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ABSTRACT

Objective: Universities play a central role in knowledge production, technology transfer, and the
commercialization of scientific achievements. In this context, intellectual property management and
research data governance are essential for establishing priority of creation, verifying authenticity, tracing
ownership, licensing, benefit sharing, and strengthening trust among researchers, universities, and
industry. However, conventional university processes often suffer from fragmented data, limited
transparency and auditability, lengthy administrative procedures, the absence of common standards,
unclear responsibilities, and legal disputes. Blockchain technology, through immutable record keeping,
time stamping, data provenance tracking, and smart contracts, can potentially improve these processes.
Nevertheless, successful deployment is not merely a technical matter; it depends on institutional, legal,
data-related, security, and human factors. Accordingly, this study aimed to identify the factors affecting
blockchain deployment in university intellectual property management and research data governance,
explain the causal relationships among them, distinguish driving factors from dependent outcomes, and
prioritize policy and operational interventions.

Method: This applied study adopted a descriptive—analytical design with an exploratory orientation and a
causal-modeling approach. In the first stage, the factors affecting blockchain deployment were identified
through theoretical foundations, prior literature, and expert review and were organized into ten major
components: intellectual property policy, legal validity of smart contracts, data standards, system
interoperability, digital identity, data governance, blockchain technical skills, cost, security, and user
acceptance. A corresponding operational indicator was defined for each major component to translate
strategic findings into actionable implementation measures. The major components (C1-C10) constituted
the units of Fuzzy DEMATEL analysis, whereas the operational indicators (A1-A10) were used as
implementation-oriented definitions and interpretive proxies rather than as a separate causal network. Data
were collected through a Fuzzy DEMATEL matrix questionnaire completed by 21 experts. Following the
aggregation and defuzzification of expert judgments, the direct-relation matrix was constructed and
normalized. The total-relation matrix and the influence (D), dependence (R), prominence (D+R), and
causality (D—R) indices were then calculated. Finally, the cause—effect diagram of the major components
was developed, and the results were translated into operational interventions using the C—A mapping.

Results: He findings showed that the determinants of blockchain deployment form an interconnected
causal network. Data governance emerged as the most central factor, with D = 2.62, R = 2.46, D + R =
5.08,and D — R = 0.16. This indicates that assigning data ownership and stewardship roles, establishing
access and sharing policies, defining retention rules, creating audit mechanisms, and implementing
compliance controls are prerequisites for converting blockchain capabilities into institutional trust. System
interoperability, with a prominence value of 4.65, and data standards, with a prominence value of 4.50,
were also identified as prominent causal factors and formed a synergistic technical cluster. Data and
metadata standardization without effective integration across university systems has limited value, while
interoperability without common standards cannot produce reliable and sustainable data exchange.
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Intellectual property policy, the legal validity of smart contracts, digital identity, and technical skills were
also classified as driving factors. Although cost had a positive causality value of 0.17, its lower prominence
suggests that it functions primarily as an operational constraint affecting the speed and scope of
implementation rather than as a central structural driver. In contrast, security, with D — R = —0.10, and
user acceptance, with D — R = —0.59, were classified as dependent factors. User acceptance showed the
highest level of dependence in the network and represented the final behavioral outcome of the model.
Translating the component-level findings through the C — Amapping identified data-governance policies,
data and metadata standardization, system interoperability, intellectual property regulations, and the legal
validity of smart contracts as the principal operational levers for improving security and user acceptance.
Accordingly, isolated efforts to enhance security or user acceptance are unlikely to be sustainable unless
governance, legal, and infrastructure-related drivers are strengthened first.

Conclusion: Blockchain deployment in university intellectual property management should not be
reduced to the introduction of a technical platform; rather, it should be designed as a phased program of
institutional, data, and process transformation. The proposed roadmap should begin with strengthening
data governance, clarifying roles and responsibilities, establishing access and audit rules, and
implementing compliance controls. The next stage should focus on developing data and metadata
standards and creating interoperability across research, education, academic promotion, intellectual
property, and technology transfer systems. Subsequently, intellectual property regulations, the legal
validity of smart contracts, and procedures for establishing priority, transferring rights, licensing, and
benefit sharing should be clarified. Digital identity, security controls, user training, and technical capacity
building should then be pursued as supporting measures. The novelty of this study lies in presenting a two-
level conceptual—operational causal framework in which causal relationships are estimated at the level of
major components and subsequently translated into actionable operational levers for project sequencing,
resource allocation, and risk reduction in university decision-making.
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Table 1. Operational Indicators (A1-A10) and Implementation Examples for Expert Evaluation
Using Fuzzy DEMATEL
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Table 2. Major Components (C1-C10) and Their Mapping to the Corresponding Operational
Indicators (A1-A10) in the Fuzzy DEMATEL Analysis
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Table 3. Mapping of the Linguistic Scale for Influence Assessment to the Numerical Values Used in
the Direct-Relation Matrix
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Table 4. Defuzzified and Aggregated Direct-Relation Matrix of the Major Components (C1-C10)

C10 C9 C8 C7 C6 C5 C4 C3 C2 C1 Jobe

0/50 0/50 0/25 0/25 0/50 0/25 0/25 0/25 0/75 0 C1
0/50 0/25 0/25 0/25 0/50 0/25 0/25 0/25 0 0/50 Cc2
0/50 0/50 0/25 0/25 0/75 0/25 0/75 0 0/25 0/25 C3
0/50 0/50 0/25 0/50 0/50 0/50 0 0/75 0/25 0/25 C4

0/50 0/75 0/25 0/25 0/50 0 0/50 0/25 0/25 0/25 C5
0/75 0/75 0/25 0/50 0 0/50 0/75 0/75 0/50 0/75 C6

0/50 0/25 0/25 0 0/50 0/25 0/50 0/25 0/25 0/25 c7

0/25 0/25 0 0/50 0/25 0/25 0/25 0/25 0/25 0/25 C8

0/50 0 0/25 0/25 0/50 0/50 0/25 0/25 0/25 0/50 C9
0 0/25 0/25 0/25 0/25 0/25 0/25 0/25 0/25 0/25 C10
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Table 5. Normalized Matrix of the Major Components (C1-C10

C10 C9 C8 C7 C6 C5 C4 C3 C2 C1 Jole

0/07 0/07 0/04 0/04 0/07 0/04 0/04 0/04 0/11 0 C1
0/07 0/04 0/04 0/04 0/07 0/04 0/04 0/04 0 0/07 Cc2
0/07 0/07 0/04 0/04 0/11 0/04 0/11 0 0/04 0/04 C3

0/07 0/07 0/04 0/07 0/07 0/07 0 0/11 0/04 0/04 C4

0/07 0/11 0/04 0/04 0/07 0 0/07 0/04 0/04 0/04 C5

0/11 0/11 0/04 0/07 0 0/07 0/11 0/11 0/07 0/11 C6

0/07 0/04 0/04 0 0/07 0/04 0/07 0/04 0/04 0/04 c7

0/04 0/04 0 0/07 0/04 0/04 0/04 0/04 0/04 0/04 C8

0/07 0 0/04 0/04 0/07 0/07 0/04 0/04 0/04 0/07 C9
0 0/04 0/04 0/04 0/04 0/04 0/04 0/04 0/04 0/04 C10
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Table 6. Total-Relation Matrix of the Major Components (C1-C10)
C10 C9 Cc8 Cc7 C6 C5 C4 C3 C2 C1 Jole

0/27 0/24 0/18 0/20 0/26 0/20 0/22 0/21 0/27 0/18 C1
0/26 0/21 0/18 0/20 0/25 0/20 0/21 0/21 0/17 0/23 Cc2
0/27 0/25 0/19 0/21 0/29 0/21 0/29 0/17 0/20 0/21 C3
0/27 0/26 0/19 0/24 0/27 0/24 0/19 0/29 0/20 0/21 C4
0/26 0/29 0/18 0/20 0/26 0/17 0/24 0/21 0/20 0/21 C5
0/30 0/29 0/20 0/25 0/19 0/26 0/29 0/29 0/26 0/29 C6
0/25 0/21 0/18 0/17 0/26 0/20 0/24 0/21 0/20 0/21 c7
0/21 0/20 0/15 0/23 0/21 0/19 0/20 0/20 0/19 0/20 C8
0/26 0/17 0/18 0/21 0/26 0/24 0/23 0/22 0/21 0/24 Cc9
0/16 0/20 0/18 0/19 0/21 0/19 0/20 0/20 0/19 0/20 C10
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Table 7. DEMATEL Cause—Effect Indices for the Major Components (C1-C10)

D-R D+R R D Jole
0/05 4/41 2/18 2/23 C1
0/03 4/21 2/09 2/12 C2
0/08 4/50 2/21 2/29 C3
0/05 4/65 2/30 2/35 C4
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0/12 4/32 2/10 2122 C5
0/16 5/08 2/46 2/62 Cé6
0/03 4/23 2/10 2/13 C7
0/17 3/79 1/81 1/98 C8
-0/10 4/54 2/32 2122 C9
-0/59 4/43 2/51 1/92 C10
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Figure 1. Cause—Effect Diagram of the Major Components Based on the DEMATEL Method
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Table 8. Coordinates of the Major Components in the DEMATEL Cause-Effect Diagram Based on

the (D-R) and (D+R) Indices

3302 5 u(DHR) il (D-R) Jole
4/41 0/05 C1
4/21 0/03 C2
4/50 0/08 C3
4/65 0/05 C4
4/32 0/12 C5
5/08 0/16 C6
4/23 0/03 C7
3/79 0/17 C8
4/54 -0/10 C9
4/43 -0/59 C10

CJ)}«AMDL J‘.\.?u |.\.'.'.7‘ cCl Ldjﬂjﬁ 6|J.1 .b‘o.LdI Cewddy JS .Ia.'b‘) w}lﬂ )‘ (i/i\ .L.vLa)D + R g)j:.w sluel

wlaad 3o plo 4l fo OF (6518 31 Ol 5s 0 dasOLES 45 5 55 o dralome S Laslsy s Sl ol o i3l e

Sl g ndy A Olpee SOl o8 355 0 el s 5o Ol 53l Ot olie o oot Ry Sl s
D; — i 5 (s Connl Siwm 0 Larls Olgsa Dp + R; liis n f@ 0 Cwlaadd el
.J}:u@ u:")‘Jf J}J;- BEIE) WL‘».A: «L;)'L"A/L;; ﬁ)) u.,a;-LJa Q‘j.«.CdURl

D)+ R, =441

JﬁTL;o S d LS‘;M.;-]’ u..a:-u 4)‘.,\&_9: Lﬁ‘@"bw‘bﬁ":’@ wl;:»Rl

(A) aail,



(OIS0 9 519400) .00 (0T 30 pxI S sl Ol ydisi >l o>

s e DL ) Jokas/ o HB 5 e 53 ) B o e

D — Ry =0.05 () il
ol 03 S W s 3 gl 5 ek bl iss Oles 4 55 adlge b sl Slilone
5 S g S 3l s als L3 Je el VU ise 53 (CB) ssls S das e OLES Jshaem e s yai
b 5 e amU 3 55 (C4) e sy Jola 5 (CB) el slilind ol Jlay g (VL Sl o3
s e LSS |y e Ol iy 6 At 5 Llas S )5 e
kS g gl 51 SO Sl s e OLE ol sl 13 VL (Saer 5 L bl Jshes b 55 (C9) ol
5,5 515 Jsbae 4l by 5553 3 35 (C10) OIS iy sl e sl o Sl 5 b
losls (ol Jolge Sialon 55 Lol Ll (200 (Rl onlaly o)l K IS w0 1) (Sols oo it
Ll leslazel 5 o B sim
BOT i Db 9 e Jolge
3,10kl (C2) iy sl 3 3 sim lael (CL) (6,56 oSl Conlows D — R 2L 05 oo 4 4 55
5 (C7) LS 3 osles (C6) enls Sl S ((C5) Jlizms osp (Ch) prws 6y ol ((C3) ool
S 15 e Julss o580 (CB) wy s

Sy D0 9 (S D-R) (e Jolge A Jgur
Table 9. Causal Factors with Positive (D-R) Values and Their Driving Strength

D-R D+R R D Jels Ol s Jole
0/05 4/41 2/18 2/23 6,55 oSl sl C1
0/03 4121 2/09 2/12 Ladi g 3l3 )l 3 3 sim Ll Cc2
0/08 4/50 2/21 2/29 o303 3,10zl C3
0/05 4/65 2/30 2/35 s S iy Jolas C4
0/12 4/32 2/10 2122 Jlmes &y 5 C5
0/16 5/08 2/46 2/62 o3l3 e8> C6
0/03 4/23 2/10 2/13 5 sl C7
0/17 3/79 1/81 1/98 £y5a C8
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Figure 2. Driving Strength of the Causal Factors with Positive (D-R) Values
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Figure 3. Dependence Intensity of the Effect Factors with Negative (D-R) Values
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Table 10. Operational Translation of the Cause—Effect Results of the Major Components into the
Corresponding Operational Indicators
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