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Abstract 

 
Compared to the significant approach of project-based learning research, a data-driven design 
project-based learning has not reached a meaningful consensus regarding the most valid and 
reliable method for assessing design creativity. This article proposes an advanced information 
data-interactive learning system for creative design using a service design process that 
combines a design thinking. We propose a service framework to improve the convergence 
design process between students and advanced information data analysis, allowing students to 
participate actively in the data visualization and research using patent data. Solving a design 
problem by discovery and interpretation process, the Advanced information-interactive 
learning framework allows the students to verify the creative idea values or to ideate new 
factors and the associated various feasible solutions. The student can perform the patent data 
according to a business intelligence platform. Most of the new ideas for solving design projects 
are evaluated through complete patent data analysis and visualization in the beginning of the 
service design process. In this article, we propose to adapt advanced information data to 
educate the service design process, allowing the students to evaluate their own idea and define 
the problems iteratively until satisfaction. Quantitative evaluation results have shown that the 
advanced information data-driven learning system approach can improve the design project -
based learning results in terms of design creativity. Our findings can contribute to data-driven 
project-based learning for advanced information data that play a crucial role in convergence 
design in related standards and other smart educational fields that are linked. 
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1. Introduction 

COVID-19 Pandemic is accelerating the  discussions on fostering creative future talents. 
Even before COVID-19, the task of fostering creative future talents in the era of the 4th 
industrial revolution was being discussed, but COVID-19 is advancing it [1]. In the World 
Economic Forum, "Future of Jobs" report points out Complex Problem Solving, Critical 
Thinking, Creativity, People Management, Collaboration, Emotional Intelligence, Judgement 
and Decision Making, Service Orientation, Negotiation and Cognitive Flexibility as the top 10 
core competencies important to talent in the era of 4th industrial revolution [2]. 
In line with such trend of the times, educational institutions are actively conducting 
PBL(Project-Based-Learning) in the form of convergence of humanities and arts, including 
engineering fields [3]. PBL is a method in which students generate questions on their own for 
a certain period of time and use related knowledge and experience to produce results for 
questions in the form of specific outputs [4]. 
In PBL, the service design methodology is mainly applied. Service design is the act of planning 
and constructing related people, infrastructure, communication, and physical elements to 
improve service quality, customer experience, and service interaction, and it readjusts the 
service provider's actions or reconstructs the place and time of service delivery [5].  The British 
Service Design Company, Design Council, proposed a double diamond model in the process 
of Discover, Define, Develop, and Delivery, which are service design methodology (Councill, 
2005).  This aims to innovate service improvement through expansion of thinking by repeating 
divergence and convergence. User interviews are accompanied at the Discover stage of service 
design. However, as in-person activities were restricted due to COVID-19, it became difficult 
to conduct interviews. As in-person interviews become more difficult, quantitative 
investigations have become important in  the Discover stage [6]. Data has three advantages in 
service design. First, it is possible to grasp the hidden needs of the user. Second, effective 
visualization can be achieved through data, leading to insight. Finally, by visualizing data, a 
cooperative system with various fields can be established [7]. However, since using data is 
accompanied by university education, global tech companies such as Microsoft and Google 
introduces SaaS business models with expanded Business Intelligence (BI) funciton that can 
easily analyze and visualize big data.  According to Gartner, the number of cases of using SaaS 
with extended BI functions is expected to increase [8]. 
This study proposes a Project based Learning model based on service design by utilizing 
advanced data. Then, PBL is verified through the experiement. The experiment conducts 
service design education on university students with various majors. Patent data is provided to 
students as advanced data for utilization. Patent data has the characteristics of various data 
such as inventors, technology summary, citation information, detailed technology, drawings, 
etc. [9], and it is the fastest data to reflect current technology trends, so it is possible to develop 
new products and predict technology through patent analysis [10]. Since there is a gap in 
programming level between students and collaboration is important due to the nature of PBL 
education, the patent data visualization platform Build BI service was used and the usage log 
file was collected in order to verify our PBL model. Ultimately, the purpose of this study is to 
verify the effect of  PBL education on students when deriving creative design thinking from 
advanced data. 
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2. Related Work 

2.1 Data Driven Study 
The amount of data is gradually increasing due to the development of Internet and smart 
devices, and the rapid spread of social networks. As a result, data has many strengths, such as 
accuracy of decision-making, prediction of the near future, and possibility of creating new 
businesses. In particular, these strengths are being used in various research fields [11]. In the 
manufacturing field, there is a research case that improves product quality and service by 
applying collectable customer experience data including manufacturing data, product use 
information and usage reviews to product design and process [12]. In addition, in the design 
field, research was conducted on ZARA’s service design case, which created a system that 
enables sales prediction based on sales and inventory data, and immediate product supply by 
analyzing real-time sales status [11]. From these research cases, it can be confirmed that data 
can be used in various fields and possess a high value. 

2.2 Service Design 
The existing service design applies a double diamond model presented by the design company, 
Council, consisting of four stages, Discover, Define, Develop and Delivery. First, Discover 
stage understands customers through social, cultural, industrial, market and trend research. 
Basically, it is data research, market research and user research which can be categorized into 
two types, quantitative and qualitative research. Qualitative research collects data through 
interviews and field studies, and quantitative research focuses on data and expresses users’ 
actions and thoughts in numbers through measurable data. Second, Define stage filters 
expanded information through research to identify problems and presents directions and 
strategies. Third, during Develop stage ideas are spread, tested, and gradually developed 
through brainstorming, scenarios, and prototyping. Finally, the final results are derived at 
Deliver stage [9]. 

 
Fig. 1. Double diamond model of service design 

2.3 PBL(Project-Based-Learning) 
PBL is a learning method in which students execute projects independently while forming 
teams and collaborate with members to solve problems and create results on their own through 
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the process of goal setting, planning, execution and evaluation [13]. Through PBL, it was 
confirmed from prior research that students have a significant effect on improving 
communication skills [14] and creativity in the process of exchanging opinions with members 
and generating new ideas to solve problems [15]. In addition, it was found that students 
contributed to enhancing learning interest [16] and effectively enhancing cooperative self-
efficacy, which indicates awareness of the team’s ability to successfully perform tasks [17]. 

2.4 Advanced Data 
As the scope of data opening and sharing expands, movements to analyze and utilize data are 
actively progressing. As a result, the importance of data quality, which is a basic resource, is 
being emphasized [18]. 
Due to the development of information and communication technology, many knowledge and 
information materials held by the government are converted into data formats and used as 
public goods, and therefore people can use the converted digital knowledge information 
without restrictions in time and place [19]. 
Patent data includes a variety of information such as application and registration date, 
technology summary, detailed technology, and drawings, and its utilization value is very high 
as it has a large number of cases worldwide [20]. In addition, patent data is used as key data 
not only by companies but also by government agencies because the overall flow of related 
industrial market trends and technology trends can be seen depending on the analysis method 
[21]. In fact, various studies have been conducted using patent data, and have searched patent 
application status through network analysis where one example is research that examines the 
trend of technology convergence by comparing patents in foreign countries [22]. 

2.5 Process Mining 

Process mining refers to a series of processes in which meaningful information is found by 
analyzing event log occurring in the information system [23]. The event log used in process 
mining consists of an event representing a specific activity, a timestamp where the activity 
occurs, and a case that binds the event. Analysis of discovery, fitness test, and improvement 
may be performed through these event logs [24]. There are three methods for existing process 
mining. First, there is the process discovery that extracts information from an existing process 
and finds a new process. Second, there is the conformity test that checks how much conformity 
the discovered process has with the originally intended process. Third, when it is determined 
that the suitability is low, there is the expansion that increases suitability by expanding the 
original process [25]. This is to identify the user's journey through log data-based process 
mining and to identify a specific usage pattern. Fuzzy mining, which can simplify and express 
complex process models, and heuristic mining, which is used in situation where there is noise 
in the data or to generalize, are widely used, and Fuzzy mining technique based on log data is 
applied in this research [26, 27]. In this study, the discovery was applied in the process mining 
analysis, and the usage pattern of students was extracted by performing process log clustering-
based process mining. Moreover, an index for usability evaluation was derived by extracting 
students' usage patterns from a visualization result by compressing the path of process model 
in the tool used by students. 
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Fig. 2. Process mining structure 

3. Advanced Data Driven Service Design Model 

This research proposes Advanced Data Driven Service Design Model. Fig. 2 is a schematic of 
the Advanced Data Driven Service Design Model, and there is a formula for this. In the 
existing service design model, the stages of Discovery, Defense, Develop, and Delivery are 
matched by Exploration, Intervention, Design, and Share in Advanced Data Driven Service 
Design. The above model can solve problems faster and more efficiently than the existing 
service design model. The Y-axis of the service design model means an idea [9]. Repeating 
the expansion and reduction of ideas takes time, effort, and money. Advanced Data reduces 
the input of money, effort, and time and enables efficient problem solving [28]. In this paper, 
Advanced Data applies the Service Design model to verify the Advanced Data Driven Service 
Design model through PBL education. In this paper, Patent Data is used as Advanced Data. In 
business, Patent Data is primarily used to verify problems. However, Patent Data is data that 
is at the forefront of technology trends and can play an important role in understanding 
technology trends and industry trends [21]. These roles fit into the Service Design model, the 
process of exploring and solving problems. advanced Data and Platform are the basis of all 
processes of Exploration - Interpretation - Design - Share of Advanced Data Driven Service 
Design. Although Advanced Data reduces cost, effort and increases efficiency in Service 
Design, it is difficult for all students to use Advanced Data in PBL. Basically, if you do not 
have data literacy capabilities, even if you have Advanced Data, the value of use decreases. 
SaaS-based data visualization platform supports it to enhance utilization, but even this requires 
prior education. Therefore, in this paper, the Advanced Data Driven Service Design model is 
applied to the PBL where prior education is possible. 
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3.1 Exploration 
The Exploration stage is the stage where the problem is explored. Patent Data is the most 
sensitive data to technology trends and industry trends, so it helps to understand current 
technology and industry problems and expand ideas. Students participating in PBL education 
use the function of the Patent Data-based SaaS platform Build BI to utilize the data and explore 
issues focusing on the overall trend of patents. 

3.2 Interpretation 

When you complete the idea search, you need to interpret the idea. If you look at Patent Data 
macroscopically, you can see technology and industry trends, but microscopically, it helps you 
understand ideas through details. However, microscopically viewing Patent Data requires the 
structure or expertise of patent documents. Therefore, at this stage, students participating in 
PBL education need to apply to patent experts to help them understand the details of patent 
data.  

 

 

Fig. 3. Advanced data driven service design model 
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3.3 Design 
After the interpretation of the idea problem is completed, design work is needed to implement 
an idea. The idea of the design method should be expanded by comparing the actual technology 
implementation degree, technology, and industrial trends of the idea. 

3.4 Verification 
The final step is Verification. Patent's basic property is to verify the technology. Verification of whether 
the ideas presented to solve the problem through patent data are effective and feasible is possible through 
a microscopic approach of Patent data. 

4. Experimental Verification 

In this study, to verify the Advanced Data Driven Service Design presented in Chapter 3, the 
performance of the PBL project results, quantitative use of Advanced Data, and the path of 
use of SaaS platform Build BI are identified. The results of the project are calculated by two 
evaluations: the first expert evaluation and the second expert evaluation. Then, the Advanced 
Data Driven Service Design Model is verified by analyzing the quantitative usage and usage 
path of the upper and lower groups by the lower group. 

4.1 Method 
In this research, service design PBL was conducted on 72 university students. Since in-person 
lectures were restricted due to COVID-19, lectures were conducted online using real-time 
video platform (Zoom). In the target lecture, education on the service design methodology was 
conducted, and after that, students were formed into a team of 6 to 7 to carry out the project in 
a total of 11 teams. In addition, each team discovered topics on its own and generated service 
design results based on ideas derived through discussion. Then, a total of 3 peer reviews and 
10 experts’ evaluations were conducted for each presentation as the last course of the PBL. In 
this process, students used patent data. Since it is a convergence project in which students of 
various aptitudes participate, there are variations depending on their major in dealing with data. 
To reduce data literacy deviations, the patent data visualization platform, Build BI, was made 
to be used. From the platform, the students’ log data was extracted, which consists of 7 
columns and the total amount of data for students is 5,149 as shown in Table 1. Among them, 
User_ID distinguishing users for process mining analysis was mapped with Case id, Time 
indicating usage time was mapped with Timestamp, and Using_record representing usage 
events was mapped with Activity. 

4.2 Log data-based quantitative analysis 

Using the Build BI platform, it was planned to collect students' log data three times. However, 
due to issues on the platform, the data collection was performed two times. The first set of log 
data was collected for 3 days. During this period students were exposed to the platform for the 
first time and identify technology market trends through the patent data evaluation. In addition, 
service design targets were selected through team discussions and project plans were 
established accordingly. A total of 4235 logs were collected from the first data collection. The 
second set of log data was collected for 18 days. During this period, students shared ideas and 
developed them to generate results while proceeding with the Ideation stage. As a result of a 
total of 914 logs were collected from the second data collection.  
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Table 1. Examples of log data columns and attributes 
Column Value(example) # Case 

User_ID trial2021062301 72 

User_Name Sam 72 

Service BI 4 

Category Data selection 10 

Sub_Category Build data 12 

Using_record BI > Data selection > Build data > Chart Explorer 55 

Time 2021-06-23 22:51 - 

Table 2 shows the number of logs counted and its average per team for each collection. The 
average counts of log data are 385 and 83.1 for the first and second collection respectively. 
When calculating the total log data ratio for each team, it can be seen from Table 2 that 
students utilized more patent data in the initial exploratory stage during the first data collection. 
The average counts of log data from the first collection are 80% which is 4 times greater than 
that of the second collection. Table 3 shows the project scores consisting of peer reviews of 
72 students and evaluations from 10 experts. Team 4 ranked 1st, Team 5 and 7 ranked 2nd and 
3rd respectively, and Team 6 awarded with ‘Unique Idea Award’ in recognition of the 
uniqueness of the idea. Fig. 4 shows the BI platform activity log data and team performance 
in Table 2. The average number of logs per team was 468.1. It was found that Team 1, 2, 3, 4, 
5 and 8 showed above average usage whereas Team 6, 7, 9, 10 and 11 showed below average 
usage. 

Table 2. Log data collection of each team 
Team 1st counts of log data (percentage) 2nd counts of log data (percentage) 

1 215 (58%) 155 (42%) 

2 288 (81%) 67 (19%) 

3 70 (92%) 6 (8%) 

4 544 (98%) 12 (2%) 

5 555 (77%) 165 (23%) 

6 469 (93%) 36 (7%) 

7 880 (98%) 19 (2%) 

8 86 (51%) 83 (49%) 

9 574 (84%) 111 (16%) 

10 310 (95%) 18 (5%) 

11 244 (50%) 242 (50%) 

Avg 385 (80%) 83.1 (20%) 
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Table 3. Team Score and Log Data 
Team Score Ranking Counts of log data Award 

1 78.3 6 370 - 
2 75.2 10 355 - 
3 67.8 11 76 - 
4 86.0 1 556 Gold 
5 82.3 2 720 Silver 
6 77.1 8 505 Unique Idea 
7 81.4 3 899 Bronze 
8 77.4 7 169 - 
9 78.8 5 685 - 
10 75.7 9 328 - 
11 80.5 4 486 - 
avg 78.2 - 468 - 

 

 
Fig. 4. Log data by ranking 

4.3 Process mining analysis 

Quantitative comparison was performed between the first and second data collection. Then, 
the relationship between team performance and patent data usage was analyzed. The following 
analysis was conducted to confirm the differences in patent data usability through process 
mining. The entire process was implemented based on the student log data of each collection 
period. Fig. 5 represents the process mining of the first data collection period and Fig. 6 
corresponds to the second data collection. As shown in Table 4, two paths in usage of the first 
data collection were denoted as Path A and B. Path A is a general route in using the patent 
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data. Whereas Path B includes User Manual activity, which informs on how to use patent data 
and the BI platform. It was confirmed that students were scanning both the patent data and BI 
platform during the exploration. In the process mining of the second data collection, two paths 
of data usage denoted as Path A′ and B′ were observed.  Unlike Path A′, Path B′ contains 
Keyword Network activity at the beginning. It was found that students were much more 
comfortable in data usage during the second data collection. Thereby, activities related to idea 
expansion were carried out. 
 

Table 4. Path of process mining by data collection period 

 
11 teams were grouped based on the number of log data extracted in the data collection. The 
teams were separated into two groups where the upper group consists of the six teams with the 
above average data usage. The upper group's average log count is 641.8. The lower group 
consists of the five teams with below average data usage. The average number of logs is 259.6 
for the lower group. In the case of the upper group, the average team ranking was 3.8. On the 
other hand, the average team ranking of the lower group was 8.6. It was confirmed that the 
data usage has an impact on team performance. Process mining analysis was performed on 
these two groups to verify the difference between them. 
 
 

 

Data collection Path Order of activities 

1st collection 
Path A Start  Dashboard  User Data  Chart Explorer  

Keyword Network  End  

Path B Start  User Manual  User Data  Keyword 
Network  Chart Explorer  End 

2nd collection 
Path A′ Start  Dashboard  User Data  Patent Key 

Mapping  End 

Path B′ Start  Keyword Network  Chart Explorer  User 
Data  Patent Key Mapping  End 

Fig. 5. 1st collection process mining 
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Fig. 7 is the process mining of the log data upper group (Team 7, 5, 9, 4, 6, 11), and Fig. 8 
refers to the process mining of the log data lower group (Team 1, 2, 10, 8, 3). There are two 
paths to the upper group. Path 1 consists of Start  Chart Explorer  Service Introduction  
Dashboard and Path 2 consists of Start  Chart Explorer  Keyword Network  Custom 
Board Creation  My Drive. On the other hand, the lower group goes through Start  
Dashboard  Chart Explorer  Keyword Network  Service Introduction. It was found that 
the upper group utilized data in two pathways whereas the lower group utilized in a single 
pathway. Furthermore, the experience continued after the service introduction event on Path 1 
of the upper group, whereas the experience ended at the service introduction event of the lower 
group. 

Fig. 6. 2nd collection process mining 
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Fig. 7. Log data upper group process mining 

Fig. 8. Log data lower group process mining  
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There are two differences between the upper and the lower group. First, the paths of the upper 
group are more diverse than that of the lower group. In business, user and customer experience, 
process mining should be simplified, and the customer journey ideally consists of a single path. 
However, it is different in the field of education. In education, diversifying process mining 
paths has a positive impact on learning effects since exploration and learning processes are 
accompanied. Second, in the case of the upper group, event is continued after service 
introduction, but in the lower group, the event is terminated after the service introduction. 
Furthermore, the upper group stores more data in the shared BI drive than the lower group. This is the 
evidence that data is not simply viewed, but utilized and shared. 

5. Conclusion 

PBL education and service design methodology are becoming hot topics as fostering creative 
future talent has become a major issue due to COVID-19. However, the existing PBL and 
service design methodology have limitations. Due to COVID-19 in-person activities are 
limited and data utilization have become more significant. Overall, the data usage is essential 
in business, education, and talent nurturing. As the data quality improves, the competitiveness 
of companies and individuals increases especially with advanced data utilization.  

This research study proposed Advanced Data Driven Service Design model and verified the 
model through the PBL project. Advanced Data has a high utilization value in PBL which is a 
service design methodology centered on education. There are three conclusions reached 
through this experiment. First, when using data in PBL education, most students used a large 
amount of data in the early stages. Second, the data utilization has an impact on team 
performance. Lastly, when looking at the data usage path through process mining, the 
applicability of data utilization in the service design methodology was proved. Thereby, the 
use of advanced data during the exploration and learning stage, which has a positive impact 
on education. In this research, patent data was used as Advanced Data. Future research could 
utilize other types of Advanced Data and a thorough Advanced Data Driven Service Design 
model can be proposed. 
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