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Abstract: The adoption of the Internet of Things (IoT) is essential because it 

facilitates project information, saves time, and cost and reduces risks on 

construction sites. The objectives of the study are to investigate the adoption, 

application, and challenges of IoT technologies in the Rwandan construction 

industry. The survey research design (open and close-ended questionnaire) 

was adopted for the study. The questionnaire was administered to registered 

construction professionals in Rwanda. The stratified random sampling 

technique was adopted for the study. The data for the study was analysed with 

frequencies, mean scores and student t-tests. The findings of the study 

indicated that none of the IoT technologies was well adopted, two were 

adopted, eleven were averagely adopted and twenty-two were slightly 

adopted. Also, IoT technologies were used for project management, efficient 

transportation, time management, and production of site plans. The significant 

challenges with the adoption of IoT technologies were a lack of training 

centres, lack of IoT awareness, lack of expertise, poor network connectivity, a 

requirement for extra budget to acquire IoT technologies, and poor 

collaboration among construction stakeholders. The study concluded that the 

level of adoption of IoT technologies in the Rwandan construction industry is 

low and there is no difference in the opinions of the respondents on the 

adoption and challenges of adopting IoT technologies in the construction 

industry. The study recommended that there is a need to create more 

awareness of the adoption of IoT technologies, and enact laws and policies 

that can foster the adoption of IoT technologies in the construction industry. 

Keywords: Application of IoT, Challenges of IoT, Adoption of IoT, Rwanda, 

Construction industry  
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The construction industry is an important aspect of every economy which 

contributes to the national Gross Domestic Product (GDP), employment, and 

environmental development of developed and developing countries (Berk 

and Bicen, 2016). In addition, the global output of the construction industry is 

expected to grow by 85% to $15 trillion by 2030 (Osei et al. 2017). In Rwanda, 

the construction industry is one of the fastest-growing sectors and available 

data indicates that the sector contributes about 7% of the national GDP and 

8% of national employment (International Labour Organization, 2018). Despite 

this acknowledged growth, the industry appears to be largely dominated by 

traditional construction techniques and lacks the adoption of digital 

technologies like the Internet of Things (IoT), artificial intelligence, virtual reality 

and 3D printing among others. The traditional procurement technique is 

characterised by poor project performance in the form of rework, errors, 

variations and delays among others (Dosumu, 2018). 

The application of IoT has brought about a paradigm shift in the delivery of 

construction projects (Viren and Kazi, 2017). However, many construction 

professionals are still reluctant to adopt it due to reasons that are 

organisational, environmental, social and political. The IoT was noted to have 

the ability to improve sustainable construction management, communication 

among stakeholders, and business activities (Halim et al. 2021). Also, the 

adoption of IoT ensures that project lifecycles become more manageable, 

employees’ productivity on-site improves, project progress on-site and 

environmental sustainability become better monitored, and construction 

waste is better managed (Ibrahim et al. 2021). Despite the benefits of adopting 

IoT, it is not clear if the Rwandan construction industry is already taking 

advantage of the improved performance of its construction industry.  

Islam et al. (2018) investigated the adoption of IoT by government agencies, 

developers, architects, engineers, quantity surveyors, and class G7 contractors 

in Malaysia. Chen, Ha, Tai, and Chang (2020) assessed the factors that 

influence practitioners' willingness to adopt IoT in Taiwan's construction 

industry. Arslan et al. (2019) investigated IoT technologies and the practical 

implications of their adoption in the Turkish construction industry. Kumar and 

Shoghli (2018) analyzed the role of the Internet of things in providing a real-time 

update on the delivery and data for material handling in supply chain 

management on construction sites in the United States. Supriya et al. (2020) 

examined smart home automation in India using IoT. Halim et al. (2021) 

investigated the adoption of IoT among contractors in the Malaysian 

construction industry. From the above studies, it is clear that many researchers 

have made effort to determine the state of the adoption of IoT in their 

respective countries to take advantage of its benefits for improved project 

performance. 

In Rwanda, only a few studies have been conducted on IoT (Inagbire, 2022). 

These studies however concentrated on the agricultural and government 

sectors. Thus, the level of adoption, application and challenges of adopting 

IoT in the Rwandan construction industry is barely documented in the literature. 



This has precluded an understanding of the impact of IoT on the activities of 

the construction industry and project delivery. Without an empirical study of 

the level of adoption, application and challenges of adopting IoT in the 

Rwandan construction industry, it may be difficult to curtail the persistent poor 

project performance occasioned by the lack of adoption of IoT technologies. 

Therefore, the objectives of this study are to investigate the level of adoption, 

application and challenges of adopting IoT technologies in the Rwandan 

construction industry. This study will supplement existing studies on the adoption 

of IoT in the construction industry. It will also provide empirical knowledge on 

the level of adoption and application of IoT in the Rwandan construction 

industry. 

 

LITERATURE REVIEW 

IoT is a global infrastructure for the information society and it enables 

advanced services by interconnecting (physical and virtual) things based on 

existing and evolving interoperable information and communication 

technologies (Dilakshan et al. 2021). IoT was described by Le-Phuoc and 

Hauswirth (2009) and Cheung et al. (2018) as a system of smart devices that 

uses the internet or a private network to connect and communicate with each 

other with minimum human engagement. The basic idea of IoT is to equip 

objects of day-to-day life with the detection, sensing, networking, and 

processing capabilities that enable them to communicate over the internet 

with each other and other devices to achieve a common goal (Ezechina et 

al. 2015). Hence, IoT allows people and things to be connected at any time, 

any place, with anything and anyone.  

 

IoT technologies and their application in the construction industry 

Dilakshan et al. (2021) found that the IoT technologies that are mostly used in 

the Sri Lankan construction industry are Radio Frequency Identification (RFID), 

wearable devices, weighing sensors, flowmeters, drones, 3D printing, websites, 

site robots, e-tendering, Close-Circuit Television (CCTV), Global Positioning 

System (GPS) tracker, General Packet Radio Service (GPRS), Building 

Information Model (BIM) and site sensors. Ibrahim et al. (2021) discovered that 

the most adopted IoT technologies on Malaysian construction sites for smart 

communication are WhatsApp, Telegram, social media (Facebook and 

Instagram), video calls, and email. 

  

Maru et al. (2020) noted that the IoT technologies that are used for construction 

work in India are microcontrollers, wi-fi, e-health monitoring, drones, 

smartwatches, CCTV, Enterprise Resource Planning (ERP), RFID, google map, 

General Packet Radio Service (GPRS), BIM, Augmented Reality (AR) with 

google glass, fuel-saving sensors, lighting and electricity sensors, autonomous 

machinery, scan marker, e-tendering, websites, social media, GPS tracker, 



Autocad, e-mail, databases, online price quote, online ordering, fire 

threatening sensors, Microsoft project, automatic lamp, smart lock, 

maintenance activity sensors, air quality monitoring sensors, waste 

management sensor, primavera and robotics. Mahmud et al. (2018) 

discovered that the IoT technologies that are adopted by government 

agencies, developers, architects, engineers, quantity surveyors, and class G7 

contractors in the Malaysian construction industry are WhatsApp, Telegram, 

Facebook Messenger, email, and GPRS and the most less-adopted IoT-based 

technologies were sensor technology, Scan-Marker, and Smartwatch among 

others. 

The IoT technologies used on Malaysian construction sites are smartwatches, 

waste management sensors, Scan Marker, flood threat monitoring sensors, AR, 

air quality monitoring sensors, building structure health monitoring, 

maintenance activity sensor, fuel usage control sensor, traffic control sensor, 

BIM, item tracker, workers’ productivity monitoring drone, automatic lamp, site 

layout monitoring drone, working progress monitoring, fire threat monitoring 

sensors, smart locks, internet for tender, online ordering, GPRS, websites, email, 

and social media (Islam et al. 2018).  

Ibrahim et al. (2021) explained that social media platforms assist with the 

regular exchange of information such as progress reports and pictures. 

Operated devices such as drones were used for site monitoring, machine 

control, construction safety, fleet and project management, remote 

operation, location services, augmented reality, smart communication, and 

big data. RFID was used for material tracking on the site. Maru et al. (2020) 

noted that the applications of IoT for construction projects are smart 

communication, supply chain, remote operation, maintenance of machines, 

Augmented Reality (AR), fuel and energy management, Building Information 

Modelling (BIM), efficient transportation, workers’ management, security 

control, workers’ health check, environmental monitoring and waste 

management. Ghosh et al. (2019) also noted that IoT is useful for safety 

monitoring, data visualization, structural engineering applications, 

prefabricated construction, cloud-based platform, and construction waste 

management.  

Cheung et al. (2018) explained that applications of IoT include localization and 

safety management, facility and environmental monitoring, building and 

infrastructure monitoring, resource management and optimization, equipment 

automation, and efficient management. Kochovski and Stankovski (2018) 

found that IoT is used for construction site management, material supply and 

management, maintenance of the security and safety of sites, and real-time 

information and communication. Tang et al. (2019) agreed that construction 

operation and maintenance, on-site environmental monitoring, resource 

monitoring, communication and collaboration, construction performance and 

progress monitoring, health and safety management, health and safety 

training, automation in fabrication, lean construction, facility management, 

building operation and management, building performance and 



management, energy management, and disaster and emergency response 

are major applications of IoT technologies in construction. 

In Rwanda, Inagbire (2022) developed a unified platform for integrating IoT 

into the implementation of e-Government services to track the progress and 

achievement of national goals by using the case studies of smart air quality 

monitoring, waste collection and water quality monitoring. Also, Bamurigire et 

al. (2020) simulated IoT water management for efficient rice irrigation in 

Rwanda and found that IoT can increase the resilience of the agricultural 

sector where there is high demand for water efficiency. Therefore, the 

reviewed literature indicates that IoT has been applied to construction projects 

in developed and developing countries. However, there is no empirical data 

to establish the level of application of IoT in the Rwandan construction industry. 

Hence, this study investigates the application of IoT in the Rwandan 

construction industry.  

  

Challenges of adopting IoT technologies in the construction industry 

Organizations choose to adopt IoT with the expectation of certain benefits that 

have sometimes led to unexpected structural changes that require mitigation 

on construction projects (Brous et al. 2019). Sometimes, organizations often 

underestimate the potential of adopting IoT technologies and fail to fully 

understand the organizational conditions and consequences associated with 

the successful adoption of IoT. Hence, the benefits of adopting IoT 

technologies are only achieved when the institutional conditions have been 

met and its consequences have been accepted.  

Another challenge, according to Tang et al. (2019) is that IoT requires the 

adoption of both hardware and software networking technologies which are 

often supplied by multiple providers. As a result, the field of IoT is filled with a 

variety of technologies, protocols, and devices, all of which have different 

requirements, characteristics, conditions and stakeholders. Ibrahim et al. (2021) 

noted that the challenges of adopting IoT include the limited number of 

experts who know how to operate IoT devices, additional cost to the 

organization to train employees on the use of IoT devices, high cost of getting 

IoT devices, the conduct of regular maintenance, no or low internet 

connectivity, lack of awareness among the construction players, reluctance 

to change, lack of regulatory standards, lack of budget to purchase and install 

new technologies, and lack of government enforcement on the adoption of 

IoT. Ghosh et al. (2018) found that incompatibility and unclear value 

propositions, data privacy and security, bureaucratic governance structures, 

and business planning and models hamper the adoption of IoT.  

The study by Takki (2019) established that the major challenges hindering the 

adoption of IoT in the construction industry are hesitating to adopt IoT 

technologies, lack of categorized and shared project knowledge, low 

acceptance rate, data security and protection, high implementation costs, 

organizational and process changes, lack of standards and reference 



architecture, regulatory compliance, legal and contractual uncertainty, post-

construction issues, need for enhanced skills, higher requirements for a 

computing environment, the need for enhancement of the existing 

communication network, lack of documentation of the results of adopted IoT 

solutions, issues with selecting the best IoT solution, the complexity of IoT 

technologies, lack of information exchange in decision making, and scalability 

issues with existing IoT solutions. 

Furthermore, Tang et al. (2019) affirmed that the need for a strong internet 

connection, network security, physical protection of IoT devices, 

authentication and access control, data accuracy, energy efficiency, high 

cost of implementation, and lack of professional skills are the major challenges 

of adopting IoT in the construction industry. Scalability, software complexity, 

security and privacy, and fault tolerance were the challenges of adopting IoT 

in the construction industry discovered by Musfira and Cassim (2018). Chen et 

al. (2020) found that anticipated benefits, anticipated efforts, and societal 

expectations significantly affect the users' willingness to adopt IoT. Table 1 

summarises the challenges of adopting IoT technologies in the construction 

industry according to the countries of investigation. 

 

Challenges Author Country/methodology   

Expectation of certain benefits that sometimes 

lead to unexpected structural changes that 

require mitigation  

Brous et al. 2019 Netherland  

IoT requires the adoption of both hardware and 

software networking technologies (which are 

often supplied by multiple providers) all of which 

have different requirements, characteristics, and 

conditions, and stakeholders, need for a strong 

internet connection, network security, physical 

protection of IoT devices, authentication and 

access control, data accuracy, energy 

efficiency, high cost of implementation, and lack 

of professional skills. 

Tang et al. (2019)  Literature review of 
14 AEC journals 

Limited number of experts who know how to 

operate IoT devices, additional cost to the 

organization to train employees on the use of IoT 

devices, high cost of getting IoT devices, the 

conduct of regular maintenance, no or low 

internet connectivity, lack of awareness among 

the construction players, reluctance to change, 

lack of regulatory standards, lack of budget to 

purchase and install new technologies, and lack 

of government enforcement on the adoption of 

IoT. 

Ibrahim et 

al. (2021) 

Malaysia 

Incompatibility and unclear value propositions, 

data privacy and security, bureaucratic 

governance structures, and business planning 

and models.  

Ghosh et 

al. (2018) 

Literature review of 
scientific publications 
from Scopus and web 
of science databases  

Hesitation to adopt IoT technologies, lack of 

categorized and shared project knowledge, low 

Takki (2019) Finland and Sweden 



acceptance rate, data security and protection, 

high implementation costs, organizational and 

process changes, lack of standards and 

reference architecture, regulatory compliance, 

legal and contractual uncertainty, post-

construction issues, need for enhanced skills, 

higher requirements for a computing 

environment, the need for enhancement of the 

existing communication network, lack of 

documentation of the results of adopted IoT 

solutions, issues with selecting the best IoT 

solution, the complexity of IoT technologies, lack 

of information exchange in decision making, and 

scalability issues with existing IoT solutions. 

Scalability, software complexity, security and 

privacy, fault tolerance. 

Musfira and 

Cassim (2018) 

Literature review 

Effects of anticipated benefits, anticipated 

efforts, and societal expectations on the users' 

willingness to adopt IoT. 

Chen et al. (2020) Taiwan 

Table 1: Challenges of adopting IoT technologies in the construction industry 

  

From the review of the literature, it is apparent that many technologies have 

been adopted in developed and developing countries to the advantage of 

construction stakeholders and the project. However, in Rwanda, there seems 

to be paucity or slow adoption of these technologies due to reasons that are 

not clear. This may be due to the lack of empirical studies on the level of 

adoption, application and challenges associated with the adoption of IoT 

technologies in the construction industry. Therefore, this study examines the 

level of adoption and the challenges of adopting IoT technologies in the 

Rwandan construction industry. The study will supplement existing studies on 

IoT and also establish the level of adoption of IoT technologies to improve 

construction management practices and project delivery.  

  

 

RESEARCH METHODOLOGY 

The study employed the descriptive survey research method using a 

questionnaire (closed and open-ended) to collect the relevant data on the 

adoption, application and challenges of adopting IoT technologies in the 

Rwandan construction industry. The questionnaire was used for the study 

because of its ability to reach a wider audience, provide the required 

information for a study and generalize its findings (Bird, 2009). The variables that 

were tested for the adoption and challenges of IoT technologies in the 

construction industry were based on an extant review of relevant literature. 

The population of the study are the professionals working on construction 

projects in Kigali, Rwanda. Kigali was used for the study because most 

construction projects in Rwanda are being executed in Kigali which is the 



business hub, capital city, centre of government administration, and the most 

densely populated part of the country. The Rwandan government recognizes 

two professional bodies in the construction industry. They are The Rwanda 

Institute of Architects (RIA) (which consists of the architects and the quantity 

surveyors) and the Institute of Engineers in Rwanda (IER) (which consists of 

structural/civil, mechanical and electrical engineers). The list of registered 

construction professionals was obtained from the professional bodies (RIA and 

IER) and those with offices in Kigali were adopted for the study.  

As of December 2021, the total number of registered engineers with IER in Kigali 

was 801 and the number of registered architects and quantity surveyors with 

RIA in Kigali was 95 and 62 respectively. Therefore, the total population of this 

study is 801 engineers, 95 architects and 62 quantity surveyors. The study 

adopted the stratified random sampling technique. The strata are the 

engineers, architects and quantity surveyors. The random sampling technique 

was applied to each stratum to determine the sample size for the study. The 

sample size for the study was determined with the use of an online sample size 

calculator which is available at https://www.calculator.net. The calculator 

was set to a 95% confidence level and 10% margin of error to obtain a sample 

size of 86 engineers, 49 architects and 38 quantity surveyors.  

The questionnaire for the study was prepared in google form and administered 

via online means only (emails, WhatsApp, and telegram) between August 2021 

and December 2021 (since physical visits to offices were prohibited during this 

period due to COVID-19 restrictions). Thus, 66 copies of the study questionnaire 

(which represents 38.15 per cent of the sample size of the study) were filled and 

used for the study. The data for the study was collected via online means and 

during a pandemic era that precludes physical access and effective 

communication with the respondents. A low response rate is not uncommon in 

the construction industry as indicated by Dosumu (2013) who got 21 per cent 

and Bamgbade et al. (2016) who got 25 per cent respectively. 

The questionnaire was divided into two sections which are: section one: 

general information of respondents and their organisations; section two: level 

of adoption of IoT technologies (measured with 1 = not adopted, 2 = slightly 

adopted, 3 = Averagely Adopted, 4 = Adopted, and 5 = Well adopted), 

application of IoT technologies (open-ended questions that require 

respondents to describe what each IoT technology is used for on construction 

projects), and the challenges of adopting IoT technologies (measured with 1 

= not significant, 2 = slightly significant, 3 = Averagely significant, 4 = Significant, 

and 5 = Very significant). Section one was analysed with frequency and 

percentages. Section two was analysed with inferential statistics such as mean, 

t-test, and analysis of variance. The Statistical Package for Social Scientists 

(SPSS) was used to analyse the data collected for the study. 

 

RESULTS AND DISCUSSION 



Table 1 indicates the general information of the respondents for the study. The 

male respondents were 81.8% and the female respondents were 18.2%. The 

skewness in the genders of the respondents could be due to the global male 

dominance of the construction industry. Also, 36.4% of the respondents work in 

the public sector and 63.6% were from the private sector. The respondents that 

provided information for the study based on commercial, institutional and 

residential projects were 31.82%, 24.24%, and 43.94% respectively. The 

respondents with an engineering background were 42.42%. Quantity Surveyors 

were 36.37% and Architects were 21.21%. Also, 30.3% of the respondents were 

into consultancy services and 69.7% were into contracting services. The 

respondents with advanced level certificates were 24.2%, those with 

'bachelor’s degrees' were 72.7% and those with 'master’s degrees' were 3%. In 

addition, 41.5%, 45.5% and 3% of the respondents had 0-2, 3-5 and 6-9 years of 

work experience. Lastly, 57.58% of the respondents were members of the RIA 

and 42.42% were members of the IER. Based on the quality of the respondent 

of this study, it could be affirmed that the information provided for the study 

were reliable and usable for analysis. 

 

 

 

 

 

 

 
 

General information of respondents Option Frequency Percentage (%) 
Gender Male 54 81.80 

 Female 12 18.20 

 Total 66 100 

 

Work sector 
 

Public 
 

24 
 

36.40 

 Private 42 63.60 

 Total 66 100 

 

Type of project 
 

Commercial projects 
 

21 
 

31.82 

 Institutional projects 16 24.24 

 Residential projects 29 43.94 

 Total 66 100 

 

Academic qualification 
 

Architecture 
 

14 
 

21.21 

 Quantity Surveying 24 36.37 

 Engineering 28 42.42 

 Total 66 100 

 

Nature 
 

Consultants 
 

20 
 

30.3 

 Contractors 46 69.7 



 Total 66 100 

 

Academic qualification 
 

A Level 
 

16 
 

24.24 

 Bsc 48 72.76 

 Msc 2 3.00 

 Total 66 100 

    

Working experience 0-2 years 34 51.55 

 3-5 years 30 45.45 

 6-9 years 2 3.00 

 Total 66 100 

 

Professional qualification 
 

RIA 
 

38 
 

57.58 

 IER 28 42.42 

 Total 66 100 

Table 2: General Information of the respondents 

 

Table 2 indicates the level of adoption of IoT technologies in the Rwandan 

construction industry based on the professional affiliation of the respondents. 

The most adopted IoT technologies by professional engineers are Wi-Fi (3.53), 

Google Maps (3.21), social media (3.21), websites (3.21), GPS (3.05), and BIM 

(3.00) respectively. The least adopted IoT technologies by professional 

engineers were drones (1.58), fuel-saving sensors (1.68), e-health monitoring 

(1.74), motion sensors (1.74), and Augmented Reality with Google Glass (1.74), 

and RFID (1.74) respectively. For the architects and quantity surveyors, the most 

adopted IoT technologies are Wi-fi (3.80), google map (3.70), social media 

(3.40), websites (3.20), e-tender (3.20), gas/ air quality monitoring sensor (3.20), 

GPRS (3.20), quick response code tags (3.10), fire threat monitoring sensors 

(3.00), and temperature sensors (3.00). The least adopted technologies were 

drones (1.50) microcontrollers (1.60) flood threat monitoring sensors (1.90), RFID 

(1.80), and Augmented Reality with google glass (1.90). The most adopted IoT 

technologies by the engineers, architects and quantity surveyors were Wi-fi 

(3.67), Google Maps (3.55), social media (3.27), websites (3.18), BIM (3.09), and 

GPS tracking (3.06). The least adopted IoT technologies were drones (1.67), 

RFID (1.70), augmented reality with google glass (1.73), microcontrollers (1.79) 

and smart caps (1.94). 

In summary, out of the 35 IoT technologies investigated, wi-fi and google Maps 

were adopted. The website, social media, BIM, GPS, e-tender, automatic 

lamp, CCTV, air quality, fire threat sensors, and building monitoring sensors 

were average adopted. The rest of the technologies were only slightly 

adopted Consequently, the study adopted the t-test statistics to establish if 

there is a difference in the level of adoption of IoT technologies between the 

engineers and architects/quantity surveyors. The study found that there was 

no significant difference (P > 0.05) in the level of adoption of IoT technologies 

between the engineers and architects/quantity surveyors except for the 

adoption of scan markers (0.02 < 0.05).   



 

IoT technologies Engineers Rank Architects/ 

quantity 

surveyors 

Rank Overall 

mean 

Overall 

Rank 

Decision Sign(2-

tailed) 

Decision 

Wi-Fi 3.53 1 3.80 1 3.67 1 A 0.612 NS 

Google map 3.21 2 3.70 2 3.55 2 A 0.342 NS 

Social media 3.21 2 3.40 3 3.27 3 AA 0.667 NS 

Websites 3.21 2 3.20 4 3.18 4 AA 0.984 NS 

Building Information 

Modelling (BIM) 
3.00 6 2.80 13 3.09 5 AA 0.737 NS 

Global Positioning System 

(GPS) tracking 
3.05 5 2.90 11 3.06 6 AA 0.730 NS 

E-Tender 2.58 7 3.20 4 2.91 7 AA 0.289 NS 

Automatic lamp 2.47 10 3.20 4 2.85 8 AA 0.185 NS 

Closed-Circuit Television 

(CCTV) 
2.42 12 3.20 4 2.76 9 AA 0.147 NS 

Gas/Air quality monitoring 

sensor 
2.58 7 2.60 20 2.73 10 AA 0.965 NS 

Fire threat monitoring 

sensors 
2.47 10 3.00 9 2.70 11 AA 0.294 NS 

Smart Lock 2.32 14 2.90 11 2.52 12 AA 0.295 NS 

Building monitoring sensors 2.42 12 2.70 16 2.52 12 AA 0.575 NS 

NA – Not Adopted = < 1.50, SA – Slightly Adopted = 1.50 - 2.49, AA – Averagely Adopted = 2.50 - 3.49, A – Adopted = 

3.50 - 4.49, WA – Well Adopted = > 4.50. NS = No significant difference (P > 0.05), S = Significant difference (P < 0.05). 

Table 3: Adoption of IoT technologies among engineers and quantity surveyors 

 

Table 3 presents the level of adoption of IoT technologies between the 

consultants and the contractors. Thus, the most adopted IoT technologies by 

the consultants were wi-fi (3.20), google map (3.20), social media (3.20), 

websites (3.20), BIM (3.10), e-tendering (3.10), GPRS (3.10), and GPS tracking 

(3.0). The drones (1.30), microcontrollers (1.40), augmented reality with google 

glass (1.60), waste management sensor (1.70), e-Health monitors (1.70), and 

RFID (1.70) were the least adopted technologies by the consultants. The most 

adopted IoT technologies by the contractors were wi-fi (3.87), google Maps 

(3.70), social media (3.30), websites (3.17), automatic lamps (3.13), and BIM 

(3.09). The smart cap (1.96), microcontrollers (1.96), drones (1.83), augmented 

reality with google glass (1.78), and RFID (1.7) were the least adopted IoT 

technologies by the contractors. Collectively, the most adopted IoT 



technologies by the consultants and contractors were wi-fi, google map, 

social media, websites, BIM, and GPS. The least adopted were the drones, RFID, 

augmented reality with google glass, microcontrollers, smart caps and ERP.  

In summary, out of the 35 IoT technologies investigated in this study, wi-fi and 

google map were adopted. The website, social media, BIM, GPS, e-tender, 

automatic lamp, CCTV, air quality, fire threat sensors, and building monitoring 

sensors were average adopted. The rest of the technologies were only slightly 

adopted in the Rwandan construction industry. The study adopted the t-test 

statistics to establish if there is a difference in the level of adoption of IoT 

technologies between the consultants and contractors. The study found that 

there was no significant difference (P > 0.05) in the level of adoption of IoT 

technologies between the consultants and contractors. This means that the 

level of adoption of IoT technologies by the contractors and consultants is the 

same. Therefore, improved methods of IoT adoption should be applied to both 

categories of respondents. 

 

 

IoT technologies Consultants R 
Contractor

s 
R 

Overall 

mean 

Overall 

rank 
Decision 

Sig(2-

tailed) 
Significance 

Wi-Fi 3.20 1 3.87 1 3.67 1 A 0.191 NS 

Google map 3.20 1 3.70 2 3.55 2 A 0.322 NS 

Social media 3.20 1 3.30 3 3.27 3 AA 0.811 NS 

Websites 3.20 1 3.17 4 3.18 4 AA 0.961 NS 

Building Information 

Modelling (BIM) 
3.10 5 3.09 6 3.09 5 AA 0.982 NS 

Global Positioning System 

(GPS) tracking 
3.00 8 3.09 6 3.06 6 AA 0.837 NS 

E-Tender 3.10 5 2.83 8 2.91 7 AA 0.643 NS 

Automatic lamp 2.20 16 3.13 5 2.85 8 AA 0.093 NS 

Closed-Circuit Television 

(CCTV) 
2.90 9 2.70 10 2.76 9 AA 0.705 NS 

Gas/ Air quality monitoring 

sensor 
2.60 12 2.78 9 2.73 10 AA 0.723 NS 

Fire threat monitoring 

sensors 
2.80 10 2.65 12 2.70 11 AA 0.782 NS 

Smart Lock 2.30 14 2.61 13 2.52 12 AA 0.579 NS 

Building monitoring sensors 2.30 14 2.61 13 2.52 12 AA 0.532 NS 



NA – Not Adopted = < 1.50, SA – Slightly Adopted = 1.50 - 2.49, AA – Averagely Adopted = 2.50 - 3.49, A – Adopted = 3.50 - 

4.49, WA – Well Adopted = > 4.50. NS = No significant difference (P > 0.05), S = Significant difference (P < 0.05).  

Table 4: Adoption of IoT technologies by consultants and contractors in the 

construction industry 

 

Table 4 indicates the applications of IoT technologies based on the types of 

services rendered and professional qualifications. As explained in the research 

methodology, this section of the questionnaire was open-ended and required 

the respondents to write what the technologies were used to do. A content 

analysis of the responses was done and presented in Table 4. Hence, the 

consultants used e-tendering, social media and GPRS for smart 

communication and sharing of information; the BIM for drafting 3D 

construction plans and collaboration; the GPS and Google Maps for 

producing site plans, efficient transportation, and general surveying; and the 

temperature and humidity sensors for environmental monitoring. For the 

contractors, the GPS and google maps were used for general surveying and 

efficient transportation; ERP was used for project management; smartwatch 

was used for time management; wi-fi and e-tendering were used for smart 

communication and sharing of information. Similarly, smart locks, automatic 

lamps and CCTV were used for security control; fire threat and temperature 

sensors were used for environmental monitoring, and BIM was used for 

Producing 3D building plans.  

Similarly, the architects/quantity surveyors applied the GPS and google map 

for the production of site plans and efficient transportation; e tendering, 

websites and social media were used for smart communication and sharing of 

information; the smartwatch was used for time management; lighting, 

electricity and fuel usage sensors were used for power, fuel and energy 

savings. The engineers applied GPS and google map for general surveying and 

efficient transportation; ERP for project management; social media, e-tending, 

wi-fi and GPRS for smart communication and sharing of information; smart lock, 

automatic lamp and CCTV for security controls; fire threat, humidity and 

temperature sensors for environmental monitoring; BIM for 3D building plans 

and collaboration. The result of the study showed that IoT technologies are 

used in the Rwandan construction industry for project management, 

production of site plans, transportation management, environmental 

monitoring, collaboration among project stakeholders/designers, security 

control, smart communication, information sharing, general surveying, time 

management, power, fuel and energy savings.  

 

Category of respondent IoT technologies Application of IoT 

technologies  

Consultants E-tenders, social media, and 

GPRS 

Smart    communication    

and    sharing of information 

BIM Drafting   3D   construction 

plans   and collaboration 



GPS and google map General surveying, 

Production of site plans 

and efficient transportation 

Fire threat, temperature and 

humidity sensors 

Environmental monitoring                          

 

Contractors 

  

GPS and google map General surveying and 

efficient transportation 

Smart watch Time management 

ERP Project management 

Wi-fi and e-tenders Smart    communication    

and    sharing of information 

Smart lock, automatic lamp, 

and CCTV 

Security control 

Fire threat, temperature and 

humidity sensors 

Environmental monitoring 

BIM Production of 3D Plans and 

collaboration  

 

Architects/quantity surveyors 

  

GPS and google map efficient transportation and 

production of site plans 

E-tenders, websites and 

social media 

Smart communication and 

sharing of information 

Smart watch Time management 

Lighting, electricity, and fuel-

usage sensors  

Power, fuel and energy 

Savings 

 

Engineers 

  

GPS and google map  General surveying and 

efficient transportation 

ERP Project management 

Social media, e-tenders, wi-

fi, and GPRS 

Smart communication and 

sharing of information  

Smart lock, automatic lamp 

and CCTV 

Security control 

Fire threat, humidity and 

temperature sensors 

Environmental monitoring 

BIM  3D building plans and 

collaboration 

  Table 5: Application of IoT technologies in the construction industry 

 

Table 5 indicates the challenges that hinder the adoption of IoT technologies 

in the Rwandan construction industry based on the responses of the 

consultants and contractors. The top significant challenges of the consultants 

were lack of IoT awareness (3.60), lack of expertise in IoT (3.40), Lack of training 

centres (3.20), lack of support from the government (3.20), Improper 

introduction of IoT into construction process (3.20), poor collaboration among 

construction stakeholders (3.10), lack of awareness of the benefits (3.10), and 

requirement of extra budget to acquire IoT technologies (3.00). For the 

contractors, the significant challenges were poor network connectivity (3.17), 

lack of training centres (3.13), lack of data confidentiality and encryption 

(3.09), the requirement of extra budget to acquire IoT technologies (3.04), and 

lack of confidence in the technologies (3.04). collectively, the significant 



challenges for the consultants and contractors were a lack of training centres, 

lack of IoT awareness, lack of expertise, poor network connectivity, the 

requirement of extra budget to acquire IoT technologies, and poor 

collaboration among construction stakeholders. 

All the challenges investigated were found to be averagely significant for the 

respondents of the study except for heterogeneity of connected technologies, 

and naming and identity management issues which were slightly rated to be 

significant. The study further tested if there were differences in the opinions of 

the consultants and contractors on the challenges of adopting IoT 

technologies in the construction industry. The findings established that there 

were no significant differences (P > 0.05) in the opinions of the consultants and 

contractors on the challenges of adopting IoT technologies in the construction 

industry. 

Challenges 

of IoT 

adoption 

Mean 

Consultants 

R Mean 

contractors 

R Overall 

mean 

Overall 

Rank 

P. Val. Dec. Sig. 

  

 

Lack of training centres 3.20 3 3.13 2 3.15 1 0.888 AS NS 

Lack of IoT awareness  3.60 1 2.91 10 3.12 2 0.172 AS NS 

Lack of expertise 3.40 2 2.91 10 3.06 4 0.268 AS NS 

Poor network 

connectivity 
2.70 13 3.17 1 3.03 5 0.329 AS NS 

Requirement of extra 

budget to acquire IoT 

technologies 

3.00 9 3.04 5 3.03 6 0.934 AS NS 

Poor collaboration 

among construction 

parties 

3.10 6 2.96 7 3.00 7 0.758 AS NS 

Lack of support from 

government 
3.20 3 2.87 13 2.97 8 0.480 AS NS 

Improper introduction of 

IoT 
3.20 3 2.78 17 2.91 9 0.432 AS NS 

Lack of IoT technology 2.80 10 2.96 7 2.91 10 0.748 AS NS 

Legalization issues 2.70 13 2.78 17 2.76 18 0.841 AS NS 

The complexity of 

use/not user-friendly 
2.70 13 2.74 19 2.73 19 0.932 AS NS 

Lack of documented 

standards 
2.30 22 2.87 13 2.70 20 0.220 AS NS 

The negative impact on 

society 
2.20 26 2.91 10 2.70 20 0.097 AS NS 

Big data issue 2.40 19 2.74 19 2.64 22 0.498 AS NS 

Interoperability issue 2.40 19 2.70 22 2.61 23 0.457 AS NS 

Compatibility and 

longevity 
2.70 13 2.52 27 2.58 24 0.681 AS NS 

Inaccuracy of data 2.40 19 2.61 25 2.55 25 0.667 AS NS 

Heterogeneity of 

connected things 
2.30 22 2.57 26 2.48 26 0.530 SS NS 



Naming and identity 

management issues 
2.00 27 2.65 24 2.45 27 0.126 SS NS 

NS – Not significant = < 1.50, SS – Slightly significant = 1.50 - 2.49, AS – Averagely significant = 2.50 - 3.49, S – significant = 3.50 

- 4.49, VS – Very significant = > 4.50. NS = No significant difference (P > 0.05), S = Significant difference (P < 0.05). Dec. = 

Decision, Sig. = significance 

Table 6: Challenges of adopting IoT technologies in the construction industry 

 

 

 

Discussion of findings 

This study investigated the level of adoption, the application and the 

challenges of adopting IoT in the construction industry. From the results, it is 

apparent that the level of adoption of IoT technologies in the Rwandan 

construction industry is still low as none of the IoT technologies is well adopted. 

Two of the technologies were adopted and eleven were averagely adopted. 

These findings are similar to the work of Tang et al. (2019) in Malaysia where 

only a few construction organizations were willing to adopt IoT technologies. 

The findings also agree with Islam et al. (2018), Maru et al. (2020), Dilakshan et 

al. (2021), and Ibrahim et al. (2021) on the adoption of wearable devices, 

websites, e-tenders, Close-Circuit Television (CCTV), Global Positioning System 

(GPS) tracker, General Packet Radio Service (GPRS), Building Information 

Model (BIM), site sensors, social media, wi-fi, smartwatches, Enterprise Resource 

Planning (ERP), google map, fuel-saving sensors, lighting and electricity sensors, 

scan marker, e-tendering, websites, social media, GPS tracker, online price 

quote, fire threatening sensors, automatic lamp, and smart locks. However, the 

result is not consistent with the study of Gamil et al. (2020) which noted that 63 

per cent of stakeholders (government, clients, consultants, contractors, 

professional bodies, etc.) have prior knowledge of IoT technologies and adopt 

them.  

This study further indicated that the level of adoption and application of IoT 

technologies is still very low. This is evident in the opinions of the respondents 

on the level of adoption of IoT technologies which is currently at the level of 

averagely adopted. The application further shows that many of the IoT 

technologies are not used in the Rwandan construction industry. Hence, the 

findings of the study agree with Maru et al. (2020), Kochovski and Stankovski 

(2018), and Ibrahim et al (2021) on the application of IoT technologies for smart 

communication, Building Information Modelling (BIM), efficient transportation, 

security control, site security, project management, environmental monitoring 

and power, fuel and energy management. The agreement between these 

studies is not unexpected because IoT technologies are expected to have 

universal applications across the construction industry. 

In addition, the findings of this study agree with Ibrahim et al (2021) on the 

significance of lack of expertise, the requirement of extra budget to acquire 

IoT technologies, lack of training centres, lack of benefit awareness, the 



improper introduction of IoT into the construction process, and poor network 

connectivity as the challenges of adopting IoT technologies. The findings also 

concur with Maru et al. (2020) on the improper lack of expertise, poor 

collaboration among construction parties, lack of IoT experience, lack of 

support from the government and poor network connectivity. Furthermore, the 

findings are in agreement with Takki (2019) on information privacy issues, lack 

of data confidentiality and encryption, lack of documented standards, high 

cost of implementation, lack of support from the government, and the 

complexity of use/not user-friendly. These results are a pointer that there are 

still many challenges associated with the adoption of IoT in many countries and 

these challenges require urgent attention, especially in the era of transition to 

the fifth industrial revolution where human creativity meets machine 

intelligence. 

 

Conclusion 

Generally, the adoption of IoT technologies in the construction industry is 

increasing across the globe and it is becoming unavoidable for professionals 

in the fourth industrial revolution. The study investigates the level of adoption, 

the application and the challenges of adopting IoT technologies in the 

Rwandan construction industry. Based on the findings of the study, it was 

concluded the level of adoption of IoT technologies in Rwandan construction 

is still low. This is evident in the opinions of the respondents which indicated that 

none of the investigated technologies is “well adopted”, two are “adopted”, 

eleven are “averagely adopted” and twenty-two of the technologies are 

“slightly adopted”. The study also concluded that there is no significant 

difference in the level of adoption of IoT technologies between the consultants 

and contractors except in the adoption of scan markers. There is also no 

significant difference in the level of adoption of IoT technologies between the 

engineers and the architects/quantity surveyors.  

 

Based on the low adoption of IoT technologies, the applications are also few 

and basically at a low level as only the GPS, GPRS, google maps, social media, 

BIM, temperature and humidity sensors, smartwatches, e-tender, wi-fi, ERP and 

CCTV were applied by the respondents. Hence, IoT technologies are only 

applied for project management, production of site plans, the efficiency of 

transportation, environmental monitoring, Building Information Modelling, 

security control, smart communication, information sharing, general surveying, 

time management, power, fuel and energy savings. Furthermore, there are 

many averagely significant challenges hindering the adoption of IoT 

technologies in the Rwandan construction industry. The respondents probably 

rated the challenges as averagely significant because they do not hamper 

the traditional construction management techniques that the respondents are 

very familiar with.  

 



Therefore, it was recommended that awareness of the various IoT 

technologies, their benefits and mitigation strategies for the challenges of 

adopting the technologies need to be done through the professional bodies, 

the academia and the concerned government parastatal. Also, there is a 

need to stir the adoption of IoT technologies with the enactment of 

government policies. This study covers building construction projects. It will be 

interesting to have a similar study conducted on other types of construction 

projects like highways and telecommunication. This will enable the comparison 

of the level of adoption, application and challenges of adopting IoT 

technologies with that of building projects. Also, future studies are required to 

investigate the factors influencing the adoption of IoT and the benefits of 

adopting IoT in the Rwandan construction industry.  

 

Theoretical and managerial implications of the study 

The importance of adopting IoT technologies in the fourth/fifth industrial 

revolution in the construction industry cannot be overemphasized. While the 

applications and challenges of adopting IoT technologies in developed and 

developing nations have been identified, the Rwanda construction industry is 

bereft of empirical data to substantiate the level of application and 

challenges of adopting IoT technologies in its construction industry. This 

situation precludes effective mitigation strategies to the barriers to adopting 

IoT technologies. This study provides a direction for the effective adoption of 

IoT technologies in the construction industry as it indicates the specific 

significant challenges to be mitigated. It complements existing studies on the 

application and challenges of adopting IoT technologies in the construction 

industry.  

This study is useful to construction stakeholders as it gives vital information on 

the application and challenges of adopting IoT technologies in the 

construction industry. This study informs the stakeholders that the level of 

application of IoT technologies for both the consultants and the contractors is 

still low. It also indicates that there are many significant challenges to be 

mitigated if the adoption of IoT technologies is to be significantly improved. 

Similarly, the findings of the study are beneficial to the 

government/policymakers as it provides a basis for the specific challenges to 

be tackled with policy creation to improve the application of IoT technologies. 

 

References 

Arslan, V., Ulubeyli, S. and Kazaz, A. (2019). The use of internet of things in the 

construction industry. Fourth International Energy and Engineering Congress, 

held on 24/25 October 2019 at Gaziantep University, Turkey, 501-510  

Bamgbade, J.A., Nawi, M.N. and Kamarudeen, A.M. (2016). Construction firms’ 

sustainability compliance level. Journal of Engineering, Science and 

Technology, 126-136  



Bamurigire, P., Vodacek ,A., Valko, A. and Ngoga, S. (2020). Simulation of 

Internet of Things Water Management for Efficient Rice Irrigation in Rwanda. 

Agriculture, 10, 431-443.  doi:10.3390/agriculture10100431  

Berk, N. and Bicen, S. (2016). Causality between the Construction Sector and 

GDP Growth in Emerging Countries: The Case of Turkey. Athens Journal of 

Mediterranean Studies, 4 (1): 19-36. https://doi.org/10.30958/ajms. 

Bird, D.K. (2009). The use of questionnaires for acquiring information on public 

perception of natural hazards and risk mitigation–a review of current 

knowledge and practice. National Hazards and Earth System Sciences, 9: 

1307–1325  

Brous, P., Janssen, M. and Herder, P. (2019). The dual effects of the Internet of 

Things (IoT): A systematic review of the benefits and risks of IoT adoption by 

organizations. International Journal of Information Management, 51(2): 1–33. 

https://doi.org/10.1016/j.ijinfomgt.2019.05.008   

Chen, J. H., Ha, N. T., Tai, H. W. and Chang, C. A. (2020). The willingness to adopt 

the internet of things (IoT) conception in Taiwan’s construction industry. Journal 

of Civil Engineering and Management, 26 (6): 534–550. 

https://doi.org/10.3846/jcem.2020.12639   

Cheung, W. F., Lin, T. H. and Lin, Y. C. (2018). A Real-Time Construction Safety 

Monitoring System for Hazardous Gas Integrating Wireless Sensor Network and 

Building Information Modeling Technologies. Sensors, 18 (2): 1–24. 

https://doi.org/10.3390/s18020436   

Dilakshan, S., Rathnasinghe, A. and Seneviratne, L. I. (2021). Potential of internet 

of things (IoT) in the construction industry. Proceedings of the 9th World 

Construction Symposium on Reshaping Construction: Strategic, Structural and 

Cultural Transformations towards the Next Normal, 15 (1): 447–448. 

https://doi.org/10.31705/wcs.2021.39 

Dosumu, O. and Aigbavboa, C. (2018). An assessment of the causes, cost 

effects and solutions to design-error- induced variations on selected building 

projects in Nigeria. Acta Structilia, 25 (1): 40-70. 

https://doi.org/10.18820/24150487/as25i1.2.  

 

Dosumu, O.S. and Onukwube, H.N. (2013). Analysis of project success criteria in 

the Nigerian construction industry. International Journal of Sustainable 

Construction Engineering and Technology, 4 (1): 31-47    

 

Ezechina, M.A., Okwara, K.K. and Ugboaja, C.A. (2015). The Internet of Things 

(IoT): A Scalable Approach to Connecting Everything. The International Journal 

of Engineering and Science, 4 (1): 9-12. 

https://doi.org/10.30958/ajms
https://doi.org/10.1016/j.ijinfomgt.2019.05.008
https://doi.org/10.3846/jcem.2020.12639
https://doi.org/10.3390/s18020436
https://doi.org/10.31705/wcs.2021.39
https://doi.org/10.18820/24150487/as25i1.2


Gamil, Y. and Alhagar, A. (2020). The Impact of Pandemic Crisis on the Survival 

of Construction Industry: A Case of COVID-19. Mediterranean Journal of Social 

Sciences, 11 (4): 122-128. https://doi.org/10.36941/mjss-2020-0047 

 

Ghosh, A., Hosseini, M.R., Edwards, D.J., Kassem, M. and Monica, M. (2019) Use 

cases for Internet of Things (IoT) in the construction sector: Lessons from leading 

industries. In: 36th International Conference of CIB W78, 18th - 20th September 

2019, Newcastle-Upon-Tyne, UK, 1(1): 1–8. 

http://hdl.handle.net/10536/DRO/DU:30128831 

Halim, M.I., Rusuli, M.S. and Yaziz, M.F. (2021). Attitudes, Awareness, Readiness 

and Barriers towards the Internet of Things Adoption among the Construction 

Industry in East Coast Malaysia. Journal of Sustainable Management Studies, 2 

(1): 7–15 

 

Ibrahim, A.M., Rashid, R.A., Hamid, A.H., Sarijari, M.A. and Baharudin, M.A. 

(2021). Lightweight IoT middleware for rapid application development. 

TELKOMNIKA, 17 (3): 1385-1392. 

https://doi.org/10.12928/TELKOMNIKA.v17i3.11793   

Inagbire, A. (2022). A unified architecture framework for integrating IoT into key 

national infrastructure to enhance the e-government ecosystem in Rwanda. 

Master of Science in Internet of Things- Wireless Intelligent Sensor Networking 

submitted to the College of Science and Technology, University of Rwanda 

International Labor organization (2018). Infrastructure Development, the 

Construction Sector and Employment in Rwanda. Available at 

https://www.ilo.org/wcmsp5/groups/public/ed_emp/ifp_skills/documents/pu

blication/wcms_723290.pdf   

Islam, R., Hendra, S. and Asan. L (2018). Potentials of Internet of Things (IoT) in 

Malaysian Construction Industry. Annals of Emerging Technologies in 

Computing, 2 (4): 44-52. https://doi.org/10.33166/AETiC.2018.04.004.  

Kochovski, P., and Stankovski, V. (2018). Supporting smart construction with 

dependable edge computing infrastructures and applications. Automation in 

Construction, 85: 182-192. 

Kumar, A., and Shoghli, O. (2018). A review of IoT Applications in Supply Chain 

Optimization of Construction Materials. 34th International Symposium on 

Automation and Robotics in Construction. 1-9. 

https://doi.org/10.22260/ISARC2018/0067     

Le-Phuoc, D. and Hauswirth, M. (2009). Linked open data in sensor data 

mashups. In Proceedings of the 2nd International conference on semantic 

sensor network, 522: 1-16 

https://doi.org/10.36941/mjss-2020-0047
http://hdl.handle.net/10536/DRO/DU:30128831
https://doi.org/10.12928/TELKOMNIKA.v17i3.11793
https://www.ilo.org/wcmsp5/groups/public/ed_emp/ifp_skills/documents/publication/wcms_723290.pdf
https://www.ilo.org/wcmsp5/groups/public/ed_emp/ifp_skills/documents/publication/wcms_723290.pdf
https://doi.org/10.33166/AETiC.2018.04.004
https://doi.org/10.22260/ISARC2018/0067


Mahmud, S., Assan, L. and Islam, R. (2018). Potentials of Internet of Things (IoT) 

in Malaysian Construction Industry. Annals of Emerging Technologies in 

Computing, 2 (4): 44–52. https://doi.org/10.33166/aetic.2018.04.004   

Maru, R., Pitroda, J.R. and Raval, A.D. (2020). Feasibility Study of Internet of 

Things (IoT) In Construction Industry: A Review. UGC Care Journal, 40 (50): 4948–

4958. 

Musfira, A.F. and Cassim, A.A. (2018). Analysis on internet of things, application, 

challenges and related future technologies (a literature review). A paper 

presented at the Interdisciplinary Scientific Research for Inclusive Development 

on 15th November, 2018 at the Faculty of Applied Sciences, South Eastern 

University of Sri Lanka Sammanthura 

Osei, D.B, Ennin, I.B. and Aglobitse, P. (2017). Relationship between 

construction expenditure and economic growth in the sub-Saharan Africa. 

Ghanaian Journal of Economics, 5: 28-55. 

Supriya, S., Charanya, R. and Madhumitha, S. (2020). A Review on Home 

Automation System Using IOT. 2020 International Conference on Emerging 

Trends in Information Technology and Engineering (ic-ETITE), 1-11. 

https://doi.org/10.1109/ic-ETITE47903.2020.363.  

Takki, H. (2019). Utilization and adoption of Internet of Things in construction 

industry: comparative case study in Finland and Sweden. Global Management 

of Innovation and Technology, 2 (1): 1–102. https://urn.fi/URN:NBN:fi-

fe2019112544247  

Tang, S., Shelden, D.R., Eastman, C.M., Pishdad-Bozorgi, P. and Gao, X. (2019), 

A review of building information modelling (BIM) and the internet of things (IoT) 

devices integration: present status and future trends, Automation in 

Construction, 101: 127-139. https://doi.org/10.1016/J.AUTCON.2019.01.020  

Viren, C. and Kazi, A. (2017). Application of Internet of Things in Civil 

Engineering construction projects-A State of the Art. IEEE Conference ID: 40353. 

2017 4th international conference on computing for sustainable global 

development, 1st -3rd March 2017. 

https://doi.org/10.33166/aetic.2018.04.004
https://doi.org/10.1109/ic-ETITE47903.2020.363
https://urn.fi/URN:NBN:fi-fe2019112544247
https://urn.fi/URN:NBN:fi-fe2019112544247
https://doi.org/10.1016/J.AUTCON.2019.01.020

	jcdc-05-22-0098 cover
	jcdc-05-22-0098

