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Emerging technologies are at the forefront of the ever-changing modern business environment,
impacting industries in the US, including construction. Although the construction industry has made
significant strides in adopting innovation over the last two decades, it has historically lagged in
adopting technological innovations. This is because technological innovation adoption is not a
straightforward process, and numerous barriers can affect it. Some of these barriers include the
environments in which potential adopters operate, implementation costs, and the geographical
locations in which construction businesses might operate. This study explores barriers to integrated
technology adoption and implementation in the construction industry in states with poverty rates
above the national average. An online survey was used to collect data, and descriptive statistics were
used to analyze it. The study population included construction workers in three states with significant
persistent poverty, measured by the percentage of counties with persistent poverty. The results
indicate that a dual bottleneck fundamentally stalls technology adoption in construction: the initial
cost burden and the internal inability to effectively utilize the investment. These findings from this
study support the possible roles of vendors and academic institutions in helping the construction
industry overcome barriers to integrating technology into its operations.
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Introduction and Background

The construction industry significantly contributes to the US GDP (Goolsbee & Syverson, 2023) and
continues to grow, even though recent growth has been sluggish (AIA, 2025). In addition, the industry
faces other significant challenges, such as reduced productivity compared to other industries over the
decades (BLS 2025; Goolsbee & Syverson 2023), historical resistance to change, the lack of
standardized manufacturing techniques such as Six Sigma or LEAN (Hossain et al. 2019), fragmented
nature of the construction industry (Elkhayat et al. 2024), and others. Furthermore, historically, the
construction industry has been perceived as resistant or “slow” to adopting technological innovations
(Bigdellou & Chen, 2025; Davis & Songer, 2009).

At the same time, there are indications that in the last two decades, the US Architecture, Engineering,
and Construction (AEC) industry has adopted technological innovations (Albeaino & Gheisari 2021;
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Fountain & Langar 2018; Langar & Pearce 2017). In the US, AEC companies are also utilizing both
traditional methods (Langar & Bhansali, 2018) and non-traditional methods (such as outsourcing)
(Fountain & Langar 2018) to leverage technological innovations to mitigate some of the industry's
challenges. Along with mitigating some of the challenges, adoption of technological innovations such
as 3D Printing, Building Information Modeling, Drones, Robotics, and others by AEC firms can
facilitate improved productivity, visualization (Bigdellou & Chen 2025), reduced errors/rework
resulting in delays (Sacks et al. 2018), improved productivity (Sacks et al. 2018), inspection and
monitoring (Anwar & Azhar 2024) safety (Fasoyinu et al. 2025; Webb & Langar 2019), and others.
Given the numerous benefits that can be accrued from technological innovation adoption, one
significant challenge is that it is not a straightforward process (Rogers, 2003), including in the
construction industry (Elkhayat et al. 2024).

According to Rogers (2003), there are prior conditions that must be met for innovation to be adopted,
including 1) Previous Practice, 2) Felt needs/problems, 3) Innovativeness, and 4) Norms of the social
systems. Further, there must be knowledge and persuasion before a decision occurs to support
implementation. Knowledge characteristics include 1) socioeconomic characteristics, 2) personality
variables, and 3) communication behavior (Rogers 2003). Perceived characteristics of the innovation
required for persuasion include 1) Relative Advantage, 2) Compatibility, 3) Complexity, 4) Trialability,
and 5) Observability (Rogers 2003). The required characteristics for innovation were compared with
the existing literature on barriers in the construction industry.

Existing barriers to implementation of technology in the construction workforce were identified; which
include: 1) High implementation costs (Criminale & Langar 2017, Gajjar & Burgett 2020, Esfahani et
al. 2025); 2) Lack of skilled personnel and Lack of personnel time (Sveiby 2007, Ogunseiju et al, 2021,
and Dogra & Sparkling 2020); 3)Training, Learning Curve (Criminale& Langar 2017, Ogunseiju et al,
2021, Esfahani et al. 2025); 4) Lack of strategic alignment including owner and stakeholder (Architects,
Sub-contractor, and Engineer) support (Karbasiahvazi et al. 2022, Brockmann 2025), 5) Cybersecurity
concerns (Oke et al. 2025); 6) Software challenges (Harode & Thabet 2023);7) Limited infrastructure
within company (Esfahani et al. 2025, Oke et al. 2025); 8) Lack of interest within the company and
Resistance to change (Adekunle et al. 2021); 9) Limited communication (Winkler 2024), 10) Cultural
issues (Lavy et al., 2010); 11) Unclear benefits; 12) Lack of non-financial resources (Oke et al. 2025),
and 13) Limited financial support from the government (Oke et al. 2025).

These barriers were used to identify constraints on integrated technology adoption and implementation
within the construction industry, particularly among construction professionals operating in states with
poverty rates above the national average, which collectively account for a significant portion of
persistently poor counties nationwide.

Methodology

The research employed an online survey to assess barriers to integrated technology adoption and
implementation in the US construction industry. Of the various tools available to host an online survey,
Qualtrics was purposively selected as: i) the use of the platform in AEC industry research (Kereri et al.,
2021); ii) the Research Team had extensive experience with the use of the platform in previous research.
The developed instrument consisted of closed- and open-ended questions grouped into three sections:
(i) Demographic Information; (ii) Technology Adoption and Literacy Skills; and (iii) Support for the
Implementation of Construction Technologies. Given that the paper's scope is barriers to technology
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integration, the paper includes only information relevant to that section, along with demographic
information. Existing barriers to technology implementation for this research were identified as 1) High
implementation costs, 2) Lack of skilled personnel, 3) Lack of personnel time, 4) Training, 5) Learning
Curve, 6) Lack of strategic alignment, 7) Owner support, 8) Stakeholder (Architects, Sub-contractor,
and Engineer) support, 9) Cyber security concerns, 10) Software challenges, 11) Limited infrastructure
within company, 12) Lack of interest within the company, 13) Resistance to change, 14) Limited
communication, 15) Cultural issues, 16) Unclear benefits, 17) Lack of non-financial resources, and 18)
Limited financial support from the government.

The online survey target population consisted of construction workers in three states with counties with
significant, persistent poverty. For the purposes of this study, Persistent Poverty has been defined as
areas with “a poverty rate of 20.0% or higher during the three decades from 1989 to 2015-2019”
(USCB, 2023). Georgia, Oklahoma, and Texas were selected because, together, they account for
approximately 42.5% of the counties identified nationwide as Persistent Poverty Counties (PPCs)
(USEDA, 2023). In addition, these states had significantly higher poverty rates than the national average
of 10.6% (USCB, 2025), with Georgia at about 12.9% (University of Georgia, 2025), Oklahoma at
about 14.9% (Oklahoma Policy Institute, 2025), and Texas at about 14% (Texas Demographic Center,
2025). Following the identification of the target population, the universities involved in the survey
distribution sought institutional approval (Institutional Review Board) to conduct the study. After
obtaining approval for the survey instrument, the online instrument was disseminated through
collaborations with regional trade organizations in the three states (Georgia, Oklahoma, and Texas) and
through interpersonal networks, such as the Industry Advisory Board, LinkedlIn, and direct emails to
industry professionals in the three states. The survey data were collected and downloaded for descriptive
statistical analysis, and the results have been presented in the subsequent section.

Results

A total of 34 participants responded to the study. The participants were not required to answer all
questions; therefore, the number of responses per question varied. A total of 29 participants responded
to the question “Do you work in the construction industry?”. The majority of respondents, 79% (23
participants), indicated that they work in the Construction Industry. The remaining participants either
responded that “Prefer not to Answer” or “No”. The majority of the respondents (79%) identified
themselves as “Male,” and the remaining as “Female.” When asked about their “Job Location,” 28 of
34 respondents responded. The majority of respondents, 41% (12 participants), reported “Working
(mostly) at the office,” the second most common answer, with 24% (7 participants) reported “Work on
the jobsite and the office,” as depicted in Figure 1. From the perspective of respondent experience in
the construction industry, 19 of 34 respondents answered the question. The majority of respondents
(32%) reported having more than 20 years of experience, as shown in Figure 2. These responses indicate
a good representation of both people who work at the office (perhaps with administrative
responsibilities) and those who work at job sites (perhaps with field- and project-specific
responsibilities).
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Other - 7%
I (mainly) work from home - 7%
I work on jobsites and at the office _ 24%
I (mostly) work at the office _ 41%

I (mostly) work on the jobsites _ 21%

0% 5% 10% 15% 20% 25% 30% 35% 40% 45%
Figure 1: Respondent job location

20 or more years | NN, 32%
16to19years [N 16%
11to15years [N 16%
8 to 10 years I 5%
Sto7years [N 11%
3to4years [N 16%
1to2years [N 5%

0% 5% 10% 15% 20% 25% 30% 35%
Figure 2: Respondent experience in the construction industry

When asked about the main barriers to implementing construction technologies in their company, 20 of
the 34 participants responded (Figure 3). Each participant could select all 18 applicable barriers
identified in the research methodology section. The responses indicate that the top three barriers
identified by the respondents were as follows:

a. High implementation costs, cited by 70% of respondents (14 participants).

b. Lack of skilled personnel, identified by 60% of the respondents (12 participants).

c. Training was indicated by 60% of the respondents (12 participants)

The next three barriers indicated by the participants, yet still highly significant, included:

d. Resistance to change, reported by half of the respondents (10 participants).

e.  Owner support included by 35% of the respondents (7 participants)

f.  Learning curve mentioned by 30% of the respondents (6 participants)

It is worth noting that three of the top six barriers (b, ¢, and f) relate to workforce training for
implementing construction technologies.
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On the other side of the spectrum, the perceived three lowest barriers to implementing technology were:

a. Limited financial support from the government, indicated by only 10% of the respondents (2
participants)

. Cultural issues were the second lowest barrier cited by only 10% of the respondents (2 participants)

c. Limited communication was the least of the barriers, with only 5% of the respondents (1
participant)

High implementation cOsts S 7 ()0 )
Training S (0
Lack of skilled personmne] 1 (/)
Resistance fo change ——————— S0
Owier support I EE—— T 35
Learning Curve S 2o,
Unclear benefits
Software challenges

I
I
Limited infrastructure within company - —_—"_—_—_—
Lack of strategic alignment e —
Lack of personnel time - ————
Cyber security concerns
Stakeholder support —————— 200
Lack of interest within the company ——————— 200,
Lack of non-financial resources mE—— 150
Limited financial support from the government m— 102
Cultural issues m— 10%
Other mmm 50
Limited communication mmm 504

0% 10% 20% 30%  40% 50% 60%  T0%

Figure 3. Barriers to Implementing Construction Technologies (n=20)
Discussion

The results of the data analysis highlight two significant implications for the adoption and
implementation of construction technology. The first implication is that adopting new construction
technologies faces a significant dual challenge: cost and workforce capability, as supported by some
existing literature (Criminale & Langar, 2017).

The top barriers include high implementation costs (70%), lack of skilled personnel (60%), and training
(60%), which demonstrate that construction companies are simultaneously challenged by the high
investment costs required and by the internal personnel capacity to utilize and benefit from these
construction technologies. These findings are critical, especially for construction companies operating
in economically disadvantaged areas, which face tighter budgetary constraints and limited access to
labor and training, thereby significantly hampering the holistic adoption of innovative technologies.
Viewing this finding through the perspective of Rogers' Theory, such complex conditions will limit the
adoption of innovative technologies in economically disadvantaged areas, as Trialability and
Observability may be constrained, which can also affect understanding of the Relative Advantage of
such innovations.

707



Barriers to Technology Integration in the Construction Mosier et al.

In addition, given that the sample is a good representation of both people who work at the office and at
construction sites, these concerns are commonly shared among construction individuals with
administrative responsibilities (at the office) as well as personnel in the field and with project-specific
responsibilities (at job sites). This implies that technology vendors must focus on providing a clear,
quantifiable Return on Investment (ROI) and offering more accessible, cost-effective deployment
models, particularly for firms facing tight budgetary constraints. This would fit with offering a clear
Relative Advantage to construction professionals, especially when operating in economically
disadvantaged areas. Without addressing the high initial cost, scaling up personnel training becomes an
unnecessary expense that management will be reluctant to bear. Similarly, academic institutions could
help overcome the barrier by providing information and training the construction companies' workforce.

The second critical implication is the pronounced need for comprehensive, proactive workforce
development on construction technologies. Three of the top six barriers to implementation, which
include the lack of skilled personnel, training, and the technological learning curve, are directly related
to the workforce development aspect. This cluster of issues, along with resistance to change (50%),
suggests that the construction sector is not suffering from a simple lack of interest, as shown by the
lowest cited barrier of limited communication (5%), but rather from a technical capability gap.
Therefore, a possible solution should not focus solely on purchasing construction technology, but also
on harmonized activities that support holistic technological adoption, including the development and
implementation of training as a fundamental part of the strategy to overcome barriers. The harmonized
activities aligned with the purchase of technologies will aim to facilitate the holistic adoption of
technologies to maximize benefits and achieve maturity more quickly. At the same time, the cost of
adopting the technology (including harmonized activities) for economically disadvantaged areas can be
a challenge. In this regard, academic institutions and non-profit organizations could emerge as integral
stakeholders, playing a vital role in assisting construction companies in implementing integrated
operational changes, including adoptioning construction technologies. These non-traditional
stakeholders could help companies move beyond one-off software tutorials to a progressive workforce
development with responsibilities specific to education that explicitly address the new "construction
technology competencies.” Furthermore, academic institutions and vendors could collaborate to
actively communicate the technology's value proposition to construction personnel in the office and on
the job site.

Conclusion

A significant body of literature on barriers to technology adoption and implementation exists; it often
focuses on specific technologies, such as BIM (Adekunle et al. 2021) or drones (Albeaino & Gheisari
2021). However, this industry-wide online survey focuses on 18 distinct barriers that are not tied to the
technology itself. The findings are particularly significant as they reflect insights from construction
professionals operating in states with poverty rates exceeding the national average and geographically
operating in states that collectively account for approximately 45% of persistently poor counties
nationwide. Consistent with prior research identifying workforce shortages as a major limitation in the
construction industry (ABC, 2025; BLS, 2025), the results indicate that a lack of skilled personnel
remains as one of the primary barriers to technology adoption. These findings suggest that addressing
workforce challenges alone is insufficient; instead, a broader set of factors must be considered,
including tangible constraints (e.g., implementation costs, training requirements) and intangible factors
(e.g., stakeholder support, resistance to change). This holistic perspective is particularly critical for
construction firms operating in economically disadvantaged regions.
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Limitations and Future Work

One significant limitation of the research is the sample size. At the same time, the initial research
findings are in congruence with the literature. Based on this research, the next steps would include
training for construction professionals and determining whether workforce training itself will drive
change in the adoption and implementation of technologies.
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