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Abstract - Compared to foreign countries’ “student-centered” teaching methods, in Taiwan, most courses are still focused on 
the teachers’ explanation and demonstration. Hence, rarely there are interactions between the teacher and the students. Also, 
students rarely ask questions driven by their enthusiasm. Even when they do ask questions, the questions are still directly 
related to the course’s subject and not about other questions inspired by the content. Over time, students lose their passion to 
learn, and their academic performance become disappointing. Therefore, the research investigated three courses in the 
university which combined the new engineering approach,  “Conceive-Design-Implement-Operate” (CDIO) approach, with 
their curriculum. This research aims to understand students’ motive for learning by working groups and creative thinking by 
using the five-point Likert scale. This research matches the university’s promoting idea of combining CDIO into different 
courses, and can also provide examples for others who are willing to try different or similar teaching methods. 
 
Index Terms - CDIO, student-centered, creative thinking 
 
I. INTRODUCTION 
 
In recent decades, there has been an explosion of 
knowledge. Students have to face a wide variety of 
information and it has become important for students 
to learn "how to learn."[1]-[2]. Assigned to this task, 
teachers should help students develop learning 
techniques which stimulate the ability to 
problem-solving and encourage students’ creative 
thinking. Therefore, the “conceive, design, 
implementation, operation” approach (CDIO) 
becomes a possible solution to inspire students’ 
creative thinking ability [3]-[4]. 
 
The purpose of CDIO is to let engineering students 
equip themselves with the capability of imagining, 
designing, operating and conduct complexed 
engineering systems in the group-centered modern 
society [4]. Its purpose is to stimulate students to 
actively learn and practice, and also strengthen the 
connection between classes to develop students’ 
professional abilities. 
 
Therefore, the research implemented CDIO in three 
different courses, including “Practice of Urban 
Planning and Spatial Information, Architectural 
Design and Development and Applications of Social 
Network.” First of all, the curriculum have been 
verified by all the stakeholders, like the research 
committee and the lecturers. Then the lecturers started 
to implement the CDIO spirit into their courses. That 
is, teachers used different teaching strategies, such as 
teamwork, or hands-on projects design.  The 
following section will describe the CDIO courses and 

the students’ feedback based on the assessment. 
Besides, the discussions and limitations of the study 
are also mentioned. 
 
II. LITERATURE REVIEW 
 
A. CDIO with Cooperation Learning 
In the late 1990s, a group of educators in engineering 
noticed that if engineers want to solve the problems 
they encounter, they need more than their professional 
backgrounds, that is, they need more abilities [4]. In 
2000, a new international engineering education 
method, the CDIO approach, was brought up by MIT 
and the Royal Institute of Technology. The CDIO 
basic concept is to enhance on actual practice, improve 
on acquiring abilities on their science foundation [4].   
CDIO has twelve standards, which systematically 
covers the needs of engineering education [5]. The 
twelve standards can be divided in to 5 subjects: 
curriculum, teaching and learning methods, 
assessment, faculty competence and workspace [5]. 
The central idea is to utilize these twelve standards to 
guide engineering educators to meet up with 
engineering education’s needs with according 
resources under different circumstances. The 
significance of CDIO in engineering education is 
explained as follows [4]-[6]. 
First of all, the CDIO approach tries to establish a 
product-direction point of view. In CDIO curriculum, 
by letting students propose their product designs, we 
can have a better view of their values. Through 
constant revision and amendment, the students’ 
interactions, knowledge and techniques can all 
improve. By doing so, students can become real assets 
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with engineering knowledge and actual practice 
capabilities [4]-[6]. 
After that, the CDIO approach enhances students’ 
participation and teaching practice [4]-[6]. Through 
the CDIO approach, students’ learning habits can be 
effectively developed. The CDIO process repeatedly 
enhance students’ group value, product 
acknowledgment and personal learning attitude. 
Under restricted engineering education resources, 
students can integrate different resources and gain 
stunning results. Students can produce products in 
school instead of waiting until they are in a workplace. 
Creativity inspirations from curriculum can initiate 
new teaching environments and atmospheres.In 
addition, the CDIO approach helps students build 
confidence [4]-[6]. The idea of CDIO is to improve 
students’ learning capabilities by raising teacher’s 
expectations. CDIO can make students realize their 
own potential throughout the product production 
process. By changing their learning attitude, they have 
endless possibilities. 
Finally, promoting the CDIO approach can help 
students and campuses connect with the world, and 
provide students with direct approach towards 
multiple learning methods [4]-[6]. 
 In modern society, most occupations require 
teamwork. The style of working alone is no longer 
seen. Thus, “cooperative learning” has emerged. 
Judging by different genders, academic achievements, 
backgrounds, interests and characteristics, divide 
students into separate groups [7]-[8]. Students can 
practice, discuss, experiment and observe in group 
activities. The purpose of cooperative learning is 
regardless of the students’ starting academic 
achievements, students can improve their 
achievements through cooperative learning [7]-[8]. 
They also improve their logics, judgments, 
communication, examination and cooperative abilities 
alongside building up confidence. 
For cooperative learning teams, the communication 
between members and creativity can affect the results 
of creation. Scholars mention that an individual’s 
creativity has to come from a group or team in order to 
be innovative. Some researchers point out that team 
communication have four functions [9]-[10]: 
1. Increase control 
2. Deliver messages 
3. Enhance motivation 
4. Express emotions 
Through the functions above, team goals can be 
achieved. So, a team’s communication level is 
impactful in a team. 
 
B. Innovative Teaching 
The definition of innovative teaching varies with the 
research tools and research purposes [11]-[12]. Most 
researchers agree that innovation teaching refers to 

the teacher uses diverse and lively teaching methods 
with a variety of teaching content to stimulate 
students’ learning motivation [13]. In addition, the 
innovative teaching does not mean to abandon the old 
teaching methods; instead, it transforms the old 
teaching contents with new elements. The 
performances of innovative teaching are no longer 
limited to textbook contents, and the teachers adjust 
teaching strategies based on students' needs [11]. 
Also, teachers will reflect on the teaching process at 
any time, think about existing knowledge, and 
combine multiple assessment methods to improve 
students’ motivation and effectiveness in learning. 
The connotation of innovative teaching broadly 
includes: teaching ideas, teaching strategies, 
curriculum and diverse assessments, which also meet 
CDIO features. 
In this study, there were three innovative courses 
(one-semester) applied the CDIO approach, and they 
are: 
1. Practice of Urban Planning and Spatial 
Information: 
This course trains students to work together and 
conduct the physically environmental design, such as 
urban design for smart city, system development, in 
smaller urban settings, based on the comprehensive 
consideration of local spatial development. The 
training also emphasizes the urban simulation and 
social services. 
2. Architectural Design:  
The course focuses on the integration urban problems 
with architecture design. Projects include following 
subjects: cluster building design, building 
preservation and renovation, urban and landscape 
design.  
3. Development and Applications of Social 
Network:  
The purpose of this course is to let students understand 
how to develop, maintain and operate the social 
network Apps.  
 
III. METHOD  
 
For the purpose of exploring college students’ attitude 
toward CDIO courses, the study focuses on findings 
retrieved from CDIO-based questionnaire survey from 
three courses. 
A. Participants 
Seventy four students (50 males and 24 females) aging 
from 21 to 22 (junior and senior students) and coming 
from construction college and information and 
electrical engineering college participated the study. 
They took the scale at the beginning and the end of the 
semester to measure their attitude toward the CDIO 
curriculum. 
B. Instrument & Procedure 
The instrument in this study includes thirty-two items 
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of CDIO-based creative problem-solving scale, which 
was developed by Wang in 2016 [6]. It is a 5-point 
Likert type scale which ranges from “Strongly agree” 
to “Strongly disagree.” The first five items measure 
students’ creativity. Then item 6 to item 18 measure 
students’ problem-solving ability. The team’s 
communication ability is measured from item 19 to 
23. Finally, students’ attitude toward the CDIO-based 
course is measured from item 24 to item 32.  
Since this is a one-semester study (18 weeks). 

Participants took the CDIO-based questionnaire 
survey both at the beginning and at the end of the 
semester. Then they took the three different classes, 
including “Practice of Urban Planning and Spatial 
Information; Architectural Design; Development and 
Applications of Social Network.” The data were 
collected and then the mean difference (MD) were 
calculated by SPSS 20. The scale and the results are 
shown in Table 1.

Table 1: Results of CDIO-based survey 
Items MD SD 

1. I can come up with creating brand new solutions or ideas. .240 .912 
2. I always carefully think about new technology or concepts before 
accepting them.  

-0.266 .837 

3. I can develop logical plans to solve problems. .306 .900 
4. I can integrate substitutional opinions. .133 .920 
5. I can create interdisciplinary knowledge. .146 1.074 
6. I can integrate ideas and elaborate patterns to solve problems. .106 .952 
7. I believe every problem has a solution. .186 1.301 

8. I can use all relative factors as evidence to construct a clear 
insight of the problem state.  

.160 .930 

9. I can identify multiple ways to solve problems with specific 
preconditions.  

.320 .902 

10. I can propose one or more solutions.  .133 .776 
11. I can infer or diagnose the feasibility of solutions. -.093 .719 
12. I can examine the impacts brought upon by the solutions. .160 1.040 

13. I can practice different solutions.  .066 1.017 
14. While solving problems, I’m not afraid to be ridiculed when 
making mistakes. 

.253 1.263 

15. I use a risk-based approach to solve the 
problem. 

.213 1.297 

16. I try to find out solutions which can’t be taught in the classroom. .160 1.127 
17. I find solving problems interesting.. .053 .984 
18. I find the process of coming up with a solution exciting. -.120 1.026 

19. I enjoy exchanging others’ opinions and absorbing them.  -.373 3.490 
20. I think that challenging questions is a waste of time. .106 1.447 

21. I can provide information in the team. .026 .716 
22. I will listen to everyone in the team. .054 .825 

23. I prefer to do the project myself, and do not want to spend 
time with people. 

.226 1.300 

24. I find the teacher’s course design making me think keen. -.013 1.084 
25. I understand that there are different approaches to solve problems. .013 .762 
26. I respect different ideas and opinions. -.040 .892 
27. I acquire professional skills through implementation. .280 .938 
28. This course can approve my problem-solving abilities. -.240 1.037 
29. I think implementation courses as a waste of time. .266 1.349 
30. I think taking courses like this can contribute to my future 
employment. 

-.226 1.047 

31. I will do my best to complete projects to view my achievements. -.173 .860 
32. I like this course, and I don’t feel tired even when I spend a lot of 
time on it. 

.200 1.506 

 
DISCUSSIONS 
 
The CDIO survey was measured on the same subject 
for both pre-test and post-test. Therefore, the 

paired-sample t test was applied to analyze the 
differences between their creativity, communication 
skills and problem-solving ability, and the results 
were shown in Table 1. Based on the results, the 
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discussions are as follows. 
 
1. Through paired-sample t test, we found that only  
questions 2, 11, 18, 19, 24, 26, 28, 30 and 31 are 
negative. The remaining questions are positive. 
Therefore, the integration of CDIO into the 
curriculum has a positive impact on students’ 
creativity, team communication skills and problem 
solving skills. 
2. Question 19 “I enjoy exchanging others’ opinions 
and 
absorbing them” has the greatest negative gap. Maybe 
in the future, the lecturers can apply different methods 
to improve students’ idea exchange motivation. 
3.  Overall, students have a positive affirmation of 
their creativity and their problem-solving ability. 
 
CONCLUSION 
 
The goal of the study was to understand students’ 
motive for learning by working groups and creative 
thinking by using the CDIO-based curriculum and the 
five-point Likert scale. The conclusions can be 
summarized as follows. 
1. Based on the results in Table 1, it is suggested that 
teachers can examine whether this year’s teaching 
methods are different from last year, as the basis for 
curriculum adjustment. 
2. Students have negative feedback on question 18 and 
question 19. It may be because of cultural factors that 
make students unable to actively exchange ideas. 
3. Although some of the questions are not 
significantly different, CDIO integration into the 
curriculum is influential for students. In particular, 
students hold a positive view on creativity and 
problem-solving, and we assume this will stimulate 
students’ autonomous learning. 
This study covers only some junior and senior students 
in the Department of Architecture and Engineering. 
In the future, more students and relevant CDIO 
courses should be added to enhance the reliability and 
validity of the scale test. 
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