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Research Paper 

Abstract: This study is devoted to reviewing and analyzing current trends in engineering 
research methods, concentrating on modeling and simulation, machine learning, 
artificial intelligence, and complex systems engineering. Selected and analyzed academic 
articles published within the last five years were used to create a critical analysis. 
Despite the associated challenges, such as the need for new competencies and resources, 
the results indicated that these emergent methods significantly impact the engineering 
field. However, significant voids were also identified, including the inability to solve 
engineering problems innovatively and efficiently. This study concludes by emphasizing 
the need for additional in-depth research into these trends and their effects on various 
engineering disciplines. 
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Introduction 

Engineering has developed into an indispensable instrument for solving complex 
problems and enhancing the quality of human existence. Escudero-Mancebo et al. 
(2023) note that modern engineering is a sophisticated and specialized field that 
requires innovative research methods to satisfy the demand for efficient and 
sustainable solutions. This demand has stimulated the development of the most recent 
trends in engineering research methods, such as modeling and simulation, machine 
learning and artificial intelligence, and complex systems engineering (Abi Akle, 
Yannou, & Minel, 2019; Khaleel, Ahmed, & Alsharif, 2023). In the past, engineering 
research centered on empirical and experimental methods (Dźwigoł, 2019), which 
sought to solve practical issues (Ibrahim et al., 2022). These approaches' tangible and 
action-oriented nature, which offered solutions based on actual observations and 
direct experimentation, distinguished them. However, a significant transition has been 
toward incorporating theoretical and computational techniques driven by 
technological and data science advancements (Darmawansah et al., 2023). 

Data science has been instrumental in this transformation. The capacity to collect, 
process, and analyze vast quantities of data has enabled engineers to create more 
complex models and conduct more precise analyses (Adams et al., 2011; Yig, 2022). 
This has led to a deeper integration of data science into engineering research, with an 
increasing emphasis on machine learning, artificial intelligence, and other advanced 
computational techniques (Chowdhury & Schoen, 2020; Sachini et al., 2022). 
Simultaneously, the complexity of engineering systems has prompted a shift toward 
more systemic and holistic research methods (Ho & Goethals, 2022). Complex systems 
engineering, rooted in systems theory and mathematical modeling, has emerged as a 
leading engineering research field. These modifications represent a major paradigm 
shift in engineering research (Glänzel & Schubert, 2003). Despite the continued 
importance of empirical and experimental methods, theoretical and computational 
techniques are anticipated to play an increasingly important role in the future (Lê & 
Schmid, 2022). This shift presents both challenges and opportunities for engineering 
researchers, as it necessitates the development of new skills and competencies 
(Klavans & Boyack, 2017) while simultaneously providing the opportunity to 
approach engineering problems from new perspectives and develop more innovative 
and efficient solutions (Okamura, 2022). 

Changes in engineering research methods have consequences for engineering 
education (Willer et al., 2011). As research methods evolve, so do the required skills and 
competencies for future engineers. This highlights the need to reform engineering 
curricula to include and provide a firmer foundation in data science, computational 
techniques, and complex systems. Other significant trends in engineering research 
include simulation and computational modeling (Van den Berghe et al., 2019). These 
techniques, made possible by advances in information technology and high-
performance computation, enable engineers to investigate and predict the behavior of 
complex systems more efficiently and precisely than with conventional experimental 
methods (Conde et al., 2021). In addition, the revolution in artificial intelligence and 
machine learning has substantially affected engineering research (Nugroho, Anna, & 
Ismail, 2023). These technologies are used to automate and optimize design and 
manufacturing processes and to analyze large volumes of data generated by engineering 
systems (Okunlaya, Syed Abdullah, & Alias, 2022; Sofian, Yunus, & Ahmad, 2022). 
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The increasing use of simulation, computational modeling, AI, and machine 
learning in engineering research presents challenges, such as the need for substantial 
computational resources and a solid grasp of mathematics and computer theory 
(Çetin & Demircan, 2020; Ciston, 2019; Shin & Xu, 2017). In addition, if their 
limitations and underlying assumptions are misunderstood, the results obtained 
through these techniques can be misinterpreted or misapplied (Tempelaar, Rienties, 
& Nguyen, 2020). On the other hand, interdisciplinary and collaborative approaches 
are becoming increasingly popular in engineering research (Muller, 2013; Thiel, 
2014). Current engineering challenges are frequently so complex that they transcend 
traditional disciplines, necessitating the integration of skills and knowledge from 
multiple disciplines (Alarcón & Anwar, 2022; Ali, Langen, & Falk, 2022). This has 
resulted in novel subdisciplines, such as bioengineering and environmental 
engineering, combining life science and social science principles. 

Collaboration has become the norm in engineering research, with research teams 
frequently consisting of engineers from various specializations and scientists from 
other fields (Finelli, 2018). Collaboration also transcends institutional and 
geographical boundaries, combining a vast array of skills, experiences, and 
perspectives worldwide (Mejia et al., 2018). Creswell (2021) notes that the growing 
significance of interdisciplinarity and collaboration in engineering research has 
significant implications for engineering education. Engineering education must adapt 
to prepare engineers to work in interdisciplinary and collaborative environments. 
This includes the development of communication and collaboration skills, as well as a 
deeper understanding of non-engineering disciplines. While interdisciplinarity and 
collaboration provide excellent opportunities to advance engineering research, they 
also present obstacles. These include challenges in inter-disciplinary communication, 
cultural and organizational conflicts, and managing diverse research teams (Wohlin & 
Runeson, 2021). However, with effective leadership and management, these obstacles 
can be surmounted to reap the benefits of interdisciplinary and collaborative 
research. 

Engineering is constantly evolving, driven by technological advances and the 
growing complexity of humanity's problems (Goecks et al., 2021). Engineering 
research methods must also keep pace with these changes and challenges. 
Historically, engineering research focused on empirical and experimental methods; 
however, there has been a significant transition toward incorporating theoretical and 
computational methods (Kamiri & Mariga, 2021). Modeling and simulation, machine 
learning and artificial intelligence, and complex systems engineering are the most 
recent trends in engineering research, and they all represent a paradigm shift. 
However, a lacuna has been identified in the existing literature. While numerous 
studies have been conducted on individual engineering research methods, there is a 
lack of a comprehensive and up-to-date analysis encompassing the spectrum of 
current trends in these methods (Gyory, Cagan, & Kotovsky, 2019). 

Consequently, there is a growing need for a systematic review of current research 
methods in the field of engineering that can provide a comprehensive and detailed 
overview of these trends and how they are influencing the field of engineering. In 
addition, these new techniques and developments present both obstacles and 
opportunities for engineers (Han, Forbes, & Schaefer, 2021). On the one hand, 
employing these techniques necessitates the acquisition of new skills and competencies, 
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as well as the deployment of substantial computational resources. On the other hand, 
they provide the opportunity to approach engineering problems from new angles and to 
develop more creative and effective solutions. Nonetheless, a comprehensive analysis of 
these obstacles and opportunities has not yet been conducted. 

Therefore, the primary objective of this study is to provide a comprehensive and 
current review of current trends in engineering research methods and to analyze how 
these trends are transforming the engineering field (Renzi, Leali, & Di Angelo, 2017). 
This will require a review and synthesis of the existing literature on engineering 
research methods, such as modeling and simulation, machine learning and artificial 
intelligence, and complex systems engineering. In addition, this study aims to examine 
the obstacles and opportunities associated with adopting these new research 
methodologies. This will include a detailed discussion of the skills and competencies 
required for these methods, the resources required, and the innovative and efficient 
ways these methods can be used to solve engineering problems. 

Literature Review 

Fundamentally, engineering is about solving problems and enhancing the quality of 
human existence. Engineers have historically utilized a variety of empirical and 
experimental research methodologies to accomplish this (Cooper, 2019). Empirical 
research is characterized by its tangible and action-oriented nature, based on observation 
and direct experimentation. In contrast, experimental approaches investigate 
relationships between variables through controlled experiments (Creswell, 2003; 
Kitchenham et al., 2009). However, the literature indicates that a significant shift in 
engineering research methodologies is occurring. Specifically, technological and data 
science advancements have led to greater incorporation of theoretical and computational 
techniques in engineering research (Khaleel et al., 2023). These themes represent a 
paradigm shift in engineering research: data science, modeling and simulation, machine 
learning and artificial intelligence, and complex systems engineering. 

Data Science 

Data science combines statistical, mathematical, and computational methods to 
analyze and extract knowledge from data. Data science is an umbrella term for 
systematic data acquisition and analysis, hypothesis testing, and forecasting. Thus, the 
discipline encompasses numerous facets of the information technologies used for data 
acquisition, fusion, mining, forecasting, and decision-making" (Dhar, 2013). In 
engineering, data science is used to create more complex models and conduct more 
precise analyses on massive amounts of data to make sense of it and present the 
insights and findings in a way that aids decision-making. The incorporation of data 
science into engineering has resulted in the development of cutting-edge technologies 
such as machine learning, artificial intelligence, and other advanced computational 
techniques that enable engineers to complete their tasks in an automated manner and 
make decisions that are supported by validated data sources (Chowdhury & Schoen, 
2020; Sachini et al., 2022). Machine learning methods, a subfield of artificial 
intelligence that focuses on developing systems that can learn from data, are especially 
pertinent in this context (Van der Aalst, 2014). These methods allow engineers to 
automate and optimize design and production processes and analyze large volumes of 
data generated by engineering systems (Chopra & Arora, 2022). Today, data in all 
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disciplines are readily available and accessible due to the rapid pace of digitalization 
and the presence of open-access sources. The events' resulting experiences and 
observations are recorded, allowing for the accumulation of massive amounts of data. 
This information contributes to forming patterns and associations that assist in 
comprehending and analyzing the situation at hand. By feeding large amounts of data 
and its patterns to a computerized system, machine learning occurs, which is 
essentially associated with "obtaining a computed model of complex non-linear 
relationships or complex patterns within data (usually beyond human capability and 
established physics to define)" (Dimiduk, Holm, & Niezgoda, 2018). Machine learning 
is a subset of artificial intelligence defined as "the framework for making machine-
based decisions and actions utilizing ML tools and analyses" (Dimiduk et al., 2018). 
Artificial intelligence aims to make computers so efficient that they can perform tasks 
as efficiently as humans, if not more efficiently. "The term 'AI' is used when a machine 
simulates functions that humans associate with other human minds, such as learning 
and problem solving" In this manner, humans can focus on other strategic tasks, such 
as decision making, while AI technology takes care of mundane, repetitive tasks. 
Machine learning entails feeding and discovering patterns in data to accomplish AI 
objectives. "Commonly, three types of learning are recognized:'supervised' learning, in 
which the system learns from known data; 'unsupervised' learning, in which the 
unassisted system finds patterns in data; and reinforcement learning, in which the 
system is programmed to make educated guesses at solutions and is rewarded in 
some way for correct answers, but is given no feedback about incorrect answers 
(Dimiduk et al., 2018; Thai, 2022). As a result of the development of these 
technologies, engineering has not lagged. In the past decade, engineering practice and 
research have undergone a significant paradigm shift (Glänzel & Schubert, 2003). Due 
to the limited quantity and expense of available data, data science, machine learning, 
and artificial intelligence were not previously widely utilized in engineering. Today, 
however, data is widely accessible and available at a very low cost (sometimes at no 
cost), enabling the enormous integration and incorporation of these technologies in 
the engineering field. Nonetheless, this paradigm shift presents both challenges and 
opportunities for engineering practitioners and researchers, necessitating the 
development of new skills and competencies (Klavans & Boyack, 2017) while 
simultaneously providing the opportunity to approach engineering problems from 
new perspectives and develop more innovative and efficient solutions (Okamura, 
2022). Developments and advancements in engineering research also have impacts on 
the academic field of engineering (Willer et al., 2011), necessitating transformation 
and reformation of engineering curricula to incorporate the use of the latest 
technologies so that the next generation of engineers will be equipped with the skills 
and competencies necessary to deal with the latest advancements in the field and to 
make efficient use of the resources (Conde et al., 2009). Alongside the adoption of 
modern digital technologies in the practice of engineering, it is crucial to concentrate 
on developing skills through curriculum development and training to meet the 
changing demands of the present. 

Complex Systems Engineering 

Additionally, sophisticated systems engineering is receiving increased focus. 
Complex systems consist of many interconnected parts whose global behavior cannot 
be readily predicted from the behavior of the individual components (Herzog et al., 
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2022). Complex systems engineering employs systems theory and mathematical 
modeling to analyze complex systems and develop engineering solutions (Beale et al., 
2022). Engineers may fully understand individual systems in a large network of 
systems, but when these systems are interconnected, they become quite complex and 
often behave in ways that are difficult to fully comprehend (also known as the 
emergent behavior of complex systems). As patterns can only be observed across 
space and time, these dynamic behaviors of complex systems can be analyzed 
spatially-temporally. "In conventional systems engineering, the objective is to design a 
closed, predictable system. The situation is somewhat different for natural systems, 
which are open systems and replete with irreducible macro-level emergent behaviors 
at the micro-level. This novel irreducible macro-behavior adds to the complexity of 
adaptive systems, specifically when it becomes causal at the micro-level, resulting in a 
fundamental shift in the behaviors at multiple system levels. To adapt to a new 
environment, the system created novel multi-level interactions and positive and 
negative feedback loops" (Tolk, Diallo, & Mittal, 2018). Sheard and Mostashari (2009) 
offer a thorough definition of complex systems. They suggest that complex systems 
comprise numerous autonomous units that serve as the system's building materials. 
Individual units are heterogeneous, i.e., they have different fundamental 
characteristics, and the system's limits or boundaries are not defined. In addition, 
complex systems exhibit emergent behaviors at the macro level that result from the 
interdependence of individual entities at the micro level. Understanding the individual 
units is insufficient to comprehend the structure and behavior of the entire system; it 
is necessary to comprehend the interrelationships and interactions of all the 
individual units to understand the complex system as a whole. There may be groupings 
and hierarchy in the individual units' interconnectedness, but no central authority 
controls the system. The behavior is non-linear, i.e., it lacks equilibrium and is 
primarily chaotic (Diallo, Mittal, & Tolk, 2018). These complex systems continue to 
evolve and adapt to an ever-changing environment, increasing their complexity. 

To summarize, complex systems have the following characteristics: autonomous 
interrelated parts, undefined boundaries, self-organization, input and output of 
energies, emergent macro-level behavior, non-linear behavior, absence of central 
authority, continuous adaptation to the environment, increased complexity with time 
and evolution, and changing of elements due to pressures from neighboring 
components. There has been increased research on complex systems, such as 
complexity, non-linear dynamics, and chaos theory studies. First, emergence, or the 
study of individual units' interdependence, the macro system's dependence on the 
micro-level individual components, and the specialization of individual units. While 
one may not understand the entire complex system through its components, it is still 
crucial to know how all the individual units function and how changes in one unit 
affect the others, i.e., interrelationships, to comprehend the system's fundamental 
components. Second, mathematical modeling can be used to study pattern formation. 
Third, multiple (meta-) stable states, or the study of minor shifts that can aid the 
system's recovery and radical shifts that can completely alter its characteristics. 
Fourth, a description of multiscale, or the study of micro scales that have the potential 
to influence the behavior of larger scales. Fifth, comprehending the magnitude and 
level of complexity. Sixth, the comprehension of the system's behavior through the 
response function. Seventh, identifying contrasting behaviors, such as order and 
disorder, randomness, and predictability (Sheard, 2006). 

Stability, mechanism, linearity, control, Newtonian laws, and simplicity were the 
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traditional objectives of systems engineering. Everything was predictable and 
organized, and everyone was aware of their duties. Nevertheless, complex systems 
engineering "focuses primarily on identifying existing complex systems and their 
ongoing evolutionary trends, and then influencing them so that the system evolves to 
produce more desired results" (Sheard & Mostashari, 2009). The complex system is 
characterized by complexity and chaos, including adaptation, agility, prioritization, 
capability, flexibility, variety, instability, many distinct domains, reactions, and 
diminished control. Complex systems in the actual world are not completely chaotic. 
Some aspects of the ordered systems and complex systems overlap. 

Interdisciplinary and Collaborative Approaches 

Engineers have different duties and responsibilities in today's interconnected 
world than in the past. Engineers must possess dynamic abilities to confront dynamic 
challenges. Now, engineers are needed who are socially connected and who are not 
only experts in their field but also can work across disciplines (Van den Beemt et al., 
2020). Future engineers must be able to access, comprehend, evaluate, synthesize, 
and employ perspectives and knowledge from other fields. These competencies enable 
engineers to have dynamic views and to consider various environmental and social 
factors when addressing modern issues (Lattuca, Knight, & Bergom, 2013). There has 
also been a shift toward more interdisciplinary and collaborative research approaches 
(Johnston, Burleigh, & Wilson, 2020), which parallels these changes in engineering. a 
Changes in engineering research methods have consequences for engineering 
education (Alarcón & Anwar, 2022; Ali et al., 2022). This trend has resulted in new 
subdisciplines, such as bioengineering and environmental engineering, integrating 
life science and social science principles. In addition, the literature emphasizes the 
importance of collaboration in engineering research. According to (Meyer et al., 
2022), collaborative work has become the norm in engineering research, with 
research teams frequently consisting of engineers from various specialties and 
scientists from other fields (Finelli, 2018). The inter-disciplinary collaborations are 
not limited by geography or institution; rather, they involve the integration of the 
skills, expertise, perceptions, experiences, and competencies of people from all over 
the world, thereby forming a team of intellectuals and think tanks capable of producing 
high-quality reforms and decisions (Mejia et al., 2018). "Interdisciplinary research 
processes entail negotiating how knowledge is pursued and valued and can lead to 
new conceptual frames, methodologies, and modes of teaching and communication. 
Potential benefits of interdisciplinary research include innovative contributions to 
disciplinary knowledge, professional and personal development of participants, 
expanded horizons from which to approach research problems, and less hierarchical, 
more collegially interdependent relationships between faculty and student 
researchers" (McNair, Davitt, & Batten, 2015). 

Creswell (2021) notes that the growing significance of interdisciplinarity and 
collaboration in engineering research has significant implications for engineering 
education. Engineering education must adapt to prepare engineers to work in 
interdisciplinary and collaborative environments. This includes the development of 
communication and collaboration skills, as well as a deeper understanding of non-
engineering disciplines. To be considered inter-disciplinary, multiple disciplines must 
have a certain level of inter-relationship and integration (Huutoniemi et al., 2010), as 
"interdisciplinarity requires methodological or conceptual synthesis with the aim of 
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deepening knowledge and skills" (English, 2016). "In interdisciplinary teams, individuals 
learn from the perspectives of others and produce work through an integrative process 
that would not be possible in a single-disciplinary setting" (McNair et al., 2011). Despite 
these significant modifications to engineering research methodologies, several obstacles 
have been identified. These include the need for substantial computational resources, in-
depth knowledge of mathematics and computer theory, and the possibility that results 
obtained through advanced computational techniques may be misinterpreted or 
utilized inappropriately. In addition, interdisciplinarity and collaboration present 
obstacles, such as difficulties in inter-disciplinary communication, cultural and 
organizational conflicts, and challenges in managing disparate research teams (Wohlin 
& Runeson, 2021). Literature suggests that engineering research methods are 
undergoing a significant shift, with a growing emphasis on theoretical and 
computational techniques and a recognition of the significance of interdisciplinarity and 
collaboration. However, this transition also presents challenges, which require additional 
research to comprehend and address. 

Methodology 

Methodological Design 

The purpose of this conceptual paper was to produce a critical review of past 
engineering literature to analyze emergent trends in the engineering field. This method 
(i.e., critical review) assisted in presenting a comprehensive overview of current trends in 
engineering research methods and identifying the opportunities and challenges associated 
with the most recent developments in the field (Saldaña, 2021). This methodology also 
allowed for a thorough and rigorous subject analysis (Clark et al., 2020). 

Data Collection 

The academic literature available in relevant databases such as IEEE Xplore, JSTOR, 
Web of Science, Google Scholar, and SciELO, among others, was this study's primary 
data source. The study focused on research articles, literature evaluations, conference 
reports, and doctoral dissertations that discuss engineering research methods. The 
search was conducted systematically using pertinent keywords and specific inclusion 
and exclusion criteria. 

Literature Selection Criteria 

It was ensured that the studies and articles selected for the review must meet the 
following criteria (Blessing & Chakrabarti, 2009): 
1. They must discuss research methods in engineering. 
2. They must have been published within the last five years to ensure current data. 
3. They must be available in full text. 
4. They must come from reliable academic or professional sources. 
5. They must be written in English or Spanish. 

Studies that did not meet these criteria were excluded. 

Data Analysis 

Data analysis was conducted through a critical content analysis of the available 
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past engineering literature. The data extracted from the literature were coded and 
categorized to facilitate the interpretation of identified patterns and trends. To address 
the challenges and opportunities associated with the adoption of these novel research 
methods, a thematic framework was developed, enabling the identification of common 
and emerging themes (Redstrom, 2017). 

Ethical Considerations 

This investigation was committed to adhering to academic research's ethical 
standards. All cited works were duly attributed to their respective authors, and 
copyright was respected. In addition, efforts were made to utilize open-access or 
legitimately accessible sources. The evaluation was conducted with the uttermost 
regard for the integrity of the works consulted and their authors. 

Results 

The results of this study, based on the literature review of research methods in 
engineering, are presented below: 

Modeling and Simulation 

In engineering, modeling, and simulation have acquired significant importance. 
These techniques enable engineers to forecast the behavior of an engineering system 
before its actual implementation, saving time and resources. 

Table 1.1: Trends in modeling and simulation 
Research Method Main Trends Source 

Modeling and Simulation 

1. Utilization of advanced 
modeling and simulation 
software 
2. Integration of simulation 
with artificial intelligence to 
enhance accuracy. 
3. Use of simulations for real-
time decision-making 

(Fujimoto et al., 2017), 
(Sinha et al., 2001), 

(Sokolowski & Banks, 
2011). 

Machine Learning and Artificial Intelligence 

Machine learning (ML) and artificial intelligence (AI) are two other engineering 
research methodologies that have grown substantially in recent years. Using digital 
technologies, these methods enable the automation of complex engineering duties and 
the analysis of large volumes of data. 

Table 2.1: Trends in Machine Learning and Artificial Intelligence 
Research Method Main Trends Source 
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Machine Learning and Artificial 
Intelligence 

1. Utilization of ML/AI for 
predictive analysis 
2. Application of ML/AI for 
automation of engineering tasks 
3. Integration of ML/AI with 
other technologies, such as IoT 
and cloud computing 

(Chowdhury & Schoen, 
2020), (Dimiduk et al., 

2018), (Kamiri & Mariga, 
2021), (Khaleel et al., 2023). 

Complex Systems Engineering 

Complex systems engineering is a research methodology concerned with designing 
and managing large-scale and multidisciplinary engineering systems. Due to the 
growing complexity of engineering systems, this research approach is gaining 
significance. 

Table 3.1: Trends in Complex Systems Engineering 
Research Method Main Trends Source 

Complex Systems Engineering 

1. Utilization of advanced 
modeling and simulation 
techniques 
2. Integration of different 
engineering disciplines in system 
design 
3. Use of emerging technologies, 
such as ML/AI, to manage 
complexity 

(Sheard & Mostashari, 
2009), (Tolk et al., 2018), 

(Diallo et al., 2018) 

Changes in the Field of Engineering 

Lastly, these trends in engineering research methods are driving significant 
changes in the engineering discipline. These changes include increased demand for 
specialized skills and competencies, a shift toward integrating various engineering 
disciplines, and a growing reliance on emergent technologies. 

Table 4.1: Changes in the Field of Engineering 
Changes Description Source 

Skills and Competencies 
The adoption of new research 
methods requires specialized 
skills and competencies. 

(Wohlin & Runeson, 
2021). 

Interdisciplinary Integration 
There is a trend toward 
integrating different disciplines 
in engineering systems design. 

(Van den Beemt et al., 
2020), (Ursić et al., 2022), 

(Meyer et al., 2022) 

Dependency on Emerging 
Technologies 

The engineering field 
increasingly depends on 
emerging technologies like ML/AI 
and IoT. 

(Dimiduk et al., 2018), 
(Kamiri & Mariga, 2021) 

In conclusion, this study demonstrates that engineering research methods are 
swiftly evolving and are driving significant changes in the field. Adopting these new 
research methods presents significant opportunities for innovation and efficacy in 
engineering and challenges, such as the need to develop specialized skills and 
competencies. 

The following are the findings regarding the challenges and opportunities related 
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to the adoption of novel engineering research methods: 

Challenges in the Adoption of New Research Methods 

1.1 Modeling and Simulation 

Adopting modeling and simulation as research methodologies in engineering presents 
specific difficulties. A significant obstacle is the requirement for specialized skills and 
competencies to design and implement effective simulation models. Furthermore, 
modeling and simulation require access to expensive, high-performance technology 
and specialized software. 

Table 1.1: Challenges in the Adoption of Modeling and Simulation 
Challenge Details Source 

Skills and Competencies 
Requires deep mathematical and 
computational knowledge. 

(Fujimoto et al., 2017) 

Resources 
The necessary hardware and 
software can be costly. 

(Sokolowski & Banks, 
2011),(Fujimoto et al., 

2017) 

Time 
Developing and testing simulation 
models can be a time-intensive 
process. 

(Fujimoto et al., 2017), 
(Sinha et al., 2001) 

1.2 Machine Learning and Artificial Intelligence 

Additionally, the incorporation of AI/ML presents obstacles. AI/ML adoption, like 
modeling and simulation, requires specialized skills and competencies. To train ML 
models, large quantities of high-quality data are also needed. 

Table 1.2: Challenges in the Adoption of AI/ML 
Challenge Details Source 

Skills and Competencies 
Requires competencies in 
programming, statistics, and ML 
algorithms. 

(Klavans & Boyack, 2017) 

Data 
Requires access to large volumes 
of high-quality data for model 
training. 

(Chowdhury & Schoen, 
2020) 

Transparency 
ML models can be "black boxes," 
and their results can be difficult to 
interpret. 

(Thai, 2022) 

1.3 Complex Systems Engineering 

In addition, complex systems engineering presents unique challenges. Given the 
often interdisciplinary nature of these systems, this approach necessitates a 
comprehensive comprehension of how the various components of a system interact 
with one another. 

Table 1.3: Challenges in the Adoption of Complex Systems Engineering 
Challenge Details Source 
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Skills and Competencies 
Requires knowledge of 
different disciplines and how 
they interact. 

(Tolk et al., 2018) 

Complexity 
The design and management 
of complex systems can be a 
challenging process. 

(Beale et al., 2022) 

Interdependence 
Changes in one part of the 
system can have unforeseen. 

(Herzog et al., 2022) 

Opportunities in the Adoption of New Research Methods 

Despite these challenges, adopting these new research methods also presents 
significant opportunities. These opportunities are summarized in the following table: 

Table 2.1: Opportunities in the Adoption of New Research Methods 
Research Method Opportunities Source 

Modeling and Simulation 
Allows for predicting the behavior 
of engineering systems before 
their actual implementation. 

(Fujimoto et al., 2017) 

Machine Learning and Artificial 
Intelligence 

Enables the automation of complex 
engineering tasks and analysis of 
large volumes of data. 

(Dimiduk et al., 2018), 
(Kamiri & Mariga, 2021), 

(Khaleel et al., 2023). 

Complex Systems Engineering 

Enables the design and 
management of large-scale and 
interdisciplinary engineering 
systems. 

(Tolk et al., 2018), (Diallo 
et al., 2018) 

These findings demonstrate that, although adopting new research methods in 
engineering presents challenges, it also provides significant opportunities for 
innovation and efficiency in engineering. 

Discussion 

The discussion is a crucial component of any research study because it provides a 
detailed analysis of its findings, correlates them to existing literature, and identifies 
potential areas for future research. In the context of this study, the discussion will center 
on contrasting the obtained results to the initial objectives stated in the introduction and 
the theoretical and practical implications of the results. In the opening of the study, it was 
noted that the primary goal was to provide a comprehensive and up-to-date review of 
current trends in engineering research methods and to analyze how these trends are 
influencing the field of engineering (Okunlaya et al., 2022; Renzi et al., 2017). This review 
would include engineering research methods such as modeling and simulation, machine 
learning and artificial intelligence, and complex systems engineering (Ali et al., 2022; Shin 
& Xu, 2017; Sofian et al., 2022; Yig, 2022). The results of the literature review provide 
support for this objective. 

Modeling and simulation, machine learning and artificial intelligence, and complex 
systems engineering have been identified as the most influential research methods in 
modern engineering (Herzog et al., 2022; Ho & Goethals, 2022; Khaleel et al., 2023). 
These methods have demonstrated their efficacy in enhancing the efficiency and 
effectiveness of engineering. Modeling and simulation enable the prediction of 
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engineering system behavior before implementation. Automating complex 
engineering duties and analyzing vast amounts of data is made possible by machine 
learning and artificial intelligence. Complex systems engineering allows for designing 
and managing large-scale, multidisciplinary engineering systems. However, despite 
these advantages, applying these methodologies in the engineering field is not without 
obstacles. Engineers must acquire new skills and competencies to utilize these 
techniques effectively. In addition, employing these methods may necessitate 
substantial resources, such as cost, time, high-performance software and hardware, 
and access to vast data (Lê & Schmid, 2022; Muller, 2013). In addition, the design and 
management of complex systems can be challenging due to a lack of comprehension of 
the systems' complexities and interdependencies. In addition, this study identifies the 
significance of interdisciplinary collaboration in engineering, as this discipline is now 
intricately intertwined with other fields, such as IT, society, governance, environmental 
policies, and management. 

Consequently, there have been increasing collaborations in practice and research, 
allowing for a better comprehension of the big picture. Therefore, while the 
emergence of cutting-edge technologies in engineering provides a plethora of benefits 
and opportunities for engineers, they also present several challenges that must be 
overcome to make optimal, efficient, and effective use of these technologies and 
realize their full potential and benefits. If utilized properly, these technologies can aid 
engineers in their field by automating monotonous and routine duties, freeing time 
and space to make more effective and data-driven strategic decisions. This eliminates 
the monotony of engineers' work and allows them to utilize their skills and 
competencies to their fullest capacity. The current study identifies the shift of the 
engineering field towards digitalization and automation, which necessitates a 
paradigm shift not only in industries but also in educational systems so that future 
engineers can enter the area with the skills and capabilities to make effective use of 
digital technologies. In addition to skill development, efforts should be made to ensure 
digital infostructure availability and the resources required to implement and 
integrate these technologies effectively. The opportunities associated with these 
emerging technologies cannot be completely realized until this occurs. 

Theoretical Implications 

Theoretically, the findings of this study contribute to the engineering corpus of 
knowledge by providing a comprehensive and current overview of engineering 
research methods. These findings can assist researchers in gaining a deeper 
understanding of the engineering landscape and the emerging trends currently 
shaping the discipline. Very few studies have presented the trend analysis of 
engineering research as synthesized as in this study; consequently, this study 
provides information about the most recent advancements and emergent technologies 
in engineering. The critical analysis and synthesis of the past available literature 
provide a comprehensive overview that significantly contributes to the body of 
knowledge. Such a comprehensive overview provides a snapshot of the existing 
literature in a single source, a valuable resource for researchers in the field. In addition, 
the researchers can use these findings as a baseline and basis for future research on 
engineering research methods and their impact on engineering practice. This study 
can serve as a starting point for planning and executing future research projects 
involving a literature synthesis. 
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Practical Implications 

The practical implications of this study's findings may interest engineering 
professionals. Engineers can use these results to inform their practice and make 
informed judgments about adopting these research methods. Engineers can evaluate 
their practices in light of current trends. They can utilize current engineering 
practices and their benefits, as utilized by other engineers in the field. This study 
provides an overview of the opportunities and challenges associated with the most 
recent advancements in the engineering field discussed in the current research, which 
can be useful for engineers in making decisions regarding incorporating these 
technologies into their systems. Engineering educators can also use these findings to 
design and revise engineering curricula to reflect current trends in engineering 
research methods. The recent technological advancement in the field necessitates a 
revision of the existing curriculum of engineering studies to produce competent and 
skilled engineers who are prepared to deal with and make optimal use of the most 
recent technological advancements in the field and overcome the associated 
challenges. 

Limitations and Recommendations 

Nevertheless, this research has limitations. Due to its reliance on literature 
evaluation, the findings are constrained by the quality and quantity of available 
literature on engineering research methods. This research relies significantly on the 
quality of the studies cited in the existing literature, which serves as its foundation. In 
addition, despite endeavors to cover a wide range of research methods and 
engineering contexts, it is possible that some methods or contexts were not 
exhaustively covered. This is because some research articles are inaccessible, and 
others may have been neglected due to human error. 

For future research, it is recommended to investigate each of the research methods 
identified in this study in greater depth. For instance, research could be conducted on 
how artificial intelligence and machine learning alter engineering practices in various 
fields. The more targeted approach will permit a detailed analysis and may open the 
door to adopting a case study approach, which can provide valuable insights by 
analyzing a real-world scenario. In addition, research could be conducted on how 
engineers adapt to these most recent trends and the difficulties they face. This may 
involve analyzing the engineers' behaviors, attitudes, and preferences regarding 
utilizing the latest technologies in their industry and how comfortable or difficult they 
find these technologies. 

Conclusion 

The study's purpose was to critically analyze the current engineering trends arising 
from the available literature. The recent conceptual investigation confirmed that 
modeling and simulation, machine learning and artificial intelligence, and complex 
systems engineering are substantially transforming the engineering field. Multiple 
engineering fields, ranging from civil engineering to systems engineering, are 
experiencing increased innovation and productivity due to these techniques. Adoption 
of these innovative research methodologies presents both significant opportunities and 
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obstacles. The opportunities include efficient and innovative practices that lead to 
increased automation and digitalization of systems, enabling engineers to make more 
informed and data-driven decisions. At the same time, routine and monotonous tasks 
are handled by digital technologies such as AI, machine learning, simulation, modeling, 
etc. 

On the other hand, the obstacles include the need for new competencies and skills, 
as well as substantial resources, such as cost, time, digital infrastructure, and simple 
access to large data sets. This study's findings contribute to engineering theory by 
supplying current information on engineering research methods. In a practical sense, 
these findings can enlighten engineers about innovative techniques they can 
implement and aid educators in designing and revising engineering curricula. 
Researchers can also benefit from this study, as it can serve as a basis for future 
studies. This study synthesizes the existing literature from a single source, which is 
useful for researchers. In addition, this study emphasizes the need for further in-
depth research on each identified research method individually for a more focused 
approach to gain a deeper understanding and analysis of each of these methods. 
Future research could investigate how these techniques alter engineering practice in 
various disciplines and how engineers adapt to these new developments. 
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