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A Systematic Literature Review of Human-Autonomy Teams in Project Management

Abstract

Purpose — The advent of digital technology has increased both the autonomy and complexity
of intelligent machines. As data functionality becomes more advanced, the demand for
machines to engage in teamwork alongside humans is rising, leading to a transformation of
intelligent machines from tools to teammates. As such, human-autonomy team (HAT) is a new
concept in digital transformation, and HAT-related research has driven the application and
development of artificial intelligence in industry and production. This study explores the
prospects of HAT in project management through a systematic literature review of published
articles, highlighting current research themes and proposing directions for future research.
Design/methodology/approach — While the systematic literature review follows the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines,
VOSviewer was employed to assist in keywords co-occurrence analysis to visualize the
connections and networks of included articles. A total of 38 publications were retrieved from
both Scopus and Web of Science databases to examine the annual publication trends,
geographical distribution, research methods, and keywords co-occurrence analysis.

Findings — The results revealed four mainstream research themes: (1) simulation of human-
robotic system integration in project management, (2) algorithm design for human-centered
artificial intelligence (AI), (3) the impact of digital transformation on teams towards agile
project execution, and (4) generative Al model for risk analysis in project management.
Originality/value — From both theoretical and practical implications, this study would deepen
the role and effectiveness of HAT in project management strategies. The proposed framework
suggested potential future directions such as (1) expanded testing scenarios, (2) human factors
in evaluation criteria, (3) agile transition issues in HATs, and (4) standards for Al model

applications in project management. Ultimately, this study would foster a dialogue among
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researchers and practitioners by encouraging a synergistic approach to the implementation of
HAT solutions in project settings.

Keywords: Artificial intelligence, Human-autonomy team (HAT), Project management,
Systematic literature review

Paper type: Literature review

Introduction

The concept of artificial intelligence (Al) was introduced by John McCarthy during the
Dartmouth Summer Research Project in 1956 (McCarthy et al., 2006). Over the next half-
century, human beings have continued to enrich and expand the field of intelligent science,
with new disciplines emerging from deeper investigations in this area (Wang et al., 2021; Wang
et al., 2024; Zhang et al., 2024). In the 21st century, as both Al theory and technology have
matured, their application in industry and production has advanced significantly. For instance,
robots are now integral to industrial production lines, driving the intelligent transformation and
upgrading of industries (Evjemo et al., 2020). Telemedicine and medical image analysis are
alleviating regional inequalities in access to medical care and providing more accurate
diagnoses (Kasina et al., 2017). Additionally, Al-driven innovations such as facial recognition
and autonomous driving are gradually bringing the vision of smart cities closer to reality

(Lyons et al., 2021; Adamu et al., 2024).

Recent advances in Al suggest that information systems not only enhance team performance
through tools but also strive for the transformation of intelligent machines from production
tools to team members. The increasing integration of humans and Al has resulted in the
modelling of intelligent agents that take into account human physical, emotional, and social
behaviors (Castelfranchi, 1998). Consequently, a future in which humans collaborate with

intelligent machines, such as virtual agents, is becoming a reality, a phenomenon known as
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human-autonomy teams or human-Al teams (HATs) (Demir et al., 2016). However, within
HATs, it is worth noting that the acceptance of intelligent machines goes beyond merely
introducing new technologies (Rix, 2022); it involves perceiving these machines as genuine
teammates. Specifically, HATs exist where autonomous computerized agents collaborate with

humans to achieve a shared goal (O’Neill et al., 2023).

To successfully implement HATs, human teammates must first embrace intelligent machines
or Al counterparts. Recently, robot teammates have been demonstrated to offer numerous
potential benefits to projects, especially for high-risk, complex, or repetitive tasks. In
comparison to humans, intelligent machines can support long-duration tasks with shorter rest
periods (Chiou ef al, 2021). In terms of high-risk scenarios, such as rescue operations and
public safety issues, robot teammates are more proficient, and their involvement can reduce
risks or injuries compared to human teammates (Chiou et al., 2021). In addition, robots or
intelligent machines possess a degree of autonomy (Wynne and Lyons, 2018), since they are
programmed to behave like humans or respond in ways that simulate human intelligence.
Moreover, intelligent systems possess greater computing power, including faster data
processing, and larger data storage capacities, than humans (Arkin, 2009). As a result, they can
make faster and more accurate decisions, as well as perform tasks autonomously, without
human intervention (Vagia et al., 2016). These advantages of intelligent systems can save labor
and time on project-based tasks (Arkin, 2009). Intelligent machines or systems can also work
interdependently with humans to achieve overall team goals more effectively than teams
composed solely of human participants (Marble et al., 2004). Overall, HATs would become
the prevalent form of teams, applicable in complex and realistic contexts (O'Neill ef al., 2022;

McNeese et al., 2018).
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Research gaps, aim, and objectives

Al development strives to simulate cognitive processes that mimic consciousness and thought,
while also aiming to create a level of intelligence that surpasses human capabilities (Seeber et
al., 2020). However, intelligent robots still lack human empathy, which could potentially lead
to disputes and conflicts among team members (Pflanzer et al., 2023). In HAT scenarios, where
intelligent machines collaborate with human team members, it remains to be examined whether
existing project management theories and systems, which are based on human interactions,

would be applicable in such settings.

Several previous studies primarily rely on human receptivity and perception of robot
teammates’ identity, while others examine trust and ethical issues between humans and Al
(Lyons et al., 2023). Perceived agency is a well-established factor influencing how people view
technology as a teammate rather than a tool (Tokadli and Dorneich, 2022; Lyons et al., 2019).
Shifts in how humans perceive the role of Al can lead to trust issues between team members.
The advantages of intelligent systems as teammates include their ability to share and integrate
information resources, as well as their efficiency in repetitive tasks, project execution, and
decision-making (Shoushtari et al., 2024; Lakhmani et al., 2022; Jarrahi, 2018). However,
proactiveness, independence, and perceived lack of control over robot teammates can reduce
trust among human team members (Hancock et al., 2011). Furthermore, AI communication
lacks emotional expression, which may result in information bias during task coordination,
leading to an overreliance on human-human teammates. For example, robot teammates usually
do not actively explain their decision-making process, and incomplete information
transmission during communication could further weaken human trust in them (Kiesler and
Hinds, 2004). Research has identified significant differences between HATs and human teams,
including variations in cohesion, communication behaviors, and information resource sharing

(Demir et al., 2016).
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In HATSs, successful collaboration between humans and Al is essential to address the
aforementioned issues. However, previous studies have been limited to exploratory research
and have not focused on the mainstream themes in HAT research. Moreover, existing studies
have focused on human-human teams for decades, with limited attention given to research on
HATs. Unlike knowledge management systems of human teams, there is currently no research
framework outlining the gaps and future directions of HATs. As with human teams,
communication and shared intentions are key to effective collaboration. Communication
conveys both emotions and information, enhancing performance in human-robot interactions
(Parasuraman and Miller, 2004). Shared intentions enable autonomous agents to identify
human decision-making trajectories and predict expected human behavior (Hughes et al., 2020;
Kapogiannis et al., 2021). However, current studies lack established frameworks for
collaboration patterns suited to human-machine teams within project management.
Furthermore, no previous study has employed a systematic approach to review the body of

literature on HATSs.

Therefore, this paper conducts a systematic literature review of HATs-related research to
identify mainstream research themes, research gaps, future research directions, and the
conceptual framework of HATs in project management. To achieve this, the specific research
objectives are: (1) to analyze annual publication trends, geographical distribution, research
methods, and keyword co-occurrence in HATs research related to project management; (2) to
discuss the mainstream research themes in HATs within the context of project management;
and (3) to propose research gaps and future directions for HATs research in project
management. The structure of this review is organized as follows. The next section discusses
the research methods by following a standardized protocol. The results section presents the
annual publication trends, geographical distribution, distribution of research methods, and

keyword co-occurrence analysis. Then, the discussion section focuses on the mainstream
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research themes, research gaps, and future research directions of HATs in project management.

Lastly, the conclusions, contributions, limitations, and future studies are summarized.

Research methods

To achieve the research objectives, this study employed a systematic literature review. Unlike
traditional narrative reviews, the systematic literature review follows a step-by-step process
that minimizes biases during the research, enabling a more comprehensive and rigorous
collection of publications that adhere to the study’s predefined standards. This approach
enhances the reliability of the findings and conclusions (Mengist ef al., 2020). Accordingly,
the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) guideline
was adopted to conduct a systematic literature review. The PRISMA guideline is a widely
recognized, evidence-based method for reporting literature, ensuring methodological accuracy,

systematization, and reproducibility (Moher ef al., 2010; Cajal et al., 2020; Yang et al., 2024).

Identification of literature sources

To conduct a systematic literature review, relevant documents were sourced from electronic
databases of Google Scholar, Scopus, and Web of Science. Google Scholar, a free digital
resource covering a wide range of disciplines and document types, was initially used as a pilot
database to identify publications related to the research topic and to refine the scope of the
study. In contrast, Scopus and Web of Science were the primary databases used to retrieve and
filter relevant literature through targeted search terms. These databases are known for
containing more authoritative and high-impact publications compared to others. Notably,
Scopus’s advanced query function offers more precise search results, enhancing the quality and

relevance of the literature retrieved (Tober, 2011).
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By searching in Google Scholar, relevant keywords related to “human-autonomy team” and
“project management” were identified, as outlined in Table 1. HAT involves the collaboration
of humans, artificial intelligence and machine learning (AI/ML), and autonomous systems (AS)
to enhance performance and efficiency across various fields (El Alami et al., 2023). These
keywords were then combined into search strings and used in the identified databases to

retrieve relevant literature.
[Please insert Table 1 about here]

Search strategy and selection criteria

The search strings were applied in both Scopus and Web of Science, targeting the “title, abstract,
and keywords” of documents. This thorough procedure resulted in the identification of 226
relevant publications, with 199 originating from Scopus and 27 from Web of Science.
Following an initial overview of the identified documents, no duplicates were found between
the two databases. To ensure the validity of the reported findings, specific inclusion and
exclusion criteria were established in this study to screen eligible documents. The inclusion
criteria were as follows: (1) subject areas were restricted to “engineering” and “business,
management, and accounting”; (2) only full-text online articles and conference papers were
considered; (3) publication sources were limited to journals and conference proceedings; (4)
the language of the documents was limited to English; and (5) the studied or search period
covered the past 24 years, from 2000 to 2024. Conversely, other academic and non-academic
sources such as book chapters and trade journals were excluded to preserve the focus and
integrity of the study. Journal articles were prioritized since they undergo rigorous peer review
and provide an authoritative and specialized means for authors and readers to communicate
and disseminate scientific research findings (Jiang et al., 2024; Lu and Antwi-Afari, 2024).
Likewise, conference papers were also included, as HAT is still an emerging field, and
conference papers can unveil new trends in the industry, helping to mitigate publication bias.

After the screening process, 67 articles were found. Next, the eligibility criteria were
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established through a thorough reading of the titles and abstracts as well as the full texts. Two
reviewers, YT and MFAA, independently assessed each of the 67 articles, and any
disagreement was further discussed until a consensus was reached. During this stage,
publications that were not representative (i.e., outside the scope of HATs) were removed. In
addition, publications that were not focused on project settings were excluded. After the

eligibility criteria, 38 articles were obtained in this study.

Data extraction and quality assessment

At this stage, 38 included articles comprising 17 from Scopus and 21 from Web of Science
were used for data extraction and quality assessment. The extracted data from each article
included titles, keywords, abstracts, publication years, sources, and other relevant information.
A quality assessment checklist, as adopted in previous studies (Suhaili ez al., 2021; Jiang et al.,
2024), was used to evaluate the included articles. Articles scoring between 70% and 100% were
deemed suitable for further analysis. In this study, all 38 articles met the quality assessment
criteria. Figure 1 presents an overview of the research methods, following the PRISMA

guideline.
[Please insert Figure 1 about here]

Results
This section provides an overview of the results based on the analysis of publication trends,

geographical distribution, research methods employed, and keyword co-occurrence analysis.

Annual publication trends
To gain an initial understanding of the selected literature, the distribution of publications per
year is examined, along with relevant inferences. Figure 2 displays the distribution of papers

by publication year. Given the relatively small sample size, the selected papers were counted
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on an annual basis. Although the concept of Al has been proposed for a long time, it was not
until the 21st century that Al began to be applied at production levels. Therefore, the year 2000
was chosen as the starting point for this review. Before 2017, studies on HATSs in project
management were relatively scarce, with an average of about one paper published per year.
This may be linked to the emergence and developmental phase of the HAT field. Notably, there
was a four-year gap during this period, with no articles published in either Scopus or Web of
Science. The drop in publications in 2020 can be attributed to the global COVID-19 pandemic,
which limited opportunities and conditions for academic exchange. Most papers have been
published in recent years, with a significant peak in 2021 and 2024, reaching seven articles in
a single year. In this study, the total number of publications for 2024 has not yet been fully
counted; further articles are expected later in the year. The increased output in recent years may
be attributed to the growing public interest in Al and human teams, reflecting a broader
exploration of and interest in new team structures in the post-pandemic era. This trend suggests

that HATs in project management remain an enduring and valuable area of research.
[Please insert Figure 2 about here]

Geographical distribution

The selected literature represents contributions from 17 countries, as shown in Figure 3. The
United States and China are the top two contributors to research on HATs in project
management. Approximately, one-third of the studies were conducted in the United States
(34%), followed by China (13%) with five papers. Likewise, the contribution of European
countries in this field is significant, accounting for over one-third of the selected literature.
Notable outputs came from Belgium (8%), France (5%) and Finland (5%). Overall, studies

have been conducted across all continents, indicating that this field has attracted global interest.

[Please insert Figure 3 about here]
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Distribution of research methods

The research methodologies identified in the selected literature can be categorized into three
distinct groups: (1) qualitative methods (e.g., case study, literature review, proof of concept,
interview, design science research); (2) quantitative methods (e.g., cross-sectional study,
descriptive analysis, modeling, simulation, survey); and (3) mixed methods, which integrate

both qualitative and quantitative approaches.

The distribution of these research methodologies is presented in Figure 4, which delineates the
proportion of studies employing each method in relation to the total body of selected literature
(i.e., 38 papers). The case study method emerges as the most frequently utilized approach,
representing 34.2% of the total, followed by modeling and simulation, each comprising 13.2%.
These three methodologies thus constitute the predominant frameworks employed in the
analyzed research. Within the qualitative domain, literature reviews rank as the second most
utilized method, with 10.5% of the selected papers adopting this approach. Notably, a
comparable proportion of mixed-methods studies incorporated a conceptual framework

alongside quantitative analyses, such as modeling, to enhance the rigor of their research.

Based on the 38 included articles, previous studies have predominantly adopted qualitative
methods, especially case studies and literature reviews, to elucidate the challenges and
applications of HAT within specific project contexts. Conversely, quantitative methods offered
a range of approaches, most studies opted to develop models and assess their validity across

various scenarios.
[Please insert Figure 4 about here]

Keywords co-occurrence analysis
Keywords represent and summarise the content of an article, allowing readers to quickly

capture the main points of information. Keywords co-occurrence analysis examines the content

11
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of publications by assuming that frequently co-occurring words are thematically linked (Chiang
et al, 2023; Jiang et al., 2024; Lu and Antwi-Afari, 2024). To conduct this analysis,
VOSviewer is a versatile tool for effective representation and visualization of networks

between articles (Van Eck and Waltman, 2010).

Based on 38 selected articles, keywords were analyzed using the “full counting” method in
VOSviewer. The “author keywords” provided by the authors were found to be more precise in
reflecting the themes of the articles. By setting a minimum occurrence threshold of two, only
30 out of the total 234 keywords met the criteria. Further refinement was performed by
removing general keywords and merging those with the same semantic meanings, such as
“artificial intelligence (AI)” and “artificial intelligence”. Finally, 28 keywords and 4 clusters
were identified. Figure 5 depicts the network visualization diagram of co-occurring keywords,

showing 111 links and a total link strength of 134.

The size of each node in Figure 5 indicates the frequency of the corresponding keyword in the
selected articles. As shown, in addition to the topic-related keyword “project management”,
author keywords such as “artificial intelligence”, “personnel training”, “machine learning” and
“ChatGPT” have been frequently mentioned in previous studies of HATs in project
management. Additionally, the distance between two or more keywords represents their
interrelatedness, which is also indicated by the colours. For instance, “artificial intelligence” is
closely related to “machine learning” and “project management”, suggesting that artificial
intelligence, predominantly machine learning, can play a significant role in project
management (Taboada et al., 2023). Furthermore, keywords with high total link strengths show
strong connections with other terms. In addition to topic-specific terms, keywords such as

“personnel training”, “communication satellites” and “robotics”, indicate that personnel

training and communication systems need to be considered in the application of HATs. Overall,

12



308
309

310

311
312
313
314
315
316
317
318
319
320
321

322

323

324
325
326
327
328
329
330
331
332

this network highlights the growing potential of cutting-edge technologies, such as artificial

intelligence, in project management and production.
[Please insert Figure 5 about here]

Table 2 lists the quantitative summary of the co-occurrence keywords related to HATs in
project management, organized according to the average normalized citations count. It is worth
noting that “project management” and “artificial intelligence” appeared more frequently than
other keywords, followed by “ChatGPT”, “personnel training”, “machine learning” and
“human resource management”. These keywords were associated with and analyzed in studies
on HATs in project management. The average publication year reveals the recency of keywords,
indicating trends in scholarly research. Most relevant studies have been conducted post-2010,
with keywords such as “big data”, “machine learning”, and “artificial intelligence” emerging
in recent years. “ChatGPT”, in particular, has become a prominent and controversial topic. In
terms of average normalized citations, “construction management” ranked first with an average
of 4.04, despite having only two occurrences. This was followed by “risk analysis” and

“ChatGPT”, with average normalized citations of 4 and 1.75, respectively.
[Please insert Table 2 about here]

Discussion

This section presents an in-depth analysis of the prevalent research topics currently recognized
in the domain of HATs within project management. It also identifies existing gaps in research
that warrant further investigation. Furthermore, the discussion delineates potential future
research directions that could deepen our understanding and application of HATs in project

management practices, building on the findings reported.

13
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Summary of mainstream research themes of HATs in project management

Using VOSviewer, a keywords co-occurrence analysis was conducted to elucidate the
interrelationships among author keywords. As visually represented in Figure 5, the analysis
classified the keywords into four distinct clusters, each corresponding to a significant research
theme. This categorization underscores the thematic diversity and critical trends associated
with HATs in project management. Furthermore, the visualization illustrates the intricate
connections between various research topics, thereby providing valuable insights into potential

avenues for future scholarly inquiry in this evolving field.

Simulation of human-robotic system integration in project management

Robots are critical for tasks that are hazardous or beyond human capabilities. The integration
of human-machine systems achieves seamless collaboration between humans and robots, fully
leveraging the advantages of both, and improving overall work efficiency and safety. The
surfaces of the Moon and other planets present some of the most extreme working
environments accessible to humans, with their hostile external conditions posing significant
challenges for the exploration of extraterrestrial resources and the broader understanding of our
solar system. However, the development of human civilization is set to expand our reach
beyond low-Earth orbit, with robotic systems forming the backbone of future aerospace
missions (Singh-Derewa et al., 2015). The concept of Human-Agent Teaming (HAT) has
emerged to address the challenges associated with interacting with complex systems,
envisioning autonomous systems as collaborative team members rather than mere tools.
Planetary exploration requires cooperative robotics capable of operating independently of
direct human influence; highly autonomous robotic systems can support enhanced cooperation
and coordination between robots and ground teams, thereby reducing the delays and errors
associated with long-distance operations (Kim et al., 2021). Since 2006, NASA Ames Research

Center has been developing and applying advanced intelligent-human systems integration

14
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research to enhance mission operations support on the International Space Station (Smith et al.,
2014). This research has also contributed to developing sophisticated tele-supervisory system
architectures that facilitate efficient human-robot interaction (Podnar et al., 2007; Smith et al.,
2014). Despite advancements in robotic autonomy, human input is still required in some
complex situations. Based on system integration, virtual reality would assist in simulation tests,
provide intuitive visual supervision of robots, and enable experts to perform tele-visits (Huang
et al., 2024; Singh-Derewa et al., 2015). In addition, the AEC industry is also gradually
introducing robot technology (e.g., construction robots, automation equipment) for repetitive
tasks such as bricklaying, welding, concrete pouring, as well as hazardous work such as
building inspection and maintenance (Rafsanjani and Nabizadeh, 2023). However, the
successful application of robot systems depends not only on the technology itself but also on

effective integration with human operators.

Algorithm design for human-centered artificial intelligence

The transformative potential of Al is increasingly seized by organizations and companies,
which are incorporating Al into team projects to improve the effectiveness and efficiency of
various business functions. In current practices, Al machines are mainly involved in planning,
managing, controlling, and optimizing work. However, insufficient consideration of human-
related inputs and preferences can lead to collaboration challenges between humans and Al,
underscoring the need for human-centered approaches. Considering current technology, Al has
yet to reach a level where it can process information and experience on par with human
capabilities; thus, human-centered Al is essential to bridge this gap. Human-centered Al
involves integrating human preferences and relevant inputs into model algorithms and design,
primarily through natural language processing and machine reading comprehension, thereby
enabling Al models to generate ideas, prototypes, and solutions aligned with human

expectations (Rafsanjani and Nabizadeh, 2023). Currently, two main directions define human-

15
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centered Al algorithms. The first focuses on the preferences of project members, allowing Al
to understand and learn from human interests, preferences, language, and behaviors. In such
human-centered environments, Al is expected to enhance architectural processing, engineering
capability, collaboration, and safety (Rafsanjani and Nabizadeh, 2023). The second direction
considers stakeholders as the focal point, identifying their pain points, desires, and
requirements to better fulfil the needs of the project’s beneficiaries (Staub et al., 2023; Miller,

2022).

The impact of digital transformation on teams towards agile project execution

The impact of digital transformation is being felt across all industries worldwide, largely driven
by digital technologies such as artificial intelligence, robotics, and big data. Digital
transformation empowers industries to manage different projects more effectively, intending
to improve team efficiency. This wave of innovation has compelled traditional sectors to shift
towards agile project management approaches to meet modern demands for both cost-
efficiency and timeliness. The shift to agile practices presents a greater challenge in traditional
industries compared to software or IT projects. In this context, research in sectors like oil and
gas has begun to advocate for digital platform systems, proposing models such as “Open
Project Management.” This approach enables the flexibility to switch between traditional, agile,
or hybrid methodologies, thereby facilitating adaptation and participation among team
members and employees (Lamacchia et al., 2020). An intelligent digital ecosystem further
supports the integration of artificial intelligence and machine devices into project team
collaboration, which can enhance efficiency and increase the likelihood of project success (el
Khatib ef al., 2023). However, as organizations transition to agile methods, it becomes crucial
for specific groups — such as project teams, management, and external vendors — to understand
agile principles. Research underscores the importance of clear communication from

management regarding project objectives in agile environments, as well as the need for a degree
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of autonomy among team members to foster agile collaboration (Hekkala et al., 2017; Sainio

et al., 2024).

Generative AI model for risk analysis in project management

In construction projects, Al models have demonstrated exceptional capability in generating
comprehensive risk management plans that encompass key elements such as risk identification,
risk analysis, and risk control measures. In quantitative assessments, Al forms like GPT-4
model consistently outperform the average human expert by delivering data-driven insights
and analyses. However, when it comes to the practical implementation of risk strategies, human
expertise is crucial, particularly in its ability to adapt these strategies to the specific conditions
and challenges present in different project environments (Nyqvist et al., 2024). Human
professionals can refine and customize risk management plans according to the distinctive
characteristics of each project, including its scope, budget, timeline, and stakeholder dynamics.
In contrast, Al models primarily assemble and apply solutions derived from existing datasets.
This distinction underscores Al's role as an augmentation tool that synergy with human

expertise by improving efficiency and accuracy in risk identification and management.

In the context of agile project management, the limitations of Al have become particularly
apparent since they lack human intuition and experience, which are vital to adapting strategies
in real-time as project circumstances evolve, thereby, Al cannot substitute the essential human
roles played by project managers (Sainio et al., 2024). Nonetheless, Al models such as
ChatGPT, GitHub Copilot excel at processing vast amounts of data quickly, efficiently
categorizing information, and integrating diverse datasets, making them a valuable asset in
providing design guidance, assisting, guiding, and automating specific tasks to optimize

workflow efficiency (Mbizo et al., 2024).
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In summary, although generative Al exhibits outstanding performance in quantitative analysis
and data processing, it cannot substitute human oversight and judgment needed in critical
decision-making roles within project management. The nuanced understanding and contextual
awareness provided by human professionals should remain central to any project management
strategy. By integrating human expertise with generative Al's data-driven strengths, project
teams can develop balanced and adaptable project management strategies that are more

resilient and effective over the long term (Mbizo et al., 2024; Aljaz, 2024).

Research gaps and future research directions for HATs in project management

Many existing studies on HATs primarily focus on defining what HATs are and analyzing the
factors that contribute to their dynamics. The value of these studies is undeniable, some studies
examine the differences by comparing the responses of human-machine teams with all-human
teams under identical conditions, while others aim to develop models that enable intelligent
teammates to simulate and better understand human behaviors. These studies offer insights into
whether relationships validated within all-human teams hold in HATs and explore how the
integration of Al models could enhance team and project performance. Despite that, a notable
gap exists in research on HATs within the context of project management. This study’s
systematic review and analysis reveal that most research remains focused on model simulation
and testing stages. However, the increasing integration of intelligent machines into project
workflows is an undeniable reality. Even where intelligent machines currently replace labor-
intensive tasks, such as aerial working or space exploration, advancements in machine
autonomy are expected to enable these systems to support humans in more complex roles,

including supervision and decision-making.
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Real-life tests of human-robotic system integration

Existing research in HATs has widely been demonstrated in specific aerospace projects (Kim
et al., 2021; Smith et al., 2014; McGowan et al., 2017). These studies have explored various
project management challenges including resource allocation, regulatory compliance, and
stakeholder communication. In response to these challenges, systematic models were designed
to effectively address them. However, those project specifics may restrict the broader
applicability of the findings, as aerospace projects exhibit unique characteristics that set them
apart from traditional industry initiatives. For instance, such projects necessitate substantial
upfront investments, span long-term cycles, and are marked by a higher level of complexity

and specialized expertise.

Currently, a considerable amount of research remains confined to the development and testing
of models within controlled and simulated environments. While such simulations are vital for
preliminary testing, they may not fully encapsulate the intricacies of real-world conditions. As
a result, practical applications in real-world scenarios are often derived from computational
predictions, a practice that can compromise the accuracy of the results (Kim et al., 2021; Singh-
Derewa et al., 2015). To advance these systems for deployment in complex, unpredictable real-
world conditions, it is essential to implement comprehensive phased testing protocols that
simulate a range of operational scenarios. This should include stress-testing models under
various conditions, such as unexpected mechanical failures, supply chain disruptions, and shifts
in regulatory frameworks. Moreover, establishing robust strategies for managing unforeseen
events is imperative. This could involve developing contingency plans, fostering stronger
communication among stakeholders, and integrating adaptive strategies that enable agile
responses to challenges as they emerge. By addressing these factors, various industries like
aerospace, AEC, automobile, and manufacturing can significantly improve their readiness for

real-world applications and bolster the resilience of their projects.
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Research limitations in human-centered artificial intelligence (A1)

Current research highlights the preferences of human team members and explores ways to
integrate these into machine algorithms, marking a significant advancement in the development
of HATs. The emergence of human-centered artificial intelligence (Al) promises to enhance
project management by incorporating beneficiary perspectives into planning schemes, thereby
optimizing project outcomes (Rafsanjani and Nabizadeh, 2023; Staub ef al., 2023). Moreover,
the computational power of Al enables it to generate optimal solutions for organizing and
sequencing multiple task packages, which can simplify project workflows and improve the
efficiency of task handovers. However, human preferences and behaviors contain numerous
subjective factors, and there is currently a lack of objective evaluation criteria to accurately
measure these factors when designing algorithms (Singh et al, 2021). Meanwhile,
technological applications may involve sensitive data, raising ethical and privacy issues. In
addition, algorithm development incorporates a standardized design process that reflects

specific industry characteristics and the needs of service providers.

Team cognition of agile project execution

Agile project management is a flexible, iterative approach that enables teams to respond
quickly to changing requirements and deliver value to customers more efficiently. However,
in the context of agile transformation, especially within traditional industries, challenges arise
due to information overload, limited experience with agile methodologies, and a lack of a
unified understanding of “agility” and its key principles and practices (Hekkala et al., 2017).
These factors pose significant obstacles during the transition to agile project management, as
specific measures to facilitate this transition are often lacking. Additionally, digital
transformation can introduce additional challenges for team collaboration, structure, and
procedure (el Khatib et al., 2023; Lamacchia et al., 2020). While digital tools enable remote

collaboration and real-time communication, they can also create barriers to effective teamwork,
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complicating the collaborative dynamics within agile projects. Future research should aim to
standardize the understanding of “agility” and establish comprehensive training programmes
focused on agile project principles (Hekkala et al, 2017). Additionally, developing prompt
modes for different agile scenarios, integrating them into Al tools to improve their practicality,
and studying their sustained effects in long-term projects should be conducted in future

research (Sainio et al., 2024).

Standards of assessing AI models

In this field of research, scholars frequently compare the performance of human and Al models
in risk management and decision-making to highlight AI’s strength in data processing and
integration. Although these studies assess results through both qualitative and quantitative
dimensions, the quantitative aspect often lacks generalizability due to limited sample sizes, and
the qualitative analysis is subject to potential bias from subjective factors (Nyqvist ef al., 2024).
In addition, most studies focus on specific industries or similar projects, meaning that
assessment outcomes reflect the unique characteristics of those projects, thus limiting broader
applicability (Aljaz, 2024; Nyqvist et al., 2024). Given these limitations, future research should
aim to broaden the range of research samples and project scenarios. Additionally, it is essential
to establish a comprehensive set of foundational assessment standards and processes for
evaluating Al models. Such standards would enable a more rational and holistic integration of

risk management elements relevant to diverse project contexts.

Future research directions for HATs in project management

Building on the identified research gaps and mainstream research themes within the HATs
domain, this study aims to outline comprehensive future research directions to propel the
advancement of this field. Additionally, a well-defined research framework is proposed to

distill the essential components of the qualitative discussions, as depicted in Figure 6, which
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illustrates the HATs research framework in project management. The recommended research
directions for advancing the field of HATs in project management are as follows:

(1) Expanded testing scenarios.

It is critical to widen the range of testing scenarios for human-robot system integration. This
involves evaluating the feasibility and effectiveness of these systems across various conditions,
particularly during emergency events. By rigorously testing diverse scenarios such as natural
disasters, industrial incidents, or complex project environments, research can more effectively
assess system responsiveness and reliability. Meanwhile, ensuring timely updating of data is
vital, as it enables systems to adapt and respond dynamically to environmental changes,
ultimately enhancing effectiveness in critical situations.

(2) Human factors in evaluation criteria.

Developing objective evaluation criteria that emphasize human factors is essential for
advancing HATs. This requires creating quantifiable metrics to assess how human-Al
interactions and behaviors impact system performance. By incorporating these human factors
into algorithms, researchers can improve model accuracy and prediction. Meanwhile, ethical
and privacy issues should be paid attention. This may involve examining aspects such as user
trust, physical workload, physiological response, and cognitive load, which significantly
influence the effectiveness of human-Al interactions.

(3) Agile transition issues in HATs.

Forming an acceptable “agility” among team members is necessary to cultivate a unified
understanding and framework for implementation. This includes establishing a detailed
training program tailored for personnel engaged in agile projects, which covers critical aspects
of agile methodologies, roles, responsibilities, and best practices. Furthermore, developing
prompt modes integrated with Al tools for different agile scenarios is important for evaluating

their sustained effects in long-term projects.
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(4) Standards for AI model applications in project management.

To establish a more structured approach to the utilization of Al models in project management,
it is crucial to broaden the array of research samples and project scenarios. This expansion
should provide comprehensive insights into the factors influencing Al integration.
Concurrently, prioritizing the development of foundational assessment standards and processes
is imperative. These standards would enable practitioners to systematically incorporate risk
management elements across diverse project contexts, ensuring that Al model integration is
performed rationally and coherently to align with project objectives, and enhance overall

success.
[Please insert Figure 6 about here]

Conclusions

Intelligent machines working alongside human teammates as part of HATs are increasingly
becoming a reality. In response, scholars have focused on this emerging trend, developing
conceptual frameworks and models to simulate HATs in real project scenarios. This study
conducts a systematic literature review of published articles on HATs in project management,
by identifying mainstream research themes, research gaps, and future research directions. By
following the PRISMA guideline, 38 HAT-related research papers were identified. A
descriptive analysis was then carried out, including annual publication trends, geographical
distribution, and research methodologies. Additionally, a keyword co-occurrence analysis was
conducted to facilitate a comprehensive discussion of the mainstream research themes, existing

research gaps, and suggested directions for future studies on HATs in project management.

Between 2000 and September 2024, research on HATs in project management remained
relatively limited, with a notable four-year gap in studies prior to 2017. A decline in
publications occurred in 2020 due to the global impact of the COVID-19 pandemic, but interest

peaked in 2021, reaching a maximum of seven published articles. The United States and China
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emerged as the leading contributors to research in this field, with significant contributions also
made by European countries. In terms of research methods, authors predominantly employed
qualitative methods, such as case studies or literature reviews, to analyze the challenges and
applications of HATs in specific projects. In addition, modelling and simulation were
commonly used to analyze these systems. A subsequent keyword co-occurrent analysis
revealed that “construction management”, “Risk Analysis” and “ChatGPT” were the top three
keywords with the highest average normalized citations, indicating their prominence in HAT-

related project management research.

The qualitative discussion identified four primary research themes of HATs in project
management: (1) simulation of human-robotic system integration in project management, (2)
algorithm design for human-centered artificial intelligence (AI), (3) the impact of digital
transformation on teams towards agile project execution, and (4) generative Al model for risk
analysis in project management. These identified themes, along with the research gap analysis,
indicate that current studies have proposed several models and frameworks that are often
limited by the specific scenario conditions under which they were applied. As the field of HATs
in project management is still in its developmental stages, further quantitative and statistical

testing is required to strengthen these models with more extensive data accumulation.

Theoretical and practical contributions

The proposed research framework would provide scholars studying HATs with a clear
overview of the current research landscape in project management. It highlights key themes
from recent studies and suggests possible directions for future research. By focusing on HATs
in project management, the study aims to enhance researchers, industry practitioners, and
stakeholders’ awareness of the transformative impact of Al on various project processes,

showing how these technologies can optimize efficiency, improve decision-making, and foster
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collaboration between human team members and Al systems. The results underscore the
critical need for interdisciplinary academic exchange to explore how to better integrate robotics

technology, human factors, and user experience design.

The significance of this study would inspire project management professionals in practical
strategies, which include examining best practices for integrating Al tools into project
workflows, as well as assessing their effectiveness in real-world scenarios. While Al can handle
many repetitive tasks and demonstrate excellent quantitative abilities, the participation of
human team members shouldn’t be undermined by project managers. With proper training and
support, humans can proficiently use intelligent systems and collaborate with robots to
complete project tasks. However, project managers should be cautious since overreliance on

Al may cause a deficiency in cognitive skills and problem-solving abilities.

Al developers should design systems that support teamwork between humans and machines,
by fully leveraging the advantages of both parties. These systems need to support human
teammates in decision-making rather than completely replacing them. Developers need to
gather feedback from human users during the design process to ensure the systems meet their
needs. Meanwhile, it is important to protect the sensitivity and privacy of information and data

throughout Al development.

By fostering a comprehensive approach to the challenges of human-robot collaboration,
scholars and industry practitioners can work together to successfully integrate HAT into project
management. This teamwork is crucial for moving the various industries forward and
addressing the multifaceted issues that come up in the evolving landscape of human-Al

interactions.
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Limitations and future research directions

The findings and contributions of this study point out several critical limitations that future
research can address to deepen the understanding of HATs in project management. One major
limitation lies in the relatively small body of literature sample. Due to constraints in available
databases and the emerging nature of HAT research, the existing literature remains limited
compared to more established domains such as traditional project management. This restricted
quantity and breadth of work indicates that the research field has yet to mature, with many
theoretical frameworks and empirical findings still in their infancy. Future studies could
significantly enrich the literature by exploring diverse aspects of HATs, including their

operational frameworks and implications across different industries.

Another notable limitation arises from the absence of field experiments and practical data
feedback in the current study. While the research offers theoretical insights and practical
recommendations, the lack of empirical evidence weakens the applicability of these
recommendations in real-world contexts. To bridge this gap, future research could incorporate
surveys and interviews to involve domain experts and practitioners. This would facilitate the
gathering of first-hand insights, challenges, and success stories related to the implementation
of HATs in project contexts. Furthermore, conducting field experiments and collecting
empirical data would provide stronger support for the theoretical claims presented, enhancing

the overall reliability of the study’s findings.

Additionally, the scope of this study is relatively narrowed within project management
subfields. While this emphasis is valuable, the broader domain of project management
encompasses various specialized subfields, such as risk management, knowledge-sharing
systems, and decision analysis. Investigating the role and effectiveness of HATs within these

specific areas could yield nuanced insights that enhance our understanding of their potential
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applications. Moreover, considering the significant differences between IT projects and
traditional construction projects (often relating to team dynamics, project scope, and
stakeholder engagement), future research could prioritize industry-specific case studies. This
approach would enable researchers to capture the complexities and nuances associated with the

deployment of HATs across different project types.

In summary, the proposed future research directions would not only provide valuable guidance
for scholars aiming to contribute to the body of knowledge but also offer actionable insights
for industry practitioners. By addressing these limitations, researchers can further illuminate
the critical role of HATs in enhancing project management effectiveness and fostering

Innovation across various sectors.
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926  Figure 6. Research framework of HATs in project management. Source: Authors own work
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927  Table 1. Keywords used for literature identification.

Keyword Details of keywords

Human- ‘Human-autonomy teaming’, human and artificial intelligence (ai)’,
autonomy ‘machine learning’, ‘human and robots’, ‘autonomous systems’, ‘multi-
team(s) robot team’

Source: Authors own work
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928

Table 2. Quantitative summary of the influence of keywords related to HATs in project management

Keywords Occurrences Average Links Average Total link Average
publication citations strength normalised
year citations

Construction Management 2 2023 3 4.50 4 4.04

Risk Analysis 2 2016 7 2.00 7 4.00

ChatGPT 4 2024 5 0.50 6 1.75

Big Data 2 2023 3 6.00 4 1.70

Project Management 15 2019 17 4.47 28 1.21

Software Engineering 2 2017 5 15.00 5 1.12

Algorithms 2 2013 5 1.50 5 1.00

Communication Satellites 2 2015 11 2.00 13 1.00

Computer Architecture 2 2007 5 6.50 5 1.00

Fighter Aircraft 2 2010 12 0.00 13 1.00

Interplanetary Flight 2 2011 12 1.00 13 1.00

Martian Surface Analysis 2 2011 8 3.00 8 1.00

Military Operations 2 2005 5 0.00 6 1.00

Orbits 2 2015 11 2.00 13 1.00

Robotics 2 2011 12 1.00 13 1.00

Space Flight 2 2015 11 2.00 13 1.00

Unmanned Vehicles 2 2005 5 0.00 6 1.00

Ecosystems 2 2016 9 6.50 9 0.96

Artificial Intelligence 15 2022 9 13.73 21 0.90

Agile Manufacturing Systems 2 2019 5 10.50 6 0.69
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