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Abstract: The use of city development workshops continues to increase, reflecting the need for citizen 
participation in city development legislation. City development workshops are carried out over weekly or 
monthly periods: continuous workshops. Even though participants may have opinions or thoughts about 
such discussions during or after the workshops, reflecting on them during workshop discussions is difficult. 
In our work, we propose a method that conduct virtual-world workshops using COLLAGREE during and 
after continuous real-world workshops on city development. We verified our proposed method’s effects by 
social experiments in which continuous workshops were conducted by landowners, residents, and students. 
We analyzed the discussion data of both real-world and virtual-world workshops and gave questionnaire 
surveys to our participants. As a result, when discussion using many characters was conducted in a virtual-
world workshop and participants viewed it, its contents influenced subsequent discussions. Moreover, we 
found that our proposed method had a psychological effect on discussions while improving. 
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1. Introduction 
1.1. Background and propose 

Recently in the field of architectural and space design, a 
consensus-building process among various stakeholders is 
required [1]. City development workshops in the real-world 
are a place to build a consensus, whose usefulness was 
clarified by Nishikawa et al. [2]. City development workshops 
are increasing due to city development legislation and the 
participation of residents [3]. City development workshops 
require flexible scheduling, including weekly, monthly, or 
continuous sessions (continuous workshops). In addition to 
plan formulation by participants, continuous workshops 
effectively clarify the functions for the formation of resident 
ownership [4]. 

Participants return to their respective daily lives during and 
after continuous workshops. Even though they may have 
thoughts on the workshop discussions, those thoughts might 
be difficult to discuss during the workshop because there is a 

period until the next workshop, or all of the workshops have 
been completed. 

We previously developed a consensus-building support 
system “COLLAGREE” that enables virtual-world discussion 
and proposed a discussion method that solves the time and 
place constraints of our previous system [5] [6] [7]. Since 
COLLAGREE can solve temporal and location constraints, it 
can be expected that the opinions expressed in everyday life 
can be reflected in the discussion of the workshop. Also, the 
facilitator is considered important in the workshop [8]. 
COLLAGREE has the function to support facilitator 
participation in the virtual-world workshop. Therefore, in our 
work, we propose a method that conduct virtual-world 
workshops using COLLAGREE during and after continuous 
real-world workshops on city development. We propose to 
verify the method about the effect and the problems. 
1.2. Position of previous studies and our work 

Even though Fujiori et al. clarified that continuous 
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S14 has only characteristic of “wood grain pattern” 
cluster. That discusses not only wood grain pattern 
decorative plastic and wood grain samples cluster to 
“wood grain pattern” cluster, but also metal pattern 
decorative plastic may possibly have the characteristic of 
“wood grain pattern”. 

By using the evaluation factors for automotive 
interior material textures in the early design process, the 
development of products with a high visual evaluation 
should be achieved. A future work should be to evaluate 
problems related to the factors and their effects on the 
characteristics of each specification, including decorative 
film plastics. 
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1. Introduction 
1.1. Background and propose 

Recently in the field of architectural and space design, a 
consensus-building process among various stakeholders is 
required [1]. City development workshops in the real-world 
are a place to build a consensus, whose usefulness was 
clarified by Nishikawa et al. [2]. City development workshops 
are increasing due to city development legislation and the 
participation of residents [3]. City development workshops 
require flexible scheduling, including weekly, monthly, or 
continuous sessions (continuous workshops). In addition to 
plan formulation by participants, continuous workshops 
effectively clarify the functions for the formation of resident 
ownership [4]. 

Participants return to their respective daily lives during and 
after continuous workshops. Even though they may have 
thoughts on the workshop discussions, those thoughts might 
be difficult to discuss during the workshop because there is a 

period until the next workshop, or all of the workshops have 
been completed. 

We previously developed a consensus-building support 
system “COLLAGREE” that enables virtual-world discussion 
and proposed a discussion method that solves the time and 
place constraints of our previous system [5] [6] [7]. Since 
COLLAGREE can solve temporal and location constraints, it 
can be expected that the opinions expressed in everyday life 
can be reflected in the discussion of the workshop. Also, the 
facilitator is considered important in the workshop [8]. 
COLLAGREE has the function to support facilitator 
participation in the virtual-world workshop. Therefore, in our 
work, we propose a method that conduct virtual-world 
workshops using COLLAGREE during and after continuous 
real-world workshops on city development. We propose to 
verify the method about the effect and the problems. 
1.2. Position of previous studies and our work 

Even though Fujiori et al. clarified that continuous 
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workshops on city development are effective for forming the 
individuality of residents [4], they did not address the 
treatment of opinions/ideas in during and after continuous 
workshops. 

Toyama et al. scrutinized the intentions of residents 
through a multistage questionnaire survey based on Delphi 
law's idea [9]. The focus of our work is the same as the Toyama 
et al. study by a method that complements a real-world 
workshop. However, its purpose and method are different. Our 
work proposes the method using the virtual-world workshop 
during and after the real-world workshop. Toyama et al. 
proposed a multi-stage questionnaire survey method, which is 
different from our work. 

In a study that supports workshops by computer technology, 
Arima et al. [10] developed a VR system that supports 
consensus-building and image sharing in real-world 
workshops and proposed the effective use of VR systems. 
However, their system is a method for real-world workshops, 
and they also failed to explain what our work focuses on. 

In a study on a large number of discussions in a virtual-
world setting, Kobayashi et al. formed civil consensus with an 
electronic conference system [11] [12] [13] and developed a 
multifunctional electronic conference system using various 
electronic data other than character data and information-
organizing functions. However, in this study there was a 
problem that continuity in discussion was difficult due to the 
change of the target of opinions. In our work, the facilitator is 

advancing discussion in the system, aiming to ensure 
continuity in the discussion. Moreover, they failed to verify a 
case that used their system during and after continuous 
workshops.  

Therefore, these previous studies do not cover the opinions 
during and after continuous workshops. Since our proposed 
method is reflected the opinions in discussion, our work has 
significance. 

 
2. Consensus-building support system on COLLAGREE 

Figure 1 shows the user interface of COLLAGREE [6] that 
we used in our work. It has an input field on the screen’s upper 

Table 1. Function on system 
Function Explanation 

(1) Attaching image Participants can attach images when posting. 
(2) Issue tags By adding issue tags to posts, participants can sort 

and refine searches. 
(3) Like button Like button is used to show favor on favorite posts. 
(4) Discussion points Participants can get discussion points according to 

number of posts, replies and likes. Discussion 
points proposes to active discussion. 

(5) Keywords highlighted Keywords highlighted displays words that 
appeared frequently during discussions. 

(6) Agreement or 
disagreement 

Participants can express agreement or disagreement 
when replying to posts. 

(7) Discussion tree Discussion tree visualizes flow of a discussion on 
basis of reply relationships. Participants can grasp 
hierarchical structure of discussion from this tree 
visualization. 

(8) E-mail reminder E-mail reminder notify participants when there are 
replies to posts. 

 

 
 

Figure 1. Image of consensus-building support system on COLLAGREE 

Input field 

Issue tags 

Discussion theme 

Discussion phase 

Timeline 
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part. When posting an opinion/idea, participants or the 
facilitator enter its title and content in the input field. Images 
or issue tags can also be added. Next, the input posted by 
participants are displayed on the screen’s left side in a timeline. 
Participants or the facilitator can post replies to the comments 
or push the agreement button. On the screen’s right side, 
discussion theme, discussion point, and keyword display are 
arranged to encourage discussion. Details of the functions 
installed in this support system are shown in Table 1 [7]. 

Discussion at COLLAGREE is divided into the following 
three phases: divergence, convergence, and consensus. The 
facilitator switches the phases at arbitrary times and advances 
the discussion. The phase status is displayed at the top of the 
screen. In the “divergence phase,” participants gather a wide 
range of views on the discussion theme and examine various 
possibilities. In the “convergence phase,” participants review 
and narrow down the ideas broached in the divergence phase. 
In the “consensus phase,” participants and facilitator forge a 
consensus by summarizing the discussions. 
 
3. Experimental verification of proposed method 

Next, we address the effects and the problems of forming a 
consensus of the discussion method in virtual-world during 
and after completing city development continuous workshops.  

Effects and problems remain unclear for consensus-
building in which citizens discuss during or after continuous 

city development workshops. Therefore, in a real-world setting, 
we conducted continuous city development workshops. After 
each real-world one, we conducted virtual-world workshops. 
By conducting such social experiments, we can verify the 
effects and problems of consensus-building. 
3.1. Target city of social experiment 

Nagoya City, which was selected as the target of our city 
development continuous workshops, designated three districts 
as urban development areas: Nagoya Station, Sakae, and 
Nagoya Port [14]. 
3.2. Workshop objective 

Workshop objective was to create a future vision by 
perspective pictures. The method to create a future vision by 
perspective pictures is a common method in the field of 
architecture and design. 
3.3. Workshop outline. 

In the architecture and design field, since a project’s overall 
concept is crucial [15], first, the city development concept is 
created by characters. Next, to obtain many ideas, participants 
create ideas for city development with pictures and characters. 
Finally, using their created concepts of city development and 
many ideas, participants create a future vision based on their 
perspective pictures.  

We conducted a virtual-world workshops after the real-
world workshops so that participants could reflect on their 
ideas about the workshops. In the 1st virtual-world workshop, 

Table 2. Outline of social experiment 
Real-world workshop 1st round 2nd round 3rd round 
Place Hall of Junior Chamber International Nagoya 
Purpose Concepts made by team Ideas produced individually Visions made by teams 
Date Jul. 13, 2016 Aug. 10, 2016 Sep. 6, 2016 
Number of participants 78 54 50 

Scene 

   
Program Phase 1 Lecture on city development Lecture on design Lecture to summarize ideas 

 Phase 2 Discussion Discussion Discussion 

 Phase 3 Creations presented by team; 
reviewed by speaker 

Creations reviewed by participants and 
speaker 

Creations presented by teams; 
reviewed by speaker 

Speakers and facilitators Prof. Ryo Yamazaki Visit. Prof. Eisuke Tachikawa Assoc. Prof. Ryuji Fujimura 
Virtual-world workshop    

Purpose Concepts made by everyone Ideas summarized by everyone Visions understood well by everyone 

Date Jul. 13-20, 2016 Aug. 10-20, 2016 
* Postponed due to system malfunction Sep. 6-13, 2016 

Program Phase 1 Divergence  Divergence  Divergence  
 Phase 2 Convergence  Convergence  Convergence  
 Phase 3 Consensus  Consensus  Consensus  

Facilitator Staff Staff Staff 
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workshops on city development are effective for forming the 
individuality of residents [4], they did not address the 
treatment of opinions/ideas in during and after continuous 
workshops. 

Toyama et al. scrutinized the intentions of residents 
through a multistage questionnaire survey based on Delphi 
law's idea [9]. The focus of our work is the same as the Toyama 
et al. study by a method that complements a real-world 
workshop. However, its purpose and method are different. Our 
work proposes the method using the virtual-world workshop 
during and after the real-world workshop. Toyama et al. 
proposed a multi-stage questionnaire survey method, which is 
different from our work. 

In a study that supports workshops by computer technology, 
Arima et al. [10] developed a VR system that supports 
consensus-building and image sharing in real-world 
workshops and proposed the effective use of VR systems. 
However, their system is a method for real-world workshops, 
and they also failed to explain what our work focuses on. 

In a study on a large number of discussions in a virtual-
world setting, Kobayashi et al. formed civil consensus with an 
electronic conference system [11] [12] [13] and developed a 
multifunctional electronic conference system using various 
electronic data other than character data and information-
organizing functions. However, in this study there was a 
problem that continuity in discussion was difficult due to the 
change of the target of opinions. In our work, the facilitator is 

advancing discussion in the system, aiming to ensure 
continuity in the discussion. Moreover, they failed to verify a 
case that used their system during and after continuous 
workshops.  

Therefore, these previous studies do not cover the opinions 
during and after continuous workshops. Since our proposed 
method is reflected the opinions in discussion, our work has 
significance. 

 
2. Consensus-building support system on COLLAGREE 

Figure 1 shows the user interface of COLLAGREE [6] that 
we used in our work. It has an input field on the screen’s upper 

Table 1. Function on system 
Function Explanation 

(1) Attaching image Participants can attach images when posting. 
(2) Issue tags By adding issue tags to posts, participants can sort 

and refine searches. 
(3) Like button Like button is used to show favor on favorite posts. 
(4) Discussion points Participants can get discussion points according to 

number of posts, replies and likes. Discussion 
points proposes to active discussion. 

(5) Keywords highlighted Keywords highlighted displays words that 
appeared frequently during discussions. 

(6) Agreement or 
disagreement 

Participants can express agreement or disagreement 
when replying to posts. 

(7) Discussion tree Discussion tree visualizes flow of a discussion on 
basis of reply relationships. Participants can grasp 
hierarchical structure of discussion from this tree 
visualization. 

(8) E-mail reminder E-mail reminder notify participants when there are 
replies to posts. 
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they again widely discuss the opinions about the city 
development concept and create new concepts. In the 2nd 
virtual-world workshop, they summarize all of the numerous 
ideas from the real-world workshop to deepen their 
understanding of them. In the 3rd virtual-world workshop, 
participants discuss similar previous future visions using the 
perspective pictures from the real-world workshop. Table 2 
shows an outline of the workshops. 
3.4. Outline of real-world workshops 

Continuous real-world workshops of city development 
were roughly held three times at monthly intervals. In them, 
we clarified effective discussions through which participants 
obtained information [16]. In phase 1, a city development 
expert gave a lecture and provided a wide range of information. 
Three different speakers gave lectures. 

In phase 2, the participants discussed the issues. The 
speakers facilitated discussion since it is effective for such 
purposes [17]. Assistant students were also placed on each 6 
team. The students simply explained the facilitator’s intention 
to the participants. Figure 2 shows an arrangement of real-
world workshops. Our model supports the spatial grasp of the 
target area. While two teams discussed one area, we placed a 
model between them. Participants created deliverables whose 
purpose is the real-world workshop. Discussions were 
visualized using 74 × 74 mm sticky note paper, A3-size paper, 
and simili paper. 

In phase 3, participants presented their deliverables, which 
are reviewed by the speaker and the participants. 

In the 1st round, the speaker lectured on the process that 
leads up to the actual city planning workshop and the results. 
Next the participants individually identified the problem, 
wrote on sticky notes, and stuck them on simili paper. Then 
they discussed and categorized problems by the KJ method 
[18]. Next, while looking at the categorized tasks, participants 
individually suggested solutions on sticky notes, which they 
put on simili paper, and discussed and organized the solutions 

by the KJ method. Discussion was done in teams, and from the 
categorized solution method, the participants created a city 
development concept and put their concepts on simili paper. 
Their representative demonstrated their concepts to the entire 
group. Finally, the speaker reviewed their concepts. 

In the 2nd round, the speaker gave a lecture on design 
principles and offered advice about how to consider ideas 
based on design principles. Participants individually extracted 
the functions of arbitrary points from the model, wrote them 
on sticky notes, and put them on the model. While looking at 
the sticky notes of the extracted function, participants 
proposed ideas for great city development, again wrote them 
on sticky notes, and placed them on the model. As they looked 
at the proposals for extreme city development, they created 
individual ideas for city development mainly using the pictures. 
The participants looked around all of the ideas. Finally, the 
speaker reviewed their ideas. 

In the 3rd round, the speaker gave a lecture on how to 
summarize ideas and introduced examples of integrating ideas 
in architecture. With reference to the concept in the 1st round 
and ideas in the 2nd round, the participants described how to 
individually summarize the city development ideas on sticky 
notes, put them on simili paper, and categorized the 
summarized ideas by the KJ method. They discussed in teams 
based on the group’s summarized ideas and created a future 
vision based on their perspective pictures using photographic 
images of the target area and tracing paper. Their 
representative presented their vision, which was reviewed by 
the speaker. 

To create multiple future visions for each area, participants 
discussed their visions with six teams in each area in two teams. 
Participants were on the same team from the 1st to 3rd rounds. 
Table 3 shows the number of participants in real-world 
workshops. 
3.5. Outline of virtual-world workshops 

The virtual-world workshops was conducted using our 
consensus-building support system named COLLAGREE for 
one week from the day following the real-world workshops. 
Posting to virtual-world workshops was possible only for one 
week during the discussion period, but browsing was allowed 

Table 3. Number of participants in workshops 
Round 1st 2nd 3rd 

Real-world Number of participants 78  54  50  

Virtual-world 

Number of posters 25  13  13  

Number of viewers 63  37  19  

Ratio of number of posters 0.32  0.24  0.26  

Ratio of number of viewers 0.81  0.69  0.38  

 

 
Figure 2. Arrangement of real-world workshops 
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until the end of the last month of the 3rd virtual-world 
workshop. 

We clarified that facilitation is effective even in virtual-
world discussions. We appointed facilitators for this virtual-
world discussions. Facilitators in three virtual-world 
workshops were conducted by people different from the real-
world workshops. The virtual-world workshop can be possible 
discuss by many participants. Since discussions with many 
participants involve consensus-building with many 
participants, in virtual-world workshops, all of the participants 
joined. 

To see the discussion result in the real-world workshops, 
we made photographs available of the sticky notes, the A3-size 
paper, and the simili paper. Table 3 shows the number of 
posters and viewers in the virtual-world workshops. 

 
4. Result and analysis  
4.1. Number of posts and characters 

To verify the effect of the proposed method, we analyzed 
its discussion content using sticky notes, A3-size paper, and 

simili paper, all of which are visualization media used in the 
discussion of real-world workshops. We also posted the 
character data of the virtual-world workshops. We regarded 
one sticky note, one A3-sized piece of paper, and a piece of 
simili paper as one post and got the number of posts from the 
posted character data. We converted the character data of the 
sticky notes, the A3-sized paper, and the simili paper into 
electronic data to compare the post contents. We counted the 
Number of characters about them and the posted character data 
in the virtual-world workshops and obtained the Number of 
characters per post (Table 4). 

From Table 4, the number of characters per post at virtual-
world workshops exceeded the real-world workshop (4.3 
times to 20.8 times). This was probably caused by posting in 
virtual-world workshops with a text box that allowed an 
unlimited Number of characters in the real-world workshops, 
where most of the posts were written on 74 × 74 mm sticky 
notes. In the virtual-world workshops, when reproducing the 
discussions using sticky notes, the Number of characters was 
limited for posting. However, the Number of characters that 

Table 4. Number of posts and characters by discussion units 
Round 1st 2nd 3rd 

World Real Virtual Real Virtual Real Virtual 

Area Sakae Nagoya 
Station 

Nagoya 
Port 

 Sakae Nagoya 
Station 

Nagoya 
Port 

 Sakae Nagoya 
Station 

Nagoya 
Port 

 

Team A B A B A B  A B A B A B  A B A B A B  

Number of posts 138 147 126 176 83 96 141 405 410 383 387 314 322 61 61 40 36 25 54 42 44 

Number of characters 1490 1496 1613 1782 1044 1481 23555 4143 4111 3976 4304 3254 3575 9593 489 777 515 914 545 1144 6949 
Number of characters / 

Number of posts 10.8 10.2 12.8 10.1 12.6 15.4 167.1 10.2 10.0 10.4 11.1 10.4 11.1 157.3 8.0 19.4 14.3 36.6 10.1 27.2 157.9 

 
Table 5. Number of words by discussion units and common words 

    Round 1st 2nd 3rd 
    World Real Virtual Real Virtual Real Virtual 
    Area Sakae Nagoya 

Station 
Nagoya 

Port 
 Sakae Nagoya 

Station 
Nagoya 

Port 
 Sakae Nagoya 

Station 
Nagoya 

Port 
 

    Team A B A B A B  A B A B A B  A B A B A B  

Round World Area Team Words 277 239 285 313 194 238 1644 535 503 454 499 405 470 797 104 151 118 157 117 180 740 

1st 
Real 

Sakae 
A 277  86 68 64 51 54 156 91 90 84 90 60 62 95 26 39 30 42 26 34 93 
B 239   74 72 43 57 157 98 95 72 83 68 71 101 26 42 33 38 22 34 81 

Nagoya A 285    97 53 55 177 72 74 97 106 65 67 102 21 27 34 41 23 33 95 
Station B 313     46 47 151 72 69 80 85 50 51 90 20 31 28 46 18 34 79 
Nagoya A 194      62 112 56 48 55 62 75 73 80 16 25 21 22 39 36 55 

Port B 238       142 65 61 63 69 74 73 88 26 29 21 27 28 45 82 
Virtual   1644        215 215 201 221 167 189 413 45 67 67 87 58 87 377 

2nd 
Real 

Sakae 
A 535         413 122 137 119 126 147 44 62 42 42 39 59 105 
B 503          127 138 116 124 141 36 72 46 53 39 54 106 

Nagoya A 454           360 104 103 137 25 46 57 49 30 40 123 
Station B 499            114 116 151 34 46 53 68 38 47 128 
Nagoya A 405             340 126 31 43 43 37 49 59 96 

Port B 470              132 39 44 43 42 52 80 106 
Virtual   797               32 49 54 53 43 66 251 

3rd 
Real 

Sakae 
A 104                20 15 18 14 27 20 
B 151                 21 30 21 28 47 

Nagoya A 118                  22 15 19 42 
Station B 157                   15 26 43 
Nagoya A 117                    24 40 

Port B 180                     54 
Virtual   740                      
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they again widely discuss the opinions about the city 
development concept and create new concepts. In the 2nd 
virtual-world workshop, they summarize all of the numerous 
ideas from the real-world workshop to deepen their 
understanding of them. In the 3rd virtual-world workshop, 
participants discuss similar previous future visions using the 
perspective pictures from the real-world workshop. Table 2 
shows an outline of the workshops. 
3.4. Outline of real-world workshops 

Continuous real-world workshops of city development 
were roughly held three times at monthly intervals. In them, 
we clarified effective discussions through which participants 
obtained information [16]. In phase 1, a city development 
expert gave a lecture and provided a wide range of information. 
Three different speakers gave lectures. 

In phase 2, the participants discussed the issues. The 
speakers facilitated discussion since it is effective for such 
purposes [17]. Assistant students were also placed on each 6 
team. The students simply explained the facilitator’s intention 
to the participants. Figure 2 shows an arrangement of real-
world workshops. Our model supports the spatial grasp of the 
target area. While two teams discussed one area, we placed a 
model between them. Participants created deliverables whose 
purpose is the real-world workshop. Discussions were 
visualized using 74 × 74 mm sticky note paper, A3-size paper, 
and simili paper. 

In phase 3, participants presented their deliverables, which 
are reviewed by the speaker and the participants. 

In the 1st round, the speaker lectured on the process that 
leads up to the actual city planning workshop and the results. 
Next the participants individually identified the problem, 
wrote on sticky notes, and stuck them on simili paper. Then 
they discussed and categorized problems by the KJ method 
[18]. Next, while looking at the categorized tasks, participants 
individually suggested solutions on sticky notes, which they 
put on simili paper, and discussed and organized the solutions 

by the KJ method. Discussion was done in teams, and from the 
categorized solution method, the participants created a city 
development concept and put their concepts on simili paper. 
Their representative demonstrated their concepts to the entire 
group. Finally, the speaker reviewed their concepts. 

In the 2nd round, the speaker gave a lecture on design 
principles and offered advice about how to consider ideas 
based on design principles. Participants individually extracted 
the functions of arbitrary points from the model, wrote them 
on sticky notes, and put them on the model. While looking at 
the sticky notes of the extracted function, participants 
proposed ideas for great city development, again wrote them 
on sticky notes, and placed them on the model. As they looked 
at the proposals for extreme city development, they created 
individual ideas for city development mainly using the pictures. 
The participants looked around all of the ideas. Finally, the 
speaker reviewed their ideas. 

In the 3rd round, the speaker gave a lecture on how to 
summarize ideas and introduced examples of integrating ideas 
in architecture. With reference to the concept in the 1st round 
and ideas in the 2nd round, the participants described how to 
individually summarize the city development ideas on sticky 
notes, put them on simili paper, and categorized the 
summarized ideas by the KJ method. They discussed in teams 
based on the group’s summarized ideas and created a future 
vision based on their perspective pictures using photographic 
images of the target area and tracing paper. Their 
representative presented their vision, which was reviewed by 
the speaker. 

To create multiple future visions for each area, participants 
discussed their visions with six teams in each area in two teams. 
Participants were on the same team from the 1st to 3rd rounds. 
Table 3 shows the number of participants in real-world 
workshops. 
3.5. Outline of virtual-world workshops 

The virtual-world workshops was conducted using our 
consensus-building support system named COLLAGREE for 
one week from the day following the real-world workshops. 
Posting to virtual-world workshops was possible only for one 
week during the discussion period, but browsing was allowed 

Table 3. Number of participants in workshops 
Round 1st 2nd 3rd 

Real-world Number of participants 78  54  50  

Virtual-world 

Number of posters 25  13  13  

Number of viewers 63  37  19  

Ratio of number of posters 0.32  0.24  0.26  

Ratio of number of viewers 0.81  0.69  0.38  

 

 
Figure 2. Arrangement of real-world workshops 
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can be written on sticky notes is not necessarily a suitable 
number for virtual-world workshops. As a future task, we must 
clarify the suitable number of posts for virtual-world 
workshops. 
4.2. Influence of previous discussions on subsequent 
discussions 

For verifying how subsequent discussions were influenced 
by the preceding discussion, we analyzed the number of shared 
words of each discussion unit. For the posted char data of the 
real-world and virtual-world workshops, we extracted the 
number of words from each discussion unit (6 teams × 3 
rounds in real-world, three rounds in virtual-world) using the 
KH Coder [19]. We compared the words among the discussion 
units, and got the number of shared words (Table 5). In the KH 
coder, all parts of speech such as nouns, adjectives, and verbs 
were extracted. 

Table 4 shows that the number of characters in the 1st 
virtual-world workshop was largest. The number of words was 
also largest in Table 5. From Table 5, the discussion in the 1st 
virtual-world had more shared words with the subsequent 
discussions than with each team discussion in the 1st real-
world workshop. On the other hand, Table 3 shows that 63 
participants viewed the discussion of the virtual-world 
workshop, and 78 participants discussed in the real-world 
workshop. Therefore, since the majority of the participants 
viewed discussions using many words in the 1st virtual-world, 
the discussion greatly influenced subsequent discussions. 
Examples of affected words are "Container" and "Sports". 
"Container" and "restaurant" were newly used in the 1st 
virtual-world workshop without being used in the 1st real-
world workshop. "Container" was used in the 2nd real-world 
workshop as an idea of "The container area that automobile 
manufacturers can inform super concept". "Sports" was also 
used in the 2nd real-world workshop as an idea of "Futsal court 

to enjoy sports". 
Even though the number of words in the 2nd virtual-world 

workshop was about half of the 1st virtual-world workshop 
(Table 5), the number of characters was larger than each team 
discussion in the 2nd real-world workshop. Therefore, the 2nd 
virtual-world workshop did not use more than the 1st virtual-
world workshop, but its discussion used more words than each 
team discussion in the 2nd real-world workshop. 

Moreover, from Table 5, the number of shared words with 
the subsequent discussion in the 2nd virtual-world workshop 
was almost the same as each team discussion of the 2nd real-
world workshop. But the discussion in the 2nd virtual-world 
workshop summarized many ideas from the 2nd real-world 
workshop. Therefore, the 2nd real-world and virtual-world 
workshops probably used similar words. For this reason, the 
number of shared words with the subsequent discussion by the 
2nd real-world and virtual-world workshops was almost the 
same. 
4.3. Number of virtual-world views 

We summarized the daily number of views from the 
discussion data and verified the effect of the virtual-world 
workshop (Figure 3). Figure 3 shows 57 views of the 1st 
virtual-world workshop before the 2nd real-world workshop’s 
first day. Some people apparently wanted to confirm the 
discussion at the 1st virtual-world workshop, toward the 2nd 
real-world workshop scheduled for the day. 

There were five views of the discussion of the 2nd virtual-
world workshop before the 3rd real-world workshop’s first day, 
suggesting that the number of views fell because viewing the 
discussion of the 2nd virtual-world workshop was not required 
for the 3rd real-world workshop. 

During the discussion period in the 2nd virtual-world 
workshop, there are 3 to 57 views of the discussion of the 1st 
virtual-world workshop. During this discussion time, 

 
Figure 3. Number of views in virtual-world workshop 
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participants apparently checked its relation to the discussion of 
the 1st virtual-world workshop. 

During the discussion period in the 3rd virtual-world 
workshop, the number of views in the 1st and 2nd virtual-
world workshops was almost the same as before the discussion 
period. The discussion in the 3rd virtual-world workshop 
apparently focused on a consensus proposal in the 3rd real-
world workshop. 
4.4. Number of virtual-world posts 

Since the deliverables of each real-world workshop were 
different based on the characters or images, we analyzed the 
relationship between each deliverables and the number of 
posts. We summarized the number of deliverables in real-
world workshop and the total number of posts, the number of 
posts that only had characters, and the number of posts with 
images from the discussion data of the virtual-world workshop 
for each workshop (Table 6). 

From Table 6, the ratio of deliverables with images in real-
world was 50.0% in the 1st round, 97.8% in the 2nd round, and 
100% in the 3rd round. The ratio of posts with images in 
virtual-world was 12.3% in the 1st round, 31.7% in the 2nd 
round, and 31.8% in the 3rd round. The participants created 
their concepts by characters and maps in the 1st real-world 
workshop and their ideas by characters and images in the 2nd 
real-world workshop. They generally created future visions by 
characters and images in the 3rd real-world workshop. 
Therefore, since the deliverables in the real-world workshop 
was mainly created by characters and images, posts with 
images were encouraged in the discussion of the virtual-world 
workshop. 
4.5. Questionnaire surveys 

For verifying the psychological effect of the proposed 
method, we conducted a questionnaire survey with participants 
after the 3rd virtual-world workshop. 17 people answered the 
questionnaire. Table 7 shows attribute information on the 
participants of questionnaire. Figure 4 shows its question items 
and respondent answers. For the answers to the question in 

Figure 4, we calculated the average with “agree” as four points, 
“slightly agree” as three points, “slightly disagree” as two 
points, and “disagree” as one point. The Chi-square test results 
are also shown in Figure 4. The null hypothesis of the chi-
square test is that there are no bias in the answers of the four 
grades in the questionnaire. 

Since Q1’s average in Figure 4 was 3.24 and p < 0.05, the 
proposed method had a psychological effect on the discussion 
while improving. Moreover, since Q2’s average in Figure 4 
was 3.29 and p < 0.01, the proposed method had a 
psychological effect and changed how the participants thought 
about the discussion’s target city. 

On the other hand, since Q3’s average was 2.76 and p < 
0.05, the proposed method has a problem: almost no 
psychological effect for experiencing the discussion’s 
continuity. Since the facilitators of the three real-world and 
virtual-world workshops were all different, the consistency of 
the facilitation was degraded. 
 
5. Conclusion 

We proposed a discussion method using our consensus-
building support system named COLLAGREE on virtual-
world during and after continuous city development 
workshops and verified its effect on consensus-building. We 

Table 6. Number of deliverables and posts by category in workshops 

Item Category 
Number Ratio 

1st 2nd 3rd 1st 2nd 3rd 

Deliverables 
in real 

Characters 6 2 0 50.0% 2.2% 0% 

With images 6 87 30 50.0% 97.8% 100% 

Total 12 89 30 100% 100% 100% 

Posts 
in virtual 

Characters 121 71 30 87.7% 68.3% 68.2% 

With images 17 33 14 12.3% 31.7% 31.8% 

Total 138 104 44 100% 100% 100% 

 

Table 7. Attribute information on the participants of questionnaire 

Age 10's 20's 30's 40's 50's Over 
60's Total 

Male 3  8  0  0  0  0  14  

Female 1  2  0  0  0  0  3  

 

No. Contents Avg. Chi- 
test 

Q1 
Did you adequately discuss while improving 
"Concept", "Idea", and "Future Vision" through the 
three real-world and virtual-world workshops? 

3.24 * 

Q2 Did you change your way of thinking about Nagoya by 
the three real-world and virtual-world workshops? 3.29 ** 

Q3 Did you feel discussion's continuity from the three real-
world and virtual-world workshops? 

2.76 * 

 

(Result of chi-square test *: p<0.05, **: p<0.01) 

 
Figure 4. Questionnaire questions and answers 
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can be written on sticky notes is not necessarily a suitable 
number for virtual-world workshops. As a future task, we must 
clarify the suitable number of posts for virtual-world 
workshops. 
4.2. Influence of previous discussions on subsequent 
discussions 

For verifying how subsequent discussions were influenced 
by the preceding discussion, we analyzed the number of shared 
words of each discussion unit. For the posted char data of the 
real-world and virtual-world workshops, we extracted the 
number of words from each discussion unit (6 teams × 3 
rounds in real-world, three rounds in virtual-world) using the 
KH Coder [19]. We compared the words among the discussion 
units, and got the number of shared words (Table 5). In the KH 
coder, all parts of speech such as nouns, adjectives, and verbs 
were extracted. 

Table 4 shows that the number of characters in the 1st 
virtual-world workshop was largest. The number of words was 
also largest in Table 5. From Table 5, the discussion in the 1st 
virtual-world had more shared words with the subsequent 
discussions than with each team discussion in the 1st real-
world workshop. On the other hand, Table 3 shows that 63 
participants viewed the discussion of the virtual-world 
workshop, and 78 participants discussed in the real-world 
workshop. Therefore, since the majority of the participants 
viewed discussions using many words in the 1st virtual-world, 
the discussion greatly influenced subsequent discussions. 
Examples of affected words are "Container" and "Sports". 
"Container" and "restaurant" were newly used in the 1st 
virtual-world workshop without being used in the 1st real-
world workshop. "Container" was used in the 2nd real-world 
workshop as an idea of "The container area that automobile 
manufacturers can inform super concept". "Sports" was also 
used in the 2nd real-world workshop as an idea of "Futsal court 

to enjoy sports". 
Even though the number of words in the 2nd virtual-world 

workshop was about half of the 1st virtual-world workshop 
(Table 5), the number of characters was larger than each team 
discussion in the 2nd real-world workshop. Therefore, the 2nd 
virtual-world workshop did not use more than the 1st virtual-
world workshop, but its discussion used more words than each 
team discussion in the 2nd real-world workshop. 

Moreover, from Table 5, the number of shared words with 
the subsequent discussion in the 2nd virtual-world workshop 
was almost the same as each team discussion of the 2nd real-
world workshop. But the discussion in the 2nd virtual-world 
workshop summarized many ideas from the 2nd real-world 
workshop. Therefore, the 2nd real-world and virtual-world 
workshops probably used similar words. For this reason, the 
number of shared words with the subsequent discussion by the 
2nd real-world and virtual-world workshops was almost the 
same. 
4.3. Number of virtual-world views 

We summarized the daily number of views from the 
discussion data and verified the effect of the virtual-world 
workshop (Figure 3). Figure 3 shows 57 views of the 1st 
virtual-world workshop before the 2nd real-world workshop’s 
first day. Some people apparently wanted to confirm the 
discussion at the 1st virtual-world workshop, toward the 2nd 
real-world workshop scheduled for the day. 

There were five views of the discussion of the 2nd virtual-
world workshop before the 3rd real-world workshop’s first day, 
suggesting that the number of views fell because viewing the 
discussion of the 2nd virtual-world workshop was not required 
for the 3rd real-world workshop. 

During the discussion period in the 2nd virtual-world 
workshop, there are 3 to 57 views of the discussion of the 1st 
virtual-world workshop. During this discussion time, 
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identified the following effects: 
When discussion using many characters was conducted in 

a virtual-world workshop and participants viewed it, its 
contents greatly influenced subsequent discussions. 

When the virtual-world workshop was alternately repeated 
after real-world workshops, the discussion of previous virtual-
world workshops was viewed. 

If the deliverables of real-world workshops are involved in 
the creation of images, there is an effect that encourages posts 
with images in the discussions in virtual-world workshops. 

Our proposed method had a psychological effect on 
discussions while improving. We also found that our proposed 
method had a psychological effect on changing the way 
participants thought about the discussion’s target city. We also 
identified a correlation of these two effects. 

This work provide information for one specific condition. 
As a future task, it is necessary to conduct experiments with 
similar conditions and verify the effect. Future issues must 
clarify the suitable number of posts for virtual-world 
workshops. Moreover, to feel continuity of workshop, we need 
to develop a mechanism that supports consistent facilitation 
even if the facilitators at continuous workshops are different. 
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