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Abstract. Research projects have indicated development of several technical solutions for the management of construc-
tion activities. However, little attention has been paid to the issues regarding the adoption and implementation of these 
techniques. This study investigates the perception of Automated Data Collection (ADC) technology usage in construc-
tion, and identifies reasons why available ADC technology has not been fully introduced in construction. A comprehen-
sive literature review carried out in this research identifies barriers to the adoption of ADC technology. In total, 19 key 
factors are identified as barriers for adoption of ADC technology in construction, and validated through an international 
questionnaire survey. According to the results, process related factors play an essential role in adopting automated data 
acquisition technologies in the construction industry. In order to form the backbone of technology adoption in real sce-
narios, and to identify driving factors in this field, this paper also introduces an implementation framework for ADC 
technology in the construction industry. 
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Introduction

The construction industry is both highly complex and 
fragmented compared to other industries, because its 
products are unique in its construction type, project par-
ticipants, and location. This high degree of fragmentation 
has been highlighted by many researchers as a fundamen-
tal barrier to be overcome in order to achieve the success-
ful implementation of new technologies (Nigithamyong,  
Skibniewski 2004). Furthermore, construction is recog-
nised internationally as one of the labour and informa-
tion-intensive industries which are subject to an open 
environment and harsh conditions (Bowden et al. 2006; 
Behzadan et al. 2008). Thus, accurate and real time in-
formation systems have become an important tool in the 
management of construction projects (Majrouhi Sardroud 
2012).

Recently, Information and Communication Technol-
ogy (ICT) has received a great deal of attention and some 
solutions have been developed to assist the management 
activities throughout various industries. One of the cur-
rent significant issues involved with ICT is Automated 
Data Collection (ADC) technology that also known as 
Automated Data Capture; the use of which has grown in 
recent years. Some researchers highlighted importance of 
using these technologies in construction (Navon, Gold-
schmidt 2002; Navon 2007; Caldas et al. 2004). ADC 

technologies can be defined as the use of automated  
advanced and data storage technologies for the identifica-
tion, collection, storage, transmission, and presentation 
of information (Caldas et al. 2004; Majrouhi Sardroud, 
Limbachiya 2010). Barcode, Global Positioning System 
(GPS), and Radio Frequency Identification (RFID) are 
examples of such kind of technologies. Automated data 
collection devices are continuously evolving and becom-
ing common in industries such as logistics and manufac-
turing, and can be of great convenience on construction 
job sites, supporting automatic access to reliable real-
time information of on-site materials (Caldas et al. 2004). 

In addition, advanced ADC technologies that can be 
used for real-time on-site measurement of performance 
indicators are rapidly emerging, and their costs are de-
clining (Navon, Sacks 2007). Thus, ADC technologies 
are capable to facilitate paperless management of con-
struction activities, modernise information collection and 
sharing, and undoubtedly have a profound impact on ef-
fective management of construction activities.

Automated data collection technologies have the po-
tential to improve information integration and enhanc-
ing team collaboration and communication (Zavadskas 
2010). Although ADC technologies offer new opportu-
nities to establish effective management tools, research 
studies have indicated the construction industry is a late 



Journal of Civil Engineering and Management, 2015, 21(1): 54–66 55

adopter of ADC technologies (Love et al. 2004). In view 
of this, the study investigates the perception of ADC 
technology usage in the construction industry and iden-
tifies reasons why available ADC technologies were not 
fully introduced in the construction industry. This paper 
summaries results obtained from construction-related 
participants from across the globe based on a question-
naire survey.  

1. Literature review

According to Razavi and Haas (2010), the main aim of 
using automated data collection (ADC) technologies in 
construction is to increase efficiency, reduce data en-
try errors caused by human transcription, reduce labour 
costs, and reduce bottlenecks. The increasing need for 
measuring and controlling construction operations and 
monitoring information and the rapid technological de-
velopments in ADC technologies and their declining 
costs are the two major aspects driving research in this 
direction (Zavadskas 2010). ADC technologies applica-
ble to construction sites vary in functionality, accuracy, 
cost and application scope. 

The advancement and wide application of ADC 
technologies make construction sites more intelligent and 
integrated where materials, components, tools, equip-
ment, and people will become elements of a fully sensed 
and monitored environment (Liang et al. 2011). For ex-
ample, technological developments in the ADC technolo-
gies enhance real time construction data to be collected 
(Navon 2005) and enable automated measurement of the 
performance of earthmoving operations (Navon et al. 
2004). Automated tracking the location of tagged objects 
(e.g. materials, equipment and labour) on site precisely 
has become technically more viable with recent advances 
in ADC technologies (Song et al. 2006). In summary, 
the existing approaches to accurately tracking location 
of materials imply economically prohibitive deployment 
of ADC technologies (Song et al. 2007). 

However, the realisation of potential benefits of IT 
use in practice has been limited, and the magnitude of 
automated data collection technologies usage in the con-
struction industry remains low as compared to other in-
dustries (Love et al. 2004), even if it is claimed to be 
beneficial. One significant reason is due to lack of un-
derstanding of how to implement information and com-
munication technology into a construction organisation 
(Peansupap, Walker 2005). Another possible reason is 
due to low return on investment (ROI), perhaps due to 
construction focusing too much on cost reduction and 
short-term ROI (Barthorpe et al. 2003). 

1.1. Technology adoption barriers

In order to identify barriers to the effective implemen-
tation of information and communication technologies 
in construction, several surveys have been conducted 
in various countries (Barthorpe et al. 2003; Ahuja et al. 

2009; Adriaanse et al. 2010a). Earlier research studies 
indicate cost and technological problems that create bar-
riers to ICT adoption and its use within the construc-
tion industry. However, a recent study has shown that 
the barriers of information and communication technol-
ogy use and adoption have moved beyond technical and 
cost problems to ICT management problems within the 
construction organisations (O’Brien 2000).

In a research conducted by Adriaanse et al. (2010a), 
it is concluded that fundamental characteristics of con-
struction projects, such as the fragmented and temporary 
nature of construction projects, different working prac-
tices, resources, and the objectives of the organisations 
involved causes most of the barriers to the intended use 
of inter organisational ICT. 

A fundamental barrier to IT adoption is the inherent 
difficulty associated with identifying and assessing ben-
efits and costs associated with IT adoption. In particular, 
construction organisations remain uncertain about the ex-
pected impact the investment might have on the business. 
In addition, the issue of “Culture” has gained attention as 
one of the important factors, influencing both the success 
of, and barriers to ICT engagement (Gajendran, Brewer 
2007). As a result, it is all too easy for businesses and 
management to ignore, or ineffectively evaluate their IT 
investment (Love et al. 2004). In another study, Love 
et al. (2001) revealed several problematic ICT implemen-
tation issues such as lack of an IT infrastructure, staff, 
business requirements and investment cost, unclear ben-
efits of ICT use, and behavioural barriers. 

According to a research which has been conducted 
to examine the current use of state of ICT by United 
Kingdom construction companies, the three most signifi-
cant non-financial barriers to the effective implementa-
tion of ICT in the UK construction industry were: a lack 
of established IT system standards, traditional business 
practice of the construction industry and the fragmented 
nature of this industry (Barthorpe et al. 2003).

Frits (2007) stated that one of the reasons why avail-
able ICT technology was not fully introduced in con-
struction companies is due to lack of perceived suitability 
of the software. In addition, the study explained the slow 
ICT uptake as being a consequence of; the complex na-
ture of the construction industry, ICT immaturity levels, 
poor availability of tools for evaluating the benefits of 
using ICT, financial constraints, and a lack of understand-
ing of the ICT implementation process. 

In other research, Ahuja et al. (2009) investigated 
ICT adoption for building project management in the In-
dian construction industry. According to their research, 
‘Non-dependability of IT infrastructure’ is not considered 
as an important barrier for effective adoption of ICT. IT 
infrastructure at sites was analysed as an important ena-
bler for effective ICT adoption for project management. 
In addition, their research revealed that the majority of 
the Small and Medium Enterprises (SMEs) perceived ini-
tial cost and cost of updating IT infrastructure to be high 
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ranked barrier affecting ICT adoption for building project 
management. 

The identified barriers are divided into four main 
groups and summarised in Table 1.

1.2. The significance of the implementation barriers
The significance of the implementation barriers can be 
divided into three levels; people (e.g. individuals IT 
knowledge characteristics), organisation (e.g. resistance 
to change by staff) and industry (e.g. high cost associated 
with IT applications) (Stewart et al. 2004; Henderson, 
Ruikar 2010). Therefore, barriers that influence the suc-
cess of ICT deployment may come from within any of 
these levels.

The advancement of information and communica-
tion technology cannot be judged by the pace of hardware  
development alone. Organisational and behavioural 
problems can affect the effectiveness of the systems 
(Lam et al. 2010). Thus, the successful use and adoption 
of new technology needs a carefully managed process. 
Furthermore, the ICT implementation process should 
not be looked at in isolation, but must incorporate  
aspects such as appropriate communication, culture, ef-
fective leadership, championship, and environmental or 

organisational conditions for it to be a success (Anumba 
et al. 2006).

According to the model developed and investigated 
by Ahuja et al. (2010a), if strategic ICT adoption is im-
plemented at the industry and organisation levels, this 
leads to effective information technology adoption by the 
people within the project teams. In turn, this results in the 
successful implementation of the strategy at an organi-
sational level, further leading to successful implementa-
tion within the industry at a whole. Thus, it is a cyclical 
process, which in the round would lead to the strategic 
diffusion of IT for the management of construction pro-
jects. As widely understood, there is a direct relationship 
between people and the organisation within any industry. 
Also, it is believed that the decision to adopt technology 
within the construction project is taken at the organisa-
tional level (Ahuja et al. 2010a). This research mainly 
focuses on the research variables at the level of the or-
ganisation (organisational constraints) that prevents con-
struction benefiting from the use of ADC technologies.

1.3. Technology adoption benefits
The use of ICT applications in construction projects 
is relatively limited and ineffective when compared to 

Table 1. Literature on ICT barriers

Barriers Love  
et al. [24]

Barthorpe  
et al. [19]

Frits 
[25]

Gajendran and 
Brewer [23]

Ahuja  
et al. [20]

Adrianse  
et al. [21]

Cost-related Uncertain return on investment •
Financial constraints / bussiness 
requirements

• •

Investment cost • •
Unclear benefits of technology 
use

•

Poor availability of tools for 
evaluating the benefits of using 
technology

•

Process-related Lack of understanding of the 
ICT implementation process

•

Traditional practice of 
the construction industry 
construction industry

•

Technology-
related

Lack of an IT infrastructure • •
Lack of established IT system  
standards

•

Lack of perceived suitability of 
the software

•

Technology immaturity levels •
Other barriers Different working practices, 

resources, and the objectives of 
the organisations involved

•

Fragmented and temporary 
nature of construction projects

• • •

Culture •
Behavioural barriers •
Lack of staff •
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other sectors such as the automotive and aerospace in-
dustries (Anumba, Ruikar 2002). In order to discuss 
the opportunities and potential benefits of such systems 
for the construction industry, several surveys have been 
conducted in the past couple of years to analyse the use 
of IT applications and to determine the impact of infor-
mation technology in the construction industries of vari-
ous countries (Nitithamyong, Skibniewski 2006; Ahuja 
et al. 2010a). According to a research, which is con-
ducted on effectiveness of ICT for construction informa-
tion exchange amongst multidisciplinary project teams, 
three most important factors for the hindrances between 
internal and external information exchanges were:  
(1) need for self-discipline; (2) need for technical sup-
port; and (3) systems with inadequate capacity of infor-
mation transfer (Lam et al. 2010). 

Benefits of ICT adoption include continuous  
access to the information, richer information to aid deci-
sion making, greater financial control and communica-
tions. Simpler and faster access to common data as well 
as a decrease in documentation errors are also achieved  
(Nitithamyong, Skibniewski 2006). With traditional tools 
of communication, project managers often lose the abil-
ity of timely change management (Ahuja et al. 2009). 
Not only the use of ADC technologies for efficient infor-
mation management is needed but also the construction 
industry has greatly benefited from technology in raising 
the speed of information flow, reducing data entry errors 
caused by human transcription (Wang et al. 2007). These 
lead to enhanced efficiency, the effectiveness of informa-
tion communication, and the reduction of labour costs 
and cost of information transfer. 

Ahuja et al. (2010b) conducted a research to provide 
construction organisations with a generic benchmark-
ing framework to assess their extent of information and 
communication technology adoption for building pro-
ject management processes. According to their research, 
an increased and improved use of ICT for general ad-
ministration works within the organisation leads to an  
improved IT infrastructure within the organisation, de-
velopment of electronic databases, and staff that are con-
fident using IT tools. 

ICT is needed not only to integrate the communi-
cation amongst different departments and sub-units of 
a construction organisation, but also to deliver rapidity 
of data into the information system (Majrouhi Sardroud, 
Limbachiya 2011). This would lead to the minimisation 
of the time and labour used for retrieving information 
related to each part of the construction process and re-
duces the occurrence of ineffective decisions made in the 
absence of information. In addition, using such systems 
leads to an increase in the speed of work-flow and ef-
fective and faster access to common data as well as the 
possibility of information sharing.

The application of IT engenders a more standard-
ised communication between various participants in the 
construction industry and facilitates the transmission of 

information in digital format. Thus, organisations are re-
quired to give more attention on strategically increasing 
technology usage in managerial tasks. 

2. Research methodology

According to Neuman (2011), a research study can adopt 
an exploratory, descriptive, and explanatory approach. 
This study aims to explore, identify and validate the tech-
nological, processes, and other qualitative factors relating 
to the use and adoption of ADC technologies in construc-
tion. In addition, this research discusses how these factors 
support the effective adoption of ADC technologies for 
construction projects. This survey used consisted princi-
pally of data collection through the online-questionnaire. 
The targeted respondents for this study were drawn inter-
nationally from construction sector, which includes five 
categories: consulting engineers, contractors, academic 
researchers, owners, and others. 

2.1. Questionnaire design

An extensive literature survey has enabled the identifi-
cation of key factors as barriers for ADC technologies 
adoption in construction, which underpin a questionnaire. 
All questions were designed as closed-ended to receive 
more coefficient data in comparison with other kinds of 
questions and to ensure consistency of respondent feed-
back (Bourque et al. 2003). 

In terms of content, the questionnaire comprised 
two sections. These were:
Section One

 The questions in this section required respondents 
to identify their time of experience in the construc-
tion industry and their occupation rather researcher, 
consultant, contractor, owner, or other.

Section Two
 – Part one: respondents’ experiences with any type of 
ADC technologies
 This part required respondents to identify their ex-
periences with any type of ADC technologies in 
construction rather yes or no.

 – Part two: respondents’ opinion about the identified 
factors
 Questions in this part focused on investigating and 
ascertaining perceived key factors, associated with 
the use and adoption of ADC technologies in con-
struction. This part concerned with 19 questions 
about respondents’ opinion about the identified fac-
tors to assess the perceptions of respondents regard-
ing the importance of the key factors in adopting 
ADC technologies. The questionnaire used a five 
point Likert-type scale to measure a range of opin-
ions. Respondents were invited to rate each factor 
which required a ranking 1–5, where 1 and 5 corre-
sponding to ‘unimportant’ and ‘extremely important’ 
respectively, whereas 3 represented ‘moderately  
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important’. The key identified factors were catego-
rised in four clusters. These clusters were:

Cost related factors: 
 – High investment; 
 – Uncertain return on investment; 
 – Maintenance cost.

Process related factors: 
 – Lack of understanding of the ADC implementa-
tion process; 

 – Unsure of how to begin this process; 
 – Difficult to integrate and combine in existing 
rocess; 

 – ADC management problems. 
Technology related factors:

 – ADC immaturity levels; 
 – Lack of flexibility and adaptability of ADC  
technologies; 

 – Lack of reliability; 
 – Risk of the technical malfunction; 
 – Limited technical life cycle; 
 – Needs for infrastructure or network; 
 – Lack of perceived suitability of the software.

Other factors: 
 – Lack of economical assessment and business val-
ue analysis of ADC use; 

 – Poor availability of tools for evaluating benefits of 
using ADC technologies; 

 – No market information; 
 – No innovative culture; 
 – Lack of successful evidence from case studies. 

 –  Part three: respondents’ agreement about the  
statement
 This part required respondents’ agreement about the 
statement ‘adopting ADC technologies is a promis-
ing solution to overcome construction complexity, 
and it cannot be denied nor ignored’. In this part, 
respondents were divided into five groups in their 
opinion about the statement, which required a rank-
ing 1–5, where 1 and 5 corresponding to ‘strongly 
disagree’ and ‘strongly agree’ respectively, whereas 
3 represented ‘neutral’. 

2.2. Validity and reliability of the questionnaire

Discussions with three experts from academy and in-
dustry were used to probe, explore, and validate the 
researched field in more depth and to support content 
validity of the questionnaire. The main criteria for se-
lecting these experts were their experiences and the type 
of organisation they work for: contractor, consultant, and 
research. Small changes have been made in wording of 
the question to improve the fluency and clarity of the 
work.

A pilot survey of six selected professionals compris-
ing consultant, contractor, and researcher was conducted 
as a pre-test to support reliability of the questionnaire 
before the main survey was undertaken. This pilot test 

was conducted to obtain responses that would help to 
identify ambiguous questions and to ensure clarity. A 
number of the recommended amendments and observa-
tions from the pilot survey were used to refine and revise 
the questionnaire before distributing to the respondents. 
The Cronbach’s Alpha analysis was also carried out us-
ing SPSS (Statistical Package for the Social Sciences) 
software to assess the reliability of the questionnaire. 
Cronbach’s alpha is the most widely used index of the 
reliability of a scale (Streiner 2003). One factor has been 
removed to ensure all factors fell within the 0.6 or greater 
range in terms of reliability ((Nunnally 1978) cited in 
(Lam et al. 2010)). 

In order to help respondents to familiarise them-
selves with ADC technologies, examples were given at 
the outset of the questionnaire. After evaluation of the 
validity and reliability of the questionnaire, emails with 
the link to the online survey were sent to selected con-
struction professionals. These emails not only provide a 
link to the survey, but also play essential roles as a cover-
ing letter, to assist respondents in understanding the ques-
tions posed, indicating information about the purpose of 
the survey and giving a short description and some ex-
amples of the ADC technologies. A sample of the ques-
tionnaire can be viewed at the website: http://kingston.
qualtrics.com/SE/?SID=SV_3lTYpNsqqJTuLUo.

3. Results and discussion

The link of the survey was distributed to 112 construc-
tion professionals across the globe. This was drawn from 
published papers in the research field and also from the 
construction stakeholders of the Construction Opportuni-
ty for Mobile IT (COMIT). Of the responses, 38 were re-
turned completed, representing a response rate of 33.9% 
(approx. 34%). In respect of this percentage figure, there 
is no standard for an acceptable response rate, published 
opinions (Idrus, Newman 2002) indicates that a response 
rate of 30% is acceptable and good enough in construc-
tion studies. 

Following an initial small sample, 8 key organisa-
tions were invited through email contacts to seek their 
Board of Director (BoD) members’ cooperation on the 
survey. Positive responses were received from 4 organi-
sations, which added 27 usable responses to the survey 
results. Information about these organisations is given at 
the end of this paper as an acknowledgment. Nine of 
the responses were found to be single responses from a 
country or incomplete and these were discarded. Finally, 
a total of 65 valid and usable responses were received 
from the survey during the period of October 2010 and 
January 2011. Table 2 represents the proportion of re-
spondents from the six countries. Although the results 
can in no way be considered to be representative of the 
industry as a whole, they still present useful informa-
tion and do provide important indications pertinent to the 
construction industry.
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3.1. Analysis of respondents

Upon receiving the responses, the Cronbach’s Alpha test 
was carried out again to check the reliability of the ques-
tionnaire. Reliability statistics indicate that the Cronbach’s 
Alpha for this study was 0.777, being higher than the 
threshold level of 0.6 as suggested for exploratory research 
by Nunnally (Nunnally (1978) cited in Lam et al. (2010)). 

This indicates that answers based on the five-point Likert 
scale were reliable and internally consistent.

The General Respondent Demographics (GRD) of 
the respondents revealed that a vast majority of the re-
spondents (66.2%) had more than 10 years of experience 
in the construction industry as shown in Table 3. This 
indicates that the respondents were very familiar with 
construction and so could be relied on to provide useful 
and valid data for the survey. Regarding the respondents’ 
occupation, amongst the respondents, those working as 
a researcher accounted for 32.3%, with consultant firms 
21.5%, with contractor 30.8%, and from owner 6.2%. 

As mentioned earlier, respondents were requested 
in section two of the questionnaire to state about their 
experiences with any type of ADC technologies in con-
struction. The survey shows that 46 out of 65 (70.8%) 
of the total respondents have had experiences with using 
ADC technologies in the construction industry as shown 
in Table 4.

Experiences of the experts with the different types 
of ADC technologies vary from very little experience 
(used in one or two projects) and frequent use (used in 
the majority of projects). In other words, although using 
Barcode technology in a construction project has its own 
benefits, adopting RFID, GPS, and other ADC technolo-
gies all together in the construction projects is the main 
objective of this research. Therefore, having 70.8% of re-
spondents which already adopted some of ADC technolo-
gies shouldn’t be considered as a contradictory. However, 
these experts could better provide useful and valid data 
based on their experiences. 

3.2. Data analysis and discussion

In the main part of the international questionnaire survey, 
respondents’ opinions about the priorities of the 19 key 

Table 2. Distribution of respondents by their region

Country Number of respondents
United Kingdom 22
United States 12
Hong Kong  9
Germany  8
Canada  7
India  7

Table 3. General Respondent Demographics (G.R.D.) 
characteristics of the respondents

G.R.D. Groups Frequency Percent

Occupation

Researcher 21 32.3%
Contractor 20 30.8%
Consultant 14 21.5%

Owner 4 6.2%
Other 6 9.2%

Experience

<4 years 9 13.8%
4–6  years 4 6.2%
7–10 years 9 13.8%
11–15 years 13 20%
>15 years 30 46.2%

Table 4. Cross tabulation of the respondent’s occupation and their experience with using ADC technologies 
in construction

 Respondent’s experience 
with using ADC technologies 
in the construction industry? Total

Yes No

Respondent’s 
occupation

Researcher
Count 15 6 21
% within respondent’s field of work 71.4% 28.6% 100.0%

Consultant
Count 12 2 14
% within respondent’s field of work 85.7% 14.3% 100.0%

Contractor
Count 10 10 20
% within respondent’s field of work 50.0% 50.0% 100.0%

Owner
Count 3 1 4
% within respondent’s field of work 75.0% 25.0% 100.0%

Other
Count 6 0 6
% within respondent’s field of work 100.0% .0% 100.0%

Total
Count 46 19 65
% within respondent’s field of work 70.8% 29.2% 100.0%
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identified factors were obtained. In addition, they were 
asked about their thoughts on this statement: ‘adopt-
ing ADC technologies is a promising solution to over-
come construction complexity, and it cannot be denied 
nor ignored’. The main findings of the survey are a\na-
lysed and discussed in this section. 

Remarkable as it is, the importance level of all 19 
perceived factors were of moderate importance or higher 
than this level of importance. The results further indi-
cated that, importance level of the process related factors 
are higher than technology related factors. The survey 
also showed that 36.9% of the respondents believe that 
‘uncertain return on investment’ is extremely important, 
and also 44.6% of them expressed as their opinion that 
it is very important. Thus, this factor has found highest 
importance level amongst all perceived factors. Table 5 
represents the respondents’ opinions about the priorities 
of the factors in descending order from the contractors’, 
consultants’, and researchers’ points of view.

According to the Table 5, ‘Uncertain return on in-
vestment’ which is one of the cluster of cost related fac-
tors, has found the highest importance level amongst all 
factors from contractors’ and researchers’ points of view, 
Whereas from consultants’ point of view, ‘No innovative 
culture’ received the highest level of importance.

Figure 1 represents the importance level of the 
clusters from contractors’, consultants’ and research-
ers’ points of view. According to Figure 1, the cluster 
of technology related factors received the lowest level 
of importance amongst all clusters. Thus, the barriers of  
ADC technology use and adoption have moved beyond 

technical problems, as stated earlier in the literature review.  
However, cost related problems still remain as barrier 
from contractors’ and researchers’ points of view.

Table 6 represents the cross tabulation of the find-
ings from the survey for respondents’ agreement about 
the statement, together with their experience with us-
ing ADC technologies within the construction industry. 
There was a 78.5% (51 out of 65) consensus amongst 
the respondents that construction cannot continue with-
out adopting the ADC technologies. These respondents 
stated that they agreed or strongly agreed with adopting 
ADC technologies to overcome construction complex-
ity. Significantly, results show that 84.8% (39 out of 46) 

Table 5. Respondents’ opinions about the priorities of the factors from the contractors’, consultants’, and researchers’ points of view

Contractors’ opinions Consultants’ opinions Researchers’ opinions
Uncertain return on investment No innovative culture Uncertain return on investment
Lack of understanding ... Lack of understanding ... Lack of economical assessment ...
Maintenance cost Lack of successful evidence ... Lack of understanding ...
ADC immaturity levels Lack of economical assessment ... ADC immaturity levels
ADC management problems Uncertain return on investment No innovative culture
Lack of economical assessment ... Unsure of how to begin this process Lack of reliability
Poor availability of tools ... Poor availability of tools ... ADC management problems
High investment Difficult to integrate and combine ... Unsure of how to begin this process
No innovative culture Needs for infrastructure or network Difficult to integrate and combine ...
Difficult to integrate and combine ... No market information Poor availability of tools ...
Lack of perceived suitability ... Lack of perceived suitability ... High investment
Lack of successful evidence ... ADC management problems Lack of successful evidence ...
Risk of technical malfunction ADC immaturity levels Limited technical life cycle
Limited technical life cycle Lack of flexibility and adaptability ... Risk of technical malfunction
Needs for infrastructure High investment No market information
No market information Lack of reliability Maintenance cost
Lack of reliability Maintenance cost Lack of perceived suitability ...
Lack of flexibility and adaptability ... Limited technical life cycle Needs for infrastructure or network
Unsure of how to begin this process Risk of technical malfunction Lack of flexibility and adaptability ...

Fig. 1. Importance level of the clusters from the contractors’, 
consultants’, and researchers’ points of view
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of the respondents, which have had experience with us-
ing ADC technologies in construction agreed or strongly 
agreed with the statement. The results also do reveal that, 
81.4% (35 out of 43) of the respondents, whom had more 
than 10 years experience, also agreed or strongly agreed 
with the statement. The following sub-sections detail 
categorised factors within the four clusters, and provide 
some solutions to overcome the investigated barriers.

3.2.1. Cost-related factors
As stated earlier, ‘uncertain return on investment’ is seen 
to have the highest importance level amongst all per-
ceived factors. In order to decrease uncertainty of return 
on investment, appropriate tools and methods should be 
developed by researchers to evaluate benefits of using 

ADC technologies, and to clarify rate of return.
Another cost-related factor, ‘Maintenance cost’ 

rated highly as a barrier by contractors, whilst from the 
consultants’ and researchers’ points of view this factor 
received a low level of importance. This necessitates the 
creation of guidelines for any applications in terms of 
maintenance and technology management itself. This 
will help practitioners to have special care and continu-
ous monitoring, step-by-step throughout the operational 
stage in the process.

In summing up, the construction industry suffers 
from low investment in technology, and cost-related fac-
tors play an essential role in the adoption of ADC tech-
nologies in this industry. One possible reason is due to 
the nature of the industry, which is conservative in the 

Table 6. Cross tabulation of the respondent’s agreement about the statement, their experience with using ADC technologies in 
construction, together with their occupation

Do you have any experience with using ADC 
technologies in the construction industry?

Respondent’s occupation Total

Yes Statement: 
“Adopting ADC 
technologies is a 
promising solution 
to overcome 
construction 
complexity and it 
cannot be denied 
nor ignored.”

Researcher Consultant Contractor Owner Other
Strongly 
disagree

Count 1 0 0 0 0 1
% within 
respondent’s 
field of work

6.7% .0% .0% .0% .0% 2.2%

Neutral Count 3 2 0 1 0 6
% within 
respondent’s 
field of work

20.0% 16.7% .0% 33.3% .0% 13.0%

Agree Count 5 4 6 2 5 22
% within 
respondent’s 
field of work

33.3% 33.3% 60.0% 66.7% 83.3% 47.8%

Strongly 
agree

Count 6 6 4 0 1 17
% within 
respondent’s 
field of work

40.0% 50.0% 40.0% .0% 16.7% 37.0%

Total Count 15 12 10 3 6 46
% within 
respondent’s 
field of work

100.0% 100.0% 100.0% 100.0% 100.0% 100.0%

No Statement: 
“Adopting ADC 
technologies is a 
promising solution 
to overcome 
construction 
complexity and it 
cannot be denied 
nor ignored.”

Neutral Count 1 0 6 0 0 7
% within 
respondent’s 
field of work

16.7% .0% 60.0% .0% .0% 36.8%

Agree Count 3 0 2 0 0 5
% within 
respondent’s 
field of work

50.0% .0% 20.0% .0% .0% 26.3%

Strongly 
agree

Count 2 2 2 1 0 7
% within 
respondent’s 
field of work

33.3% 100.0% 20.0% 100.0% .0% 36.8%

Total Count 6 2 10 1 0 19
% within 
respondent’s 
field of work

100.0% 100.0% 100.0% 100.0% .0% 100.0%
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uptake of new technologies where the main incentive has 
been cost saving in execution of projects. Another reason 
is due to lack of clear strategy and actual implementation 
processes, which can lead to moderate technological in-
vestment costs. Although some of the identified issues re-
quire strategic initiatives from the construction companies, 
and ADC technology investments should be increased, the 
cost of ICT infrastructure should be made more affordable. 

3.2.2. Process-related factors
The ‘Lack of understanding of the ADC implementa-
tion process’ is rated by three main groups of respond-
ents (contractors, consultants, and researchers) at the 
same level of importance. Because of this, creation of a  
flowchart for any application is necessary. This will help 
contractors decide the right technology and application, 
most appropriate for their needs. As it is known, a flow 
chart is an easy-to-understand graphical or diagrammatic 
representation of a process. The flow chart can give the 
process flow at a glance, which helps to define and ana-
lyse process step-by-step. It helps visualise how a partic-
ular job is done and thereby can be used to find areas that  
need to be improved and solution to a given problem.

In some cases, the comparison between construc-
tion and other industries may help the practitioners in 
deciding the right concept. Having this kind of flowchart 
not only will make integration and combination of such 
system in existing process possible, but also leads to un-
derstanding of process inception by practitioners. Table 9 
represents the respondents’ opinions concerning the ‘lack 
of understanding of the ADC implementation process’ as 
a barrier, together with their occupation.

The majority of the construction organisations 
suffer from the lack of ICT staff in implementing any  
technology in their projects. This may result in ‘ADC man-
agement problems’, which is highlighted by contractors.  
Although consultant organisations can play essential roles 
in conducting the management strategies to overcome 
this barrier, ICT resources of the companies need to be  
increased. It cannot be denied nor ignored. Furthermore, 
for a successful and effective adoption of new technolo-
gies, special care and continuous management attention, 
throughout the actual implementation stage, has to be 
given to the step-by-step process. 

Wide Implementation of the technology would bring 
resistance from companies as they have been using tra-
ditional and comfortable methods. Thus, one of the ex-
pected challenges in adopting the technology, which can 
affect successful innovation, is social challenges. Harty 
suggested that social aspects need to be taken in account 
to understand the adoption of technology (Harty(2005) 
cited in Adriaanse et al. (2010b)). Consequently, not only 
extra efforts and training are needed, but also it is im-
portant to provide strong incentives for enterprises for 
adoption of new technologies. 

3.2.3. Technology-related factors
Amongst technology-related factors, ‘ADC immaturity 
levels’ rated highly as a barrier, and above the other fac-
tors in this cluster. This factor has received the same 
position from the contractor’s point of view. Maturity 
indicates the degree of advancement of technology uti-
lisation (Idrus, Newman 2002). It is of great importance 
for practical implementation, which necessitates analysis 
of phases in ADC technologies advancement.

3.2.4. Other factors
Availability of appropriate tools and mechanisms for 
evaluating the benefits of using ADC technologies, not 
only supports the economical assessment and business 
value analysis, but also leads to demonstrate their cost-
effectiveness and practical application benefits. In other 
words, conducting a cost-benefit analysis persuades this 
industry to try such a system where they are unwilling to 
invest in new and costly technology.

Technology manufacturers must take the lead in the 
standardisation effort. Furthermore, they must present 
best practices and successful evidence from case studies 
to the construction industry to get full investment. These 
case studies should be done in real construction projects 
in terms of scale and conditions.

4. Framework for ADC technology usage in the  
construction industry

The above presented data analysis lead to the identifica-
tion of issues, which require action at the levels of indus-
try and organisation. There is a need for a strategic plan, 
which will give further explanation about the responsi-
bilities of the industry and construction companies. This 
strategic plan should address all related issues to support 
the wider use of ADC technologies in the construction 
industry.  In order to achieve success with the ADC sys-
tems: firstly, a management team must be created at early 
phase of the project. This team may be from the owner 
side, from the main contractor, or both of them. The team 
has to be responsible for purchasing and implementing 
the system. Secondly, necessary training is required for 
construction workers and managers to ensure successful 
implementing and running the system.

There is also a need for a framework that attempts to 
bridge the gap between academic institutions and indus-
try. This framework should be suitable for the systematic 
investigation of the automated data acquisition technolo-
gies in the architectural, engineering, construction, and 
operational industries. The framework clarifies the im-
plementation requirements, and addresses all key issues 
in the ADC technology field in an efficient way. This will 
lead to facilitate the strategic adoption and deployment of 
ADC technologies in the construction industry.

Although some applications of ADC technology in 
the construction industry already exist, there have been 
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limited efforts in systematically defining their concepts as 
a framework for implementation. Available frameworks 
and reports from other industries and other related do-
mains in the construction industry such as Building Infor-
mation Modelling (BIM) (Jung, Joo 2011; Succar 2009), 
virtual design and construction (Fischer, Kunz 2005), 
building product models (Eastman 1999), and asset life-
cycle information system (FIATECH 2007) may help the 
industry for a successful implementation of ADC technol-
ogies in real world scenarios. Figure 2 shows three main 
parts of the possible framework which will support ADC 
technology usage in Construction Management (CM).

ADC implementation requirements are represent-
ed in the framework which is shown in Figure 3.  The 
framework comprises three main parts:

 – ADC technology implementation level;
 – ADC technology utilisation and standards;
 – ADC applications in the construction industry.

4.1. ADC technology implementation level

Three levels of implementation in this framework include 
the project and people level, the organisation level, and the 
industry level. Due to the fact that different levels of im-
plementation requires different criteria for utilisation and 
standardisation of products and processes, these levels of 
implementation need to be considered at the same time for 
specific ADC technology implementation. This not only 
improves inter-organisational communication and coordi-
nation, but also enhances information sharing and intra- 
organisational collaboration amongst the project participants.  
This leads to an approach with an integrated practice. 

4.2. ADC technology utilisation and standards

Amongst the three main parts of the framework, ‘ADC 
technology’ is further divided into two important catego-
ries; standardisation, and utilisation. Although technology  
standards may be available from an industry perspective, 
issues of the ADC standards and practical details should 
be addressed for the three levels of implementation. 
These details support an approach of integrated practices 
amongst the involved participants of any project by the 
modelling and exchanging of any products and processes 
within the construction industry. 

Fig. 2. Construction management and ADC technologies

Fig. 3. Implementation framework for ADC technology in the construction industry
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According to Jung and Joo (2011) the utilisation 
variables consist of strategy, policy, procedures, and 
manuals, which are vital for successful implementa-
tion. Strategy and policy direct all activities within an 
organisation, and consequently characterise distinct  
requirements of information systems [Ibid.]. Therefore, 
for practical implication and successful implementa-
tion of ADC technologies in this industry, implemen-
tation strategies and policies should be examined and  
evaluated. 

Industry needs to focus on creating a learning 
atmosphere through education programs and training  
facilities, which will lead to an improvement in ADC 
technology adoption at an industry level. This will in-
crease the ICT capabilities of construction companies. 
In addition, at the industry level in any country, na-
tional bodies should create awareness about the ADC 
technologies and their implementation processes. This 
will lead to an increase in the level of practical knowl-
edge for all concerned, generating an interface be-
tween industry and academics through conferences and  
seminars.

Designing ADC interfaces require procedures as 
tools for systemisation or standardisation of ADC appli-
cations in the construction industry. This always leads to 
obtaining the same results under the same circumstances. 
Finally, well organised manuals can facilitate automated 
operations by reflecting distinct characteristics of a pro-
ject or an organisation (Jung, Kang 2007).

4.3. ADC applications in the construction industry

Applications of automated data acquisition technologies, 
in the construction industry, should cover three major 
lifecycle phases of the projects including the design, 
construction, and operation phases. Each phase has its 
own characteristics and environment, and hence classi-
fication may differ depending on their different needs. 
Good examples of design and operation phases are  
document and maintenance management. However, 
there are important functions for these technologies in 
the construction phase. This framework highlights some 
of these management functions, including workforce, 
materials, equipment, safety, quality, cost, and time. The 
identified applications in the construction phase should 
support three stages of the production site (off-site), 
shipping (en-route), and job site (on-site) in any con-
struction project.

On the other hand, the majority of possible appli-
cations explored by researchers mostly relate to certain 
segments of the entire process with their own charac-
teristics and environment. Therefore, specific research 
results cannot be generalised for other processes. Thus, 
in summation, there are many promising functions 
for ADC technologies in the construction industry, 
which can be clarified and systemised by the proposed  
framework.

Conclusions

Literature related to the use and adoption of ICT and 
ADC technologies in the construction industry is com-
prehensively reviewed in this paper. In total, 19 key fac-
tors are identified and validated as barriers through an 
online questionnaire survey. These factors are grouped 
into those which are cost related, technology related, 
process related, and other factors. This research reports 
the findings of the questionnaire survey conducted 
amongst the 65 professionals of the construction indus-
try around the world, aimed at collecting their percep-
tions regarding ADC technology adoption barriers in the 
construction industry. The results show that the impor-
tance level of all 19 identified factors were of moderate  
importance or higher than this level of importance. 
The results also indicated that the importance level 
of all process related factors are higher than technol-
ogy related factors. According to the results, the first 
four rankings in descending order are: 1) Uncertain re-
turn on investment; 2) Lack of understanding of the 
ADC implementation process; 3) Lack of economical as-
sessment and business value analysis of ADC use; and  
4) No innovative culture. There was a 78.5% consensus 
amongst the respondents that construction cannot continue 
without the adoption of ADC technologies. This shows 
that there is a need for research on ADC technology 
adoption strategies, together with actual ADC imple-
mentation within the construction industry. This paper 
also introduces an implementation framework for ADC 
technology in the construction industry. The proposed 
framework provides some useful insights into ADC tech-
nology adoption within the construction industry. This 
could form the backbone of technology adoption in real 
scenarios by identifying driving factors. It is hoped that 
the findings of this research will help future research-
ers seeking solutions in the challenges relating to the 
adoption and implementation of the ADC technologies. 

Research limitation

Although we maintain that our research provides strategic 
results about ADC technologies adoption in construction, 
a larger sample may produce a better result. In addition,  
ADC technologies are a relatively new technology and 
therefore, some respondents were unfamiliar with the 
ADC applications, which is a limitation of this research. 
However, as far as we know, this is a pioneering study, 
which looks at perceptions of the ADC technologies us-
age in the construction industry, and provides useful in-
formation for future research in terms of strategies, to 
promote automated data collection technologies in the 
construction industry.
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