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Introduction 
 
According to the U.S. Department of Labor, the construction industry is one of the nation’s largest 
industries, with 7.7 million wage and salary jobs and 1.9 million self-employed and unpaid family workers 
(Bureau of Labor Statistics, 2008). The gross output of the construction industry was 1.26 trillion dollars in 
2006. As a matter of fact, in 2006, the construction industry contributed to more than 5% of the U.S. GDP, 
which includes all the manufacturing and nonmanufacturing economic output (U.S. Bureau of Economic 
Analysis, 2008). 
 
In spite of the tremendous revenue that the construction industry generates, there are significant 
problems with worker safety and efficiency on job sites. The construction industry has the highest 
incidence of accidents and deaths than any other single industry in the United States (Applebaum, 1999). 
In 2006, cases of work-related injury and illness were 5.9 per 100 full-time construction workers, which is 
significantly higher than the 4.4 rate for the entire private sector (Bureau of Labor Statistics, 2008).  
Occupational injury rates among construction workers are the highest among the major industries. While 
several injury control strategies have been proposed by various organizations, their effectiveness for 
reducing the rate of injuries in the construction industry remains uncertain (Van der Molen et al., 2007). 
 
The numerous problems occurring daily on construction job sites provide excellent opportunities for 
industrial designers to apply the user-centered problem-solving design approach for construction product 
design. Since most industrial designers don’t have experience as professional construction workers, 
empathic user study becomes not only necessary, but also critical, to successful design practices of 
construction products. The user-centered industrial design approach is very effective in creating solutions 
that make significant differences for the construction workers and their environment. For instance, the 
most important industrial design competition in the U.S., the Industrial Design Excellence Award (IDEA), 
has recognized some of the successful products designed for the construction industry. From 2000 to 
2007, there were 935 designs that received the IDEA; 28 of them, about 3%, were construction-related 
products. 
 
Very few collaboration efforts have been undertaken between industrial design education and building 
science education, despite the construction industry’s enormous size, countless problems, and need for 
better product designs. There are nine universities in the U.S. housing both industrial design and building 
science programs, and most of them lack substantial collaboration between the two units, according to 
the result of a telephone and email survey conducted in 2008 by Auburn University College of 
Architecture, Design, and Construction. In the IDEA student design competition from 2000 to 2007, there 
were 80 winners, and none of them were construction industry-related. 
 
The Project 
 
In 2006, the Department of Building Science and the Department of Industrial Design in the College of 
Architecture, Design, and Construction of Auburn University started a collaboration studio project, 
sponsored by the Alabama Construction Industry Fund. The Alabama Construction Industry Fund was 
established by construction companies in 1991 to enhance the education and research for the Alabama 
construction industry. 
 
Two semester-length studio classes have been conducted since 2006. In each semester, the industrial 
design students teamed up with building science graduate students to work on the design-for-
construction-worker project. Between three and five construction companies also participated in the 
project. Before the semester began, the management of the participating construction companies asked 
their superintendents to identify problems on their job sites that impacted worker safety or efficiency. The 



abundance of the problems discovered on the sites contributed to surprisingly long problem lists, which 
were narrowed down in meetings involving construction management, building science students/faculty, 
and industrial design faculty. After the meetings, the building science students spent a week collecting 
background information and defining details of the problem statement. A week later, building science 
students presented the design briefs to the industrial design students, from which each design student 
selected one problem as their semester project. A lecture on design briefings was offered to the building 
science students before they prepared their information. Building science students had to interact with the 
industry executives and the industrial design faculty to define their design briefs. According to Phillips 
(2004), design briefs should be cocreated by all the stakeholders of the project, therefore these briefs 
were reviewed by the construction executives before being presented to the industrial design students. 
 
The decision to have the building science students, instead of construction executives, brief design 
students was made based on the discovery that construction executives tend to offer the solutions they 
expected, whether consciously or subconsciously, when they talked about the problems. The creativity of 
design students might have been suffocated if they were briefed by the industry executives.  
 
The Process and Methodology 
 
Field Study 
 
After being assigned the design projects, industrial design students began field research, with the help of 
the building science students. It was observed that the design students were eager to conduct the field 
study immediately after the project initiation. They didn’t have any previous experience or knowledge on 
the nature of these problems, and without a sufficient knowledge base, the students could not perform 
very meaningful design development. When design students work on products they are familiar with, they 
have the tendency to create designs based on their own personal experience, sometimes overlooking the 
need to study other users. Therefore, their urge to conduct user research, triggered by the lack of 
personal experience with the construction industry, made an excellent case to practice empathic user 
study. 
 

 
 

Figure 1. Industrial design and building science students at a construction site. 

 
Observation 
 
The industrial design students visited several construction sites in various phases of building completion. 
They toured the sites with construction superintendents, after a general introduction to building projects 
and procedures. In 2007, some field trips were arranged even before the design brief given by the 
building science students. In these cases, the design students were required to create lists of problems 
from their job site observations and then present their findings. About 8% of the problems design students 
identified were very close to problems identified by the industry executives. These problems were 
awarded to the student “identifiers.” Adding the practice of problem identification during field trips 
significantly improved the concentration of the 2007 class over the 2006 class.  
 
Problem Research 



 
Individual field studies, focusing on the specific problem assignments, were conducted in addition to the 
class field trip. This problem-specific research was initiated by design students with the help of building 
science students. Students were required to identify the job sites where the specific problems were 
substantial, and to interview the construction workers with extensive experiences handling the specific 
problems.  
 
Recruiting and interviewing compose the backbone of every successful design research project 
(Kuniavsky, 2003). The building science students’ help in recruiting people to get involved was 
instrumental in helping design students during the knowledge building phase of the design process. 
“Being instrumental” was the key role building science students played in the collaboration during the 
design knowledge building phase. 
 
Worker Interview and Demonstration 
 
On job sites, students were encouraged to interview as many people as possible that could help in 
building the product and problem knowledge base. Workers, superintendents, managers, and even the 
office staff were interviewed by the students. In many cases, multiple job sites were visited to obtain a 
more comprehensive understanding of the problem. In the interviews, construction workers were often 
asked to demonstrate how they performed their tasks with the tools the design students were developing. 
During the demonstrations, the interaction among the workers, design students, and building science 
students triggered many valuable findings.  
 
The interview-while-demonstrating approach was very effective in explaining the context of the problems 
and in exploring the design considerations. When interviews were not conducted on site, the 
communication between designers and users was much more difficult and less precise. The effectiveness 
of empathic design research in this project validates the studies of Leonard and Rayport (1997).  
 
Personal Problem Experiencing by Design Students 
 
Design students were required to personally experience the problems or products they were assigned, in 
addition to the experiences they learned from the workers. Observing and discussing workers’ experience 
offers broad understanding of the problem spectrum, but designers’ own personal experience is better 
suited to establishing a deeper appreciation of the circumstance. This type of first-hand user research 
approach facilitates a learning cycle of experience, hypothesis, understanding, and execution within the 
product design process (Otto & Wood, 2000). For example, the student assigned to improve the efficiency 
and reduce the injury of masons spent hours on jobsites learning and practicing how to lay bricks; the 
student creating a ceiling tile cutter actually cut boxes of tiles. The synergy of indirect user experience (by 
observation) and direct user experience (by using) provides design students with a more comprehensive 
perspective of the problem areas and the product design criteria. 
 
Concept Development 
 
Design students generated a number of ideas to solve the problems in the early design stage, but they 
learned that many of these ideas were too preliminary when they started design research. After the 
design research, design students began to create sketches and models as potential solutions to the 
problems. The design students already had personal experience with the problems, and they had a 
reasonable understanding of the design constraints, so their designs could remain practical. At this point, 
the building science students’ role started transiting from “instrumental” to “evaluating” in the project.  
 
User Testing 
 
After each round of idea development and model making, design students in the project were required to 
bring their models to the construction job site for the workers to test in the construction environment. In 
some cases, the concept models were kept and used by the workers for days to measure their long term 
impact. Observation and interviews were conducted both during and after the user testing. Suggestions 



and complaints were documented by building science students for the design students to use in concept 
refinement. The concept models were also presented to the industry executives for their input on cost and 
administration issues. This input was continuously added to and compiled with the design criteria, so the 
design students could create within the practical perimeters. 
 
Concept Refinement 
 
In the final phase of the projects, design students were required to build prototypes that demonstrated the 
features of their concepts. Aesthetic elements were also required, in addition to practical functionality. 
These prototypes were tested again by construction workers before being presented to the Alabama 
Construction Industry Fund. 
 
The following diagram summarizes the process of the collaboration project. The X axis represents the 
timeline and the steps of the project. The Y axis shows the magnitude of the design knowledge base 
accumulated throughout the user research and testing phases. The knowledge base broadened as the 
research and testing progressed. In the meantime, the collaboration structure transformed as the project 
moved on. Building science students started as instrumental partners to design students, and then they 
played a more important role as evaluators. 
 

 
Figure 2. Design process and collaboration structure. 

 
 
The Project Outcome 
 
Design students developed 14 product concepts in 2006 and 12 in 2007. The projects are listed in Table 
1.  
 

2006 Industrial Design/Building Science 
Collaboration Projects 

2007 Industrial Design/Building Science 
Collaboration Projects 

Develop a better system for barricades, guard rails, 
and safety netting 

Develop a snap-up plan table, elemental protection  

Develop a system that detects overheating in humans 
Develop a process or product to improve block and 
brick construction 

Develop a method for tracking people on a job site Develop a better process for digging in clay soil 



Develop more efficient jobsite storage systems Develop a method to improve wood stakes 

Develop a more effective system for turning cylindrical 
objects (like pipes) 

Develop a method of stabilizing PT cables in 
reinforced concrete beams 

Develop an efficient way to heat pipes in the field Develop a hand tool for cutting recessed ceiling tile 

Develop a device that would carry heavy loads over 
uneven terrain 

Develop a process or device to minimize the tracking 
of mud into buildings 

Develop a hands-free communication device Develop more efficient water cup dispensers 

Develop a more effective rebar protection system  Develop a traction boot for roofers 

Develop a more efficient drinking water system for 
construction sites 

Develop a hands-free communication device 

Develop a machine that can both dig and elevate 
employees on a work platform 

Develop a method for hoisting structural components 
like trusses, to a second floor without using a crane 

Develop a building layout system that requires minimal 
skill and training 

Develop a better system for producing flat concrete 
floors 

 

 
Table 1. 2006-2007 Industrial design collaborative projects. 

 
 
The versatility of the projects revealed the broadness of the problem range on the construction sites. 
Construction workers were concerned with the ergonomics, safety, and the efficiency of their tools. Even 
though the basic designs of many construction tools have not changed in years, workers were open to 
new concepts that could enhance their job performance and living quality. The following sections describe 
three product concepts developed by the design students, as examples of the project outcome. 
 
Barricade System 
 
The Problems 
 
The United States Occupational Safety and Health Administration (OSHA) has very specific requirements 
for fall-protection systems. Barricades are used to safeguard construction workers from falling. Many 
existing barricade systems are time consuming to install and uninstall. When different contactors need to 
access the barricaded areas, they often do not reassemble the barricades after the job is done, or put 
them back up improperly. Leaving the barricades uninstalled, or installed improperly, can cause major 
safety hazards. 
 
The Product Concept 
 
A new barricade system was designed to incorporate a base that can be easily anchored to the ground. 
The plastic base features built-in slots that accommodate three pieces of 2” x 4” lumber for rails or toe 
boards. The rails can be easily removed and reinstalled by pulling out the handles that secure the rails in 
place. Significant worker time and effort is saved by this barricade system. During the concept 
development, models of various ideas were installed and tested on a job site. This final design was 
selected by the construction workers and superintendents. 
 



 
Figure 3. Problems and solution of barricade system. 

 
PVC Heating Solution 
 
The Problem 
 
Plumbing workers use temperature-sensitive adhesive to connect PVC pipes. The lower the ambient 
temperature, the more difficult it is for the adhesive to work effectively. In the winter, many plumbers use 
hair dryers or heat guns to heat the PVC pipes, even though it is a very time-consuming process. In the 
problem-generation meeting, the industry executives listed this problem, but added their solution: to 
redesign a hair dryer that can heat the PVC pipes more efficiently. When the design brief was prepared, 
only the problem, not the industry solution, was presented: to develop a nontoxic device to heat PVC pipe 
in cold weather conditions. 
 
The Product Concept 
 
After field research and brainstorming, the student presented several potential solutions to the job site 
superintendents. The solutions included a cordless hair dryer, powered by 36-volt rechargeable battery, 
and sodium acetate-based heating pads. The heating pad was an “out-of-box” idea and, surprisingly, it 
was immediately accepted by the industry personnel. A series of disposable heat wraps of different sizes, 
their dispensers, and packages were designed. Successful tests, both on the job site and in an industrial 
freezer, proved the feasibility of the product concept. 
 

 
 

Figure 4. Heat wrap to heat PVC pipes. 

 
 
PT Cable Chair 
 
The Problems 
 
Post tension (PT) cables are used to reinforce compressed concrete, providing more tensile strength and 
a thinner, but stronger slab. Before workers pour the concrete into the slab, the ¾” PT cables are tied to a 
plastic “chair.” The current PT cable chairs are often pushed out of place either by workers during the 
preparation process or by the flow of concrete during the pouring process. Additionally, sometimes 
workers are unable to tell if these chairs are pushed out of place once they are embedded in the 
concrete. These problems cause great concern regarding the strength of the slab. 
 
The Product Concept 
 
A new PT cable chair was designed to solve the discovered problems. The chair has four cylinder legs 
and round feet. The feet of the chair are secured to the form boards with staples, and are detached from 



the chair when the workers remove the boards. Marks showing the location of the cables are left on the 
slab after the form boards are removed. Cables are placed individually into the chair and locked by a 
cover, saving workers’ time. After several tests, it was determined that the stapled feet are strong enough 
to withstand the concrete pour. A set of prototypes were also successfully field tested in a 45-story 
building in Atlanta, Georgia. 
 

 
Figure 5. Problems and solution of PT cable chair. 

 
 
 
Conclusions 
 
The collaboration with building science students provided industrial design students with excellent 
interdisciplinary team work experience. In today’s business environment, this experience has become 
more vital and valuable to the success of design practice. Design students involved in this process were 
exposed to scenarios in which they could not effectively create concepts without conducting serious user 
study and design research. They had to approach design study with an “open” and “user-centered” 
attitude, instead of “preexisting” and “designer-centered” attitudes. The “open” attitude is particularly 
helpful when designers are designing for a market segment, culture, or country outside of their own 
“comfort zone.” 
 
For the first time, building science students and construction executives had the opportunity to work with 
a discipline that maintains a very different set of problem solving approaches. This collaboration benefits 
their professional development and gives construction personnel “out-of-box” creativeness to examine 
their daily problems with a new paradigm. The PVC pipe heater is a perfect example of problem solving 
with a different paradigm than is their routine practice. There was a similar case in 2006, in which job site 
superintendents asked a student to design a better method of protecting their blueprints. Instead of 
producing a predictable design, such as a water-resistant plan folder, the student suggested that the 
plans be printed on Tyvek, a polyethylene fabric that is weather and tear resistant. Today, the concept is 
in the process of being commercialized. 
 
According to the Illinois Board of Higher Education (2007), collaboration is a concept that is difficult to 
define and even more difficult to implement. The faculty members of both industrial design and building 
science participated in this collaboration process, establishing a successful collaboration model for this 
and other projects. This model provides examples for industrial design, as an industry, to broaden its 
professional spectrum and its impact in interdisciplinary collaboration. 
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