.  The  results of
examinations look mixed at first glance. For some
subjects, such as inorganic and analytical chemistry, and
pharmacognosy, college graduates demonstrate better
academic performance, but for other subjects, they yield
to school-leavers.

DISCUSSION:

The results obtained regarding the relative number of
students with different learning preferences (Fig. 1, a, b,
c) indicate that the learning styles remain relatively
stable during undergraduate studies. A dominating
number of students (over 80%) show preference to
visual and sensitive styles, and a significant amount of
students (more than 60%) prefer active and sequential
style.

At the same time, the learning preferences of master’s
students differ significantly from those of university
undergraduates (Fig. 1e). In our opinion, such a
difference gives no evidence to the instability of the
acquired preferences but illustrates the impact of an
additional selection phase that takes place in the course
of formation of groups of master’s students. Students,
who plan to do research work or teach at universities,
usually come to a master’s course. Such students are
prone to reflection, generalisation and the formation of
abstract concepts. In this context, their learning
preferences seem to be close to those of natural sciences
teachers. For example, the learning profiles of faculty
members, who teach chemistry, are distinguished by
higher indexes of styles ref, int and glo (i.e. in three
dimensions of four) compared to students of the
speciality chemistry®. In the aspect of vis-vrb, the
profiles of teachers and students differ little from each
other. The patterns of master’s students are changing
towards teachers’ patterns: the relative number of
master’s students with ref and int styles increases.
Research in this area should be continued to make
profound conclusions. Nevertheless, the results obtained
indicate the relative stability of the learning styles. At
the same time, people with particular learning
preferences are subconsciously inclined to choose the
kind and area of educational activity which combine
well with their preferences.

At first glance, the unexpected result consists in a
significant discrepancy in the learning profiles between
third-year students who came from secondary schools
and medical colleges (Fig. 1f). The first group of
students exhibits a typical pharmacist profile which is

close to profiles of technology and natural science
students®. The latter is more reflective, intuitive, global
and verbal. Therefore, college graduates demonstrate
substantially different preferences in all four dimensions
and are generally more balanced compared to school-
leavers.

As in the previous case, the invented difference is
caused by different ways of student selection and is not
in rapid changes of relatively stable styles. Such a
conclusion is lustrated in Fig. 4 where predominant
learning profiles of KNUTD students graduated either
from schools or colleges are compared with those of
medical students 27 and pharmaceutical students 282°
from medical universities in the world.

The smallest difference concerns the dimension of vis-
vrb, where a preference for the visual style is typical for
all areas of study. For act-ref and sen-int dimensions,
students KNUTD graduated from schools demonstrate
learning profiles which are close to the profiles of
students of technological specialities®s. They have a
pronounced preference for styles act and sen, while
medical students with strong reflectivity and
intuitiveness are located at the opposite pole. The
characteristics of college graduates studied at KNUTD
are situated between these poles and next to the figures
of future pharmacists from world medical universities.
For glo-seq dimension, the results of college graduates
are also located in the middle zone between the most
sequential school-leavers and foreign pharmacists and
the most global future physicians.
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Fig. 4: Learning styles of industrial pharmacy students at KNUTD
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Thus, future technologists of the pharmaceutical
industry, who entered KNUTD after graduating from
secondary schools, and medical students demonstrate the
most distant and different learning preferences in three
of four dimensions. And in virtually all cases, the future
technologists, pre-graduated from medical colleges, are
located between these poles that bring them closer to the
profiles of students of pharmaceutical faculties of
medical universities. In our view, all these observations
do not contradict the idea that under conditions of the
relative stability of learning styles of individuals, the
selection of students for admission to a university or a
master’s course is the primary factor forming the
learning profile of student groups.

The learning styles typical for pharmacists are the
educational preferences of a majority, but not all
students. If we switch from the bipolar model of
determination of learning styles and take into account
the degree of each preference (the score of 4-7 points is
attributed to a balanced style), then not all students
belonging to  the  aforementioned  majority
simultaneously have four pronounced preferences with a
score of 8-11 points in the dimensions of act, sen, vis
and seq.

The relative numbers of students having 0 or are entirely
balanced, 1, 2, 3 or 4 preferred learning styles are shown
in Fig. 5. About 90% of respondents come from students
with 1-3 dominant styles. The number of possible
combinations of styles in all these cases is huge that
significantly complicates the analysis of data, including
the study of correlations between styles and academic
performance. Most likely, this precludes the
establishment of any relationships between the
characteristics of individual styles and the results of
examinations.

A variety of the learning profiles of individual students
raises questions about optimal approaches to teaching
students with non-typical learning preferences. The
teaching of chemical disciplines in the modern world
occurs with the widespread use of ICT means. As shown
in%-32 the attitude to different means of ICT, as well as
the efficiency of their application is dependent on the
actual learning preferences. Therefore, to ensure the
high quality of teaching of all students, optimisation of
pedagogical approaches and means of ICT is necessary
for accordance with the available learning preferences of
all students. Possible technologies of such optimisation
were proposed in some works®3%,
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Fig. 5: The relative number of students of KNUTD as a function of
the number of learning preferences

The preliminary analysis of the results of teaching
chemical disciplines (Fig. 3) shows that the quality of
educating students with typical profiles is usually higher
than others, although this difference often is small and
statistically insignificant. It is most likely that the
pedagogical approaches and learning resources used are
better optimised for students with typical learning
profiles. On the other hand, they may cause
complications for students with other, non-typical
learning preferences. It is evident that the conclusion
drawn is preliminary and requires further research in this
direction.

CONCLUSIONS:

A majority of baccalaureate students, which are future
technologists of the pharmaceutical industry, are
characterised by active (65-79% of all respondents),
sensitive (82-92%), visual (75-81%) and sequential (64-
73%) learning styles. During four years of studies, the
formed preferences in learning styles are practically
unchanged, indicating their relative stability.

Master’s students of the same speciality differ
significantly from undergraduate students,
demonstrating more reflective, verbal and intuitive
learning styles. No significant difference is observed in
global-sequential dimension. The observed difference in
learning styles between groups of undergraduate and
graduate students is most likely formed at a stage of the
additional selection of students when they join the
master's course. This hypothesis is confirmed by the fact
that the learning preferences of students, who graduated
from medical colleges, differ significantly from the
profiles of students enrolled in the university after
secondary schools. Graduates of medical colleges, in
their learning preferences, are in many ways closer to
students who study pharmacy or medicine at medical
universities.
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Academic performance of students with the typical
learning profile, which was assessed on the base of the
results of examinations in eight chemistry and chemical
technology disciplines, is usually better than that of
students with other or non-typical profiles. The
pedagogical approaches and resources used in chemistry
teaching are mainly oriented towards students with
typical learning profiles. As a result, the curriculum in
chemistry and related disciplines is better apprehended
by these students. At the same time, such a fact
accentuates the problem of improving the adaptation of
teaching with due account for the needs of students with
other learning preferences.
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