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Abstract: This study explored the differences in the effects of collective intelligence and references
on open innovation between open and closed access journals. This study analyzed the moderating
effect of references on the motivation of collective intelligence on open innovation from 2003 to 2006
and 2013 to 2016, considered to be the digital transformation era. The Scopus database on open and
closed access journals was used for ordinary regression analysis. During the 2003–2006 period, only
papers in closed access journals demonstrated sufficient effect of collective intelligence and reference
on open innovation and the effective moderating role of reference. However, between 2013 and 2016,
papers in open and closed access journals demonstrated the incentive effects of collective intelligence
and references on citation and the moderating role of references on the correlation between collective
intelligence and citation. The increase in digital transformation strengthens the collective intelligence
and references of open access journals, and citations of open access journals nearly surpass those of
closed access journals.

Keywords: open access journal; closed access journal; collective intelligence; open innovation;
reference; citation

1. Introduction

Since the 2000s, with the arrival of the fourth industrial revolution, online open
access journals (OAJs) have emerged, which can be considered the second information
technology (IT) revolution or digital transformation in the journal industry [1,2]. With the
explosion of cyber space from social network system to online academic communities, the
collective intelligence (CI) of scholars in online OAJs became a subject of debate during
the COVID-19 pandemic. CI is not strongly correlated with the average or maximum
individual intelligence of group members; however, it is correlated with other factors,
such as the average social sensitivity of group members, the equality in the distribution of
conversational turn-taking, and the proportion of women in the group [3]. Nevertheless,
managers can design the powerful systems that they need to motivate creative results
by recombining CI genome “genes”, such as crowd over hierarchy, love or glory over
money, collaboration over collection, and group decision over individual decisions, based
on the work required [4]. Although the accessibility and public interest of science has been
recognized and legitimized by the global scientific community and science institutions
over the past 300 years, the whole paradigm of open science and its social contract is being
challenged by various “enemies”, such as market-based privatized commercial science [5].
In the digital transformation era, it is important to understand the differences in CI between
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closed and OAJs, as CI is a kind of anthropology in cyber space [6]. Therefore, this study
posed the following research questions:

Question 1 (Q1): Does CI motivate open innovation in OAJs as it does in closed access journals?

Question 2 (Q2): Is the effect of the amount of knowledge, that is, the number of references, similar
in open and closed access journals when the motivation of CI on open innovation is moderated?

Although there are barriers to mobilizing CI in research, differences between open and
closed access journals in the CI’s operation, and the moderating effect of knowledge in the
knowledge-based economy, are unknown [7]. As the OAJ industry is not a newly emerged
industry, but a newly converted industry, it cannot escape the conflict with the closed access
journal industry. Therefore, when selecting between closed and OAJs, differences in trigger
factors to motivate citation amount, that is, the amount of open innovation of journals, such
as research questions, are crucial.

1.1. Literature Review and Hypothesis
1.1.1. Collective Intelligence

CI comes from the mutual engagement of people to create better solutions to problems
that would otherwise be impossible through the synergistic effect of collective handling
and aggregation of advice and criticism [8,9]. As such, under certain conditions, a group of
ordinary people can achieve better results than any individual in the group, as diversity
not only adds different perspectives to the group, but also makes it easier for individuals to
express their real ideas. Diversity helps preserve independence, which is required for a
group of collective wisdom [10,11]. CI can be defined as the ability of a group to solve more
problems than its individual members [12]. According to Linux, Threadless, InnoCentive,
Google, and Wikipedia, CI at firm levels has already been proven to work, and CI systems
can be designed and managed to fit specific needs, as having a group of smart people alone
is not enough to form a smart group [4,13]. The spectacular emergence of the Internet
and associated information technology has created unprecedented opportunities for new
types of interactions—in other words, emergent CI—such as creating intellectual capital
via email, instant messaging, news groups, chat rooms, blogs, wikis, and podcasts [14,15].
The connection between people and computers should be considered to ensure collective
behavior that is more intelligent than what any individual, group, or computer has done,
as doing things “collectively” does not necessarily make them great [16].

Hypothesis 1. CI motivates creative knowledge, which can be cited more than others.

CI triggers creative knowledge. In addition, citation index is normally good evidence
of scientific creativity, although it can provide uncritical references to fraudulent, incom-
plete, or obsolete data. A citation implies a relationship between part or all of the cited
document and part or all of the citing document, as citation is one document’s acknowl-
edgement to another, and vice versa [17]. In fact, citation distribution provides an insight
into the relative popularity of scientific publications and a more complete measure of
popularity than the average or total number of citations [18].

This study used a linear logic when considering CI in terms of the number of authors
at hypothesis 1. A linear thinking style is defined as a preference for attending to external
data, facts, and processing, while a nonlinear thinking style is defined in terms of internal
feelings, impressions, intuitions, and sensations [19]. Moreover, according the perspective
that “linear thinking is related mostly with cognitive intelligence, while nonlinear thinking
is related mostly with emotional intelligence”, some parts of CI could be nonlinear. This
study only focuses on the cognitive intelligence aspects of collective intelligence [20].

1.1.2. Reference or Citation

The bibliographic analysis of reference–citation relations can examine four categories
of structure, namely direct citation, bibliographic coupling, co-citation clustering, and



Sustainability 2022, 14, 2574 3 of 19

co-citation analysis, in addition to measuring the number of references or citations [21]. A
paper is counted as one citation in the bibliographic reference, although it is actually cited
many times in the citing article, which means the cited work makes various contributions
to the citing paper [22]. Unlike the citation tradition that assumes all citations are of similar
value and weight, content-based citation analysis (CCA) addresses the value of citation
with the interpretation of its context at the syntactic and semantic levels [23]. The specific
contexts represented in the modern citation can be deconstructed from the perspective
of the cultural evolution of scientific communication, as reference lists are aggregated in
scientometric analysis using one (or sometimes two) of the available contexts to reduce
complexity [24]. A citation index is an ordered list of cited articles, each accompanied by a
list of citing articles that is identified as a source, with the cited article as a reference [25].
Self-reference or self-citation can be seen as part of a more comprehensive rhetorical strategy
to emphasize the author’s personal contribution to a study and strengthen their knowledge
claims, research credibility, and wider standing in the discipline [26].

Hypothesis 2. Sufficient reference motivates creative knowledge, which can be cited more than others.

1.1.3. Amount of Knowledge and Open Innovation

People have sufficient relevant knowledge of human attitudes and can easily predict
people’s attitudes in detail based on low or poor amount of relevant knowledge [27]. Based
on the cultural environment of organizations or firms, taking into consideration other
papers, patents, opinions, or project teams, such as research teams, is more or less likely
to improve inter-research projects and inter-organizational knowledge sharing [28]. The
abundance of external knowledge in addition to the application of firm resources—that
is, the amount of knowledge inside and outside firms—has a direct impact on a firm’s
searching strategy in terms of breadth, depth, innovative performance, open strategy, and
results [29]. Firms can adopt an inverted U-shaped performance if they search externally
widely and deeply, providing sufficient references for firm strategy and enhancing the
strength of the firms’ appropriability strategies, even if there is a concave relationship
between the breadth of external search and formal collaboration for innovation [30,31]. The
depth of an open search is positively correlated with the firms’ incremental innovation
performance, whereas the breath of an open search is positively correlated with radical
innovation performance [32]. The absorptive capacity indicates that the firm has sufficient
internal research and development (R&D) experience or references in copied or tacit knowl-
edge to motivate open innovation [33]. A higher-order model of absorptive capacities for
open innovation includes three factors: recognition capacity, including external scanning
and strategic assessment; assimilation capacity, including coordinating, integrating, and
knowledge management; and exploitation capacity, including resource cognition and re-
combining [34]. Sufficient knowledge, including reference, can improve the absorptive
capacity and increase the effect of mechanisms that trigger open innovation [33,34].

Hypothesis 3. Sufficient knowledge, including reference, can moderate the motivating effect of CI
on open innovation.

1.1.4. Open and Closed Access Journals

The primary reason for publishing OAJs is the principle of free access; however,
authors who have not published papers in OAJs attribute this to their unfamiliarity with
such journals [35]. The Internet provides free global availability of scientific journal articles
through OAJs or via authors posting articles published in subscription journals to open
web repositories [36]. This is not publicly agreed upon by the publishers that hold the
copyrights of the journal papers [37]. Open access (OA) emerged in the early 1990s in the
same sprit as open-source software projects [36,38]. In 2000, increasingly more professional
OA publishers appeared, such as BioMedGeneral, Public Library of Science, Hindawi,
Bentham Open, and the Multidisciplinary Digital Publishing Institute. According to the
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detailed records in the Directory of Open Access Journals (DOAJ), the number of OA
peer-reviewed journals reached around 5000 in 2009 [36,38]. OAJs, particularly gold OAJs,
as well as delayed OA, hybrid OA, and green OA journals provide readers with all articles
free of charge at the time of publication on the Internet, covering the costs associated
with publication by means other than subscription. Delayed OA is a type of closed access
subscription journal, which makes articles OA after a period of time [39]. Another type of
closed access subscription journal is hybrid OA, which allows authors to pay a fee to make
their articles freely available online.

Green OA refers to the self-archiving of an article version, often not the final published
version, on the author’s personal website or in an institutional or subject repository [39].
Gold OA can be considered as disruptive innovation that destroys the existing business
model or industry, such as subscription-based closed access journals, as it combines new
technology, namely digital distribution of content using the Internet, with a new model of
free distribution to readers with fees paid by the authors or through other channels [39,40].
Studies on OA in philosophy, political science, electrical and electronic engineering, and
mathematics demonstrated that papers available on the Internet free of charge had a greater
impact, as they were measured using citations in the ISI Web of Science database [41].
In contrast, another study indicated that while OA articles received significantly more
downloads and reach a broader audience in the first year, citations were infrequent or
earlier than that of subscription access articles of over three years [42]. A longitudinal
study on scholars’ attitudes and behavior toward OAJ publication revealed that while
authors’ publishing in and awareness of OAJs increased, poor reputation and lack of peer
review in such journals were a concern [43,44]. Although there were concerns that OAJs
may reduce quality standards in order to increase revenue from authors’ fees, this was not
the case in practice [45]. Furthermore, the average citation rate of OAJs is approximately
30% higher than subscription journals, after controlling for discipline (medicine and health
versus others), journal age (three time periods), and publisher location (largest publishing
countries versus other countries) [46]. The differences largely disappeared in most subcate-
gories, except for journals launched before 1996 [43]. Publication fees or article processing
charges (APCs), which have become the predominant means for funding professional OA
publications, include diverse sources, such as discretionary (institutional) funds (32%),
grant or contract (24%), personal funds (15%), fee waived (14%), institutional funding (OA
policy), and national funding (OA policy; 5%) [36,47]. The National Institute of Health
(NIH) has an OA policy in terms of institutional funding, which requires OA availability
of the results of funded research projects [37,46]. However, a negative consequence of the
rapid growth of the scholarly OA publishing industry, funded by APCs, is the emergence of
publishers and journals with questionable marketing and peer review practices, in addition
to the significant increase in the one-year subscription fees of major closed access journal
publishers, such as Elsevier in United Kingdom universities and University of California
(UC) universities in the United States [46–50].

Hypothesis 1-1-1. In closed access journals between 2003 and 2006, CI motivated creative
knowledge, which could be cited more than others.

Hypothesis 1-1-2. In closed access journals between 2013 and 2016, CI motivated creative
knowledge, which could be cited more than others.

Hypothesis 1-2-1. In OAJs between 2003 and 2006, CI motivated creative knowledge, which could
be cited more than others.

Hypothesis 1-2-2. In OAJs between 2013 and 2016, CI motivated creative knowledge, which could
be cited more than others.

Hypothesis 2-1-1. In closed access journals between 2003 and 2006, sufficient reference motivated
creative knowledge, which was cited more than others.
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Hypothesis 2-1-2. In closed access journals between 2013 and 2016, sufficient reference motivated
creative knowledge, which was cited more than others.

Hypothesis 2-2-1. In OAJs between 2003 and 2006, sufficient reference motivated creative knowl-
edge, which was cited more than others.

Hypothesis 2-2-2. In OAJs between 2013 and 2016, sufficient reference motivated creative knowl-
edge, which was cited more than others.

Hypothesis 3-1-1. In closed access journals between 2003 and 2006, sufficient knowledge amount,
including reference, moderated the motivating effect of CI on open innovation.

Hypothesis 3-1-2. In closed access journals between 2013 and 2016, sufficient knowledge amount,
including reference, moderated the motivating effect of CI on open innovation.

Hypothesis 3-2-1. In OAJs between 2003 and 2006, sufficient knowledge amount, including
reference, moderated the motivating effect of CI on open innovation.

Hypothesis 3-2-2. In OAJs between 2013 and 2016, sufficient knowledge amount, including
reference, moderated the motivating effect of CI on open innovation.

Before the appearance of smartphone-based mobile Internet around 2003–2006, the
growth of OAJs was insufficient, with little attention from the academic community, as
Internet access grew worldwide, but remained higher in advanced economies [51]. From
2003 to 2006, there were no effects on OAJs, such as CI, reference amount, or moderating
effects, as prior to this, Internet use was not pervasive without smartphones [52]. However,
between 2003 and 2006, except for OAJs, all journals had an impact on CI, reference as
knowledge amount, and moderating effects based on the literature of open and closed
access journals.

Digital transformation is “a process where digital technologies create disruptions
triggering strategic responses from organizations that seek to alter their value creation
paths while managing the structural changes and organizational barriers that affect the
positive and negative outcomes of this process” [53,54]. As such, the quality of the papers
in open access journals, including citation, is approaching that of closed access journals [53].

1.2. Research Framework
1.2.1. Independent Variable

In this study, CI was the independent variable (Figure 1).
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Some research groups describe crowd actions as collective production under the fol-
lowing conditions: there is no single expert; spending more time on a problem does not
provide additional innovation ideas; the perspectives of others are consumable only in
knowledge fragments; knowledge fragments can be creative associations [56]. CI is collec-
tive production, as it is based on the lack of a single expert in the co-authors’ relationship.
However, CI as co-authors is different from collective behavior as mobilization on the
basis of a belief that redefines social action, in the sense that it does not mobilize anything
directly [57]. Although CI has highly qualitative aspects, since it is correlated with social
sensitivity, such as conversational turn-taking or the proportion of women, these factors
affect the effectiveness of the agent of interactive cognitive systems [3,58]. As the number
of co-authors indicates a sufficient amount of collective, this study used the number of
co-authors as the independent variable to measure CI in the regression analysis [3,58].

1.2.2. Dependent Variable

When open innovation research was first published, it largely focused on compa-
nies [59]. With the rise of open innovation studies, diverse objective measures have
emerged, including quantitative measures of the depth and breadth of open innovation
in surveys and patent data in network analysis, such as patent-based brokerage [31,60,61].
The number of citations can be considered the degree of open innovation, as the citation
index is a new dimension in documentation based on the association of ideas, as shown in
Figure 1 [62]. Only equating “open innovation” with “the number of citations” is based
on a proxy logic that could lead to fuzzy discussions concerning the results. However, the
difference between open access and closed access in open innovation could be identified
by measuring the number of citations; in addition, understanding of the reality of open
innovation in journals could be developed through case studies with in-depth interviews.

1.2.3. Moderating Variable

The moderating effect can be explained as the effect of X on variable Y, being moder-
ated by M if its size, sign, or strength depends on or can be predicted by M. In knowledge
gap theory, education (M) may moderate the effect of exposure to information (X) on knowl-
edge (Y), such that knowledge gaps are increased rather than decreased [63]. In addition,
other moderating effects, such as the moderating role of openness to experience, gender,
and CI, have been noted [64,65]. During the fourth industrial revolution, the complexity
of innovation, particularly open innovation, increased with the amount of knowledge
available to organizations, such as references in research teams [66]. If knowledge manage-
ment is designed to present strategy, process, and technology to increase organizational
learning, the organization’s innovation capacity increases [67]. According to the dynamic
theory of organizational knowledge creation, organizational knowledge is created through
a continuous dialogue between tacit and explicit knowledge [68]. Sufficient references
have a similar effect on increasing the dialogue between tacit and explicit knowledge.
Furthermore, as the increase of organizational knowledge is correlated with the increase of
open innovation, experts can no longer be smarter than the CI of regular individuals. The
number of references is defined as the moderating variable in this study (Figure 1).

1.2.4. Difference between Open and Closed Access Journals

This study focused on the differences between open and closed access journals in
several conditions, such as before and after the introduction of the mobile Internet (in
the 2003–2006 and 2013–2016 periods, respectively), and in the fields of engineering and
mathematics, arts and humanities, and management and economics (Figure 1). Closed
access journals influence CI and have a moderating effect of the number of references on
open innovation in these conditions, as closed access journals have existed for a long time.
OAJ likely did not affect CI or have a moderating effect of the number of references on open
innovation between 2003 and 2006. However, OAJ likely affected CI and had a moderating
effect of the number of references on open innovation between 2013 and 2016 due to the
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availability of the mobile Internet, which promoted the development of open innovation
journals over closed access journals.

2. Materials and Methods

This study utilized multiple ordinary least squares (OLS) regression analysis us-
ing article information from the Scopus database between 2003 and 2006 and between
2013 and 2016. Data were collected on 21 September 2020 from various categories of All
Science Journal Classification (ASJC), such as arts and humanities (1200 articles), busi-
ness, management, and accounting (1400 articles), economics, econometrics, and finance
(2000 articles), engineering (2200 articles), and mathematics (2600 articles), as shown in
Table 1. In addition, this study used detailed descriptive analyses to compare open and
closed access journals in terms of the number of authors, references, and citations. Fur-
thermore, comparative analyses were conducted between the 2003–2006 and 2013–2016
periods and between humanities, management, and economics (HME) and engineering
and mathematics (EM) to clarify the OLS analysis results.

Table 1. Research scope with summary of descriptive statistics.

Variables Journal
Type Year 1200

(Huma.)
1400

(Busi.)
2000

(Econ.)
2200

(Engi.)
2600

(Math.)

Number of
articles
(Total)

Closed
access

3–6 1752 6865 3178 35,635 35,353
13–16 6882 26,027 7323 63,382 66,513

Open
access

3–6 0 21 37 1168 1066
13–16 7326 1649 3049 9273 9826

Number of
authors

(Average)

Closed
access

3–6 1.07 1.77 1.70 3.45 1.76
13–16 1.88 1.82 1.98 3.54 2.06

Open
access

3–6 . 2.14 1.76 2.92 1.68
13–16 2.22 2.86 2.39 3.39 2.97

Number of
references
(Average)

Closed
access

3–6 20.33 25.28 22.36 12.88 17.25
13–16 28.30 28.93 33.29 19.58 21.47

Open
access

3–6 . 48.76 26.27 11.61 15.32
13–16 31.09 37.32 33.52 22.24 25.57

Number of
citations

(Average)

Closed
access

3–6 1.57 28.28 11.72 7.36 11.25
13–16 1.52 5.88 5.54 3.84 4.15

Open
access

3–6 . 4.71 7.54 4.72 7.28
13–16 1.85 3.10 3.13 5.31 4.40

Note: 1200 (Huma.) = 1200 (Arts and Humanities); 1400 (Busi.) = 1400 (Business, Management, and Ac-
counting; 2000 (Econ.) = 2000 (Economics, Econometrics, and Finance; 2200 (Engi.) = 2200 (Engineering;
2600 (Math.) = 2600 (Mathematics); 3–6 = 2003–2006; 13–16 = 2013–2016.

The ratios of OA to closed access papers in 2003–2006 compared to OA papers were
0% in arts and humanities, 21/6865 in business, management, and accounting, 37/3178 in
economics, econometrics, and finance, 1168/35,635 in engineering, and 1066/35,353 in
mathematics. The ratios were as low as 0–3.01%. The ratios of OA to closed access papers
in 2013–2016 dramatically increased: 7326/6882 in arts and humanities, 1649/26,027 in
business, management, and accounting, 3049/7323 in economics, econometrics, and finance,
9273/63,382 in engineering, and 9826/66,513 in mathematics. The ratios increased from
14.6% in engineering to 106.5% in arts and humanities.

The average number of authors (NA) per paper in closed access journals did not
increase significantly between 2003–2006 and 2013–2016: from 1.07 to 1.88 in arts and
humanities, from 1.77 to 1.82 in business, management, and accounting, from 1.70 to 1.98 in
economics, econometrics, and finance, from 3.45 to 3.54 in engineering, and from 1.76 to
2.06 in mathematics. However, the average NA per paper in OAJs increased significantly
compared to closed access journals between 2003–2006 and 2013–2016: from 0 to 2.22 in
arts and humanities, from 2.14 to 2.86 in business, management, and accounting, from
1.76 to 2.39 in economics, econometrics, and finance, from 2.92 to 3.39 in engineering, and
from 1.68 to 2.97 in mathematics. In addition, OAJs had more co-authors during these two
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periods across all areas, indicating that CI in OAJs was higher than closed access journals
in general.

The average number of references (NR) per paper in closed access journals increased
between 2003–2006 and 2013–2016: from 20.33 to 28.30 in arts and humanities; from
25.28 to 28.93 in business, management, and accounting; from 22.36 to 33.29 in economics,
econometrics, and finance; from 12.88 to 19.58 in engineering; and from 17.25 to 21.47 in
mathematics. The average NR per paper in OAJs increased significantly compared to closed
access journals, except for business, management, and accounting, between 2003–2006
and 2013–2016: from 0 to 31.09 in arts and humanities, from 26.27 to 33.52 in economics,
econometrics, and finance, from 11.61 to 22.24 in engineering, and from 15.31 to 25.57
in mathematics.

The average number of citations (NC) per paper in closed access journals was higher
in 2003–2006 than 2013–2016, except for arts and humanities: 1.57 and 1.52 in arts and
humanities, 28.28 and 5.88 in business, management, and accounting, 11.72 and 5.54 in
economics, econometrics, and finance, 7.36 and 3.84 in engineering, and 11.25 and 4.5 in
mathematics, respectively. The gap in the average NC per paper during 2003–2006 in
closed access journals was more than double the average NC during 2013–2016, except for
arts and humanities. The average NC per paper in OAJs was slightly higher in 2003–2006
than 2013–2016: 0 and 1.85 in arts and humanities, 4.71 and 3.10 in business, management,
and accounting, 7.54 and 3.13 in economics, econometrics, and finance, 4.72 and 5.31 in
engineering, and 7.28 and 4.40 in mathematics, respectively. The gap between the two
periods in OAJs in economics, econometrics, and finance is slightly bigger than others.
In engineering, the average citation per paper in 2013–2016 in OAJs was higher than in
2003–2006. In other words, the increased ratio of citation in OAJs was higher than closed
access journals. However, the average citation per paper numbers in closed access journals
in the two periods were higher than in OAJs.

Descriptive statistics indicated that individual sectors were too small for regression
analysis (Table 2). Therefore, this study grouped (1) arts and humanities, (2) business, man-
agement, and accounting, and (3) economics, econometrics, and finance as representative
components of the humanities and social science group [69]. Moreover, engineering and
mathematics were combined into the natural science and engineering group.

Table 2. Descriptive statistical analysis of closed access journals HME.

Number Minimum Maximum Mean SD

Year 03–06 13–16 03–06 13–16 03–06 13–16 03–06 13–16 03–06 13–16
NC 11,795 40,232 0 0 1981 409 19.85 5.07 63.504 13.898
NR 11,795 40,232 0 0 305 512 23.93 29.61 25.235 30.928
NA 11,795 40,232 1 1 11 18 1.64 1.86 0.917 1.161

SMR 11,795 40,232 −7.8 −10.0 35.0 30.5 0.209 0.340 1.0282 0.9578
Note: NC = number of citations, dependent variable; NR = number of references, moderating variable; NA = num-
ber of authors, independent variable; SMR = standardization moderating value = Z (NR) × Z (NA).

2.1. Arts and Humanities: Business, Management, and Accounting and Economics, Econometrics,
and Finances
2.1.1. Closed Access Journal Analysis

• Descriptive Statistics Analysis with Correlation

Closed access journal (CAJ) papers in arts and humanities, business management
and accounting, and economics (HME) in the Scopus database increased from 11,795 in
2003–2006 to 40,232 in 2013–2016 (Table 2). The NR and NA increased from 23.91 to 29.16
and from 1.64 to 1.86, respectively. However, the average NC decreased from 19.85 in
2003–2006 to 5.07 in 2013–2016.

In closed access journal (CAJ) papers in HME, a significant correlation existed among
NC, NA, and NR in 2003–2006 and 2013–2016 (Table 3).
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Table 3. Correlation of closed access journals in HME.

NC NA NR SMR

Year 03–06 13–16 03–06 13–16 03–06 13–16 03–06 13–16
NC 1 1
NA 0.021 ** 0.077 ** 1

NR 0.185 ** 0.329 ** −0.090
** 0.043 ** 1 1

SMV 0.005 0.070 ** −0.002 0.086 ** −0.405 ** −0.026 ** 1 1
Note: ** denotes correlation was significant at the 0.01 level (two-tailed).

• Moderating effects

NA, NR, and moderating variables in closed access journals during 2003–2006 and
2013–2016 had statistically significant effects on open innovation (Table 4), as Model 1,
Model 2, and Model 3 in 2003–2006 and 2013–2016 demonstrated coefficients of p < 0.01
(two-tailed), and R2 values in 2003–2006 increased from 0.034 in Model 1, to 0.117 in Model
2, and 0.127 in Model 3. In other words, Hypotheses 1-1-1, 1-1-2, 2-1-1, 2-1-2, 3-1-2, and
3-1-2 in HME were accepted.

Table 4. The Moderating Effect of Closed Access Journals in AME.

2003–2006

1200
(Huma.)

+
1400

(Busi.)
+

2000
(Econ.)

(AME)

Dependent Variable
Number of citation (NC) (β)

Model 1 Model 2 Model 3

Independent Variable
Number of author (NA) 0.184 ** 0.123 ** 0.098 **

Moderating Variable
Number of Reference (NR) 0.295 ** 0.301 **

Interaction Term
Standardization moderation
value (SMV)=Z(NA)*Z(NR)

0.104 **

R2 0.034 0.117 0.127

F 415.463 ** 782.268 ** 573.199 **

2013–2016
1200

(Huma.)
+

1400
(Busi.)

+
2000

(Econ.)

(AME)

Dependent Variable
Number of citation (NC) (β)

Model 1 Model 2 Model 3

Independent Variable
Number of author (NA) 0.230 ** 0.120 ** 0.104 **

Moderating Variable
Number of Reference (NR) 0.324 ** 0.321 **

Interaction Term
Standardization moderation
value (SMV)=Z(NA)*Z(NR)

0.096 **

R2 0.053 0.146 0.155

F 2256.170 ** 3441.589 * 2460.596 **
Note: β = standard coefficient, 2,3: natural log; ** p < 0.01 (two-tailed), * p < 0.05., AME = 1200(Huma.) +
1400(Busi.) + 2000(Econ.).

2.1.2. OAJ analysis

• Descriptive Statistics Analysis with Correlation

Open access journal (OAJ) papers in HME in the Scopus database increased from 58
in 2003–2006 to 12,024 in 2013–2016 (Table 5). The average NR decreased from 34.42 to
32.56 and NA increased from 1.90 to 2.34. However, the average NC decreased from 6.62
in 2003–2006 to 2.35 in 2013–2016. However, this decrease is meaningless due to the small
number of papers.
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Table 5. Descriptive statistical analysis of OAJs in HME.

Number Minimum Maximum Mean SD

Year 03–06 13–16 03–06 13–16 03–06 13–16 03–06 13–16 03–06 13–16
NC 58 12,024 0 0 49 117 6.62 2.35 8.880 4.961
NR 58 12,024 11 0 107 291 34.42 32.56 20.902 21.245
NA 58 12,024 1 1 10 61 1.90 2.34 1.334 1.531

SMR 58 12,024 −2.3 −9.1 1.2 74.7 0.039 −0.019 0.6047 1.2089
Note: NC = number of citations, dependent variable; NR = number of references, moderating variable; NA = num-
ber of authors, independent variable; SMR = standardization moderating value = Z (NR) × Z (NA).

In open access journal (OAJ) papers in HME, there was no correlation among NC,
NA, and NR in 2003–2006 due to an insufficient number of papers. However, there were
correlations between NC, NA, and NR in 2013–2016 (Table 6).

Table 6. Correlation of OAJs in AME.

NC NA NR SMR

Year 03–06 13–16 03–06 13–16 03–06 13–16 03–06 13–16
NC 1 1
NA −0.127 0.176 ** 1 1
NR −0.112 0.167 ** −0.040 −0.019 * 1 1

SMV 0.167 0.83 ** −0.053 0.141 ** −0.386 ** −0.026 ** 1 1
Note: ** denotes correlation was significant at the 0.01 level (two-tailed); * at the 0.05 level (two-tailed).

• Moderating effects

NA, NR, and moderating variables in OAJs between 2003 and 2006 did not have
statistically significant effects on open innovation (Table 7) due to an insufficient number of
papers. However, NA, NR, and moderating variables in OAJs between 2013 and 2016 had
statistically significant effects on open innovation, as Model 1, Model 2, and Model 3 in
2013–2016 had coefficients of p < 0.01 (two-tailed), and R2 values in 2013–2016 increased
from 0.031 in Model 1, to 0.060 in Model 2, and 0.064 in Model 3. In other words, Hypotheses
1-1-1, 2-2-1, and 3-2-1 in HME were rejected. However, Hypotheses 1-2-2, 2-2-2, and 3-2-2-
in HME were accepted (Table 7).

Table 7. The moderating effect of OAJs in HME.

2003–2006
1200

(Huma.)
+

1400
(Busi.)

+
2000

(Econ.)

(AME)

Dependent Variable
Number of Citations (β)

Model 1 Model 2 Model 3

Independent Variable
Number of Authors −0.127 −0.132 −0.123

Moderating Variable
Number of References −0.117 −0.064

Interaction Term
Standardization

Moderation Value
(SMV) = Z(NA) × Z(NR)

0.135

R2 0.016 0.030 0.045

F 0.922 0.846 0.856
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Table 7. Cont.

2013–2016
1200

(Huma.)
+

1400
(Busi.)

+
2000

(Econ.)
(AME)

Dependent Variable
Number of Citations (β)

Model 1 Model 2 Model 3

Independent Variable
Number of Authors 0.176 ** 0.179 ** 0.170 **

Moderating Variable
Number of References 0.171 ** 0.172 **

Interaction Term
Standardization

Moderation Value
(SMV) = Z(NA) × Z(NR)

0.064 **

R2 0.031 0.060 0.064

F 382.222 ** 383.128 ** 273.489 **
Note: β = standard coefficient, 2,3: natural log; ** p < 0.01 (two-tailed). AME = 1200(Huma.) + 1400(Busi.) +
2000(Econ.).

2.2. Engineering and Mathematics
2.2.1. Closed Access Journals

• Descriptive statistics analysis with correlation

Closed access journal papers in engineering and mathematics (EM) in the Scopus
database increased from 70,988 in 2003–2006 to 129,895 in 2013–2016 (Table 8). The average
NR and NA increased from 15.06 to 20.55 and from 2.60 to 2.78, respectively. However, the
average NC decreased from 9.30 in 2003–2006 to 4.00 in 2013–2016.

Table 8. Descriptive statistical analysis of closed access journals in EM.

Number Minimum Maximum Mean SD

Year 03–06 13–16 03–06 13–16 03–06 13–16 03–06 13–16 03–06 13–16
NC 70,988 129,895 0 0 4508 468 9.30 4.00 32.670 9.879
NR 70,988 129,895 0 0 684 467 15.06 20.55 14.601 14.624
NA 70,988 129,895 1 1 31 83 2.60 2.78 1.655 1.638

SMR 70,988 129,895 −41.1 −32.0 41.5 69.1 −0.090 0.043 0.9681 1.0746
Note: NC = number of citations, dependent variable; NR = number of references, moderating variable; NA = num-
ber of authors, independent variable; SMR = standardization moderating value = Z (NR) × Z (NA).

In closed access journal papers in EM, there were significant correlations among NC,
NA, and NR in 2003–2006 and 2013–2016 (Table 9).

Table 9. Correlation of closed access journals in EM.

NC NA NR SMR

Year 03–06 13–16 03–06 13–16 03–06 13–16 03–06 13–16
NC 1 1
NA 0.021 ** 0.077 ** 1 1
NR 0.185 ** 0.329 ** −0.090 ** 0.043 ** 1 1

SMV 0.005 0.070 ** −0.002 0.086 ** −0.405 ** −0.026 ** 1 1
Note: ** denotes correlation was significant at the 0.01 level (two-tailed).

• Moderating effects

NA, NR, and moderating variables in closed access journals during 2003–2006 and
2013–2016 had statistically significant effects on open innovation, as Model 1, Model 2,
and Model 3 in 2003–2006 and 2013–2016 had coefficients of p < 0.01 (two-tailed), and R2

values in 2003–2006 increased from 0.000 in Model 1, to 0.036 in Model 2, and 0.043 in
Model 3. In other words, Hypotheses 1-1-1, 1-1-2, 2-1-1,2-1-2, 3-1-2, and 3-1-2 in EM were
accepted (Table 10).
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Table 10. The moderating effect of closed access journals in EM.

2003–2006

Engineering
(2200)

+
Mathematics

(2600)

(EM)

Dependent Variable
Number of Citations (β)

Model 1 Model 2 Model 3

Independent Variable
Number of Authors 0.021 ** 0.038 ** 0.041 **

Moderating Variable
Number of References 0.188 ** 0.228 **

Interaction Term
Standardization

Moderation Value
(SMV) = Z(NA) × Z(NR)

0.097 **

R2 0.000 0.036 0.043

F 30.225 * 1308.579 ** 1073.581 **

2013–2016

Engineering
(2200)

+
Mathematics

(2600)

(EM)

Dependent Variable
Number of Citations (β)

Model 1 Model 2 Model 3

Independent Variable
Number of Authors 0.077 ** 0.063 ** 0.057 **

Moderating Variable
Number of References 0.326 ** 0.328 **

Interaction Term
Standardization

Moderation Value
(SMV) = Z(NA) × Z(NR)

0.073 **

R2 0.006 0.112 0.117

F 775.297 ** 8183.188 ** 5749.285 **
Note: β = standard coefficient, 2, 3: natural log; ** p < 0.01 (two-tailed), * p < 0.05.

2.2.2. OAJ

• Descriptive statistics analysis with correlation

Open access journal (OAJ) papers in EM in the Scopus database increased from 2234 in
2003–2006 to 19,099 in 2013–2016 (Table 11). The average NR and NA increased from
13.38 to 23.95 and from 2.33 to 3.17, respectively. However, the average NC decreased
from 5.94 in 2003–2006 to 4.84 in 2013–2016. Although NR in 2003–2006 in EM OAJs was
smaller than that in closed access journals, in 2013–2016, it was larger than that in closed
access journals.

Table 11. Descriptive statistical analysis of OAJs in EM.

Number Minimum Maximum Mean SD

Year 03–06 13–16 03–06 13–16 03–06 13–16 03–06 13–16 03–06 13–16
NC 2234 19,099 0 0 316 813 5.94 4.84 18.662 11.100
NR 2234 19,099 0 0 257 380 13.38 23.95 11.548 13.846
NA 2234 19,099 1 1 24 88 2.33 3.17 1.579 1.738

SMR 2234 19,099 −17.8 −32.1 21.4 52.1 −0.083 0.028 0.9844 0.9766
Note: NC = number of citations, dependent variable; NR = number of references, moderating variable; NA = num-
ber of authors, independent variable; SMR = standardization moderating value = Z (NR) × Z (NA).

In OAJ papers in EM, there was no correlation among NC, NA, and NR in 2003–2006,
likely due to an insufficient number of papers. However, there were correlations between
NC, NA, and NR in 2013–2016 (Table 12).
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Table 12. Correlation of the OAJs in EM.

NC NA NR SMR

Year 03–06 13–16 03–06 13–16 03–06 13–16 03–06 13–16
NC 1 1
NA 0.034764683 0.034 ** 1 1
NR 0.299 ** 0.235 ** −0.083 ** 0.028 ** 1 1

SMV 0.017 −0.007 0.060 ** 0.039 ** −0.218 ** −0.135 ** 1 1
Note: ** denotes correlation was significant at the 0.01 level (two-tailed).

• Moderating effects

NA in OAJs during 2003–2006 in EM did not have statistically significant effects on
open innovation (Model 1 in Table 13). However, NR and moderating variables in OAJs
during 2003–2006 in EM had statistically significant effects on open innovation (Models
2 and 3 in Table 13). Consequently, there were no moderating effects in OAJ during
2003–2006 in EM. However, NA, NR, and moderating variables in OAJs of EM during
2013–2016 had statistically significant effects on open innovation, as Model 1, Model 2, and
Model 3 in 2013–2016 had coefficients of p < 0.01 (two-tailed), and R2 values in 2013–2016
increased from 0.001 in Model 1, to 0.056 in Model 2, and 0.057 in Model 3. In other words,
Hypotheses 1-2-1, 2-2-1, and 3-2-1 in EM were rejected, while Hypotheses 1-2-2, 2-2-2, and
3-2-2 in EM were accepted (Table 13).

Table 13. The moderating effect of OAJ in EM.

2003–2006

2200
(Engi.)

+
2600

(Math.)

(EM)

Dependent Variable
Number of Citations (β)

Model 1 Model 2 Model 3

Independent Variable
Number of Authors 0.035 0.060 * 0.056 *

Moderating Variable
Number of References 0.304 ** 0.322 **

Interaction Term
Standardization

Moderation Value
(SMV) = Z(NA) × Z(NR)

0.083 **

R2 0.001 0.093 0.100

F 2.701 114.602 ** 82.367 **

2013–2016

2200
(Engi.)

+
2600

(Math.)

(EM)

Dependent Variable
Number of Citations (β)

Model 1 Model 2 Model 3

Independent Variable
Number of Authors 0.034 ** 0.027 ** 0.026 **

Moderating Variable
Number of References 0.235 ** 0.238 **

Interaction Term
Standardization

Moderation Value
(SMV) = Z(NA) × Z(NR)

0.024 *

R2 0.001 0.056 0.057

F 21.485 ** 568.336 ** 383.040 **
Note: β = standard coefficient, 2,3: natural log; ** p < 0.01 (two-tailed), * p < 0.05., EM = 2200(Engi.) + 2600(Math.).
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3. Discussion
3.1. Comparative Analysis between Closed and Open Access Journals

In closed access journals, CI, NR, and moderating variables had statistically significant
effects on the number of citations in 2003–2006 and 2013–2016 (Table 14). Knowledge
amount—in other words, the NR—moderated the effects on CI on open innovation, which
is measured by the number of citations in both HME and EM.

Table 14. Summary of hypotheses.

Independent
Variables Closed/Open Period Hypothesis HME EM

Collective
Intelligence

Closed
Access

2003–2006 1-1-1 Accepted Accepted
2013–2016 1-1-2 Accepted Accepted

Open
Access

2003-2006 1-2-1 Rejected Rejected
2013–2016 1-2-2 Accepted Accepted

Reference

Closed
Access

2003–2006 2-1-1 Accepted Accepted
2013–2016 2-1-1 Accepted Accepted

Open
Access

2003–2006 2-2-1 Rejected Rejected
2013–2016 2-2-2 Accepted Accepted

Moderating
Effects

Closed
Access

2003–2006 3-1-1 Accepted Accepted
2013–2016 3-1-2 Accepted Accepted

Open
Access

2003–2006 3-2-1 Rejected Rejected
2013–2016 3-2-2 Accepted Accepted

In contrast, OAJs during 2003–2006 demonstrated no statistically significant effects on
CI, NR, and moderating variables on the NC in HME and EM. According to the Scopus
database, as most OAJs started at the end of 1990s or early 2000s, the OAJ industry was not
sufficiently mature in 2003–2006 to produce effects on CI and NR.

During 2013–2016, OAJs in HME and EM, CI, NR, and moderating variables had
statistically significant effects on open innovation. In addition, although the average NC of
OA papers in 2003–2006 was evidently smaller than closed access journals, the NC of OA
in 2013–2016 reached or was bigger than closed access journals. The results demonstrated
differences between closed access journals in arts and humanities of 1.52 to 1.85; in business,
management, and accounting, between 5.88 and 3.10; in economics, econometrics, and
finance, between 5.54 and 3.13; in engineering, between 3.84 and 5.31, and in mathematics,
between 4.15 and 4.40 (Table 1).

3.1.1. The Potential of Open Access Journals in Digital Transformation during the Fourth
Industrial Revolution

The fourth industrial revolution is defined as the second IT revolution or digital
transformation. In recent years, most industries have taken a series of initiatives to explore
new digital technologies and exploit their benefits [2,53]. The potential and success of
business and industry transformation lies in understanding how and when to apply digital
transformation technologies [70].

In addition to the original and strong advantages of OAJs, such as worldwide free
and direct accessibility (such as the higher slope of (A) than (B) in Figure 2), digital trans-
formation is motivating the CI of OAJ authors. Table 1 shows that references from larger
co-author groups were used more widely than closed access journals. In other words,
in addition to the traditional advantages, OAJs motivate CI in the digital transformation
by inviting more co-authors and giving them more chances to connect through digital
platforms. The increase of CI shifts the pattern from (A) to (A1), as shown in Figure 2. The
increase of OAJ popularity during the digital transformation accelerates a more diverse
usage and larger numbers of references.
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The reinforcing loop among digital transformation, OA, CI, references, and citations
continues, which motivates the growth of the OAJ industry in two different ways: (1) the
establishment of new OAJs, and (2) the transformation from closed access journals to
OAJs [55].

3.1.2. Predatory Publisher in Closed Access Paradigm vs. Predatory Journal in Open
Access Paradigm

Despite their contribution to the evolution of science and human knowledge in the
long history of closed access journal publishing, major journal publishers, such as Elsevier,
Springer Nature, and SAGE, have been criticized as predatory publishers due to the high
growth of the journal subscription fee. In this case, with the start of the Harvard University
memo in 2012, open access publishing was achieved in several university consortiums
with traditional closed access journal publishers. The journal subscription costs of Elsevier
and other publishers became so high that, if the situation continued, “it would seriously
erode collection efforts in many other areas, already compromised” [71]. The memo asked
faculty members to encourage their professional institutions to control scholarly publishing
and consider submitting their work to OAJs and resigning from the editorial boards of
non-OAJs [72]. The German consortium, composed of hundreds of universities, technical
schools, research institutions, and public libraries, negotiated with Elsevier in the hope of
reaching a new agreement to make all papers by German authors OA, and disclosing prices
and other details publicly [73]. However, Elsevier vehemently opposed this move [71].
According to Science (2017), as more than 60 institutions lost online subscriptions after
the stagnation of OA negotiations, German researchers began dropping Elsevier journals
from considerations in 2017. In the years after a high-profile withdrawal, the UC system
and Elsevier agreed on the largest deal for open access publishing in scholarly journals in
North America in March 2021. This enabled UC authors to publish articles in OA, and for
anyone to read them for free. In some cases, it provided a 15% discount on open access fees,
and UC subsidized the first USD 1000 of their authors’ OA publishing fee. This agreement
marks a significant step in the long journey to becoming fully OA [50,74].

Meanwhile, in the area of scientific literature, there is an emerging problem of compa-
nies publishing predatory journals, which are mainly OA, as they seek to gain profits by
requiring a substantial publication payment from authors, known as the APC, without pro-
viding any customer service to authors or readers [73]. The first problem of the predatory
journals is that they receive articles of unknown scientific quality, particularly on the OAJ
platform. In addition, though APCs for hybrid OAJ publishers, such as Elsevier, Springer
Nature, and SAGE, are more expensive than pure OAJ publishers, such as PLOS and MDPI,
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pure OAJ publishers are evaluated as requiring higher APCs than hybrid OA or open
access publishers, which originated from closed access journals. This misunderstanding
disrupts the shift toward OA in the journal publishing industry. Furthermore, though some
OAJ publishers receive APCs, they do not grant the copyright of the journal to authors so
that they could earn additional subscription fees by authorizing papers with copyrights
belonging to the publishers, even if the authors pay APCs.

There are several approaches to overcoming predatory publishers in the closed access
paradigm and predatory journals in open access paradigms and motivating open innovation
with CI. First, all scholars are recommended to move to complete OAJs when selecting
publishing journals to stimulate CI. Second, universities and research institutions should
change the payment method from subscription fees to APCs for their scholars to encourage
OA. Third, all closed access publishers should completely turn to OAJs to maintain APCs
at a rational level and to maintain the quality of the papers. Fourth, all pure OAJs should
improve journal quality control to high standards, such as classic top-level closed access
journals, in terms of reject rate, review process, and review time.

4. Conclusions
4.1. Implications: The Value of CI and Knowledge Amount in Journal Open Innovation

Most importantly, the OAJ industry in the digital transformation era demonstrated
that CI and knowledge amount promote open innovation, namely, the increase in citations
and references moderates the effects of CI on open innovation. OAJs are a good business
model of CI in the digital transformation. The original function of OAJs makes their CI
greater than closed access journals. The CI of OAJs created more open innovation than
closed access journals in terms of: (1) the increased CI due to the digital transformation,
(2) the increased moderating effects of references on the correlation between CI and open
innovation and the increased references from digital transformation with the growth of
OA, which created greater open innovation.

4.2. Limitations and Future Research Targets
4.2.1. Limitations

We should announce the limitations of this study. First, the motivation of many
researchers to submit their papers to OAJs could be the pressure of time until the publication
of their paper. While closed access journals can have publication waiting times of 1–2 years,
OAJs often reduce the time to 2–3 months. Though the gap between OAJs’ and closed
access journals ‘publishing times is decreasing, it could be another triggering factor in the
increase of OAJ publishing. This could be next on the research agenda.

Second, the side effect of high APCs for many OAJs could motivate the increase of the
number of authors, not because of the willingness to have a high CA, but to share the APC.
The fees for some closed access journals for hybrid open access publishing are skyrocketing,
and the APC of OAJs is a financial burden for some researchers. The diverse aspects of
OAJs, including high APC, and comparing these with hybrid open access journals could
also be next on the research agenda.

4.2.2. Future Research Targets

This study has identified several future research targets. First, more qualitative re-
search on collective intelligence should be conducted based on in-depth interviews, partici-
patory observation, natural experiments, and other grounded theory methods, as collective
intelligence has diverse qualitative aspects that are merely approximated by the number of
co-authors. Differences in the number of citations in open access or closed access journals
could not explain the full reality of open innovation in the journal industry or the academy
industry, even though it could show dramatic changes between the two journal categories.
In fact, the positivist paradigm, which is the basis of this research, focuses on the inquiry
of limited value-free areas despite the fact that the human political economy is full of
value-bounded areas, which is the research objective of the naturalist paradigm [75]. In fact,
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the generation of theory mostly uses qualitative data in a non-systematic and non-rigorous
way [49]. HME and EM researchers should conduct further discussions at conferences, as
there are several differences in communication and reaching agreement. In addition, the
impact of digital transformation on research can be explained by accumulating grounded
theory based individual facts and information.

Second, the research focused on limited periods of Scopus database indexed journals
and analyzed limited study areas. To find out more about journal open innovation and CI,
future research should expand the target areas and time periods of the included journals.

Third, the research focused on the nonlinear aspects of CI; thus, the next target of
research could explore the situation in which many real-world problems can be seen as
constrained nonlinear optimization problems [76]. Through this additional research on the
nonlinear aspects of collective intelligence, knowledge strategy planning could be devel-
oped, using an integrated approach to manage uncertainty, turbulence, and dynamics [77].

Finally, this study analyzed open innovation, CI, and knowledge amount in the journal
industry. The research results should be understood in the context of OAJs and closed
access journals. To generalize the findings, the research model should be applied to other
industries, which include differently conceptualized references, CI, and citations.
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