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Abstract— The purpose of this study was to examine the role of the triple helix (TH) variable in knowledge transfer and
innovation systems. TH is divided into 3 variables, namely Industry, University and Government. This study examined three
TH knowledge transfer variables and innovation systems and the items variables that supported them. This study involved 360
respondents who were selected through an interception and online survey approach and had 4 hypotheses. This study used a
structural equation model to test the hypothesis. The findings showed that TH which consisted of 3 variables had a direct
relationship with knowledge transfer. Meanwhile, knowledge transfer was directly related to innovation systems. Although the
TH concept had been explored in some previous literature, the role of TH and knowledge transfer had not been the concern of
many researchers in creating innovation systems. Implications for practitioners, these findings confirmed that Innovation
systems can be formed from an early age starting from the university environment and good government policies. These
findings also indicated that knowledge transfer related to TH services needed to be studied from a broader
perspective. Therefore, handling TH required synergy and a special strategy to take advantage of knowledge transfer in order
to create an innovation system. Originality of this study, integrated the TH dimension with knowledge transfer and Innovation
Systems.
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1. Introduction

In recent times, interest in knowledge transfer is expanding in several developed countries. Some of these countries
have supported initial initiatives for open knowledge transfer. The idea of a university as a measure of education
is well known and has often been discussed in previous studies. However, the latest research results support the
role of education openly in higher education to carry out its function as a contributor to knowledge. Therefore, a
new policy is needed to formulate it according to the needs of current science, so certain variables play an important
role in determining this. Indeed, the evolution of Knowledge Transfer from a regional perspective depends heavily
on the contribution of this variable. Previous studies have summarized the ambivalent developments of knowledge
transfer and innovation [1,2]. Finding or finding an accurate definition of knowledge is the focus of many
researchers. However, in general knowledge can be defined as the content of an existing structure in a system or
on individual understanding. A content can be seen as unstructured or unorganized information, which later can
be referred to as knowledge, which comes from one's understanding. The cognitive system is a combination of
beliefs, values, attitudes, assumptions, opinions and memories that are conveyed simultaneously, with the values
derived from the content. Researchers such as [3] define knowledge as a value that comes from a thought.
Knowledge itself can be divided into two dimensions. Explicit knowledge that exists in the epistemological
dimension, where the implications are possible in writing or in a particular format. Besides that, there is tacit
knowledge, its location is in the ontological dimension, the use of tacit knowledge requires the use of metaphors
and extension socialization processes. In whatever dimension the knowledge is located, the transfer of that
knowledge constitutes the largest part of a transfer of information. This information can be in the form of code,
writing, communication metaphors or even formats of observable behavior. One perspective is multi-variable in
analyzing innovation systems for the development of knowledge transfer, namely the triple helix (TH), which
consists of the role of government, the role of universities, and the role of industry [4]. Since the three variables in
the TH model participate in the same area, these variables can change the transfer of certain Knowledge, generating
value through policy, innovation, and technology development [5]. The TH model relies on innovation activity at
a certain level, taking into account the geographical characteristics that influence innovation activity and the
involvement of each variable [6]. Because the TH variable is an important variable for the implementation of
knowledge transfer [7], we adopt the TH model to understand and measure the existing variables, to contribute to
integrating these variables in order to form a measurable policy, knowledge, and practice. The literature on
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knowledge systems has not systematically and empirically discussed the contribution of the TH variable to the
development of knowledge transfer. There are gaps in the literature for understanding TH contextual factors for
knowledge transfer, as well as innovation systems, and our paper helps fill this gap by examining the factors that
exist to shape innovation systems [8,4].

Recent studies have shown that Knowledge transfer is useful for policies in implementing an innovation, for
example, policies that focus on creating educational solutions and conditions to support the development of
knowledge transfer in a city [9]. Frank et al. [9] showed that in making a policy to increase knowledge creation,
cooperation between stakeholders, such as government, is needed. This results in a higher level of Knowledge
transfer development. However, their study does not show what variables contribute to the making of each of these
policies apart from the government aspect, which is our main concern in this study. In this regard, previous
investigations have suggested that a deeper involvement of the TH variable will be required for knowledge
development and innovation [10]. In this study, the TH variable used refers to the Hybrid TH model with a more
strategic contribution from these variables [4]. There is a lack of studies linking the role of TH with knowledge
transfer and innovation systems [11-13], while the specific contributions to innovation system variables are usually
ignored [14], especially when considering their contribution to a knowledge transfer policy and innovation system
development. This study addresses these problems that contribute to the integration of the TH variable in
knowledge transfer and innovation systems. Although the innovation literature assumes that all TH variables or
actors are essentially necessary for any innovation system [4], our research questions assume that variables can
contribute differently to innovation policy development and knowledge transfer. This study aims to measure and
analyze the contribution of three TH variables, namely, government, universities, and the private sector to the
development of knowledge transfer and the development of innovation systems.

2. Literature review & Hypothesis

2.1. Triple Helix for knowledge transfer and innovation systems

Several models have been proposed to discuss how the innovation system can be implemented properly. Some of
them are the innovation system model, the triple helix model, the open innovation model, and the quadruple and
quintuple helix model [15]. As analyzed by Villarreal and Calvo [15], each of these models considers different
perspectives on how knowledge is transferred among stakeholders to create value in an innovation system. Some
of these models focus more on the interaction of variables to create synergies, such as a management perspective
for knowledge transfer development [16,17], while others consider structural conditions in the system, such as
those in innovation systems [15]. We adopt a third stream that focuses on the role of the variables, following the
Triple Helix (TH) perspective. The TH model focuses on the contribution of the main actors in the development
of the innovation system: universities, government, and the private sector [17]. The University understands, in
general terms, activities including education and research in society. The TH model governance pillar considers at
various levels of government, from national to local, who make public policies, including regulations. The TH
model is very comprehensive in the industrial sector and includes all social initiatives. Other derivative models of
the TH model have proposed new dimensions: the quadruple and quintuple helix, separating personal initiative
from social engagement [15]. However, we adopt the most classic approach of these three dimensions, because it
is a consolidated framework academically and policymakers or government, providing the preferred interface for
empirical research. In this model, each of these variables plays an important role in the process of transferring
knowledge and creating an innovation system [16]. TH therefore provides a suitable framework that looks at these
actors as more on how to increase knowledge or how an innovation system is shaped.

Triple helix is very important to develop a sustainable innovation system, especially because knowledge
management involves complex problems that cannot be solved by one variable alone [17]. Sustainable innovation
projects can use the TH model to accelerate and implement these innovations. Many of the main actors who focus
on knowledge transfer while shifting from conventional education to knowledge transfer are supported by
education policies to achieve this goal [9]. Furthermore, according to Frank et al. [9], the TH variable can play a
role as a motor for the development of knowledge transfer, while cooperation activities and local wisdom become
the motor of science development.

The TH model can play an important role in developing innovation policies focused on developing Knowledge
transfer. As an innovation policy, we refer to public policies that can be enforced in society to advance innovation.
Coordinated action between government, universities and industry can help develop types of innovation policies
that integrate the perspectives and interests of different parties. Previous studies have maintained the need for a
policy perspective to support knowledge development [17]. In this regard, Frank et al. [9] proposed three main
innovation policy criteria that can directly or indirectly influence the development of knowledge transfer:
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Cooperative activities, local wisdom, and location factors. The collaborative activity criteria summarize a policy
that is focused on creating a positive and cooperative environment for the implementation of knowledge transfer.

2.2. Hypothesis

In this section, we present our research hypothesis, which is based on the general theory of the triple helix model.
The focus of this study is how each TH variable correlates with knowledge transfer, as well as the innovation
system related to the industrial domain, which is represented in the figure. 1 and will be discussed in the following
subsections. We use the term correlation to represent the connectedness of each TH variable in the industry domain,
including participation in each activity and initiative or contribution to the development of Knowledge transfer.

Triple Helix University - Industry (Co-Creation link)
University
H1
H2 H4 .
Industry Knowledge Transfer Innovation systems
H3
Goverment

Fig. 1 Research Model Concept

1) Triple helix on the role of universities for knowledge transfer

Naturally, universities have an important role in transferring knowledge. While universities are responsible for
educating and training new professionals in skills that are oriented towards the use of knowledge itself, they also
play a key role in the advancement of knowledge transfer itself [18,19]. Transferring or conveying information
from a professional understanding is part of the business that exists at the university itself. Based on our
assumption, the role of the university itself is not just a transfer of knowledge but is also responsible for fully
understanding the processes, methods, results of the delivery of knowledge itself, and even the role of educators
in universities is in full control of innovations in the development of knowledge transfer. Moreover, universities
can play a cooperative and important role, since they create a common discussion environment and generate ideas
for the development of knowledge transfer. All these examples show the important role of TH in enhancing the
role of universities in developing knowledge transfer. Although, the existence of these university variables does
not guarantee that they will be cooperative with each other, each actor like them can make their own contribution,
and there is a development of knowledge transfer. In this way we propose:

H1: University involvement positively and significantly has a role to higher knowledge transfer for knowledge
development

2) Triple helix on the role of Industry for knowledge transfer

Unlike the university and government sectors, the industrial sector tends to be more aimed at taking advantage of
the knowledge transfer process. Even though this sector has a role at almost the same level as universities, they
still prioritize a business system in it. As a result of this same level, it is not uncommon for an industry to encourage
education about knowledge transfer more than universities, for example a private course, they carry out a transfer
of knowledge but what they do is still above business goals. However, this does not rule out the existence of a
group or individual from a particular industry that intends to increase the quality of knowledge transfer voluntarily.
Lastly, although the main objective of the industrial sector is to adapt knowledge and convert it into market value
[20], the industrial sector can also support knowledge policies for knowledge transfer in several ways. Thus, large
education-oriented companies can prepare programs to increase the workforce. For example, a large international
private education firm recently established a program to support immigration of high-skilled workers to promote
knowledge transfer [21]. In this way we propose:
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H2: Positive and significant Industry involvement is associated with a higher transfer of knowledge for knowledge
development

3) Triple helix on the role of Government for knowledge transfer

There are different roles as variables that develop and implement direct knowledge transfer such as universities,
the role of government is to provide a regulation or regulation regarding how the process works. Although the role
of government in developing knowledge transfer moves behind the scenes, this role tends to be large and as a
counterweight to how the variables under them perform their duties. This can occur by establishing government
institutions that focus on education [22] or by creating funds and incentives for education programs in cities and
regions [23]. When governments of various levels are involved in developing the transfer of knowledge itself, they
can promote not only its progress but also welfare on other variables, creating a knowledge development cycle. In
addition, education for society with sustainable content in the curriculum can be a form of government contribution
in developing knowledge transfer. In this way we propose:

H3: Government involvement is positively and significantly related to higher knowledge transfer for knowledge
development

4) Knowledge transfer to Innovation Systems

TH is a model which is basically related to the creation of scientific innovations [24]. In particular, higher education
is very important for the development of science and technology for knowledge transfer [25]. Naturally,
universities play an important role as knowledge transfer generation [26]. While universities are responsible for
educating and training new professionals in skills that are oriented towards the use of knowledge itself, playing a
key role in the advancement and evolution of knowledge [27,18], the government acts proactively as an integrative
agent between the science and technology infrastructure. The government can create strategic programs to
encourage knowledge generation in knowledge transfer [19]. This can occur by establishing government
institutions that focus on education [22] or by creating funds and incentives for education programs [23]. Lastly,
although the main objective of the industrial sector is to adapt knowledge and convert it into market value [20],
the industrial sector can also support knowledge policies for knowledge transfer in several ways. Thus, large
education-oriented companies can prepare programs to increase the workforce. For example, a large international
private education firm recently established a program to support immigration of high-skilled workers to promote
knowledge transfer [21]. Companies can also engage with the government to determine infrastructure and facility
requirements for professionals that will affect labor incentives and legislation [28,29] and provide training for a
generation of educators [30]. In addition, companies can develop their R&D centers and committees to build an
innovation, which enables them to generate internal knowledge that will support broad knowledge in all aspects
[31]. Based on these arguments, we propose the following hypothesis:

H4: There is a very strong involvement in the transfer of knowledge to develop an innovation system

3. Research Method

The hypothesis in this research model integrates TH with knowledge transfer and an innovation system tested
empirically using a survey method collected from users (Figure 1). The questionnaire items in this study used a
scale applied to previous studies to ensure content validity and appropriate revisions were made to fit the context
[32-34]. Three procedures were carried out to screen the questionnaire items to improve measurement accuracy.
First, items selected from previous studies were translated into Indonesian. Second, validation of the TH focus
study group, including TH researchers and practitioners to examine each item in the measurement to ensure that
they can be read and understood. Third, measurement items are evaluated and refined in a pilot study to ensure
content validity. In the first part of the two-part questionnaire, a nominal scale was used to collect baseline data,
including gender, age, education, occupation, and work experience. Each item is measured on a seven-point Likert
scale ranging from strongly disagree (1) neutral (4) to strongly agree (7).

To measure the 5 existing variables and the implications of knowledge transfer and innovation systems, they were
assessed based on an online survey of the experiences of TH actors in Indonesia. We use the online survey method
because it has several advantages over paper-based data collection, namely: the advantages of online investigations
include fast response, low cost, and no geographic boundaries [35]. To ensure that participants did not fill out the
questionnaire more than once, each participant was asked to provide an e-mail address. After eliminating invalid
responses through data filtering, the final valid sampling was 360 subjects. Table 1 presents the sample
demographic data. Measurement items are taken based on the research objectives mentioned earlier, through the
research framework, as well as the relevant literature. This questionnaire was discussed with researchers who have
expertise in the field of HT, as well as practitioners and have been revised several times following the pretest

1693




Turkish Journal of Computer and Mathematics Education Vol.12 No.4 (2021), 1690-1699

method. To formulate measurement items, this study refers to credible literature. The questionnaire survey period
is from 11 September 2020 to 12 January 2021.

TABLE |

DEMOGRAPHICS OF THE SAMPLE
Characteristics Frequency ‘ (%)
Gender
Male 220 | 61.11
Female 140 | 38.89
Total 360 100
Age
<35 169 | 46.94
>35 191 | 53.06
Total 360 100
Degree
Undergraduate 207 | 57.50
Post undergraduate 153 | 42.50
Total 360 100
Experience
1 year 65 | 18.06
3-5 years 122 | 33.89
>5 years 173 | 48.06
Total 360 100
Occupations
Private sector 188 | 52.22
Public sector 172 | 47.78
Total 360 100

4. Research Analysis

In this study we used partial least squares (PLS) to test and verify the model hypothesis and test stability. To
process and analyze data the software used is SmartPLS version 2.0. PLS is a structural equation model (SEM)
technique which is based on path analysis and regression analysis. PLS is used as a technique in analyzing models
that have a causal relationship with several constructs. According to researchers PLS is superior to SEM in terms
of covariance based on the following four reasons [36-38]. (1) PLS can be used simultaneously to process reflective
indicators and formative indicators; (2) PLS produces stable parameter values even from small sample data; (3)
PLS excels in overcoming multicollinearity problems; (4) PLS can analyze complex prediction models with many
constructs and research variables. In this study PLS is used here as a method of analysis due to factors. First, it is
used to integrate TH. A number of constructs are built on this framework, namely knowledge transfer and
innovation systems. On the other hand, PLS does not test for significance, so the resampling procedure is used for
significance testing.

In this context, to measure significance using the bootstrapping method, measurements were carried out repeatedly
using a random sample. The appropriate simulation results are then used to perform statistical evaluation and
testing. Based on the suggestion put forward by Chin and Newsted [39], the number of resampling is set at 1000
to achieve a stable parameter estimate.

4.1. Outer Model

To measure the relationship between latent constructs and indicators in PLS it is known as the outer model. The
indicators used in the outer model are the loading factor and the value of the reliability test results of various
construction items. In addition, the value of Cronbach's o and the value of composite reliability is also measured,
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in order to be declared reliable and acceptable, the value must be 0.7 or greater. Table 2 shows that the existing
construct has met the criteria and can be declared acceptable reliable.

TABLE 2
RELIABILITY ANALYSIS AND CONVERGENT VALIDITY
Constructs Ite Loadin | Alp CR AV
ms gs ha E
Unv | 0.760
1
Unv | 0.719
2
Unv | 0.871
University 3 0.90 |0.92 | 0.67
Aspect Unv | 0.883 2 5 2
4
Unv | 0.825
5
Unv | 0.849
6
Indl | 0.883
Ind2 | 0.833
Ind3 | 0.877
Industry Aspect 8'92 2'94 2'73
Ind4 | 0.856
Ind5 | 0.863
Ind6 | 0.843
Gov | 0.723
1
Gov | 0.881
2
Government Gov | 0.873 0.89 | 092 | 0.71
Aspect 3 9 6 4
Gov | 0.853
4
Gov | 0.884
5
KnT | 0.784
1
Knowledge KnT | 0.871 0.80 | 0.88 | 0.71
Transfer 2 3 4 8
KnT | 0.884
3
InS1 | 0.961
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InS2 | 0.796
Innovation 0.91 | 0.94 | 0.80
Systems InS3 | 0.961 5 1 2
InS4 | 0.852

4.2. Common method variance testing

We used the common method variance (CMV) to deal with the problem of bias in the questionnaire survey.
Referring to Podsakoff et al. [40], the questionnaire was designed with a strict control process. The questionnaire
is designed, reviewed and revised based on comments or suggestions made by experts who have experience in the
relevant fields. In addition, a pre-test was performed to modify the semantics of the questionnaire. Harman's single
factor test was used to test for the presence of CMV [41]. Based on the advice from Harman's single factor test
that CMV can be said to be confirmed if a single factor can explain most of the co-variance variables. In this study
the test results were declared relevant because the single factor failed to explain 50% of the variance, this indicates
that the questionnaire did not show the presence of CMV.

Two tests were carried out in this study to validate construct validity, namely: testing convergent validity and
testing discriminant validity. Fornell and Larcker [42] state that the construct shows convergent validity if the
indicator of the loading factor is greater than 0.5, the average variance extracted (AVE) is greater than 0.5, and the
reliability is greater than 0.7. Table 3 shows that all constructs are in accordance with the suggestions proposed by
Fornell and Larcker [42], which means that the convergent validity is correct. To test discriminant validity, the
square root indicator of AVE is used, which if the square root of EVA is greater than the construct correlation
coefficient tested, it can be confirmed that it meets the discriminant validity requirements. Based on Table 3 and
Table 4, the construct shows that it has met the standard of convergent validity and discriminant validity.

TABLE 3
FORNELL AND [ ARCKER CRITERIA

Go InS Ind Kn Un
\% T \%

Gov | 0.723 | 052 | 0.52 | 0.562 | 0.536
1 7 0

Gov | 0.881 | 0.79 | 0.68 | 0.743 | 0.641
2 6 8

Gov | 0.873 | 0.67 | 058 | 0.684 | 0.523
3 4 6

Gov | 0.853 | 0.53 | 043 | 0.567 | 0.421
4 2 6

Gov | 0.884 | 0.68 | 0.56 | 0.713 | 0.480
5 5 2

InS1 | 0.648 | 0.96 | 0.81 | 0.852 | 0.688
1 8

InS2 | 0.881 | 0.79 | 0.68 | 0.743 | 0.641
6 8

InNS3 | 0.648 | 0.96 | 0.81 | 0.852 | 0.688
1 8

InS4 | 0.608 | 0.85 | 0.78 | 0.796 | 0.679
2 5

Indl | 0.585 | 0.75 | 0.88 | 0.804 | 0.772
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Ind2 | 0.607 | 0.82 | 0.83 | 0.871 | 0.660
5 3
Ind3 | 0.562 | 0.77 | 0.87 | 0.884 | 0.740
8 7
Ind4 | 0.575 | 0.72 | 0.85 | 0.708 | 0.883
7 6
Ind5 | 0.601 | 0.69 | 0.86 | 0.738 | 0.849
7 3
Indé | 0.507 | 0.68 | 0.84 | 0.711 | 0.871
1 3
KnT | 0.846 | 0.69 | 0.61 | 0.784 | 0.548
1 8 8
KnT | 0.607 | 0.82 | 0.83 | 0.871 | 0.660
2 5 3
KnT | 0.562 | 0.77 | 0.87 | 0.884 | 0.740
3 8 7
Unv | 0471 | 0.47 | 0.57 | 0.490 | 0.760
1 0 8
Unv | 0414 | 051 | 057 | 0476 | 0.719
2 4 0
Unv | 0.507 | 0.68 | 0.84 | 0.711 | 0.871
3 1 3
Unv | 0575 | 0.72 | 0.85 | 0.708 | 0.883
4 7 6
Unv | 0445 | 055 | 0.71 | 0.588 | 0.825
5 2 8
Unv | 0.601 | 0.69 | 0.86 | 0.738 | 0.849
6 7 3
TABLE 4
CORRELATION MATRIX
Gov InS Ind KnT | Unv
Gov 0.84
5
InS 0.77 | 0.89
1 5
Ind 0.66 | 0.87 | 0.85
8 1 9
KnT 0.78 | 0.90 | 0.92 | 0.84
1 7 2 7
Unv 061 | 0.75 | 091 | 0.77 | 0.82
9 3 8 0 0

4.3. Inner model

Research Article

The concept of PLS is also known as inner model namely structures path between constructions. The T-value line
coefficient, significance, and the results of hypothesis testing for the model in this study can be seen in Table 5
and are illustrated also in figure 2. All hypotheses are formulated in positive and significant value studies.
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TABLE 5
Summary of hypotheses testing results

SDt:\?g?irgn Standard Error T

(STDEV) (STERR) Statistics
Gov -> KnT 0.040 0.040 7.55
Ind -> KnT 0.080 0.080 14.80
KnT -> InS 0.023 0.023 39.22
Unv -> KnT 0.077 0.077 6.48

5. Conclusions and Discussion

The core concept of the triple helix approach is through the involvement of each variable from government,
industry, and universities, so that knowledge transfer can lead to innovation. This study examines whether the
innovation system can be driven by knowledge transfer, which is spurred by engagement between government,
industry and universities. This study shows that the triple helix approach can be very useful to be applied to the
interaction of each variable involved in the development of knowledge transfer. This study also shows that the
application of the triple helix approach can be very effective for each of the variables associated with the formation
of knowledge transfer and the formation of innovation systems. The reason is that the interactions between the
three helices occur in most of the relevant planning steps. Within the research framework, it has been possible to
identify three interaction variables, each of which has implications for the application of the TH approach to the
development of knowledge transfer through these three TH variables. The differentiation between the transfer of
knowledge can serve for the emergence of cultural and technological evolution, which can create a balance in
organizations. From a long-term perspective, the knowledge systems model provides options for simulation,
whereas the TH model allows us to measure the efficiency of variable mechanisms that can be harnessed for
knowledge development and innovation.

The TH model provides a clear picture to determine the process of knowledge transfer on each variable from
different perspectives and different institutional roles. This research confirms that the transfer of knowledge at a
certain level can lead to redundancy, thus enriching and triggering an innovation process. The stronger a context
on knowledge transfer will push us to the value and legitimacy of a knowledge decision.
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