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Abstract: This study examined the impact of remote work on
productivity  within  engineering project environments.
Specifically, it explores the key factors influencing productivity,
the effects of communication, collaboration, and decision-making,
and the challenges engineers face when operating remotely. A
quantitative research design was employed, utilizing survey data
collected from engineering professionals engaged in remote or
hybrid work settings. Data analysis was conducted using IBM
SPSS Statistics 27, including descriptive statistics, correlation
analysis, t-tests, ANOVA, and regression analysis.

The findings indicated that work-life balance is the strongest
positive predictor of productivity, while remote work setup and
virtual meeting effectiveness also significantly influence project
outcomes. Challenges such as lack of supervision and difficulty in
receiving feedback were found to negatively impact project
efficiency. Conversely, simple increases in communication
frequency or managerial oversight did not necessarily lead to
improved productivity. The study concludes that the quality of
communication, timely feedback, supportive supervisory
practices, and maintaining a healthy work-life balance are
essential for optimizing remote engineering project productivity.
Recommendations include implementing flexible work policies,
enhancing feedback mechanisms, streamlining decision-making
processes, and providing resilience training for remote
engineering teams.
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Work-life Balance, Communication, Project Management.

1. Introduction

A. The Problem and its Background

1) Rationale

The adoption of remote work has really changed engineering
project management scene, affecting team collaboration,
decision-making, and overall productivity. Traditionally,
engineering projects especially in disciplines such as civil,
mechanical, electrical, and software engineering, rely on
physical collaboration, direct supervision, and on-site
coordination. The industry has been forced by the transition to
remote work, especially hastened by the Covid-19 pandemic, to
adopt fresh operational models using virtual communication
tools and digital technology.

Although working remotely offers benefits including
improved flexibility, less travel time, and financial savings, it

also creates difficulties that could slow-down project
efficiency. Consequences that adversely influence output
include communication challenges, less supervision,
coordination problems, and anxiety about work-life balance.
Thus, evaluating how remote work affects the performance of
engineering project performance is essential for developing
good management strategies and ensuring consistent
productivity.

Development of technology, construction of infrastructure,
and driving of worldwide economic growth all depend on the
engineering industry. Engineering projects require seamless
coordination among diverse stakeholders, including engineers,
designers, project managers, and clients. Given the growing
frequency of remote employment, engineering firms have
turned to digital collaboration tools such as Microsoft Teams,
Slack, Zoom, and specialized project management software.
However, questions remain regarding the effectiveness of
remote collaboration and its impact on engineering project
outcomes.

Although many researches have examined the effect of
remote work on various sectors, there is few specifically
focusing on the engineering industry. For instance, Tepe et al.
(2022) examined civil engineers' productivity during remote
work, highlighting key factors such as home office setup, work-
life balance, and supervision challenges. Similarly, Ferreira et
al. (2021) conducted a systematic review on remote work
adoption, identifying both advantages (e.g., increased
flexibility, cost reduction) and challenges (e.g., communication
breakdowns, management inefficiencies). While these studies
provide important insights, further investigation is needed to
grasp how working remotely affects engineering projects'
efficiency over different disciplines in the long run.

Given the complex nature of engineering projects,
understanding how remote work influences productivity is
crucial. This study seeks to offer empirical data that will enable
businesses, project managers, and policy makers to refine
remote work strategies to enhance productivity and team
collaboration.

This study seeks to explore:

e The key factors affecting productivity in remote
engineering project setups.
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e The influence of communication, collaboration, and
decision-making on project outcomes in remote work
environments.

e The challenges faced by engineers in remote settings
and their effects on project efficiency.

e Strategies that can be implemented to enhance
productivity in remote engineering teams.

While remote work offers certain benefits, it also poses
significant challenges in terms of supervision, collaboration,
and performance tracking. This research aims to fill the gap in
existing literature by evaluating the specific effects of remote
work on engineering project execution and efficiency.

B. Objectives of the Study

This research aims to:

e Identify the key factors influencing productivity in
remote engineering project setups.

e Analyze how communication, collaboration, and
decision-making impact project outcomes in a remote
work environment.

e Examine the challenges engineers face in remote work
and assess their impact on project efficiency.

e Develop strategies to enhance productivity and
effectiveness in remote engineering teams.

By addressing these objectives, this study will contribute to
engineering management practices, offering evidence-based
recommendations to improve remote work policies, enhance
collaboration, and optimize engineering project performance.

2. Literature Review

The body of research regarding remote work and its impact
on productivity in engineering projects has significantly
expanded in recent years, especially due to the COVID-19
pandemic. A variety of studies have explored the advantages,
challenges, and strategic adjustments associated with remote
work in engineering and project management sectors. This
review consolidates current research, evaluates major findings,
highlights knowledge gaps, and lays the theoretical groundwork
for this study. The primary focus of this review is to
comprehend the effects of remote work on productivity in
engineering projects, team collaboration, and managerial
supervision within a swiftly changing digital work landscape.

A. Impact of Remote Work on Productivity in Engineering

Tepe et al. (2022) examined the impact of remote work on
the productivity of civil engineers during the pandemic. Their
findings indicated both beneficial and detrimental effects on
productivity. Engineers who had well-equipped home offices
and structured work schedules reported enhanced efficiency. In
contrast, many faced challenges related to reduced team
coordination, increased distractions, and inadequate managerial
oversight. Although this research offers valuable insights into
productivity within civil engineering, it does not encompass a
wider analysis of other engineering fields, which limits its
applicability.
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In a similar vein, Ferreira et al. (2021) conducted a
systematic review on the implementation of remote work,
emphasizing key advantages such as flexibility and cost
reductions, while also addressing disadvantages like
communication breakdowns and insufficient supervision. Their
study highlights the importance of establishing clear project
management strategies to mitigate these issues and sustain
productivity. However, it predominantly concentrated on
corporate and software sectors, leaving a void regarding the
specific impacts on engineering projects.

Together, these studies indicate that while remote work may
improve individual productivity, it presents considerable
challenges for engineering projects that rely on teamwork and
direct engagement. The results are consistent with the current
study's aim of identifying critical factors influencing
productivity in remote engineering environments.

B. Communication, Collaboration, and Decision-Making in
Remote Engineering Teams

Sagar et al. (2021) emphasized the importance of trust in
virtual project teams, highlighting that its development is
generally slower than in traditional face-to-face teams. Their
findings indicate that a lack of trust can lead to delays in
decision-making and increased project risks. The research
effectively illustrates how the absence of in-person interactions
diminishes team cohesion, which is vital for engineering
projects. However, it falls short of providing empirical evidence
on how digital communication tools may alleviate these issues.

Manea et al. (2021) explored the use of digital collaboration
tools in construction and engineering projects. Their study
reveals that well-organized communication strategies and
consistent virtual check-ins are crucial for maintaining project
coordination in remote settings. Although this research offers
valuable recommendations, it does not assess the long-term
effectiveness of these tools or their implementation across
various engineering fields.

These findings highlight the necessity for structured
collaboration protocols and the strategic use of digital tools to
ensure productivity in remote engineering teams. The current
study aims to expand on these insights by investigating how
particular digital tools and management strategies affect the
outcomes of engineering projects.

C. Challenges in Remote Engineering Work

Laine (2021) identified critical challenges in project
management within remote settings, including failures in
communication, unclear task assignments, and difficulties in
evaluating employee performance. While the study offers a
thorough examination of managerial issues, it does not provide
quantitative evidence regarding their effects on project
timelines and deliverables.

El Khatib et al. (2023) investigated the transition to remote
work in construction companies in the UAE, revealing that
initial challenges included the integration of technology and the
restructuring of workflows. However, firms that implemented
digital project management tools and developed systematic
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management frameworks reported improvements in
productivity. This research supports the notion that a structured
approach to digital transformation can help address the
challenges of remote work, although its focus on the UAE may
limit its relevance to global engineering teams.

Both studies emphasize that while remote work presents
various challenges, organizations that embrace structured
methodologies and digital solutions can effectively reduce these
issues. This perspective aligns with the current research's
objective of identifying strategies to enhance productivity in
remote engineering environments.

D. Strategies for Remote

Engineering Teams

Enhancing  Productivity in

Orzet and Wolniak (2022) linked remote engineering
practices to various sustainability benefits, such as reduced
commuting, lower energy usage in office environments, and a
faster pace of digital transformation. Although their research
effectively underscores the environmental advantages, it fails to
investigate whether these sustainability factors lead to enhanced
project outcomes or improved employee well-being.

Somanathan (2023) proposed the adoption of agile project
management as a practical strategy for remote engineering
teams, emphasizing the necessity of clearly defined roles,
structured workflows, and tools that support real-time
collaboration. While this study offers useful insights, it does not
evaluate the potential challenges organizations might encounter
when shifting to agile methodologies.

These insights contribute to the current research by
illustrating that organized project management frameworks and
sustainability-oriented initiatives can boost productivity in
remote engineering. The present study aims to build on this
foundation by examining the direct effects of such strategies on
the efficiency of engineering projects.

E. Identified Gaps in the Literature

Despite the growing body of research, there are still
considerable gaps in our understanding of the long-term
impacts of remote work on engineering productivity. The
majority of existing studies concentrate on remote work during
and immediately following the pandemic, offering limited
insights into how prolonged remote work affects the
performance of engineering projects over time. Furthermore,
current research tends to focus on specific disciplines, such as
construction and software engineering, leading to a deficiency
in cross-disciplinary studies that assess the effects of remote
work across various engineering sectors. Another significant
gap is the lack of empirical data regarding stakeholder
collaboration, especially in terms of how digital tools either
facilitate or obstruct communication and project coordination in
remote environments. While numerous studies emphasize the
challenges of communication, few provide measurable data on
the effectiveness of remote collaboration technologies in
enhancing project success rates. Additionally, while digital
transformation is frequently recognized as a crucial factor
enabling remote engineering work, there is a scarcity of
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research addressing the obstacles to its adoption and the optimal
practices for implementation to ensure long-term efficiency.

Bridging these gaps will yield a more thorough
understanding of the effects of remote work on engineering
projects and guide the development of strategies to enhance
productivity in virtual engineering settings.

F. Synthesis

The literature examined offers an in-depth insight into how
remote work influences productivity in engineering projects,
emphasizing both its advantages and challenges. Various
significant themes arise from these investigations, establishing
the groundwork for this research.

Remote work has been shown to affect productivity in
engineering projects in both advantageous and detrimental
manners. Research conducted by Tepe et al. (2022) and Ferreira
et al. (2021) suggests that when remote work is supported by
effective management practices and the use of digital tools, it
can enhance efficiency and overall work performance. On the
other han, studies by Laine (2021) and Gorokhova et al. (2021)
reveal that challenges in supervision, misalignment of project
objectives, and barriers to communication can considerably
impede productivity. While some researchers highlight the
positive aspects of autonomy and flexibility associated with
remote work, others warn that diminished accountability and
weakened team cohesion may present challenges, especially in
engineering projects that necessitate regular real-time
collaboration.

Effective communication and collaboration are pivotal for
the success of remote engineering teams. According to Sagar et
al. (2021) and Manea et al. (2021), the implementation of
structured communication protocols and strategies aimed at
building trust are essential for facilitating smooth virtual
teamwork. Meanwhile, Papadia and Papadopoulos (2022)
oppose that while digital collaboration tools and virtual
meetings provide significant support, they cannot fully
substitute for the in-person interactions that are crucial for
navigating complex decision-making processes. A common
observation in the literature is that remote teams frequently
encounter challenges related to engagement and alignment,
which can result in workflow inefficiencies and delays in
project timelines.

The difficulties linked to remote engineering practices are
extensively recorded in the literature. El Khatib et al. (2023)
and Datta et al. (2020) pinpoint prevalent issues such as digital
fatigue, insufficient coordination, and difficulties in
performance monitoring. Furthermore, Somanathan (2023)
emphasizes that numerous organizations do not offer sufficient
training for virtual collaboration, which exacerbates
inefficiencies. Although certain companies have effectively
established organized digital workflows to adjust to these
challenges, others still encounter barriers concerning
technology integration, remote management, and sustaining
employee morale.

In response to these challenges, researchers have suggested a
range of strategies aimed at improving the efficiency of remote
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work within engineering teams. Somanathan (2023) advocates
for the adoption of agile project management practices,
highlighting the necessity of clearly defined workflows, clear
role assignments, and adaptable leadership. Additionally, Orzet
and Wolniak (2022) point out the sustainability advantages
associated with remote work, including reduced commuting
and lower operational expenses. Nevertheless, despite these
benefits, not all organizations can seamlessly shift to remote
work due to limitations in infrastructure and the inherently
hands-on nature of certain engineering activities. These
observations highlight the need for a customized approach to
remote work strategies that considers the specific requirements
of projects and the capabilities of the organization.

A comparative analysis of the studies reviewed indicates that
remote work presents both advantages and disadvantages,
depending upon factors such as organizational structure, the
complexity of projects, and the available technology. Some
researchers promote the notion of enhanced digitalization and
adaptable work arrangements, while others express concerns
that engineering projects necessitate a degree of in-person
coordination that may not be effectively achieved through
virtual means. The quality of the research is inconsistent;
certain studies offer empirical evidence (Tepe et al., 2022;
Sagar et al., 2021), whereas others depend on conceptual
models and theoretical premises (Orzet & Wolniak, 2022;
Papadia & Papadopoulos, 2022). A significant gap identified in
the literature is the absence of longitudinal studies that evaluate
the long-term impacts of remote work on engineering project
outcomes, especially in fields outside of software and
construction engineering.

The analysis reveals a conceptual framework indicating that
productivity in remote engineering work is influenced by the
balance of technological adaptation, managerial oversight, team
collaboration, and  sustainable  practices.  Although
advancements in digital transformation and organized
workflows contribute to increased efficiency, issues such as
communication failures, challenges in supervision, and
concerns regarding work-life balance continue to exist.

This synthesis suggests that remote work models should be
specifically designed to meet the unique demands of
engineering projects, rather than being implemented as a
universal solution. The forthcoming study will expand on these
findings by investigating how targeted strategies and digital
tools can address productivity challenges and improve the
performance of remote engineering teams.

G. Conceptual Frameworks

A conceptual framework serves as the foundation for this
research, establishing a systematic method for analyzing the
impact of diverse factors on the productivity of remote
engineering teams. This framework is constructed from insights
from the literature review and synthesis, providing both a visual
and descriptive representation of the relationships between
critical variables. The study investigates the influence of
technological adaptation, managerial oversight, team
collaboration, and sustainability practices on the productivity of
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engineering projects conducted in remote settings. These
components interact in a dynamic manner, influencing the
efficiency of remote engineering teams and ultimately affecting
project results.

This conceptual framework is guided by several well-
established theories that explain the effects of remote work on
productivity within engineering projects. The Media Richness
Theory (Daft & Lengel, 1986) explains how the effectiveness
of communication tools affects remote collaboration,
emphasizing the necessity of choosing appropriate digital
platforms for different forms of interaction. The Self-
Determination Theory (Deci & Ryan, 1985) highlights the
significance of autonomy and motivation in remote work
settings, theorizing that employees achieve higher performance
levels when they possess control over their work processes.
Additionally, the Contingency Theory (Fiedler, 1967)
underscores the importance of flexible management strategies,
contending that leadership styles should be adapted according
to the complexity of the project and the conditions of remote
work.

Through an analysis of the interactions among these
elements, organizations can develop strategies aimed at
optimizing remote work settings, increasing efficiency,
enhancing communication, and fostering sustained success in
the management of engineering projects.

Technological
Adaptation

Managerial
Oversight

Team Collaboration
and Communication

r~ N\
Work-Life Balance
and Sustainability

Practices

Productivity in
Remote Engineering
Projects

N

Fig.1. Conceptual Diagram
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H. Research Problem

This study seeks to investigate the following primary
research problem:

"How does remote work impact the productivity of
engineering projects?"

To further explore this issue, the study aims to address the
following sub-questions:

e What are the key factors affecting productivity in
remote engineering project setups?

e How do communication, collaboration, and
decision-making influence project outcomes in a
remote work environment?

e  What challenges do engineers face in remote work,
and how do they affect project efficiency?

e What strategies can be implemented to enhance
productivity in remote engineering teams?

1. Scope and Delimitation

This research offers significant insights into the effects of
remote work on engineering projects; however, it is subject to
several limitations. Firstly, the scope is limited to the
engineering sector, excluding other industries where remote
work is also significant. Data collection will primarily occur
within a select group of engineering firms and professionals,
which may restrict the global applicability of the findings. The
focus is on trends emerging in the post-pandemic context, with
limited exploration of remote work practices prior to 2020.
Additionally, the study emphasizes fully remote and hybrid
work arrangements, rather than traditional in-office project
management approaches. Although it addresses digital
collaboration and project management tools, it does not include
a comparative analysis of various software solutions.

J. Significance of the Study

This study is significant in understanding the changing
dynamics of remote work within the realm of engineering
project management. By examining the effects of remote work
on the productivity of engineering projects, this study seeks to
provide valuable insights for a range of stakeholders in the
industry. Engineering companies and project managers stand to
gain from the findings, which can assist in refining remote work
strategies to sustain or enhance productivity levels. The insights
derived from this research will enable project managers to
improve communication, collaboration, and decision-making
processes among virtual teams. Additionally, engineers and
remote workers will acquire a deeper understanding of how
remote work impacts their efficiency and work-life balance,
along with recommendations for best practices to uphold
productivity and collaboration in remote engineering
environments.

This study will provide valuable insights for academics
and researchers by contributing to the current understanding of
remote work within the engineering field, thereby serving as a
foundational reference for subsequent investigations. It
identifies existing research gaps and suggests areas that warrant
further inquiry, particularly in the domains of digital project
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management and remote team coordination. Additionally,
policymakers and industry leaders can utilize the findings to
craft policies that promote effective remote work practices in
engineering sectors. Industry leaders may also apply these
insights to devise strategies aimed at improving workforce
adaptability and facilitating  digital transformation.
Furthermore, technology developers and software providers can
gain a clearer understanding of the specific requirements of
engineers working remotely, which can inform enhancements
in remote work technologies to optimize user experience and
operational efficiency.

This research seeks to enhance the efficiency, adaptability,
and sustainability of remote work within the context of
engineering project management by tackling significant
challenges and recognizing best practices. The results will
contribute to the formulation of more effective remote work
policies, strategies, and technologies, ultimately benefiting both
the workforce and organizations in the long term.

K. Definition of Terms

The following terms were defined practically for better
understanding of the reader.

Remote Work. A flexible work arrangement that allows
employees to perform their job duties from locations outside
traditional office environments, often utilizing digital
communication and collaboration tools. Common places for
remote work include homes, co-working spaces, or other
suitable environments.

Engineering Project Management. A specialized form of
project management that focuses solely on engineering
projects. It involves planning, organizing, and overseeing
engineering tasks to ensure successful completion within scope,
time, and budget constraints.

Productivity. A measure of efficiency in completing tasks
and achieving project goals. In this study, productivity refers to
the effectiveness of engineers in delivering project outcomes
while working remotely, considering factors such as
communication, collaboration, and decision-making.

Communication Tools. Digital platforms and software used
to facilitate remote collaboration and interaction, including
video conferencing, instant messaging, and email services.
These tools are essential for maintaining productivity in remote
engineering project setups.

Collaboration. The process of engineers working together to
complete tasks and solve problems in remote settings. Effective
virtual teamwork impacts project efficiency and requires
strategies to enhance collaboration.

Decision-Making. The process of selecting the best course of
action in engineering projects. In remote work setups, decision-
making is influenced by digital communication, managerial
oversight, and team coordination.

Managerial Oversight. The supervision and leadership
provided by project managers to ensure engineering teams
remain productive and aligned with project objectives. This
includes setting schedules, preparing budgets, hiring staff,
supervising team members, and adhering to administrative
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procedures to keep projects on deadline and within budget.

Work-Life Balance. The equilibrium between professional
responsibilities and personal life. Remote work has
implications for work-life balance, influencing job satisfaction,
mental well-being, and overall productivity in engineering
roles.

Digital Transformation. The integration of digital
technologies into engineering project management to facilitate
remote work. This includes the adoption of cloud computing,
virtual collaboration tools, and digital project management
software.

Sustainability Practices. Efforts to minimize environmental
impact and enhance efficiency in remote work settings. This
includes reduced commuting, lower office energy consumption,
and optimized digital workflows to improve sustainability in
engineering projects.

3. Research Methodology

A. Research Design

This study utilizes a quantitative and descriptive research
design to examine the effects of remote work on productivity
within engineering projects. The quantitative component
facilitates the gathering of numerical data from engineering
professionals, allowing for the assessment of different
productivity variables. Concurrently, the descriptive element
offers a comprehensive exploration of the trends, challenges,
and optimal practices linked to remote work environments in
the context of engineering projects.

The research employs a cross-sectional survey methodology,
gathering data at a specific moment from a sample of engineers
and project managers involved in remote work. This strategy
facilitates the identification of critical factors influencing
productivity, collaboration, decision-making, and work-life
balance within remote engineering settings.

The research is also organized within the conceptual
framework established in Chapter 1, which emphasizes the
interaction among technological adaptation, managerial
oversight, team collaboration, and sustainability practices as
key factors influencing productivity outcomes. The design of
the study guarantees that the methods for data collection,
analysis techniques, and interpretations are consistent with the
objectives of the research.

This study employs structured survey questionnaires to
gather empirical data regarding the determinants of engineering
project performance in remote settings, thereby presenting
evidence-based suggestions for enhancing virtual work
environments within the engineering industry.

B. Locale of the Study

This research will take place in engineering companies and
organizations that have implemented remote or hybrid work
arrangements. The study will concentrate on professionals from
a range of engineering fields, such as civil, mechanical,
electrical, and software engineering, in order to understand the
effects of remote work on project productivity across these
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diverse disciplines.

Participants will be chosen from organizations and sectors
that adopt remote work policies, thereby guaranteeing a variety
of experiences and viewpoints. The research will focus on
companies that are actively involved in engineering project
management, where collaboration, decision-making, and the
use of digital communication tools are essential.

The research environment may encompass both domestic
and international engineering companies, contingent upon the
availability of participants. In light of the growing globalization
of engineering initiatives, perspectives from various
geographical regions will enhance the comprehension of
challenges and effective strategies associated with remote work
in the engineering field. Data gathering will be conducted via
online surveys and virtual interviews, which is consistent with
the remote work focus of the research.

C. Respondents

This study will involve engineering professionals working in
remote or hybrid setups across various engineering disciplines,
including civil, mechanical, electrical, and software
engineering. The respondents will be selected based on their
experience with remote work and active involvement in
engineering project management.

The selection of respondents for this study will be based on
specific criteria to ensure the relevance and validity of the
findings. Participants must be engineers or project managers
currently engaged in remote or hybrid work settings, allowing
the study to capture insights from professionals directly
experiencing the effects of remote work on engineering project
productivity. Additionally, respondents must have at least one
year of experience in engineering project execution, ensuring
that they possess sufficient industry knowledge and firsthand
exposure to project workflows. The study will focus on
individuals working in companies that have adopted digital
collaboration tools for remote engineering tasks, as these tools
play a crucial role in productivity and team efficiency. Lastly,
participation in the study will be entirely voluntary, with
respondents providing informed consent before completing the
survey.

This study employed a purposive sampling method, wherein
participants were selected based on specific criteria relevant to
the objectives of the research. The sample was composed of
engineers and project managers who are currently working in
remote or hybrid setups and have experience in engineering
project execution. These professionals were targeted due to
their direct involvement in project workflows affected by
remote work conditions. To expand the reach of the survey and
encourage broader participation, convenience sampling was
also utilized. The survey was distributed through professional
networks, online platforms, and social media groups related to
engineering and project management. This approach enabled
the researcher to gather responses from a diverse pool of
qualified professionals. A total of 200 valid responses were
collected, meeting the requirements for statistical analysis and
ensuring a reliable representation of perspectives within the
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target population.

While purposive sampling does not rely on a strict statistical
formula to determine sample size, the decision to target 200
respondents in this study is grounded in both methodological
standards and analytical requirements. According to research
guidelines for quantitative studies, a sample size of 150-200 is
generally sufficient to support wvalid descriptive and
correlational analysis, particularly when using Likert-scale
instruments and multiple variables (Creswell, 2018; Sekaran &
Bougie, 2010). Additionally, when preparing for statistical
analyses such as regression or correlation, a commonly
accepted rule is to have at least 10—15 respondents per variable
(Comrey & Lee, 1992). Given that the study involves various
constructs related to technological adaptation, managerial
oversight, collaboration, and work-life balance, a sample size
of 200 ensures adequate statistical power, meaningful subgroup
comparisons, and reliable results. Furthermore, the number of
respondents selected also accounts for practical considerations,
such as time constraints and accessibility of qualified
participants, while still upholding the study’s validity and
credibility.

To analyze trends effectively, demographic data will be
collected from respondents to provide a deeper understanding
of how different factors influence the impact of remote work on
engineering project productivity. The demographic information
will include age group, engineering discipline, years of
experience, and type of remote work setup (fully remote,
hybrid, or occasional remote work). Collecting this data will
help contextualize the findings and allow for a more
comprehensive analysis of how various demographic factors
shape experiences and productivity levels in remote
engineering work environments.

D. Data Gathering Instruments

This study will utilize structured survey questionnaires as the
primary data-gathering instrument. The survey will be designed
to collect quantitative data on the impact of remote work on
engineering project productivity, focusing on factors such as
communication, collaboration, decision-making, and work-life
balance.

The survey questionnaire will be designed to capture various
aspects of remote work experiences among engineering
professionals through multiple-choice and Likert-scale
questions. It will be structured into several sections, starting
with Demographic Information, which will collect respondent
details such as age, engineering discipline, years of experience,
and type of remote work setup. The Technological Adaptation
section will assess the use of digital collaboration tools and their
effectiveness in project execution. Managerial Oversight will
examine how leadership and supervision impact productivity in
remote engineering projects. The Team Collaboration &
Communication section will measure the effectiveness of
remote teamwork and virtual meetings. Lastly, the Work-Life
Balance & Productivity section will evaluate how remote work
affects engineers' well-being and efficiency. By utilizing
structured survey instruments, this study ensures a
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comprehensive and data-driven approach to analyzing remote
work productivity in engineering projects.

E. Data Gathering Procedure

The data collection process for this study will follow a
structured approach to ensure the reliability and validity of the
information gathered. The study will primarily use online
survey questionnaires to collect responses from engineering
professionals engaged in remote or hybrid work setups.

1) Step-by-Step Data Collection Process

e Identification of Target Respondents. Engineering
professionals, including project managers and team
members working in remote or hybrid setups, will
be identified based on the selection criteria outlined
in the Respondents section.

e Survey Development and Distribution. A structured
online survey will be developed using a secure
survey platform (e.g., Google Forms) and
distributed via email, professional networks, and
engineering-related online communities.

e Informed Consent. Participants will be provided
with an introduction detailing the purpose of the
study, confidentiality assurances, and their
voluntary participation rights. Consent will be
obtained before they proceed with the survey.

e Survey Completion Period. Respondents will be
given a designated period (e.g., two to four weeks)
to complete the survey to ensure an adequate
response rate.

e Data Monitoring and Follow-ups. Periodic
reminders will be sent to encourage participation
and ensure a sufficient sample size is achieved.

e Data Collection Closure. After the survey period
ends, responses will be compiled and prepared for
analysis.

F. Data Analysis Techniques

The collected data will be analyzed using appropriate
statistical and analytical techniques to ensure meaningful
interpretation of results. Given the quantitative nature of the
study, the following data analysis methods will be applied:

G. Descriptive Statistics

Descriptive statistics such as mean, median, mode, standard
deviation, and percentage distribution will be used to
summarize and interpret the demographic information and
responses from the survey questionnaire. This will provide
insights into trends and central tendencies among the
respondents.

H. Inferential Statistics

To examine relationships between variables, the study will
apply correlation analysis to determine the strength and
direction of relationships between variables such as
technological adaptation, managerial oversight, team
collaboration, and productivity levels. Regression Analysis to
assess the predictive impact of independent variables (e.g.,
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digital tools, managerial oversight) on the dependent variable
(engineering project productivity).

To ensure the internal consistency of the survey
questionnaire, Cronbach’s Alpha will be used as a reliability
test. This statistical measure will assess whether multiple
survey items effectively measure the same construct. A
Cronbach’s Alpha value of 0.7 or higher will be considered
acceptable, indicating reliable survey items. The calculation
will be performed using SPSS or Microsoft Excel.

Before conducting further statistical analysis, the dataset will
undergo data cleaning to remove incomplete or inconsistent
responses. Statistical software such as SPSS or Microsoft Excel
will be used to perform the analyses efficiently.

1. Ethical Concerns

All participants will be provided with a clear explanation of
the study’s objectives, procedures, and their role in the research.
They will be required to provide informed consent before
participating, ensuring they understand their voluntary
participation and the ability to withdraw at any time without
consequences.

The confidentiality of all respondents will be strictly
maintained. No personally identifiable information will be
collected, and all responses will be anonymized. Data will be
securely stored and accessible only to the researcher for
analysis purposes. The study will comply with data protection
regulations to ensure ethical handling of information.

This study poses minimal risk to participants, as it solely
involves survey-based data collection. No physical,
psychological, or emotional harm is expected. Participants will
not be required to disclose sensitive or personal information.

The research will be conducted with integrity, ensuring that
data collection and analysis remain unbiased. Findings will be
reported accurately, and no manipulation or fabrication of
results will take place.

4. Results and Discussion

A. Results

This study aimed to investigate how remote work impacts the
productivity of engineering projects, addressing four specific
sub-questions related to key productivity factors, the influence
of communication and collaboration, the challenges faced by
engineers, and potential strategies for improvement. This
chapter presents the findings, organized thematically according
to the research questions, and supported with appropriate data
tables. The section concludes by summarizing the key results.
1) Key Factors Affecting Productivity in Remote Engineering
Project Setups

In this section, productivity was operationalized through the
variable Tools Effectiveness, which was analyzed in relation to
several potential predictors including Work-Life Balance,
Remote Work Setup, and Burnout. A combination of
descriptive statistics, correlation, ANOVA, and multiple
regression analyses was conducted using SPSS to determine the
extent to which these factors influence productivity in remote
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environments.
Table.1.
Tools Effectiveness and Work-life Balance Descriptive Statistics

Descriptive Statistics

\l Minimum Maximum Mean Std. Deviation

Tools_Effectiveness 208 3 5 4.52 564
Work-Life_Balance 208 1 5 4.61 650
Valid N (listwise) 208

Descriptive statistics (Table 1.) revealed that respondents
reported relatively high levels of productivity and work-life
balance. Specifically, the mean score for Tools Effectiveness
was 4.52 (SD = 0.564), while the average for Work-Life
Balance was 4.61 (SD = 0.650), both on a 5-point Likert scale.
These findings indicate that most participants found their tools
effective and were generally able to maintain a good work-life
balance in their remote engineering roles.

Table.2.
Remote Work Set-up Frequency

Remote_Work_Setup
Cumulative
Frequency  Percent  Valid Percent Percent
Valid 1 86 413 413 413
2 122 58.7 58.7 100.0
Total 208 100.0 100.0
Table.3.
Burnout Frequency
Burnout
Cumulative
Frequency  Percent  Valid Percent Percent
Valid 1 56 26.9 26.9 269
2 129 62.0 62.0 88.9
3 23 111 111 100.0
Total 208 100.0 100.0
Table.4.
Biggest Challenge Frequency
Biggest_Challenge
Cumulative
Frequency  Percent  Valid Percent Percent
Valid 1 44 1.2 21.2 21.2
2 70 337 337 548
3 60 28.8 288 83.7
34 16.3 16.3 100.0
Total 208 100.0 100.0

A frequency analysis of categorical variables (Table 2.)
showed that 58.7% of the respondents were working under
Hybrid (some remote, some office) setup, while 41.3% were
under Full-time remote setup. Regarding burnout (Table 3.),
62% reported moderate burnout, 26.9% reported low burnout,
and 11.1% experienced high burnout. In terms of challenges
(Table 4.), the most frequently cited categories were delays in
decision-making (33.7%) and difficulty receiving feedback
(28.8%).
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Table.5.
Tools Effectiveness, Work-Life Balance, Remote Work Setup, and
Burnout Pearson Correlations

Correlations
Tools_Effectiv Work- Remote_Wor
eness Life_Balance k_Setup Burnout
Tools_Effectiveness  Pearson Correlation 1 388" -155" -.068
Sig. (2-tailed) <.001 025 333
N 208 208 208 208
Work-Life_Balance Pearson Correlation 388" 1 -.053 =372¢
Sig. (2-tailed) <001 451 <.001
N 208 208 208 208
Remote_Work_Setup  Pearson Correlation -155" -.053 1 -.093
Sig. (2-tailed) 025 451 184
N 208 208 208 208
Burnout Pearson Correlation -.068 372" -.093 1
Sig. (2-tailed) 333 <.001 184
N 208 208 208 208
**_ Correlation is significant atthe 0.01 level (2-tailed)
*. Correlation is significant at the 0.05 level (2-tailed)

The correlation analysis (Table 5.) identified statistically
significant relationships among several variables. Tools
Effectiveness was moderately positively correlated with Work-
Life Balance (r = .388, p < .001), suggesting that employees
who maintained better balance between work and life tended to
perceive their productivity as higher. There was also a weak
negative correlation between Tools Effectiveness and Remote
Work setup (r = —.155, p = .025), implying that individuals
under Hybrid (some remote, some office) Setup may have
slightly lower productivity than those under Full-time remote
setup. Interestingly, Burnout did not correlate significantly with
Tools Effectiveness (r = —.068, p = .333), but it showed a
significant negative correlation with Work-Life Balance (r = —
372, p <.001), indicating that higher burnout is associated with
lower personal well-being.

These results suggest that higher work-life balance is
associated with higher productivity, while Hybrid (some
remote, some office) Setup is slightly associated with lower
productivity. Burnout correlates negatively with work-life
balance but not directly with productivity.

Table.6.
Remote Work Steup Descriptive Statistics
Report
Tools_Effectiveness
Remote_Work_Setup Mean N Std. Deviation
1 4.63 86 575
2 4.45 122 547
Total 4.52 208 564
Table.7.

One-way ANOVA comparing Tools Effectiveness between
Remote Work Setups

ANOVA
Tools_Effectiveness
Sum of
Squares df Mean Square F Sig
Between Groups 1.582 1 1582 5.068 .025
Within Groups 64.298 206 312
Total 65.880 207

To further explore the effect of Remote Work Setup on
productivity, a one-way ANOVA was conducted (Table 7.).
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The results showed a statistically significant difference in Tools
Effectiveness between the two groups (F (1,206) = 5.068, p =
.025). Participants in Full-time remote setup reported a higher
mean Tools Effectiveness score (M = 4.63, SD = 0.575)
compared to those in Hybrid (some remote, some office) setup
(M =4.45, SD = 0.547), supporting the idea that certain remote
work configurations are more conducive to higher productivity.

The difference is statistically significant. Participants in Full-
time remote setup report significantly higher productivity.

Table.8.
Anova for predictors of Tools Effectiveness
ANOVA?
Sum of
Model Squares df Mean Square F Sig.
1 Regression 11.405 3 3.802 14.237 <.001°
Residual 54475 204 .267
Total 65.880 207
a. Dependent Variable: Tools_Effectiveness
b. Predictors: (Constant), Burnout, Remote_Work_Setup, Work-Life_Balance

Table.9.
Model Summary for predictors of Tools Effectiveness

Model Summary

Adjusted R Std. Error of
Model R R Square Square the Estimate
1 4162 73 A61 517

a. Predictors: (Constant), Burnout, Remote_Work_Setup,
Work-Life_Balance

Table.10.
Coefficients for predictors of Tools Effectiveness

Coefficients®

Standardized

Unstandardized Coefficients Coefficients

Model B Std. Error Beta t Sig.

1 (Constant) 2.994 374 8.009 <.001
Remote_Work_Setup -145 .073 -127 -1.974 050
Work-Life_Balance 354 060 408 5.926 <.001
Burnout 068 065 072 1.049 295

a. Dependent Variable: Tools_Effectiveness

A multiple linear regression analysis was performed to
identify the predictors of Tools Effectiveness. The model
included Work-Life Balance, Remote Work Setup, and Burnout
as independent variables. The overall model was statistically
significant (F (3,204) = 14.237, p <.001), with an R? of .173,
indicating that approximately 17.3% of the variance in
productivity was explained by the predictors. Among them,
Work-Life Balance emerged as a strong and significant positive
predictor (f = 0.408, p <.001). Remote Work Setup also had a
statistically significant negative effect (B = —0.127, p = .050),
while Burnout did not significantly predict Tools Effectiveness
(B = 0.072, p = .295). These results suggest that the balance
between personal and professional life plays a more substantial
role in perceived productivity than the presence of burnout or
specific work setups.

The quantitative findings indicate that Work-Life Balance is
the strongest and most consistent predictor of productivity in
remote engineering project setups. Remote Work Setup also has
a modest influence, while burnout, although negatively
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associated with well-being, does not directly predict
productivity. These findings set the stage for a deeper
discussion of their implications in the next section.

B. Influence of Communication, Collaboration, and Decision-
Making on Project Outcomes

This section presents the statistical findings focused on
evaluating how key elements of virtual team management
impact productivity. Namely, communication frequency, team
interactions, and responsiveness to decisions. Operationalized
through the variable Tools Effectiveness.

Table.11.
Tools Effectiveness and Virtual Meeting Effect Descriptive
Statistics
Descriptive Statistics
N Minimum  Maximum Mean Std. Deviation
Tools_Effectiveness 208 3 5 452 564
Virtual_Meeting_Effect 208 2 5 437 639

Valid N (listwise) 208

Descriptive statistics (Table 11.) indicated high levels of
productivity and communication effectiveness among
respondents. The mean score for Tools Effectiveness was 4.52
(SD = 0.564), while Virtual Meeting Effectiveness, reflecting
perceived value from online meetings, had a mean score of 4.37
(SD = 0.639). These results suggest that, overall, respondents
perceived communication tools and virtual engagement
mechanisms as positively contributing to their work.

Table.12.
Team Communication Frequency

Team_Communication_Frequency
Cumulative
Frequency Percent  Valid Percent Percent
valid 1 2 1.0 1.0 1.0
2 16 7.7 7.7 8.7
3 25 12.0 12.0 20.7
4 165 79.3 79.3 100.0
Total 208 100.0 100.0
Table.13.
Manager Check-in Frequency
Manager_Checkin
Cumulative
Frequency Percent Valid Percent Percent
valid 1 7 34 34 34
2 14 6.7 6.7 101
3 91 438 438 53.8
4 96 46.2 46.2 100.0
Total 208 100.0 100.0
Table.14.
Delays in Decision-making Frequency
Delays_decision-making
Cumulative
Frequency Percent  Valid Percent Percent
valid 0 103 495 49.5 495
1 105 505 50.5 100.0
Total 208 100.0 100.0
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Table.15.
Difficulty Receiving Feedback Frequency

Difficulty_receiving_feedback
Cumulative
Frequency Percent  Valid Percent Percent
Valid 0 98 471 471 471
1 110 52.9 52.9 100.0
Total 208 100.0 100.0

Frequency analysis (Table 12-14.) showed that the majority
of respondents reported high engagement in team interactions.
For example, 79.3% of respondents reported the highest level
of team communication frequency (Multiple times a day — rated
as 4), and 46.2% reported frequent managerial check-ins (Daily
-rated as 4). Additionally, 50.5% of respondents reported
experiencing delays in decision-making, and 52.9%
encountered difficulty receiving feedback which are two
potentially negative factors for remote project outcomes.

Table.16.
Tools Effectiveness, Manager Check-in, Team Communication
Frequency, and Virtual Meeting Effect Correlations

Correlations

Team_Comm
Tools_Effectiv ~ Manager_Ch  unication_Fre  Virtual_Meetin
eness eckin quency g_Effect
Pearson Correlation 1 -030 158" 1"
Sig. (2-tailed) 665 023 <001
N 208 208 208 208
Pearson Correlation -030 1 24" 089
Sig. (2-tailed) 565 001 .200
N 208 208 208 208

Team_Communication_F  Pearson Correlation 158" 24" 1 201"
requency

Tools_Effectiveness

Manager_Checkin

Sig. (2-tailed) 023 001 004
N 208 208 208 208
Pearson Correlation 11" 089 201" 1
Sig. (2-tailed) <.001 200 004

N 208 208 208 208
* Correlation is significant atthe 0.05 level (2-tailed).

** Correlation is significant atthe 0.01 level (2-tailed).

Virtual_Mzeting_Effect

Correlation analysis (Table 16.) was performed to explore the
relationships between communication-related variables and
productivity. Virtual Meeting Effectiveness exhibited a strong
positive correlation with Tools Effectiveness (r = .411, p <
.001), while Team Communication Frequency showed a weaker
yet significant positive correlation (r =.158, p =.023). Manager
Check-In frequency did not correlate significantly with
productivity (r =—.030, p = .665), indicating that the frequency
of managerial contact alone may not predict better outcomes.
Notably, Team Communication Frequency was positively
correlated with both Manager Check-In (r =.224, p=.001) and
Virtual Meeting Effectiveness (r = .201, p = .004), reflecting
the interconnectedness of communication dynamics in remote
setups.

Table.17.
Tools Effectiveness and Delays in Decision-making Group
Statistics
Group Statistics
Std. Error
Delays_decision-making N Mean  Std Deviation Mean
Tools_Effectiveness 0 103 459 550 054
1 105 446 572 056
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Table.18.
Tools Effectiveness and Delays in Decision-making Independent
Sample Test

Independent Samples Test
Levanas Testfor Equaltyof
Variancas Hestfor Equalily of Weans
35% Confidence Interval of e
e st Enor Merence
F 319, t a $ig. (2alled)  Difference Differenca Lower Uppar
Tools_Eflectivaness. Elualvsgamu 1261 %2 1735 206 L7 1% s <08 w»
Equal variances ot 1736 205917 084 13 a8 L) b
assumed
Table.19.
Tools Effectiveness and Delays in Decision-making Independent
Samples Effect Sizes

Independent Samples Effect Sizes

95% Confidence Interval

Point
Standardizer® Estimate Lower Upper
Tools_Effectiveness  Cohen's d 561 241 -.032 513
Hedges' correction 563 240 -.032 511
Class's delta 572 236 -.038 509

a.The denominator used in estimating the effect sizes.
Cohen's d uses the pooled standard deviation.
Hedges' correction uses the pooled standard deviation, plus a correction factor.
Glass's delta uses the sample standard deviation of the control group.

Two independent samples t-tests were conducted to
determine whether decision-making challenges or feedback
delays significantly influenced productivity. The first t-test
(Table 17-19.) compared productivity levels between those who
reported delays in decision-making and those who did not.
While the group with no delays (M = 4.59, SD = 0.550) had
slightly higher Tools Effectiveness than the group with delays
(M = 4.46, SD = 0.572), the difference was not statistically
significant (t (206) = 1.735, p = .084). However, a moderate
effect size was observed (Cohen’s d = 0.561), suggesting a
potentially meaningful difference despite the lack of statistical
significance.

Table.20.
Tools Effectiveness and Difficulty Receiving Feedback Group
Statistics

Group Statistics

Difficulty_receiving_feedb Std. Error
N Mean Std. Deviation Mean
Tools_Effectiveness 0 98 462 528 053
1 110 4.44 583 .056

Table.21.
Tools Effectiveness and Difficulty Receiving Feedback
Independent Sample Test

Indapendent Samples Test

Lerens st or Equaltyof
Vaiances tastfor Equalty o Neans
95% Cenfdenelntenal cithe
i

Mean St Eror
P si. t o Sigle)  Dffeence  Difererce

Tools_Efectiveress Equal iances 4183 o3 22 o7 18 o7 03 ]
assumed

Equalaancas ot 248 0543 o7 19 o 0 3
assumed

Table.22.
Tools Effectiveness and Difficulty Receiving Feedback
Independent Samples Effect Sizes

Independent Samples Effect Sizes

Point 95% Confidence Interval

Standardizer® Estimate Lower Upper
Tools_Effectiveness  Cohen's d 558 334 059 607
Hedges' correction 560 332 .059 605
Glass's delta .583 319 043 594

a. The denominator used in estimating the effect sizes
Cohen's d uses the pooled standard deviation
Hedges' correction uses the pooled standard deviation, plus a correction factor.
Glass's delta uses the sample standard deviation of the control group

The second t-test (Table 20-22.) revealed a significant
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difference in productivity between respondents who reported
difficulty receiving feedback (M = 4.44, SD = 0.583) and those
who did not (M = 4.62, SD = 0.528), with t (206) =2.402, p =
.017. The effect size was moderate (Cohen’s d = 0.558),
indicating that feedback clarity and availability may
significantly affect perceived productivity in remote project
settings.
Table.23.
Communication Variables Model Summary

Model Summary

Adjusted R Std. Error of
Model R R Square Square the Estimate
1 4272 182 70 514

a. Predictors: (Constant), Virtual_Meeting_Effect,
Manager_Checkin, Team_Communication_Frequency

Table.24.
Tools Effectiveness and Communication Variables ANOVA
ANOVA?
Sum of
Model Squares df Mean Square F Sig
1 Regression 11.986 3 3.995 15.122 <001°
Residual 53.894 204 264
Total 65.880 207

a. Dependent Variable: Tools_Effectiveness

b. Predictors: (Constant), Virtual_Meeting_Effect, Manager_Checkin,
Team_Communication_Frequency

Table.25.
Tools Effectiveness and Communication Variables Coefficients

Coefficients”
Standardized
Unstandardized Coefficients Coefficients

Model B Std. Error Beta t Sig.

1 (Constant) 2893 311 9.287 <.001
Manager_Checkin -.066 049 -.088 -1.346 180
Team_Communication_F 084 .057 097 1471 143
requency
Virtual_Meeting_Effect .352 .057 399 6.166 <.001

a. Dependent Variable: Tools_Effectiveness

Finally, a multiple linear regression analysis (Table 23-25.)
was conducted to examine which communication variables best
predict productivity. The regression model, which included
Manager Check-In, Team Communication Frequency, and
Virtual Meeting Effectiveness, was statistically significant (F
(3,204) = 15.122, p < .001), explaining 18.2% of the variance
in productivity (R? = .182). Of the three predictors, only Virtual
Meeting Effectiveness was statistically significant (§ =.399, p
<.001), indicating it is the strongest predictor of productivity.
Neither Manager Check-In (f = —.088, p = .180) nor Team
Communication Frequency (B = .097, p = .143) showed a
statistically significant effect in the model.

The findings suggest that while overall communication
efforts are important, virtual meeting quality and effective
feedback mechanisms are more critical than simple
communication frequency or managerial contact when it comes
to influencing productivity in remote engineering project
environments.

C. Challenges Faced by Engineers and Their Impact on
Project Efficiency

The study explored the frequency and impact of several
remote work challenges, including lack of supervision, delays
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in decision-making, difficulty receiving feedback, and other
identified obstacles, on project productivity, measured through
the Tools Effectiveness variable.

Table.26.
Lack Direct Supervision Frequency
Lack_direct_supervision
Cumulative
Frequency Percent Valid Percent Percent
Valid 0 132 635 63.5 635
1 76 36.5 365 100.0
Total 208 100.0 100.0
Table.27.
Delays in Decision-making Frequency
Delays_decision-making
Cumulative
Frequency  Percent  Valid Percent Percent
Valid 0 103 495 495 495
1 105 50.5 50.5 100.0
Total 208 100.0 100.0
Table.28.
Difficulty Receiving Feedback Frequency
Difficulty_receiving_feedback
Cumulative
Frequency Percent Valid Percent Percent
Valid 0 98 471 471 471
1 110 52.9 529 100.0
Total 208 100.0 100.0
Table.29.
Other Challenges Frequency
Other_Challenges
Cumulative
Frequency Percent Valid Percent Percent
valid 0 174 83.7 83.7 83.7
1 34 16.3 16.3 100.0
Total 208 100.0 100.0
Table.30.
Other Challenges Frequency
Biggest_Challenge
Cumulative
Frequency Percent Valid Percent Percent
valid 1 44 21.2 21.2 21.2
2 70 337 337 54.8
3 60 28.8 28.8 83.7
4 34 16.3 16.3 100.0
Total 208 100.0 100.0
Table.31.
Biggest Challenges Frequency
Biggest_Challenge
Cumulative
Frequency Percent  Valid Percent Percent
Valid 1 44 21.2 21.2 2.2
2 70 33.7 33.7 54.8
3 60 28.8 288 83.7
4 34 16.3 16.3 100.0
Total 208 100.0 100.0
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A frequency analysis revealed that the most commonly
reported challenge was difficulty receiving feedback,
experienced by 52.9% of respondents (Table 15.). This was
followed closely by delays in decision-making (50.5%) (Table
14.) and lack of direct supervision (36.5%) (Table 26.). Only
16.3% reported facing other types of challenges (Table 28.).
When asked to identify their biggest challenge (Table 29.),
33.7% selected delays in decision-making, while 28.8% cited
difficulty receiving feedback issue, suggesting that information
flow remains a critical bottleneck in remote setups.

Table.32.
Tools Effectiveness and Lack of Direct Supervision Group
Statistics
Group Statistics
Std. Error
Lack_direct_supenvision N Mean  Std. Deviation Mean
Tools_Effectiveness 0 132 462 517 045
1 76 436 605 069
Table.33.

Tools Effectiveness and Lack of Direct Supervision Independent
Samples Test

Independert Samples Test
Lesenes Tasttor Equaltyof
Variances ‘Hastfor Equalty of Means
95% Confidence intenal ofthe
Wean Difierence
Sig. 1 L S9.(Hailed,  Differznce. Differénte Lowsr Uppe
Tools_Efletiveness  Equalvarizntas 2818 09 35 206 <001 266 m Mo an
Equalvarizncas rot INT 1758 002 26 83 102 o
assumed
Table.34.
Tools Effectiveness and Lack of Direct Supervision Independent
Samples Effect Sizes

Independent Samples Effect Sizes

Point 95% Confidence Interval

Standardizer* Estimate Lower Upper
Tools_Effectiveness  Cohen's d 551 483 196 768
Hedges' correction 553 481 196 766
Class's delfa .605 440 148 729

a. The denominator used in estimating the effect sizes.
Cohen's d uses the pooled standard deviation
Hedges' correction uses the pooled standard deviation, plus a correction factor.
Class's delta uses the sample standard deviation ofthe control group.

Independent samples t-tests were conducted to examine
whether these challenges significantly affected productivity
(Table 30-32.). The results showed that Engineers experiencing
lack of direct supervision had significantly lower Tools
Effectiveness scores (M =4.36, SD = 0.605) compared to those
who did not (M = 4.62, SD = 0.517), with a statistically
significant mean difference (t (206) = 3.354, p = .001) and a
moderate-to-large effect size (Cohen’s d = 0.551).

Table.35.
Tools Effectiveness and Difficulty Receiving Feedback Group
Statistics
Group Statistics
Difficulty_receiving_feedh Std. Error
ack N Mean  Std. Deviation Mean
Tools_Effectiveness 0 98 462 528 053
1 10 444 583 056
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Table.36.
Tools Effectiveness and Difficulty Receiving Feedback
Independent Sample Test

Independent Samples Test
_avene's Test for Equality o*
Variances Hastfor Equaity ofMeans
95% Confidence Ivenval of the.
Mean Std Error Diference
f s9 tf SgQuiba Ofee  Oftome Lo Uppet
Tools_Efectiveness  Equal variances 4163 043 202 206 o7 8¢ o ”m k)

Equalvariances not
assuned

2006 06983 n 18 ar e )

Table.37.
Tools Effectiveness and Difficulty Receiving Feedback
Independent Samples Effect Sizes

Independent Samples Effect Sizes

95% Confidence Interval

Point
Standardizer® Estimate Lower Upper
Tools_Effectiveness  Cohen's d 558 334 059 607
Hedges' correction 560 332 059 605
Glass's delta 583 319 043 594

a. The denominator used in estimating the effect sizes.
Cohen's d uses the pooled standard deviation.
Hedges' correction uses the pooled standard deviation, plus a correction factor.
Glass's delta uses the sample standard deviation of the control group.

Similarly, those who reported difficulty receiving feedback
showed significantly lower productivity (M =4.44, SD =0.583)
than those who did not (M = 4.62, SD = 0.528), with t (206) =
2.402, p=.017 and Cohen’s d = 0.558 (Table 20-22.).

Table.38.
Tools Effectiveness and Delays in Decision-making Group
Statistics
Group Statistics
Std. Error
Delays_decision-making N Mean Std. Deviation Mean
Tools_Effectiveness 0 103 459 550 054
1 105 4.46 572 056
Table.39.

Tools Effectiveness and Delays in Decision-making Independent
Sample Test

Incependent Samples Test

_oven'sTostfor Equalt o'
Vaiances Hestor Equaltyofeans
5% Corfdnce teralofthe

Hean i
F sig. t d Sk Difeerce Dz Lowsr pase
Tools_Efecvaness  Equalvatences 1260 ® B M [ 13 o8 -o18 ET]

173 w5917 e 135 i) i 2

Equalvarances rot
assuned

Table.40.
Tools Effectiveness and Delays in Decision-making Independent
Samples Effect Sizes

Independent Samples Effect Sizes

Point 95% Confidence Interval

Standardizer® Estimate Lower Upper
Tools_Effectiveness  Cohen's d 561 241 -032 513
Hedges' correction 563 240 -032 511
Glass's delta 5 236 -038 509

a. The denominator used in estimating the effect sizes.
Cohen's d uses the pooled standard deviation.
Hedges' correction uses the pooled standard deviation, plus a correction factor.
Glass's delta uses the sample standard deviation of the control group.

Although delays in decision-making were associated with a
decrease in productivity (M = 4.46 compared to M = 4.59), the
difference was not statistically significant (t (206) = 1.735,p =
.084), but the effect size was moderate (Cohen’s d = 0.561),
suggesting practical relevance (Table 17-19.).
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Table.41.
Tools Effectiveness and Other Challenges Group Statistics
Group Statistics
Std. Error
Other_Challenges N Mean Std. Deviation Mean
Tools_Effectiveness 0 174 448 576 044
1 34 476 431 074
Table.42.
Tools Effectiveness and Other Challenges Independent Samples
Test

Independent Samples Test
Lo “estio Enally
stesforEqualh fbeans
455 Contnes el e
Dtfaenca

won | s
P 4 peuen | ot aheme | tow o
R BT T ] w w] W w
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Table.43.
Tools Effectiveness and Other Challenges Independent Samples
Effect Sizes

Independent Samples Effect Sizes

Point 95% Confidence Interval

Standardizer® Estimate Lower Upper
Tools_Effectiveness  Cohen's d 555 -518 -.888 -147
Hedges' correction 557 -516 -.885 -146
Glass's delta 431 -.668 -1.065 -.263

a. The denominator used in estimating the effect sizes
Cohen's d uses the pooled standard deviation.
Hedges' correction uses the pooled standard deviation, plus a correction factor.
Glass's delta uses the sample standard deviation of the control group

Interestingly, participants who indicated other challenges
(not specified among the predefined categories) showed higher
productivity scores (M =4.76, SD = 0.431) compared to those
who did not (M = 4.48, SD = 0.576). This difference was
statistically significant (t (206) = —2.763, p = .006) with a
medium effect size (Cohen’s d = 0.555).

Table.44.
ANOVA Comparing Tools Effectiveness across Biggest
Challenge
ANOVA

Tools_Effectiveness

Sum of

Squares df Mean Square F Sig
Between Groups 2.904 3 968 3136 .027
Within Groups 62.975 204 .309
Total 65.880 207

A one-way ANOVA comparing Tools Effectiveness across
different “biggest challenge” categories also yielded significant
differences (F (3,204) = 3.136, p = .027), indicating that the
type of primary challenge reported influenced perceived
productivity (Table 36.).

Table.45.
Pearson Correlation analysis between Tools Effectiveness and
Burnout
Correlations
Tools_Effectiv
eness Burnout
Tools_Effectiveness  Pearson Correlation 1 -.068
Sig. (2-tailed) 333
N 208 208
Burnout Pearson Correlation -.068 1
Sig. (2-tailed) 333
N 208 208
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Lastly, a Pearson correlation analysis between Tools
Effectiveness and Burnout revealed no significant relationship
(r = —.068, p = .333). Thus, although engineers face various
challenges that affect their project efficiency, these challenges
did not appear to correlate strongly with reported burnout
levels.

In summary, the most critical challenges affecting project
efficiency among remote engineers were lack of supervision
and difficulty receiving feedback, both of which had
statistically significant and moderate impacts on productivity.

D. Strategies to Enhance Productivity in Remote Engineering
Teams

The findings from this study provide critical insights into
strategies that can be implemented to enhance productivity in
remote engineering teams. Drawing upon the statistical results,
several key themes emerged that form the foundation of these
strategic recommendations.

First, promoting work-life balance stands out as the most
significant strategy for enhancing productivity. The regression
analysis indicated that work-life balance was the strongest and
most consistent predictor of productivity among remote
engineers.

Second, the optimization of remote work configurations is
crucial. Results revealed that engineers working in full-time
remote setups demonstrated slightly higher productivity
compared to those in hybrid arrangements.

Third, enhancing the quality of virtual meetings and feedback
mechanisms is essential. Findings and results demonstrated that
while the frequency of communication had some effect, the
effectiveness of virtual meetings was a far stronger predictor of
productivity. Moreover, frequent issues related to difficulty
receiving feedback were significantly associated with reduced
productivity, indicating that organizations must establish clear,
timely, and actionable feedback protocols.

Fourth, the study highlights the need for improving
supervisory practices. Lack of direct supervision significantly
reduced productivity, as demonstrated in the results.

Fifth, addressing decision-making delays emerged as a
practical but indirect productivity factor. Although statistical
significance was marginal, moderate effect sizes suggested that
streamlining decision-making processes could positively
impact project efficiency.

Finally, while burnout did not directly predict productivity in
this study, its strong negative association with work-life balance
suggests that monitoring employee well-being and intervening
early is important for long-term team sustainability.
Organizations should offer resilience training, promote
psychological safety, and provide access to mental health
support services to mitigate potential risks.

In summary, strategies to enhance productivity in remote
engineering teams should center on promoting work-life
balance, optimizing remote work setups, improving virtual
meeting and feedback quality, enhancing supervisory practices,
streamlining decision-making, and proactively supporting
employee well-being. These multi-dimensional interventions

v INTERNATIONAL JOURNAL OF PROGRESSIVE RESEARCH IN SCIENCE AND ENGINEERING, VOL.6., NO.06., JUNE 2025.

align with contemporary best practices and will help
engineering organizations maximize the potential of remote and
hybrid project environments.

E. Discussion

This study aimed to investigate how remote work impacts the
productivity of engineering projects, supported by four specific
sub-questions. The results revealed that work-life balance,
communication  effectiveness, and feedback clarity
significantly influenced perceived productivity among
engineers working remotely. Regression analyses demonstrated
that work-life balance was the strongest predictor of
productivity. In terms of communication, virtual meeting
effectiveness had a significant positive relationship with
productivity, while simple frequency of communication or
managerial check-ins had less impact. The main challenges
negatively affecting productivity were difficulty in receiving
feedback and lack of direct supervision. Overall, remote work,
when structured with proper technological and managerial
support, had a positive effect on engineering project
productivity.

These findings collectively answer the primary research
question: Remote work enhances engineering project
productivity when accompanied by strong work-life balance
practices, effective communication structures, timely decision-
making, and supportive supervisory approaches.

The positive influence of work-life balance on productivity
observed in this study is consistent with Ferreira, Ramos, and
Costa (2021), who emphasized that flexibility in managing
personal and professional life improves remote work outcomes.
Similarly, Orzet and Wolniak (2022) identified sustainability
benefits and higher employee satisfaction in remote engineering
work environments, reinforcing the idea that well-being drives
performance.

The importance of communication quality over frequency
resonates with the work of Papadia and Papadopoulos (2022),
who found that structured virtual interactions, rather than mere
frequency, were critical in maintaining team productivity in
remote settings. Our findings extend their conclusion by
highlighting that virtual meeting effectiveness (not just
presence) was the most important communication predictor of
productivity.

Challenges related to decision-making delays and feedback
difficulties echoed observations made by Manea and Stinescu
(2021), who emphasized that prompt and clear communication
in virtual engineering teams is crucial for project efficiency.
Moreover, the negative effects of lack of direct supervision
align with the findings of El Khatib, Al Hashimi, and Al Ketbi
(2023), who noted that ineffective remote management
practices can impede project success in construction
engineering.

Interestingly, while Laine (2021) identified burnout as a
major concern for remote engineers, the current study found
that burnout was significantly correlated with work-life balance
but not directly with productivity. This distinction suggests that
while emotional well-being remains critical, its effects may
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manifest more subtly through other mediators like motivation
and work engagement.

Thus, the current research reinforces and extends prior
studies by showing that remote work's impact on engineering
productivity is multi-dimensional, mediated by technological
adaptation, management quality, and individual well-being.

A notable unexpected finding was the lack of a direct,
statistically significant relationship between burnout and
productivity. Although burnout was significantly negatively
correlated with work-life balance, it did not directly predict
perceived productivity levels. This outcome suggests that even
when experiencing stress or fatigue, engineers may maintain a
degree of professional performance, perhaps due to strong
intrinsic motivation or organizational support structures.

Additionally, respondents who reported “other” challenges
(outside predefined categories) showed slightly higher
productivity scores, an unexpected result indicating that
unlisted or niche challenges may not always impede overall
project performance. Future qualitative investigation would be
needed to fully understand these findings.

F. Several limitations must be acknowledged.

First, the study employed a cross-sectional design,
preventing the establishment of causal relationships. Second,
the data relied entirely on self-reported measures, introducing
potential response bias. Third, the sample was limited to
engineers and project managers operating in remote or hybrid
setups within certain sectors and geographical regions, thus
generalizability across all engineering disciplines and global
regions remains limited. Fourth, while a purposive and
convenience sampling approach was suitable for exploratory
research, it may have introduced sampling bias.

Despite these limitations, the study's rigorous statistical
methods and large sample size lend credibility to its findings.

Future studies should consider adopting a longitudinal design
to track productivity trends over time and capture the dynamic
nature of remote work. Qualitative research, such as interviews
or case studies, could also provide deeper insights into the
specific types of "other" challenges reported by some
respondents.

Additionally, future research could explore industry-specific
variations across different engineering fields (e.g., civil,
mechanical, electrical) to tailor remote work strategies more
precisely. Investigating the role of emotional well-being and
engagement as mediators between burnout and productivity
would also be valuable.

5. Summary, Conclusions, and Recommendations

A. Summary

This study, titled "The Impact of Remote Work on
Productivity in Engineering Projects," investigated the
relationships between remote work practices and project
productivity through four specific sub-questions: (1)
identifying the key factors affecting productivity, (2) analyzing
the influence of communication, collaboration, and decision-
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making, (3) identifying the challenges engineers face and their
effects on project efficiency, and (4) proposing strategies to
enhance productivity in remote engineering teams.

Quantitative methods were employed, with data collected
through a structured survey and analyzed using IBM SPSS
Statistics 27. The main variable used to measure productivity
was Tools Effectiveness. Supporting variables included Work-
Life Balance, Remote Work Setup, Burnout, Virtual Meeting
Effectiveness, Manager Check-Ins, Team Communication
Frequency, and various identified challenges.

Key findings indicated that Work-Life Balance was the
strongest and most consistent predictor of productivity. Remote
Work Setup also influenced productivity, with full-time remote
workers reporting significantly higher productivity than those
in hybrid setups. Although burnout negatively correlated with
Work-Life Balance, it did not directly predict productivity.

Regarding communication and collaboration, Virtual
Meeting Effectiveness emerged as the most critical
communication factor positively influencing productivity,
while simple communication frequency and managerial check-
ins were not significantly predictive. Difficulty receiving
feedback was found to significantly lower productivity, while
delays in decision-making showed a moderate but non-
significant impact.

The challenges faced by engineers included lack of direct
supervision and difficulty receiving feedback, both of which
significantly lowered productivity. An interesting finding was
that those who reported "other challenges" not listed among

predefined  categories  demonstrated  slightly  higher
productivity, suggesting possible resilience or different coping
strategies.

The study concluded by identifying strategies to enhance
productivity, including promoting work-life balance,
optimizing remote work configurations, improving virtual
meetings and feedback systems, enhancing supervisory
support, and proactively addressing decision-making
bottlenecks.

B. Conclusions

The following conclusions were drawn from the findings of
this study:

e Engineers who reported higher work-life balance
also reported higher productivity levels. Remote
work arrangements that allow flexibility and respect
personal time significantly enhance project
outcomes.

e Full-time remote setups were found to be more
conducive to productivity compared to hybrid
setups. Remote work structures that minimize
commuting demands and maximize autonomy
positively impact project performance.

o The effectiveness and not the frequency of virtual
meetings significantly predicted productivity. Well-
structured and engaging virtual interactions are
critical for maintaining collaboration and alignment
in remote engineering teams.
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e Difficulty receiving feedback and lack of
supervision both significantly reduced productivity.
Prompt, clear, and actionable communication from
supervisors and peers is essential for sustaining
project efficiency.

e While certain challenges negatively impacted
productivity, engineers reporting "other" challenges
achieved higher productivity scores, suggesting that
adaptability and resilience can mitigate the negative
impacts of remote work obstacles.

e  Although burnout correlated negatively with work-
life balance, it did not show a significant direct
effect on productivity within the scope of this study.

However, its long-term effects on project
sustainability and individual well-being warrant
attention.

Recommendations

Based on the study’s findings and conclusions, the following
recommendations are proposed:

(1]
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e Engineering firms should implement flexible work
schedules, monitor workloads, and respect personal
boundaries to promote higher productivity among
remote workers.

e Organizations should invest in the digital
infrastructure, project management tools, and
virtual engagement protocols that fully support a
productive full-time remote work model where
feasible.

e Meetings should be purposeful, interactive, and
time-efficient. Training leaders and team members
on virtual meeting best practices will ensure
communication quality enhances productivity.

e Establish frequent, structured, and transparent
feedback loops. Supervisors should be trained to
deliver clear, timely, and constructive feedback to
remote team members.

e To minimize project delays, organizations should
empower teams with clearer decision-making
frameworks and reduce bureaucratic barriers in
virtual environments.

e  Organizations should offer resilience training, stress
management resources, and mental health support
initiatives to mitigate the effects of burnout and
strengthen the long-term sustainability of remote
teams.

o  Future studies should adopt longitudinal designs to
observe long-term trends, employ qualitative
methods to capture deeper insights into remote work

experiences, and investigate how different
engineering disciplines adapt remote work
strategies.
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