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Abstract: With the transformation of the knowledge production model, the research system of educa-
tional research is becoming more extensive, and academic collaboration has become an important
productive method of promoting the sustainable development of educational empirical research.
Given this situation, what kinds of relationships will sustainably improve educational empirical
research output quality? Taking the influence of educational empirical research article as an example,
we selected 4610 empirical research articles in 15 education journals for analysis, published between
the years of 2015 and 2020. In the sustainable development progress of educational empirical research,
the optimal scale phenomenon has been verified in cooperative research. Identity collaboration,
institutional collaboration, international collaboration, and discipline collaboration were all found
to have a strongly significant influence on the sustainable improvement of educational empirical
research output quality. Meanwhile, the output quality of educational empirical research is affected
by the heterogeneity of the number of cooperators and cooperating identities. These findings suggest
that the optimal proportion of teacher-student collaboration should be 2-3, and the optimal scale
of colleague collaboration should be 3—4. Compared with teacher-student collaboration, colleague
collaboration, including cross-organization and interdisciplinary collaboration, was more conductive
to enhancing the sustainable improvement of educational empirical research outcome quality. Accord-
ing to these findings, it is reasonable to believe that, in the process of the sustainable development of
educational empirical research, fine-guidance-style teacher—student collaboration and small-scale,
cross-unit colleague collaboration should be promoted; meanwhile, strengthening the collaboration
between normal universities, optimizing the quality of international collaboration, and promoting
pedagogy intersection with other disciplines are also critical to promote the sustainable improvement
of educational empirical research outcome quality.

Keywords: empirical education research; sustainable education research; collaborative production
relationships; educational empirical research quality; research article influence

1. Introduction

In the era of big science, scientific research is now characterized by large investments,
multidisciplinary integration, and ambitious research goals [1,2]. With the transformation
of the knowledge production model, the traditional individual scientific research pattern
cannot gradually produce sustainable high-level research outputs [3,4]. From individual
research, the method of producing scientific research is gradually transitioning to team
collaboration. Academic collaboration has become the mainstream method of scientific
production [5,6]. In order to realize a sustainable development of disciplines, obtain wider
research foundations and equipment, and extend the academic network, most scholars tend
to collaborate with others within or across disciplines. This behavior is reflected not only in
the fields of science and engineering but also in the humanities and social sciences [7].
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In recent years, evidence-based educational empirical research has received consider-
able attention from around the world. The development of educational empirical research
usually predicts the sustainable improvement of educational discipline quality [8]. Empiri-
cal research emphasizes obtaining scientific data through the application of the scientific
method and acceptance of scientific tests [8]. Compared to individual research, sustainable
collaborative research is more efficient for conducting empirical research [9]. According to
the current research, most of the articles” output from educational empirical research are
completed through institutional collaboration [10]. Academic collaboration has become
a significant productive mode of promoting the sustainable development of educational
empirical research. Collaborative production relationships have the capacity to reflect
the cooperative attributive relationships and laws among the participating subjects in the
scientific research process [11]. Nowadays, these types of relationships mainly refer to col-
laboration among scholars, institutions, and districts. However, not all of the collaborative
production relationships are sustainable and efficient for improving scientific research out-
put quality. Different cooperative production relationships will produce different research
performances [12]. From the perspective of scientometrics, research on the relationship
between scientific research collaboration and output performance mainly concentrates on
medicine, biology, psychology, informatics, etc. [13-16]; however, a small number of studies
have been conducted in the field of educational studies or even in the educational empirical
research area. Therefore, the exploration of how collaborative production relationships
within educational empirical research affect the educational empirical research output qual-
ity has become an urgent topic that is supposed to promote the sustainable development
of educational empirical research. Based on this context, this research explored several
questions as follows:

RQ1. What kinds of collaborative production relationships exist in China?

RQ2. What kind of collaborative production relationship would be helpful to sustainably
improve the educational empirical research output quality?

RQ3. Is there heterogeneity in the effect of collaborative production relationships on the
sustainable improvement of educational empirical research output quality?

This research topic is critically important to the educational research occurring in the
transition period of the research pattern and knowledge production model. The findings of
such an exploration not only help to deepen the understanding of the relationships between
scientific research collaboration and the sustainable improvement of educational empirical
research output quality from an academic level but also provide the necessary scientific
basis for the sustainable development of the educational discipline in the future from a
practical perspective.

2. Literature Review and Research Hypothesis
2.1. Scientific Research Collaboration and the Sustainable Improvement of Educational Empirical
Research Output Quality

In recent decades, a large amount of research has linked academic collaboration
with educational empirical research output quality, and it is generally thought that sci-
entific research collaboration has a positive impact on the sustainable improvement of
educational empirical research output quality [17]. A study published in Nature analyzed
25 million articles from 1981 to 2012 included in the WOS database, finding that most
of these high-quality academic research articles were produced by collaborations [18].
Through conducting research on collaborative academic research articles after the 17th
century, Beaver and Rosen [19] demonstrated that the scientists who held a collaborative
attitude had better conditions for academic research production; they also found that the
sense of collaboration can positively predict increases in the scope and fame of the scientists.
Zhu et al. [20] conducted a case study on a university in China and found that collaborative
research articles usually had a significantly higher citation frequency than individual arti-
cles. Lv [21] conducted an analysis to explore the application of the quantitative research
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method in Chinese educational empirical research and suggested that the major research
institutions usually obtain more prominent results through networking.

A consensus has been reached in the academic field that scientific research collabora-
tion predicts the sustainable improvement of educational empirical research output quality;
however, the specific mechanism and extent of the effect of the number of collaborators
on the sustainable improvement of educational empirical research output quality are still
controversial [22]. Some scholars have suggested that the number of collaborators has a
positive relationship with educational empirical research output quality [23]. For example,
through analyzing articles in the field of cancer, Lawani [24] demonstrated that increasing
the number of participants in the project increased the proportion of high-quality publica-
tions, whereas the proportion of total self-citations decreases. Chen and Sun [25] considered
a physicist and their scientific research team as a case study to explore the relationship
between the number of authors and their article citations; the results showed a positive
correlation. However, other scholars believe that the number of collaborators and the
sustainable improvement of educational empirical research output quality cannot simply
be attributed to a correlation or a linear relationship: instead, there is an optimal scale
phenomenon. Franceschet and Costantini [26] divided collaborators into groups of three
people and divided the quality of the articles into four grades according to the frequency
of citations in the overall sample. The results showed that small-scale collaborations were
more effective. By analyzing the data of several disciplines in the WOS database, Liu [27]
obtained the density distribution curve of the relationship between collaboration scale and
the quantity of research articles. Liu found the existence of an optimal phenomenon of
scientific collaboration as well. Based on this point of view, Yang and Li [28] analyzed the
data from the JCR journal and found that the scale of collaboration cannot be expanded
indefinitely: the best collaboration scale was found to be 2—4. In summary, we suggest
a hypothesis that scientific collaboration has the ability to promote the sustainable im-
provement of educational empirical research output quality. However, in terms of the
disciplinary nature of educational research, there are heterogeneity and thresholds in the
impact of scientific research collaboration on educational empirical research output quality.
The hypotheses are as follows:

Hypothesis 1 (H1). Scientific research collaboration has a positive effect on the sustainable
improvement of educational empirical research output quality.

Hypothesis 2 (H2). The number of collaborators may have a significant, inverted U-shaped
influence on educational empirical research output quality.

2.2. Collaborative Production Relationships and the Sustainable Improvement of Educational
Empirical Research Output Quality

Collaborative production relationships are essential to the sustainable improvement
of educational empirical research output quality and are embodied in aspects of identity,
institution, region, and discipline [29,30].

Collaborative identity mainly refers to teacher—student, colleague, and student col-
laboration relationships [31]. Among them, teacher-student collaboration is the main
collaborative type of relationship in scientific research [32]. One study divided the student-
teacher collaboration into “teacher ahead and student behind” (teacher as the first author)
and “student ahead and teacher behind” (student as the first author) according to the
authorship order; this suggested that the “student ahead and teacher behind” mode is
the main style of teacher-student collaboration, accounting for 80% of all teacher-student
collaborative articles [33]. In the research on collaborative identity and the sustainable
improvement of educational empirical research output quality, Zuckerman [34] explored
the data of 92 American scholars who won the Nobel Prize before 1972 and found that more
than half of the winners were former Nobel Prize winners’, students or postdoctoral asso-
ciates. AlShebli et al. [35] conducted a bibliometric analysis of 215 million research articles
published before the year 2020 and found that teacher-student collaboration can positively
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predict a higher academic influence of the students. Further examining the relationship
between authorship order and the influence of scientific research articles, Xie et al. [36]
used authorship order as one of the important index parameters to evaluate the influence
of the authors, finding that the authorship order can affect the influence of the authors and
their research articles. However, many different findings have been voiced. For instance,
Mccann and Meg [37] explored the collaboration characteristics of team heads and their
impact on scientific research production and found that authorship order has no significant
influence on scientific research production. This means that the authorship order in the
collaborative identity relationship may have effects on the sustainable improvement of
educational empirical research output quality. Therefore, we constructed a new hypothesis:

Hypothesis 3 (H3). Compared with student—student collaboration, colleague collaboration and
teacher—student collaboration are more conducive to enhancing the sustainable improvement of
educational empirical research output quality.

The relationships of institutions can be divided into school-school, school-enterprise,
and government-school collaboration, etc., from the perspective of different types of
institutions [38—40]. They can also be divided into within-institutional and cross-institutional
collaboration from the perspective of institutional span [41]. In the research on the relation-
ship between collaborative institutions and the sustainable improvement of educational
empirical research output quality, Abramo et al. [42] reported that, compared to single-
institution collaboration, the output of cross-institutional collaboration in Italian universi-
ties from 2001 to 2003 was published in journals with higher impact factors on average. In
China, Ling et al. [43] found that school-enterprise cooperation had a significant positive
effect on scientific research output. Moreover, Liu and Shao [32] conducted a descriptive
statistical analysis of research articles published in 18 educational journals and found that,
in the field of higher education research compared to other authors in same-level units, the
authors in the same faculty had a higher cooperative output. In cross-level units, compared
to school-enterprise cooperation, school-school cooperation was found to have a higher
output. However, this research did not reveal the relationship between the type of coop-
erative organization, the span of the organization, and the influence of higher education
research articles. Therefore, we suggest other hypotheses:

Hypothesis 4 (H4). Different types of institutional collaboration will affect the sustainable devel-
opment of educational empirical research output quality. Compared with other kinds of institutional
collaboration, collaborations among normal universities have more positive effects on the sustainable
improvement of educational empirical research output quality.

Hypothesis 5 (H5). Compared with same-institution collaboration, cross-institution collaboration
may have more positive effects on the sustainable improvement of educational empirical research
output quality.

The region of collaboration can be mainly divided into intra-city, cross-city, and in-
ternational collaboration [44]. Some of the studies divided regional collaboration into
international and domestic collaboration [45,46]. Proximity theory provides the framework
to explain the occurrence of intra- and cross-city collaboration [47]. Geographical proximity
considerably increases the frequency of face-to-face interaction and the efficiency of infor-
mation exchange between scientific research collaboration institutions, thereby improving
the quality of collaborative articles [48]. Most of the research focused on the relationships
between international collaboration and outputs of scientific research [49,50]. Barjak and
Robinson [51] reported that international collaboration has a positive impact on the output
and quality of scientific research articles by EU research teams. Moreover, based on the data
on published research articles from the top 110 universities in the USA, Adams et al. [52]
found that international collaboration has a significant positive impact on the citation
frequency of the research article; however, a negative correlation was found with scien-
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tific productivity. In China, He and Li [53] analyzed the data of State Key Laboratory
research articles published between 2005 and 2014. The result showed that international
collaboration is an important factor for improving the journal level in which the article is
published; however, the impact on the frequency of citations is not significant. This means
international collaboration may have effects on the sustainable improvement of educational
empirical research output quality. Based on these findings, we propose:

Hypothesis 6 (H6). Compared with domestic collaboration, international collaboration may have
more positive effects on the sustainable improvement of educational empirical research output quality.

In collaborative disciplines, the main categories are based on colleagues and depart-
ments [54], whereas research majors and directions have been regarded as the basis to
identify if the collaboration is cross-discipline [55]. The analysis of the relationship between
cross-disciplinary degrees and the sustainable improvement of educational empirical re-
search output quality is one of the important contents of cross-discipline research; this kind
of relationship has been reported differently in various studies [56]. Steele and Stier [57]
claimed that the stronger the cross-discipline degree of the article, the larger the number
of citations. Lariviere and Gingras [58] found that high degrees of disciplinary and cross-
discipline research articles have little influence. Li et al. [59] indicated that no correlation
necessarily exists between cross-disciplinary collaboration and cross-disciplinary citation
preference and article influence. Some scholars found an inverted U-shaped relationship
between the degree of cross-disciplinary research and the quality of the research article [53].
In the field of educational research, Ma and Yao [55] analyzed the core authors from 2015
to 2019 and suggested that cross-disciplinary research helps improve the output of educa-
tional empirical research; however, their findings did not reveal the relationship between
cross-disciplinary collaboration and the influence of the research article. In summary,
disciplinary interactive collaboration may have effects on the sustainable improvement of
educational empirical research output quality. Therefore, we proposed a hypothesis:

Hypothesis 7 (H7). Compared with within-discipline collaboration, cross-discipline collaboration
and other disciplinary interactive collaboration may have more positive effects on the sustainable
improvement of educational empirical research output quality.

3. Methodology
3.1. Key Concepts
3.1.1. Educational Empirical Research

As a research paradigm, the development of empirical research can be summarized
into three stages: classical positivism, logical positivism, and post-positivism [60]. Along
with the evolution of positivist methodology, educational empirical research has experi-
enced three stages, including the purely quantitative stage, the quantitative-based stage,
and the coexisting stage of quantitative and qualitative [61]. Meanwhile, the academy
also debated the connotation of educational empirical research [62,63]. Based on the point
view of post-positivist methodology, in this research, we believe that educational em-
pirical research is used to analyze and interpret collected data or information through
experiments on, and observations, interviews, or surveys of, research subjects. This is a
research paradigm that usually discusses the development law of issues based on evidence
of facts and tries to solve problems related to education [10]. Educational quantitative
research, educational qualitative research, and educational mixed research methods are all
included in the range of educational empirical research. The development of educational
empirical research benefits the sustainable improvement of educational empirical research
output quality.
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3.1.2. Collaborative Production Relationships

Scientific research production is generally regarded as the working process of scientific
knowledge production. Scientists create and produce knowledge through this process [64].
In general, the two types of scientific research production are individual production and
collaborative production [65]. Collaborative production, which is also called scientific
research collaboration, is regarded as one of the most important ways to promote the
sustainable production of scientific research. Werner suggested that collaborative pro-
duction is a research behavior in which researchers cooperate based on common research
purposes, exchange information and communicate with each other, and fully realize the
complementarity of resources or capabilities among individuals. Collaborative production
relationships are recognized as having the capacity to reflect collaborative relationships
and the law of collaborative attributes in the process of scientific research [11]. In the era of
big science, the three main collaborative production relationships are collaborations among
authors, institutions, and different regions. Considering the identity of the authors and
their subject background, collaborative production relationships can be categorized into
teacher—-student, colleague, student-student, and cross-discipline collaboration [66]. In this
research, we explored collaborative production relationships from the perspective of author
scale, identity, institution, region, discipline, etc.

3.1.3. Scientific Research Output Quality

Scientific research output is an important product of collaborative production. The
scientific research output is usually presented by articles, monographs and research reports,
etc. The quality of scientific research output is an important indicator of the research
capabilities of both scientific research institutions and individual researchers [52]. The
research output in this article is reflected by “article influence”. Current studies measure
the influence of articles in terms of the frequency of citations, the number of downloads, h-
index, g-index, etc. [67-69]. Among these indicators, the number of downloads is the direct
production of publishing digitization, which records the number of times an article has
been saved and downloaded from a journal website or publisher [70]. The cited frequency
index directly reflects the knowledge diffusion of academic articles [71]. The number of
downloads and the frequency of citations are the basic indices that are widely used to
evaluate the influence of articles. These two indicators have their own emphases and are
related to each other; a moderate degree of correlation exists between the two indices [72].
In this paper, the quality of scientific research output refers to the influence of articles
produced in the field of educational empirical research, which was mainly measured by
two indicators, the number of downloads and the citation frequency, in order to examine
the internal connection between collaborative production relationships and the sustainable
improvement of educational empirical research output quality. The indicators of downloads
and citations are affected by the year of publication. For example, articles published in
2015 must have higher downloads and citations than articles published in 2019, generally.
Therefore, the method of year fixed effect was used to solve this problem. The variable of
the year was treated as a dummy variable in the model. This method can control the impact
of the publication year, which means that the model can analyze how the independent
variables affect dependent variables separately.

3.2. Sample Selection

We selected educational journals in the database of the 20212022 Chinese Social
Science Citation Index (CSSCI) as the reference range; comprehensively considered journal
positioning, impact factors, and other factors; and selected 15 representative academic
journals, including: Peking University Education Review, Education Development Research,
Comparative Education Review, Fudan Education Forum, Journal of Higher Education, Journal
of Educational Science of Hunan Normal University, Journal of East China Normal University
(Educational Sciences), Education Research, Journal of Educational Studies, Educational Research,
Curriculum, Teaching and Method, Educational Research and Experiment, Tsinghua Journal of
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Education, Journal of Studies in Early Childhood Education, and Journal of the Chinese Society of
Education. The bibliographic data and full text PDF of 12,530 academic articles published
in the 15 sample journals from 2015 to 2020 were downloaded from CNKI. Taking the
abstract in the bibliographic data as the information source and using the empirical research
literature search keyword package conducted by Zhu and Ma [10] as the search term,
4610 educational empirical research studies were selected as the sample for this research.

3.3. Coding and Model Construction

After selecting the sample for this research, the author information of the selected
articles was coded as shown in Table 1.

Table 1. Variables and the coding method.

Variable Category Variable Abbreviation Type of Variable Definition and Coding
Scientific Research . . 0, No;
Collaboration CO Categorical Variable 1 Yes,
Number of Collaborators CN Continuous Variable The n .umber of collaboration
participants.
0, Student-student collaboration;
Collaborative Identity CID Categorical Variable 1, Colleague collaboration;
2, Teacher-student collaboration.
Teacher-Student CSI Categorical Variable 0, Teacher ahead and student behind;
Authorship 8 1, Student ahead and teacher behind.
0, Normal university with normal
university;
Explanatory Variable Type of Collaborative . . 1, Normal university w1.th
- CIT Categorical Variable comprehensive university;
Institutions . . f .
2, Comprehensive university with
comprehensive university;
3, Mixed institutions.
. C 0, Within-department;
Collaboratévirllnst1tutlons CIG Categorical Variable 1, Cross-department;
P 2, Cross-university units.
International . . 0, No;
Collaboration CIN Categorical Variable 1 Yes,
0, Within-disciplinary intersection
relationship;
Discipline Collaboration Ccsu Categorical Variable L Crp ss—d{saphnary intersection
relationship;
2, Other disciplinary interaction
relationship.
Dependent Variable Scientific Rese'flrch Output IN Contintous Variable Welghted composite index of the
Quality citation frequency and downloads.
Year of Publication YR Continuous Variable The year the article was published.
. . . 0, No;
Research Foundation FD Categorical Variable 1 Yes
1, Graduate students;
Title of First Author FP Ordinal Variable 2 Mlddl? level;
3, Associate professor;
4, Professor.
Control Variable 0, Directly affiliated normal
university;
1, Local normal universities;
Institution of First Author FI Categorical Variable 2, Local comprehensive universities;
3, China 9;
4, Overseas colleges and universities;
5, Other institutions.
Impact Factor of Journal JIF Continuous Variable Impact factor of published journals

(in 2020).




Sustainability 2022, 14, 3380

8 of 23

The second variable was the scientific research output quality, represented by article
influence (IN), which was the dependent variable in this study. In the analysis process, we
normalized two variables, citation frequency and number of downloads to obtain the G
citation frequency and G download values. Considering the differences between various
journals, data on the downloads and citations of the sample articles all came from the
CNKI website (https:/ /www.cnkinet/ 20 February 2022). The downloads and citation
frequencies of sample articles were collected from two periods, including 10 to 15 July 2021
and 19 to 20 February 2022. Since the two periods are very close, the search errors caused by
downloads and citations can be ignored. Afterwards, experts were invited to examine the
weight coefficients of these two indicators. Followed by this procedure, the two indicators’
weight coefficients were discussed by the experts. According to the interviews conducted
with 27 experts in the field of educational empirical research, the weight coefficients of
citations and downloads were suggested. Through adding and averaging the values the
experts suggested, we obtained the weight coefficients of citations and downloads, which
were 0.7 and 0.3, respectively. Meanwhile, we invited the experts to discuss the reason for
the weight coefficient differences. Interviews with experts were as follows:

In the Chinese context, compared with the number of downloads, the citation frequency of
an article can reflect the article influence more effectively, so it is given a higher weight.
The reason to give this statement is complicated. The downloads of Chinese articles are
strongly disturbed by research hot spots, and if the topic of this research is novel enough
and conforms to the national education policy, the articles will have a lot of downloads;
however, it can explain the article influence partially. The readers will only cite the
articles when they think it is valuable. Therefore, citation frequency can truly reflect the
influence of the research articles. (7 August 2021, Expert 3)

The number of downloads is usually affected by journals, topics, author identity, and
other related elements. There is no doubt that the number of downloads can represent
the influence of part of the articles, but I believe citation frequency is more important. It
cannot be denied that only the high-quality and high-influence articles will have higher
citation frequency. According to my experience, the citation frequency should account for
70%, and the number of downloads should account for 30% when judging if the article
has high influence. So, I would like to suggest that the weight of citation frequency and
the number of downloads should be 7:3. (7 August 2021, Expert 5)

The specific weighting was as follows: article influence score = (0.7 x G citation
frequency + 0.3 X G number of downloads) x 1000; the higher the score, the stronger the
influence of the article.

The third group of variables was the control variables, which were the factors that affect
the influence of research articles. In addition to the collaborative production relationships,
which were our focus in this study, there are other factors, such as the author’s title,
journal impact factor, funding support of projects, and research field [73,74]. Thus, the
year of publication (YR), research funding (FD), title of first author (FP), institution of
first author (FI), and journal impact factor (JCR) were included in the model as control
variables. The first author’s title was categorized into graduate student, middle-level
class, associate professor, and professor. The institution of first author was categorized
as directly affiliated normal universities, local normal universities, the China 9 school
alliance (C9), local comprehensive universities, overseas colleges and universities, and
other institutions. Directly affiliated normal universities refer to Beijing Normal University,
East China Normal University, Northeast Normal University, Southwestern University,
Central China Normal University, and Shaanxi Normal University. Local normal-level
universities refer to other normal colleges and universities other than directly affiliated
normal schools. The C9 School Alliance refers to Peking University, Tsinghua University,
Zhejiang University, Shanghai Jiaotong University, Fudan University, Nanjing University,
Harbin Institute of Technology, Xi’an Jiaotong University, and University of Science and
Technology of China. The local comprehensive universities refer to other comprehensive
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colleges except for the C9 School Alliance. Overseas colleges and universities refer to all
colleges and universities outside of mainland China, and other institutions refer to research
institutes, primary and secondary schools, administrative departments, etc.

The measurement model in this study was designed as follows:

Y;= Bo-+pBicooperation;+ Bonumber;+Bzidentity;+ Byinstitution; .
+Bsinternation;+Besubject;+yX; + d1university;+dryear;+¢; M
where Y; represents the influence of research article i, cooperation; indicates scientific
collaboration, number; refers to the number of collaboration participants, identity; refers
to the identity of the collaborators (including teacher and student authorship), institution;
represents collaboration institutions (including type and span of institutions), internation;
represents international collaboration, and subject; refers to disciplinary collaboration. The
variable X; refers to various control variables, including research funding, first author
institution, title of first author, and journal impact factor; university; is the fixed effect of
the institution type; year; refers to the fixed effect of publication time; ¢; is the random
disturbance term; and J( represents the intercept term.
Since we investigated the existence of a nonlinear relationship between the number

of coauthors and the influence of educational empirical research articles, we established
Model (2) based on Model (1):

Y:= Bo+pBicooperation;+Bynumber;+ Bznumber?;+Byidentity;+Bsinstitution;

2)
+Beinternation;+ Bysubject;+yX;+061university;+oryear;+¢;

where number? refers to the quadratic term of the number of coauthors, and the other vari-
ables remain unchanged. If B, is positive, B3 is negative, and B, passes the significance test
in the data analysis; this indicates an inverted U-shaped relationship between the number
of coauthors and the influence of the educational empirical research article. When the
number of coauthors reaches —B,/(283), the influence of the article reaches the theoretical
optimum effect.

Since the article influence variable in this study was a non-negative discrete random
variable and the data did not conform to a positive distribution, the empirical analysis
of this type of problem with the OLS regression model has certain theoretical flaws. For
this reason, we adopted a Poisson regression to analyze the dependent variable [75]. The
model was estimated through the log-likelihood function method. The Poisson regression
coefficient is interpreted as a change in the 1 unit in the independent variable under
the control of other variables, which produces a change in the logarithmic mean of the
dependent variable. What the finding explains is not the mean value of the logarithm but
the expected value (rate).

4. Findings

According to the research design, we analyzed the differences between the influence
of different collaborative production relationships in education empirical research, the
influence of collaborative production relationships on the sustainable improvement of
research output quality, and their heterogeneity. The research findings are described below.

4.1. The Characteristic Trend Distribution of Sustainable Development of Educational Empirical
Research and its Collaborative Production Mode

The overall sample data show that the proportion of educational empirical research
articles in the total number of articles in China continues to grow, and educational empirical
research is maintaining a sustainable development trend and is more accepted and adopted,
as shown in Figure 1. The total number of empirical research articles in the sample journals
from 2015 to 2020 was 4210, accounting for 36.8% of the total number of articles. The annual
publication in the sample journals dropped from 2233 in 2015 to 2045 in 2020; however, the
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annual empirical research publication maintained a steady growth from 34.4% to 39.2%

in 2020.

2500 40.0°
2233 "
= 2116 2055 2066 2015 2018 39.2%19 09,

2000 35.6%

38.0%

0,
35.7% 35.7% 36.0%
1000 769 756 733 72 778 802 35.0%

4.4%
34.0%
500
33.0%
0o = = = = = = 32.0%
2015 2016 2017 2018 2019 2020
== Annual publication mmmm Number of empirical research articles

Proportion of empirical research articles

Figure 1. Educational empirical research sustainable development trend map in China. Data resource:
Educational empirical research in 15 sample journals.

Collaborative research has become common in sustainable educational empirical
research. Most of the collaborative research consisted of teacher—student collaboration,
same-type university collaboration, cooperation with second-level units, and interdisci-
plinary cooperation, as shown in Table 2.

Table 2. The characteristic trend distribution of cooperative production relations in the sustainable
development progress of educational empirical research.

Collaborative Production Relationship 2015 2016 2017 2018 2019 2020 Total 6-Year
Research No 36.4% 34.9% 33.4% 30.7% 30.1% 27.9% 32.2%
Collaboration Yes 63.6% 65.1% 66.6% 69.3% 69.9% 72.1% 67.8%
Teacher-student o o o o, o o o
Collaborative eollaboration 62.4% 61.2% 60.2% 62.2% 62.1% 58.8% 61.1%
Identity Colleague collaboration 36.8% 37.2% 38.5% 36.4% 36.9% 39.6% 37.6%
Student collaboration 0.8% 1.6% 1.2% 1.3% 0.9% 1.6% 1.2%
Teacher— Teacher a}ﬁf agd student 62.0% 65.8% 65.6% 65.2% 66.3% 67.1% 65.4%
Student Student ahead and teach
Authorship uden abﬁ\inadn cacher 38.0% 34.2% 34.4% 34.8% 33.7% 32.9% 34.6%
Normal university with 33.3% 33.1% 30.9% 36.8% 38.2% 38.8% 35.4%
normal university
Type of Normeﬁ university with 11.0% 10.0% 10.5% 11.6% 11.9% 11.6% 11.1%
C Haborative compre er151've unl.Ver51'ty
orlabora Comprehensive university
Institution with comprehensive 37.0% 39.4% 38.7% 33.1% 30.5% 28.7% 34.3%
university
Mixed institutions 18.6% 17.5% 19.9% 18.5% 19.3% 20.9% 19.2%
Collaborative Within-department 46.4% 44.3% 45.9% 46.5% 43.6% 40.5% 44.4%
Institutions Cross-department 10.8% 12.0% 12.5% 13.5% 12.3% 13.8% 12.5%
Span Cross-university units 42.7% 43.7% 41.6% 40.0% 44.1% 45.7% 43.0%
International No 94.7% 94.9% 95.3% 94.8% 94.3% 92.6% 94.4%
Collaboration Yes 5.3% 5.1% 4.7% 5.2% 5.7% 7.4% 5.6%
Within-disciplinary 66.1% 64.2% 68.2% 71.2% 70.0% 68.9% 68.2%
intersection
Discipline Cross-disciplinary 16.2% 19.5% 16.6% 17.8% 17.6% 17.6% 17.6%
Collaboration 1nter§e§thn
Other disciplinary 17.8% 16.3% 15.2% 11.0% 12.3% 13.5% 14.2%
interaction

Data resource: Educational empirical research in 15 sample journals.
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In terms of scientific research collaboration, we found 3126 collaborative research arti-
cles (accounting for 67.8%) and 1484 single-author research articles (accounting for 32.3%),
indicating that collaborative research has become the dominant production relationship in
educational empirical research. Through a deeper exploration of the different collaborative
production relationships, we found 1911 collaborative articles written by teachers and
students (accounting for 61.1%) in collaboration, 1176 collaborative articles with colleagues
(accounting for 37.6%), and only 39 collaborative articles produced by student collaboration
(accounting for 1.2%). Among the teacher—student collaborative articles, the teacher ahead
and student behind collaboration model produced 587 more articles than the student ahead
and teacher behind collaboration model. This demonstrated that, in terms of the collabora-
tive identity of sustainable educational empirical research, teacher—student collaboration,
especially the teacher ahead and student behind collaborative model, was the dominant
relationship, followed by cooperation with colleagues. In terms of the types of collaborative
institutions, normal school collaboration and comprehensive school collaboration were
found to produce more articles: 1106 (accounting for 35.4%) and 1073 (accounting for
34.3%), respectively. In terms of the span of collaborative institutions, cross-departmental
collaboration had the strongest capacity to produce articles with a total article number of
1345 (accounting for 43.0%), followed by cross-university collaboration with 1389 papers
(accounting for 44.4%). This result indicates that most of the collaborative institutions were
universities of the same type, and the units were at the same level. As for international
collaboration, the number of cooperative publications was low, at only 176 (accounting
for 5.6%), indicating that educational empirical research in China is still dominated by
domestic collaboration. From the perspective of disciplinary collaboration, the proportion
of the intradisciplinary cooperative article was the highest, reaching 2132 articles (account-
ing for 68.2%) in total, and only 549 and 445 cross-disciplinary (accounting for 17.6%)
and other-disciplinary (accounting for 14.2%) interactive articles were found, respectively,
indicating that the diversity of disciplines in the field of empirical education research in
China is poor, and interdisciplinary collaboration holds a leading position.

From the perspective of annual trends, in terms of scientific research collaboration,
the proportion of independent research papers has decreased yearly, from 36.4% in 2015
to 27.9% in 2020; the proportion of collaborative research papers has increased steadily,
from 63.6% in 2015 to 72.1% in 2020, an increase of 8.5%. As for teacher and student
authorship, the proportion of “teacher ahead and student behind” collaborative research
articles showed a fluctuating upward trend, from 62.0% in 2015 to 67.1% in 2020; however,
“student ahead and teacher behind” collaborative research has fallen by roughly 5.1% in
the last six years. In terms of collaborative institution type, the collaborative research
articles conducted among normal universities showed a fluctuating upward trend, from
33.3% in 2015 to 38.8 in 2020. As for collaborative institution span, the proportion of
research articles written by collaboration from same department has dropped by 5.9%
in the past six years, while the proportion of articles from the collaboration of cross in-
stitutions has relatively increased. The indicators of collaborative identity, international
collaboration and discipline collaboration experienced no significant changes in the past
six years. Annual data present that collaborative research has a continuous increase in
the sustainable development progress of educational empirical research. Teacher-student
collaboration with the mode of “teacher ahead and student behind” presents a continuous
and overwhelming advantage. The collaboration tendency of “cross-institution” is more
clear, and the collaboration tendency of “within-disciplinary intersection” is more clear in
discipline collaboration.

4.2. Differences in Scientific Research Output with Different Collaborative Production
Relationships in the Sustainable Development Progress in Educational Empirical Research

We found significant differences in educational empirical research output quality
(article influence) from the perspectives of scientific research collaboration, types of collabo-
rative institutions, and international collaboration, as shown in Table 3.
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Table 3. The differences in the distribution of scientific research output quality in the different
collaborative production relationships in sustainable progress of educational empirical research.

Scientific Research Output Quality (Article

Collaboration Production Relationships N Influence)
M + SD t/F
Scientific Research No 1484 37.27° +47.12
Collaborati 5.213 ***
otlaboration Yes 3126 46.312 +£49.92
Teacher—student collaboration 1911 45.12 + 43.57
Collaborative Identity Colleague collaboration 1176 46.33 £ 61.13 0.715
Student collaboration 39 37.65 £ 31.25
Teacher-Student Teacher ahead and student behind 1249 42.32 + 43.58 0123
Authorship Student ahead and teacher behind 662 45.74 + 46.25 '
Normal umve'rsuy' with normal 1106 53112 4 63.72
university
Type of Collaborative Normal university Wlt.h 348 40.11 © £ 35.44
o comprehensive university 9.058 *#*
Institution Comprehensive university with
. o 1073 40.58 © £+ 35.11
comprehensive university
Mixed institutions 599 49.11° 4 59.78
Collaborative Within-department 1389 46.71 £ 48.57
Institutions Span Cross-department 392 49.12 £ 64.59 0.712
p Cross-university units 1345 46.32 + 51.33
International No 2950 46.582 £ 52.72 6.874 4%
Collaboration Yes 176 35.12b + 35.87 '
Discinli Within-disciplinary intersection 2132 45.12 4+ 44.97
C lisgp ne Cross-disciplinary intersection 549 49.11 £ 76.58 1.558
ollaboration Other disciplinary interaction 445 46.44 + 48.53

*** p < 0.001. a—c The results of multiple comparisons: if the letter is the same, there was no significant difference
among the average scores; if the letters are different, there were significant differences. The average scores are
arranged from large to small: a>b > c.

In scientific research collaboration, the score of the educational empirical collaborative
research influence was 46.31, which was significantly higher than that of independent re-
search articles. This indicates that collaboratively published educational empirical research
articles have a higher influence than those produced from independent research. From
the perspective of collaborative institutions, the influence of the normal university-normal
university collaborative articles achieved the highest score (53.11), followed by mixed insti-
tutional collaborative articles (49.11). The last two in terms of the influence of their articles
were the models of normal university—comprehensive university collaboration and compre-
hensive university—-comprehensive university collaboration. This finding indicates that the
educational empirical collaborative articles conducted among normal universities are more
influential than those produced by the rest of the institutions. In terms of international
collaboration, the score of domestic collaborative articles was 46.58, which was significantly
higher than that of international collaborative articles. We found that international collab-
orative research articles” influence was not as high as expected. Moreover, we found no
significant difference in terms of collaborative identity, teacher—student authorship, collab-
orative institution span, and disciplinary collaboration. However, from the statistical data,
we found that the influence of colleague collaborative articles (46.33) in the dimension of
collaborative identity, student ahead and teacher behind collaborative articles (42.32) in the
dimension of teacher-student authorship, cross-department collaborative articles (49.12) in
the dimension of collaborative institution span, and cross-disciplinary collaborative articles
(49.11) in the dimension of disciplinary collaboration had strong impacts.
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4.3. Regression Analysis of the Influence of Collaborative Production Relationships on Educational
Empirical Research Outputs in the Sustainable Development Progress of Educational
Empirical Research

According to the analysis, we found significant differences in the scientific research
output quality produced by various collaborative production relationships; however, we
found that it was affected by factors such as publication year and journal influence factors.
Therefore, it was necessary to construct a regression model of collaborative production
relationships on the influence of the research articles as shown in Table 4.

Table 4. Poisson regression model results of the collaborative production relationships on research
article output quality (article influence).

Scientific Research Output Quality (Article Influence)

Predictor Variable
Model 1 Model 2 Model 3 Model 4
Intercept 3.205 *** 3.311 *** 3.291 *** 2.894 ***
P (0.012) (0.034) (0.034) (0.047)
0.135 ***
Scientific research collaboration (0.051) - - -
0.059 *** 0.081 *** 0.151 ***
Number of coauthors (0.003) (0.005) (0.023)
. -0.014 *** —0.026 ***
Quadratic term of the number of coauthors (0.004) (0.004)
. 0.221 *** 0.217 ***
Colleague collaboration (0.029) (0.031)
0.159 *** 0.161 ***
Teacher—student collaboration - (0.034) (0.032) -
0.416 ***
Student ahead and teacher behind - - - (0.020)
Explanatory
. . _ —0.231 *** —0.221 *** —0.271 #**
Variables Normal U-comprehensive U (0.015) (0.013) (0.023)
. . —0.161 *** —0.163 *** —0.114 ***
Comprehensive U-comprehensive U (0.015) (0.014) (0.022)
Mixed instituti B —0.097 *** —0.091 *** —0.179 **+*
ixed institutions (0.014) (0.012) (0.018)
Cross-department - —0.015 —0.014 —0.036*
(0.010) (0.012) (0.011)
Cross-university - 0.039 0.037 —0.006
(0.010) (0.009) (0.012)
I ional collaborati R —0.093 *** —0.094 *** 0.034
nternational collaboration (0.014) (0.014) (0.025)
Cross-discipline - 0.084 0.081 0.035 *
(0.010) (0.008) (0.013)
T 0.047 *** 0.043 *** 0.081 ***
Other discipline (0.009) (0.007) (0.011)
Research fundin 0.051 *** 0.032 *** 0.031 *** 0.049 ***
8 (0.007) (0.008) (0.008) (0.011)
. . . 0.023 *** 0.002 0.001 0.142 ***
Control Variables Title of first author (0.002) (0.002) (0.002) (0.004)
Journal impact factor 0.217 *** 0.189 *** 0.184 *** 0.158 ***
P (0.002) (0.002) (0.003) (0.003)
Fixed Effect of Institution Type Yes Yes Yes Yes
Fixed Effect of Publication Time Yes Yes Yes Yes
Log Likelihood —71,238.691 —48,756.113 —422,531.692 —25,718.112
N 4610 3126 3126 1911

** p <0.01; ** p < 0.001. Student-student collaboration was the reference group in collaborative identity,
teacher ahead and student behind was the reference group in teacher—student authorship, normal university—
normal university was the reference group in the type of collaborative institutions, within-department was the
reference group of institution collaboration span, domestic collaboration was the reference group in international
collaboration, within-disciplinary interaction was the reference group in discipline collaboration, without funding
was the reference group in research funding, and graduate students were the reference group for the title of first
author. The same applies below.
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In Model 1, scientific research collaboration had a significant positive impact on the
influence of articles (B = 0.135, p < 0.001). Compared to single-author research articles,
the influence of collaborative research papers was significantly stronger by 13.5%. This
showed that the influence of articles is likely to be increased by collaborative research
articles compared to research by a single author, supporting H1.

In Model 2, the number of coauthors, collaborative identity, collaborative institution
type, collaborative institution span, international collaboration, and discipline collabora-
tion had a significant impact on the influence of the research article. In this model, the
number of coauthors had a significant positive effect on the influence of the research article
(B =0.059, p < 0.001), which means that if the number of coauthors increased by 1%, the
influence of the research article significantly increased by 5.9%.

In Model 3, the effect of the number of coauthors on an article’s influence showed
diminishing marginal benefits, which is also called the optimal scale phenomenon. Small-
scale collaboration may produce optimal benefits [26,27]. Therefore, the quadratic term of
the number of coauthors was included for analysis. Moreover, further tests of higher-order
terms were no longer significant, indicating that the quadratic term model reached the
optimal model fitting. According to the analysis of the quadratic equation, when the
number of coauthors was —f,/(2B3) = 0.081/(2 x 0.014) = 2.89, there was an optimal
scale phenomenon. In other words, when the number of coauthors was approximately
three, the output benefit of the research article influence was the highest, supporting H2. In
addition, in terms of collaborative identity, the influence of colleague collaboration articles
was 21.7% higher than that of student-student collaborative articles. The influence of
teacher-student collaboration articles was significantly higher than that of student-student
cooperative papers by 16.1%, indicating that, compared to student-student collaboration,
colleague collaboration and teacher-student cooperation have more advantages in terms
of article influence. Therefore, H3 was supported. In terms of the type of collaborative
institutions, compared to normal-normal university collaboration, the influence of articles
produced by normal-comprehensive university collaboration, comprehensive— compre-
hensive university collaboration, and mixed-institution collaboration was significantly
lower—by 22.1%, 16.3%, and 9.1%, respectively—indicating that normal-comprehensive
university collaboration was more conducive to improving the impact of research articles;
thus, H4 was supported. In terms of the span of collaborative institutions, the influence
of collaborative articles across departments was lower than that of collaborative articles
within the same department by 1.4%; however, the effect was not statistically significant.
Moreover, the influence of collaborative articles produced across universities was 3.7%
higher than that of articles produced in the same department, indicating that, compared to
the articles produced by cross-departmental collaboration, cross-university collaboration is
more conducive to enhancing the influence articles; therefore, H5 was supported.

We found that the influence of international collaboration papers was significantly
lower than that of domestic collaboration articles by 9.4%, indicating that international
collaboration in Chinese educational empirical research had a significant negative impact on
the influence of articles. Thus, H6 was not supported. In terms of disciplinary cooperation,
compared to within-disciplinary collaborations, cross-disciplinary collaborations and other
disciplinary collaborations significantly increased the impact of articles by 8.1% and 4.3%,
respectively, indicating that cross-disciplinary collaboration had a significant positive
impact on article influence, supporting H7.

In Model 4, the main focus was to explore the impact of the authorship order in the
collaboration between teachers and students on article influence. We found that compared
to the articles with an authorship order of teacher ahead and student behind, the influence
of articles with an authorship order of student ahead and teacher behind was significantly
higher by 41.6%, indicating that the collaborative order of student ahead and teacher behind
was more conducive to enhancing the influence of articles. H3 was verified again.
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4.4. Heterogeneity Test of the Influence of the Collaboration Production Relationship on Scientific
Research Output Quality in the Sustainable Development Progress of Educational
Empirical Research

To analyze whether the influence of cooperative production relationship on the scien-
tific research output was affected by the number of collaborators and the identity of the
collaboration, that is, the heterogeneity analysis of the factors influencing the scientific
research output quality, we used a subsample Poisson regression as shown in Table 5.

Table 5. Heterogeneity test results of cooperative production relationships on research article out-

put quality.
Scientific Research Output Quality (Article Influence)
Predictor Variables Model 1 Model 2 Model 3 Model 4
Two-Author Multiple-Author Teacher-Student Colleague
Collaboration Collaboration Collaboration Collaboration
Intercent 3.116 *** 4.078 *** 3.517 *** 3.447 ***
P (0.041) (0.061) (0.042) (0.037)
Colleague 0.239 *** 0.013 _ B
collaboration (0.037) (0.061)
Teacher-student 0.321 *** —0.169 ** ~ B
collaboration (0.036) (0.060)
—0.159 *** —0.407 *** —0.281 *** —0.215 ***
Normal U-normal-U (0.014) (0.023) (0.021) (0.021)
Comprehensive —0.259 *** —0.358 *** —0.116 *** —0.292 ***
U-comprehensive U (0.011) (0.011) (0.022) (0.024)
Mixed instituti —0.011 —0.327 #** —0.189 *** —0.031
xed institutions (0.014) (0.021) (0.017) (0.020)
Explanatory ~ —0.059 *** 0.051 *** —0.117 *** 0.047 ***
Variables Cross-department (0.011) (0.011) (0.019) (0.013)
Cross-universit —0.023 0.102 *** —0.009 0.126 ***
Y (0.013) (0.011) (0.013) (0.014)
International —0.2871 *** —0.097 *** 0.017 —0.197 ***
collaboration (0.021) (0.020) (0.021) (0.022)
Cross-disciplinary 0.081 *** 0.1271 *** 0.017 0.174 ***
interaction (0.011) (0.013) (0.014) (0.015)
Other disciplinary 0.048 *** 0.074 *** 0.078 *** —0.024
interaction (0.012) (0.017) (0.015) (0.018)
0.138 *** 0.199 ***
Number of coauthors - - (0.021) (0.007)
Quadratic term of the _ _ —0.028 *** —0.025 ***
number of coauthors (0.004) (0.002)
Research fundin 0.098 *** —0.062 *** 0.057 *** 0.049 ***
& (0.011) (0.013) (0.011) (0.014)
. . . 0.027 *** —0.061 *** 0.007 * —0.005
Control Variables Title of first author (0.004) (0.003) (0.003) (0.005)
Journal impact factor 0.214 *** 0.184 *** 0.161 *** 0.217 ***
(0.003) (0.005) (0.004) (0.005)
Fixed Effect of Institution Type Yes Yes Yes Yes
Fixed Effect of Publication Time Yes Yes Yes Yes
Log Likelihood —26,798.132 —18,547.648 —27,546.654 —15,843.546
N 1940 1186 1911 1176

*p < 0.05; % p < 0.01; ** p < 0.001.

Models 1 and 2 included the samples of two-author collaboration and multiple-author
collaboration. In two-author collaboration, colleague and teacher-student collaboration
had a higher article influence than that of student-student collaboration; however, this
conclusion was not found in the multiple-author collaboration sample. In multiple-author
collaborations, the influence of teacher—student collaboration articles was significantly
lower by 16.9%, indicating that smaller-scale teacher—student collaboration had a posi-
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tive effect on increasing the article influence. In terms of the span of cooperation, the
impact of two-author cross-departmental collaboration was significantly lower than that
of collaboration conducted in the same department. However, in multiple-author col-
laborations, the article influence of cross-departmental units and cross-university units
was significantly higher than that of articles produced in the same department, indicating
that multiple-author cross-unit collaboration is more conducive to improving research
article influence.

The samples of teacher—student collaboration and colleague collaboration were in-
cluded in Models 3 and 4. The number of coauthors in the teacher and student collaboration
and colleague cooperation showed a diminishing marginal benefit on the article influence;
however, according to the quadratic equation analysis, when the number of collaborators
in teacher-student collaboration was —B/(283) = 0.138/(2 x 0.028) = 2.46, the collabo-
rative article influence was the highest. The result also showed that when the number
of coauthors in colleague collaboration was —p,/(2B3) = 0.199/(2 x 0.025) = 3.98, the
influence of the collaborative article produced the highest output benefit. We found that
the best size of teacher—student collaboration was 2-3 people, whereas the best size of
colleague collaboration was 3—4 people. In terms of the collaborative institution span, the
article influence of the cross-department teacher-student collaboration was significantly
lower than that of same-department collaborations; however, for colleague cooperation,
the article influence of cross-department collaborations and cross-university collabora-
tions was significantly higher than that of within-department collaborations, indicating
that cross-unit collaboration within colleague collaboration is more helpful for enhancing
the influence of the research article. In terms of international collaboration, compared to
the article influence of domestic teacher-student collaborations, we found no significant
difference from that of international teacher-student collaborations, but the influence of
international collaboration among colleagues was significantly lower than that of domestic
colleague collaborations. This result indicates that the international colleague collabora-
tion cannot considerably improve the article influence in the field of Chinese educational
empirical research. From the perspective of disciplinary interaction, other disciplinary
interaction collaborations significantly increased article influence compared to within-
disciplinary teacher—student collaboration. However, there was no significant effect of
teacher—student cross-disciplinary collaboration on article influences due to the sample size
of teacher-student cross-disciplinary collaboration. As such, the estimate is likely biased.
Moreover, the article influence of colleague cross-disciplinary collaboration was signifi-
cantly higher compared to that of within-disciplinary collaborative articles, indicating that
cross-disciplinary colleague collaboration is more conducive to enhancing the influence
of papers.

5. Discussion and Conclusions

Through conducting an informational exploration of 3610 educational empirical re-
search papers published from 2015 to 2020, we examined the influence of collaborative
production relationships in the field of Chinese educational empirical research on scientific
research output in the sustainable development progress of educational empirical research
and obtained several validated findings. On this basis, some considerations for the future
improvement of empirical research output in the sustainable development progress of
educational empirical research were made.

5.1. Main Conclusion

According to the data analysis, scientific research collaboration can help improve
the educational empirical research output quality (article influence), and an optimal scale
phenomenon exists for collaborative research. Compared to single-author research articles,
the influence of collaborative research articles was significantly higher: by 13.5%. Moreover,
the impact of the number of coauthors on the influence of research article showed dimin-
ishing, marginal benefits. This means that scientific research collaboration has a significant
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positive effect on the influence of educational empirical research articles, and an optimal
scale exists for collaborative research: the optimal scale of collaboration is three authors.
This conclusion is consistent with research in the field of natural science [26-28].

From the perspective of collaborative identity, we found that collaborative identity has
a significant influence on the sustainable improvement of educational empirical research
output quality (article influence). Compared to student-student collaborations, teacher—
student and colleague collaborations significantly increased the influence of the article
by 16.1% and 21.7%, respectively. As for teacher-student collaborations, compared to the
teacher ahead and student behind model, student ahead and teacher behind collaboration
increased the influence of the research articles by 41.6%. This shows that teacher-student
and colleague collaborations are more conducive to enhancing the influence of articles than
student-student collaboration. The student ahead and teacher behind collaboration model
is more conducive to enhancing the influence of the research articles than the teacher ahead
and student behind model. There are similar results in the field of natural science and
higher-education research [33,54].

We found that institutional collaboration had a significant impact on the sustainable
improvement of educational empirical research output quality (article influence). From the
perspective of cooperative institution type, compared to the collaboration among normal
universities, the research article influence of other types of institutions was significantly
lower. This shows that the strong collaboration among normal universities helps to enhance
the influence of research articles. This conclusion is different from Shang’s research, which
suggests that university—enterprise collaboration has a positive effect on scientific research
outcomes in universities [76]; it should be verified further. In terms of the collaborative
institution span, compared to collaboration within one department, the influence of col-
laborative research articles conducted across universities was significantly higher by 3.7%.
This shows that, compared to same-department collaboration, the collaboration conducted
across universities is more conducive to enhancing research article influence. This statement
has been verified in the fields of natural science and higher education [32,42].

International collaboration was found to have a negative impact on the sustainable im-
provement of educational empirical research output quality (article influence). Compared to
domestic collaboration, the influence of international collaborative articles was significantly
lower by 9.4%. This means that the international collaboration in Chinese educational
empirical research is still in a developing position, and these collaborations have no corre-
sponding benefits in terms of article influence. However, this result is different with most of
the research, which claims that international collaboration has a positive effect on scientific
research outcomes [51,77]. Therefore, our conclusion needs to be further discussed.

Moreover, student collaboration had a positive impact on the sustainable improve-
ment of educational empirical research output quality (article influence). Compared to
within-disciplinary collaborations, cross-disciplinary and other disciplinary collaborations
significantly increased article influence by 8.1% and 4.3%, respectively. This demonstrates
that cross-disciplinary collaboration has a boosting effect on article influence. This result is
supported by research in the fields of natural science and education [55-57].

Finally, we found the effect of collaborative production relationships on the sustainable
improvement of educational empirical research output quality (article influence) was
affected by the number of coauthors and their identities. In terms of the number of
coauthors, teacher-student collaboration on a smaller scale (two-author collaboration)
was conducive to increasing the influence of articles. Multiple-author cross-institution
collaborations were more conducive to increasing the influence of the paper. In terms of
collaborative identity, the optimal scale of teacher—student collaboration was 2-3 authors,
and the optimal scale of colleague collaboration was 3—4 authors. Compared to teacher—
student collaboration, cross-institution and cross-disciplinary collaborations were more
helpful to enhancing the article influence within colleague collaborations. The conclusion
of heterogeneity is a finding that has never been mentioned in previous studies, and it is an
innovative part of this study that will be further examined in subsequent discussions.
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5.2. Discussion

The sustainable development of educational empirical research needs to be promoted
by collaborative production relations. This study explores the impact of collaborative
production relations in educational empirical research on the quality of research outputs.
In order to promote educational empirical research and the sustainable development of ed-
ucational disciplines, it is necessary to focus on scientific research collaborative production
relations, specifically in the following aspects:

The sustainable development of educational empirical research needs a well-guidance
teacher—student collaboration. Teacher-student collaborations with an equal relationship,
especially with the student ahead and teacher behind authorship model, were demon-
strated to have a positive effect on improving the sustainable improvement of educational
empirical research outcome quality. This finding was demonstrated in other fields as
well [33]. The phenomenon of optimal scale in teacher-student cooperation exists, and the
optimal benefit scale was 2-3 authors. This finding is one of the innovative viewpoints of
this study. Teacher—student collaboration is the most typical academic inheritance and scien-
tific research cooperation relationship [78], and the motivation for this type of collaboration
is its benefits [79]. The two main aims of this kind of collaboration are: cultivating young
researchers and allowing them to have their first authorship. Zuckerman [34] conducted a
survey of Nobel Prize winners and claimed that the supervisor would arrange the student
as the first author in the process of collaboration. This kind of collaboration contributes to
the scientific research output and academic career development of the students [80]. How-
ever, this does not mean that the scale of teacher—student collaboration can be expanded
indefinitely. As a role of the driver in a helpful collaborative relationship, the teacher may
be negatively impacted by their students. The more students they guide in collaborative
relationships, the more the quality of the research outcome may be degraded [81]. In
order to promote the sustainable development of educational empirical research, a well
guided collaboration between teachers and students should be encouraged. Additionally,
students are supposed to take full initiative in the process of collaboration under the equal
collaborative relationship.

Small workshop-style, cross-departmental collaboration should be encouraged in the
process of promoting educational empirical research development. Cross-departmental
colleague collaboration had a positive effect on the sustainable improvement of output
quality and similar results were obtained in other scientific fields [42,82]. The optimal scale
phenomenon exists in the process of colleague collaboration, and the optimal scale was
3—4 authors. This finding is one of the innovative viewpoints of this study. Teacher-student
collaboration is a helpful relationship, whereas colleague collaboration is a complementary
collaborative relationship. The stability of the scientific research environment is conducive
to the sustainable collaborative research and improving the output quality [83]. Collabo-
rative relationships among colleagues are longer and more stable than those of teachers
and students; however, colleague collaboration inevitably increases competition within the
same department, which is not conducive to the sustainable development of collaboration
and the sustainable improvement of research output. Therefore, more cross-organizational
colleague collaboration has emerged. The more the organizational levels cross over, the
more likely innovative ideas will be generated due to differences in systems, institutions,
and cultures [84]. At present, the main factors hindering sustainable collaboration across
wider borders are the authorship order arrangement and researchers’” communication
issues [85]. In addition, if the scale of such complementary collaboration becomes too
large, some problems will arise, such as difficulties in unifying opinions, overcapacity,
and subsequent ineffective collaboration [86]. Accordingly, in order to promote the sus-
tainable development of educational empirical research, it is necessary to promote small
workshop-style, cross-organizational colleague collaboration; the authorship order arrange-
ment mechanism of scientific research collaborations should be reformed to stimulate the
interest and innovation in colleague collaborations.
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According to the data analysis, we found that the collaboration among normal univer-
sities should be promoted. Meanwhile, a greater level of communication should be adopted
among domestic scholars and foreign scholars, which could promote the sustainable im-
provement of educational empirical research output quality. Institutional collaboration
among normal universities can significantly increase the influence of educational empirical
articles, whereas international collaboration significantly reduces the influence of these
studies. From the perspective of symbiosis theory, a symbiotic system includes three
main elements: the symbiosis unit, symbiosis model, and symbiosis environment [87].
The collaboration among normal universities is the symbiosis unit; they usually have a
similar symbiosis model and environment. Additionally, normal universities have unique
educational resources. Strong alliances promote the improvement in research article influ-
ence. Other studies reported that the articles produced by mixed-institution collaboration
usually have a stronger influence, indicating that collaboration among multiple types of
institutions can achieve mutual complementarity [32,53]. In this research, it was found that
there was a negative correlation between international collaboration and research article
quality, and the null hypothesis was rejected. The effect of international collaboration on
the influence of educational empirical research articles was not satisfactory. The previous
research usually suggest that international collaboration should be helpful to promote
the sustainable improvement of research output quality. It is believed that international
collaboration promotes resource sharing and ideological innovation, thereby improving the
quality of research [88]. However, this study found that this point of view is not applicable
in the field of Chinese educational empirical research. The reason for this may be that, in the
field of educational empirical research, Chinese educational scholars have not developed
in-depth opinion exchanges and resource sharing with international scholars. Through
deeply analyzing the information in the sample documents, we found that most of the
international collaboration in the field of empirical research on education in China was
conducted by domestic scholars by transferring the opinions of foreign scholars. The main
contributions may come from the foreign scholars, the Chinese scholars usually play the
role of corresponding author, and no substantive research collaboration is produced by
international collaborations. In the process of globalization, the collaboration and sharing
of Chinese scholars and international scholars has become a force that cannot be ignored
in international research [89]. Therefore, to enhance the international vision of Chinese
educational scholars, strengthening the sharing of resources and the depth of knowledge
communication with international scholars is an important way to promote the sustainable
improvement of educational empirical research output quality in the future.

Cross-disciplinary collaboration benefits sustainable improvement of educational em-
pirical research output quality. Cross-disciplinary collaboration has a significant positive
impact on research article influence. The findings of this study are the same as those of
other disciplines, such as related research in medical nursing [90], water conservancy [91],
natural disaster protection [92] and some other disciplines. The findings in these fields
show that interdisciplinary collaboration can be helpful to improve the quality of research
results, indicating that the finding that interdisciplinary collaboration has the ability to
improve research output quality can also be applied to empirical research in education.
From the perspective of the proportion of current academic collaboration articles, the field
of pedagogy has its own relatively stable discipline structure and characteristics, but this
kind of immersive internal collaboration among disciplines cannot effectively enhance
article influence. Cross-disciplinary knowledge production is not a simple patchwork
and accumulation of knowledge from multiple disciplines, but a knowledge production
model based on major social issues and internal logical relationships [93]. In the era of
big science, cross-discipline integration has become the mainstream trend. Although the
influence of pedagogy in China has significantly strengthened [94], considerable advances
are required to address the relationship between the natural and conscious development
of cross-disciplinary pedagogy. Accordingly, solving real-world social problems is best
achieved through collaborative research, especially with the background that different dis-
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ciplines can contribute different types of knowledge to address more complex sustainability
challenges [95]. This is also true for education disciplines. Strengthening the interdisci-
plinary exchange of educational empirical research will undoubtedly become an important
way to improve the quality of research output in a sustainable manner.

5.3. Theoretical Contribution and Research Limitations

Researchers and their collaborators play a crucial role in promoting the quality and
influence of educational empirical research in China. From a theoretical perspective, this
research is helpful for deepening the understanding of the relationship mechanisms of
collaborative production relationship and educational empirical article influence. At the
same time, from a practical perspective, scientific evidence has been provided to promote
the continuous development and quality improvement of future educational empirical
research. Although, this research has dug out the bibliometric information of 4610 educa-
tional empirical research articles, there is still a lack of analysis of the internal knowledge
structure and the article quality of author groups when analyzing the relationship between
collaborative production relationships and paper quality. In addition, this research also
found that international collaboration had a negative effect on the quality of research
articles. Through a deeper exploration of the sample, it was found that part of the reason
for this was that international collaboration in Chinese educational empirical research was
mainly conducted through citing and translating Western research. More research needs to
be conducted in the future to explore the relationship between international collaboration
and article quality.
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