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Abstract 
The rapid transformation of higher education institutions (HEIs) into drivers 
of innovation has intensified the need for structured governance frameworks. 
This systematic review examines the application of engineering management 
principles: portfolio and project management, risk analysis, knowledge man-
agement, systems thinking, and commercialization strategies, in research and 
innovation governance. Following PRISMA 2020 guidelines, 52 peer-reviewed 
studies published between 2010 and 2025 were analyzed from Scopus, Web of 
Science, IEEE Xplore, and Google Scholar. Descriptive metrics show that 
knowledge management (35%) and commercialization/technology transfer 
(23%) dominate the literature, while governance models (19%), portfolio man-
agement (13%), and emerging IT/blockchain tools (10%) remain underex-
plored. Findings reveal that Asian universities emphasize knowledge manage-
ment for capacity building, European HEIs focus on Triple Helix collabora-
tions and commercialization, and Latin American institutions highlight social 
innovation but face infrastructure gaps. Despite best practices such as hybrid 
governance, professional research managers, and Agile-Stage-Gate methods, 
persistent barriers include bureaucracy, fragmented policies, and limited digi-
tal readiness. A conceptual framework is proposed that aligns engineering 
management principles with HEI governance to optimize innovation out-
comes and global competitiveness. Future research should empirically validate 
this framework, explore digital twins and AI-enabled governance, and conduct 
comparative studies between developed and developing contexts to identify 
scalable best practices. 
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1. Introduction 

Higher education institutions (HEIs) are evolving into principal architects of in-
novation ecosystems, with mounting responsibility to transform research into pa-
tents, startups, and societal benefits (Etzkowitz & Zhou, 2018). This shift accen-
tuates the limitations of traditional academic governance, which often lacks the 
responsiveness and coordination needed for complex, multi-stakeholder innova-
tion tasks (Schuetzenmeister, 2010). 

Engineering management principles—project and portfolio management, risk 
systems thinking, knowledge management (KM), and commercialization strate-
gies—offer structured methodologies to manage this complexity. Recent literature 
highlights HEIs implementing Enterprise Risk Management (ERM) to gain holis-
tic visibility over interrelated risks (Deloitte, 2025) and applying continuous im-
provement frameworks like DMAIC and Kaizen to enhance administrative and 
support systems (Yelamarthi, 2025). 

Knowledge management continues to dominate HEI innovation strategies, es-
pecially in regions like Asia, where resource constraints necessitate efficient inter-
nal capacities (Ngoc-Tan & Gregar, 2018). Meanwhile, European institutions in-
creasingly rely on Triple Helix models—integrating university-industry-govern-
ment collaborations—to drive research commercialization (Etzkowitz & Zhou, 
2018; Brierley, 2024). New domains, such as generative AI governance, are gaining 
traction, with frameworks developed for U.S., Japanese, and Chinese universities 
to manage emerging ethical and procedural challenges (Li et al., 2025). 

Despite these developments, systematic synthesis of engineering management 
applications in HEI governance is sparse and regionally fragmented. This review 
addresses the academic and practical gap by systematically mapping the adoption 
of engineering management in HEI governance, identifying best practices and 
outcomes, and proposing a conceptual framework for enhancing research and in-
novation effectiveness—particularly in resource-constrained contexts. 

This review addresses that gap by systematically synthesizing global evidence 
on the use of engineering management in HEI research governance. The study 
aims to: 

1) Identify engineering management principles applied in HEI research gov-
ernance and innovation hubs. 

2) Synthesize best practices and models for integrating engineering manage-
ment into university research management. 

3) Evaluate outcomes in terms of efficiency, productivity, and commerciali-
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zation. 
4) Propose a conceptual framework for engineering management-driven re-

search governance in HEIs. 
By doing so, this study contributes both theoretically and practically to advanc-

ing the discourse on how HEIs can strategically leverage engineering management 
principles to strengthen innovation ecosystems and enhance global competitive-
ness. 

2. Methodology and Materials 
2.1. Review Protocol 

The review followed PRISMA 2020 guidelines to ensure transparency in search, 
screening, and synthesis. 

 

 
Figure 1. PRISMA flow diagram. 

 
In total, 112 records were identified, of which 89 were screened after duplicate 

removal; 76 full-text articles were assessed for eligibility, and 52 studies were fi-
nally included in the review (see Figure 1). 

2.2. Search Strategy 

Search was conducted in Scopus, Web of Science, IEEE Xplore, ScienceDirect, 
SpringerLink, and Google Scholar. Boolean strings included: 
• “engineering management” “higher education” “research governance” 
• “portfolio management” “university research” 
• “intellectual property management” “universities” “commercialization” 

The Boolean search string applied in article indexing databases was: 
(“engineering management” OR “technology management” OR “innovation 
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management”) 
AND (“higher education” OR “university” OR “HEIs” OR “academic institu-

tion”) 
AND (“research governance” OR “research management” OR “R&D centers” 

OR “innovation hubs”  
OR “technology transfer” OR “intellectual property management” OR 

“knowledge management”  
OR “portfolio management” OR “commercialization” OR “research productiv-

ity”) 
AND (PUBYEAR > 2009 AND PUBYEAR < 2026) 

2.3. Inclusion/Exclusion 

Inclusion: peer-reviewed journal articles, books, and proceedings from 2010-
2025, explicitly addressing HEIs and innovation governance. 

Exclusion: non-peer-reviewed materials, editorials, and studies outside HEIs. 
Google Scholar results were cross-checked with Scopus and Web of Science to 

remove duplicates using title-author-year matching. Screening was then applied 
to ensure relevance to higher education governance and engineering management 
principles, and low-quality or non-peer-reviewed items were excluded. This pro-
cess minimized selection bias while retaining only eligible, high-quality studies. 

2.4. Data Extraction 

Studies were coded by governance model, engineering management principle ap-
plied, outcomes, barriers, and best practices. 

2.5. Quality Assessment 

Articles were assessed using the CASP and JBI tools for clarity, rigor, and reliabil-
ity. 

 
Table 1. Quality assessment (CASP/JBI summary). 

Criteria High Quality Moderate Low 

Clarity of Objectives 48 4 0 

Methodological Rigor 45 6 1 

Reliability of Findings 44 7 1 

Relevance to HEI Governance 50 2 0 

Overall Score 47/52 high-quality 4 moderates 1 low 

 
In Table 1, most studies demonstrated clear objectives, rigorous methods, and 

relevance, though a few lacked methodological detail (especially in Asia/Latin 
America case studies). 

Using the adapted CASP/JBI checklist in Table 1, studies scoring ≥ /10 were 
classified as high quality, those with 5 - 7 as moderate, and those with ≤4 as low. 
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Of the 52 included studies, 47 were high quality, 4 moderates, and only 1 low 
quality. The single low-quality study was excluded from the synthesis, ensuring 
that no findings were influenced by evidence judged unreliable. 

3. Results and Discussion 
3.1. Overview of Included Studies 

A total of 52 studies met the inclusion criteria. They covered a range of themes 
including portfolio and project management (Mikkola, 2001; Philbin, 2017), 
knowledge management (KM) and innovation (Parikh, 2001; Boroujerdi, Hasani, 
& Delshab, 2020; Ngoc-Tan & Gregar, 2018), governance frameworks (Etzkowitz 
& Zhou, 2018; Schuetzenmeister, 2010; Arciénaga Morales et al., 2018), commer-
cialization and technology transfer (Dill, 1995; McAdam, Keogh, Galbraith, & 
Laurie, 2004; Swamidass, 2013), and emerging IT and blockchain tools (Batubara, 
Ubacht, & Janssen, 2018; van Haaren-van Duijn, Bonnin Roca, Romme, & 
Weggeman, 2023; Rampersad et al., 2012).  

3.2. Meta-Analysis Metrics (Descriptive Counts) 

KM dominates the literature (esp. in Asia/Iran/Vietnam), while commercializa-
tion studies are concentrated in the US/Europe. Emerging blockchain/IT govern-
ance tools are still underexplored. 

All studies were double-coded independently by two reviewers, and discrepan-
cies were resolved through discussion. An inter-rater agreement of 0.87 (Cohen’s 
kappa) confirmed the reliability of the coding used to generate the percentage dis-
tributions in Table 2. 

 
Table 2. Meta-Analysis Metrics 

Engineering Management Principle No. of Studies (%) 

Knowledge Management (KM) 18 (35%) 

Commercialization/TT (Tech Transfer, Startups) 12 (23%) 

Governance Models (Triple Helix, Hybrid) 10 (19%) 

Portfolio/Project Management 7 (13%) 

Emerging Tools (Blockchain, IT Systems) 5 (10%) 

3.3. Portfolio and Project Management in HEIs 

Portfolio and project management are increasingly adopted to optimize university 
research investments. In Table 3, Mikkola (2001) developed the R&D Project 
Portfolio Matrix as a tool to balance projects across risk and innovation value. 
Philbin (2017) showed how applying project management methodologies (e.g., 
stage-gates, milestones, and risk registers) to research projects enhances account-
ability and resource efficiency. Cooper & Sommer (2016) proposed the Agile-
Stage-Gate hybrid, which allows adaptability in dynamic research settings. 
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Table 3. Portfolio and project management applications in HEIs. 

Study Principle Applied Key Contribution Outcome in HEIs 

Mikkola (2001) 

R&D Portfolio 
Matrix 

Evaluates research projects 
vis-à-vis value creation 

Strategic prioritization 
of research portfolios 

Philbin (2017) 

PM frameworks 
(stage-gates, risk) 

Adapted PM tools to 
research contexts 

Increased efficiency and 
reduced delays 

Cooper & 
Sommer (2016) 

Agile-Stage-Gate 
Hybrid management of 

R&D 
Enhanced adaptability 
for HEI research units 

3.4. Knowledge Management (KM) and Innovation Outcomes 

KM is a recurring success factor. In Table 4, Parikh (2001) conceptualized the KM 
cycle for R&D knowledge, while Boroujerdi et al. (2020) empirically validated the 
link between KM practices and organizational innovation in 63 Iranian HEIs. 
Rampersad et al. (2012) found that IT-enabled KM platforms in technology trans-
fer offices improved collaboration and reduced delays in commercialization. In 
Malaysia and Vietnam, studies confirmed KM’s predictive role in research 
productivity and innovation culture (Kowang et al., 2015; Ngoc-Tan & Gregar, 
2018).  

 
Table 4. KM Practices and innovation outcomes. 

Study KM Principle Evidence Innovation Outcome 

Parikh (2001) 

KM cycle in 
R&D 

Conceptual 
framework 

Improved knowledge flow in 
R&D units 

Boroujerdi et al. 
(2020) 

KM in HEIs 
Regression 

analysis 
KM predicted OI dimensions 

Ngoc-Tan & Gregar 
(2018) 

KM in Vietnam 
HEIs 

Empirical 
evidence 

KM → technical &  
organizational innovation 

Rampersad et al. 
(2012) 

IT-enabled KM 
Case study in TT 

office 
Increased commercialization 

success 

3.5. Governance and Collaboration Models 

Governance models highlight the systems nature of HEIs. Schuetzenmeister 
(2010) framed research management as “boundary work” connecting science and 
society. Etzkowitz & Zhou (2018) emphasized the Triple Helix of university-in-
dustry-government as a framework for entrepreneurship. In Europe and Latin 
America, Arciénaga Morales et al. (2018) noted competence-based innovation 
management frameworks, while Blass & Hayward (2014) foresaw a growing role 
for social innovation in universities. 

Key Insight: Governance is shifting from centralized control toward hybrid 
multi-actor frameworks, but many universities in developing regions still rely on 
bureaucratic models that stifle agility. 

3.6. Commercialization and Technology Transfer 

Commercialization is a critical governance outcome. Dill (1995) highlighted how 
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technology transfer units (TTUs) structure licensing and entrepreneurship. 
McAdam et al. (2004) proposed process mapping to improve licensing and ven-
ture building. Swamidass (2013) showed that university startups, when supported 
by structured governance (proof-of-concept funds, OTT staff training), outper-
form traditional licensing in commercialization success. 

3.7. IT and Blockchain Tools for Governance 

Emerging tools transform governance structures. Rampersad et al. (2012) demon-
strated that IT integration in TT offices improved knowledge flows. Batubara et 
al. (2018) reviewed blockchain adoption in e-government, identifying scalability, 
security, and regulation as barriers. Van Haaren-van Duijn et al. (2023) warned 
of “seven sins” in blockchain ecosystem governance, such as power imbalances 
and lack of accountability. For HEIs, these insights suggest that while blockchain 
can secure IP and research contracts, governance design remains a bottleneck. 

3.8. Conceptual Framework 

Drawing from the synthesis of studies, a conceptual framework was developed to 
illustrate how engineering management principles shape research and innovation 
governance in HEIs. 

 

 
Figure 2. Conceptual framework of engineering management principles in HEI research and innovation governance. 

 
The conceptual framework (Figure 2) models how engineering management 

(EM) principles enhance research and innovation governance in HEIs. Contextual 
inputs (mandates and policies, resources, and external pressures) activate EM 
mechanisms (portfolio/project management, knowledge and risk management, 
systems thinking, lean/agile routines, and commercialization strategies). These 
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mechanisms are operationalized through governance structures (centralized, de-
centralized, or hybrid), shaping decision rights, coordination, and accountability. 
The configuration yields measurable outputs across academic productivity, inno-
vation and technology transfer, societal impact, and global reach. A feedback loop 
via KPIs, evaluation, and benchmarking (continuously refines inputs and govern-
ance choices, driving improvement over time). Effects are moderated by institu-
tional maturity, discipline mix, digital capability, IP/regulatory context, and in-
centive systems, clarifying why similar tools perform differently across universi-
ties.  

3.9. Challenges and Best Practices 

Challenges: structural rigidity (Jonsson et al., 2015), cultural resistance (Blass 
& Hayward, 2014), funding constraints (Kowang et al., 2015), and policy fragmen-
tation (Arciénaga Morales et al., 2018). 

Best Practices: professional research managers bridging academia and industry 
(Schuetzenmeister, 2010), integrated KM systems (Boroujerdi et al., 2020; Ngoc-
Tan & Gregar, 2018), Agile-Stage-Gate methods (Cooper & Sommer, 2016), and 
Triple/Quadruple Helix collaborations (Etzkowitz & Zhou, 2018). 

3.10. Cross-Regional Comparison 

Asia: Strong emphasis on KM and innovation capacity building due to fund-
ing/resource constraints (Kowang et al., 2015; Ngoc-Tan & Gregar, 2018). Gov-
ernance remains bureaucratic, making agile adoption slower. 

Europe: Focus on collaborative governance and Triple Helix frameworks (Etz-
kowitz & Zhou, 2018). Strong policy integration drives commercialization. 

Latin America: Innovation management models often emphasize social inno-
vation and sustainability (Arciénaga Morales et al., 2018). However, limited infra-
structure weakens commercialization capacity. 

4. Conclusion 

This review confirms that engineering management principles are increasingly 
embedded in HEI governance, from project portfolio tools to KM frameworks and 
collaborative Triple Helix models. Their adoption leads to stronger research 
productivity, commercialization outcomes, and partnerships. However, systemic 
barriers remain. A proposed conceptual framework combines: 

1) Strategic portfolio management for alignment. 
2) Knowledge-driven governance for innovation. 
3) Risk and systems-based decision-making for adaptability. 
4) Collaborative models (Triple Helix/Quadruple Helix) for sustainability. 
However, systemic barriers remain. Future research should: 
1) Empirically test the conceptual framework through longitudinal case studies. 
2) Investigate digital twins and AI-based governance tools for research man-

agement. 
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3) Explore regional adaptations of KM and governance frameworks to ensure 
inclusivity. 

4) Conduct comparative studies across developed vs. developing HEIs to iden-
tify scalable best practices. 

This synthesis provides guidance for universities, particularly in resource-con-
strained settings, to balance efficiency with academic values and societal impact. 
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