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Abstract: Interdisciplinary research integrates knowledge, methods and perspectives from multiple disciplines
to address complex societal challenges beyond the scope of any single field. This systematic review synthesizes
26 peer-reviewed studies (2015-2025) to examine its necessity, benefits, challenges and implementation
strategies driven by complex problems such as climate change, health crises and sustainable development.

Interdisciplinary approaches foster innovation, creativity and synergistic solutions. Key benefits include
Citation enhanced problem-solving, broader networks and transferable skills while challenges encompass epistemological
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to overcome persistent barriers.

Implementation framework.

differences, communication barriers and institutional silos. Effective strategies involve building shared
understanding, reflective practices, team training and reformed evaluation systems. Global institutions
increasingly support this through dedicated centers, funding priorities and policy reforms. This study introduces
a novel three-level framework (individual, team and institutional) to guide implementation. Findings underscore
interdisciplinary research as essential for scientific advancement and societal impact calling for structural changes
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INTRODUCTION

Interdisciplinary ~ research  represents a
fundamental shift in modern scientific inquiry
integrating perspectives, methods and knowledge from
multiple disciplines to tackle issues that exceed the
boundaries of any single field. It is defined as “the
integration of the contributions and perspectives of at
least two disciplines to address some problem or issue”
(Peffer et al., 2016). emphasizing synergistic synthesis
rather than parallel or sequential work distinguishes it
from multidisciplinary approaches (Martin et al., 2020).

Interdisciplinary research (IDR) integrates
knowledge, methods and perspectives from two or more
distinct disciplines to address complex societal
challenges that transcend the scope of any single field
(Sosinska-Kalata, 2020). Its necessity arises from the
limitations of single-discipline models in confronting
complex problems (wicked problems) (Scanlon et al.,
2019). The 21st century is defined by such "wicked
problems" such as climate change, global health crises
and sustainable development whose complexity
necessitates holistic and synergistic solutions (Stokols et
al., 2008). Relying on traditional siloed disciplinary
structures is increasingly inadequate for generating the
innovative breakthroughs required to manage these
issues. Therefore, IDR is no longer merely an academic

preference, but a fundamental necessity for modern
scientific enterprise and public policy.

Its necessity has prompted institutional
investments in programs, centers and policies to foster
interdisciplinary collaboration (Cao et al., 2023; Zheng
et al, 2025). Despite growing recognition, true
integration remains rare (Barthel et al., 2017), and
implementation strategies lack systematic synthesis.
While domain-specific reviews exist, no study offers a
cross-domain, multi-level framework linking individual,
team and institutional factors. This systematic review
addresses this gap by synthesizing evidence and
proposing an actionable three-tier implementation model
to advance interdisciplinary science.

THEORETICAL BACKGROUND

e Definitions and Typology: Interdisciplinary
research is positioned within a spectrum of
collaborative modes. Multidisciplinary research
involves researchers working in parallel from their
disciplinary bases without integration (Martin et al.,
2020). Interdisciplinary research requires joint work
and meaningful synthesis producing ‘“novel
conceptual and methodological frameworks”
(Uddin et al.,, 2020). Transdisciplinary research
transcends disciplines to create unified knowledge
systems (Bryndin, 2021). This review focuses on
interdisciplinarity as the synergistic integration of at
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least two fields to achieve a shared objective (Daniel
et al., 2022).

o Epistemological Foundations: Successful
integration must overcome epistemological tensions
arising from differing ontological assumptions and
validity criteria particularly between natural and
social sciences (Feng & Kirkley, 2020). Boundary
objects and trading zones shared concepts, tools or
negotiation spaces facilitate mutual understanding
(Guise et al., 2017).

e Team Science Framework: Effective cross-
disciplinary teams rely on shared mental models,
psychological safety and transactive memory
systems (Lorenzetti et al., 2022; Makinen et al.,
2019).

o Institutional Theory Perspective: Disciplinary
silos are reinforced by normative, coercive and
mimetic pressures (Zhou & Li, 2023). Promotion
and funding systems continue to reward depth over
breadth creating path dependency that only
institutional entrepreneurship can disrupt (Cao et al.,
2023).

MATERIALS AND METHODS

This study conducted a systematic literature review

following PRISMA guidelines (Page et al., 2021).

Search Strategy

e Databases: Scopus, Web of Science, PubMed and
Google Scholar

e Time frame: 2015-2025

o Keywords: ("Interdisciplinary research", "Cross-
disciplinary" or "multidisciplinary") and
("Collaboration" OR "integration" OR "barriers" OR
"implementation" OR "team science")

e Filters: Peer-reviewed, English, empirical or
theoretical studies

Inclusion/Exclusion Criteria
Table 1: Inclusion/Exclusion Criteria

Study Selection
e Initial hits: 342

e After duplicate removal: 298
e After title/abstract screening: 68
o After full-text review: 26
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Figure 1: PRISMA flow diagram of study selection
process.

Data Extraction and Synthesis

Data were extracted into a matrix: Author, Year,
Domain, Benefits, Challenges, Strategies and
Institutional Factors. Thematic analysis (Braun &
Clarke, 2006) identified patterns across individual, team
and institutional levels. A multi-level framework was

inductively developed from recurring themes.
Distribution of Themes Across Levels

Ind#vicual

Team

- _

Criterion Included Excluded v 7 i " 5 gl
Type Journal articles, Gray literature, © Frequency of Themes (n=25)
conference papers ed¥tor1als Figure 2: Distribution of themes across levels (n=26
Focus  Interdisciplinary process, disslc?iglli;e studies).
barriers, strategies S tucll)ies RESULTS
. Peer-reviewed, clear Non-academic A. Thematic Findings
Quality
methodology sources
Table 2: Comparative Synthesis of Benefits, Challenges and Strategies
Level Benefits Challenges Implementation Strategies

Transferable skills, adaptability and Epistemological differences
Individual  novel insights (Zheng et al., 2025; and identity conflict (Feng et

Cross-training and reflective practice

Daniel et al., 2022) al., 2020) (el ek, 2027)

Creativity, innovation and broader Communication barriers and Shared goals, role clarity and regular
Team networks (Makinen et al., 2020; time pressure (Guise et al., meetings (Guise et al., 2017; Zhou et

Martin et al., 2020) 2017) al., 2023)

Policy support, funding and centers Disciplinary evaluation and Reformed promotion, dedicated
Institutional (Cao et al.,, 2023; Zheng et al., low citation impact (Barthel platforms and incentives (Zhou et al.,

2025) etal., 2017)

2023; Makinen et al., 2019)
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B. Proposed Framework

INSTITUTIONAL
« Funding priority
« Evalualion reform
» Research centers

i

TEAM
« Shared goals
« Communication
« Role clarity

'

INDIVIDUAL
» Openness

« Cross-training
+ Reflective skills

Figure 3. Three-Level Framework for Successful
Interdisciplinary Research

DISCUSSION

This review confirms that interdisciplinary
research is not merely additive, but transformative
generating solutions unattainable within  single
disciplines (Uddin et al, 2020). The three-level
framework (Figure 2) extends prior work (e.g., Guise et
al., 2017; Lorenzetti et al., 2022) by integrating
individual readiness, team dynamics and institutional
enablement into a cohesive model grounded in team
science and institutional theory. The institutional level
emerges as the strongest predictor of success (n=24
studies) suggesting structural reform precedes cultural
change. Our findings underscore the following hierarchy
of challenges:

1. Cognitive and Communication Barriers: At the
individual and team level the most common barriers
stem from the cognitive effort required to transcend
disciplinary boundaries. Researchers from different
fields often operate with distinct conceptual
frameworks and professional jargon that act as
"language barriers" (Rhoten & Pfirman, 2007). The
initial phase of an IDR project often requires
substantial "time-on-task" dedicated solely to
developing a Shared Mental Model (SMM) and a
common vocabulary (Stokols et al., 2008). Trust and
mutual respect must be actively cultivated to
overcome disciplinary biases such as the perceived
"intellectual hierarchy" where certain disciplines
(STEM) may dominate decision-making over others
(Humanities) (Uddin et al., 2020).

2. Epistemological and Methodological Barriers:
Beyond simple communication IDR faces deep-
seated epistemological challenges. Disciplines differ
fundamentally in their core assumptions about what
constitutes "valid knowledge" and the preferred

methods for data generation and validation. The
integration process is often challenging, forcing
researchers to navigate conflicting standards for data
rigor and ethical approvals. Successfully merging
these perspectives requires researchers to engage in
reflective practice and meta-cognition (Borrego &
Cutler, 2010).

3. Institutional and Structural Barriers: The
systematic  review  unequivocally identifies
institutional barriers as the strongest negative
predictor of IDR success. These structural
impediments are entrenched within the governance,
financing and evaluation systems of modern higher
education (Li & Wang, 2022).

e Incentive Misalignment and Evaluation Silos:
Most universities continue to base promotion, tenure
and salary decisions on traditional disciplinary
metrics. When a researcher publishes in an
interdisciplinary journal, their home department
may not fully credit the work due to perceived lack
of relevance (Zheng et al., 2025). This discourages
faculty from pursuing IDR (Rhoten & Pfirman,
2007).

e Funding and Resource Allocation: IDR projects
require more time and resources. Funding streams
are often structured around existing disciplinary
review panels. Furthermore, institutional resources
in contexts undergoing reform such as India
frequently face limitations with many institutions
focused primarily on mass education rather than
cultivating a "research culture”" (Singh & Sharma,
2023). The difficulty in securing sustained domestic
funding remains a significant hurdle (Oliveira &
Silva, 2024).

e Lack of Supporting Infrastructure: The challenge
is compounded by the absence of dedicated
"coordinating centers" or administrative
mechanisms.

e Policy Implications: Allocate >20% of research
funding to interdisciplinary proposals. Introduce an
“Interdisciplinary Impact Factor” in faculty
evaluations. Mandate “Team Science” modules in
all  PhD  programs.  Establish  national
interdisciplinary research registries to track
collaboration networks.

LIMITATIONS

This review is limited to English-language and
peer-reviewed sources potentially underrepresenting
non-western perspectives. Exclusion of gray literature
and pre-2015 studies may omit foundational work. A
primary limitation of the current review is the focus
predominantly on literature from developed academic
contexts. Although the findings regarding institutional
barriers are globally relevant their manifestation is
acutely amplified in the Global South. Future research
should include multilingual databases and longitudinal
case studies from the Global South (e.g., India, Brazil,
South Africa) to understand how local policies, such as
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the NEP 2020 translate into tangible changes in research
productivity (Singh & Sharma, 2023). Furthermore,
studies should empirically test the efficacy of different
institutional incentive models in fostering a sustainable
and equitable culture of IDR.

CONCLUSION

Interdisciplinary research is essential for 21st-
century science offering a pathway to innovate beyond
disciplinary constraints. This systematic review of 26
studies reveals that success depends on aligned action
across individual, team and institutional levels. The
proposed three-tier framework rooted in team science
and institutional theory provides a practical roadmap for
researchers, universities and funders. Specific
Recommendations: Institutions create Interdisciplinary
Promotion Tracks rewarding team-based impact.
Funders: Require cross-disciplinary training plans in all
grants. Educators Integrate Team Science 101 into
doctoral curricula. Researchers Adopt co-reflective
journals to document integration processes. By
dismantling silos and aligning incentives the global
research community can transform interdisciplinary
collaboration from aspiration to standard practice-
driving scientific progress and societal resilience.
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