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Focus on architectural design process
through learning styles

0.0. Demirbgsand H. Demirkan,Department of Interior Architecture
and Environmental Design, Bilkent University, 06800 Bilkent, Ankara,
Turkey

Learning as an interactive process is an important issue in architectural
design education. This study aims to focus on architectural design
process through learning styles that are ‘accommodating’, ‘diverging’,
‘assimilating’ and ‘converging’ as stated in the Experiential Learning
Theory of Kolb. A research was conducted to evaluate the effects of
learning style preferences on the performance of design students in a
design process. It was found that there were statistically significant
differences between the performance scores of students having diverse
learning styles at various stages of design process. Also, it was found
that performance scores of all students having different learning styles
had increased at the end of the design process where the progress of
assimilating learners were the highest and accommodating learners the
lowest.
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deal with the design studio as an environment or with the process within
the studio®?* but unfortunately, there are few studies on learning styles
of designers.

Based on an empirical study on practising architects, in the context of
improving design information transfer Newland et a.?? identified four
kinds of design learners that are mapped directly onto Kolb's typology.
Durling et a.?® investigated the cognitive styles of art-based design stu-
dents and concluded that there is a match between teaching and learning
in UK design schools using Myers-Briggs-type indicator as a tool for the
assessment of learning styles. Ashton®* explored the interaction between
students in the design studio and pointed out its importance in learning
experience.

This study aims to consider architectural design activity through studio
process in the scope of learning styles as a new perspective. It is claimed
that there is an experiential learning process in design education within the
studio environment from the very beginning to the end of any design prob-
lem. So, it is hypothesised that different stages of design studio learning
require different learning styles or in other words, the performance scores
of students having different learning styles vary according to the content
of various stages of studio process. Therefore, design education could be
considered through the Experiential Learning Theory of Kolb®?. In this
study, the effects of learning preferences are also considered according to
different learning activities within the studio process.

1 Architectural des gn studio

The design studio should function both as a learning centre and a complex
social organisation like other learning environments?. Teymur2® described
design studios as places where real cities, buildings etc., are designed,
improved and transformed. In design education, design studios are the
places in which the simulation of the real situation occurs®. Design studio
process is quite important in design education since it is the core of the
curriculum and all the courses taught in design eduction are related to the
design studio'”?92°, The design studio is concerned with the definition of
design education, its' problems, relations and contents at sociological level
and its relation to other disciplines at epistemological level.

The critique process that held in a design studio is not only alecture given,
but also a social interaction between the teacher and the students and
among the students. In a way, communication is a key word in defining
the design studio. As Wender and Roger?° claimed, the significant compo-
nent of a design studio in architectural education is the verbal interaction
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between the occupants (student to student, student to teacher). Also, Ash-
ton®! claimed that the interaction between student and teacher is very
important for students' |earning experience and she added that “ If the crits
reduced their focus on the artifact, students might be encouraged to talk
about what they learned” (p. 68).

It can be stated that the trestment of theoretical issues and the preparation
of the architecture student for the world of practice are structured by the
human relationships set up within this space®. The design studio is con-
cerned with the relations of design education with design practice at ideo-
logical level. Design studio offers an atmosphere that is conducive to a
free exchange of ideas® through an information processing which may be
considered as an organisational and social process* for both the students
and the instructors. Design serves as a mediator between mental activity
(invention) and social activity (realisation)®. It is an open-ended process
of problem solving, and design theory functions as an instrument theory
that supports the cognitive abilities of the designer®. In solving the design
problem, the extent of the experience of the designer is more important
than the facts and rules®. Thisis afactor that can only be achieved through
time and the design studio in architectural education is the first place that
the candidate of the profession can get his/her first experience in the pro-
fession.

Consequently, the role of the design studio can be considered with three
steps: (a) learn and practice some new skills, say, visualisation and rep-
resentation; (b) learn and practise a new language as Schon'® described
design as a graphic and verbal language; (c) learn to ‘think architec-
turaly’*? as Ledewitz explained as the “way of thinking” referring “to
a particular domain of problems and solutions that characterize, and are
fundamental to, professional performance” (p. 2). The educational experi-
ence in the design studio covers these three stages at the same time in
relation with each other. So, the organisation of necessary knowledge and
the ways of presenting this knowledge that is accessible to every student
by design instructors are the important factors in the design studio at epis-
temologica level. The design studio is concerned with various learning
paradigms at pedagogical level.

Each design instructor has hisher strategy while communicating with the
student. Some prefer telling and others prefer demonstrating. Actualy,
most design instructors prefer both. Thusit can be said in the design studio,
design instructors' telling and showing are interwoven, as are the students
listening and imitating. Each process can help to fill the communication
gap inheritant in the other. Schon'>® proposed referring to al of these

Focus on architectural design process 439



30 Demirbas, © O, Demirkan,
H, and Berberoglu, G. The
relation of learning styles and
performance scores of design
students: A case study in interior
architecture and environmental
design department, Unpublished
manuscript, Bilkent University,
Ankara, Turkey (2002)

31 Ashton, P ‘Learning theory
through practice: Encouraging
appropriate  learning’  Design
Management Journal Vol 9 No 2
(1998) 64-68

32 Symes, M ‘Architectural
education and  architectural
careers: The view of students in
three countries’ in M Bulos and
N Teymur (eds) Housing:
Design, Research, Education,
Ashgate Pub Ltd, Avebury
(1993) pp 255-266

33 Tate, A The Making of
Interiors: An Introduction
Harper & Row, New York (1987)
34 Livari, J and Hirschheim,
R ‘Analyzing information sys-
tems development: A compari-
son and analysis of eight IS
development approaches’ Infor-
mation Systems Vol 21 No 7
(1996) 551-575

35 Ruedi, K ‘Architectural edu-
cation and the culture of simul-
ation: history against the grain’ in
A Hardy and N Teymur (eds)
Architectural History and the Stu-
dio, “?uestion Press, London
(1996) pp 109-118

36 Verma, N ‘Design theory
education: How useful is pre-
vious design experience’ Design
Studies Vol 18 No 1 (1997) 89—
99

37 Demirkan, H ‘Integration of
reasoning systems in architec-
tural modeling activities’ Auto-
mation in Construction Vol 7 No
2-3 (1998) 229-236

38 Griggs, S A Learning styles
counseling  learning  styles.
Retrieved from
http://www.ascd.org/services/eri
clericings.html (8 April 1999).
39 Leutner, D and Plass, J L
‘Measuring learning styles with
questionnaires  versus  direct
observation  of  preferential
choice behaviour in authentic

learning situations: The
visualizer/verbalizer behavior
observation scale (VV-Bos)'

Computers in Human Behaviour
Vol 14 No 4 (1998) 543-557

40 Kraus, L A, Reed, W M and
Fitzgerald, G E ‘The effects of
learning style and hypermedia
prior experience on behavioral
disorders knowledge and time on

440

means of communication as reflection-in-action. The student reflects on
the action of the instructor and the instructor reflects on the action of the
student. These mutual reflection activities form the critique process. In this
sense, understanding the learning process of design students is critical for
the design instructor for better teaching.

2 Learni ng

2.1 Learning process

Educational leaders nowadays recognise that the process of learning is criti-
cally important and the way individuals learn is the key for an educational
improvement®#3°, An individual’s preferred method for receiving infor-
mation in any learning environment is the learning style of that individ-
ual“. Learning can be defined as an internal process that is different for
every individual and learning style can be described as the way individuas
acquire new information. Fox and Bartholomae** described learning styles
as a biological and developmental set of personal characteristics that is
defined by the way individuals process information. Each learner’s pre-
ferred ways of perception, organisation and retention of new information
are distinctive and consistent>“3, It is possible to find different studies on
learning styles in the literature. Most frequently used learning style models
are the Myers-Briggs-type indicator (MBTI), Hertmann Brain Dominance
Instrument (HBDI), Felder—Silverman Learning Style Model and Kolb's
Learning Style Inventory (LSI)*. Although all the styles classify different
learning types in different manners, their aim and approach are similar.
Felder® claimed that since the instructional approaches around the cycle
of the models are essentially identical, it is not important which model has
been chosen. In this study, LS| 2, which is the revised version of Kolb's
Learning Style Inventory is used as an instrument for figuring out learning
styles since it was tested many times.

2.2 Experiential learning theory

Experiential learning theory considers learning as a cycle that begins with
experience, continues with reflection and |ater leads to action that becomes
a concrete experience for reflection®4°, There are four stages of experien-
tial learning model (see Fig. 1) *°. According to this circular process, con-
crete experience is followed by observation and reflection; this leads to the
formulation of abstract concepts and generalisations, and later the impli-
cations of concepts in new situations are tested through active experimen-
tation®26,

Willcoxson and Prosser*® stated that the four learning modes of Kolb's
Experiential Learning Theory form two bipolar learning dimensions as
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concrete/abstract (the perceiving axis in Fig. 1) and active/reflective (the
processing axis in Fig. 1). From a hypothetical point of view, any learner
would consciously move through al the modes of the learning
cycle?>264647  Nevertheless, most of the practical experiences and rese-
arches on the subject showed that not al the learners equally experience
each stage of this cycle. The preferences of learners among the stages of
the cycle do not make them better or worse learners. Each individua has a
preferred learning style resulting from the tendency to either learn through
experiencing called concrete experience (CE) or through the construction
of theoretical frameworks that is abstract conceptualisation (AC) combined
with the tendency to either learn by doing through active experimentation
(AE) or through reflection by reflective observation (RO).

2.3 Learning styles inventory (LS)

Kolb sugessted that an individua learner's style may be identified by
assessing her/his position on each of the bipolar dimensions by using a
test called learning styles inventory (LSI)?. There are 12 open-ended ques-
tions that have four different alternative responses in LS. Each question
asks respondents to rank-order four sentence endings in a way that best
describe their learning preference in any learning setting. After answering
all 12 questions, by using the key of the test, four scores are calculated.
These scores are clustered under four modes of the learning cycle as CE,
RO, AC, and AE. In the next stage, by subtracting CE from AC and RO
from AE scores two combined scores are found out. These combined scores
show the position of the individual learner in the two bipolar scales. More
specificaly, they refer to the major different ways by which students learn:
the first (AC—CE) is ‘how a student perceives new information or experi-
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ence, and the second (AE-RO) is ‘how a student processes what s/he per-
ceives . In other words, these combined scores give the learning style pref-
erence of that individual*®.

The learning style preferences resulting from the two bipolar scales of
the learning cycle were described by Kolb®® as accommodating (AE/CE),
divergent (CE/RO), assimilating (RO/AC) and convergent (AC/AE). These
four different learning styles were labelled according to the individuals
preferred information perceiving and processing modes. In other words,
the place of any individua both in the vertical and horizontal axis rep-
resents the exact learning style of that individual. Each learning style has
its own strengths and weaknesses but that does not mean that one is better
than the other.

Accommodating learners are best at CE and AE, the greatest interest of
accommodating learners lies in doing things®>?. As Hsu stated*® accom-
modating learners grasp their environments concretely through their feel-
ings and utilize action to transform information obtained. Accommodating
learners are risk-takers and they enjoy seeking out new experiences. This
kind of learners tends to solve problems in an intuitive, trial-and-error
manner and instead of their own analytic ability, they rely on others for
information>2643,

Diverging learners are best at CE and RO. This kind of learners are inter-
ested in people and tend to be imaginative and emotiona®®. As Hsu* pro-
posed, diverging learners have the ability to synthesize and/or assimilate
a wide-range of totally different observations into a comprehensive expla-
nation that enables them to generate many ideas. They are less concerned
with theories and generalisations. Their approach to situations is in a less
thoughtful, systematic or scientific way, therefore their abilities to make
decisions are inhibited.

Assimilating learners have the opposite learning strengths of accommodat-
ing learners. Their dominant learning abilities are AC and RO. Assimilating
learners’ experience their world symbolically and transform it to infor-
mation through thought. They are less interested in people and more con-
cerned with abstract concepts, but are less concerned with the practical use
of theories®®. It is more important for assimilating learners that the theory
is logically sound and precise.

Converging learners have opposite learning strengths of the diverging lear-

ners. The dominant learning abilities for converging learners are AC and
AE. Hsu™ stated that converging learners bring a logical, pragmatic and
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unemotional perspective to any situation. Converging learners are more
concerned with the relative truth than absolute truth. The knowledge of
converging learners is organised, so that through hypothetical-deductive
reasoning, they can focus their knowledge on specific problem?®. Accord-
ing to Smith and Kolb's?® description, converging learners are unemotional
and prefer to deal with things rather than people.

In this study, design education is considered through experiential learning
theory, since students are facing different learning situations and experienc-
ing different learning modes through a critique process. The effects of
different learning preferences of LS| (accommodeating, diverging, assimilat-
ing and converging) are considered according to the various learning activi-
ties within the studio process. It is aimed to find out the effects of different
learning styles in various stages of design studio education through a
design experiment.

3 Empirical research

3.1 Partici pants

The sample is comprised of 2000-2001 academic year freshman students
of the Department of Interior Architecture and Environmental Design at
Bilkent University, Turkey. The reason for selecting the first-year students
is that the profession has not yet affected their learning styles. There were
88 subjects whose age range was between 17 to 25 in the sample group.
The mean age was 20.14 and the standard deviation was 1.60. There were
51 (58%) males and 37 (42%) females. Participation was on a voluntary
basis and the research was conducted through a studio course. Participants
were informed individually about their learning style preferences at the
end of the research.

3.2 Design experiment

3.21 LS

Firstly, the learning styles of the freshman design students were determined
by using the Learning Styles Inventory test version 3 (LSI) of Kolb?48,
According to the LSI test, concrete experience (CE), reflective observation
(RO), abstract conceptualisation (AC) and active experimentation (AE)
scores of each participant were established. After this process, by sub-
tracting each student’s CE scores from AC scores and RO scores from AE
scores, the exact learning styles of the participants were established as
accommodating, diverging, assimilating and converging.
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3.22 Design problem

3.221 Sage 1: The research and the report

The first stage consisted of two steps. In the first step, the students were
to conduct research on staircases as homework. They were free to use any
method in collecting information for their research. The content of this
research was to identify the description of a staircase with the functional
requirements, list the structural components of staircases and present some
visual examples. They could acquire knowledge from various sources such
as books, periodicals or the Internet, observe the realised staircases or inter-
view some experts. Also, they could use combinations of these sources.
After this step, they had to prepare areport on the conducted research. The
students had 1 week to conduct the research and submit the research report.

3.222 Sage 2: The lecture and the first studiowork

The second stage also consisted of two steps, namely, a lecture and a
drawing exercise on staircases. This stage was conducted within 4 h time
in a studiowork session. The first step was a lecture on staircases that was
conducted by the instructor in 60 min. In this step, all the expected infor-
mation that had to be acquired in the first stage was discussed. In addition,
the technical drawing rules related to drawing staircase were taught. After
a 15-min break, the second step of the second stage lasted for 180 min.
Although this stage was realised through two steps, the second step was
used to obtain the performance outcomes. In this step, the students were
given the orthographic plans and sections of athree-storey house and asked
to design and locate a staircase that would provide the vertical circulation
for the given house project. They were free to design an L-type, U-type
or wide U-type staircase within the limits of given requirements. After this
decision process, the students were asked to draw the orthographic views
(three plans from three different floor levels and one section) of the
designed staircase at 1/50 scale (Fig. 2). At the end of the studio session,
the student works were collected and assessed for the performance out-
comes of this stage.

3.223 Sage 3: The model

The third stage of the study was making a model of a staircase at 1/20
scale. Students were asked to build up a model of their staircase that they
had designed and drawn in stage 2 as homework. So the model was the
performance outcome of the third stage (Fig. 3).

3.224 Sage 4: The second studiowork

After these three stages, it was assumed that the students had learned all the
necessary information on staircases and about drawing a staircase through
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Figure 2 Product of stage 2 (first studiowork exercise of student no. 25).
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Figure 3 Product of stage 3 (three-dimensional model exercise of student no. 25).

experiencing different learning modes. In this stage, the students were
asked to do the orthographic drawings (three plans from three different
floor levels and one section) of the staircase that they had designed, drawn
and built up a model in the previous two stages, during the studiowork
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session that lasted for 180 min at 1/50 scale (Fig. 4). At the end of this
stage, the student drawings were collected and evaluated as the perform-
ance outcomes.

3.2.3 Assessment instruments

The products of each stage (research file for the first stage, drawings for
the second and fourth stages and model for the third stage) were collected
from the students as the assessment materials. The assessments were more
focused on the products than the process. According to the requirements of
each stage a different scoring instrument was designed for the performance
assessment of students' works®-5°.

For thefirst stage which was conducting a research on the topic and prepar-
ing a research file, a ‘scoring rubric’ was designed (Appendix 1). In the
report, it was expected that the description of staircase would be done
clearly, the components listed and some visual examples of different stair-
case types presented. The presentation quality of the research report itself
was another factor in considering the performance outcomes of this stage.
The “scoring rubric’ was designed that had four scales and for each item
a score was given between 3 to 1 (excellent, average or poor) according
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to the quality of it and O for incomplete. The sum of the scores of four
items defined the overall assessment of stage 1.

Since the requirements of the second and fourth stages were similar, the
same instrument was used while assessing these two stages. A ‘rating scale’
was designed for these two stages (Appendix 2). The products of these
stages were assessed under three item headings; correctness of the staircase
(design features), application of technical drawing rules (technical drawing
features) and presentation quality (artistic features). Each item was assessed
through some sub-items for each drawing work (first plan, second plan,
third plan and section). So, if one drawing was not present, the sub-items
were aso not considered for that drawing piece. The sub-items of cor-
rectness of the staircase and technical drawing rules were assessed through
a three-scaled rating as correct to incorrect and in case of an absence of
a sub-item ‘0" was added. Another three-scaled rating (good to bad) was
designed for presentation quality of the products. The sum of these three
scores gave the overall score out of 180 for the existing exercise.

The third stage was a take-home exercise where students were asked to
build up a model of the staircase designed in stage 2. The model was the
product for the performance assessment of this stage (Appendix 3). For
the assessment of this stage besides constructing a properly functioning
staircase, material selection and craftsmanship were aso considered.
Through the ‘checklist’, the sub-items of completeness were assessed as
complete or incomplete. Correctness of the model was assessed through
either correct or incorrect. The specified sub-items were given ‘1’ if correct
and ‘0’ if incorrect. The sub-items of craftsmanship were assessed through
either good or bad. In the overall, students were graded out of 20 by the
help of this ‘checklist’.

4 Results and discussion

4.1 Learni ng style characteristics of the sample group

According to the results of LS| test, the distribution of the subjects in the
four learning styles was determined. The number of accommodating stu-
dents was lower than the other learning style preferences, where most of
the students' learning style preferences were converging and assimilating

(Fig. 5).

4.0 Reliability and Pearson correlations in LS

Cronbach alpha reliability of the Learning Style Inventory is depicted in
Table 1. The alpha scores are quite satisfactory since the participants of
the existing study had a very constant profile as being freshman design
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Figure5 The distribution of
the sample through the
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Table 1 The reliability scores

Cronbach’s standardized scale apha

Concrete experience (CE)
Reflective observation (RO)
Abstract conceptualism (AC)
Active experimentation (AE)
Abstract—Concrete (AC-CE)
Active-Reflective (AE-RO)

0.70
0.62
0.70
0.63
0.73
0.57

students, with a small age range, and sample size. The lower percentages
of accommodating and diverging styles (see Fig. 5) in the sample might

be the reason of decreasing

the reliability scores of RO and AE scales.

Table 2 represents the correlation between the four learning styles and two
combined scores. The highest correlation score was noticed between the

Table 2 Pearson correlations among learning modes and combined scores

CE RO AC AE AC-CE AE-RO
CE 1.000
RO —0.29*  1.000
AC -038* —-043* 1.000
AE —-0.40* -0.16 —-0.29*  1.000
AC-CE -0822 -0.10 0.842 0.06 1.000
AE-RO —0.08 —-0.76* 0.09 0.76% 0.10 1.000

a Correlation is significant at the 0.01 level (two-tailed).
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correlation on AC to AC—CE as 0.84. This correlation showed that when
abstract conceptualisation score is high, learning activity on the vertica
axis of learning cycle shifts towards learning by thinking (see Fig. 1). All
the subjects of this study were design students, so there may be the effect
of concept formation in the design discipline for this positive correlation
between AC with AC-CE. The Pearson correlation table shows that while
AC has a positive correlation between AC-CE, CE has a negative corre-
lation with AC-CE. According to these scores neither AC nor CE had a
correlation with AE-RO.

4.3 Validity of performance scores

For the validity of performance scores, instead of using the assessments
of a single instructor, the raw average scores of two studio instructors
assessments were considered. Two instructors assessed and graded each
student’ s works independently; thus the possibility of affecting each other
while grading the products was eliminated. After both of the instructors
finished the assessment of al students products for each stage of the
design experiment, the raw averages of the two scores were calculated for
the final performance score. It was hypothesised that there would not be
a significant difference between the assessments of two instructors. To
control this, the means and standard deviations of the scores given by two
instructors for the products of each stage of the design experiment were
calculated and t-tests were conducted. The t-tests for each stage did not
indicate any statistically significant difference between instructors, and the
correlation coefficients showed a high inter-rater reliability for the perform-
ance assessments in stages 1 to 4 (0.98, 0.98, 0.87 and 0.91, respectively).

4.4 Related to learni ng styles versus performance scores
The response rate was very low for stage 1. Out of 88 students, the products
of 47 (53.4%) students were incomplete. 17 (19.3%9) products were excel-
lent, 15 (17%) were average and nine (10.2%) were poor. No statistical
evidence was found that different learning styles were affecting the per-
formance scores of stage 1 through analysis of variance test. The main
reason of this result is assumed to be the low response rate for this stage
due to their lack of research habit in their high school years.

The analysis of variance (ANOVA) tests were conducted in order to find
out if the learning styles had any effect on the performance scoresin differ-
ent stages (stage 2, stage 3 and stage 4) of the design experiment. The
ANOVA showed that there are statistically significant mean differences
across learning styles in the performance scores of stage 2 (Fgage2 =
3.08, df = 3, 84, p = 0.032, n? = 0.099) and stage 3 (Fgages = 12.38, df
=3, 84, p =0.001, n2 = 0.307), but not in stage 4 (Fgages = 1.90, df =
3, 84, p = 0.136, n? = 0.063).
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Table 3 Means and standard deviations of stage 2, 3 and 4

Learning styles Stage 2 Stage 3 Stage 4 N
Mean Std. Dev.  Mean Std. Dev. Mean Std. Dev.
Accommodating 83.91 22.29 11.27 2.37 122.27 21.23 11
Diverging 69.00 26.70 11.00 3.06 121.75 23.40 20
Assimilating 58.18 24.05 15.14 2.01 126.57 19.83 28
Converging 71.07 25.58 11.97 2.99 133.97 15.71 29
Tota 68.10 25.87 12.67 3.14 127.38 19.95 88

51 Howitt, D and Cramer, D A
Guide to Computing Statistics
with SPSS for Windows Pearson
Education  Limited,  Harlow
(1999)
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4.5 Related to learni ng styles in multiple comparisons
Since there are four different learning styles, in order to determine the
learning style that differs significantly, multiple comparison tests were
handled for each stage. The Bonferroni test® indicated that only in stage
2 the accommodating students differed from the assimilating students (p
= 0.029), but no other significant difference was found. In stage 3, the
assmilating students differed from the accommodating students (p =
0.001), the diverging students (p = 0.001) and the converging students
(p = 0.001). No significant differences were found between the means of
four learning styles for stage 4. Table 3 shows the means and standard
deviations of the performance scores of four learning styles in al three
stages.

In stage 2, the mean for the accommodating students was considerably
high compared to others. The accommodating |earners combine the learn-
ing steps of AE (learning by doing) and CE (learning by experiencing),
they have the ability to learn primarily from ‘hands-on’ experience. Since
the product of stage 2 was a drawing exercise and it was just handled after
a lecture about the topic, this result sounds logical.

In stage 3, the mean of the assimilating students was the highest and as
Bonferroni test results showed it differed from all other three learning
stylesin stage 3. It could be concluded that the assimilating students were
the best in the performance scores of stage 3. Since assimilating learners
combine learning steps of RO (learning by reflecting) and AC (learning
by thinking), people of this style are more interested in abstract ideas and
concepts. The exercise in stage 3 was the construction of a three-dimen-
sional model of the designed staircase; in other words it was an abstraction
of areal staircase. This might be the reason of this result, although it was
expected that the mean of converging students would be the highest in
stage 3, since the converging style is dealing more with abstract concep-
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Figure6 The estimated
marginal means of four
learning styles  through
stage 2 to stage 4.

tualisation and active experimentation. In other words people in this style
prefer simulations and practical applications.

4.6 Related to repeated measures

For all learning styles, it was expected that there should be an increase in
the performance grades from stage 2 to stage 4, since the exercise in stage
4 was the repetition of stage 2, and the students had gained experience
and knowledge in stage 2 and stage 3. So, in order to verify this hypothesis
a correlated t-test was done to find out the difference between the average
scores of these two stages. The mean performance score of stage 2 (M =
68.10) and stage 4 (M = 127.38) differed statisticaly significantly (t =
—21.807, df = 87, two tailed p < 0.001). The mean difference was 59.28
and the 95% confidence interval for this difference was 53.36 to 64.07.

Since the assignments of stages 2 and 4 were similar and correlated, the
analysis of variance tests for repeated measures was also done through the
consideration of learning styles. The one way correlated analysis of vari-
ance showed that there was a statistically significant mean difference for
the two stages (F = 418.28, df = 1, 84, p = 0.001, n? = 0.833) and also
the interaction between the learning styles and performance scores changes
over stages were statistically significant (F = 4.98, df = 3, 84, p = 0.003,
n2 = 0.151).

The estimated marginal means that show the progress in the performance
scores of the students who belonged to four different learning styles
through stage 2 to stage 4 are presented in Fig. 6. As seen in the figure,
although there was considerable progress in the performance scores for all
learning styles, the progress of the accommodating students was different
from the students of other learning styles.
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5 conclusion

In the design experiment, stages that had different learning processes were
devised for testing the effects of different learning styles on the perform-
ances of students. It was found that, different learning styles were effective
on the performance scores of students in different stages of a design prob-
lem through the studio process.

As a conclusion, these results provided a sound basis for the hypothesis
that there is a relation between learning style types and different stages of
the design process. At the end of the design process, it is found that per-
formance scores of all students having different learning styles increased.
When learning style types are considered separately, it is noticed that
assimilating learners had the highest progress where the increase in the
performance scores of accommodating learners were the lowest, although
accommodating learners have been the most successful ones in the first
studiowork. In this empirical study, it is concluded that there is a shift
from learning by experiencing (CE) and learning by doing (AE) to learning
by reflecting (RO) and learning by thinking (AC).

Since design is regarded as a combination of crafts, technologies and other
disciplines, its education contains all of the stages of the experiential learn-
ing cycle. In other words, al of the four learning styles occur in the design
studio process. Thus, instead of concluding that any one of the four learn-
ing styles is more suitable for design education, it is better to claim that
different stages of design education should be associated with different
learning styles. Learning in an architectural design studio depends upon
the communication of creative ideas and the fit between the way of instruc-
tions and the learning styles of the students. The key for an effective learn-
ing is to understand the range of learners styles and to design the instruc-
tions in a way that they respond the learning needs of al individuals.

Appendix 1.
See Appendix Table 1

Appendix 2.
See Appendix Table 2

Appendix 3.
See Appendix Table 3
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Appendix Table 3 Checklist for stage 3

Completeness Complete Incomplete
Structural elements Walls 1 0
Ground floor 1 0
First floor 1 0
Second floor 1 0
Vertical connection First staircase 1 0
Second staircase 1 0
Stair components Handrail 1 0
Balustrade 1 0
Slab thickness 1 0
String 1 0
Nosing 1 0
Correctness Correct Incorrect
Staircases 1 0
Tread width 1 0
Riser height 1 0
Handrail 1 0
Balustrade 1 0
String 1 0
Craftsmanship Good Bad
Landings 1 0
Cutting and fixing 1 0
Stability 1 0
Total score:
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