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Abstract 

Artificial Intelligence is no longer only a technological advancement, but it is becoming a new language of 

research collaboration. In a world facing complex problems such as climate change, pandemics, sustainable 

development, and rapid scientific change, no single discipline can provide complete solutions. This study 

examines the role of Artificial Intelligence in transforming multidisciplinary research and innovation. The paper 

is conceptual in nature and is based on secondary sources which includes research papers, systematic reviews, 

bibliometric studies, and scholarly literature. It analyses AI as both an analytical tool and a structural enabler. 

As an analytical tool, AI supports data analysis, pattern recognition, literature synthesis, hypothesis generation, 

and knowledge integration. As a structural enabler, it improves communication, team coordination, knowledge 

sharing, and cross-disciplinary collaboration. The study also identifies the key conditions under which AI 

integration strengthens research outcomes, including technological readiness, data infrastructure, institutional 

support, human capital, ethical governance, task-technology fit, and leadership culture. The paper concludes 

that AI cannot replace human expertise. Its real value lies in supporting researchers, connecting disciplines, 

and enabling responsible innovation through meaningful human–AI collaboration. 

Keywords: Artificial Intelligence; Human–AI Collaboration, Multidisciplinary Research; Research Innovation.  

Introduction 

The contemporary world is facing various complex 

problems such as climate change, pandemics, 

biotechnological innovation and sustainable 

development (Toto et al., 2025). These problems 

are not limited to one field of study. They cut 

across different disciplines and also need 

integration of different fields like science, 

technology, management, environment, health etc. 

However, the collaboration between researchers is 

difficult because the subjects are divided into 

different compartments in traditional research 

system. In this context, Artificial Intelligence has 

emerged as an important technology. AI is the 

powerful technology that helps to connect different 

fields of knowledge and changing the way research 

is planned, conducted, and transformed into useful 

innovation. (Jain, 2025). The use of AI across 

multiple disciplines is bringing a major shift in 

research methods and innovation practices. Earlier, 

most research depended on specialized knowledge 

within a single subject area. In contrast, AI-

supported multidisciplinary research which makes 

it possible to combine knowledge from fields that 

were previously disconnected (Toto et al., 2025). 

This change is not only about technological 

progress. It also reflects a deeper transformation in 

the way research is organized and carried out. AI 

helps researchers identify new connections, 

generate hypotheses more quickly, and explore 

solutions to problems that cannot be solved by one 

discipline alone (Mirmohammadi et al., 2024). 

The role of AI is not limited to data analysis or 

computational speed. Modern AI systems also 
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includes machine learning, deep learning, and large 

language models which are making advanced 

analytical tools more accessible to researchers from 

different backgrounds (Jain, 2025). Earlier, such 

tools were mostly available to highly specialized 

technical experts. Now, AI helps automate routine 

research tasks such as reviewing literature, 

developing hypotheses, organizing data, and 

improving experimental designs. This gives 

researchers more time to focus on creative thinking, 

problem-solving, and theory development. In 

addition, autonomous AI agents are beginning to 

show the ability to support hypothesis generation, 

experimental work, and knowledge synthesis. This 

development is also changing traditional ideas 

about how scientific discovery takes place 

(Buehler, 2026).AI is already showing useful 

applications in many sectors. In healthcare, AI-

based systems support diagnosis, treatment 

planning, and personalized medicine by combining 

knowledge from molecular biology, clinical 

medicine, and bioethics (Toto et al., 2025). In 

materials science and engineering, AI helps in 

discovering new compounds and improving design 

processes by combining physics-based knowledge 

with data-driven analysis (Buehler, 2026). 

Similarly, environmental science uses AI for 

climate prediction, resource management, and 

ecological planning by connecting computational 

methods with atmospheric and environmental 

knowledge (Jain, 2025). These examples show that 

the real strength of AI does not come from its use 

in one discipline only. Its greater value lies in its 

ability to connect different knowledge systems and 

identify patterns across disciplines (Mayasari et al., 

2023). 

However, the full potential of AI cannot be 

achieved through technology alone. Current 

research shows that there is still a gap between 

technical innovation and responsible 

implementation. For AI to produce meaningful and 

sustainable results, multidisciplinary research 

teams are required. Such teams should include 

technical experts, ethical reviewers, subject 

specialists, policymakers, and community 

representatives (Mirmohammadi et al., 2024). This 

is especially important because AI raises several 

ethical concerns. These include algorithmic bias, 

data privacy, accountability in automated decisions, 

and equal access to AI-based benefits. These issues 

cannot be solved by technical experts alone. They 

require careful discussion among different 

stakeholders which includes developers, social 

scientists, humanists, policymakers, and affected 

communities (Mejía-Trejo, 2025). The COVID-19 

pandemic clearly showed both the potential and the 

limitations of AI. During the pandemic, AI 

contributed to faster vaccine development, real-

time disease forecasting, and improved clinical 

decision-making. These achievements became 

possible when experts from medicine, computer 

science, public health, and ethics worked 

together.At the same time, several challenges 

remained. Problems related to data quality, model 

reliability, and ethical governance continued to 

affect AI-based systems. This shows that advanced 

technology alone is not enough. Strong institutional 

frameworks are also needed to ensure that AI is 

used responsibly and effectively. 

This paper examines how AI supports 

multidisciplinary research and innovation. The 

paper synthesizes existing knowledge to explain 

how AI works as both an analytical tool and a 

structural enabler of cross-disciplinary 

collaboration. It explores the conditions under 

which AI improves research outcomes and barriers 

that limit its adoption. The paper does not present 

AI as a replacement for human expertise. Rather, it 

views AI as a collaborative partner that strengthens 

the ability of diverse research teams to work 

together and produce meaningful outcomes 

(Laurent, 2026). 

Review of Literature 

The literature shows that Artificial Intelligence is 

no longer just a digital tool. It is becoming a major 

force that is changing how multidisciplinary 

research is planned and carried out. Its impact can 

be seen across science, medicine, education, 

design, and other fields, where it supports new 

ways of collaboration, innovation, and problem-

solving. 

Growth and Multidisciplinary Nature of AI  

Bibliometric research covering nearly 60 years 

shows that AI has developed in three major phases. 
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The first phase was its early emergence between 

1960 and 1979. The second phase, from 1980 to 

2009, was marked by re-emergence and 

consolidation. In the recent phase, AI has grown 

into a technoscientific field that is now connected 

with many domains, collaboration networks, and 

multidisciplinary research projects (Arencibia-

Jorge et al., 2022). A broad survey also shows that 

AI has become a powerful research paradigm 

across information science, mathematics, medicine, 

materials science, geoscience, life sciences, 

physics, and chemistry. It supports perception, 

cognition, and decision-making, and has a strong 

influence on both basic and applied sciences (Xu et 

al., 2021). Similarly, a systematic review from 

2013 to 2023 highlights AI’s impact in medicine, 

psychology, agriculture, physics, and economics. 

These studies show that AI is not only supporting 

research, but also encouraging paradigm shifts and 

helping solve complex problems across disciplines 

(Toto et al., 2025). 

AI as an Engine of Scientific and Biomedical 

Innovation 

 AI and deep learning are becoming highly useful 

in health and pharmaceutical research. They help 

speed up drug discovery, improve clinical trial 

design, support personalized treatment, and 

strengthen epidemic forecasting. This can make 

research faster, more systematic, and more cost-

effective (Bhattamisra et al., 2023; Gupta et al., 

2021). New systems such as self-driving labs are 

also changing biomedical research. These labs use 

AI to conduct many experiments and are especially 

important in drug discovery, nanomedicine, and 

precision oncology, although they also create 

challenges for emerging economies (Da Silva, 

2024). Recent AI-based virtual labs show that 

language-model agents can help design and 

improve nanobody candidates. This means AI is no 

longer only a predictive tool; it is also becoming a 

partner in hypothesis generation and experimental 

design (Kim et al., 2026). AI is also useful in 

specific areas such as smart nanocarriers for drug 

and gene delivery, where machine learning 

improves design, loading, and release processes. 

However, success in this area still depends on 

strong collaboration among AI experts, materials 

scientists, and medical researchers (Noury, 2025). 

Mapping and Managing Interdisciplinarity 

 AI and network science are also being used to 

understand how interdisciplinary fields develop 

over time. For example, in Italian design research, 

AI-based text analysis and network methods show 

a clear shift from individual research toward more 

collaborative work. They also highlight the dual 

role of AI. It supports stronger cross-disciplinary 

integration, while also allowing researchers to 

focus on more specialized areas (Pretolesi et al., 

2025). Another study of nearly 15,000 AI–COVID-

19 papers found that adding AI experts to a team 

does not automatically produce high-impact 

research. What matters more is how well different 

types of knowledge are actually combined. This 

shows that meaningful interdisciplinarity must be 

real and integrated, not just superficial (Abbonato 

et al., 2024). 

Human–AI Collaboration, Explainability, and 

Governance  

In education and learning sciences, hybrid human–

AI models are gaining attention. These models 

combine the analytical strength of AI with human 

regulation, reflection, and metacognitive skills. As 

a result, they are reshaping how learning is 

understood and creating new opportunities for 

research on socially shared regulation of learning 

(Akpan et al., 2024). Conversational and generative 

AI tools, such as ChatGPT, are also spreading 

quickly across computer science, healthcare, 

engineering, and business. They support teaching, 

research, coding, and content creation. At the same 

time, they raise concerns related to plagiarism, 

misinformation, privacy, and responsible use, 

which creates the need for stronger policies and 

monitoring systems (Onciul et al., 2025). 

Explainable AI has also become an important 

interdisciplinary field. It focuses on making black-

box AI models more transparent, trustworthy, and 

useful in real-world research and innovation. The 

literature highlights several technical, ethical, legal, 

and user-centered challenges that require 

collaboration across different domains (Górriz et 

al., 2023; Onciul et al., 2025). Overall, AI is 
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emerging as a broad research infrastructure. It 

speeds up discovery, supports cross-disciplinary 

collaboration, and also creates new challenges 

related to governance, equity, and explainability 

that can only be addressed through 

multidisciplinary research. 

Research Gap 

The reviewed literature shows that AI is widely 

used in medicine, education, design, agriculture, 

and scientific research. Most studies focus on AI’s 

technical benefits, such as faster analysis, 

prediction, automation, and improved decision-

making. However, limited attention has been given 

to how AI works as both an analytical tool and a 

structural enabler for cross-disciplinary 

collaboration. Existing studies also discuss AI 

applications separately, but they do not clearly 

explain the conditions under which AI actually 

strengthens research outcomes. 

Objectives of the Study 

The main objectives of study are formulated based 

on the research gap identified:  

1. To analyse the role of artificial intelligence as 

an analytical tool and as a structural enabler in 

promoting cross-disciplinary collaboration. 

2. To explore the conditions under which AI 

integration strengthen research outcomes.  

Research Methodology 

This study is conceptual in nature and is based on 

secondary sources of information. Relevant 

literature was reviewed from research papers, 

systematic reviews, bibliometric studies, and 

scholarly articles related to AI, multidisciplinary 

research, innovation, and human–AI collaboration. 

The collected literature was analysed thematically 

to understand AI’s role as an analytical tool, 

structural enabler, and research support system. 

Result and Discussion 

Artificial Intelligence as an Analytical Tool 

The existing literature shows that AI works as a 

powerful analytical tool for connecting knowledge 

across different disciplines. It helps researchers 

bring together ideas, data, and methods that are 

often separated by traditional academic boundaries. 

At the cognitive level, modern AI systems, such as 

large language models, machine learning 

algorithms, and compound AI architectures, are 

especially useful in identifying hidden patterns 

within large and complex datasets. These patterns 

are often difficult for human researchers to detect 

on their own, especially when the data comes from 

different fields and sources (Volkova, 2025). AI 

should not be seen only as a computational tool. Its 

role is broader than that. It can also act as a 

knowledge translator. It helps convert field-specific 

terms, methods, and concepts into forms that 

researchers from other disciplines can understand 

and use (Ke, 2025). This is particularly important 

in multidisciplinary research. Researchers from 

different fields often use different words to explain 

similar ideas. AI can reduce this gap by helping 

them communicate more clearly and work with 

shared meanings. 

 At the organizational level, AI also saves time by 

automating routine research tasks. These tasks 

include literature review, data curation, hypothesis 

development, and experimental design 

improvement (Saari, 2025). Such activities usually 

take a considerable amount of time and effort. 

When AI supports these processes, researchers can 

focus more on higher-level intellectual work. This 

includes theory building, developing new research 

questions, and interpreting findings in a creative 

way. This does not mean that AI replaces human 

expertise. Rather, it strengthens it. AI reduces the 

burden of repetitive work and helps research teams 

move faster through the knowledge cycle (Jain, 

2025). For example, in healthcare, AI-supported 

knowledge synthesis can combine insights from 

molecular biology, clinical medicine, and bioethics. 

This kind of integration is difficult for any single 

discipline to achieve independently (Toto, 2025). In 

the same way, in materials science, compound AI 

systems can combine physics-based reasoning with 

data-driven analysis. This helps researchers 

discover new compounds and improve design 

processes more efficiently (Buehler, 2026). 

At the epistemic level, AI acts as a link between 

specialized knowledge systems. It helps researchers 

frame problems in ways that cross traditional 

disciplinary boundaries (Li, 2025). Some studies 
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show that AI-enabled multidisciplinary teams 

achieve better integration of cross-domain 

knowledge than teams without such support. For 

instance, Yan (2025) reported a 37% improvement 

in interdisciplinary project outcomes when AI tools 

were used. This suggests that AI can help reveal 

connections that may remain hidden within 

separate academic literatures. One reason for this is 

representation learning. Through this process, AI 

systems organize domain-specific knowledge into 

abstract forms. These forms make it easier to 

identify relationships between ideas, methods, or 

findings from different fields (Ying, 2025).  

The effective use of AI depends on human–AI 

complementarity, not AI autonomy. AI should 

support researchers, not replace them. Studies on 

human–AI collaboration show that the best results 

are achieved when AI recommendations are 

reviewed critically by domain experts. When 

researchers treat AI outputs as suggestions rather 

than final answers, performance improves beyond 

what either humans or AI could achieve alone 

(Hemmer, 2024). 

Artificial Intelligence as Structural Enabler 

Beyond its analytical role, AI also works as a 

structural enabler in multidisciplinary research. It 

changes how research teams are organized, how 

collaboration is managed, and how knowledge 

moves across different fields. In this sense, AI does 

not only support research activities. It also reshapes 

the system in which research takes place 

(Westover, 2025). At the communication level, AI-

supported platforms help researchers from different 

academic backgrounds understand one another 

more easily. This is very important in 

multidisciplinary research because each field often 

has its own language, methods, and assumptions. 

Researchers may sometimes talk about similar 

ideas but use completely different terms. 

Specialized AI agents can help align terminologies, 

research methods, and knowledge systems across 

disciplines (Volkova, 2025). This reduces the 

communication gap and makes collaboration 

smoother. 

At the organizational level, AI makes new forms of 

distributed collaboration possible. Earlier, 

managing large multidisciplinary teams across 

different locations was often difficult. Now, AI-

supported systems can help coordinate complex 

research workflows (Witkowski, 2024). Multi-

agent AI systems can assign problems to suitable 

experts, combine their inputs, and identify areas 

where human discussion is still needed (Ma, 2026). 

In this way, AI can act as a kind of collaborative 

infrastructure. AI also plays an important role in 

knowledge governance and institutional memory. 

Advanced AI systems, especially those using 

retrieval-augmented generation and knowledge 

graphs, can create organized and searchable 

repositories of multidisciplinary research (Lazanas, 

2026). These systems help preserve research 

insights and make them easier to find later. This is 

valuable because important knowledge is often lost 

in departmental files, personal notes, or individual 

researchers’ memories. With AI-enabled systems, 

knowledge generated through collaboration can be 

stored, connected, and reused. This changes how 

institutions capture and mobilize research 

knowledge. Instead of keeping insights limited to 

one department or one team, AI can make 

interdisciplinary knowledge available for future 

projects (Banks, 2025). This supports continuity in 

research and reduces duplication of effort. AI can 

also support the formation of research teams. It can 

help identify which experts are needed for a 

particular multidisciplinary problem. For example, 

AI systems can recommend combinations of 

researchers with complementary skills and 

highlight knowledge gaps that may require 

additional team members (Li, 2025). This makes 

team formation more systematic. It shifts the 

process from informal or ad-hoc selection toward a 

more evidence-informed approach based on the 

nature of the research problem (Huzooree, 2026). 

Conditions under which AI Integration 

Strengthens Research Outcomes 

Although AI has strong potential, its success in 

research depends not only on advanced technology 

but also on how it is applied. Proper data systems, 

skilled researchers, institutional support, and 

ethical governance are necessary for effective use. 

Therefore, this section explains the conditions 

under which AI improves research performance 
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and why some AI implementations succeed while 

others fail (Alabdooli, 2026). 

1. Technological and Data Infrastructure 

Conditions: Effective AI integration in 

research requires strong technological 

readiness and mature data infrastructure. 

Simply adopting AI tools is not enough; 

organizations also need proper data 

governance, system integration, computational 

support, and reliable data quality (Aloufi, 

2026). When data is fragmented, incomplete, 

or poorly managed, AI systems often fail to 

perform effectively (Hossain, 2025). Research 

environments with standardized data, 

interoperable systems, clear documentation, 

validation procedures, and governance 

mechanisms achieve better AI performance 

(Abbasnejad, 2025). Thus, technological 

readiness is a basic requirement for AI-

supported research. Alone, it may not 

guarantee success, but with other supportive 

conditions, it can strongly accelerate research 

outcomes (Elmourad, 2026). 

2. Organizational and Institutional Readiness: 

Beyond technical infrastructure, organizational 

readiness also plays an important role in the 

success of AI integration. Strong leadership, 

clear strategy, change management capacity, 

and institutional support are necessary for 

improving research outcomes (N, 2026). When 

organizations adopt AI without a clear 

purpose, leadership commitment, or structures 

that support cross-disciplinary collaboration, 

AI often fails to create meaningful results 

(Erdmann, 2025). Evidence shows that 

institutions investing in strategy, governance, 

leadership alignment, and change management 

achieve better research performance than those 

focusing only on technology (Abbasnejad, 

2025; Elmourad, 2026). Therefore, AI works 

best when its use is aligned with institutional 

goals, funding priorities, workforce 

development, and long-term research 

objectives (Kalogeratos, 2026). 

3. Human Capital and Workforce Readiness: 

AI integration improves research outcomes 

when institutions also invest in people. 

Researchers need AI literacy, technical skills, 

and psychological readiness to use AI with 

confidence and judgment (Haq, 2025). Studies 

in education, healthcare, and business show 

that lack of workforce readiness often limits 

the real value of AI. Therefore, organizations 

achieve better implementation success when 

they develop human skills alongside AI 

adoption, rather than treating training as a later 

step (Abbasnejad, 2025). 

4. Governance, Ethics and Trust Conditions: 

Effective governance is essential for improving 

AI-based research outcomes. It includes ethical 

oversight, transparency, accountability, and 

stakeholder participation (Karami, 2026). 

When organizations use clear governance 

systems, researchers and stakeholders develop 

greater trust in AI and become more willing to 

use AI-supported recommendations in 

decision-making (Codreanu, 2026). 

Transparency and explainable AI help 

researchers understand how AI systems work 

and what assumptions they follow, while 

“black box” systems often create doubt and 

resistance (Gonzalez, 2026). Clear 

accountability is also important, because 

responsibility for AI-based decisions must 

remain with humans, especially in high-risk 

situations (Passmore, 2026). Along with this, 

ethical frameworks should be built into AI 

design from the beginning, not added later. 

Issues such as bias, fairness, access, and 

institutional values must be considered 

carefully to make AI implementation more 

responsible and sustainable (Karami, 2026; 

Gonzalez, 2026). 

5. Task-Context Fit and Problem Structure: 

AI does not improve every research problem in 

the same way. Its usefulness depends on the 

nature of the task and the structure of the 

problem (Revilla, 2023). AI works best when 

the task involves large amounts of information, 

complex patterns, clear performance measures, 

and data from different fields that need to be 

combined (Volkova, 2025; Abbasnejad, 2025). 

It is also more effective when human experts 

can review, interpret, and override AI 

suggestions when needed (Valaboju, 2024). 

However, AI may be less useful for highly new 
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problems with limited data, tasks requiring 

deep creativity, ethical judgment, or strong 

human values, and situations where 

explainability is essential (Revilla, 2023; 

Gonzalez, 2026; Codreanu, 2026). Therefore, 

AI should be used only where it fits the task 

properly and where human expertise remains 

central to decision-making. 

6. Leadership, Culture and Collaborative 

Structures: Organizational culture and 

leadership strongly influence whether AI 

improves research outcomes or weakens them 

(Kalogeratos, 2026). Leaders should treat AI as 

a tool for generating ideas, not as a final 

decision-maker. AI suggestions need human 

review, expert judgment, and critical validation 

(Passmore, 2026). When leaders accept AI 

outputs without questioning them, it can create 

automation bias and reduce research quality. A 

supportive culture is equally important. 

Research teams perform better when the 

organization encourages collaboration, 

knowledge sharing, experimentation, and 

continuous learning (Magsi, 2026). AI works 

best in environments where researchers feel 

safe to question its recommendations and learn 

from implementation challenges, rather than in 

cultures that focus only on speed, efficiency, or 

strict technological compliance. 

Conclusion 

This study concludes that Artificial Intelligence is 

playing an important role in transforming 

multidisciplinary research and innovation. AI is not 

only useful for data analysis, prediction, and 

automation; it also helps connect different 

disciplines by supporting knowledge sharing, 

pattern recognition, and cross-disciplinary 

collaboration. In this way, AI works as both an 

analytical tool and a structural enabler. The 

findings show that AI can improve research 

outcomes when it is used with proper planning and 

human judgment. It helps researchers review 

literature, identify hidden patterns, generate ideas, 

and manage complex research workflows. At the 

same time, AI cannot replace human expertise. Its 

real value appears when researchers critically 

evaluate AI outputs and combine them with ethical 

reasoning, creativity, and subject knowledge. The 

study also highlights that successful AI integration 

depends on several conditions. These include 

strong data infrastructure, institutional readiness, 

skilled researchers, ethical governance, leadership 

support, and task-technology fit. Without these 

conditions, even advanced AI tools may fail to 

produce meaningful results.  Overall, AI should be 

understood as a collaborative partner in research. 

When used responsibly, it can strengthen 

multidisciplinary innovation, improve research 

quality, and help institutions address complex 

social, scientific, and technological challenges. 

Limitations and Future Direction of Study  

This study is conceptual in nature, so it is based 

only on secondary literature and does not include 

primary data or empirical testing. The findings are 

drawn from existing studies, which may limit the 

practical generalization of the results. Another 

limitation is that AI is rapidly changing, so some 

developments may become outdated over time. 

Future research can use empirical methods, such as 

surveys, interviews, or case studies, to examine 

how AI actually supports multidisciplinary research 

teams. Further studies may also compare different 

sectors to understand where AI integration 

produces the strongest research and innovation 

outcomes.  
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