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Abstract: The goal of capstone project is to train students to be able to apply the required 

knowledge and skill to collaboratively complete the assigned work. The project-based learning 

(PBL) is a popular strategy used by teachers to guide students to organize teams to solve 

problem collaboratively and to enhance students’ creative and problem solving abilities in 

capstone project. However, the traditional PBL strategy cannot effectively enhance the 

students’ abilities because the previous good cases cannot be easily shared and reused. 

Therefore, our idea is to develop a good platform to be able to share and reuse the cases together 

with portfolios to motivate student’s imaginative power and creativity and the teachers can 

easily assess the students’ learning achievements. Because Case-Based Reasoning (CBR) 

techniques consisting of cases retrieve, reuse, revise and retain can be used to model the 

computer reasoning, we develop a project-based learning platform using the CBR techniques to 

provide the case scaffoldings and reserve the learning portfolio. We further design an 

experiment based upon our learning platform to complete the e-book visual creative design. The 

experimental result shows that the given appropriate learning scaffoldings can guide students to 

improve the creative and problem solving abilities. 

 
Keywords: problem solving learning, project-based learning, case-based reasoning, capstone 

project. 

 

 

1. Introduction 
 
The goal of capstone project is to train students to be able to apply the required knowledge and skill to 

collaboratively complete the assigned work (Gardner and Van der Veer, 1998; Brown, 2004; Todd et al., 

1995). Through the capstone project, students should have the ability to solve complex problems with 

effective communication ability. As we know, project-based learning (PBL) is a popular strategy used 

by teachers to motivate students learning and to develop students' professional knowledge and problem 

solving abilities (Hung et al., 2014; Barrows, 1996). In general, the PBL strategy is often used to guide 

students to organize teams to solve problem collaboratively and to enhance students’ creative and 

problem solving abilities in capstone project in the last year of the students’ undergraduate study. 

However, the traditional PBL strategy cannot effectively enhance the students’ creative and 

problem solving ability (Barab & Luehmann, 2002; Barak & Dori, 2004; Barron et al., 1998; Edelson et 

al., 1999; Solomon, 2003) because the previous good cases cannot be easily shared and reused. 

Therefore, in this paper, our idea is to develop a good platform to be able to share and reuse the cases 

together with portfolios to motivate student’s imaginative power and creativity to guide students 

learning, and therefore the teachers can easily assess the students’ learning achievements. 

In recent years, capstone project of learning design or e-book design has become a hot topic in 

many information management related departments. With our observations, students can hardly 

complete their project in e-book production, because they usually lack creative and problem solving 

abilities to present the ideas and effects of design. Therefore, having creativity to present idea and 

problem solving abilities to solve these problems is very important. 

For creative and problem solving abilities learning, establishing a set of standards process should be 

able to improve the students' learning motivation and learning effectiveness. Although PBL is indeed a 

good learning strategy, applicable techniques are still needed to improve the learning effectiveness 
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(Hwang, Shi, & Chu, 2011; Mora Luis et al., 2014). Because case-based reasoning (CBR) techniques 

consisting of cases retrieve, reuse, revise and retain can be used to model the computer reasoning 

(Aamodt & Plaza, 1994), we develop a project-based learning platform using the CBR techniques to 

provide the case scaffoldings and reserve the creative and problem solving abilities learning portfolio in 

capstone project. Depending on the students' characteristics and learning portfolio to retrieve 

appropriate cases as creative learning framework and trigger students' creative thinking to assess the 

achievements of the capstone project.  

In this paper, we focus on creative design of e-book in the capstone project consisting of story 

design phase, style design phase, and layout design phase. Each phase needs its appropriate creative and 

problem solving abilities to achieve a complete visual creative design of e-book. Since multi-phase 

design thinking needs to consider the design links and consistency between the design phases, the 

creative brainstorming activity is not easy for students. Hence, there often exist inconsistencies between 

idea and the final productive result. 

Our project-based learning platform is a spiral model; each spiral corresponds to a design phase; 

each design phase consisting of four steps: similar case inquiry, brainstorming, collaborating and 

discussing. For assisting students’ brainstorming activity, the processes of the cases and teams’ learning 

portfolio are stored. For different design phase, according to the characteristics of case, we also define 

the similarity functions to retrieve appropriate cases. CBR case retrieve, reuse or revise, and retain 

techniques are used to assist students to solve the difficulties in case inquiry, brainstorming, and 

discussing, respectively. 

We further design an experiment based upon our learning platform to complete the e-book 

visual creative design with capstone project. The students are divided into experimental group and 

control group. The experimental group used the project-based learning platform in each e-book 

production phase and the control group only used the traditional PBL learning strategy to develop their 

e-book. The experimental result shows that the given appropriate learning scaffoldings can guide 

students to improve the creative and problem solving abilities. 

 

 

2. Related Works 
 
PBL has been proved to be an effective learning strategy (Blumenfeld et al., 1991; Huang et al., 2002). 

In the capstone project, the students are grouped into several teams, each of which should complete a 

project and develop their core abilities through interaction and collaboration with other students 

(Edward, 1995; Jang, 2006a; Jang, 2006b; Johnson & Aragon, 2002; Prince & Felder, 2007; Chang & 

Lee, 2010). With the progress of new era, e-PBL (PBL joins the IT technology) is used as a powerful 

tool to simulate the dangerous or expensive projects and provide scaffolding assist students learning 

(Rienties et al., 2012; Chu & Hwang, 2010; Heo et al., 2010; Raud & Vodovozov, 2010; Rooij, 2009; 

Domínguez & Jaime, 2010; Keser & Karahoca, 2010). The e-PBL can improve the effectiveness of 

learning by the following steps (Barron, 1998; Edelson  et al., 1999; Solomon, 2003; Chang & Lee, 

2010): 

1. Inquiring: Students inquire and collect of various materials 

2. Reflection: Reflect and learn about the original subject 

3. Selection: Select the appropriate solution 

4. Presentation: Present the project result 

5. Analysis: Analyze the capstone project process and final result 

6. Conclusion: Discuss and share findings and conclusions 

However, without good platform, the previous cases cannot be properly stored and reused, and 

the achievement cannot be easily assessed. Therefore, in the capstone project learning, PBL using CBR 

techniques can provide appropriate learning scaffolding to assist students and improve learning 

performance. 

 

 

3. Capstone Project Learning Platform 
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Good strategies with the appropriate learning scaffolding can allow students to obtain the creative and 

problem solving abilities with the consideration of the viewpoints of person, the process, the product, 

and the environment (Torrance, 1993; Sternberg, 1999). Brainstorming is often used to shorten the 

design process (Yu et al., 2011). But, these previous good cases cannot be easily shared and reused 

without appropriate learning platform. 

In this paper, we use CBR techniques consisting of cases retrieve, reuse, revise and retain to 

model the workflow of the traditional capstone project. Creative thinking, which is the first task in the 

capstone project, should be free and unrestricted in theory. In reality, the learning resources are limited 

in the school's learning environment. For improving students' creative and problem solving abilities, we 

apply case retrieval techniques to assist students to achieve learning objectives from previous good 

cases, and also design the appropriate learning scaffolding to assist students learning in capstone project. 

In the rest of this paper, we use the e-book creative design capstone project as an example to elaborate 

our method. 

As shown in Figure1, the creative design of e-book can be divided into story design phase, style 

design phase, and layout design phase, each of which can be beneficial from project-based learning 

platform using CBR techniques. To facilitate the brainstorming and ensure the entire e-book visual 

creative design integrity, the platform provides the case scaffoldings and reserves the creative and 

problem solving abilities learning portfolio from capstone project repository. The capstone project 

repository consists of case file and learning portfolio file. The case file consists of the previous good 

cases and the learning portfolio file consists of the teams’ learning portfolio. For the animated fairy tale 

e-book, the case and learning portfolio are defined as below. 

 

Case = < c-id, story-kw, user, synopsis, style-kw, style, layout-kw, layout, member, role, task > 

where c-id is used to denote the id of the case, 

           story-kw is used to denote the keywords about the story design phase of the case, 

           user is used to denote the users that the e-book is created for, 

           synopsis is used to denote the synopsis of the story, 

           style-kw is used to denote the keywords about the style design phase of the case, 

           style is used to denote the style of the case, 

           layout-kw is used to denote the keywords about the layout design phase of the case, 

           layout is used to denote the layout of the case, 

           member is used to denote the members of the students, 

           role is used to denote the role of the member in the team, 

           task is used to denote the members’ task in the team. 

 

Learning portfolio = < c-id, (P1, S1, M1, T1, O1), (P1, S2, M2, T2, O2), …, (Pi, Sj, Mj, Tj, Oj ), …, (P3, S4, 

M4, T4, O4) > 

where c-id is used to denote the id of the case, 

           Pi is used to denote the i-th phase of the platform, for i=1, 2, 3, 

           Sj is used to denote the j-th step of the phase, for j=1, 2, 3, 4, 

           Mj is used to denote the members who participate in j-th step of the phase, 

           Tj is used to denote the members’ task in j-th step of the phase, 

           Oj is used to denote the outcomes in j-th step of the phase. 

 

For different design phase, according to the characteristics of case, we also define the similarity 

functions to retrieve appropriate cases. The values of the similarity function are between 0 and 1. The 

higher the value is, the greater the similarity. 

Story similarity function = story-kw*0.5+user*0.2+ synopsis *0.3 

Style similarity function = style-kw*0.7+style*0.3 

Layout similarity function = layout-kw*0.7+layout*0.3 

The project-based learning platform based on e-PBL consists of four steps: similar case inquiry, 

brainstorming, collaborating, and discussing, where the modified CBR including Case retrieve, reuse/ 

revise, produce collaboratively, and retain techniques is used to assist students to solve the difficulties 

in similar case inquiry, brainstorming, collaborating, and discussing, respectively. The relationship 

between platform and the modified CBR techniques is shown in Table1. Thus, the platform can provide 

creative thinking and make up the traditional PBL strategy. 
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Table1. The relationship between platform and the modified CBR techniques. 

Steps The problem-based learning platform e-PBL steps Modified CBR techniques 

1 Similar Cases Inquiry Inquiring Case Retrieve 

2 Brainstorming Reflection, Selection Case Reuse or Case Revise 

3 Collaborating Presentation Produce collaboratively 

4 Discussing  Analysis, Conclusion Case Retain 

 

Step1. Similar case inquiry: According to students’ characteristics and learning portfolio, CBR case 

retrieve technique is used to inquire appropriate learning scaffolding in the learning process. 

This step corresponds to e-PBL inquiring step. 

Step2. Brainstorming: According to the learning scaffolding, CBR case reuse or case revise technique 

is used to assist students to brainstorm and trigger creativity in the learning process. This step 

corresponds to e-PBL reflection and selection steps. 

Step3. Collaborating: Students collaborate to stimulate their creativities in the learning process. This 

step corresponds to e-PBL presentation step. 

Step4. Discussing: CBR case retain technique is used to clarify the capstone project and assist students 

to discuss and share their experiences in the creative process. This step corresponds to e-PBL 

analysis and conclusion steps. 

 
Figure 1. Project-based learning platform using CBR techniques 
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The project-based learning platform is a multi-step spiral learning model, as shown in Figure2. 

In the spiral creative learning model, the learning objectives can be gradually achieved from outside to 

inside, where each spiral consists of similar case inquiry, brainstorming, collaborating and discussing to 

be able to preserve the integrity of design and creativity in e-book production process. 

 
Figure 2. Multi-step spiral PBL learning model 

 

In the animated fairy tale e-book project, the team has four members to produce the e-book in 

accordance with the story design, style design, and layout design in capstone project. 

 

Story design phase 

 

Step1. Similar Case Inquiry 

This fairy tales of the e-book is created for children. In the beginning of the production, the 

team members discussed and decided the protagonist of the story is bear cub and the story type is 

“Explore”; the bear cubs are the main material of the e-book; the story keyword could be “Explore”, 

“Fantasy” or “Journey”. Then, appropriate cases with high story similarity will be retrieved as the 

scaffolding. 

Step2. Brainstorming 

Using the learning scaffoldings retrieved from step1, the team members can create a variety of 

story synopsises through reusing or revising the scaffoldings. 

Step3. Collaborating 

The team members collaborate to consolidate a variety of story to a final version. 

Step4. Discussing 

In this step, the team members discuss and clarify the learning process of the design phase and 

share their experiences with each other. The teacher observes and records learning performance as the   

reference of the next stage. After this step, the team will go back to step1 and start the next learning 

process. 

 

Style design phase 

 

Step1. Similar Case Inquiry 

The team members discuss and decide the style of the story is “Interstellar”. The story keyword 

could be “Star”, “Astronomical” or “Universe”. Then, appropriate cases with high style similarity will 

be retrieved as the scaffolding. 
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Step2. Brainstorming 

Using the learning scaffoldings retrieved from step1, the team members brainstorm a variety of 

style through reusing or revising the scaffoldings. 

Step3. Collaborating 

The team members collaborate to consolidate a variety of style to a final version. 

Step4. Discussing 

In this step, the team members discuss and clarify the learning process of the design phase and 

share their experiences with each other. The teacher observes and records learning performance as the 

reference of the next stage. After this step, the team will go back to step1 and start the next learning 

process. 

 

Layout design phase 

 

Step1. Similar Case Inquiry 

For the creation of animated style fairy tale story, "Kids’ story house” is retrieved from the case 

repository to be the learning scaffolding in this phase. As shown in Figure3, this is the 1-1-2 frame. The 

page is divided into upper and lower parts. The upper part of the page is divided into left and right areas. 

The left area is the logotype area and the right area is the function area. The lower part of the page is 

content area displaying the contents of the page. 

 

 
Figure 3. Inquiring the learning scaffolding by CBR case retrieval technique 

 

Step2. Brainstorming 

Using the learning scaffolding retrieved from step1, the team members create a variety of 

different schemes, as shown in Figure4. The more schemes, the higher the degree of the students' 

creativity is stimulated. We find that the schemes have the following common features: (1) bear cubs, (2) 

1-1-2 frame. We believe that the learning scaffolding retrieved from step1 has a great impact on the 

students' production. 
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Figure 4. A number of schemes for the layout design of the animated fairy tale story 

 

Step3. Collaborating 

All of the members participate in this step. Team members state the creative ideas about the 

schemes generated in step2. Through voting or asking teacher for advice, consolidate these schemes 

into feasible solutions, as shown in Figure5. 

 

 
Figure 5. Converging collaboratively a number of schemes into one scheme 

 

Step4. Discussing 

In this step, students discuss and clarify the learning process of the design phase and share their 

experiences with each other. The teacher observes and records students' status and learning 

performance as the future reference. 

 

 

4. Experiment and Findings 
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4.1 Experiment 

 
Eight students who study the capstone project course are divided into experimental group and control 

group to complete the e-book visual creative design in the experiment. In accordance with the story 

design phase, style design phase, and layout design phase to complete the e-book visual creativity, each 

phase lasts for a week for two groups of students, where the experimental group used the project-based 

learning platform in each e-book production phase and the control group only used the traditional PBL 

learning strategy to produce the e-book. 

The experimental result shows that the number of creative ideas proposed in the experimental 

group is more than that in the control group in the design phases of visual creativity, as shown in Table2. 

 

Table2. The comparison of the quantities of creative ideas between the experimental group and control 

group 

 Story Design Phase Style Design Phase Layout Design Phase 

Experimental Group 8 9 14 

Control Group 2 4 3 

 

For understanding the students' inner thoughts and feelings, we designed a questionnaire and 

performed an in-depth interview about the capstone project process. The questionnaires consisting of 6 

items were revised from Wang and Hwang (2012) and Hwang et al. (2013) questionnaires. The 

questionnaire result shows that the experimental group thought that the learning scaffolding could 

benefit the brainstorming, and the final result of the design is consistent with the initial design idea. 

With the guidance of learning scaffolding, the pressure and discomfort of the students in the capstone 

project process can be reduced, and the experimental group felt more confident in the learning process. 

Such a feeling is very important for e-book production. In particular, the students believed that the 

relationship among the team members is better than before. 

According to the in-depth interview results, the experimental group thought that in the story 

design phase, the creativity is not easy to present due to the difficulty of use of the unfamiliar software. 

The students are more proficient and more creative in the style design phase and layout design phase. 

We may conclude more learning scaffoldings are needed to inspire students thinking and to motivate 

the frequent interaction between the team members.  

During the capstone project process, the experimental groups are apt to help each other to create 

a number of different schemes due to the understanding of each member's status. In many schemes, 

there are also some good creative ideas, and the team members can then collaboratively work out the 

final solution. During the discussions step, students express their views and ideas and record it as the 

reference in the next learning process. 

On the contrary, the control group said they sometimes could not easily show up their ideas and 

could not design the outcome that they desired. Students sometimes asked the teacher to give advises, 

but most of the time they searched the relevant works to reference. The control group students could 

complete the tasks finally without collaboration in the capstone project process, so their design products 

are most likely worse than those of the experimental group's. 

 

4.2 Findings 

 
We have two findings: 

1. The students sometimes have insufficient creativity in the capstone project, and they need good 

learning scaffolding as a seed to inspire. Thus, exploring an appropriate case as learning 

scaffolding can inspire students' creativity and problem solving brainstorming. 

2. Learning the conducting of a capstone project can be divided into many phases, each of which 

has its creative target. The students' learning performance can be improved in our proposed 

multi-phase learning process. 

 

 

5. Conclusion 
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For creative and problem solving abilities learning, we have developed a project-based learning 

platform which is a spiral model using the CBR case retrieve, reuse, revise, and retain techniques to 

assist students to solve the difficulties in case inquiry, brainstorming, and discussing, respectively. 

Therefore, it can provide the case scaffoldings and reserve the creative and problem solving abilities 

learning portfolio in capstone project. According to the students' characteristics and learning portfolio, 

the platform can be used to trigger students' creative thinking and assist teacher to easily assess the 

students’ achievements of the capstone project. The experimental result shows that the given 

appropriate learning scaffoldings can guide students to improve the creative and problem solving 

abilities. In the near future, we will focus on the acquisition and analysis of the learning portfolio. 
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