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Abstract 
 
The Housing Technology, Community and the Economy workgroup was established to address 
the broader social systems (including building firms, consumers, financing, insurance, and 
community) that influence the successful transfer of housing technology. The workgroup 
reviewed research on residential technology diffusion, industry structure, regulatory controls, 
underwriting, renovation and rehab, land development, urban design, and health. Ten papers 
were prepared prior to the workshop reviewing current research and recommending priority 
topics for future research.  The workgroup recommends future research to develop diffusion 
models to increase the success and speed of housing technology transfer; to improve the rate and 
quality of housing renovation/rehab; to improve health through better housing and urban design; 
and, to increase productivity and quality of life through improved models of community 
development and social capital. 
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Introduction 
 
The social systems that embed housing technology are inherent to fully understanding the 
diffusion and deployment of improved technologies and the impact of those technologies on 
housing. Research and development in housing technology frequently recognizes the importance 
of these social systems, ranging from the individual consumer to the national structure of the 
housing industry, but often ignores them as subjects of inquiry.  Complaints about housing as an 
industry that only reluctantly and belatedly supports innovation are common.  However, research 
on how innovation occurs and is deployed throughout the industry to the consumer is regrettably 
rare. 
 
The panel on Housing Technology, Community and the Economy was organized to identify the 
most important social systems research affecting the attainment of the PATH goals to improve 
housing.  Panelists included Ed Hudson, National Association of Home Builders Research 
Center; Pierce Jones, University of Florida; Theodore Koebel, Virginia Tech; Rex LaMore, 
Michigan State University; David Listokin, Rutgers University; Anil Swanhey, Arizona State 
University; Anne Sweaney, University of Georgia; and Robert von Bernuth, Michigan State 
University.  (Listokin and Swanhey were unable to attend the workshop.) In addition, comments 
were received in an email message from Dr. Boyd Paulson of Stanford University. Dr. Matt Syal, 
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Michigan State University, also presented a review during the meeting of research on rehab and 
rehab codes, and recommended research on this topic. 
 
 
Future Research Directions 
 
The research agenda identified during the workshop addresses future research that can contribute 
to improving the movement of technology innovation to the market and to increasing the 
affordability, durability and healthiness of housing. The proposed research can be classified into 
three broad categories: diffusion of residential technology, renovation and community 
development, and health.  The focus within each is the role of technology in improving housing.  
Several subcategories cut across each of these domains, specifically consumer demand, 
governmental regulations, finance, insurance, and business practices.  
 
This paper summarizes the findings of the ten papers prepared in advance of the workshop and 
identifies the research topics of greatest importance to achieving the PATH goals.  Although we 
emphasized research appropriate for the NSF-PATH program, several topics are also appropriate 
for the applied focus of other PATH research programs. 
 
Diffusion of Residential Construction Technology 
 
Five of the ten papers addressed the diffusion of residential construction technology (Hudson, 
2004; Koebel, 2004; Swahney, 2004; Sweaney, et al. 2004; and Jones, 2004).  
 
Past studies of innovation or diffusion of innovation in residential construction have focused 
largely on identifying impediments to diffusion—characteristics of the industry, product, 
process, consumer, government, or related systems that interfere with the deployment of 
innovation to the mark (Koebel, 2004).  Although there is a widespread assumption that 
residential construction is a technologically laggard industry, the polymorphous character of the 
industry and the lack of research make definitive conclusions impossible about either the 
magnitude or the nature of the problem.  As stated by Koebel (2004), “In sum, our understanding 
of diffusion of residential building products and processes is in its infancy and only a few 
empirical studies have been conducted.  From the few empirical studies that have been done, we 
know that diffusion in residential construction is very complex, likely to vary between different 
classes of products, be subject to regional differences, and follow different patterns for early and 
subsequent adopters.” 
 
There are critical gaps in our knowledge about the communications and social networks used by 
builders and consumers to learn about innovations and that influence their adoption practices.  
We need to know “how builders assess relative advantage; how they estimate the consumer’s 
reaction; information gaps of builders and consumers; information brokers for each; the 
importance of industry sources and of independent sources of information; and the importance of 
word-of-mouth among builders” (Koebel, 2004). 
 
Koebel stresses that future diffusion research “should address specific characteristics of the 
adopting firm, industry, information channels and social networks, technical attributes of the 



 68

innovation, economic attributes of the innovation, and supplier/vendor characteristics that have 
been established in the literature as important to diffusion.  Research focusing on modular 
builders, multifamily builders, and national building firms might be particularly fruitful.” Future 
research should “target innovators and early adopters, and should model the building technology 
adoption process and outcomes.” Research should also be conducted on technology transfer 
programs to help improve their design and effectiveness. Additionally, research should address: 

o The role of technology advocates and a corporate culture of innovation.  
o Homebuyers’ awareness of and demand for new products and materials, including the 

role played by builders in educating homebuyers. 
o Information asymmetries between manufacturers, underwriters, builders and consumers, 

particularly the importance of established manufacturers in facilitating diffusion. 
o Evaluation services and the importance of certifications to code officials and to 

consumers. 
o The impact of finance and insurance industries on diffusion. 

 
Hudson (2004) identified the process of new product development (NPD), particularly new 
concept screening, as a key intervention point to influence more rapid deployment of innovative 
technologies. New concept screening “evaluates the marketability of a new product concept 
before significant R&D resources are expended on it.  The complexity of the new technology 
decision process and structure in homebuilding renders traditional concept screening techniques 
less effective.” Hudson proposes research to develop “an improved concept screening model, 
developed specifically for building technologies,” to increase the successful movement of new 
technologies to the market.  Such a model would help product developers as well as technology 
diffusion programs such as PATH in more effective screening of new products.  
 
Using the example of universal design, Sweaney, et al. (2004) identified the problem of 
consumer knowledge and attitudes in diffusion.  Since the consumer is the ultimate judge of the 
utility of many residential innovations, we need to know more about consumer behavior, 
information asymmetries, and the impact of consumers’ priorities (or assumptions about those 
priorities) on manufacturers and builders. Although Sweaney’s review focuses on universal 
design, the issues apply to understanding consumer influence across most innovations.  These 
research topics include consumers’ knowledge and perceptions of innovative designs and 
products; effective mechanisms to inform and educate consumers about the benefits of 
innovative designs and products; consumer evaluation of the utility and cost of innovative 
designs and products; post-occupancy consumer behavior in the operation and maintenance of 
housing technologies; and the interaction between housing characteristics, resident 
characteristics (e.g. functional ability), safety and length of tenure across the life cycle. 

Swahney (2004) and Jones (2004) review two state level technology diffusion programs that can 
serve as models for other states and for research on diffusion.  Arizona State University, PATH, 
five major homebuilders and the Home Builders Association of Central Arizona have created a 
technology transfer program called AzPath. “The goal of AzPath is to serve as a catalyst for 
continuous innovation in the housing industry in Arizona through strong partnerships with 
national and regional organizations” (Swahney, 2004).  The AzPath model (Figure 1) responds to 
production problems identified by industry with technology transfer programs designed by ASU 
researchers. The model incorporates test sites and research prior to developing full-scale 
implementation strategies. 
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Figure 1. The AzPath Innovation model 

 
Jones (2004) reported on the efforts of the Florida Energy Extension Service (FEES) to promote 
technology transfer within Florida.  The FEES experience demonstrates the importance of “a 
systems research approach to the homebuilding process … applied at the master planned 
community level with emphasis on the sales, financing and insurance processes as well as to the 
potential for performance-based, third-party verified certification programs.”  The Master 
Planned Community provides an excellent platform for technology transfer, particularly where 
such development dominates the market, as in Florida.  
 
The developer of a Master Planned Community integrates production and sales at a scale and in a 
manner highly conducive to the transfer of new technologies.  The development’s Conditions, 
Covenants and Restrictions (CCRs) specify the types of homes allowed in the development and 
can be used to require performance standards and certifications promoting technology transfer.  
The sales center “serves as a lynch pin of the developers marketing plan by physically projecting 
the image of the community that the developer wants to portray to the targeted homebuyer 
demographic.” This provides an opportunity for consumer education.  The Master Planned 
Community also allows the integration of finance and insurance into the marketing program.  
Given the scale of the development, the finance and insurance package might also provide 
incentives for technology transfer that reduces costs or increases durability.  Jones also points to 
the “the potential for organizing and integrating independent, performance-based, third-party 
verified certification programs into the homebuilding process” in Master Planned Communities.  
 
Jones identifies several issues that need to be addressed by research.  These include:  

?? The impact of various elements of Master Planned Communities (including bundling of 
certifications, appraisals, insurance and finance in an integrated marketing program) on 
technology transfer. 

?? The impact of certification programs and variations in their design and marketing on 
consumer demand for innovative technology. 

?? The impact of integrating design, product selection and construction processes on 
performance and durability and the recognition of these impacts by insurance companies. 

?? The impact of enhanced housing performance on house values and reflection of these 
impacts in appraisal and in mortgage finance. 
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?? The effective and efficient education of consumers by sales associates about housing 
performance. 

 
 
The Impact of Technology on Renovation and Community Development 
 
Given the longevity of housing, the standing stock represents the preponderance of housing at 
any given time.  New construction can only affect affordability and performance slowly. In order 
for PATH to impact affordability and durability more immediately, the research agenda needs to 
address renovation (“rehab”) and community development.  Listokin (2004) and LaMore (2004) 
addressed these topics respectively. 
 
Listokin emphasizes the paucity of data on the demand for rehab, the impact of population aging 
on demand, rehab financing, the role of government regulations and incentives, the structure and 
performance of the renovation and repair industry, and the technology of rehab.  He stresses the 
importance of rehab in maintaining the useful life of the housing stock. In this view, PATH’s 
goal of increasing the durability of the housing stock can be achieved only partially through new 
construction. The roles of maintenance and renovation in extending the use and performance of 
housing, and their interaction with building technologies employed during new construction, are 
important topics that need to be addressed in future research. 
 
PATH’s goal of increasing the affordability of housing underscores the importance of research 
directed toward improved technologies and practices for rehab and maintenance.  The location of 
older housing in central cities and the downward filtering of housing result in central cities 
providing the majority of affordable housing as well as the primary location of rehab needs and 
opportunities. Consequently, rehab is not only of critical importance to the durability, 
performance and affordability of housing, it is essential for the vitality of central cities. 
 
Listokin identifies the following priorities for research: 

?? Expand data collection on rehab in recurring national surveys such as the American 
Housing Survey; 

?? Develop and evaluate improved techniques, products and processes for rehab; 
?? Develop models to assess rehab intervention, potential, and impacts; 
?? Compare the technical features of the National Applicable Recommended Rehabilitation 

Provisions (NARRP), New Jersey rehab code, and other smart codes to one another and 
how they contrast to prior, more restrictive regulations; 

?? Detail the cost saving potential of the new generation of smart codes; 
?? Examine empirically the influence of smart codes on the magnitude and quality of rehab; 
?? Examine administrative and other challenges to the effective implementation of smart 

codes. 
 
In addition to Listokin’s recommendations, Professor Matt Syal of Michigan State University 
recommended the development of a comprehensive built environment decision support 
model (buildings, infrastructure, new construction, urban sprawl, land use and planning, etc.) 
and the expansion of traditional urban revitalization models to incorporate characteristics of 
the built environment and its interaction with social, political, economic, and cultural factors. 
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LaMore (2004) identifies the importance of community-based organizations in the 
production of affordable housing, often through rehab of deteriorated units. Although 
substantial research has been conducted on these organizations and on the role of social 
capital in the functioning of communities, little attention has been paid to the use of 
technology in community development or to the interaction of technology and social capital 
in the functioning of the housing stock.  Given PATH’s goals, greater attention to technology 
research and diffusion of innovation among non-profit and for-profit firms specializing in 
affordable housing production should be a priority. Technology and diffusion research 
among affordable housing producers should employ more holistic approaches that 
incorporate the characteristics of the social systems in which housing production and 
operation occur. Without a holistic approach that includes social systems, the deployment of 
technology could be counterproductive and harmful. The proposed research could also 
expand our understanding of the interactions that influence the diffusion and use of housing 
technologies throughout the life cycle of housing, including initial occupancy. 
 
To this end, LaMore recommends research on: 

?? Technologies promoting more efficient operation among affordable housing 
producers; 

?? The interaction of voluntarism, technology diffusion, and social capital creation in 
affordable housing production; 

?? The interaction of organizational and skill capacities of affordable housing producers 
and technology diffusion, including the use of technology in training and 
organizational development; 

?? The interaction of the capital requirements of new technologies, the capital resources 
of affordable housing producers, and diffusion. 

Housing and Health 
 
Although the relationship between housing and health has been of long-standing interest, 
research into this relationship has been sporadic and focused on narrowly defined hazards, such 
as lead.  Recently the health effects of housing have gained renewed importance and recognition.  
Bohland and Koebel (2004) attribute this renewed interest to four factors:  

?? “The US housing stock continues to have a large number of homes that create health risks 
despite efforts over the past decades to decrease the quantity of substandard housing… 

?? The identification within the Healthy People 2000 report of significant environmental 
hazards associated with housing created a renewed focus on housing.  As a result, in the 
section of Healthy People 2010 entitled Environment Health, specific goals and 
objectives are established under the heading, “Healthy Homes and Healthy 
Communities.”    

?? The importance of public health in the ethos of public officials has been heightened 
because of the seriousness of and higher potential for new natural and intentional public 
health threats. 

?? New technologies that can monitor environmental conditions internal and external to the 
dwelling now enable researchers to use better metrics and methods for analyzing the 
relationships of housing to health.”  
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Three papers were prepared for the workshop on the relationships between housing and health 
and the research that should be pursued (Bohland and Koebel, 2004; von Bernuth, 2004; 
Westphal, 2004).  von Bernuth and Westphal identify the macro, community-scale issue of land 
development patterns (i.e. sprawl) and health, as well as the micro, house-scale issue of indoor 
environments and health.  On the macro scale, von Bernuth recommends additional research on 
the relationships between land use development patterns and health problems such as obesity and 
other diet and exercise related health problems. On the micro scale, he recommends the 
development of a multi-disciplinary program addressing the health effects of indoor air quality 
and the specific contaminants involved. 
 
Westphal recommends an ambitious research program “to develop and apply criteria derived 
from the integrative medical model to create performance standards for the built environment.”   
Westphal calls for an expansion of the U.S. Green Council’s work to create “buildings that are 
environmentally sustainable, non-toxic in construction materials, and energy efficient.” She 
recommends a comprehensive review of the literature and interviews to “identify areas where the 
integrated medical model is currently being addressed in construction practices and community 
design that promote human and ecological health and well-being.”  Subsequent research would 
develop and test “new standards and criteria … for evaluating other factors of the built 
environment that are less tangible and easily measured—social needs, psychological outcomes, 
spiritual benefits—but are known to contribute to human health.” 
 
Bohland and Koebel identify a detailed research agenda across nine categories of the health-
housing relationship:  housing and infectious diseases; housing and chronic illnesses; housing 
and mental illness; housing affordability and health; housing disparities and health; 
neighborhood effects and health; urban design and health; multi-scale, multi-location interaction 
effects on health; and, longitudinal research of housing conditions on health.  Although the 
proposed research agenda extends beyond the domain of NSF-Path, elements pertinent to 
technology development include: 
 

?? “Development of surveillance technologies that enable residents and housing officials to 
monitor more accurately the infectious disease risks associated with inferior housing 
conditions. … 

?? Develop appropriate low cost technologies or interventions that can reduce exposure to 
chronic illness factors in housing.  For example, although we know the chronic health 
risks to children from poor ventilation and thermal regimes, low cost means of ensuring 
proper thermal and ventilation levels in many lower income homes do not yet exist.   

?? Develop appropriate low cost technologies or interventions that can reduce exposure to 
residential toxins, e.g., lead or radon. … 

?? Develop monitoring or surveillance systems that provide rapid assessments of risk levels 
in homes to alert residents of potential harmful exposures to toxin or conditions that 
increase the risk of chronic illnesses. … 

?? …Studies that parse the complex interactions resulting from a deficiency in the 
affordable housing market are required to understand the separate and interactive effects 
of the dwelling, low income, and individual and household behaviors on health outcomes. 
… 
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?? … To fully understand the real effects of housing on personal health, multi-scale, multi-
location research should be a high priority. … 

?? … Priority should be placed on the creation of data sets that can be used to examine the 
longitudinal relationships between health and housing.   Such data sets would be 
important to research agendas in many of the health homes issue areas.” 

 
Bohland and Koebel also recommend research on the effects of different land development 
patterns and urban designs on obesity and related health conditions, on auto emissions and 
respiratory conditions, on social capital and physical and mental health, and on security and local 
government responses to natural and intended hazardous events. 
 
Crosscutting Impact of Broader Research Topics 
 
The importance of pursuing a holistic approach to technology development and diffusion in 
housing was reinforced throughout the workshop.  Presentations and comments by every 
subgroup in the workshop stressed the key importance of understanding the impact of 
developers, builders, lenders, insurers, consumers and communities on the achievement of 
PATH’s goals. The topics covered in workgroup 4 have important implications for all the other 
workgroups as indicated in Table 1. 
 
Diffusion has an obvious impact on each of the other Focus Areas. Renovation and community 
development involves areas of construction management and production that have not been 
previously addressed.  Additionally, there are important implications of maintenance and 
renovation, which become consumer responsibilities, for materials, enclosures, and whole house. 
The specialized requirements of retrofit and renovation also impact on each of these areas. 
Arguably, the interrelations between housing and health also impact each area, although the 
impacts on construction management are less clear (and consequently not checked in the table 
below.)  
 
TABLE-1: Crosscutting Impact of Broader Research Topics 

Focus Area Other Fields Comments # Research Topic 
1 2 3 5   

1 Diffusion X X X X Economics, 
sociology, 

 

2 Renovation and Community 
Development 

X X X  Economics, 
sociology, public 
administration 

 

3 Housing and Health  X X X Health, planning,  
 

 
Justification of Broader Research Topics 
 
Diffusion research is critical to the successful design, development, and deployment of new 
technologies. Diffusion research has a long tradition across several disciplines and we anticipate 
significant advances related to the product design, development and marketing. Not only is this 
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research needed to advance PATH goals, it is central to the design of improved technology 
transfer programs. 
 
Renovation and community development research is needed to address the life-cycle impacts of 
building technology. Since only a small portion of the housing stock is influenced by new 
construction, renovation is arguably the quickest way to achieve NSF-PATH goals. Research in 
this area is well grounded in the theory and methods of economics, sociology, and organizational 
behavior. The proposed research could have fundamental impacts on the renovation and repair 
industry (which rivals or exceeds new construction), on new construction, and on the economic 
vitality of older communities. 
 
The scientific basis and broad impacts of research on housing and health are well established.  
Research in this area is grounded in the theory and methods of the health sciences, risk 
assessment, and the social sciences. The broad scientific and social importance of the proposed 
research is evidenced by the emphasis given to housing in the Healthy People initiative of the US 
Department of Health and Human Services. 
 
Summary 
 
After careful consideration and discussion of the papers and presentations during the workshop, 
the Housing Technology, Community and the Economy group identified four major objectives to 
pursue under the NSF-Path program: 

?? Develop diffusion models to increase the success and speed of housing technology 
transfer. 

?? Improve the rate and quality of housing renovation/rehab. 
?? Improve health through better housing and urban design. 
?? Increase productivity and quality of life through improved models of community 

development and social capital. 
  
The group recommends the following priorities within each of these areas for future research 
under the NSF-Path program. 
 
Develop diffusion models to increase the success and speed of technology transfer.   
Future research should: 

?? Develop mathematical models of diffusion that incorporate behavioral research on key 
actors in the diffusion process;  

?? Focus on production builders and developers of Master Planned Communities;  
?? Investigate the roles of finance, insurance, certifications, and marketing, including the 

impact of bundling of these services in Master Planned Communities; 
?? Document the role and processes of consumer decisions; 
?? Address government targeted market segments and incentives; 
?? Address the impact of construction labor, skills, organization; 
?? Evaluate current technology transfer programs and develop improved, research-based 

transfer models for housing technology. 
 
Improve the rate and quality of renovation/rehab. 
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Future research should: 
?? Develop tools to assess risk and uncertainty; 
?? Develop urban simulation models to estimate levels and impacts of rehab; 
?? Document the impact of different codes on investment; 
?? Develop technology applications to improve code administration. 

 
Improve health through housing and urban design. 
Future research should:  

?? Document the relationships between community and neighborhood scale designs on 
health, including obesity; 

?? Develop models and prevention-remediation technologies for indoor air quality impacts 
on health; 

?? Investigate the effects of risk assessment and behavior on the relationships between 
housing and health; 

?? Develop multi-scale, longitudinal data sets to support research on housing and health. 
 
Increase productivity and quality of life through improved models of community development 
and social capital. 
Future research should: 

?? Develop holistic models of community development and affordable housing production 
incorporating organizational and community characteristics; 

?? Assess skill requirements of technology diffusion, including the impact on indigenous 
labor and the potential for skill enhancement to improve incomes; 

?? Evaluate cost implications of alternative community developme nt models; 
?? Develop risk assessment evaluations of unintended consequences of technology. 
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