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new project-based learning(PBL): Scrum-based learning (SBL) 

(Sakasegawa, Chubachi, and Nishihara, 2018) using Scrum theory for 

the activation of knowledge creation of participants. Using SBL, we 

investigated the behavior and mindsets change of participants’ 

knowledge creation. We surveyed 59 participants using SECI survey1 

(Nonaka, Konno, and Hirose. 2014). In the result, We confirmed that 

SECI survey ‘s indicators  (“spending time of behavior”/ Importance) 

showed the statistically significant difference and the positive effect-

size in participants’ activity level of knowledge creation.  

 

Keywords: Learning for innovation; Organizational knowledge 

creation; SECI process; Project-Based Learning; Scrum-based Learning 
 

Introduction 

In the present study, we discuss how Scrum accelerates knowledge creation and 

constructs new learning model in project-based learning (PBL). We examine the 

effectiveness of education from the perspective of organizational knowledge creation 

theory (Nonaka and Konno. 1995). We provided several new suggestions from different 

perspectives. The primary goal of the study is the development of knowledge creation in 

human resources of business organizations 

In our previous research, we constructed the scrum-based learning (SBL) to promote 

knowledge creation process of participants (Sakasegawa, Chubachi, and Nishihara, 2018). 

We also aimed to evaluate the SBL’s effect on knowledge creation in participants. We 

conducted a survey using “SECI survey”(Nonaka, Konno, and Hirose, 2014) and 

confirmed increasing activity level of knowledge creation process(SECI model 2) on  

participants. We assessed the statistically significant difference using Paired t-test and 

assessed the effect-sizes Cohen's d value (Cohen, J., 1988). The result showed the 

increase in the activity level of all four phases of SECI on participants. Finally, We got a 

new suggestion that SBL activates knowledge creation process on participants. 

However, we have not confirmed the participants’ behavior transformation and changes 

in mindsets, which is a change in participants’mindsets and transformation of behavior 

using SBL. Therefore, we aim to provide suggestions for the transformation of 

participants’ behavior and mindsets using SBL. 

                                                           

1  SECI survey can evaluate the activation level of knowledge creation from two 

viewpoints: "Importance" indicates a change in mindset concerning knowledge creation, 

"Spending time of behavior " indicates a  spending of behavior time for knowledge 

creation. 

2  The knowledge creation model (SECI model), the interconversion of two types of 

knowledge, explicit knowledge, and tacit knowledge are the 4 process called 

"Socialization,” "Externalization,” "Combination” and “Internalization” (Nonaka and 

Takeuchi, 1995;  Nonaka et al., 2008; Nonaka and Nishihara, 2017). 



We set up the following research hypothesis: 

A learning model applied Scrum to activate participants’ knowledge creation process. 

Therefore, we expect participants new knowledge creation to be transformed 

autonomously. 

We provide new suggestions for the organizational knowledge creation theory after 

testing the hypothesis. 

Over the last few decades, a rapid in software development using Scrum has been 

recorded in the ICT industry, (Sutherland, J.et al.,1999). The outcome of Verison One, 

Inc’s survey (Version One, Inc, 2017) revealed the effectiveness of the application of the 

agile methodology for accelerating of product delivery, managing and prioritize 

organizational changes and increasing productivity. In Version One’s report, it is revealed 

that the application of Scrum (Schwaber, and Sutherland, 2013) in agile methodology is 

68% (including its variations). Therefore, Scrum is the global standard methodology for 

agile software development. 

In recent years, studies have renewed interest in Scrum as a way of business innovation 

(Darrell, Sutherland, and Takeuchi, 2016). Based on the importance of Scrim for business 

innovation, we argue that some business organizations have applied Scrum to increase 

their business flexibility and agility for knowledge creation and knowledge 

maneuverability1. 

 

From the perspective of knowledge-based innovation, ICT services, software 

development, and business activities are examples of knowledge creation. In the present 

business environment, Japanese companies need knowledge creation and business agility 

by the development of human resources. However, Nonaka et al. (2013) believe that a 

deterioration in the ability of Japanese companies for developing and utilizing human 

resources with knowledge maneuverability is noted. 

 

Scrum framework is a methodology for rapid software development. However, Scrum is a 

model to promote knowledge creation and originated from innovative research (Takeuchi, 

and Nonaka, 1986). Nonaka and Konno (2012) and Sutherland (1999) mention that 

Scrum dynamically promotes knowledge creation in a team. 

Many studies have focused on software development and engineering education using the 

Scrum. However, little research still examines how Scrum accelerates knowledge creation 

in individuals, development teams, and business organizations. Thus, research of "Scrum 

as a knowledge creation model," on learning, business & technology innovation is 

essential to accumulate new paradigm from the organizational knowledge creation theory. 

                                                           

1  Nonaka, Hirose, and Ishii(2013) provided the concept of  Knowledge Maneuverability: 

"Not only the leader but also each organization member feels the change in the 

environment such as real market and technology and the movement of the organization, 

the organization and its constituent units, a person. and it will systematically act while 

changing dynamically the strategy and tactics while timely and appropriately judging 

whether we are always in the right direction " 
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Literature Review 

Organizational knowledge creation theory 

Traditional epistemology defined knowledge as “justified belief.” From the perspective of 

the organizational knowledge creation theory developed by Nonaka et al., knowledge is 

“the dynamic social process of justifying personal belief toward truth, goodness, and 

beauty” (Nonaka and Nishihara, 2017). 

Tacit knowledge and explicit knowledge are two types of knowledge (Nonaka and 

Takeuchi, 1995). Tacit knowledge and explicit knowledge are continuums, and new 

knowledge is created in mutual conversion (Nonaka, Toyama, and Hirata, 2008). 

The knowledge creation is a continuous interconversion process of tacit knowledge and 

explicit knowledge. The knowledge creation model (SECI model), the interconversion of 

two types of knowledge, explicit knowledge, and tacit knowledge are the model process 

called "Socialization,” "Externalization,” "Combination” and “Internalization” (Nonaka 

and Takeuchi, 1995; Nonaka et al., 2008; Nonaka and Nishihara, 2017). As the SECI 

model moves spirally, the tacit knowledge of individuals is transformed into explicit 

knowledge, assisting in sharing knowledge with other people and allowing in developing 

new meanings from other’s viewpoints. By integrating these viewpoints into knowledge, 

they become new knowledge (Nonaka et al., 2008). 

Also, Nonaka et al. present concepts, such as Ba (place) and wisdom leadership as 

elements, to promote knowledge creation (Nonaka, Toyama, and Konno, 2000). 

SECI process and learning 

Nonaka and Konno (2012) found a positive relationship between the SECI model and 

learning, revealing that “internalization is a process of making knowledge, logically 

understood through actions and thinking deeply, making it self-aware as tacit knowledge.” 

In this process, we believe there is a gap between ideal and reality, which is the next 

course of action and which receive feedback from the reality. By constantly internalize 

knowledge, new knowledge creation will continue (Nonaka and Konno, 2012). 

Leadership for knowledge creation 

The leadership of knowledge creation is defined by the concept of "Phronesis," translated 

as “wisdom” or “practical knowledge and practical wisdom” (Nonaka, Toyama 

and·Hirata, 2008). Regarding the argument by Nonaka, Konno, and Hirose (2014), a 

positive correlation has been confirmed in Phronesis and SECI process (Nonaka and 

Takeuchi, 2011). 

Scrum and Knowledge Creation 

Takeuchi and Nonaka (1986) surveyed new product development in the Japanese 

manufacturing industry in the 1980s. They pointed diversified professional members set 

autonomous teams who gradually repeated the production approach. This approach is 



more effective than the relay race approach, called Scrum, as compared with rugby 

approach. 

Sutherland (2004) developed Scrum as one of the agile software development 

methodologies based on Takeuchi and Nonaka’s research (Takeuchi and Nonaka, 1986) 

and presented the following view (Sutherland et al., 1999): "Scrum encourages team 

members to socialize, externalize, internalize and combine technical knowledge on an 

ongoing basis, thus allowing technical expertise to become community property for the 

community of practice (Nonaka, 1995). Scrum meetings are therefore rituals with deep 

cultural transcendence. Meeting at the same place at the same time, and with the same 

people, enhances the feeling of belonging, and creates the habit of sharing knowledge." 

Nonaka and Konno (2012) point out that Scrum promotes knowledge creation. "Scrum is 

based on knowledge creation theory, emphasizing on the Ba and focusing on team 

members' knowledge creation (Socialization, Externalization, Combination, 

Internalization). As a result, it converts technical expertise into the community assets.” 

Research Question 

The study develops the following research question: 

How Scrum encourages team members to socialize, externalize, combine and internalize 

knowledge on an ongoing basis? 

The conceptual definition of knowledge and learning 

Definition of knowledge 

The definition of “knowledge” is based on the concept presented by Nonaka et al. (2017). 

Concept of learning 

The concept of learning is a person's intellectual activity that facilitates the creation of 

knowledge. 

The concept “learning” is defined as a “transformation process by which the participants 

recognize the creation of organizational knowledge as their role, which guides them to the 

state where the autonomous act toward the creation of knowledge.” 

Research Design/methodology 

SBL overview. 

SBL's instructional design by Sakasegawa et al. (2018) as follows. 
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Fig1.Process of SBL 

Table 1. SBL Activities 

Schedule Activities 

Day 1 Team Building Based on the concept of self-organization, participants 

themselves form their own team. 

Basic lecture: Scrum and Agile development 

Hands-on: Programming exercises for smartphone 

applications and ICT service development 

Day 2 Product & Service 

Design 

Each team designs that the concept of the ICT service 

/smartphone applications and define the value to be offered to 

the user. Using service design methodology: Value 

Proposition Canvas, persona, etc. 

Perform a project plan presentation 

Day 3 Development 

planning 

Preparation for development 

Development planning 

Create product backlog 

Estimate user story and set development priorities 

1-hour sprint* Sprint Planning Meeting (per team) 15 minutes 

Sprint (per team, development work done) 60 minutes 

Review Meeting ** (joint review of all members) 15 minutes 

Retrospection Meeting(per team) 10 minutes Day 4 

Final Review 

Meeting and 

Reflective Meeting  

Meetings will proceed with a style in which all members 

question each other. (All members Joined) 

*Repeat 5-10 times, **All members joined “15 minutes review meeting” all members question and 

answer each other. 

 1-hour sprint 

Based on the argument by Nonaka et al., "SECI's high-speed spiral is synthesizing the 

capability for the compatible creativity and efficiency” (Nonaka and Konno, 2012). To 

achieve the high-speed spiral of SECI, the sprint is shortened to one hour, and this is 

repeated in a plurality of times and short spiral learning processes to generate frequent 

feedback and deep reflection through dialogue. In the Scrum software development, the 

sprint takes between two and four weeks (Schwaber, and Suth-erland, 2013). 

 Characteristics of the Scrum team by Takeuchi and Nonaka (1986). 

a. Self-organizing learning team 



Participants form learning teams maintain autonomy during the learning activities. The 

instructor supports the learning activity and does not give instructions or order to 

participants. 

b. Overlapping learning phases 

By repeating collaborative work of participants with different experiences in the high-

speed sprint, learning team members collaborate learning activities with other participants, 

thereby increasing the level of awareness by repeating 1-hour sprint. 

c. Organizational transfer of learning 

Learning teams should consist of participants with different experiences, and this is 

recommended for inter-team learning. The review will proceed with a style in which all 

members question each other. Then, learning teams who received evaluation and 

feedback were asked to re-challenge. 

Assessment target 

To measure the promotion of knowledge creation process by SBL, a verification 

experiment was conducted five times at ICT company A company. Total of 59 

participants. (10Participants in March 2016, 15Participants in July 2016, 13Participantin 

November 2016, 12Participant in August 2017, 9Participants in March 2018). 

Participants are employees of Company A. Most participants will experience Scrum for 

the first time.  

Survey method 

SECI survey1 is designed using a 5-point Likert scale. We developed the questionnaires 

two times (before attendance, after attendance). This assessment is based on Nonaka, 

Konno, and Hirose (2014) approach. 

SECI survey can evaluate the activation level of knowledge creation from two 

viewpoints: "Importance" indicates a change in mindset concerning knowledge creation, 

"spending time of behavior " indicates  spending of behavior time for knowledge 

creation. 

Next, we assess the statistical significant of the effects of “importance” and “spending the 

time of behavior” in each SECI survey question using Paired t-test and Cohen 's d value 

(Cohen, J. 1998). 

We checked the consistency between the SECI survey questions and Agile Manifesto 

software development (Beck, Beedle, et al., 2001). This Manifesto represents “the 

philosophy of agile software development.” "Working software over comprehensive 

documentation,” we set the questions 13 and 18 of SECI survey as an inverted scale. 

 

                                                           

1 SECI survey questions in this paper is translated from the Japanese questionnaire only 

for the purpose of this paper. This questionnaire is under CC-BY-NC-ND. 
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Table 2  Questionnaire of SECI survey 

Socialization 

Q1 
 You share your thoughts, troubles, and emotions in direct contact with your 

superiors, colleagues, and subordinates. 

Q2 
You communicate directly with customers and sympathize with emotions, 

pleasures, and values. 

Q3 
You share personal experiences and know-how with members through work, which 

are difficult to express by words.  

Q4 
You visit other organizations and related departments to collect information and 

receive experience. 

Q5 
Through observation of the site and the market, you feel new business opportunities 

and trends. 

Q6 
You interact with people inside and outside your company and receive new 

perspectives and tips from yourself. 

Externalization 

Q7 You set up hypotheses and predictions to solve new phenomena and problems. 

Q8 You express your thoughts and ideas clearly with figures and tables. 

Q9 You create a variety of ideas through free discussion. 

Q10 You refine your ideas through dialogue and discussion to create a new concept. 

Q11 
To make others understand your intuition and image, which is difficult to express, 

you express it easily using “parable.” 

Q12 You recapture your own ideas through dialogue. 

Combination 

Q13 
To realize a new concept, you create a document (proposal, report, specification, 

etc.). 

Q14 
You evaluate and review the new concept with multiple dimensions (feasibility, 

novelty, identity, market needs, corporate philosophy, profitability, etc.). 

Q15 You relate multiple concepts to a larger model. 

Q16 
You systematically collect the information and data scattered inside your company, 

according to the purpose of work. 

Q17 
You collect information and data outside the company, such as literature, market 

research, and success stories of other companies. 

Q18 
You organize the necessary information/data according to the business purpose or 

accumulate it to develop a manual. 

Internalization 

Q19 You evaluate your work achievement and keep improving. 

Q20 
If you face new situations or challenges, you try to solve problems according the 

circumstances. 

Q21 
You share the success stories of inside and outside your company with departments 

and your organization. Moreover, you use the successful example as a model. 

Q22 
You reiterate and establish new know-how and manuals with subordinates and 

colleagues. 

Q23 
You learn from internal and external success cases, and refine judgment, and 

execute ability from your experience. 

Q24 
You try out what you learned from training, manuals, literature, etc., and make it 

for yourself. 



Results and Findings 

Reliability of the survey method  

To confirm the reliability of the SCEI survey, we used Cronbach's coefficient alpha as a 

pre-class (Spending time of behavior/importance) and after attendance (Spending time of 

behavior/ importance) because of confirmation, in “Spending time of behavior,” α = 

0.843 before attendance, α = 0.902 after attendance, α = 0.894 before attendance in 

importance degree, and α = 0.909 after attendance. We confirmed the reliability of the 

SCEI survey. 

Statistically significant difference and effect-size for each SECI survey’s 

questions 

For the 24 questions of SECI survey, 'importance' and 'spending the time of behavior' 

were calculated and the statistically significant difference and effect-size were evaluated. 

1. “Spending time of behavior.” 

Statistical significance difference and effect-size for each question were confirmed as 

shown in Table 3 and 4. 

 

Table 3 Statistically significant difference and effect-size for each SECI survey’s 

questions (Spending time of behavior) 

SECI * 

 

Test 
item 

Corresponding sample difference 

t 
value 

degree 

of 

freedom 

p-

value 
(both 

sides) 

Effect-

size: 

Cohen's d 
average 

value 

standard 

deviation 

standard 

error of 

the 

mean 

95% confidence 

interval of 

difference 

lower 

limit, 

upper 

limit 

S Q1 -0.421 1.309 0.173 -0.768 -0.074 -2.429 56 0.018 0.409 

Q2 -0.526 1.537 0.204 -0.934 -0.119 -2.586 56 0.012 0.465 

Q3 -0.448 1.259 0.165 -0.779 -0.117 -2.712 57 0.009 0.510 

Q4 -0.632 1.159 0.154 -0.939 -0.324 -4.113 56 0.000 0.627 

Q5 -0.679 1.237 0.165 -1.010 -0.347 -4.104 55 0.000 0.653 

Q6 -0.362 1.294 0.170 -0.702 -0.022 -2.131 57 0.037 0.362 

E Q7 -0.259 1.163 0.153 -0.564 0.047 -1.693 57 0.096 0.277 

Q8 -0.386 1.176 0.156 -0.698 -0.074 -2.477 56 0.016 0.379 

Q9 -0.879 1.440 0.189 -1.258 -0.501 -4.651 57 0.000 0.809 

Q10 -0.793 1.565 0.205 -1.204 -0.382 -3.861 57 0.000 0.732 

Q11 -0.586 1.077 0.141 -0.869 -0.303 -4.147 57 0.000 0.649 

Q12 -0.552 1.273 0.167 -0.886 -0.217 -3.301 57 0.002 0.586 

C Q13 -0.241 1.626 0.213 -0.669 0.186 -1.131 57 0.263 0.202 

Q14 -0.483 1.314 0.173 -0.828 -0.137 -2.797 57 0.007 0.487 

Q15 -0.621 1.282 0.168 -0.958 -0.284 -3.688 57 0.001 0.664 

Q16 -0.207 1.321 0.173 -0.554 0.141 -1.192 57 0.238 0.191 

Q17 -0.179 1.295 0.173 -0.525 0.168 -1.032 55 0.307 0.165 

Q18 -0.138 1.504 0.197 -0.533 0.257 -0.699 57 0.488 0.126 

I Q19 -0.448 1.202 0.158 -0.764 -0.132 -2.840 57 0.006 0.458 
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Q20 -0.103 1.266 0.166 -0.436 0.229 -0.622 57 0.536 0.111 

Q21 -0.483 1.158 0.152 -0.787 -0.178 -3.174 57 0.002 0.544 

Q22 -0.414 1.243 0.163 -0.741 -0.087 -2.535 57 0.014 0.426 

Q23 -0.397 1.199 0.157 -0.712 -0.081 -2.520 57 0.015 0.425 

Q24 -0.44828 1.12659 0.14793 -0.74450 -0.15205 -3.030 57 0.004 0.542 

*S: Socialization, E: Externalization, C: Combination, I: Internalization. 

Table 4 List of increased “spending time of behavior” related to knowledge creation 

 

SECI* Effect-size: Cohen's d Question item 

S 

Moderate 

Q3 

Q4 

Q5 

Small 

Q1 

Q2 

Q6 

E 

Large Q9 

Moderate 

Q10 

Q11 

Q12 

Small Q8 

C 
Moderate Q15 

Small Q14 

I 

Moderate 
Q21 

Q24 

Small 

Q19 

Q22 

Q23 

*S: Socialization, E: Externalization, C: Combination, I: Internalization. 

2. “Importance” 

We analyzed changes in the participants' knowledge creation. Statistically significant 

difference and the effect-size for each question were confirmed as shown in Table 5 and 6. 

 

Table 5 Statistically significant difference and effect-size for each SECI survey’s 

questions (Importance) 

 

SECI* 
test 
item 

Corresponding sample difference 

t value 

degree 

of 

freedom 

p-

value 
(both 

sides) 

effect-

size: 
Cohen'

s d 

average 

value 

standard 

deviation 

standard 

error of 

the 

mean 

95% 

confidence 

interval of 

difference 

lower 

limit, 

upper 

limit 

S Q1 -0.431 0.840 0.110 -0.652 -0.210 -3.908 57 0.000 0.560 
Q2 -0.351 1.094 0.145 -0.641 -0.061 -2.422 56 0.019 0.420 
Q3 -0.211 0.977 0.129 -0.470 0.049 -1.627 56 0.109 0.269 
Q4 -0.158 0.941 0.125 -0.408 0.092 -1.267 56 0.210 0.187 
Q5 0.035 1.195 0.158 -0.282 0.352 0.222 56 0.825 0.039 



Q6 -0.379 1.040 0.137 -0.653 -0.106 -2.778 57 0.007 0.455 

E Q7 -0.316 1.136 0.151 -0.617 -0.014 -2.098 56 0.040 0.382 
Q8 -0.298 0.999 0.132 -0.563 -0.033 -2.253 56 0.028 0.368 
Q9 -0.263 1.044 0.138 -0.540 0.014 -1.903 56 0.062 0.328 

Q10 -0.569 1.045 0.137 -0.844 -0.294 -4.147 57 0.000 0.727 
Q11 -0.345 1.069 0.140 -0.626 -0.064 -2.457 57 0.017 0.387 
Q12 -0.397 1.154 0.151 -0.700 -0.093 -2.618 57 0.011 0.498 

C Q13 0.017 1.249 0.164 -0.311 0.346 0.105 57 0.917 0.018 
Q14 -0.241 1.247 0.164 -0.569 0.086 -1.474 57 0.146 0.281 
Q15 -0.293 0.991 0.130 -0.554 -0.032 -2.252 57 0.028 0.369 
Q16 -0.140 1.288 0.171 -0.482 0.201 -0.823 56 0.414 0.144 
Q17 -0.123 1.087 0.144 -0.411 0.166 -0.853 56 0.397 0.140 
Q18 -0.034 1.199 0.157 -0.350 0.281 -0.219 57 0.827 0.037 

I Q19 -0.404 1.083 0.143 -0.691 -0.116 -2.812 56 0.007 0.475 
Q20 -0.155 1.005 0.132 -0.419 0.109 -1.176 57 0.245 0.187 
Q21 -0.224 0.937 0.123 -0.471 0.022 -1.821 57 0.074 0.277 
Q22 -0.328 1.066 0.140 -0.608 -0.047 -2.340 57 0.023 0.401 
Q23 -0.259 1.133 0.149 -0.556 0.039 -1.739 57 0.087 0.314 
Q24 -0.241 1.048 0.138 -0.517 0.034 -1.754 57 0.085 0.295 

*S: Socialization, E: Externalization, C: Combination, I: Internalization. 

 

Table 6 Increased recognition of the importance of knowledge creation 
SECI Effect-size: Cohen's d Question item 

S 

Moderate Q1 

Small 
Q2 

Q6 

E 

Moderate Q10 

Small 

Q7 

Q8 

Q11 

Q12 

C Small Q15 

I Small Q19 

*S: Socialization, E: Externalization, C: Combination, I: Internalization. 

Discussion 

Overall Trend 

The spiral flow of knowledge creation has accelerated changes in behaviors and mindsets 

of participants when using SBL framework. We confirmed large effect-size in 

externalization, combination, and internalization, and small effect-size in combination, 

which was due to Scrum-based-approach that defined the activities of a single team. The 

combination is the process of creating the knowledge of one group and combine it to 

another group for knowledge development. Knowledge is shared across organizations. 

Therefore, changes in behaviors and mindsets in combination are limited in Scrum-based-

SB approach. 
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The study confirmes how the four phases of the SECI model apply to the effect-sizes as 

compared with the behavior time and the importance degree. The results revealed that a 

change in behavior time increased more than a change in importance. 

What this result suggests is as follows: Behavior related to participants’ knowledge 

creation, and the feedback gained from experience transforms the awareness of 

participants’ knowledge creation. In the discourse of James, (2013), it is not fun to laugh 

because it is fun. This statement is supported by Tomkins, 1963; Tomkins, 1962) and 

Wiswede et al. (2009). This assertion is a valuable suggestion for the development of 

human resources and the organizational knowledge creation theory. 

Changes in Behavior on Knowledge Creation 

Behavioral changes for participants’ knowledge creation based on the survey result are 

revealed in Table 4. 

1. Socialization 

Scrum and SBL have specified in only the activities of one team. However, the 

participants exchange tacit knowledge, such as experience and knowledge among other 

teams assist in acquiring and sharing new knowledge. It also allows a team member to 

learn a new perspective from other team members. 

From the characteristic of SBL and the Scrum, it is revealed that the opportunity of 

communication is incorporated in the team activities. This showed that collaboration 

between participants with different experiences and values, incorporated into the learning 

process, increased the sympathy frequency, thereby facilitating dialogue between 

participants. It suggested that Scrum led the participants to promote new shared 

understanding and universal recognition with other who have different experiences and 

values have the ability 

2. Externalization 

Participants are creating diverse ideas through free talks. To narrow down ideas through 

dialogue and discussion, through creating of new concepts, and making others understand 

intuition and challenging images, it is necessary for participants to incorporate these ideas 

into their basic ideas. It is suggested that the idea is expressed in figures and tables to 

facilitate understanding. 

Through free discussions, it could be seen that the tacit knowledge of individuals is 

sublimated to team common knowledge (concept, universal recognition, and common 

understanding), to reconsiders the idea through dialogue and refines it into a better idea.  

Scrum organized the following four conferences in the development process: Sprint 

Planning Conference, Sprint Review, Sprint Retrospective, Daily Scrum. These 

conferences serve as a place for dialogue and collaboration between individuals and 

groups. It was suggested that the individuals’ tacit knowledge was shared as explicit 

concepts, goals, and common understandings throughout the group. 

3. Combination 



Question 15 suggested that the participants touched the opinions of others, identified the 

recognition, and formed common recognition and understanding for the entire 

participants. Question 14 suggested that participants work together toward improvement. 

From the result of Question 14 and Question 15, participants suggested that studies were 

carried out by using planning and SBL implementation techniques, which include the 

internet and books. This also involves sharing success stories inside and outside the 

company with the team and utilizing it as a model. 

At SBL, in the sprint review meeting, a participant demonstrates the deliverables in front 

of all participants and receives the reviews and feedback from others. At this time, 

participants receive different opinions from participants. 

4. Internalization 

Since the activities of Question 20 are not carried out during the SBL learning process, it 

can be considered that the statistically significant difference and effect-size were not 

confirmed.  

Results of Question 22 and Question 24 showed that in the sprint review, participants 

evaluate the achievement of goals, extract improvement points, and improve the next 

sprint. This is achieved through the repeated practices of the sprint, which is the most 

significant feature of Scrum. Participants may learn from the success stories inside and 

outside the company, assisting in improving their judgment and skills through 

experiences. This is practical wisdom which is an action for obtaining Phronesis. This 

result is consistent with the outcome of Nonaka and Konno (2012) which pointed out the 

relationship between learning and SECI model. 

Changes in recognition of the importance of knowledge creation 

We discuss changes in the importance of participants’ knowledge creation as revealed 

from the survey results (Table 6). 

1. Socialization 

Participants have recognized the importance of sharing emotions, ideas, and feelings 

through collaboration and direct dialogue with team members. Some suggested that they 

enhanced their understanding through the feelings and values of others. It was suggested 

that participants deepened their awareness through collaboration and dialogue and by 

collecting different viewpoints from others. 

2. Externalization 

Participants seem to understand the benefits of generating new ideas and concepts 

through dialogue with team members and customers. Moreover, participants recognized 

the importance of verification of the hypothesis, which validated the type of ICT service 

and software that could be delivered to customers. To share ideas with team members and 

other participants, it is essential to use figures and tables to express themselves efficiently. 

To understand the importance of expressing in an easy-to-understand manner is essential 

to use “analogy” to make others using the illustration and image, challenging in the 

communication, to think about ideas through dialogues from the viewpoints from team 

members and customers. 
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3. Internalization 

 

Question 19 corresponds to the sprint review and the sprint retrospective. Based on the 

result of the sprint review, Other participants provide feedback for the suggestion of new 

ideas and to improve the model. the participants perform the review using the KPT 

method. It suggested that one has transformed into wisdom and ability used by repeating 

review and improvement. 

Conclusions 

We recognized the behavior and mindsets change in participants’ knowledge creation. 

The transformation was recognized by two indicators that identified the behavior and 

mindsets of participants whose indicators increased. In the “spending time of behavior”, 

the moderate/large effect-size was recognized by socialization, externalization, and 

internalization. In the degree of importance, a moderate effect-size was recognized by 

socialization and externalization. The effect-size of combination is small both for 

behavior time and importance, based on the reason derived from the SBL framework.  

Comparing the change in behavior time and importance, it is considered that the change 

of participants’ behavior on knowledge creation transforms the participants’ mindsets. 

The result shows that participants can expect behavior change and conscious change 

through knowledge creation and through designing the behaviors that activate the 

knowledge creation process in the learning process. This suggests that human resources 

development can be realized through the knowledge creation, which supports our research 

hypothesis. 

The answers to the research question are as follows: "Changes in behaviors and mindsets 

concerning participants’ knowledge creation were confirmed to increase both in 

recognition of “spending the time of behavior” and “importance,” which especially 

noticeable in socialization, externalization, and internalization. Increase in spending the 

time of behavior is larger than “important.” The change in behavior and mindsets of 

knowledge creation in SBL participation is shown in Table 4 and 6.” 

 

Our research results can applicate to industrial and theoretical fields. 1. We built a model 

of PBL oriented toward knowledge creation and confirmed the impact of behavior and 

mindsets on participants’ knowledge creation. 2.we have confirmed the effectiveness of 

Scrum-based team activity model from the viewpoint of organizational knowledge 

creation theory, serving as an active-learning methodology of human resources 

development responsible for knowledge creation. 

 

Future research: using the interview method, to understand the awareness and learning 

gained by the participants: to aim to confirm what participants got experience in scrum 

based team activity model, what knowledge was created, and how they transformed them 

into a common recognition of the team.  
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