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Feasibility Study

Schematic Design

Detailed Design

Technical Design

Documentation

Construction

Handover

Operation

do not know

DFAB manager

DFAB programmer

DFAB engineer

DFAB design coordi-
nator

DFAB BIM coordina-
tor

Strategic Definition
14%

Feasibility Study 27%

Schematic Design 27%

Detailed Design 15%

Technical Design 9%

Documentation 2%

Construction 3%
Handover 0%Operation 1%
do not know/ decline
to answer 3%

Machine constraints
52%

Project implication 59%

Machine codes 6%

Design specification and
configuration 62%

Fabrication sequence
and approach 43%

Fabrication standards
6%
No needed 2%

do not know 10%

Requirements of Stakeholders’ Early Involvement Requirements of Fabrication Information

Ng, M. S., Bonanomi, M. M., Hall, D. M., & Hackl, J. (2020). “Design for Digital Fabrication: an Industry needs Analysis of Collaboration Platforms and Integrated Management Processes.” Proc. of the 37th ISARC, 318–325. Kitakyshu, Japan.

MOTIVATION

INTEGRATED DESIGN DELIVERY PROCESS

PREDESIGN SCHEMATIC
DESIGN

DESIGN
DEVELOPMENT

CONSTRUCTION
DOCUMENTATION CONSTRUCTION OPERATION

im
ag

e 
so

ur
ce

_

ET
H 

Zu
ric

h 
NC

CR
 D

FA
B



7 M
ing

 S
ha

n 
NG

 (C
ha

rm
ain

e)MOTIVATION

15

STATE-OF-THE-ART
Boothroyd, G., Dewhurst, P. and Knight,W. (2002). Product Design for Manufacture and Assembly. 2nd ed. CRC Press Taylor & Francis, Boca Raton, U.S.
RIBA (2013). “RIBA Plan of Work 2013: Design for Manufacture and Assembly”.
Liang O’Rourke (2013). “The future of DfMA is the future of construction.” Engineering Excellent Journal, 77,76.

(left) “Over the wall” design, historically the way of doing business (Boothryod et al. 2002).
(right) DfMA model (RIBA 2013).INTEGRATED DESIGN DELIVERY PROCESS

PREDESIGN SCHEMATIC
DESIGN

DESIGN
DEVELOPMENT

CONSTRUCTION
DOCUMENTATION CONSTRUCTION OPERATION

DISCRETE
DESIGN-BID-BUILD

INTEGRATED
TARGET VALUE DESIGN

Ng, M. S., Bonanomi, M. M., Hall, D. M., & Hackl, J. (2020). “Design for Digital Fabrication: an Industry needs Analysis of Collaboration Platforms and Integrated Management Processes.” Proc. of the 37th ISARC, 318–325. Kitakyshu, Japan.
Ng, M. S., & Hall, D. M. (2019). “Toward Lean Management for Digital Fabrication: a Review of the Shared Practices of Lean, DfMA and DFAB.” Proc. 27th Ann. Conf. IGLC 2019, 725–736.
Job, N., Ng, M.S. & Hall. D.M. (2020). “Opportunities and challenges of Integrated Project Delivery (IPD) in Switzerland”. White paper, Accessi <https://bit.ly/2R285ZP>.



8 M
ing

 S
ha

n 
NG

 (C
ha

rm
ain

e)

Ng, Ming Shan (ng@ibi.baug.ethz.ch) and Hall, Daniel M. 2020. “Target Value Design for Fabrication Simulation: design for processes and  construction automation adoption.” APLSO: Administering and Playing Lean Simulations On-Line, Nov 02.

HOW TO MANAGE DESIGN FOR DIGITAL FABRICATION? 
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Materials required 
In both versions of the game, the following materials are required: masking tape, bamboo 
skewers, drinking straws, uncooked spaghetti, coffee stirrers, and marshmallows (Figure 
2). Also needed are a two-foot-long ruler (approx. 60 cm), tables for the teams on which to 
construct towers, pencils, erasers, pencil sharpeners, paper, a laptop computer (or 
equivalent) and projector to facilitate display of a costing sheet as well as a spreadsheet. 
 

 
 
Figure 2. Materials required for simulation (Munakami 2012) 
 
50-MINUTE VERSION 
This version of the developed TVD simulation requires teams of 3-5 participants each to 
build a table-top tower with a marshmallow on top in two 15-20 minute rounds. The 
facilitator instructs all teams: “The Owner wishes to design and build a tower that is 2 feet 
tall (approx. 60 cm), that is capable of holding a marshmallow at the top, and that is no 
more than 2 inches out-of-plumb. The tower must be constructed with supplied materials 
and must be free-standing (i.e. cannot be taped to a table).” 

During the Round I, market cost is established. The teams collaboratively construct the 
tower without regard for cost during the design process. Cost is calculated only after the 
tower is complete and teams are given access to a costing sheet (Figure 3). Before Round  
II, market cost is calculated as the average cost of all towers constructed during Round I. 
Allowable Cost is determined to be 20% lower than the market cost. Target Cost is then 
the average declared by individual teams as a stretch goal and should be lower than the 
allowable cost (Figure 5). During Round II, teams will again develop and construct a 
tower, but this time will have the costing sheet available while they design the tower with 
the target cost as their goal. Final costs are tabulated after towers are complete. The 
facilitator enters numbers onto a projected (pre-formulated) spreadsheet for all to see. The 
facilitator leads participants in a discussion about the process.  

Development and testing of a lean simulation to illustrate key principles of Target Value Design: A first run 
study. 
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Post-play Questionnaire 
Following play, participants were asked to complete a questionnaire about their experience 
playing the simulation using a Likert scale, where 1 represented “not effective at all” and 
5 represented “very effective” with respect to the effectiveness of the simulation in 
explaining the following: (A) mutual respect and trust; (B) mutual benefit and reward; (C) 
Collaborative innovation and decision-making; (D) early involvement of key partners; (E) 
early goal definition, (F) intensified planning; (G) open communication, (H) appropriate 
technology, (I) organization and leadership. They were also asked to define their 
understanding of Market Cost, Allowable Cost, and Target Cost, in their own words. 

 
 
 
 
 
 
 
 
 
 
 

Figure 6. Round One: Separation of owners, designers and constructors communicated 
through sketches, requests for information, and change orders (Munankami 2012). 
 

 
 
Figure 7. Round Two: Once target cost was established, teams co-located and worked 
collaboratively to re-design the tower to meet target cost (Munankami 2012). 
Results from Questionnaire 
Graphed results from questionnaire responses are shown in Figure 8. A histogram and box 
and whisker plot suggest the game was most successful in items G (intensified planning), 
C (collaborative innovation and decision-making), and D (early involvement of key 
partners), and least successful in item E (early goal definition). However, it must be 
acknowledged that this represented a first run study and that the simulation requires 

  

Development and testing of a lean simulation to illustrate key principles of Target Value Design: A first run 
study. 

                                                       
Section 4: Product Development and Design Management                                        139 

 
Post-play Questionnaire 
Following play, participants were asked to complete a questionnaire about their experience 
playing the simulation using a Likert scale, where 1 represented “not effective at all” and 
5 represented “very effective” with respect to the effectiveness of the simulation in 
explaining the following: (A) mutual respect and trust; (B) mutual benefit and reward; (C) 
Collaborative innovation and decision-making; (D) early involvement of key partners; (E) 
early goal definition, (F) intensified planning; (G) open communication, (H) appropriate 
technology, (I) organization and leadership. They were also asked to define their 
understanding of Market Cost, Allowable Cost, and Target Cost, in their own words. 

 
 
 
 
 
 
 
 
 
 
 

Figure 6. Round One: Separation of owners, designers and constructors communicated 
through sketches, requests for information, and change orders (Munankami 2012). 
 

 
 
Figure 7. Round Two: Once target cost was established, teams co-located and worked 
collaboratively to re-design the tower to meet target cost (Munankami 2012). 
Results from Questionnaire 
Graphed results from questionnaire responses are shown in Figure 8. A histogram and box 
and whisker plot suggest the game was most successful in items G (intensified planning), 
C (collaborative innovation and decision-making), and D (early involvement of key 
partners), and least successful in item E (early goal definition). However, it must be 
acknowledged that this represented a first run study and that the simulation requires 

  

Rybkowski, Z. K., Munankami, M. B., Shepley, M. M., & Fernández-Solis, J. L. (2016). “Development and testing of a lean simulation to illustrate key principles of target value design: A first run study.” 24th Ann. Conf. IGLC 2016., 133–142.
Musa, M. , Pasquire, C. & Hurst, A. 2019, ‘Using TVD Simulation to Improve Collaboration’ In:, Proc. 27th Annual Conference of the International Group for Lean Construction (IGLC). Dublin, Ireland, 3-5 Jul 2019. pp 503-514.

Simulation 
Materials

Round 1

Costing

Collaboration 
talk

Round 2

Assessment

• The materials, methods, and instructions for the game developed by Munankami 
(2012) were used in this study
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RESEARCH GAP

TO THE AUTHORS’ KNOWLEDGE, 
NO TVD GAME

(1) can reflect the reality of the 
 considerations needed  
 for adoption of DFAB on a 
 construction project. 
(2) can be played online. 
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Image source: https://www.entrepreneur.com/article/282438 

TODAY: Your team is opening a new 4-star restaurant

You can choose one of 4 roles...
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The 4 roles...

★ If you do not want to participate in any group, please indicate with a “X” + your name. We will not assign you to any group and breakout room.

ARTISTIC CHEF
“A” + Your Name

RECIPE CHEF
“R” + Your Name

EXECUTIVE CHEF
“E” + Your Name

RESTAURANT OWNER
“O” + Your Name

To play this game
1. Drag & Drop items 

on Google Slides.

To play this game
1. Drag & Drop items on 

Google Slides.
2. Optimise the weights on 

Google Sheet

To play this game
1. Optimise the process and 

cost on Google Sheet

To play this game
1. Observe and review the 

design.
2. Provide verbal advices to 

the team (Round 2 only).
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Your task is to design a new salad...

...inspired by
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Your task is to design a new salad...

Let’s Begin!
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ROUND 1 OBJECTIVE

The customer wants:

● At least 500g of Salad, 
the heavier the better

● Artistic Design inspired by 
The Starry Night

● Equal Balance between 
Ingredients

● Good Price
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Figure 3: Design reference that mimics van Gogh’s The Starry Night painting 
 
Table 1 and Table 2 present the task details and the rundown of 15 mins duration in 

Round 1 and Round 2 respectively. The duration shaded in blue refers to the period when 
the players can actively work either on the Google Slides (as indicated with “SL”) and/or 
on the Google Sheet (as indicated with “SH”) to develop the salad design. While those 
shaded in green (as indicated with “View”) refers to that the players can only passively 
observe the design processes conducted by their other teammates on both the Google 
Slides and the Google Sheet. The red thick vertical line indicates the design freeze cut-
off time when the Artistic Chef and the Recipe Chef in each team can no longer continue 
their design development. In Round 1, the design process takes only 10 mins. The 
Executive Chef can only price the process after the design freeze; while in Round 2, the 
design process takes longer, with 15mins, and all players have to stop their work at the 
design freeze. In Round 1, the Restaurant Owner is not allowed to provide any comment 
throughout the design process. While in Round 2, the Restaurant Owner can provide 
verbal feedback during the design process. At the end of the game, the Restaurant Owner 
in each team has to either approve or reject the salad design based on the customer’s 
requirements and values to the project stakeholders. The design process in Round 1 is 
relatively sequential while that in Round 2 adopts integrated information and organisation 
in the design process. 

Table 1: Task details and rundown of in total 15 mins duration in Round 1 
Scope of work Deliverables Task owner 5 min 10 min 15 min 

Layout concept design  The Starry Night Artistic Chef SL View 

Weights optimisation Balanced weights Recipe Chef View SL+SH View 

Process pricing Good price Executive Chef View SH 

Design review Customer’s values Restaurant Owner View View 

Table 2: Task details and rundown of in total 15 mins duration in Round 2 
Scope of work Deliverables Task owner 5 min 10 min 15 min 

Layout concept design  The Starry Night Artistic Chef SL 

Weights optimisation Balanced weights Recipe Chef SL+SH 

Price optimisation Good price Executive Chef SH 

Design advice Customer’s values Restaurant Owner View + Comment 
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CASE STUDY RESULTS 
As a preliminary validation of the effictiveness of the TVDfDFAB game, this paper 
reports a case study taken from one playing of the game. The game was implemented on 
on 7th December 2020 and played by 36 industry practitioners, researchers and master’s 
degree students in the course “Lean, Integrated and Digital Project Delivery (LIDPD)” at 
ETH Zurich remotely in Switzerland. Their professional backgrounds include 
architecture, structural engineering and construction management. Table 3 presents the 
results of the case.4 

The overall results firstly show that the mean (µ) and the standard deviation (s) of the 
total time in Round 2 is shorter than in Round 1. This was because the teams were more 
willing to adopt DFAB to foster automation. Secondly, the mean (µ) and the standard 
deviation (s) of the total cost in Round 2 is lower than that in Round 1. Thirdly, the mean 
(µ) profit in Round 2 is much higher than in Round 1, even though the profit in Round 1 
was calculated in the way that the higher the cost, the higher the profit; while in Round 2, 
the profit was calculated by the set Target cost – CHF 200 – minus the total cost of the 
design delivered by each team. Last but not least, all design outputs in Round 2 have been 
approved by the Restaurant Owners base on the design performances such as the 
resemblance to The Starry Night painting. This shows that use of DFAB in TVD does not 
incur compromise in design of the aesthetic requirements, while achieving optimised 
values to stakeholders. The results of shorter time, lower cost and higher profit in Round 
2 compared to Round 1 in this case results validate that this TVDfDFAB game helps to 
leverage the use of DFAB in TVD to maximise values in design. 

Table 3: The results of ROUND 1 and ROUND 2 in the game’s case study. 

 
4 The video recording of this case study dated 7th December 2020 at ETH Zurich that demonstrates how  
   this TVDfDFAB can be played via online platforms can be accessed here: 
   https://www.youtube.com/watch?v=Nywx8C6QvjU 

 ROUND 1 – DBB approach ROUND 2 – TVD approach 

Group Total Cost 
(CHF) 

Profit 
(CHF) 

Total Time 
(s) 

Design 
approved? 

Total Cost 
(CHF) 

Profit 
(CHF) 

Total Time 
(s) 

Design 
approved? 

1 217 11 11 ´ 176 24 44 Ö 

2 321 16 37 Ö 185 15 36 Ö 

3 160 8 48 Ö 176 24 40 Ö 

4 327 16 78 Ö 192 8 26 Ö 

5 183 9 39 Ö 159 41 31 Ö 

6 167 8 29 Ö 160 40 33 Ö 

7 254 13 60 ´ 160 40 67 Ö 

8 194 10 61 Ö 152 48 28 Ö 

9 272 14 172 Ö 190 10 64 Ö 

µµ 235 12 66  172 28 41  

ss 67.8 3.4 45.8  15.9 15.9 16.0  
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CASE STUDY RESULTS 
As a preliminary validation of the effictiveness of the TVDfDFAB game, this paper 
reports a case study taken from one playing of the game. The game was implemented on 
on 7th December 2020 and played by 36 industry practitioners, researchers and master’s 
degree students in the course “Lean, Integrated and Digital Project Delivery (LIDPD)” at 
ETH Zurich remotely in Switzerland. Their professional backgrounds include 
architecture, structural engineering and construction management. Table 3 presents the 
results of the case.4 

The overall results firstly show that the mean (µ) and the standard deviation (s) of the 
total time in Round 2 is shorter than in Round 1. This was because the teams were more 
willing to adopt DFAB to foster automation. Secondly, the mean (µ) and the standard 
deviation (s) of the total cost in Round 2 is lower than that in Round 1. Thirdly, the mean 
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the profit was calculated by the set Target cost – CHF 200 – minus the total cost of the 
design delivered by each team. Last but not least, all design outputs in Round 2 have been 
approved by the Restaurant Owners base on the design performances such as the 
resemblance to The Starry Night painting. This shows that use of DFAB in TVD does not 
incur compromise in design of the aesthetic requirements, while achieving optimised 
values to stakeholders. The results of shorter time, lower cost and higher profit in Round 
2 compared to Round 1 in this case results validate that this TVDfDFAB game helps to 
leverage the use of DFAB in TVD to maximise values in design. 

Table 3: The results of ROUND 1 and ROUND 2 in the game’s case study. 
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leverage the use of DFAB in TVD to maximise values in design. 

Table 3: The results of ROUND 1 and ROUND 2 in the game’s case study. 

 
4 The video recording of this case study dated 7th December 2020 at ETH Zurich that demonstrates how  
   this TVDfDFAB can be played via online platforms can be accessed here: 
   https://www.youtube.com/watch?v=Nywx8C6QvjU 

 ROUND 1 – DBB approach ROUND 2 – TVD approach 

Group Total Cost 
(CHF) 

Profit 
(CHF) 

Total Time 
(s) 

Design 
approved? 

Total Cost 
(CHF) 

Profit 
(CHF) 

Total Time 
(s) 

Design 
approved? 
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9 272 14 172 Ö 190 10 64 Ö 

µµ 235 12 66  172 28 41  

ss 67.8 3.4 45.8  15.9 15.9 16.0  
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GAME <-> CONSTRUCTION PROJECT
ARTISTIC CHEF RECIPE CHEF EXECUTIVE CHEF RESTAURANT OWNER

Scope of work Salad Layout Design Recipe Design Cookability Design Design Review

IN ROUND 1 OF THIS GAME
Goal Mimic the Van Gogh’s painting Control the weights Determine process & costs Ensure customer is satisfied

IN ROUND 2 OF THIS GAME
Goal Mimic the Van Gogh’s painting Control the weights Optimise process & costs Ensure customer is satisfied

ARCHITECT ENGINEER CONTRACTOR CLIENT REPRESENTATIVE
Scope of work Architectural Design Engineering Design Constructability Design Design Review

IN A CONVENTIONAL DESIGN PROCESS
Goal Design to client’s requirements Make sure the design works Provide a bid for construction Ensure client’s goals

IN A TARGET VALUE DESIGN PROCESS
Goal Design to client’s requirements Make sure the design works Ensure constructability Ensure client’s target values
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ARTISTIC CHEF RECIPE CHEF EXECUTIVE CHEF RESTAURANT OWNER
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Goal Mimic the Van Gogh’s painting Control the weights Determine process & costs Ensure customer is satisfied

IN ROUND 2 OF THIS GAME
Goal Mimic the Van Gogh’s painting Control the weights Optimise process & costs Ensure customer is satisfied

ARCHITECT ENGINEER CONTRACTOR CLIENT REPRESENTATIVE
Scope of work Architectural Design Engineering Design Constructability Design Design Review

IN A CONVENTIONAL DESIGN PROCESS
Goal Design to client’s requirements Make sure the design works Provide a bid for construction Ensure client’s goals

IN A TARGET VALUE DESIGN PROCESS
Goal Design to client’s requirements Make sure the design works Ensure constructability Ensure client’s target values
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GAME <-> CONSTRUCTION PROJECT
IN THIS GAME 

Ingredients

Cooking Tools

Tool Capability

Junior Assistant & Senior Assistant

Spiral

Efficiency

At least 500g & Balanced Ingredients

Extra Weight

Weight (g)

Time (s)

Process Cost (CHF)

IN A CONSTRUCTION PROJECT 

Building systems/ materials

Construction tools/ machinery

Fabrication information

Different skilled-level Labours

Complex Design

Degree of Automation

Project’s requirements

Building life-cycle return of investment

Design deliverable/ performance

Human-dependency

Fabrication Cost



POTENTIAL FUTURE RESEARCH
1. To elaborate and include more criteria of the cost elements and design requirements, and can 
explore how players can undertake a more complex design process in both the DBB and TVD 
processes, which take not only DFAB process but also material requirements etc. into account.

2. To explore theoretically the use of DFAB in TVD and how this helps to maximise values to 
stakeholders in construction projects.
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