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The students in the vocational education of architecture design in Taiwan often face many learning obstacles, such as no problem
solving ability and lack of creativity. Therefore, this study used a social learning model as a learning strategy in the architecture
design learning process to solve related learning difficulties. Firstly, this study used cognitive development teaching activities and
a learning process based on analogical thinking and analogical reasoning to build the social learning model. Secondly, the social
learning model of this study was implemented in the teaching of a required course of architecture design for 120 freshmen in China
University of Technology. The questionnaire survey results were then statically analyzed and compared to measure the differences
in the students’ knowledge about architecture designs before and after the teaching in this study. In this study, the social learning
model is proven helpful in inspiring the students’ creativity by converting new knowledge of architecture design into schemas and
hence retaining the new knowledge for future application. The social learning model can be applied in the teaching of architecture
design in other schools, while more research can be conducted in the future to further confirm its feasibility to promote effective
learning.

1. Introduction
The major purpose of this study is to establish an interactive learning model of architecture design based on social
learning and analogical thinking that can provide guidance
for students in their design implementation and help them
solve difficulties in design learning. In addition, the model
can evaluate students’ effectiveness in learning by measuring
the creativity in their learning results. Traditional architecture
design courses in Taiwan are mainly based on the apprenticetype system like in traditional design studios. In this system,
students receive limited time of guidance from their teachers.
They often depend on their intuition or existing concepts
(existing experiences, knowledge, and capability) to draw
their design drafts. Then they submit their drafts to the
teacher for review and comments and the teachers return the
drafts to the students for revision. This process is repeated

several times before the students produce their final designs.
This trial-and-error learning method is both inefficient and
ineffective for students to learn and cultivate their capability
[1]. In addition, during the repetitive revisions, students may
feel more confused and find it difficult to develop their design
concepts on their own.
To promote learning efficiency, analogical materials were
used as learning cases in this study to guide the students
to discover the gap between their existing concepts and the
concepts they were going to learn in the course. Then the
students would become more motivated to learn and solve
on their initiative the cognitive conflict caused by the gap.
In addition, in the interactive learning in the classroom, the
students were given the same design topics and learning
methods and asked to have hand-on design operation in
class so that the students could have the opportunities of
learning from and discussing about each other’s designs.
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In addition, the student could have more time interacting
with the teacher in class. Through this interactive learning
method, the students could not only improve their efficiency
in creating their designs based on a socially-wise approach
[2, 3] but also learn the concepts the teacher expected them to
learn, build their schemas, and further enhance their design
capabilities. In addition, through the teacher-student and
student-student interactions and discussions, the creativity of
the students could be inspired.
The goal of this study is to use the strategy of social
learning and analogical thinking to help students to think and
learn effectively through teacher-student and student-student
interactions, expand their cognitive structures of cognitive
design concepts, and develop the ability to flexibly use their
knowledge of design concepts in their architecture designs so
that they will be able to develop creative designs and know
how to solve design problems on their own in the future.

2. Literature Review
2.1. Existing Problems in Architecture Design Education. In
the design observation stage of existing architecture design
courses, students are often found to be unable to understand
the design topic and lack autonomous thinking. Therefore, it
is difficult for them to feel motivated in learning and they
are prone to implement their designs via trials and errors.
With their existing concepts conflicting with the design
objectives, students cannot develop solutions to their design
problems. Therefore, Duit proposed the use of analogies to
better motivate students [4]. In analogical thinking, familiar
contexts are used to motivate students to find out problems on
their own, revise and reconstruct the characteristic elements
of their designs, fill the gap between their existing concepts
and the concepts they are learning, and ultimately solve their
design problems.
2.2. Social Learning. Bandura believed that learning is a
lasting process of behavior changes through experiences
and practices [5]. It is subject to the influence of the
continuous interactions between an individual and his/her
social environment. The behaviors of humanity are acquired
mostly through learning. Since birth, an individual has been
constantly and unconsciously learning the behaviors of others
and then gradually become a member accepted by the family
and society. Therefore, Bandura proposed the concept of
triadic reciprocity, stressing that an individual could acquire
certain response behaviors through learning. Learners first
observe an object or an incident, learn how to respond to
the object or incident based on their own thoughts and
past experiences (external environment), and then attain
what they have learned in their memories (cognition). A
learner’s behavior or performance is the reflection of what
he or she has learned. When encountering an identical or
similar incident (external stimulation), they will take the
same behavior (action) in response. The series of learning
activities all involve external stimulation, and, therefore, it is
called “social learning,” a major channel for each individual
to learn social behaviors.
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2.3. Interaction
2.3.1. Teacher-Student Interaction: Using Suitable Teaching
Materials and Methods to Guide Students in Their Learning.
Vygotsky believed that learners are subject to the influence
from the external environment, that is, social (interpersonal
interaction) environment [6]. He stressed that rich social and
cultural contents will influence the cognition of learners. He
also believed that elders and peers with more experiences
can help learners to internalize new knowledge into the
foundation of their knowledge. The influence of the external
environment is particularly significant when people are learning a language. With better language skills and knowledge,
one will become more capable of communicating with others,
which will lead to a series of continuous changes in his or
her thinking and behaviors. Such changes vary significantly
among different individuals due to their personal and cultural
differences. Therefore, the development of cognition can also
be seen as a process of social adjustments.
2.3.2. Student-Student Interaction: Increasing the Opportunity
of Growth for Students through Mutual Discussions and Learning. According to the theory of social learning, a learning
process can be mainly divided into two stages: observational
learning and imitation.
(1) Observational learning: according to Bandura and
Adams [7], observational learning is composed of
four phases: attentional phase, retention phase, reproduction phase, and motivational phase.
(2) Imitation: based on different psychological demands
of the learners and the skills or concepts they want
to learn, there are four methods of imitation: direct
modeling, synthesized modeling, symbolic modeling,
and abstract modeling. By imitating the essence or
strengths in the existing works or solutions developed
by others, learners can reduce the time required for
trials and errors and then find some effective and
feasible solutions.
In the process of social learning, students can learn
from each other through mutual observation and mutual
critiques and they can incorporate what they learn to
adjust their own designs. Through the interactions between
their external exchanges with classmates and their internal
cognition, students can learn more new knowledge. When
solving their design problems, students can interact with
their classmates through discussions and exchanges of their
experiences, results, and problems. Through this method,
students can develop the capabilities of thinking critically
and innovatively, finding the fundamental causes of problems, seeking methods of improvement, and creating more
diversified solution policies. Therefore, learning interaction
is a very effective learning tool to enhance students’ design
competence.
2.4. Teaching Implementation. The focus of this research is
to promote the students’ understanding and development
of their own design concepts by incorporating analogical
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learning as the fundamental teaching method in the course.
Furthermore, a learning model based on bridging analogies
is developed to replace the learning model based on simple
analogies in order to improve the students’ learning results.
The analogical thinking in the study is used in the students’
social learning process of observation, discovery, knowledge
construction, knowledge application, and knowledge storage.
In the teaching based on analogical thinking, a set of
related cases, anchor cases, and cases of bridging analogies
[8–10] are given to the students to observe and inspire them to
think and learn. Then, the teacher selects and arranges related
questions and issues for the students to have open discussions
in class. The teacher is responsible for clearly indicating the
design learning goals, guiding and encouraging the students
to have discussions, and inspiring the students to analyze the
connections among the design learning goals, anchor cases,
and analogical cases.
The main goal of using analogical thinking in the teaching
of this study is to promote interactions between the students’
existing concepts (experiences) and new concepts. The students can then assimilate and internalize the new concepts
they learn into their existing knowledge systems so that the
new concepts can be stored in their long-term memories
to form new schemas. Through the interactions between
the students’ existing concepts and their cognitive reasoning
capabilities, the students will be able to apply the knowledge
they learn in their designs.
2.5. Analogical Thinking. Generally, traditional architectural
courses mostly focus on cognition of lower levels. In addition,
the teaching in these courses was very simplistic; therefore,
students suffer from great difficulties in transferring the concepts they learn in class into complicated real-life contexts.
In addition, students are not motivated to learn or think on
their initiative. As a result, it is very difficult for students
to find inspirations from their learning. Last but not least,
because of the apprentice type teacher-student interaction
model in traditional architecture design courses, students
have to learn through trials and errors. After too many trials
and errors, students will feel frustrated and unmotivated to
learn. According to Nersessian [11], analogical reasoning is
the key step of inspiration in many scientific explorations.
Analogical thinking can help students to find out problems
on their own, stimulate their abstract thinking, help them to
develop their concepts, categorize the component elements of
their designs, and form their knowledge systems based on a
series of related cognitive contents.
With unclear understanding of the design objectives and
also with interferences from their existing concepts, students
are too confused to think logically, let alone solving their
design problems. In traditional architecture design learning,
there is no efficient guidance for students. The evaluation
of the students’ performance is solely based on their design
drawings, while the students cannot accumulate valid design
concepts. Analogical reasoning can help to solve confusion
[12] and can help students to develop the principles of abstract
concepts [9].
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If students completely lack critical thinking and systematic knowledge about design concepts such as design units,
constructs, and themes, it is very difficult to expect them to
develop design creativity based on the system of their existing
knowledge. Analogies can help students to develop critical
thinking [13] and analogical thinking is one of the effective
models of creative thinking [14]. Creative thinking requires
a good knowledge organization structure so that knowledge
can be stored and transferred flexibly to look for connections
between knowledge of different fields [15]. Creative thinking
can be used to make policies to meet the design objectives and
produce creative designs.
In conclusion, in traditional architecture design courses,
students are often unable to understand the design objectives and are lacking in learning motivation because of the
inefficient trial-and-error learning process. With analogical
learning, students are more motivated to learn and solve
cognitive conflicts between their existing knowledge and the
new knowledge they are learning [16]. The new knowledge
is then internalized into the student’s knowledge system
and used to produce creative designs. Through analogical
learning, the goal of architecture design talent cultivation can
be met.

3. Research Framework
3.1. Samples. The samples in this study were totally 120 dayschool freshmen of the Department of Architecture on the
Taipei Campus of China University of Technology. They all
took the course of “Architecture Design (I): 3D Combination
of Visual Components,” a required course for the freshmen
in the Department. In this course, analogical thinking was
incorporated into the teaching to help the students complete
their designs through work sharing, teacher-student interactions, student-student interactions, and self-reflection.
3.2. Learning Model. The interactive learning model based
on social learning, course teaching, and analogical thinking
is composed of analogical learning (observation and discovery) and analogical reasoning (knowledge construction and
application). There are three dimensions in this model: course
teaching, interaction, and analogical thinking. The structure
of this model is illustrated in Figure 1.
3.3. Experiment Implementation. The experiment in this
study was conducted in the teaching of the “Architecture
Design (I): 3D Combination of Visual Components” course
to measure the effectiveness of the learning model.
3.3.1. Week 1: Social Learning-Observation-Assimilation-Existing Concept. In this week, the design topic and analogical
cases were given and explained to attract attention from
the students. In the course teaching, activities were given
to encourage the students to take the initiative of learning,
focus their attention on important concepts, and screen out
irrelevant information.
(1) Course teaching: in this week, the design topic was
announced and explained in the course. In addition,
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Figure 1: Structure of the learning model developed in this research (Source: compilation of this study).

the paintings by Mondrian and Kandinsky were
provided as analogical cases to guide the students in
discovering problems, stimulate their abstract thinking, and consequently help them to develop their
design concepts.
(2) Interaction: the teacher spent one to two hours
explaining the design topic and teaching goals, analyzing the analogical cases to guide the students in
finding the problems, ask them to decompose and
extract the characteristic elements in the paintings,
and inspire them to develop concepts for their first
drafts by using analogical references from the paintings.
(3) Analogical thinking: the paintings by Mondrian and
Kandinsky were used as analogical cases for the
students to extract design elements from the paintings
as analogies for their development of design concepts.
3.3.2. Week 2: Social Learning-Discovery-Assimilation-Cognitive Conflict. In this week, actual design cases and the
assignments of a former student in this course were used as
an example to guide the students in their learning of new
design concepts. Through their observation and adjustment,
the students started to integrate the new knowledge with their
existing knowledge.
(1) Course teaching: the concept of bridging analogies was
applied and the students were provided with more analogical
cases that had reasonable similarities with the problems the

students needed to solve. With the gaps between the analogical cases and the students’ design concepts, cognitive conflicts
were caused and, therefore, the students were motivated to
learn and think about how to narrow these gaps.
(a) Teaching based on bridging analogies. In this week,
an actual design case (Figure 2) was used to illustrate
how bridging analogies could help to produce new
works through the process of concept conversion
(Figure 3) [17].
(b) Teaching based on analogical cases. The design by a
student (hereinafter referred to as Student A) who
took the same course in 2012 was used as an analogical
case. Student A chose the work, Place de la Concorde,
by Mondrian as the inspiration for his analogical
thinking and produced his first draft (Figure 4), second draft (Figure 5), third draft (Figure 6), and final
design (Figure 7) in the end. The example of Student
A was used to illustrate the design process based on
analogical learning.
(2) Interaction: in the class, the teacher provided corresponding cases and helped the students to complete their
second draft by showing them how to extract design elements
such as materials, colors, and constructs from the cases. In
addition, the students also discussed and analyzed together
the cases they collected and then compared the cases with
their own drafts to better understand the meanings of the
design concepts and revise their drafts accordingly.
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Figure 2: (Source: [17]).
Figure 5: Draft II—concept formation.

Figure 3: (Source: [17]).

Figure 6: Draft III—concept development.

Figure 4: Draft I—concept conception.

(3) Analogical thinking: in this stage, the students were
processing new concepts based on their existing concepts. By
comparing and discussing their own concepts and the cases
of bridging analogies (Figures 4, 5, 6, and 7), the students
were trying to merge the new knowledge and their existing
knowledge. When the merging failed, a cognitive conflict
would occur for the students. Piaget believed that learners
have their internal motivation of learning and, therefore,
he proposed the theory of equilibration. According to the
theory, a cognitive conflict (or disequilibrium) is caused when
there is inconsistency between the learners’ newly learned
skills/knowledge and their existing cognitive systems. Under
such circumstances, the learners will solve the conflict on
their own initiative in order to restore the previous equilibrium and internalize the new skills/knowledge without any
necessity of external motivation. Therefore, the occurrence of
cognitive conflicts will help to motivate students to learn and
discover problems on their own in the process of analogical
learning and ultimately help them to develop their design
concepts.

Figure 7: Final design—concept application.

3.3.3. Week 3: Social Learning-Construction-AdjustmentLearning Concept. In this week, the teacher helped the students to adjust the connections between their existing knowledge and new knowledge, establish their new cognitive
structures, and use the new knowledge in their designs.
(1) Course teaching: the theory of social construction not
only stresses the knowledge construction of individuals but also inspires students to generate creative
thinking through the observation and interaction
activities in class for they are motivated with the
resources and support from the interactions with
their teachers and classmates to overcome challenges.
According to Nersessian [11], analogies cannot only
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help to guide learning but also promote logical reasoning to solve problems. Therefore, analogical reasoning is a pivotal step in many scientific explorations.
In this week, the students were asked to observe
each other’s work and offer their critiques in order
to guide them in their development and revision of
design concepts and help them cultivate capabilities
of logical reasoning and problem solving.
(2) Interaction: in this stage, the students started to build
3D construction of their designs using the extracted
design elements and develop their own analogies
from the cases they collected. This arrangement could
help the students to connect the new knowledge with
their existing knowledge and experiences. In addition, the students could develop better understanding
of the connections between the analogical cases and
their design concepts and then had more effective
analogical transfers that could help them complete
their drafts.
(3) Analogical thinking: through the discussions as well
as mutual observation, learning, and critiques about
their drafts, the students would encounter certain
levels of cognitive conflicts. In the process of existing cognitive equilibrium, disequilibrium, and then
reequilibrium, the students started to develop their
own learning concepts. In addition, through knowledge assimilation and adjustment, they changed their
understanding about architecture design concepts,
integrated the assimilated new knowledge into suitable positions in their cognitive structures, and then
efficiently developed their design concepts.

3.3.4. Week 4: Social Learning-Application-AdjustmentKnowledge Construction. In this week, the students were
guided to compare their existing concepts and the new
concepts and then express their internalized new knowledge
in their designs.
(1) Course teaching: the teacher helped the students to
develop systematic knowledge about design concepts
such as design units, constructs, and themes by
asking the students to observe each other’s work and
offer mutual critiques. Concepts were extracted from
analogical cases to produce creative designs that could
meet the requirements of the design topic in class.
(2) Interaction: the students observed each other’s semifinal drafts and models and also offered mutual
critiques. Analogical learning could help the students
to develop principles about abstract concepts [9] and
build their design concepts, knowledge, thinking,
action, and capability.
(3) Analogical thinking: in this stage, the students had
gradually developed further understanding about the
essence of design concepts and started to achieve their
cognitive reequilibrium. By continuously adjusting to
the environment and new concepts and developing
new knowledge, the students learned how to use their
concepts flexibly to complete their designs, improve

their thinking and problem-solving capabilities, and
establish their design concepts.
3.3.5. Week 5: Social Learning-Storage Schema. In this week,
the students stored the design concepts and knowledge they
had learned from the analogical cases and turned the new
concepts and knowledge into their knowledge for the use in
their new designs in the future.
(1) Course teaching: by evaluating the students’ designs,
the teacher could understand their learning results,
analyze their cognitive development of architecture
design concepts, help them to cultivate the capabilities of critical thinking and concept application,
and prepare them for more advanced courses of
architecture design.
(2) Interaction: the teacher started to evaluate the students based on their learning reviews and reports.
Before the formation of their design concepts, the
students were completely unable to have critical
thinking. The use of analogical thinking in the evaluation of the students’ learning results could help the
students to develop critical thinking [13]. The teacher
and the students had critical reviews of the design
works by some of the students in order to achieve the
goal of design review.
(3) Analogical thinking: all the information units are
stored closely together in a part of human memory.
This part of human memory is called a schema.
It is a structure of data stored in human memory
and represents the prototype of general concepts
[18]. After receiving information from the external
environment, people will process the information by
retrieving related memories from the lower schemas
in their knowledge schema structures and then the
processed results will be sent to the higher schemas.
Schemas are the building blocks of cognition, allowing people to understand knowledge and experiences
through categorization. Through analogical thinking
and learning, the students were guided to develop
their design concepts, store their experiences in
their long-term memories, develop critical thinking,
expand their schema structures of architecture design
knowledge, and have better command of design
concepts.

4. Questionnaire Analysis
In this study, social learning, course teaching, interactive
learning, and analogical thinking were integrated in the
teaching of architecture design. In the observation and discovery stages, the students in this study learned new knowledge analogically from existing cases under the teacher’s
guidance. In the construction and application stages, the
students completed their designs and effectively improve
their design problem-solving capability from their interactions with both the teacher and their peers. In addition to
the teaching experiment, a questionnaire survey was also
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Table 1: Statistical analysis results of the questionnaire survey on the students’ pretest and posttest scores.
Social learning
Observation
Discovery
Construction
Application
Overall learning performance
∗∗

Pretest
Posttest
Pretest
Posttest
Pretest
Posttest
Pretest
Posttest
Pretest
Posttest

Average
21.08
24.80
6.45
8.06
6.41
7.96
6.88
8.11
40.82
48.92

Standard deviation
3.71
3.18
1.40
1.19
1.60
1.19
1.43
1.04
6.60
5.66

Degree of freedom

t

Significance

103

−11.43∗∗

0.000

103

−11.73∗∗

0.000

103

−10.57∗∗

0.000

103

−9.09∗∗

0.000

103

−13.48∗∗

0.000

𝑃 < 0.01.

conducted in this research to evaluate the students’ learning
results before and after the teaching experiment.
The statistical analysis results of the questionnaire results
in this study are shown in Table 1.
4.1. Observation Stage. As indicated in Table 1, the average
posttest score of the students (𝑀 = 24.80) in the observation
stage is higher than their average pretest score (𝑀 = 21.08).
The 𝑡 value between the pretest and posttest average scores
is −11.43 (𝑃 = 0.000), which reaches the level of significance
(<0.05) with a degree of freedom at 103. This indicates significant differences in the students’ pretest and posttest average
scores in the observation stage, suggesting the students find
their observation of cases under the teacher’s guidance very
helpful for their learning of architecture design.
4.2. Discovery Stage. As indicated in Table 1, the average
posttest score of the students (𝑀 = 8.06) in the discovery
stage is higher than their average pretest score (𝑀 = 6.45).
The 𝑡 value between the pretest and posttest average scores is
−11.73 (𝑃 = 0.000), which reaches the level of significance
(<0.05) with a degree of freedom at 103. This indicates
significant differences in the students’ pretest and posttest
average scores in the discovery stage, suggesting the students
find their observation of cases under the teacher’s guidance
very helpful for their learning of architecture design and that
the students find their analogical thinking under the teacher’s
guidance helpful for their learning of architecture design by
extracting elements from the cases.
4.3. Construction Stage. As indicated in Table 1, the average
posttest score of the students (𝑀 = 7.96) in the construction
stage is higher than their average pretest score (𝑀 = 6.41).
The 𝑡 value between the pretest and posttest average scores is
−10.57 (𝑃 = 0.000), which reaches the level of significance
(<0.05) with a degree of freedom at 103. This indicates
significant differences in the students’ pretest and posttest
average scores in the construction stage, suggesting that the
students believe that they can analyze and extract elements
and constructs from their classmates’ designs from their
interactions and discussions with their classmates and then

incorporate these elements and constructs in both their
schemas and designs.
4.4. Application Stage. As indicated in Table 1, the average
posttest score of the students (𝑀 = 8.11) in the observation
stage is higher than their average pretest score (𝑀 = 6.88).
The 𝑡 value between the pretest and posttest average scores
is −9.09 (𝑃 = 0.000), which reaches the level of significance
(<0.05) with a degree of freedom at 103. This indicates
significant differences in the students’ pretest and posttest
average scores in the application stage, suggesting that, from
their analogical learning, the students learn how to extract the
elements and constructs from their own schemas or cognitive
structures for their future designs.
4.5. Overall Learning Performance. As indicated in Table 1,
the students’ average posttest score (𝑀 = 48.92) is higher
than their average pretest score (𝑀 = 40.82) and the 𝑡 value
between the pretest and posttest score averages is −13.48 (𝑃 =
0.000), which reaches the level of significance (<0.05) with a
degree of freedom at 103. These findings indicate the students
had significant improvement in their learning of architecture
design after their social learning.

5. Conclusion
In the experiment of this study, the students learned about
architecture design through a learning process based on
social learning, course teaching, interaction, and analogical
thinking to gradually develop their own cognitive concepts
of architecture design and convert their new knowledge
into new schemas that were then stored in their long-term
memories and became part of their cognitive structures. Their
new knowledge helped the students to develop better design
reasoning and creativity. This study confirms the feasibility
of using analogical thinking in the teaching of architecture
design. Follow-up research in the future is suggested to not
only focus on interactions in teaching but also to conduct
questionnaire surveys and statically analyze the survey results
to further evaluate the effectiveness of analogical thinking in
learning.
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