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EXECUTIVE SUMMARY 

 

 This research project consisted of a series of assembly studies to understand the 

strengths and weaknesses of using different visual communication methods when 

constructing digitally prefabricated concrete formwork systems. As the construction 

industry integrates more digital fabrication technology, the question becomes whether it is 

more effective to implement it on site or in a prefabrication shop. Several other industries 

have already reached this point of technological integration in their workflows, making their 

processes valuable case studies. This research centers on stationary equipment in a 

fabrication shop environment as a way to create a human-centric approach to digital 

fabrication by leveraging the knowledge base of construction workers on site. This 

approach capitalizes on the strengths of digital fabrication while mitigating some of its 

weaknesses and risks, such as the current limitations of on-site robotics and the 

replacement of human labor.  

In the assembly trials, participants were asked to assemble wood-framed pony wall 

formwork using three different types of instructions: shop drawings, an assembly booklet, 

and a tablet with an Augmented Reality (AR) program. The assembly booklets were derived 

from companies such as Ikea and Lego, while the augmented reality approach was 

developed through in-house testing to determine the most effective way of using it. 

Participants expressed overwhelming enthusiasm for the proposed methods of 

communication and provided a wealth of feedback to refine the systems before broader 

testing and implementation. Both the assembly booklet and the augmented reality 

platform realized over 33% reductions in assembly time compared to shop drawings, which 

were the baseline. The alternative instruction types also outperformed the shop drawings 

across multiple usability ranking formats, further reinforcing the value of supplementing 

traditional practices with digital prefabrication and alternate communication options.  



 

RESULTS OF ASSEMBLY STUDIES 

 

 The various comments directly from the participants were the primary sources to 

gauge the strengths and weaknesses of each method. Surprisingly, the most successful 

aspect of the project was not one of the alternative instruction systems directly, but the 

labeling system that was developed to make them most effective. The labels consisted of 

fabrication and assembly information and were engraved directly on the parts utilizing a 

CNC router. Some participants found the system so useful that they “could have done it 

without drawings.” The carpenters also commented that the prefabrication of the curved 

elements was particularly valuable to their work as it bypassed the need to manually lay 

out the curving radii on plywood sheets and then cut them out. 

The alternative methods showed 

remarkable improvements in time savings 

during assembly and in their overall 

usability, as reported by participants 

through different surveys. The graphs on 

the following page illustrate the elapsed 

time for each instruction method by group 

and on average, as well as the usability 

scores. It is important to note that the 

number of participants fluctuated per 

group; group A had two, B had four, and C 

had three. Also, groups are organized by 

their Affinity for Technology Interaction 

(ATI) score, which represents their 

inclination to fully integrate new systems. 

As both alternative instruction methods 

show similar decreases in assembly time, 

the data suggests that both of these 

The labeling system engraves fabrication 
information into the CNC’d parts, including part 
labels, indicators for casting face side, and 
information on stud locations and dimensions. 



 

methods communicated efficiently and reduced the time required to understand the task 

at hand to the minimum possible, leaving only the amount of time required to actually build 

the formwork. The tight groupings of the System Usability Scale (SUS) scores for the shop 

drawings and assembly booklets indicate that these methods, which build on the tradition 

of using drawings to convey construction information, create a sense of familiarity and 

quick understanding across multiple different user groups.   

 

 

  



 

TAKEAWAYS & AREAS FOR FURTHER STUDY 

 

 While this project showcases compelling results that inspire future research and 

implementation, the most interesting takeaway from this project is that the construction 

industry is more open and enthusiastic about innovation than common stereotypes may 

imply. Not only are companies like Turner devoting capital to research and development 

efforts, but the construction workers themselves are also open to doing things differently, 

especially when it improves their daily lives by streamlining tedious tasks. Secondly, the 

project provides a combination of qualitative and quantitative data that reinforces the 

value of VDC teams, of implementing digital fabrication workflows, and also of spending 

time and resources to reevaluate standard processes for ways they can be improved. It is 

also important to stress that the results of this study do not suggest that traditional 

communication methods and practices should be replaced by these alternative 

approaches. Each approach has its own unique set of strengths and weaknesses, meaning 

no one method is a one-size-fits-all solution. The path forward is one that integrates all of 

the investigated methods as a toolkit, where the best method for a particular task or crew is 

utilized rather than one that is less apt. Supplementing existing workflows also allows for 

more effective communication with different crews and demographics in the diverse and 

fluctuating industry of today without jeopardizing clear communication with individuals 

that have experience in the traditional approaches. Lastly, the study demonstrates the 

value of using participatory design processes when orchestrating changes as it provides a 

way for those impacted to provide feedback and collaborate in the process. 

 Given the success of the labeling system, future research could focus on perfecting 

the information engraved on parts as well as how it is represented. Repeating the assembly 

studies as-is but with different user groups, such as new apprentices or different trades, 

would create a more robust data set to analyze which would in turn create stronger 

takeaways or debunk them. Additionally, the scope of this project was limited to assembly 

only, so additional studies could focus on other stages of the prefabrication process. 



 

METHODOLOGY  

 

While the project culminated in the assembly trials that generated the preceding 

data, analysis, and takeaways, substantial work was required to ensure the assembly trials 

were grounded in industry research in digital prefabrication workflows. As such, this project 

was situated within an established prefabrication workflow and looked to optimize it by 

integrating digital fabrication technology. Reviewing earlier research provided critical 

insight into how to set up the research trials and what data to collect, as well as the best 

practices for different types of visual communication. The research is framed with the 

assumption that digital fabrication is most effective for in-factory prefabrication, which 

would bring the building industry closer to mass manufacturing in other industries.  

Looking to Ikea and Lego as manufacturers that create kits of parts bundled with 

assembly instructions to achieve a predetermined design, the development of step-by-

step assembly booklets became a core focus as one of the visual communication 

strategies to pursue. The booklets produced for the assembly trials were based on the best 

practices for assembly instructions uncovered during literature review, which results in a 

graphic style most similar to Ikea. Augmented reality was also brought into the project to 

gauge the impact of an emergent, high-tech approach to communicating assembly. As the 

study had limited time and resources for in depth testing and procurement of different AR 

technologies, the project utilized “Fologram,” a low-cost software option for mobile devices 

which provided the best balance of cost, accessibility, and performance to use as the proof 

of concept for AR in construction. 

Quantifying the communication methods for objective comparison relied primarily 

on the System Usability Scale (SUS) developed by John Brooke for the Digital Equipment 

Corporation in 1986. The scale is backed by subsequent research and verification studies, 

making it a reliable method to interpret the usability of a system. The Affinity for Technology 

Interaction (ATI) scale was developed by Franke, Attig, and Wessel and was first published 



 

for use in 2019. It has since been verified by research and is effective in gauging the general 

population’s inclination to use new technological systems. 

Much of the theoretical basis for the execution of the project was rooted in previous 

R&D efforts by Turner Construction, such as the Seattle VDC department’s development of 

automated workflows for select modeling processes. Using projects such as the Edgeform 

Script as a starting point, this project included developing a new script to generate 

fabrication-level formwork models based on input geometry. This automation was key in 

creating a series of different formwork walls to use in the assembly trials to reduce the 

potential of a participant’s growing familiarity with a design to influence the data. Manually 

modeling fabrication geometry, which can be as detailed as modeling the accurate location 

of every form tie, piece of rebar, etc., is time consuming. If something needs to be changed, 

the rework process is even more time intensive. Automating the geometry generation with 

Grasshopper took an upfront time investment but allowed the team to quickly and 

efficiently generate subsequent formwork walls thereafter, which is important if the idea 

continues being developed for broader implementation in the field. Beyond the model 

itself, the same concepts of automation could also be applied to the generation of the shop 

drawings and assembly booklet making them less resource intensive to produce. ▪ 
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