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Abstract: In recent years, Construction 4.0 has integrated Industry 4.0 technologies into the con-

struction sector, with robots playing a key role in improving productivity and safety. However, few 

studies address strategies for implementing robots in specific contexts, particularly in developing 

countries. This study proposes a roadmap for robot implementation in the Peruvian construction 

sector. It identifies barriers and benefits and then validates the roadmap through expert consulta-

tion. The roadmap consists of four phases: aligning the company, evaluating technology, planning 

implementation, and executing while assessing practices. This provides valuable guidance for con-

struction companies adopting robotic technology. 
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1. Introduction 

In Peru, labor productivity in construction projects is alarmingly low, with only 28% 

of activities considered productive [1]. This situation, together with the decrease in qual-

ity, labor shortage and lack of safety, has generated the need to adopt innovative tools in 

the sector [2]. The implementation of automation and robotics technologies is presented 

as a viable solution to improve productivity, safety and quality [3]. However, there are 

several barriers to their implementation, which vary by country and type of industry [4]. 

Although studies on these barriers have been conducted in international companies, most 

have focused on developed countries [4] and have not addressed the context of develop-

ing countries such as Peru. Faulty implementation of robots can lead to negative results 

[5], as many organizations lack a clear implementation model [6]. Therefore, it is essential 

to develop a roadmap to guide this implementation. This research focuses on guiding the 

use of robots in multifamily projects, analyzing the obstacles from the perspective of Pe-

ruvian experts and seeking to reduce the gap between theory and practice in the adoption 

of robotics in the construction sector. 

2. Literature Review 

During the review of international literature, models for overcoming barriers to the 

implementation of robots in construction projects and models for implementing robots in 

construction projects were identified. A summary describing the main models identified 

in Table N°. 1 is shown below. 

Table 1. Models for overcoming barriers and implementing robots in construction projects. 
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Research Description 

[4] 

This research proposed a model to address key barriers, focusing on cost and technology, using PLS-

SEM analysis. Conducted in Nigeria, a developing country, the study prioritized barriers and offered so-

lutions in four categories: academic, occupational, professional, and operational, to help overcome these 

challenges at the study site. 

[7] 

Ref. [7] proposed the ConRoX model to address twelve identified barriers in construction. This generic 

framework considers all key levels of a construction company—organization, processes, and IT. The 

model is built around three interrelated parameters: potentials, enablers, and outcomes. 

[6] 

The model proposed by [6] provides recommendations for the implementation of robots in companies in 

the construction sector. The proposed framework includes 3 important factors: organization, people and 

technology.  

[8] 

Ref. [8] analyzed future scenarios for robotics in construction, identifying driving forces to develop strat-

egies that maximize opportunities and reduce risks. Their research provided a key tool for integrated de-

velopment and robotic engineering, helping industries structure solutions and mitigate uncertainties in 

engineering and requirements management processes. 

Based on the above, it is noted that research has conducted literature reviews and 

barrier analysis for the implementation of robots with the objective of providing general 

recommendations for their implementation in the construction industry. However, there 

is still no defined model for the implementation of robots in the construction industry, 

much less for any specific item. That is, there are only brief guidelines without details that 

do not guarantee the success of the implementation of this technology. Therefore, this re-

search seeks to develop a roadmap for the implementation of robots in the execution of 

construction projects. 

3. Methodology 

The present research took into consideration the logical process of the Horseshoe re-

search framework [9]. Figure 1 below details the stages of the proposed methodology and 

Table 2 shows the professionals selected for the expert judgment process: 

 

Figure 1. Research methodology. 
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Table 2. Professionals selected as experts for validation of the roadmap. 

N° Role 
Years of Expe-

rience 
Participation in Projects 

Size of Company Where 

Worked 

EX01 Technology Manager 20 years Buildings and Infrastructure Large company 

EX02 General Manager 25 years Buildings and Infrastructure Medium enterprise 

EX03 Engineering Manager 15 years Buildings and Infrastructure Large Enterprise 

EX04 Project Portfolio Manager 15 years Mining, Oil and Energy Large enterprise 

EX05 Project Consultant 25 years 
Buildings, Infrastructure and Min-

ing 
Large company 

EX06 Construction Resident 10 years Buildings and Infrastructure Medium enterprise 

4. Results 

4.1. Barriers and Benefits to the Implementation of Robots 

Through the literature review of 41 scientific articles and the subsequent validation 

of the list of barriers with six professional experts, a list of 13 barriers and 11 benefits was 

obtained, as shown in Table No. 3 and Table No. 4 respectively. 

Table 3. List of identified barriers. 

Code Barriers Ref. 

RT-01 Weak innovation culture for the implementation of robots in construction processes. [10] 

RT-02 
Lack of interest from the company’s management, due to a short-term vision of the construction 

industry. 
[7] 

RT-03 Lack of legislation on the use of robots in construction (damage to property, health, life). [11] 

RT-04 Low investment and limited company resources for the implementation of robots. [10] 

RT-05 
Little collaboration and distrust in the industry, for the implementation of robots in construction 

projects. 
[12] 

RT-06 
Lack of skilled labor and limited technological knowledge of project stakeholders for robot imple-

mentation. 
[10] 

RT-07 
Perception of fear and distrust towards robots in security, privacy and unemployment issues by 

project stakeholders. 
[10] 

RT-08 Need for security and reliability on the storage of information generated by robots. [6] 

RT-09 Limited functionality and features of robots. [13] 

RT-10 
Robots may need complex technological requirements and their installation at the construction 

site could be complicated. 
[12] 

RT-11 Poor supply chain for robot implementation. [12] 

RT-12 Lack of bodies and standards that contribute to the regulation of human-robot interaction. [6] 

RT-13 Incompatibility of robots and complexity of adaptation with current construction practices. [3] 

Table 4. List of identified benefits. 

Code Benefits Ref. 

BN-01 Increased competitive advantage of organizations due to the use of technology. [14] 

BN-02 
Increased satisfaction of project stakeholders due to improved processes associated with ro-

bots. 
[15] 

BN-03 Reduced labor costs and rework costs. [6] 

BN-04 Reduced overhead costs due to increased productivity. [10] 

BN-05 
Reduced occupational health and safety costs due to the reduction of people exposed to haz-

ardous activities. 

Expert 

Judgment 

BN-06 Reduction of injuries and release of workers from performing hazardous tasks. [6] 

BN-07 Support for continuous improvement, industrialized and automated production. [8] 
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BN-08 
Improved control of the work environment due to faster problem detection, greater connectiv-

ity and information integration. 
[6] 

BN-09 Simplification of complex construction processes and elimination of non-productive tasks. [6] 

BN-10 
Improved production quality, efficient use of resources and increased performance of con-

struction equipment. 
[15] 

BN-11 
More efficient construction processes due to interaction between robots and other digital tech-

nologies (interoperability). 
[6] 

4.2. Proposed Roadmap for Implementation in Buildings 

(a) Roadmap approach 

The roadmap is designed for medium and large construction companies capable of 

leading robot implementation, particularly those with a culture of innovation that encour-

ages technological exploration. Companies using this roadmap should have strong poli-

cies for measuring and controlling construction processes to identify areas for improve-

ment through technology. The roadmap frames robot implementation as a project aligned 

with the company’s strategy, ensuring it contributes to overall business success. Addition-

ally, an innovation management system is needed to support the implementation project 

(b) Adaptation of the roadmap 

The roadmap will be tailored to each company’s specific needs, considering internal 

processes, innovation management systems, and organizational goals. Aligning the pro-

ject with the company’s innovation management system is crucial for effective integration, 

ensuring opportunities are identified, feasibility is assessed, and results are evaluated. 

This system should support continuous adaptation throughout the implementation of ro-

bots. 

(c) Structure of the roadmap: “4PIF” 

The roadmap is structured in 4 principles, 4 drivers and 4 phases (4P + 4I + 4F = 4PIF), 

hereafter called “4PIF”, which are outlined below: 

- Principles: They will allow addressing implementation barriers by providing guide-

lines on the behavior of team members and stakeholders. 

- Drivers: Will maximize the positive impacts of the benefits associated with the im-

plementation of robots and will be used to define the success metrics of the imple-

mentation project. 

- Phases: They will organize the activities of the implementation project, ensuring the 

effective completion of the tasks necessary to achieve the stated objectives and ensure 

consistency with the principles and drivers. A total of 11 processes have been defined, 

which are necessary to guide the implementation of the robot and are distributed in 

the 4 phases. Each process presents a brief description, as well as its inputs, tools and 

outputs. 

Phase 1: Review of the company’s organizational context 

This phase seeks to understand in detail the operational and strategic environment 

of the company in relation to the implementation of robotic technology. During this phase, 

three key processes are carried out. 

Phase 2: Comprehensive evaluation of robotic solutions 

This phase focuses on the selection and comprehensive analysis of the best robotic 

solution to integrate into the selected construction process. This phase comprises the iden-

tification of the construction process, the detailed analysis of its activities and require-

ments, as well as the thorough evaluation of all robot alternatives available in the market. 

The objective is to make informed and strategic decisions that ensure the successful im-

plementation of the robot on site, thus optimizing the efficiency and quality of the opera-

tions. 

Phase 3: Cost management and site preparation 
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This phase focuses on two key aspects for the implementation of the robot in the 

construction project. On the one hand, the necessary budget is calculated, and potential 

risks are identified to establish mitigation measures. On the other hand, the work site is 

prepared for the installation of the robot, ensuring a safe and conducive environment. 

These processes ensure efficient management of financial resources and adequate site 

preparation, laying the groundwork for a successful robot implementation. 

Phase 4: Integration of the robot and project closure 

This phase culminates the robot implementation project in the multifamily project. 

Through the first process, the correct installation and operation of the robot on site is en-

sured. The second process evaluates whether the objectives have been achieved and com-

piles the results, facilitating an effective transition of the project to completion and provid-

ing feedback for future improvements. 

(d) Roadmap processes 

 

Figure 2. Roadmap processes: inputs, tools and outputs. 

4.3. Roadmap Validation 

To validate the roadmap proposal, civil engineering professionals with over ten years 

of experience and postgraduate degrees were selected as experts. They reviewed the pre-

liminary roadmap, provided feedback, and evaluated each phase on a Likert scale from 1 

(Strongly Disagree) to 5 (Strongly Agree). The average score from the six experts was 

4.042, indicating an 80.83% acceptance rate. Using SPSS V. 24, Kendall’s coefficient (W) 

was calculated, yielding a value of 0.728, indicating strong agreement among experts, as 

values above 0.65 are deemed reliable for solid research [16]. 

5. Discussion 

It is important to note that this roadmap originates from the need to optimize results 

in multifamily projects, which led to the incorporation of robotic technologies. Iterations 

were incorporated in phases 2 and 3 to allow for continuous improvement of the results, 

as well as moments of reflection, feedback, and learning. The proposal focuses on the con-

struction process, ensuring that the implementation of robots brings benefits to the com-

pany in terms of productivity, quality, and safety. 
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Among the main strengths of the roadmap for the implementation of robots in multi-

family projects is its clear structure organized in 4 principles, 4 drivers and 4 phases, which 

provides a clear and well-defined framework to guide the process that facilitates an or-

derly and consistent implementation. In addition, the roadmap focuses on companies that 

can lead the adoption of robotic technologies, especially medium and large companies, 

which increases the probability of success and makes its implementation more realistic 

and achievable. The experts also mentioned the usefulness of the organizational context 

review phase. This phase allows a detailed understanding of the operational and strategic 

environment of the company before proceeding with the implementation of robotic tech-

nology, which ensures that the technological solution is aligned with the specific needs 

and capabilities of the organization. The evaluation of the results obtained during the im-

plementation project was also highly valued, as the roadmap includes mechanisms to 

measure the impact of robotics on the construction processes that are critical for informed 

decision-making and to ensure that the implementation meets the stated objectives. Also, 

a significant strength is the detailed definition and delineation of the construction process, 

which experts high-lighted as a key factor for the success of the implementation as specific 

planning ensures that the selected robot perfectly fits the project requirements. The struc-

ture for evaluating automation alternatives is another positive point, as it is not limited to 

the implementation of a single robot but considers several options. A crucial aspect men-

tioned by the experts is the incorporation of feedback loops which indicates that the 

roadmap is designed to be dynamic and adaptable, this allows adjustments based on the 

experience gained and the results obtained throughout the process, promoting constant 

improvement and adaptation of the strategy based on the results obtained. This flexibility 

is essential to continuously optimize the implementation and ensure its success. 

Overall, the roadmap received a positive rating in the evaluation carried out by the 

experts, obtaining an average of 4.042 on the Likert scale, representing an acceptance level 

of 80.83%. This high level of validation indicates that the roadmap is seen as an appropri-

ate and valuable tool to guide the process of adopting robots in construction. 

Among the main limitations identified, the roadmap presents certain constraints. The 

initial costs associated with the acquisition and installation of robots can be high, which 

represents an obstacle for companies with limited financial resources, so it is aimed pri-

marily at medium and large companies. The introduction of new technologies, such as 

robotics, can encounter resistance from employees and managers who are accustomed to 

traditional methods, making it necessary for companies to promote an environment of 

innovation and openness towards these new technologies. In addition, the incorporation 

of robots into existing construction processes may face both technical and organizational 

challenges, which will require significant adjustments in work methods. On the other 

hand, the proposal focuses on a business perspective, without considering government 

initiatives. In this sense, the application of the roadmap is designed for medium and large 

companies, which will allow them to considerably increase the probability of success in 

the implementation of robots. 

6. Conclusions 

The results of this research indicate that the proposed roadmap developed from the 

identification of barriers and benefits is adequate to guide the implementation of robots 

in multifamily projects in Lima. The literature review identified the most significant bar-

riers and benefits. The validation of the barriers and benefits with experts and the survey 

of professionals confirmed their relevance for this research. Statistical analysis of the sur-

veys allowed grouping and defining the categories of barriers and benefits that were key 

to the development of the proposed roadmap. The roadmap developed includes specific 

strategies to address these barriers and maximize benefits. The evaluation of the roadmap 

with the participation of experts validated the feasibility of the proposal presented 

demonstrating that the roadmap is a suitable tool for the implementation of robots in mul-
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tifamily projects. This paper contributes to the field of construction automation by pro-

posing a roadmap adapted to the Peruvian context, addressing the barriers and benefits 

of implementing robots in multifamily construction. The ‘4PIF’ framework represents a 

novelty by offering a holistic and adaptable approach that aligns each phase of the process 

with the company’s strategic objectives, maximizing the positive impact of the technology. 

This roadmap not only has a theoretical contribution to the literature on the adoption of 

robots in developing countries, but also offers a replicable model to guide other compa-

nies in the implementation of robots in multifamily projects, using strategies to overcome 

obstacles and take advantage of the benefits of robotics. 

Author Contributions:  Conceptualization, G.A. and E.R.A.; methodology, all authors; validation, 

all authors; formal analysis, all authors; investigation, all authors; G.A.; writing—original draft 

preparation, G.A. and E.R.A.; writing— review and editing, all authors; visualization, all authors.; 

supervision, E.R.A.; All authors have read and agreed to the published version of the manuscript. 

Funding:  This research received no external funding. 

Conflicts of Interest: The authors declare no conflict of interest. 

References 

1. Huamán, C. Proposal of a Roadmap to Improve the Implementation of Lean Construction in Companies of the Construction 

Sector. Undergraduate Thesis, Universidad Nacional de Ingeniería, Rimac, Peru, 2021. 

2. Mahbub, N.R. Readiness of a Developing Nation in Implementing Automation and Robotics Technologies in Construction: A 

Case Study of Malaysia. J. Civ. Eng. Archit./Tu Mu Gong Cheng Yu Jian Zhu 2012, 6, 858. https://doi.org/10.17265/1934-

7359/2012.07.008 

3. Mahbub, R. Framework on the Barriers to the Implementation of Automation and Robotics in the Construction industry. Int. J. 

Innov. Manag. 2015, 3, 21–36. 

4. Oke, A.E.; Kineber, A.F.; Albukhari, I.; Dada, A.J. Modeling the robotics implementation barriers for construction projects in 

developing countries. Int. J. Build. Pathol. Adapt. 2021, 42, 386–409. https://doi.org/10.1108/ijbpa-06-2021-0093. 

5. Law, K.K.; Chang, S.; Siu, M.F. Factors influencing adoption of construction robotics in Hong Kong’s industry: A multistake-

holder perspective. J. Manag. Eng. 2022, 38, 04021096. https://doi.org/10.1061/(asce)me.1943-5479.0001011. 

6. Hatoum, M.B.; Nassereddine, H. Developing a Framework for the Implementation of Robotics in Construction Enterprises. In 

Proceedings of the EG-ICE 2020 Workshop on Intelligent Computing in Engineering, Online, 1–4 July 2020; Volume 27, pp. 453–

462. 

7. Jäkel, J.; Rahnama, S.; Klemt-Albert, K. Construction Robotics Excellence Model: A framework to overcome existing barriers for 

the implementation of robotics in the construction industry. In Proceedings of the ISARC, Bogota, Colombia, 13–15 July 2022. 

https://doi.org/10.22260/isarc2022/0085 

8. Pan, M.; Pan, W. Understanding the Determinants of Construction Robot Adoption: Perspective of Building Con-tractors. J. 

Constr. Eng. Manag. 2020, 146, 4020040. https://doi.org/10.1061/(ASCE)CO.1943-7862.0001821 

9. Kunz, J.; Fischer, M. CIFE Research Questions and Methods; Stanford Digital Repository: Stanford, CA, USA, 2007. 

10. Davila Delgado, J.M.; Oyedele, L.; Ajayi, A.; Akanbi, L.; Akinade, O.; Bilal, M.; Owolabi, H. Robotics and automated systems in 

construction: Understanding industry-specific challenges for adoption. J. Build. Eng. 2019, 26, 100868. 

https://doi.org/https://doi.org/10.1016/j.jobe.2019.100868 

11. Fleming, E.; Callaghan, N.; Craig, N. Robotics and automation as a solution to bridging the UK housing gap. In Proceedings of 

the 35th Conference of the Association of Researchers in Construction Management, 35th ed.; Gorse, C., Neilson, C.J., Eds.; ARCOM: 

Herndon, VA, USA, 2019; pp. 557–566. 

12. Bademosi, F.; Issa, R. Factors Influencing Adoption and Integration of Construction Robotics and Automation Technology in 

the US. J. Constr. Eng. Manag. 2021, 147, 04021075. https://doi.org/10.1061/(ASCE)CO.1943-7862.0002103 

13. Afsari, K.; Halder, S.; Ensafi, M.; Devito, S.; Serdakowski, J. Fundamentals and Prospects of Four-Legged Robot Application in 

Construction Progress Monitoring. EPiC Ser. Built Environ. 2021, 2, 274–283. 

14. Aghimien, D.; Ikuabe, M.; Aghimien, L.; Aigbavboa, C.; Ngcobo, N.; Yankah, J. PLS-SEM assessment of the im-pediments of 

robotics and automation deployment for effective construction health and safety. J. Facil. Manag. 2022, 22, 458–478. 

https://doi.org/10.1108/JFM-04-2022-0037 

15. B. A. Boya, O. Akinradewo, C. Aigbavboa, y M. Ramabodu, "Implementation of automation and robotics: Benefits to the con-

struction industry," Construction Business and Project Management Conference, Cape Town, South Africa, Jun. 2022. Available in: 

https://www.researchgate.net/publication/363196463_Implementation_of_automation_and_robotics_Benefits_to_the_con-

struction_industry 

16. Valencia, D.; Lillo, R.E.; Romo, J. A Kendall correlation coefficient between functional data. Adv. Data Anal. Classif. 2019, 13, 

1083–1103. https://doi.org/10.1007/s11634-019-00360-z 

https://www.researchgate.net/publication/363196463_Implementation_of_automation_and_robotics_Benefits_to_the_construction_industry
https://www.researchgate.net/publication/363196463_Implementation_of_automation_and_robotics_Benefits_to_the_construction_industry


Eng. Proc. 2024, 6, x FOR PEER REVIEW 8 of 8 
 

 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-

thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to 

people or property resulting from any ideas, methods, instructions or products referred to in the content. 


