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The effects of the location for the display on a group work, which was important factor for PBL, were verified on following 2 aspects by 
the experiments.  
The data obtained from the experiments were analyzed using the Brunner-Munzel test and Bayesian inference. 
1. The interaction between using the ICT tools for sharing ideas and the location for the display was analyzed. And it was shown that 

an unsuitable location for the display decreased the merits in using ICT tools. 
2. The actions of members during the group work were examined.  And it was demonstrated turning one's eyes to the other 

members were influenced with the f location for the display. 
 

Keywords : Learning Environment, PBL, Group Work, Communication, Location for the Display, Bayesian Inference 

PBL  
 

1.   

PBL
Project-Based Learning / Problem-Based Learning

. 
PBL

PBL
 

PBL
ICT

PBL
1)  

PBL
ICT

2  
1

. 
2 1

ICT

 

1)

 
PBL

 
ICT

ICT 2)

ICT  
Wheeler ICT

3)

4)  

ICT

 
ICT

 

 *  
 

Assoc. Prof., Graduate School of Technology, Industrial and Social Sciences, 
Tokushima University, Dr. Eng. 

**  Office Research Center, Okamura Corporation, M. Design  

ICT を導入した学習環境においてディスプレイの配置が 
グループワークへ与える影響

PBL のための学習環境の開発に関する研究（その 2）

THE EFFECT OF THE LOCATION FOR THE DISPLAY ON A GROUP WORK  
IN ICT-ENHANCED LEARNING ENVIRONMENTS

A study on developing the environment for PBL (Part2)

掛 井 秀 一＊1，花 田   愛＊2

Hidekazu KAKEI and Ai HANADA

＊ 1  徳島大学大学院社会産業理工学研究部社会総合科学域  
准教授・工博

＊ 2  ㈱岡村製作所オフィス研究所 芸修

Assoc. Prof., Graduate School of Technology, Industrial and Social Sciences, 
Tokushima University, Dr.Eng.
Office Research Center, Okamura Corporation, M.Design

日本建築学会計画系論文集 第83巻 第753号，2131-2139， 2018年11月
J. Archit. Plann., AIJ, Vol. 83 No. 753, 2131-2139, Nov., 2018

DOI http://doi.org/10.3130/aija.83.2131
【カテゴリーⅡ】�

─ 2131 ─



5)  
ICT

ICT
6)  

7)  
ICT

ICT
 

ICT PBL
ICT

 
2013 8), 9)

37
10)

 

 

. Experiment A  
 

. 

 

4 1
 

Wi-Fi

.

 
5

 
5  

 
15  

1 5

 
5  

2
1

 
5  

1
5

 
5  

4 5
 

5
 

18 23 21.0 1.43
2 12 3

 

 

 

1
 

1 1 3 1
2 2 1  

4 2

Fig.1  

 

 

Q1 1: 5:
Q2

1: 5:

─ 2132 ─



5)  
ICT

ICT
6)  

7)  
ICT

ICT
 

ICT PBL
ICT

 
2013 8), 9)

37
10)

 

 

. Experiment A  
 

. 

 

4 1
 

Wi-Fi

.

 
5

 
5  

 
15  

1 5

 
5  

2
1

 
5  

1
5

 
5  

4 5
 

5
 

18 23 21.0 1.43
2 12 3

 

 

 

1
 

1 1 3 1
2 2 1  

4 2

Fig.1  

 

 

Q1 1: 5:
Q2

1: 5:

 
Brunner-Munzel  

 
 

10% 

11) 12)

Brunner-Munzel  
 

2
 

10% Smirnov-Grubbs
 

Bayes 1) 
Stan2.16.2 10000 4

5000 HMC
20000  

EAP  
Rhat 1.1 neff 2000

2)

13)  
Hi with-A 0 without-A

1  
Hu with-A 0 without-A

1  
 

 ~ normal(mean(x), 1000 * sd(x)) 
 ~ uniform(sd(x) / 1000, 1000 * sd(x)) 

 
 

 
x  
~

 
normal(a, b) a b

 
uniform(a, b) a b

 
mean(v) v  
sd(v) v  

 
 

Cohen d  

14)

15)  

 
Fig. 2 Fig. 3  

Q1
p = 0.0603

with-A 3 without-A 4 with-A
without-A

Fig. 2 Table 1
Q2

p = 0.793
Fig. 3 Table 1  

 

 
 

 

 
Rhat

1.1 neff 2000
Table 2  

Hu Hi

61.7 Table 3 Table 4
0.983 Table 3 Fig. 4  

─ 2133 ─



 

Large Table 5
Hi 98.5% Table 3 Fig. 5  

with-A
without-A

 

 

 
 

 

 

 

 

90
 

 

 

 

─ 2134 ─



 

Large Table 5
Hi 98.5% Table 3 Fig. 5  

with-A
without-A

 

 

 
 

 

 

 

 

90
 

 

 

 

 

  

 
 

3.  

  

  

19 28 21.5 1.72
2 12 3

 

46
 

46  

1
 

with-B
1 1 2

2 1 without-B
2 1  

4 Fig. 6   

. 

  

 

 

 

 
Fig. 7 Fig. 8  

Q1
p = 0.545

Fig. 7 Table 6  
Q2

p = 0.0219
 

with-B 3 without-B 2
without-B with-B

Fig. 8 Table 6  
 

Rhat

1.1 neff 2000
Table 7  

Hu Hi
1.06 Table 8 Hi

Table 4 0.0175 Table 
8 Fig. 9 (Table 5).  

0 > 1 51.8%
Table 8 Fig. 10  

 

 

 

 

─ 2135 ─



 

 

 

 
 

 

 

 

 

 

 

 

 

 

─ 2136 ─



 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

4.  
2

4

 
1) 

 
2) 

 
3) 

 
 

1) 2) ICT

 
 3)

18)

  
PBL ICT

 

 

 

PBL
 

ICT
 

 
 

 
 Hanada, A., Yoshida, K. and Kakei, H.: The Effect of the Table Top 

Shape on a Psychological Territory Generated on the Surface: A 
Study on Developing the Environment for PBL(Part1), Journal of 
Architecture and Planning (Transactions of AIJ), Vol. 80, No. 710, 
pp.823-830, 2015.5 (in Japanese)

 MEXT, ed.: Manabino Innovation Jigyo Jisshokenkyu 
Houkokusho(the Empirical Research Report on Learning Innovation 
Project), 
http://jouhouka.mext.go.jp/school/pdf/manabi_no_innovation_report.
pdf (in Japanese, accessed 2017.11.30) 

: ,  
http://jouhouka.mext.go.jp/school/pdf/manabi_no_innovation_report.
pdf  2017.11.30  

 Wheeler, S., Waite, S. J. and Bromfield, C.: Promoting Creative 
Thinking through the Use of ICT, Journal of Computer Assisted 
Learning,  
http://onlinelibrary.wiley.com/doi/10.1046/j.0266-4909.2002.00247.x/
full (accessed 2017.11.30) 

 Sakakibara, N., Matsuzawa, T. et al.: A Study of the Effect on 
Listeners' Learning Motivation in Debate: Using Tablet Terminals 
with Synchronous CSCL for Visualizing of Thinking, Journal of 
Science Education in Japan, Vol.41, No. 2, pp.85-95, 2017.7 (in 
Japanese) 

,  3 : 
CSCL

, , 41 , 2 , pp.85-95, 
2017.7 

 Ogura, H., Uchida, T., Yanagisawa, K. and Morita, M.: A Study on 
the Class Space Utilization toward Educational Computerizaion and 
Variation, Summaries of Technical Papers of Annual Meeting,  
Architectural Institute of Japan, Architectural Planning and Design, 
pp.317-318, 2014. 9 (in Japanese)  

, , , : 
 -

-, 
 

 Goto, Y., Yoo, Y., Yanagisawa, K. et al.: Analysis on ICT for 
Education, Facility and Space in Korea, Summaries of Technical 
Papers of Annual Meeting, Architectural Institute of Japan, 
Architectural Planning and Design, pp.319-320, 2014. 9 (in 
Japanese) 

, ,  2 : ICT
, 

 Shimokura, R.: Room Arrangements to Use ICT in Schools in the UK, 
Sweden and Spain, Summaries of Technical Papers of Annual 
Meeting, Architectural Institute of Japan, Architectural Planning 
and Design, pp.321-322, 2014. 9 (in Japanese)  

: , 

 Yoshida, K., Hanada, A. and Kakei, H.: The Effects of Information 
Sharing Tool on Communication in Group Work: the Outline of the 
Experiment and the Analysis Items, Summaries of Technical Papers 
of Annual Meeting, Architectural Institute of Japan, Architectural 
Planning and Design, pp.895-896, 2013.8 (in Japanese)

 Hanada, A., Yoshida, K. and Kakei, H.: The Effects of Information 
Sharing Tool on Communication in Group Work: the Experiment 
Results and the Consideration, Summaries of Technical Papers of 
Annual Meeting, Architectural Institute of Japan, Architectural 
Planning and Design, pp.897-898, 2013.8 (in Japanese)

 Hanada, A., Yoshida, K.and Kakei, H.: The Effects of Information 
Sharing Tool on Communication in Group Work: Developing the 

─ 2137 ─



ICT-Enhanced Learning Environment, Proceedings of the 37th 
Symposium on Computer Technology of Information, System and 
Applications, pp.163-166, 2014.12 (in Japanese)

 Fagerland, M. W., Sandvik, L. and Mowinckel, P.: Parametric 
methods outperformed non-parametric methods in comparisons of 
discrete numerical variables, BMC Medical Research Methodology, 
https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/147
1-2288-11-44, (accessed 2017.12.5) 

 Neubert, A. and Brunner, E.: A studentized permutation test for the 
non-parametric Behrens–Fisher problem, Computational statistics 
& data analysis, Vol. 51, Issue 10, pp.5192-5204, 2007 

 Gelman, A.: Inference and Monitoring Convergence, Markov Chain 
Monte Carlo in Practice, pp.131–143, Chapman & Hall/CRC, 1996

 Matsuura, K.: Stan To R de Bayes Toke Modeling(Bayesian 
Statistical Modeling Using Stan and R), Kyoritsu Shuppan, p186, 
2016 (in Japanese) 

: Stan , , p186, 2016
 Kruschke, J K.: Bayesian estimation supersedes the t test, Journal 

of Experimental Psychology: General, Vol. 142, No. 2, pp.573-603, 
2013 

 Kass, R. E. and Raftery, A. E.: Bayes Factors, Journal of the 
American Statistical Association, Vol. 90, No. 430, pp.773-795, 
1995.6 

 Cohen, J.: A Power Primer, Psychological Bulletin, Vol. 112, No. 1, 
pp.155-159, 1992.7

 Mukawa, N.: Roles of Gaze in Communication: How are intentions 
and Feelings Conveyed by Gaze?, The Journal of the Institute of 
Electronics, Information and Communication Engineers, Vol. 85, No. 

10, pp.756-760, 2002.10 (in Japanese) 
:  

, , 80 , 10 , pp.756-760, 
2002.10

 Katagiri, S.: Imasaradaga, Bayes Toketoha Nannanoka(It may be 
too late, but what is Bayesian Statistics), 
http://ill-identified.hatenablog.com/entry/2017/03/17/025625 (in 
Japanese, accessed 2017.11.30)  

: , 
http://ill-identified.hatenablog.com/entry/2017/03/17/025625  
2017.11.30

 Ozechowsky, T. J.: Empirical Bayes MCMC Estimation for Modeling 
Treatment Process, Mechanisms of Change, and Clinical Outcomes 
in Small Samples, Journal of Consulting and Clinical Psychology, 
Vol. 82, No. 5, pp.854-867, 2014.10 

 Schoot, R., Broene, J. J., Perryck, K. H. et al.: Analyzing small data 
sets using Bayesian estimation: the case of posttraumatic stress 
symptoms following mechanical ventilation in burn survivors, 
European Journal of Psychotraumatology, Vol. 6, 2015, 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4357639/, (accessed 
2018.5.10) 

 
 

 
Bayes

19)

20)

21)  
 10%
 0 > 1  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

 

 

 
  

─ 2138 ─



ICT-Enhanced Learning Environment, Proceedings of the 37th 
Symposium on Computer Technology of Information, System and 
Applications, pp.163-166, 2014.12 (in Japanese)

 Fagerland, M. W., Sandvik, L. and Mowinckel, P.: Parametric 
methods outperformed non-parametric methods in comparisons of 
discrete numerical variables, BMC Medical Research Methodology, 
https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/147
1-2288-11-44, (accessed 2017.12.5) 

 Neubert, A. and Brunner, E.: A studentized permutation test for the 
non-parametric Behrens–Fisher problem, Computational statistics 
& data analysis, Vol. 51, Issue 10, pp.5192-5204, 2007 

 Gelman, A.: Inference and Monitoring Convergence, Markov Chain 
Monte Carlo in Practice, pp.131–143, Chapman & Hall/CRC, 1996

 Matsuura, K.: Stan To R de Bayes Toke Modeling(Bayesian 
Statistical Modeling Using Stan and R), Kyoritsu Shuppan, p186, 
2016 (in Japanese) 

: Stan , , p186, 2016
 Kruschke, J K.: Bayesian estimation supersedes the t test, Journal 

of Experimental Psychology: General, Vol. 142, No. 2, pp.573-603, 
2013 

 Kass, R. E. and Raftery, A. E.: Bayes Factors, Journal of the 
American Statistical Association, Vol. 90, No. 430, pp.773-795, 
1995.6 

 Cohen, J.: A Power Primer, Psychological Bulletin, Vol. 112, No. 1, 
pp.155-159, 1992.7

 Mukawa, N.: Roles of Gaze in Communication: How are intentions 
and Feelings Conveyed by Gaze?, The Journal of the Institute of 
Electronics, Information and Communication Engineers, Vol. 85, No. 

10, pp.756-760, 2002.10 (in Japanese) 
:  

, , 80 , 10 , pp.756-760, 
2002.10

 Katagiri, S.: Imasaradaga, Bayes Toketoha Nannanoka(It may be 
too late, but what is Bayesian Statistics), 
http://ill-identified.hatenablog.com/entry/2017/03/17/025625 (in 
Japanese, accessed 2017.11.30)  

: , 
http://ill-identified.hatenablog.com/entry/2017/03/17/025625  
2017.11.30

 Ozechowsky, T. J.: Empirical Bayes MCMC Estimation for Modeling 
Treatment Process, Mechanisms of Change, and Clinical Outcomes 
in Small Samples, Journal of Consulting and Clinical Psychology, 
Vol. 82, No. 5, pp.854-867, 2014.10 

 Schoot, R., Broene, J. J., Perryck, K. H. et al.: Analyzing small data 
sets using Bayesian estimation: the case of posttraumatic stress 
symptoms following mechanical ventilation in burn survivors, 
European Journal of Psychotraumatology, Vol. 6, 2015, 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4357639/, (accessed 
2018.5.10) 

 
 

 
Bayes

19)

20)

21)  
 10%
 0 > 1  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

 

 

 
  

THE EFFECT OF THE LOCATION FOR THE DISPLAY ON A GROUPWORK IN ICT-ENHANCED 
LEARING ENVIRONMENTS 

A study on developing the environment for PBL (Part2) 
 

 
Hidekazu KAKEI* and Ai HANADA **  

 
* Assoc. Prof., Graduate School of Technology, Industrial and Social Sciences, Tokushima University, Dr. Eng.  

 ** Okamura Corporation, M. Design 

 
 

This study seeks to contribute to the design of the environment which will support students’ activities in PBL 
(Project Based Learning or Problem Based Learning). 

In the curriculum of university education, PBL is increasingly important. And learning of a new style requires an 
environment suitable for it. 

In this paper, we aim at verifying the interaction between ICT tools for information sharing and furniture layout, 
focusing on group work which occupies an important position in PBL. We report on 2 experiments. 

The experiment method and the analysis method were common in both experiments, but furniture layout was 
different in both experiments. 

The experiment method: The experiment participants were one group of 4 people. And they performed group 
work using the tablet devices. To the tablet device prepared for each participants, an application simulating a 
white board was installed. The application enabled every participants to write simultaneously on the simulated 
white board.  On the tablet device at hand, they could display the entire white board or enlarge and display a part 
of it. The 2 experimental groups were compared. On one group, the entire white board, which was the same on the 
tablet device, was always displayed on the wide display device (46 inch) for sharing ideas. On the other group, 
nothing was displayed on the display device.  

The analysis method: The data obtained from the experiments were analyzed using the Brunner-Munzel test and 
Bayesian inference. They were evaluated by p-value, effect size and posterior distribution.  

Layout: At Experiment-A, 2 members were seated side by side on each side across the table, and the display 
device was set on one end where the members were not seated. The height of the display was set as the height that 
the member could see without looking up or looking down (Fig.1). 

At Experiment-B, the display device was arranged so that it could be seen when everyone faced the front, and 4 
experiment participants sat on the table with chairs (Fig. 6) 

Conclusion: The following findings are obtained from the 2 experiments conducted this time. 
1) Display device with inappropriate arrangement not only doesn't function as an information sharing tool, but 

also creates a negative effect of lowering the evaluation of information browsability compared with the case of not 
using a display 

2) The arrangement of the information sharing display which is a tool for acquiring information also affects the 
ease of use of the tablet device which is a tool for information transmission 

3) It is possible to induce the act of directing the line of sight to other members by arranging the display 
From the above, it is confirmed that to realize the learning environment introducing the ICT targeted at PBL, it 

is necessary to consider the learning environment that takes the interdependence of space and tools.

THE EFFECT OF THE LOCATION FOR THE DISPLAY ON A GROUP WORK  
IN ICT-ENHANCED LEARNING ENVIRONMENTS

A study on developing the environment for PBL (Part2)

Hidekazu KAKEI＊1 and Ai HANADA＊2

＊1 Assoc. Prof., Graduate School of Technology, Industrial and Social Sciences, Tokushima University, Dr.Eng. 
＊2 Office Research Center, Okamura Corporation, M.Design

（2017 年 12 月 7 日原稿受理，2018 年 8 月 1 日採用決定）

─ 2139 ─


