Unlocking the Potential of Collaborative Digital Tools (CDTs) in Construction: Key Factors Influencing the Usage and Impact Among Workers
ABSTRACT
Collaborative digital tools are meant to solve key issues such as communication breakdowns, delays in workflows, and misunderstandings of project plans. By allowing real-time updates, progress tracking, and smooth coordination even across different locations, they improve how teams work together. Despite their recognised benefits, such as reducing errors and improving productivity, their adoption and usage remain inconsistent and vary across individuals and firms. This study examines the extent of CDTs adoption and the factors influencing their effective use within the Ghanaian construction industry. Emphasis is placed on tools such as WhatsApp, Microsoft Teams, and AutoCAD, which are increasingly being integrated into project workflows. A structured questionnaire survey was administered to workers of 20 registered construction firms across Accra, Kumasi, and Takoradi, resulting in 545 valid responses out of the 650 distributed questionnaires. The firms included in the study ranged from small- to large-scale enterprises (D4K4 to D1K1), with purposive sampling ensuring that respondents had prior experience with CDTs. Data were analysed using the Statistical Package for the Social Sciences (SPSS), version 20. The F-statistic of 1459.594 with a significance value (p) of 0.000 (less than 0.05) indicates that the model explains a significant proportion of the variance in the CDTs. The high t-value (t=38.205, t = 38.205, t=38.205) and low p-value (p<0.05p < 0.05p<0.05) further underline the statistical significance of these factors. The data analysis comprised both descriptive and inferential statistical methods. WhatsApp, Microsoft Teams, AutoCAD, and BIM were identified as the most widely used tools for enhancing communication, data management, and project monitoring. However, barriers, such as high implementation costs, insufficient training, resistance to change, and weak managerial support, hinder widespread adoption. Statistical analysis revealed that 72.9% of the effectiveness of CDTs use could be attributed to these enabling and inhibiting factors. The study concluded that increased training, leadership engagement, and cost-mitigation strategies are critical for expanding CDTs adoption. The findings offer actionable insights for construction firms, technology developers, and policymakers, aiming to advance digital transformation and improve project delivery in Ghana’s construction sector.
Keywords: Collaborative Digital Tools, Construction Workers, Building Information Modelling, WhatsApp, Microsoft Teams 








1.1 INTRODUCTION
[bookmark: _Hlk206740805]The technologies accompanying the Fourth Industrial Revolution (4IR) have transformed the landscape of several industries with the integration of automation and digitalisation into activities and processes. These digital technologies (DTs) are typically described as smart technologies due to their capabilities of self-executing, self-monitoring, and self-organising predetermined tasks. For the construction industry to undergo digital transformations similar to other sectors, there is a critical need to harness the potential of digital technologies (DTs) at both the management and field levels. This involves integrating DTs into project planning, execution, monitoring, and data analysis, ultimately leading to improved project outcomes, cost efficiencies, and a safer working environment (Oke et al., 2023; Yang et al., 2024). The construction industry is one of the most active and demanding sectors in the world. Its success depends heavily on good communication, teamwork, and coordination among all parties involved [1]. In recent years, collaborative digital tools have begun to change how construction projects are planned, managed, and completed. These tools, such as cloud-based project software, Building Information Modelling (BIM), and real-time messaging apps, help teams work more efficiently, avoid costly mistakes, and stay better connected [2]. Although the benefits of these tools are clear, their use among construction workers remains inconsistent. At the heart of successful digital transformation efforts is the focus on reimagining business models and processes from the ground up, moving away from traditional paradigms towards a more integrated, agile, and experimental approach.   This shift is crucial for fostering innovation, improving customer experiences, and driving fundamental growth at the organisational level.  The transition from traditional business processes to digitised operations (digitisation) and the strategic use of digital technologies to change business models (digitalisation) are critical steps in this journey (Olaniyi et al., 2024). Collaborative digital tools are meant to solve key issues such as communication breakdowns, delays in workflows, and misunderstandings of project plans [3]. By allowing real-time updates, progress tracking, and smooth coordination even across different locations, they improve how teams work together [4]. For instance, BIM not only offers a visual layout of a project but also allows multiple people to work on the same plan, updating it as needed. Platforms such as Procore and PlanGrid also make it easier to assign tasks, manage resources, and share documents, helping teams stay organised and accountable [2]. However, not everyone in the industry takes full advantage of these tools. In many places, especially in developing countries such as Ghana, adoption is limited by several factors, including resistance to change, limited technical skills, and the high cost of digital tools and data bundles [5]. The workforce in construction is also mixed, from engineers to site labourers, and not everyone is comfortable using digital technology [6]. These differences in digital literacy can make it difficult for teams to benefit fully from such tools. In addition, a company’s culture and leadership style can influence whether workers are open to new technologies. Without proper training and support, even the best tools can end up being underused or ignored. Therefore, it is important to examine how these tools are adopted and how effective they are on the ground. We need to examine what encourages or stops workers from using them, what actual benefits they bring to construction projects, and how we can support their use in different work settings. These insights will be useful to companies, software developers, and government policymakers who want to push for more digital innovation in construction. This study examines the extent of CDTs adoption and the factors influencing its their effective use within the Ghanaian construction industry. Therefore, this study explored the use of collaborative digital tools among construction workers in Ghana. It focuses on the key factors that influence their adoption, the benefits they provide, and the challenges that hinder their full use. As the industry continues to change with new technologies and global demand, understanding how these tools can support growth, innovation, and efficiency is more important than ever.


2.1 LITERATURE REVIEW
2.2 Construction Industry and Digitalisation
The construction industry is characterised by its complex project-based environment, which necessitates effective collaboration among diverse stakeholders. This literature review explores the evolution of collaborative digital tools in this sector, focusing on their adoption and effectiveness in enhancing communication and teamwork. The foundational work by Hassan [7] highlights the critical need for the strategic implementation of Information and Communication Technologies (ICT) to address legal and contractual challenges that inhibit effective collaboration. They emphasised that the construction industry’s inherent adversarial relationships and fragmented communication necessitate a robust framework for ICT utilisation to foster inter-organisational cooperation. Building on this foundation, Mavri et al. [8] delves into the challenges of achieving a shared understanding among stakeholders 


during the design phase. Their analysis underscores the importance of co-located meetings and the potential of technology-supported collaboration in significantly improving project outcomes. The authors propose a futuristic design scenario that illustrates how advancements in collaborative practices can reshape stakeholder interactions and decision-making processes. Further advancing the discourse, Bassanino [9] presented an innovative approach to collaboration, advocating the adoption of human-centric technologies in design reviews. Their findings suggest that the integration of networking and Virtual Reality tools can enhance communication and collaboration among project teams, ultimately leading to increased productivity in the construction sector. This perspective aligns with Zhang’s [10] exploration of Building Information Modelling (BIM) as a collaborative technology. They identified the necessity for inter-organisational collaboration in BIM-enabled projects, noting that while BIM is perceived as a facilitator of collaboration, actual implementation often falls short due to fragmented efforts and varying levels of integration among stakeholders.



2.3 Significance of Collaborating Digital Tools in Construction
Han [11] contributed to the discussion by evaluating the role of collaborative virtual organisations in construction project management, emphasising the need for effective information-sharing platforms that can support teamwork. This is echoed by Ravi Iyer [12], who conducted a multidisciplinary literature review to identify the factors impacting collaboration in construction. By developing a framework for assessing collaboration, Ravi Iyer [12] highlights the importance of communication and interaction in achieving common goals, thereby enhancing project performance. A systematic review conducted by Oraee [13] further investigated collaboration in BIM-enabled construction projects, revealing gaps in the existing literature. They argue for a more comprehensive understanding of the interaction processes and behaviours that facilitate successful collaboration, particularly in virtual teams. Fok [14] extended this analysis by examining the role of ICT in improving communication in the South African construction industry, stressing that effective collaboration is crucial for managing the complexities of modern construction projects. The significance of training in fostering collaboration was addressed by Gao [15], who systematically reviewed the effectiveness of traditional tools and computer-aided technologies for health and safety training in the construction sector. Their findings indicated that innovative training methods can enhance communication and safety awareness among workers, thereby contributing to a more collaborative work environment. Finally, Zhao et al. [16] investigated the acceptance of digital assistance systems among small construction companies and revealed that perceived usefulness is a critical factor influencing technology adoption. Their empirical study highlighted the need to understand the attitudes and beliefs of construction workers to promote the effective use of digital tools in enhancing collaboration. Together, these articles provide a comprehensive overview of the challenges and advancements in collaborative digital tools within the construction industry and illustrate the ongoing evolution of practices aimed at improving communication, teamwork, and overall project success. 

 

2.4 Key Factors Influencing the Effective Use of Digital Collaborative Tools in Construction
An innovative approach to improve collaboration in a futuristic design review" by Bassanino [9] presents a compelling examination of the role of IT-based innovations and collaborative workspaces in enhancing productivity within the construction industry. The authors effectively highlight the pressing need for sophisticated information and communication technology (ICT) environments that facilitate not only the overcoming of geographical barriers but also the promotion of social interactions among team members. This is particularly pertinent in industries that are often characterised by fragmented teams and complex project requirements. This article articulates the transformative potential of emerging technologies, such as networking, Virtual Reality (VR), and collaborative interfaces, in reshaping traditional work practices within construction enterprises [17]. The authors argue that these innovations are not merely technical upgrades but represent a fundamental shift in how collaboration is conceived and enacted. This perspective is crucial as it underscores the importance of intuitive design tools that cater to the specific needs of construction professionals, enabling them to engage more effectively in collaborative efforts [18]. One notable strength of this study is its focus on the practical implications of adopting such technologies. The authors provided evidence from the CoSpaces project, where end users were able to leverage human-centric technologies to collaboratively address design challenges [19]. This empirical evaluation of user experience serves to validate the theoretical claims made about the benefits of these collaborative tools. The results indicate that the adoption of such frameworks can lead to fewer meetings, a wider array of design alternatives for discussion, and improved communication among diverse competencies within project teams. However, while this article effectively outlines the anticipated benefits of these collaborative digital tools, it could benefit from a more critical examination of the potential challenges associated with their implementation. For instance, the authors could delve deeper into issues such as the learning curve associated with new technologies, resistance to change among team members, and the necessity for ongoing support and training to maximize the efficacy of these tools. Additionally, exploring the long-term sustainability of such innovations in various contexts within the construction industry would provide a more nuanced understanding of their effectiveness. The article "Engaging a Multi-Disciplinary Literature Review in the Development of a Framework to Assess Construction Collaboration" by Ravi Iyer, [12] provides a comprehensive examination of the factors influencing collaboration within the construction industry. The author undertakes a thorough literature review aimed at identifying these factors and ultimately seeks to develop a framework for assessing collaboration among construction workers. This framework is crucial because the success of construction projects largely hinges on effective collaboration among team members. Iyer emphasises the significance of collaboration, defining it as a process in which individuals communicate and interact to achieve shared objectives. This definition underscores the multifaceted nature of collaboration, which involves not only the exchange of information but also the dynamics of teamwork and interpersonal relationships. The author argues that understanding the factors that affect collaboration is essential for developing effective measurement tools. By pinpointing these factors, stakeholders can gain insight into collaborative processes that either facilitate or hinder project success. The literature review conducted in this study is notable for its multidisciplinary approach, which broadens the scope of understanding of collaboration in construction. Iyer synthesises findings from various fields and suggests that the complexities of collaboration cannot be fully understood through a singular lens. This integrative perspective is a strength of the study, as it highlights the diverse elements that contribute to collaborative effectiveness, such as communication styles, trust levels, and organisational culture. Moreover, Iyer’s proposal of a framework to assess collaboration critically contributes to the field. By providing a structured approach to evaluating collaboration, this framework can aid practitioners in identifying areas for improvement and implementing strategies to enhance teamwork. The author posits that existing measurement tools can be refined or new tools can be developed based on insights gained from the identified factors. However, while the study effectively identifies the importance of collaboration and proposes a framework, it could benefit from more empirical data to validate the proposed framework. Reliance on the literature review alone may limit the practical applicability of the findings. Future research should focus on case studies or empirical assessments that test the framework in real-world construction settings, thereby providing concrete evidence of its effectiveness. The article titled ‘Virtual collaboration: Improving communication in the South African construction industry’ by Fok [14] presents a comprehensive analysis of the role of Information and Communication Technology (ICT) in enhancing collaboration among construction workers. Fok argued that the increasing complexity of construction projects necessitates the adoption of ICT tools to improve communication, efficiency, and overall project outcomes.
[bookmark: _Hlk206578227]


3.1 METHODOLOGY
This study adopted a quantitative research approach to examine perceptions of the adoption and usage of Collaborative Digital Tools (CDTs) among construction workers in Ghana. A structured questionnaire survey was used as the primary data-collection instrument [20]. In line with established research best practices, the questionnaire was carefully designed to ensure clarity, conciseness, neutrality, and ease of comprehension, thereby facilitating effective data analysis [21]. A personally administered, face-to-face structured questionnaire was chosen as the most appropriate data-collection method. This approach allowed researchers to enhance the accuracy of the responses and clarify any ambiguities that respondents might encounter. The questionnaire utilized A five-point Likert Scale used to gauge the level of agreement or disagreement with statements related to the adoption, benefits, and challenges associated with the use of CDTs in the Ghanaian construction industry. The target population comprised employees of construction firms located in Accra, Kumasi, and Takoradi, the three major urban centres in Ghana. These firms ranged from small to large-scale enterprises (D4K4 to D1K1), as classified within the Ghanaian construction sector. This study specifically focused on construction workers who regularly interacted with or used digital tools as part of their daily operational tasks. A purposive sampling technique was employed to ensure that only relevant respondents with experience using CDTs were selected. A total of 650 respondents were targeted across 20 registered construction firms in good standing with the Association of Building and Civil Engineering Contractors of Ghana (ABCECG). Of the 650 questionnaires distributed, 545 were completed and returned, yielding a high response rate of 83.85%. Data were analysed using the Statistical Package for the Social Sciences (SPSS), version 20. The analysis included both descriptive and inferential statistical methods. Descriptive statistics such as frequencies, percentages, and mean scores were used to summarise the responses and identify prevailing trends. Additionally, inferential techniques, including regression and correlation analysis, were employed to explore the factors influencing CDTs' adoption and determine key predictors affecting their effective use within the construction industry. 




4.1 RESULTS AND DISCUSSION
4.2 Background Information 
The background information of respondents in this study reveals that the majority of the respondents were male (79.4%), with females making up 20.6%. Regarding educational qualifications, most respondents held a master’s degree (58.2%), followed by those with a PhD (31.2%), and a smaller group with a bachelor’s degree (10.6%). Professionally, the largest group comprised engineers (33.2%), followed by Project Managers (27.2%), with smaller proportions of surveyors (14.1%), architects (12.8%), Safety Officers (7.5%), and clerks of work (5.1%). In terms of work experience, a significant proportion of respondents had 11-15 years of experience (39.8%), closely followed by those with 6-10 years (36.3%). A smaller percentage had 16-20 years (14.1%), 1-5 years (8.6%) of experience, and only a few had over 21 years (1.1 %). This diverse mix of gender, education, professional roles, and experience provides a well-rounded perspective for studying collaborative digital tools in the construction industry.



4.3 Most Used Digital Collaborative Tool in the Construction Industry in Ghana
The results show that construction workers mostly use instant messaging apps, such as WhatsApp, for site communication, followed closely by Microsoft Teams or Zoom for virtual meetings and coordination. Design and real-time updates are frequently performed using AutoCAD and Revit, whereas tools such as BIM, project management software, and video conferencing are also commonly used for collaborative planning, task management, and stakeholder engagement. Mobile apps for tracking work progress and cloud storage tools, such as Google Workspace and Dropbox, are also popular for sharing documents and project management. Tools, such as wearable technology and GPS-enabled devices, are less common, although they are still useful for safety, productivity tracking, and logistics. Overall, digital tools that enhance communication, design, and project management are most widely used in the construction industry, showing the sector's growing reliance on technology to improve efficiency and collaboration.

Table 1. Most Used Digital Collaborative Tool in the Construction Industry 
	 
	N
	Mean
	SD
	Ranks

	WhatsApp or similar instant messaging apps for site communication.
	545
	4.846
	.6287
	1st

	Microsoft Teams or Zoom for virtual meetings and coordination.
	545
	4.793
	.4569
	2nd

	AutoCAD and Revit for design and real-time updates.
	545
	4.771
	.5151
	3rd

	BIM (Building Information Modelling) tools for collaborative planning and modelling.
	545
	4.684
	.6610
	4th

	Project management software (e.g., Trello, Asana, Primavera).
	545
	4.672
	.7279
	5th

	Video conferencing tools for training and stakeholder engagement.
	545
	4.565
	.7148
	6th

	Online forums and chat groups for knowledge sharing and peer communication.
	545
	4.519
	.7765
	7th

	Mobile apps for tracking work progress and reporting (e.g., Procore, PlanGrid).
	545
	4.473
	.8827
	8th

	Google Workspace (Docs, Sheets, Drive) for sharing documents and collaboration.
	545
	4.266
	.5727
	9th

	Digital scheduling tools like Microsoft Project or Smartsheet.
	545
	4.220
	.5903
	10th

	Wearable technology for safety and productivity tracking.
	545
	4.116
	.7642
	11th

	GPS-enabled devices for location tracking and logistics coordination.
	545
	4.073
	.5373
	12th

	Dropbox or OneDrive for cloud storage and sharing files.
	545
	3.972
	.6072
	13th

	Collaboration tools are integrated into heavy machinery systems for monitoring performance.
	545
	3.941
	.4965
	14th

	ERP (Enterprise Resource Planning) systems for integrating project processes.
	545
	3.910
	.4590
	15th




4.4 Key Factors Influencing the Adoption of Collaborative Digital Tools (CDTs)
The results in Table 2 highlight several key factors that influence the adoption of Collaborative Digital Tools (CDTs) in the construction industry. The top-ranked factors are data management and interoperability, meaning that workers prioritise the ability of digital tools to effectively manage and exchange data across systems. Security and data privacy concerns are crucial, reflecting the importance of safeguarding sensitive information. Technological challenges, such as integration with existing systems and the ongoing or post-maintenance costs of these tools, are also significant considerations. Lack of training and management support stands out as an important barrier as well as the high initial costs associated with adopting certain tools. Other notable factors include the cost of updates, resistance to change among workers, and concerns about the complexity of using tools. Although less critical, issues such as health concerns, cultural resistance, and legal barriers also play a role, suggesting that overcoming these obstacles is key to successful CDTs adoption in the industry.


Table 2: Factors Influencing the Adoption of Collaborative Digital Tools (CDTs)
	 
	N
	Mean
	S. D
	Ranks

	Security and data privacy concerns to firms
	545
	4.772
	.4693
	1st

	Data subscriptions cost and regular software updates 
	545
	4.727
	.7126
	2nd

	
Technological barriers integrating with existing systems available
	545
	4.565
	.8807
	3rd

	
Ongoing or post maintenance cost after implementation
	545
	4.554
	.8277
	4th

	
Training and management support
	545
	4.552
	.7158
	5th

	
High initial cost of adoption of some collaborative ICT tools
	545
	4.543
	.7466
	6th

	
Firms Leadership and directions
	545
	4.426
	.6492
	7th

	
Data management and interoperability

	545
	4.376
	.5284
	8th

	Legal and regulatory barriers

	545
	4.332
	.6978
	9th

	Heath issues with use of collaborative ICT tools
	545
	4.248
	.6026
	10th

	Complexity of using some collaborative ICT tools

	545
	4.217
	.6593
	11th

	Cultural resistance to technology adoption in the construction industry.
	545
	4.119
	.8239
	12th

	Resistance to change among workers
	545
	4.083
	.5445
	13th




4.5 Indicators of CDTs Adoption and Usage on Construction Sites
The results in Table 3 reveal key indicators of how Collaborative Digital Tools (CDTs) are adopted and used on construction sites. The most frequently used indicator was the frequency of ICT tool usage among workers, followed by technology penetration across both office and field environments, showing that digital tools are commonly integrated into everyday work activities. Performance metrics related to the adoption of ICT tools have also improved, reflecting the positive impacts on productivity and efficiency. The importance of training and supportive access for workers to adopt these tools is emphasised, highlighting that workers need proper guidance to use the tools effectively. Other important factors include employee and management engagement in the adoption process and the quality and speed of communication, which are directly impacted by the use of ICT tools. The results also suggest that employee feedback and satisfaction are crucial for ongoing adoption, as workers' experiences influence their continued use of tools. Additionally, the usage of tools across various functions such as task management, scheduling, and reporting is noted, although there is room for better integration with workflows and tasks. Finally, while the organisational impact of adopting these tools is acknowledged, it ranks lower, suggesting the need for better tracking of long-term benefits. Overall, these findings indicate that while ICT tools are widely adopted, there are several areas, such as training, engagement, and integration, where improvements can be made to enhance their effectiveness on construction sites.



Table 3. Indicators of CDTs Adoption and Usage on Construction site
	 
	N
	Mean
	SD
	Ranks

	Frequency of use of ICT tools among workers
	545
	4.683
	.6273
	1st

	Technology penetration among workers both office and field
	545
	4.629
	.7060
	2nd

	Performance metrics improvement on the adoption in the ICT tools among construction workers
	545
	4.596
	.7708
	3rd

	Training and supportive access given to workers on the adoption of collaborative ICT tools
	545
	4.587
	.7719
	4th

	Employee and management engagement on the adoption of collaborative ICT tools
	545
	4.448
	.7460
	5th

	Tracking communication quality and speed to improve communication among workers
	545
	4.426
	.8012
	6th

	Employee feedback and satisfaction on the adoption of collaborative ICT tools among workers
	545
	4.422
	.8009
	7th

	Collaborative tools usage across different functions of communication task management, scheduling, reporting, etc.
	545
	4.305
	.7518
	8th

	Integration of ICT tools with workflows or plan with daily tasks
	545
	4.294
	.6874
	9th

	Identifying project and organizational impact with adoption of collaborative ICT tools among construction workers
	545
	4.139
	.7192
	10th




4.6 Critical Challenges to the Adoption of CDTs Among Construction Workers
The results in Table 4 identify critical challenges in the adoption of Collaborative Digital Tools (CDTs) among construction workers. The top-ranked challenge is data management and interoperability, highlighting the need for digital tools to integrate and manage data seamlessly across various systems. Security and data privacy concerns are also a major barrier, reflecting the industry's cautious approach towards safeguarding sensitive information. Technological barriers, such as the difficulty in integrating CDTs with existing systems and ongoing or post-maintenance costs after implementation, are also significant hurdles. The need for training and management support is emphasised, as workers are less likely to adopt these tools without proper guidance and leadership. Other challenges include the high initial costs of some tools, a lack of leadership in driving adoption, and high costs of software updates and subscriptions. Resistance to change among workers, concerns about health issues, and the complexity of tools further hinder widespread adoption. Although issues such as cultural resistance and legal barriers rank lower, they still represent challenges that need to be addressed. These findings indicate that overcoming these challenges, particularly in terms of data management, cost, and support, is crucial for successful CDTs adoption in the construction industry.


Table. 4 Critical Challenges to Adoption of CDTs Among Construction Workers
	 
	N
	Mean
	Std. Deviation
	Ranks

	Data management and interoperability
	545
	4.772
	.4693
	1st

	Security and data privacy concerns
	545
	4.727
	.7126
	2nd

	Technological barriers integrating with existing systems
	545
	4.565
	.8807
	3rd

	Ongoing or post maintenance cost after implementation
	545
	4.554
	.8277
	4th

	Lack of training and management support
	545
	4.552
	.7158
	5th

	High initial cost of adoption of some collaborative ICT tools
	545
	4.543
	.7466
	6th

	Lack of leadership and management
	545
	4.426
	.6492
	7th

	High cost of regular software updates and subscriptions.
	545
	4.376
	.5284
	8th

	Resistance to change among workers
	545
	4.332
	.6978
	9th

	Heath issues with use of collaborative ICT tools
	545
	4.248
	.6026
	10th

	Complexity of using some collaborative ICT tools.
	545
	4.217
	.6593
	11th

	Cultural resistance to technology adoption in the construction industry.
	545
	4.119
	.8239
	12th

	Legal and regulatory barriers
	545
	4.083
	.5445
	13th




4.7 Relationship Between CDT and Factors Influencing Their Adoption
The model summary indicates that the independent variable, Factors Influencing CDTs Adoption (FD), has a strong relationship with the dependent variable, Collaborative Digital Tools, as shown by the correlation coefficient R=0.854R = 0.854R=0.854. The R2R^2R2 value of 0.729 implies that approximately 72.9% of the variance in digital tool performance can be explained by FD, highlighting its significant predictive power. The Adjusted R2R^2R2 value of 0.728, which accounts for the number of predictors and sample size, confirms the model's robustness. The standard error of the estimate (0.23266) suggested a relatively small average deviation of the observed values from the predicted values, indicating a well-fitting model.

	
Table 5 Model Summary

	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate

	1
	.854a
	.729
	.728
	.23266

	a. Predictors: (Constant), FD



4.8 Significance Testing of the Regression Model
The ANOVA table shows that the regression model is statistically significant in predicting the dependent variable (Collaborative Digital Tools, CDTs) based on the independent variable (Factors Influencing CDTs Adoption, FD). The F-statistic of 1459.594 with a significance value (p) of 0.000 (less than 0.05) indicates that the model explains a significant proportion of the variance in the CDTs. The Regression Sum of Squares (79.007) compared with the Residual Sum of Squares (29.392) suggests that most of the variation in CDTs is accounted for by FD, further emphasising the strong relationship identified in the model.

	Table. 6 ANOVAa

	Model
	Sum of Squares
	Df
	Mean Square
	F
	Sig.

	1
	Regression
	79.007
	1
	79.007
	1459.594
	.000b

	
	Residual
	29.392
	543
	.054
	
	

	
	Total
	108.399
	544
	
	
	

	a. Dependent Variable: CDTs        
b. Predictors: (Constant), FD

	



4.9 Analysis of Coefficients: Impact of FD ON CDTs
The coefficient table provides key insights into the relationship between the Factors Determining CDTs Adoption (FD) and Collaborative Digital Tools (CDsT). The constant (B = 0.692) represents the predicted value of the CDT when FD is zero, indicating a baseline performance level. The unstandardized coefficient for FD (B=0.835B = 0.835B=0.835) shows that for every unit increase in FD, the CDTs increase by 0.835 units, holding other factors constant. The standardised coefficient (β=0.854\beta = 0.854β=0.854) confirmed a strong positive relationship between FD and CDTs. The t-value for FD was 38.205 with a significance level (p) of 0.000, which is well below 0.05, indicating that FD is a highly significant predictor of CDTs. These results reinforce the conclusion that FD strongly influences CDTs.

	Table. 7 Coefficients

	Model
	Unstandardized Coefficients
	Standardized Coefficients
	T
	Sig.

	
	B
	Std. Error
	Beta
	
	

	1
	(Constant)
	.692
	.097
	
	7.120
	.000

	
	FD
	.835
	.022
	.854
	38.205
	.000

	a. Dependent Variable: CDT



The study reveals a strong relationship between Factors Determining CDT Adoption (FD) and the adoption of Collaborative Digital Tools (CDT) in the construction industry, as evidenced by the high correlation coefficient (R=0.854R = 0.854R=0.854) and the significant predictive power (R2=0.729R^2 = 0.729R2=0.729). This indicates that approximately 72.9% of the variability in CDT performance was explained by FD, emphasising the critical role of these factors in driving digital transformation. These findings are consistent with those of Azhar [22] and Alaloul [23], who reported that data management, interoperability, and proper training significantly influence the adoption of digital tools in construction. The high t-value (t=38.205, t = 38.205, t=38.205) and low p-value (p<0.05p < 0.05p<0.05) further underline the statistical significance of these factors, suggesting that targeted interventions addressing these key determinants could substantially enhance CDT adoption and usage. Key barriers, such as high initial costs, lack of training, and security concerns, align with earlier research by Li [224], who highlighted that financial and technical challenges often impede the adoption of digital tools in the construction sector. The ranking of data management and interoperability as the top factors is consistent with the findings of Eastman [25], emphasising the importance of seamless integration and efficient data exchange in digital tool adoption. Furthermore, this study confirms that tools such as WhatsApp, AutoCAD, and BIM are widely used because of their ease of access, versatility, and ability to enhance collaboration, which parallels the conclusions of Zhou [26], who also observed similar trends in technology use among construction professionals. 




5.1 CONCLUSION 
This study highlights the pivotal role of collaborative digital tools (CDTs) in transforming the construction industry, particularly within the Ghanaian context. The adoption of CDTs is significantly influenced by factors such as data security and privacy concerns, recurring costs of data subscriptions and software updates, training requirements, and post-implementation maintenance expenses. The strong statistical relationship between these factors and CDT adoption, demonstrated by a high correlation coefficient (R = 0.854) and substantial explanatory power (R² = 0.729), highlights the need to address key barriers, including high initial investment, technological integration challenges, and resistance to organisational change. Widely adopted tools, such as WhatsApp, AutoCAD, and building information Modelling (BIM) have been identified as instrumental in improving communication, streamlining workflows, and enhancing project outcomes. These findings are consistent with global trends and point to the importance of targeted strategies such as enhanced training initiatives, leadership engagement, and the development of cost-effective digital solutions to promote more widespread CDT adoption in the construction sector. However, this study is subject to certain limitations, including its reliance on self-reported data and its focus on the Ghanaian construction industry, which may affect the generalizability of the findings. Future research should consider longitudinal and cross-regional comparisons to validate and extend the results. Additionally, employing mixed-methods approaches could provide richer insights into the behavioural, cultural, and organisational dynamics that shape the adoption and effective use of CDTs in construction
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Details of the AI usage are given below:
1.
2.
3.
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