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Abstract: In practice, R&D in public organizations in developing countries is confronted with a
variety of failures related to supporting management disciplines. The primary goal of this study is to
address this issue through multiple-criteria decision making, which includes the DANP (DEMATEL-
based ANP) approach. The DANP approach helps to resolve the classification issue that arises as a
result of interdependence and feedback characteristics among the capabilities related to supporting
management disciplines, allowing weak capabilities to be prioritized based on their interdependence.
In the case of criteria weighting, the empirical result in terms of the degree of the net causal rela-
tionship had a greater influence on other criteria; however, in terms of dimensions, the technology
management process capability had a greater significance on other dimensions, while the innovation
management process capability had the least significance on other dimensions. The studies were
based on relevant capabilities under a generic perspective so as to oppose country-specific reviews.
However, for empirical testing, the proposed framework needs to fit into a country-specific context.
According to specific conditions, Pakistan is considered as a case of empirical testing, providing the
experts from the multidisciplinary field of science and technology with robust professional credentials
in managing multi-mission R&D from public organizations.

Keywords: knowledge management (KM); innovation management (IM); technology management
(TM)

1. Introduction

The global economy has shifted as a result of technical, regulatory, and economic
considerations which stem from industrial revelations. Systems have often struggled to
adequately deal with such rapid changes, especially when it comes to dealing with rapid
growth and the need to transfer [1]. Over the next few years, these trends will exert consid-
erable pressure on the global economy, posing a serious challenge for unprepared systems.
The only way to deal with the current challenges and prepare for the upcoming industrial
revolutions is to invest in research and development (R&D). Yet, there is certainly less
priority on implementing R&D as a significant tool within developing economics, in order
to oppose the emerging threats due to dynamic technological diversification at a large
industrial spectrum [2]. However, numerous developing countries are still confronting
various technological obstacles due to decelerating advancements towards their R&D [3].
OECD [4] shows the majority of governmental policies among developing countries used to
support the possible sources for R&D in governmental firms, but the outcome has remained
fragmented and disarticulated, making them ineffective [5]. The majority of developing
economies spend less than 0.5% of their GDP on R&D [6]. According to the global innova-
tion index (GII), developing countries rely on less spending which may confront various
deficiencies in relation to supporting management disciplines (SMDs), [7–9]. Almost 60%
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of public R&D efforts undertaken by the majority of developing economics have failed
to classify capabilities related to knowledge management, innovation management, and
technology management, given that SMDs, with respect to their process functionalities,
potentially influence R&D [10,11].

Supporting management disciplines are potentially used to supplement the progres-
sive R&D with respect to dynamic market trends [12]. These activities are designed to
improve organizational productivity and profitability by reinforcing effective communica-
tion among organizational functions. Within the organizational domain, the supporting
management disciplines are defined as a collection of activities related to knowledge, in-
novation, and technology management. As a result, SMDs have a significant impact on
research and development in public organizations. The majority of processes related to
supporting management disciplines are strictly controlled and stimulated by the R&D
department. When it comes to classifying resources related to SMD drive capabilities,
the process of managing R&D performance is heavily reliant on process capabilities re-
lated to knowledge, innovation, and technology management, and thus has a high degree
of uncertainty. Process capabilities related to the knowledge management discipline in-
clude knowledge acquisition, knowledge sharing, knowledge implementation, knowledge
creation, knowledge utilization, knowledge transfer, knowledge protection, affective com-
mitment, and intellectual knowledge portfolio. Similarly, the ability to share knowledge
internally and externally, project management (control and monitoring), innovative com-
patibility, and the rate of new product development/service introduction per year are all
process capabilities related to the innovation management discipline. The capabilities asso-
ciated with the technology management discipline are technology acquisition, technology
exploitation, technology identification, technology learning, technology protection, and
technology selection.

Any modernization program must have R&D. Examining previous research on how
R&D departments can determine the interrelated influence of these capabilities as well as
their resources on R&D performance is not only interesting but also important in terms
of evaluating overall organizational performance. The dynamic relationship between
R&D performance; process capabilities related to knowledge, innovation, and technology
management as an R&D supporting management discipline (SMD); and their resources is
the primary focus of this research study. The objectives of the study are as follows: (a) to
investigate the significant resources that drive process capabilities across three disciplines;
(b) to investigate the dynamic relationship between SMD capabilities and R&D; and (c) to
establish effective remedies and suggest feasible techniques to determine the direct and
indirect relationship between SMD capabilities and R&D.

There is no reservation regarding the significance of R&D among developing countries
as a potential instrument to confront growing challenges due to exponential technological
development on a large industrial scale. However, many developing countries still face sev-
eral technical barriers due to the slowing progress in their R&D. In such context, this study
highlights studies which address multi-disciplinary R&D in public organizations, allow
researchers to include all the studies based on relevant capabilities under a generic perspec-
tive so as to oppose country-specific review; and sketch conclusions on the significance of
supporting management disciplines (SMDs) that share their boundaries with R&D under a
general context. However, for empirical testing, proposed frameworks need to fit into a
country-specific context by merely emphasizing the need to rectify capabilities, according
to specific conditions. Unrestricted access to public organizations is also an essential factor
to pursue this study. Hence, Pakistan is used as a case study of empirical testing. The focus
group panel comprises of experts from the multidisciplinary field of science and technology
along with robust professional credentials in managing multi-mission R&D from public
organization were invited for data collection.
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2. Literature Review

Scientific innovation, advanced technologies, and supporting management disciplines
diffuse slowly [13]. These disciplines have convoluted as part of the substantial contributor
in R&D progression over last five decades [14]. However throughout such a period, the
supporting management disciplines (SMDs) were more advanced to thrust functional
alignment, as the majority of developing economics primary focused on R&D [14]. Most of
the R&D in governmental organizations between developing economies depends on three
sets of supporting management disciplines (SMDs) that were recognize among a variety
of efficient entities across public organizations based on ‘knowledge management’(KM),
‘innovation management’(IM) (to articulate creative products), and ‘technology manage-
ment’(TM) (to boost the technology assimilation presented in Figure 1) [15,16].
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As shown Figure 1, theoretical interpretation allows researchers to highlight the capa-
bility based view on behalf of R&D perspective and describes the concepts of capabilities
which gained traction in the fields of strategic management along with the peripheral
contributions of supporting management disciplines (SMDs) [18]. This view appears to
go beyond ‘production function’ and recognizes the significance of how R&D firms may
consider and orchestrate functions that sustain national competitiveness [19]. This range of
functionalities allows firms to accomplish full integrations in the development of un-priced
assets. This discrete un-priced trait enables firms to capture value from R&D [18]. There-
fore, a capability-based view allows researchers to explore the management of innovation,
knowledge, and technology as supporting management tools which, though unexpected
benefits, can be somewhat associated with R&D [11,18,20]. In this way, capability-views
endeavors can help to classify heterogeneity among capabilities in relation to R&D sup-
porting management disciplines. Such a classification based on concepts from knowledge
management, innovation management, and technology management disciplines [15] is
shown in Figure 2, and historical evidence is shown in Table 1.
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Table 1. Dimensions and criteria.

Dimensions Criteria Measurement Items
Reference

Knowledge management
process capability

Knowledge sharing [22–27]

Knowledge creation [28–32]

Intellectual knowledge [33–36]

Knowledge transfer [37–39]

Knowledge acquisition [40–42]

Knowledge implementation [43–45]

Innovation management
process capability

Technology transfer [46–52]

Decision-making process [53–56]

Rate of introduction new product [57–67]

Open innovation [68–75]

Project management [76–78]

Innovativeness compatibility [36,79–83]

Internal and external knowledge
sharing ability [84–87]

R&D cooperation [88–91]
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Table 1. Cont.

Dimensions Criteria Measurement Items
Reference

Technology management
process capability

Technology acquisition [92–96]

Technology exploitation [97–99]

Technology learning [95,100,101]

Technology development [21,102–104]

Technology selection [105–108]

Technology protection [97,109,110]

From the recent findings shown in Table 1, some of emerging trends drawn within
the R&D context allows process capabilities related to KM to be addressed, including
(knowledge sharing, knowledge implementation, knowledge transfer, knowledge creation,
intellectual knowledge, knowledge protection, knowledge identification, and knowledge
acquisition). Similarly, findings also include some of trends that were focused on en-
abling technologies conceived as a potential resource for innovation management process
capabilities, which include technology transfer, project management, decision-making
process, open innovation, internal and external knowledge-sharing ability, innovativeness
compatibility, introduction rates of new products, and R&D cooperation. The technology
management process capability consists of numerous processes within functional units
of an organization. The basic scope of technology management is far wider than the as-
pects that directly interface processes related to technology management that influence
R&D. These processes include technology acquisition, technology exploitation, technology
learning, technology development, technology selection, and technology protection.

3. Methodology

Generally, a decision making and trial evaluation laboratory (DEMATAL)-based ana-
lytic network process (ANP) is used to explore the sufficient features to optimize overall
system by translating the characteristics of factors in the form of matrices.

Due to interrelating characteristics among the capabilities belonging to supporting
management discipline, researchers can adapt to the DANP (DEMATEL-based ANP)
approach. Based on the DANP approach, pairwise comparison questionnaires have been
distributed to experts to rectify the capabilities within a country-specific context [111]. The
DANP approach allows researchers to determine the relationship and criteria weight. The
DANP method has also been recognized in several fields such as brand marketing [112],
project portfolio [113], and expatriate assignment evaluations. The theoretical model
is certified by the DANP technique to regulate the potential association between the
dimensions and criteria among relevant capabilities related to supporting management
discipline, as shown in Figure 1. The DANP approach does not need the perquisite;
therefore, utilizing DANP is significant for interrelation. The DEMATL-based ANP (DANP)
technique is split into two sections: (1) DEMATEL used to construct the IRM and (2) ANP
used to conclude the criteria weights, as shown in Figure 3.
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3.1. The Dematel-Based ANP (DANP) Approach

The DEMATEL is used to state the better working link and robustly illustrate the
practical solution for any cascaded cluster problem [114]. The DEMATEL enables some of
the sufficient features used to optimize the overall system by translating the characteristics
of factors in the form of matrices. These factors allow decision makers to understand
direct and indirect effects among them. This study aims to highlight the bidirectional
relationships among capabilities with respect to their dependency on certain dimensions
and criteria. This study follows a complete range of mathematical steps presented by [114].
The fundamental steps of DANP techniques, adopted from Chen and Hsu [115], are
as follows. At the first stage, the ANP is estimated by simply applying the traditional
DEMATEL techniques after measuring the threshold value “α”, presented by İlkerGölcük
and AdilBaykasoğlu [116]. After that, an unweighted super matrix of overall system is
assembled, as shown in Figure 4.

To understand a full picture shown in Figure 4, the first step is used to estimate
the average matrix. In second step, the initial influence matrix were estimated. Third, a
comprehensive picture is drawn with a direct and indirect influence on the matrix, which
includes the need to develop the interface with indirect effects in order to address the
relevant problem along with the power of X1, X2, X3, X4, . . . , Xk and lim

k→∞
Xk = [0]n×x,

when X =
[
xij
]

n×n, 0 ≤ xij < 1 and 0 ≤ ∑ Xij or ∑ Xij < 1. Here, only one column
or one row sum equals 1. As result of this, the total influence matrix is used for illus-
tration purposes. To develop the interface with the indirect effects in order to address
relevant problems along with the power of X1, X2, X3, X4, . . . , Xk and lim

k→∞
Xk = [0]n×x,

when X =
[
xij
]

n×n, 0 ≤ xij < 1 and 0 ≤ ∑ Xij or ∑ Xij < 1, only one column or one row
sum equals 1. As a result, the total influence matrix is used to illustrate the following:
T = X1 + X2 + X3 + X4 + . . . + Xk = T = X

(
1 + X1 + X2 + X3 + X4 + . . . + Xk

)
. The

complete mathematical steps are represented in Equation T = X
(

I − Xk
)
(I − X)−1 T =

X(I − X)−1 when lim
k→∞

Xk = [0]n×x, where T = [tij]n×n, i, j = 1, 2, . . . , n. In addition, the se-
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lected techniques represent each row sum and column sum of matrix T, r = (ri)n×1 =[
n
∑

j=1
tij

]
n×1

c = (ci)n×1 =

[
n
∑

i=1
tij

]
n×1

. This helps to formulates the threshold value

∝ =
∑n

i=1 ∑n
j=1 tij

N , essential for network relation map for ANP. We adopt the ANP technique in
order to perform steps 6–8. Steps 6 and 7 advise how to formulate the normalized weighted
matrix. As shown in Figure 4, the results allow the normalized total criteria relationship
matrix and the normalized total dimensions relationship matrix to be drawn, respectively.
Step 7 is shown in Figure 4 with the weighted super matrix W. In Step 8, the W* super
matrix is multiplied by itself ( lim

n→∞
(W∗ )n) to create a converged stable matrix.
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3.2. Research Framework

The role of R&D has been regarded as one of the most significant strategies to cre-
ate knowledge-based culture similarly, among developing economics [117]. For radical
economic transformation, most low- and middle-income developing economies consider
R&D as a creative ability on the national level which drives the systematic foundation to
enhance the knowledge stock. This systematic ability enables knowledge culture in order
to create new applications [10]. The potential spending on knowledge resources at public
firms may increase the possibility of accomplishing high-standard R&D at national and
regional levels, thus allowing policymakers to introduce more investment on advanced
capabilities across public firms. Resulting in more added value in relation to capital and
economic development [118]. However, the role of R&D at the public organization level
faces various challenges, such as the % of GDP spending on R&D, especially imbalance
income [119,120]. The situation never less different in case of Pakistan, which remains at
the bottom investing approximately 0.30% of their GDP on R&D, as compared to other
developing economies.

In several developed countries, the potential spending on private R&D firms is much
higher than public R&D firms [10]. In the case of low-income developing economies,
the majority of R&D is carried out using public funds. Therefore, the majority of R&D-
related activities are performed in public organizational settings [10]. The current R&D
system at the public organization level in Pakistan is based on large research centers owned
by public organizations spread across various sectors. For example, 59% belongs to the
agricultural and textile sectors; 12% belongs to the health sector; and the other 28% is
spread across 15 different sectors including engineering, automobiles, chemicals, petroleum
products, fertilizers, cement, steel, leather products, livestock, non-metallic minerals, food
and beverage, tobacco, and electricity gas [121,122].

The literature driven theoretical model for supporting management discipline required
has to be discussed within country specific context. In this study, researchers take the
specific example of R&D in Pakistani public organization [10,111], The questionnaire based
on dimension and criteria were derived research framework shown in Figure 5.
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3.3. Research Design

In order to measure the interrelationships among the capabilities related to knowl-
edge, innovation, and technology management, a set of pairwise questionnaires were
distributed among experts across 41 focus groups. The outcome of focus-group discussions
were then analyzed using the hybrid multicriteria decision-making algorithm known as
DANP [123,124]. The framework includes both DEMATEL as well ANP techniques which
help to analyze the interrelationship among various dimensions and criteria related to
knowledge, innovation, and technology management as supporting management disci-
plines that influence R&D. The expert-approved model based on the following research
design is shown in Figure 6.
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3.4. Data Collection

This section includes a comprehensive description of the expert’s involvement during
the focus-group discussions, from the introduction of the research participants to the
research theme dimensions and criteria.

(1) Selection criteria for R&D: According to the findings of Meesapawong [125], all active
R&D in public organization missions related to ‘Knowledge Management’, ‘Innova-
tion Management’, and ‘Technology management’ as supporting management disci-
plines were carefully screened. Out of 58 active public R&D organizations, 58 were
acknowledged and the rest of them were discarded on the bases of three significant
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criteria (‘Organization mission’, ‘Source of funding’, and ‘Number of Existing R&D
projects’).

(2) Experts: Experts from 58 active R&D in public organizations from Pakistan were
arranged across 41 focus groups. The selection criteria of experts were based on com-
prehensive guidelines presented by Meesapawong [125]: (1) those holding a position
of a chief scientific officer, a consultant, a professional engineer, an academician, a
technical research officer, an R&D manager, or a senior researcher; (2) those involved
in R&D management, knowledge management, technology management, and inno-
vation management; and (3) those who responded to invitation letters and agreed to
participate. These multidisciplinary background R&D experts developed their con-
sensus based on similar expertise related to knowledge, innovation, and technology
management experiences. According to the findings proposed by Meesapawong [125],
The focus group was comprise on five experts and accepted if: (1) they had a rich
understanding and experience about research theme; (2) they could present their
research ideas during the focus-group discussions; (3) homogeneous groups were sep-
arate; (4) there was excellent teamwork during the discussion, i.e., not being overlay
assertive or too anxious to express opinions.

(3) Research Theme: Experts with similar research knowledge on innovation, knowledge,
and technology management in R&D context were invited to participate in the focus-
group discussion to develop a group consensus, and the pairwise questionnaire based
on DANP technique was used to identified relationship in between dimensions and
criteria.

(4) Dimension and Criteria: With respect to the literature review, the dynamic interdepen-
dencies in between the dimension and criterion are shown in Table 1.

3.5. Analysis

A complete range of 195 experts, who composed thirty-nine focus group, with five
participants in each group, is shown in Table 1. This included chief scientific officers, R&D
managers, consultants, professional engineers, technical research officers, government
chief research officers, and academicians. The same panel experts were involved in both
focus-group discussions and DANP (DEMATEL-based ANP) techniques. Initially, almost
forty-one focus groups were invited to participate in order to cover the maximum reliability
of the instrument. Out of the 41, only 39 groups were chosen as valid discussion groups
with a potential response rate. These thirty-nine multidisciplinary focus groups fully
participated in both sessions. The demographic information of the surveyed experts is
shown in Table 2.

Table 2. Demographic information of the surveyed experts.

Orientation Categorize N %

Positions Chief research officers 32 16.4
Professional engineers 30 15.3

R&D managers 32 16.4
Consultants 33 16.9

Technical research officers 35 17.9
Academicians 33 16.9

Total 195 (39) 100

Gender Male 130 66.6
Female 65 33.3

Total 195 (39) 100%

Age 31–41 28 13.8
41–51 89 45.6

51–above 60 78 40
Total 195 100



Processes 2022, 10, 2542 11 of 28

Table 2. Cont.

Orientation Categorize N %

Education Bachelor 48 24.6
Masters 79 40.5

PhD degree 68 34.8
Total 195

Average (Research Publication) Journal/experts

Industrial and academic
experience Chief scientific officers 264 years 18.9

Professional engineers 250 years 17.9
R&D managers 196 years 14.0

Consultants 366 years 26.2
Technical research officers 336 years 24.1
Total (Industrial Experience) 1392 years 100

4. Results

From DANP technique, First, we were able to address the impact relationships with
respect to their significance and examine the degree of importance among dimensions in
this study.

Tables 3 and 4 show the group consensus among experts concerning the impact of
each criterion. The error gap ratio in Table 4 was 3.43% less than 5%, which specifies a
significant confidence level of 96.57. Therefore, the total average matrix can be obtained
from Table 3 and these data can be used for the DEMATEL technique. Based on DEMATEL
techniques, Steps 1–3, as initially discussed in Figure 4 in Section 3.1, were used, which
are as follows. (1) Step 1: The total average matrix was normalized to obtain matrix T
(Criteria), as shown in Table 5. (2) Step 2: The total criteria relation matrix T (Criteria) and
the total dimension relation T (Dimension) were calculated through matrix X, as shown in
Tables 6 and 7, respectively. (3) Lastly, the degree to which each criterion and dimension
influenced and was influenced by all others, as shown in Table 8. After performing steps
1–3, based on three steps, we were able to develop the IRM for both dimensions and criteria,
respectively, as shown in Figures 7–10
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Table 3. The total average matrix T (Criteria) across 39 groups.

Focus
Group (39)

(K.
cre)

(K.
Acq)

(Int Kno
Port) (K.Shar) (K.Imp) (K.tran) (Tech.

Tran) (Dec.Mak) (In. Op
Inn)

(Proj.
mang)

(Inn.
com)

(Rate
Int)

(Int &
Ext

Kno)
(R&D.Corp) (Tech.

Acq)
(Tech.
Expo)

(Tech.
Pro)

(Tech.
lear)

(Tech.
Sele)

(Tech.
Iden)

(Tech
Deve)

(K.cre) 0 2.12 1.9 2.9 3.36 1.1 3.36 1.4 3.17 2.11 2.19 2.36 2 1.4 2.1 2.2 2.36 2 1.367 1.88 2.87

(K.Acq) 1.86 0 2.6 2.6 1.81 1.3 1.84 1.4 1.38 2.78 1.35 1.13 1.6 1.4 2.5 1.4 1.13 1.5 1.351 1.12 1.98

(Int Kno
Port) 2 2.7 0 3.35 1.86 1.4 1.86 1.4 1.49 2.79 1.51 1.12 1.5 1.5 2.9 1.5 1.11 1.5 1.59 1.21 1.63

(K.shar) 3.12 3.59 3.1 0 1.88 1.3 1.85 1.4 1.71 3.12 2 1.54 1.6 1.4 3.2 2 1.49 1.6 1.368 1.2 2.62

(K.Imp) 2.12 1.86 1.6 1.86 0 2.8 0 2.7 2.19 1.49 1.13 1.49 1.2 1.2 1.5 1.1 1.49 1.2 1.212 1.49 2.71

(K.tran) 1.18 1.67 2.1 2.12 2.86 0 2.87 0 2 1.72 1.74 1.75 2 1.7 1.8 1.8 1.75 2 1.75 1.88 2.13

(Tech.
Tran) 1.19 1.87 1.6 1.86 0 2.7 0 2.7 2.18 1.49 1.12 1.49 1.2 1.3 1.5 1.1 1.48 1.2 1.214 1.47 2.73

(Dec.Mak) 3.12 1.65 2.1 2.16 2.87 0 2.84 0 2 1.72 1.74 1.72 2 1.7 1.7 1.7 1.72 2 1.72 1.87 2.12

(In. Op
Inn) 2 1.21 1.2 2 2.51 1.4 2.49 1.4 0 1.47 1.37 2.43 1.2 1.2 1.5 1.4 2.49 1.2 1.22 1.49 2.61

(Proj.
mang) 1.67 3 2.7 3 2 1.6 1.9 1.6 1.76 0 2.12 1.62 1.7 1.1 0 2.1 1.62 1.7 1.122 1.37 1.62

(Inn. com) 2 1.21 1.5 1.62 1.69 1.6 1.71 1.6 2 1.62 0 2.69 1.9 1.7 1.6 0 2.65 1.9 1.69 2.19 1.62

(Rate Int) 1.69 1.13 1.2 1.67 1.49 2.2 1.5 2.2 3 1.24 2.87 0 1.4 1.9 1.2 2.9 0 1.4 1.872 2.13 1.62

(Int & Ext
Kno) 1.25 1.37 1.1 1.62 1.23 1.6 1.25 1.6 1.48 1.47 1.62 1.62 0 1.4 1.5 1.6 1.62 0 1.367 1.13 1.35

(R&D.Corp) 1.48 1.12 1.4 1.48 1.62 1.6 1.64 1.6 1.2 1.25 3.12 2.17 1.2 0 1.2 3.1 2.25 1.2 0 3.47 2.12

(Tech. Acq) 2 3 2.7 3 2 1.4 1.9 1.6 0 0 2.12 1.65 1.7 1.1 0 2.2 1.62 1.7 1.119 1.37 1.62

(Tech.
Expo) 1.71 1.21 1.5 1.62 1.7 1.6 1.71 1.6 1.76 1.62 0 2.7 1.9 1.7 1.6 0 2.65 1.9 1.67 2.23 1.62

(Tech. Pro) 1.25 1.13 1.2 1.65 1.49 1.6 1.5 2.2 2 1.23 2.87 0 1.4 1.9 1.2 2.9 0 1.4 1.872 2.12 1.62

(Tech. lear) 1.51 1.37 1.1 1.65 1.21 2.2 1.25 1.6 3 1.48 1.62 1.62 0 1.4 1.5 1.6 1.62 0 1.367 1.12 1.33

(Tech. Sele) 3 1.15 1.4 1.46 1.62 1.6 1.64 1.6 1.47 1.23 3.12 2.18 1.2 0 1.2 3.1 2.25 1.2 0 3.47 2.12

(Tech.
Iden) 1.87 1.19 1.2 1.46 2.21 1.6 2.29 2.4 1.2 1.36 3.12 2.67 1 2.9 1.4 3.1 2.65 1 2.869 0 1.87

(Tech
Deve) 2 2 2 3.12 3 2.4 2.8 2.5 1.7 1.45 1.37 1.62 0.9 1.5 1.5 1.4 1.62 0.9 1.49 1.71 0
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Table 4. The total average matrix T (Criteria) across 38 groups.

Focus
Group (38)

(K.
cre)

(K.
Acq)

(Int Kno
Port) (K.Shar) (K.Imp) (K.tran) (Tech.

Tran) (Dec.Mak) (In. Op
Inn)

(Proj.
mang)

(Inn.
com)

(Rate
Int)

(Int &
Ext

Kno)
(R&D.Corp) (Tech.

Acq)
(Tech.
Expo)

(Tech.
Pro)

(Tech.
lear)

(Tech.
Sele)

(Tech.
Iden)

(Tech
Deve)

(K.cre) 0 2 1.8 2.8 3 1.1 3.2 1.3 3.1 2 2.1 2.3 2 1.8 2 2.1 2.3 1.9 1.32 1.81 2.77

(K.Acq) 1.8 0 2.5 2.5 2 1.3 1.8 1.3 1.3 2.7 1.3 1.1 0 2.5 2.4 1.3 1.1 1.5 1.3 1.08 1.91

(Int Kno
Port) 1.9 3 0 3.2 2 1.3 1.8 1.3 1.4 2.7 1.5 1.1 2.6 0 2.8 1.5 1.1 1.4 1.54 1.17 1.58

(K.shar) 3 3 3 0 2 1.3 1.8 1.3 1.7 3 1.9 1.5 3.5 3 3.1 1.9 1.4 1.6 1.32 1.17 2.53

(K.Imp) 2 2 1.6 1.8 0 2.7 0 2.6 2.1 1.4 1.1 1.4 1.8 1.6 1.4 1.1 1.4 1.2 1.17 1.44 2.62

(K.tran) 1.1 2 2 2 3 0 2.8 0 1.9 1.7 1.7 1.7 1.7 2.1 1.7 1.7 1.7 1.9 1.69 1.81 2.05

(Tech.
Tran) 1.2 2 1.6 1.8 0 2.6 0 2.6 2.1 1.4 1.1 1.4 1.8 1.6 1.4 1.1 1.4 1.2 1.17 1.42 2.64

(Dec.Mak) 3 2 2 2.1 3 0 2.7 0 1.9 1.7 1.7 1.7 1.7 2.1 1.7 1.7 1.7 1.9 1.66 1.81 2.05

(In. Op
Inn) 1.9 1 1.2 1.9 2 1.3 2.4 1.3 0 1.4 1.3 2.3 1.2 1.2 1.4 1.3 2.4 1.2 1.18 1.44 2.52

(Proj.
mang) 1.6 3 2.6 2.9 2 1.6 1.8 1.6 1.7 0 2 1.6 2.8 2.6 0 2 1.6 1.6 1.08 1.32 1.56

(Inn. com) 1.9 1 1.4 1.6 2 1.6 1.7 1.6 1.9 1.6 0 2.6 1.1 1.4 1.6 0 2.6 1.8 1.63 2.12 1.56

(Rate Int) 1.6 1 1.2 1.6 1 2.1 1.5 2.1 2.9 1.2 2.8 0 1.1 1.1 1.2 2.8 0 1.3 1.81 2.06 1.57

(Int & Ext
Kno) 3 0 2.6 2.5 2 1.2 1.8 1.3 3.1 2.6 1.3 1.1 0 2.5 2.4 1.3 1.2 1.5 1.31 1.08 1.91

(R&D.Corp) 2 3 0 3.2 2 1.3 1.7 1.3 1.3 2.7 1.4 1.1 2.6 0 2.8 1.4 1.1 1.4 1.52 1.19 1.57

(Tech. Acq) 1.9 3 2.6 2.9 2 1.3 1.8 1.6 0 0 2 1.6 2.9 2.6 0 2.1 1.6 1.6 1.08 1.32 1.57

(Tech.
Expo) 1.7 1 1.5 1.6 2 1.6 1.7 1.5 1.7 1.6 0 2.6 1.1 1.4 1.6 0 2.6 1.8 1.61 2.15 1.56

(Tech. Pro) 1.2 1 1.2 1.6 1 1.6 1.5 2.2 1.9 1.2 2.8 0 1.1 1.1 1.2 2.8 0 1.3 1.81 2.05 1.57

(Tech. lear) 1.5 1 1.1 1.6 1 2.1 1.2 1.6 2.9 1.4 1.6 1.6 1.3 1.1 1.4 1.6 1.6 0 1.32 1.08 1.29

(Tech. Sele) 2.9 1 1.3 1.4 2 1.6 1.6 1.6 1.4 1.2 3 2.1 1.1 1.3 1.2 3 2.2 1.2 0 3.35 2.05

(Tech.
Iden) 1.8 1 1.2 1.4 2 1.6 2.2 2.3 1.2 1.3 3 2.6 1.2 1.1 1.3 3 2.6 1 2.77 0 1.8

(Tech
Deve) 1.9 2 1.9 3 3 2.3 2.7 2.4 1.7 1.4 1.3 1.6 1.9 1.9 1.4 1.3 1.6 0.8 1.44 1.65 0
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Table 5. Normalized initial direct-relation T(Criteria).

(K.
cre)

(K.
Acq)

(Int Kno
Port) (K.Shar) (K.Imp) (K.tran) (Tech.

Tran) (Dec.Mak) (In. Op
Inn)

(Proj.
mang)

(Inn.
com)

(Rate
Int)

(Int &
Ext

Kno)
(R&D.Corp) (Tech.

Acq)
(Tech.
Expo)

(Tech.
Pro)

(Tech.
lear)

(Tech.
Sele)

(Tech.
Iden)

(Tech
Deve)

(K.cre) 0 0.048 0.042 0.066 0.0763 0.026 0.076 0.031 0.072 0.048 0.0497 0.054 0.045 0.031 0.048 0.0495 0.05 0.046 0.031 0.0427 0.065

(K.Acq) 0.042 0 0.0593 0.059 0.0412 0.031 0.042 0.031 0.031 0.063 0.0307 0.026 0.037 0.0307 0.057 0.0316 0.03 0.035 0.031 0.0254 0.045

(Int Kno
Port) 0.045 0.061 0 0.076 0.0423 0.031 0.042 0.031 0.034 0.063 0.0343 0.025 0.035 0.0343 0.065 0.0341 0.03 0.034 0.036 0.0275 0.037

(K.shar) 0.071 0.082 0.0711 0 0.0427 0.03 0.042 0.031 0.039 0.071 0.0454 0.035 0.037 0.0309 0.072 0.0454 0.03 0.037 0.031 0.0272 0.059

(K.Imp) 0.048 0.042 0.0367 0.042 0 0.062 0 0.061 0.05 0.034 0.0255 0.034 0.027 0.0272 0.034 0.0254 0.03 0.028 0.028 0.0338 0.062

(K.tran) 0.027 0.038 0.0481 0.048 0.065 0 0.065 0 0.045 0.039 0.0395 0.04 0.045 0.039 0.04 0.0397 0.04 0.045 0.04 0.0426 0.048

(Tech.
Tran) 0.027 0.042 0.0367 0.042 0 0.062 0 0.061 0.049 0.034 0.0254 0.034 0.027 0.0284 0.033 0.0257 0.03 0.028 0.028 0.0334 0.062

(Dec.Mak) 0.071 0.037 0.0481 0.049 0.0651 0 0.065 0 0.045 0.039 0.0396 0.039 0.045 0.039 0.039 0.0393 0.04 0.045 0.039 0.0425 0.048

(In. Op
Inn) 0.045 0.028 0.0282 0.045 0.057 0.031 0.057 0.031 0 0.033 0.031 0.055 0.028 0.027 0.034 0.0312 0.06 0.028 0.028 0.0339 0.059

(Proj.
mang) 0.038 0.068 0.0611 0.068 0.0454 0.037 0.043 0.037 0.04 0 0.0481 0.037 0.039 0.0254 0 0.0479 0.04 0.038 0.025 0.031 0.037

(Inn. com) 0.045 0.028 0.034 0.037 0.0384 0.037 0.039 0.037 0.045 0.037 0 0.061 0.042 0.0383 0.037 0 0.06 0.042 0.038 0.0497 0.037

(Rate Int) 0.038 0.026 0.0273 0.038 0.0338 0.05 0.034 0.05 0.068 0.028 0.0653 0 0.031 0.0425 0.028 0.0647 0 0.031 0.043 0.0484 0.037

(Int & Ext
Kno) 0.028 0.031 0.0254 0.037 0.0279 0.037 0.028 0.037 0.034 0.033 0.0368 0.037 0 0.0311 0.033 0.0368 0.04 0 0.031 0.0257 0.031

(R&D.Corp) 0.034 0.025 0.0311 0.034 0.0368 0.037 0.037 0.037 0.027 0.028 0.0709 0.049 0.028 0 0.028 0.0709 0.05 0.028 0 0.0788 0.048

(Tech. Acq) 0.045 0.068 0.0618 0.068 0.0454 0.032 0.043 0.037 0 0 0.048 0.037 0.039 0.0254 0 0.0493 0.04 0.038 0.025 0.031 0.037

(Tech.
Expo) 0.039 0.027 0.0343 0.037 0.0386 0.037 0.039 0.036 0.04 0.037 0 0.061 0.042 0.0384 0.037 0 0.06 0.042 0.038 0.0506 0.037

(Tech. Pro) 0.028 0.026 0.0275 0.037 0.0339 0.037 0.034 0.051 0.045 0.028 0.0652 0 0.031 0.0425 0.028 0.0652 0 0.031 0.043 0.0482 0.037

(Tech. lear) 0.034 0.031 0.0254 0.037 0.0275 0.05 0.028 0.037 0.068 0.034 0.0368 0.037 0 0.031 0.033 0.0368 0.04 0 0.031 0.0254 0.03

(Tech. Sele) 0.068 0.026 0.0311 0.033 0.0368 0.037 0.037 0.037 0.033 0.028 0.0708 0.049 0.028 0 0.028 0.0709 0.05 0.028 0 0.0788 0.048

(Tech.
Iden) 0.042 0.027 0.0277 0.033 0.0502 0.037 0.052 0.054 0.027 0.031 0.0709 0.061 0.023 0.0647 0.031 0.0706 0.06 0.023 0.065 0 0.042

(Tech
Deve) 0.045 0.045 0.0454 0.071 0.0681 0.054 0.064 0.056 0.039 0.033 0.0311 0.037 0.02 0.0329 0.034 0.0311 0.04 0.02 0.034 0.0388 0
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Table 6. Total relation matrix T(Criteria).

(K.
cre)

(K.
Acq)

(Int Kno
Port)

(K.
Shar)

(K.
Imp)

(K.
tran)

(Tech.
Tran) (Dec.Mak) (In. Op

Inn)
(Proj.

mang)
(Inn.
com)

(Rate
Int)

(Int &
Ext

Kno)

(R&D.
Corp)

(Tech.
Acq)

(Tech.
Expo)

(Tech.
Pro)

(Tech.
lear)

(Tech.
Sele)

(Tech.
Iden)

(Tech
Deve)

(K.cre) 0.204 0.239 0.2315 0.288 0.2772 0.205 0.276 0.217 0.266 0.224 0.2462 0.241 0.198 0.1875 0.223 0.2462 0.24 0.198 0.188 0.2295 0.277 4.903

(K. Acq) 0.202 0.155 0.209 0.236 0.2022 0.17 0.201 0.176 0.185 0.201 0.1869 0.174 0.158 0.153 0.195 0.1879 0.17 0.156 0.154 0.1729 0.212 3.86

(Int Kno
Port) 0.214 0.222 0.1615 0.261 0.2117 0.177 0.21 0.183 0.195 0.209 0.1988 0.182 0.163 0.1626 0.21 0.1988 0.18 0.162 0.165 0.1828 0.214 4.065

(K. shar) 0.26 0.262 0.25 0.217 0.2366 0.197 0.235 0.205 0.222 0.236 0.2311 0.212 0.183 0.1778 0.237 0.2314 0.21 0.183 0.179 0.204 0.259 4.627

(K. Imp) 0.202 0.187 0.1813 0.213 0.1601 0.193 0.159 0.197 0.197 0.168 0.177 0.177 0.144 0.1463 0.168 0.177 0.18 0.146 0.147 0.1763 0.221 3.714

(K. tran) 0.196 0.198 0.205 0.234 0.232 0.152 0.231 0.157 0.208 0.186 0.2048 0.197 0.172 0.1688 0.186 0.2052 0.2 0.172 0.17 0.199 0.226 4.095

(Tech. Tran) 0.176 0.182 0.1762 0.207 0.154 0.188 0.153 0.192 0.191 0.163 0.1714 0.171 0.14 0.1432 0.163 0.1718 0.17 0.141 0.143 0.1709 0.216 3.585

(Dec.Mak) 0.248 0.207 0.2147 0.247 0.2437 0.16 0.242 0.166 0.219 0.195 0.215 0.206 0.18 0.1765 0.195 0.2149 0.21 0.18 0.177 0.2084 0.237 4.34

(In. Op Inn) 0.202 0.177 0.1764 0.22 0.215 0.171 0.213 0.177 0.155 0.17 0.1865 0.2 0.148 0.1495 0.171 0.1868 0.2 0.148 0.151 0.1809 0.225 3.823

(Proj. mang) 0.204 0.223 0.2147 0.249 0.2115 0.181 0.208 0.187 0.201 0.148 0.2077 0.19 0.164 0.1536 0.148 0.2077 0.19 0.164 0.155 0.1838 0.211 4.001

(Inn. com) 0.205 0.179 0.1833 0.214 0.2006 0.177 0.2 0.183 0.201 0.175 0.1619 0.208 0.163 0.1624 0.175 0.162 0.21 0.163 0.163 0.1986 0.206 3.889

(Rate Int) 0.201 0.177 0.1785 0.216 0.1989 0.19 0.198 0.196 0.222 0.169 0.2211 0.156 0.155 0.1671 0.169 0.2207 0.16 0.155 0.168 0.1995 0.208 3.92

(Int & Ext
Kno) 0.157 0.152 0.1466 0.179 0.1586 0.148 0.158 0.153 0.157 0.145 0.163 0.156 0.1 0.1302 0.145 0.1631 0.16 0.1 0.131 0.1464 0.166 3.111

(R&D. Corp) 0.193 0.176 0.1805 0.21 0.1994 0.177 0.199 0.184 0.183 0.168 0.226 0.199 0.15 0.1281 0.168 0.2262 0.2 0.151 0.129 0.2259 0.216 3.891

(Tech. Acq) 0.204 0.217 0.2094 0.242 0.2043 0.17 0.201 0.181 0.156 0.143 0.2014 0.184 0.159 0.1486 0.143 0.2028 0.18 0.159 0.149 0.1777 0.204 3.838

(Tech. Expo) 0.196 0.176 0.1813 0.211 0.198 0.175 0.197 0.181 0.193 0.173 0.1594 0.206 0.161 0.1606 0.173 0.1596 0.2 0.161 0.161 0.1972 0.203 3.828

(Tech. Pro) 0.182 0.168 0.1697 0.204 0.1883 0.169 0.187 0.188 0.191 0.16 0.2117 0.146 0.147 0.1597 0.16 0.2118 0.15 0.147 0.16 0.1903 0.197 3.685

(Tech. lear) 0.174 0.163 0.1567 0.192 0.1702 0.17 0.17 0.162 0.201 0.155 0.1736 0.167 0.108 0.1386 0.154 0.1737 0.17 0.108 0.139 0.1564 0.178 3.378

(Tech. Sele) 0.236 0.186 0.1895 0.221 0.2103 0.186 0.21 0.193 0.2 0.176 0.2356 0.209 0.158 0.1355 0.177 0.2357 0.21 0.159 0.136 0.2349 0.226 4.124

(Tech. Iden) 0.225 0.197 0.1977 0.234 0.2333 0.197 0.234 0.22 0.205 0.189 0.2492 0.23 0.163 0.2039 0.189 0.249 0.23 0.163 0.205 0.1754 0.234 4.424

(Tech Deve) 0.219 0.21 0.2082 0.26 0.2412 0.204 0.236 0.212 0.206 0.185 0.2008 0.197 0.153 0.1664 0.186 0.2009 0.2 0.153 0.168 0.199 0.185 4.187

4.3 4.053 4.0218 4.754 4.347 3.758 4.318 3.909 4.152 3.739 4.2292 4.009 3.266 3.32 3.736 4.2332 4 3.267 3.34 4.0101 4.52
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Table 7. Total relation matrix T (Dimension).

KM Proc Cap IM Proc Cap TM Proc Cap

KM process cap 1 1 1 3
IM process cap 1.3 1 1 3.3
TM process cap 1.3 1 1 3.3

3.6 3 3

Table 8. Overall effects (given and received) of the total average matrix on T (Dimension) and T (Criteria).

T (Dimension) and T (Criteria) R(row) C(Column) R(row) + C(Column)
R(row) −
C(Column)

KM process cap KM process capability T
(Dimension)

14.8 14.9 29.6 −0.1142

K.cre Knowledge creation 4.9031 4.3 9.2035 0.602635

K.Acq Knowledge acquisition 3.8601 4.053 7.9131 −0.19292

Int Kno Port Intellectual knowledge
portfolio 4.0646 4.022 8.0863 0.042801

K.shar Knowledge sharing 4.6273 4.754 9.3811 −0.1265

K.Imp Knowledge implementation 3.7143 4.347 8.0614 −0.6327

K.tran Knowledge transfer 4.0952 3.758 7.8537 0.336755

I.M process cap IM process cap T(Dimension) 15.3 16.1 31.5 −0.80577

Tech. Tran Technology transfer 3.5848 4.318 7.9033 −0.73361

Dec.Mak Decision-making process 4.3397 3.909 8.2489 0.430509

In. Op Inn Open innovation 3.8232 4.152 7.9755 −0.32906

Proj. mang Project management 4.0012 3.739 7.7404 0.261937

Inn. com Innovativeness compatibility 3.8895 4.229 8.1187 −0.33971

Rate Int Rate of introduction new
product 3.9201 4.009 7.9295 −0.08936

Int & Ext Kno Internal and external
knowledge sharing 3.1109 3.266 6.3766 −0.15486

R&D.Corp R&D corporation 3.891 3.32 7.2109 0.571005

TM process Cap TM process capability
T(Dimension)

16.2 15 31.6 0.919972

Tech. Acq Technology acquisition 3.8378 3.736 7.5738 0.101692

Tech. Expo Technology exploitation 3.8285 4.233 8.0617 −0.40473

Tech. Pro Technology protection 3.6852 4.004 7.6896 −0.31915

Tech. lear Technology learning 3.3781 3.267 6.6447 0.111499

Tech. Sele Technology selection 4.1241 3.34 7.4644 0.783744

Tech. Iden Technology identification 4.4235 4.01 8.4336 0.413427

Tech Deve Technology development 4.1871 4.52 8.7075 −0.3334

The ANP technique, involving steps 6–8. (1) Step 6 was completed to find the nor-
malized weighted matrix. Tables 9 and 10 show the results of normalized total criteria
relationship matrix and the normalized total-dimensional relationship matrix, respectively.
(2) Step 7 was then completed. Table 9 shows the weighted super matrix W. In Step 8, the
W* super matrix multiplied by itself ( lim

n→∞
(W∗ )n) to create the converged stable matrix, as

shown in Tables 10–12.
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Table 9. Normalized relation matrix Tα
(Dimension).

KM Proc Cap IM Proc Cap TM Process Cap

KM process cap 0.333 0.333 0.33
IM process cap 0.394 0.303 0.3
TM process cap 0.394 0.303 0.3

For further clarification, in case of criteria, the outcome was based on pair-wise ques-
tionnaires resulting the total average matrix T (Criteria) to be calculated from 39 focus groups.

To ensure reliability, errors of the gap ratio (%) = 1
n(n−1) ∑n

i=1 ∑n
j=1

∣∣∣gijp
c −gij(p−1)

c

∣∣∣
gijp

c
= 3.43% were

less than 5%, i.e., showing a significant confidence of 96.57%, where p = 39 denotes the
number of experts and tp

ij is the average influence of criterion i on criterion j, thus denoting
the number of criteria. Here, in order to formulate the direct and indirect influences, a pre-
normalized method was required to take the further steps forward. Therefore, a normalized
initial direct-relation T (Criteria) is shown in Table 5. The full direct and indirect influence

matrix was estimated by employing the following equation: T = X
(

I − Xk
)
(I − X)−1,

T = X(I − X)−1 when lim
k→∞

Xk = [0]n×x, where T = [tij]n×n, i, j = 1, 2, . . . , n. In addition,

the method presents each row sum and column sum of matrix T, as shown in the following
equation: r = (ri)n×1 =

[
∑n

j=1 tij

]
n×1

, c = (ci)n×1 =
[
∑n

i=1 tij
]

n×1.

In the case of dimensions, firstly, based on consensus outcomes from 39 focus groups,
the total average matrix T (Dimension) could be formulated. Then, the % of error gap was
used to test the reliability of the data instrument; therefore, the total average matrix T
(Dimension) was also formulated again (n−1) in relation to the number of focus groups. In
this case, there were (n−1) = 38 focus groups. To formulate the direct and indirect influence,
a pre-normalized method was required to take the further steps forward. After the initial
direct matrix was pre-normalized, the total relational matrix for T (Dimension) can be shown
in Table 7.

The ri was used to represents the row sum of the ith row of the matrix T (Dimension).
While cj represents the column sum of the jth column of the matrix T (Criteria), R (row) + C
(Column) shows that the degree of strength of influence is delivered and received. In simple
words, R (row) + C (Column) represent the degree of significant control of i used for carrying
purposes while addressing the problem. Similarly, if R (row) − C (Column) is positive in
nature, then it can be used to translate as factor i is bound to affect other factors; however,
if R (row) − C (Column) is negative in nature, then it can be used to represent factor i which is
influenced by other factors. Therefore, the cause and effect among T (Dimension) is shown in
Figure 10.
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Table 10. Normalized total influential matrix T∗(Criteria).

Normalized (K.
cre)

(K.
Acq)

(Int Kno
Port) (K.Shar) (K.Imp) (K.tran) (Tech.

Tran) (Dec.Mak) (In. Op
Inn)

(Proj.
mang)

Inn.
com)

(Rate
Int)

(Int &
Ext

Kno)
(R&D.Corp) (Tech.

Acq)
(Tech.
Expo)

(Tech.
Pro)

(Tech.
lear)

(Tech.
Sele)

(Tech.
Iden)

(Tech
Deve)

(K.cre) 0.14 0.166 0.1601 0.199 0.192 0.142 0.125 0.117 0.1162 0.139 0.128 0.121 0.128 0.1246 0.14 0.154 0.15 0.12 0.118 0.143 0.173

(K.Acq) 0.17 0.132 0.1779 0.201 0.172 0.145 0.125 0.127 0.1266 0.145 0.127 0.1089 0.125 0.1146 0.16 0.15 0.139 0.12 0.123 0.138 0.169

(Int Kno
Port) 0.17 0.178 0.1295 0.209 0.17 0.142 0.126 0.128 0.1268 0.146 0.127 0.1079 0.125 0.1135 0.16 0.151 0.138 0.12 0.126 0.139 0.163

(K.shar) 0.18 0.184 0.1758 0.152 0.166 0.139 0.126 0.112 0.117 0.138 0.13 0.1179 0.13 0.1283 0.16 0.154 0.14 0.12 0.119 0.136 0.172

(K.Imp) 0.18 0.165 0.1596 0.187 0.141 0.17 0.124 0.115 0.1128 0.14 0.125 0.1269 0.125 0.1305 0.14 0.146 0.146 0.12 0.122 0.145 0.183

(K.tran) 0.16 0.163 0.1686 0.193 0.191 0.125 0.142 0.114 0.113 0.136 0.125 0.1239 0.125 0.1206 0.14 0.151 0.145 0.13 0.126 0.147 0.167

(Tech.
Tran) 0.16 0.168 0.1627 0.191 0.142 0.174 0.115 0.145 0.1441 0.123 0.129 0.1294 0.105 0.1081 0.14 0.146 0.145 0.12 0.122 0.145 0.183

(Dec.Mak) 0.19 0.157 0.1625 0.187 0.185 0.121 0.151 0.104 0.1369 0.122 0.134 0.1288 0.113 0.1103 0.14 0.151 0.145 0.13 0.125 0.147 0.167

(In. Op
Inn) 0.17 0.153 0.1518 0.189 0.185 0.147 0.153 0.126 0.1107 0.122 0.133 0.1429 0.106 0.1069 0.14 0.148 0.159 0.12 0.119 0.143 0.178

(Proj.
mang) 0.16 0.174 0.1674 0.194 0.165 0.141 0.143 0.128 0.1374 0.102 0.142 0.1301 0.113 0.1052 0.12 0.165 0.151 0.13 0.123 0.146 0.168

(Inn. com) 0.18 0.154 0.1582 0.185 0.173 0.153 0.137 0.126 0.138 0.121 0.111 0.1431 0.112 0.1116 0.14 0.127 0.162 0.13 0.128 0.156 0.161

(Rate Int) 0.17 0.153 0.1537 0.186 0.171 0.164 0.134 0.132 0.1499 0.114 0.149 0.1048 0.104 0.1126 0.13 0.173 0.122 0.12 0.132 0.157 0.163

(Int & Ext
Kno) 0.17 0.162 0.1556 0.19 0.168 0.157 0.136 0.132 0.135 0.125 0.14 0.1346 0.086 0.1121 0.14 0.162 0.155 0.1 0.13 0.145 0.165

(R&D.Corp) 0.17 0.155 0.1587 0.185 0.175 0.156 0.138 0.128 0.1276 0.117 0.157 0.1387 0.104 0.0891 0.13 0.172 0.153 0.11 0.098 0.172 0.164

(Tech. Acq) 0.16 0.174 0.168 0.194 0.164 0.137 0.146 0.132 0.1133 0.104 0.147 0.1339 0.116 0.1081 0.12 0.167 0.15 0.13 0.123 0.146 0.167

(Tech.
Expo) 0.17 0.155 0.1593 0.185 0.174 0.154 0.138 0.126 0.1348 0.121 0.111 0.1439 0.113 0.1122 0.14 0.127 0.163 0.13 0.128 0.157 0.161

(Tech. Pro) 0.17 0.156 0.157 0.189 0.174 0.156 0.135 0.135 0.1372 0.115 0.152 0.105 0.106 0.1148 0.13 0.175 0.12 0.12 0.132 0.157 0.162

(Tech. lear) 0.17 0.158 0.1528 0.187 0.166 0.166 0.133 0.127 0.1576 0.121 0.136 0.1311 0.085 0.1086 0.14 0.161 0.155 0.1 0.129 0.145 0.165

(Tech. Sele) 0.19 0.151 0.1542 0.18 0.171 0.151 0.138 0.127 0.1317 0.116 0.155 0.138 0.104 0.0894 0.13 0.171 0.153 0.12 0.099 0.17 0.164

(Tech.
Iden) 0.18 0.154 0.154 0.182 0.182 0.153 0.138 0.13 0.1212 0.111 0.147 0.136 0.096 0.1204 0.13 0.172 0.159 0.11 0.142 0.121 0.162

(Tech
Deve) 0.16 0.156 0.1551 0.194 0.18 0.152 0.151 0.136 0.1323 0.119 0.129 0.1268 0.098 0.107 0.14 0.156 0.153 0.12 0.13 0.154 0.144
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Table 11. Weighted super matrix W = T∗
(Dimension) × (T∗(Criteria) )’.

(K.
cre)

(K.
Acq)

(Int Kno
Port) (K.Shar) (K.Imp) (K.tran) (Tech.

Tran) (Dec.Mak) (In. Op
Inn)

(Proj.
mang)

(Inn.
com)

(Rate
Int)

(Int &
Ext

Kno)
(R&D.Corp) (Tech.

Acq)
(Tech.
Expo)

(Tech.
Pro)

(Tech.
lear)

(Tech.
Sele)

(Tech.
Iden)

(Tech
Deve)

(K.cre) 0.043 0.0529 0.053 0.056 0.055 0.05 0.058 0.0665 0.062 0.056 0.0626 0.061 0.0592 0.06 0.055 0.058 0.06 0.057 0.065 0.059 0.06

(K.Acq) 0.051 0.0406 0.055 0.057 0.051 0.05 0.059 0.0555 0.054 0.061 0.0546 0.054 0.0573 0.05 0.059 0.052 0.05 0.054 0.051 0.052 0.05

(Int Kno
Port) 0.049 0.0547 0.04 0.054 0.049 0.052 0.058 0.0575 0.054 0.059 0.056 0.054 0.0551 0.06 0.057 0.054 0.05 0.052 0.052 0.052 0.05

(K.shar) 0.061 0.0618 0.064 0.047 0.058 0.059 0.068 0.0662 0.067 0.069 0.0653 0.066 0.0671 0.07 0.066 0.063 0.06 0.063 0.061 0.062 0.07

(K.Imp) 0.059 0.0529 0.052 0.051 0.043 0.059 0.05 0.0653 0.066 0.058 0.0613 0.061 0.0596 0.06 0.055 0.059 0.06 0.056 0.058 0.062 0.06

(K.tran) 0.044 0.0445 0.044 0.043 0.052 0.038 0.061 0.0429 0.052 0.05 0.0542 0.058 0.0557 0.06 0.046 0.052 0.05 0.056 0.051 0.052 0.05

(Tech.
Tran) 0.041 0.041 0.041 0.041 0.041 0.047 0.039 0.0505 0.051 0.048 0.0459 0.045 0.0454 0.05 0.049 0.047 0.05 0.045 0.047 0.047 0.05

(Dec.Mak) 0.038 0.0418 0.042 0.037 0.038 0.037 0.048 0.0347 0.042 0.043 0.0421 0.044 0.044 0.04 0.045 0.043 0.05 0.043 0.043 0.044 0.05

(In. Op
Inn) 0.038 0.0415 0.042 0.038 0.037 0.037 0.048 0.0457 0.037 0.046 0.0461 0.05 0.0451 0.04 0.038 0.046 0.05 0.053 0.045 0.041 0.04

(Proj.
mang) 0.046 0.0476 0.048 0.045 0.046 0.045 0.041 0.0407 0.041 0.034 0.0402 0.038 0.0416 0.04 0.035 0.041 0.04 0.041 0.039 0.038 0.04

(Inn. com) 0.042 0.0416 0.042 0.043 0.041 0.041 0.043 0.0449 0.045 0.048 0.0371 0.05 0.0468 0.05 0.05 0.038 0.05 0.046 0.053 0.05 0.04

(Rate Int) 0.04 0.0357 0.035 0.039 0.042 0.041 0.043 0.043 0.048 0.043 0.0478 0.035 0.0449 0.05 0.045 0.049 0.04 0.044 0.047 0.046 0.04

(Int & Ext
Kno) 0.042 0.0412 0.041 0.043 0.041 0.041 0.035 0.0376 0.035 0.038 0.0374 0.035 0.0286 0.03 0.039 0.038 0.04 0.029 0.035 0.032 0.03

(R&D.Corp) 0.041 0.0376 0.037 0.042 0.043 0.04 0.036 0.0368 0.036 0.035 0.0373 0.038 0.0374 0.03 0.037 0.038 0.04 0.037 0.03 0.041 0.04

(Tech. Acq) 0.045 0.0509 0.052 0.051 0.045 0.045 0.049 0.049 0.048 0.042 0.0491 0.047 0.0513 0.05 0.037 0.044 0.04 0.046 0.041 0.041 0.05

(Tech.
Expo) 0.05 0.049 0.049 0.05 0.048 0.049 0.052 0.054 0.053 0.059 0.0453 0.062 0.0578 0.06 0.053 0.04 0.06 0.051 0.054 0.055 0.05

(Tech. Pro) 0.049 0.0453 0.045 0.046 0.047 0.047 0.052 0.0517 0.057 0.054 0.0579 0.043 0.0553 0.05 0.048 0.052 0.04 0.049 0.048 0.05 0.05

(Tech. lear) 0.04 0.0406 0.04 0.04 0.039 0.041 0.043 0.0453 0.042 0.046 0.0456 0.043 0.0353 0.04 0.041 0.041 0.04 0.032 0.036 0.036 0.04

(Tech. Sele) 0.038 0.0401 0.041 0.039 0.04 0.041 0.043 0.0446 0.043 0.044 0.0457 0.047 0.0463 0.03 0.039 0.041 0.04 0.041 0.031 0.045 0.04

(Tech.
Iden) 0.047 0.0451 0.045 0.044 0.047 0.048 0.052 0.0524 0.051 0.052 0.0556 0.056 0.0519 0.06 0.046 0.05 0.05 0.046 0.054 0.038 0.05

(Tech
Deve) 0.056 0.0553 0.053 0.056 0.06 0.054 0.065 0.0596 0.063 0.06 0.0575 0.058 0.0589 0.06 0.053 0.051 0.05 0.052 0.052 0.051 0.05
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Table 12. Weighted super matrix W*.

(K.
cre)

(K.
Acq)

(Int Kno
Port) (K.Shar) (K.Imp) (K.tran) (Tech.

Tran) (Dec.Mak) (In. Op
Inn)

(Proj.
mang)

(Inn.
com)

(Rate
Int)

(Int &
Ext

Kno)
(R&D.Corp) (Tech.

Acq)
(Tech.
Expo)

(Tech.
Pro)

(Tech.
lear)

(Tech.
Sele)

(Tech.
Iden)

(Tech
Deve)

(K.cre) 0.055 0.0547 0.055 0.055 0.055 0.055 0.059 0.0592 0.059 0.059 0.0592 0.059 0.0593 0.06 0.056 0.056 0.06 0.056 0.056 0.056 0.06

(K.Acq) 0.052 0.0517 0.052 0.051 0.052 0.052 0.056 0.0559 0.056 0.056 0.0558 0.056 0.0558 0.06 0.053 0.053 0.05 0.053 0.053 0.053 0.05

(Int Kno
Port) 0.051 0.0511 0.051 0.051 0.051 0.051 0.055 0.0554 0.055 0.055 0.0554 0.055 0.0555 0.06 0.053 0.053 0.05 0.053 0.053 0.053 0.05

(K.shar) 0.06 0.0605 0.06 0.061 0.061 0.06 0.066 0.0655 0.065 0.065 0.0655 0.065 0.0655 0.07 0.062 0.062 0.06 0.062 0.062 0.062 0.06

(K.Imp) 0.055 0.0551 0.055 0.055 0.055 0.055 0.06 0.0596 0.06 0.06 0.0598 0.06 0.0598 0.06 0.057 0.057 0.06 0.057 0.057 0.057 0.06

(K.tran) 0.048 0.048 0.048 0.048 0.048 0.048 0.052 0.0523 0.052 0.052 0.0521 0.052 0.0519 0.05 0.05 0.05 0.05 0.049 0.05 0.05 0.05

(Tech.
Tran) 0.044 0.0436 0.044 0.044 0.044 0.043 0.047 0.0471 0.047 0.047 0.0472 0.047 0.0472 0.05 0.045 0.045 0.04 0.045 0.045 0.045 0.04

(Dec.Mak) 0.04 0.0403 0.04 0.04 0.04 0.04 0.044 0.0439 0.044 0.044 0.0438 0.044 0.0437 0.04 0.042 0.042 0.04 0.042 0.042 0.042 0.04

(In. Op
Inn) 0.041 0.0413 0.041 0.041 0.041 0.041 0.045 0.0448 0.045 0.045 0.0448 0.045 0.0447 0.04 0.043 0.043 0.04 0.042 0.043 0.043 0.04

(Proj.
mang) 0.04 0.0398 0.04 0.04 0.04 0.04 0.043 0.0435 0.043 0.044 0.0434 0.043 0.0434 0.04 0.041 0.041 0.04 0.041 0.041 0.041 0.04

(Inn. com) 0.043 0.0431 0.043 0.043 0.043 0.043 0.047 0.0467 0.047 0.047 0.0469 0.047 0.0467 0.05 0.044 0.045 0.04 0.044 0.044 0.044 0.04

(Rate Int) 0.041 0.0407 0.041 0.041 0.041 0.041 0.044 0.0441 0.044 0.044 0.0439 0.044 0.0441 0.04 0.042 0.042 0.04 0.042 0.042 0.042 0.04

(Int & Ext
Kno) 0.036 0.0357 0.036 0.036 0.036 0.036 0.039 0.0388 0.039 0.039 0.0388 0.039 0.039 0.04 0.037 0.037 0.04 0.037 0.037 0.037 0.04

(R&D.Corp) 0.036 0.0361 0.036 0.036 0.036 0.036 0.039 0.0393 0.039 0.039 0.0393 0.039 0.0393 0.04 0.037 0.037 0.04 0.037 0.038 0.037 0.04

(Tech. Acq) 0.044 0.0443 0.044 0.044 0.044 0.044 0.048 0.0482 0.048 0.048 0.0481 0.048 0.0481 0.05 0.046 0.046 0.05 0.046 0.046 0.046 0.05

(Tech.
Expo) 0.05 0.0499 0.05 0.05 0.05 0.05 0.054 0.054 0.054 0.054 0.0543 0.054 0.054 0.05 0.051 0.052 0.05 0.051 0.051 0.051 0.05

(Tech. Pro) 0.047 0.0474 0.047 0.047 0.047 0.047 0.051 0.0513 0.051 0.051 0.0511 0.051 0.0512 0.05 0.049 0.049 0.05 0.049 0.049 0.049 0.05

(Tech. lear) 0.039 0.0386 0.039 0.039 0.039 0.039 0.042 0.0419 0.042 0.042 0.0418 0.042 0.0421 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04

(Tech. Sele) 0.04 0.0396 0.04 0.04 0.04 0.04 0.043 0.043 0.043 0.043 0.043 0.043 0.043 0.04 0.041 0.041 0.04 0.041 0.041 0.041 0.04

(Tech.
Iden) 0.047 0.0473 0.047 0.047 0.047 0.047 0.051 0.0512 0.051 0.051 0.0512 0.051 0.0513 0.05 0.049 0.049 0.05 0.049 0.049 0.049 0.05

(Tech
Deve) 0.053 0.0535 0.054 0.053 0.053 0.054 0.058 0.0581 0.058 0.058 0.0581 0.058 0.058 0.06 0.055 0.055 0.06 0.055 0.055 0.055 0.06
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The following findings based on the analytical DANP model results are shown in
Table 8.

1. Dimensions impact relationship: The outcomes of the relationship matrix draw three
valid dimensions, as shown in Figure 1. Since the matrix does not hold any null val-
ues, it actually represents a dynamic relationship in case of a country-specific context.
The experts believe that the dimension technology management process capability
(TM process cap T (Dimension)) shows the highest R (row) − C (Column) (0.9199718);
such a positive value reflects the strong influence on other dimensions. In the case
of the degree of importance, the innovation management process capability reflects
a very low R (row) − C (Column) value (−0.80576843); thus, it has been susceptible
for further influence. Therefore, the improvement priorities can be taken from the
technology management process capability as the highest priority, while the innova-
tion management process capability corresponds to the low precedence for further
improvement.

2. Impact relationship of criteria under the dimension KM process capability (T Dimension): The
degree of relationship knowledge creation shows the highest R (row) − C (Column)
positive value (0.602635), which reflects the strong effects on other criteria. On the
other hand, knowledge implementations have a very low R (row) − C (Column) value
(−0.6327) with regards to the criteria, thus making it vulnerable to influence.

3. Impact relationship of criteria under the dimension IM process capability (T Dimension): In
the case of the IM process capability, R&D corporation has emerged as the high-
est positive value of R (row) − C (Column) (0.571005), demonstrating the strong in-
fluential significance on other criteria, while technology transfer shows very low
R (row) − C (Column) (−0.73361), indicating that it is susceptible to influence. Therefore,
the improvement priorities can be ordered from R&D corporation as the highest
priority to improve technology transfer as a low priority for further improvement.

4. Impact relationship of criteria under the dimension TM process capability (T Dimension):
Technology selection has the highest positive value of R (row) − C (Column) (0.783744),
which illustrates the strong influential significance on other criteria. While technology
exploitation shows very low R (row) – C (Column) (−0.40473), it is susceptible to influ-
ence. Therefore, the improvement priorities, in terms of the degree of net interrelation,
can be ordered from technology selection as the highest priority for rectification to
technology exploitation as a low priority for further improvement.

Some pre-normalized methods required for further steps to be carried out. Therefore,
the normalized initial direct-relation Tα

(Dimension), as shown in Table 9, demonstrates
the interrelationship among dimensions; thus, it is simple to construct a relationship that
replicates features with a transformative system. After measuring the interrelationship
among the dimensions and criteria as shown in Table 8. the DANP techniques are then
used for relative influence weights, and the ANP procedure is subsequently applied. The
interrelation between the dimensions and criteria can be clarified from the unweighted
supermatrix. However, in order to simultaneously assess the influence of all the criteria
and dimensions, it is necessary to construct the weighted supermatrix, the limits of which
can be applied to measure the global weighted matrix for all the dimensions and criteria.
For the unweighted supermatrix, at first, the total influential matrices for dimension need
to normalize and then transpose to consider as unweighted matrix. While on the other
hand, similar steps would take for criteria matrix. At last, for weighted super-matrix
the transpose of normalized sub-criteria matrix multiple with criteria normalized matrix
W∝ = TD

∝ × (TC
∝)’. Some pre-normalized methods require further steps to be carried out.

Therefore, the normalized initial direct-relation T (Dimension) and T (Criteria) are shown in
Tables 10–12.

As show in Table 13, the innovation management process capability (IM process cap)
exhibits the highest weight of 0.348171091, thus, marked as most significant dimension. On
the other hand, knowledge management process capability (KM process cap) is the least
significant dimension and should be assigned the lowest priority in terms of improvement
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because it exhibits the lowest weight (0.321123568). Hence, if the strategic target of the
decision makers aims to reach the desired level in order to enhance the significance of
supporting management capabilities across R&D functions, the IM process cap should be
the first priority for improvement, followed by the TM process cap and the KM process cap.

Table 13. The list of weight ranks for each dimension and criterion.

Dimension
T (Dimension)

Criteria
T (Criteria)

Dimension Criterion

Weight Weight
Rank Weight Weight

Rank

KM process cap (K.cre) 0.321123568 3 0.054777223 4
(K.Acq) 0.051567816 5

(Int Kno Port) 0.051191381 7
(K.shar) 0.060432623 1
(K.Imp) 0.05499844 3
(K.tran) 0.048156086 10

IM process cap (Tech. Tran) 0.348171091 1 0.047371391 11
(Dec.Mak) 0.043704975 16

(In. Op Inn) 0.044729515 14
(Proj. mang) 0.043435665 17
(Inn. com) 0.046747215 12
(Rate Int) 0.044025985 15

(Int & Ext Kno) 0.038883435 21
(R&D.Corp) 0.039272909 20

TM process cap (Tech. Acq) 0.331558948 2 0.046113212 13
(Tech. Expo) 0.05139726 6
(Tech. Pro) 0.048820136 9
(Tech. lear) 0.03994906 19
(Tech. Sele) 0.041017751 18
(Tech. Iden) 0.048902412 8
(Tech Deve) 0.055359116 2

5. Conclusions

Thus, in this study, the MCDM evaluation technique was applied to determine the
effective influence of supporting management disciplines on R&D., This study found that
the TM process capability (TM process cap) had the greatest impact on other dimensions,
while the innovation management process capability (IM process cap) had the smallest
impact on another dimensions. In case of the degree of importance for the KM process
capability (T Dimension), the knowledge creation (K.cre) had the highest influence on other
criteria. Meanwhile, knowledge implementations (K. Imp) had the smallest impact on
other criteria. While in case of the IM process capability (T Dimension), R&D corporation (R&D
Corp) emerged with a degree of influence on other criteria; however, technology transfer
(Tech Tran) had the smallest impact on other criteria. In the TM process capability (T Dimension)
dimension analysis, technology selection (Tech. Sele) emerged with a degree of influence
on other criteria, while technology exploitation (Tech. Expo) appeared to have the smallest
impact on other criteria. In case of determining the causality and weights among each
dimension, this study adopted IRM and DANP techniques. This study found that R&D
corporation, technology transfer, and innovativeness compatibility are potential resources
that R&D mangers requires to be able to reconfigure any instance of enhancing the R&D
effectiveness across R&D firms in the public sector. This research has two limitations. First,
this study is country-specific by its orientation and can prove the current situation at a
specific time based on the consensus among country-specific experts. We recommend
that for future research avenues, researchers extend the data collection period through
longitudinal studies. Secondly, it can be argued that the identification of dimensions and
criteria should be based on historical evidence or conventional literature reviews. Through
systemic reviews and in-depth interviews, we can find more criteria that can be used for
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future research avenues. Furthermore, this study mainly focusses on supporting man-
agement disciplines and their interrelationship among capabilities related to knowledge
management, innovation management, and technology management within the R&D de-
partment. Therefore, for future research, other organizational functions can be included,
especially those that extend the scope of research sampling so that the research outcomes
can be applied to other projects.
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