Lietal
International Journal of STEM Education (2022) 9:72
https://doi.org/10.1186/s40594-022-00389-1

International Journal of
STEM Education

EDITORIAL  OpenAcess
®

Check for
updates

A systematic review of high impact empirical
studies in STEM education

Yeping Li"”", Yu Xiao', Ke Wang? Nan Zhang™*, Yali Pang®, Ruilin Wang®, Chunxia Qi’, Zhigiang Yuan®,
Jianxing Xu’, Sandra B. Nite' and Jon R. Star'®

Abstract

The formation of an academic field is evidenced by many factors, including the growth of relevant research articles
and the increasing impact of highly cited publications. Building upon recent scoping reviews of journal publications
in STEM education, this study aimed to provide a systematic review of high impact empirical studies in STEM edu-
cation to gain insights into the development of STEM education research paradigms. Through a search of the Web

of Science core database, we identified the top 100 most-cited empirical studies focusing on STEM education that
were published in journals from 2000 to 2021 and examined them in terms of various aspects, including the journals
where they were published, disciplinary content coverage, research topics and methods, and authorship's nationality/
region and profession. The results show that STEM education continues to gain more exposure and varied disciplinary
content with an increasing number of high impact empirical studies published in journals in various STEM disciplines.
High impact research articles were mainly authored by researchers in the West, especially the United States, and indi-
cate possible “hot” topics within the broader field of STEM education. Our analysis also revealed the increased partici-
pation and contributions from researchers in diverse fields who are working to formulate research agendas in STEM

education and the nature of STEM education scholarship.
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Introduction

Two recent reviews of research publications, the first
examining articles in the International Journal of STEM
Education (IJSTEM) and the second looking at an
expanded scope of 36 journals, examined how scholar-
ship in science, technology, engineering, and mathemat-
ics (STEM) education has developed over the years (Li
et al,, 2019, 2020a). Although these two reviews differed
in multiple ways (e.g., the number of journals covered,
the time period of article publications, and article selec-
tion), they shared the common purpose of providing an
overview of the status and trends in STEM education
research. The selection of journal publications in these
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two reviews thus emphasized the coverage and inclusion
of all relevant publications but did not consider publi-
cation impact. Given that the development of a vibrant
field depends not only on the number of research out-
puts and its growth over the years but also the existence
and influence of some high impact research articles, here
we aimed to identify and examine those high impact
research publications in STEM education in this review.

Learning from existing reviews of STEM education research
Existing reviews of STEM education have provided valu-
able insights about STEM education scholarship devel-
opment over the years. In addition to the two reviews
mentioned above, there are many other research reviews
on different aspects of STEM education. For example,
Chomphuphra et al. (2019) reviewed 56 journal articles
published from 2007 to 2017 covering three popular
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Table 1 Summary of research reviews on STEM education published in International Journal of STEM Education in 2020 and 2021

Authors (year) Topic No. of Databases (approaches) Research purpose/issues
items
reviewed
Gladstone and Cimpian (2021)  Role models in STEM 55 Articles from multiple databases ~ Which role models are effective for
(term search) which students
Marin-Marin et al. (2021) STEAM in education 1116 Journal articles only from Web of  The development, foci, and
Science (term search) significant contributors of STEAM
education
Jackson et al. (2021) Conceptualizing the equity- 115 Articles from multiple sources Equity-based STEM literacy within
based framework of STEM (term search) an integrated STEM context in
literacy K-12 education
Reinholz et al. (2021) Change theory in STEM higher 97 Journal articles from multi- Characterizing the use of change
education ple sources (using multiple theory in research about systemic
approaches) change in STEM higher education
Nguyen et al. (2021)* Strategies to aid implementation 29 Articles from multiple sources Studies that examine strategies
of active learning in STEM higher (term searches and solicitations) —and outcomes of implementing
education active learning in STEM higher
education
Barrasso and Spilios (2021) Impact of the learning assistant 39 Articles from multiple sources A review of the literature assessing
model (using multiple approaches) the learning assistant model
Zhao and Schuchardt (2021)  Sci-math sensemaking 58 Started with an initial set of 5 Categorizing and framing sense
articles (using a snowballing making of math equations in
approach) science
Wahono et al. (2020) STEM enactment effectiveness 54 Articles from multiple sources Examining the impact of STEM
(term search) enactment on Asian students’
learning
Winterer et al. (2020) Academic success of Latinx 59 Articles from multiple sources Factors supporting the success of
students (term search) Latinx transfer students, implica-
tions for STEM majors
Gao et al. (2020) Assessment of interdisciplinary 49 Journal articles from multiple Assessments of student learning in
learning in STEM sources (term search) STEM education at the secondary
and the tertiary levels
Lietal. (2020a)* Research and trends in STEM 798 Journal articles from 36 identi- Overview of STEM education
education fied journals (term search) research development
Li et al. (2020b)* Research and trends in STEM 127 IES funded projects in STEM Reviewing the public research

education

(term search)

funding support to STEM educa-
tion from the IES in the U.S

*: although these articles were published as research articles or editorials, they are all research reviews

topics: innovation for STEM learning, professional
development, and gender gap and career in STEM. They
identified and selected these journal articles through
searching the Scopus database and two additional jour-
nals in STEM education that were not indexed in Scopus
at that time. Several other reviews have been conducted
and published with a focus on specific topics, such as the
assessment of the learning assistant model (Barrasso &
Spilios, 2021), STEM education in early childhood (Wan
et al., 2021), and research on individuals’ STEM identity
(Simpson & Bouhafa, 2020). All of these reviews helped
in summarizing and synthesizing what we can learn from
research on different topics related to STEM education.
Given the on-going rapid expansion of interest in
STEM education, the number of research reviews in
STEM education research has also been growing rapidly

over the years. For example, there were only one or two
research reviews published yearly in I[JSTEM just a few
years ago (Li, 2019). However, the situation started to
change quickly over the past several years (Li & Xiao,
2022). Table 1 provides a summary list of research
reviews published in IJSTEM in 2020 and 2021. The jour-
nal published a total of five research reviews in 2020 (8%,
out of 59 publications), which then increased to seven in
2021 (12%, out of 59 publications).

Taking a closer look at these research reviews, we
noticed that three reviews were conducted with a broad
perspective to examine research and trends in STEM
education (Li et al., 2020a, 2020b) or STEAM (science,
technology, engineering, arts, and mathematics) educa-
tion (Marin-Marin et al., 2021). Relatively large numbers
of publications/projects were reviewed in these studies
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to provide a general overview of research development
and trends. The other nine reviews focused on research
on specific topics or aspects in STEM education. These
results suggest that, with the availability of a rapidly
accumulating number of studies in STEM education,
researchers have started to go beyond general research
trends to examine and summarize research development
on specific topics. Moreover, across these 12 reviews,
researchers used many different approaches to search
multiple data sources (often with specified search terms)
to identify and select articles, including journal publica-
tions, research reports, conference papers, or disserta-
tions. It appears that researchers have been creative in
developing and using specific approaches to select and
review publications that are pertinent to their topics.
At the same time, however, none of these reviews were
designed and conducted to identify and review high
impact research articles that had notable influences on
the development of STEM education scholarship.

The importance of examining high impact empirical
research publications in STEM education

STEM education differs from many other fields, as STEM
itself is not a discipline. There are diverse perspectives
about the disciplinarity of STEM and STEM education
(e.g., Erduran, 2020; Li et al., 2020a; Takeuchi et al., 2020;
Tytler, 2020). The complexity and ambiguity in viewing
and examining STEM and STEM education presents
challenges as well as opportunities for researchers to
explore and specify what and how they do in ways dif-
ferent from and/or connected with traditional education
in the individual disciplines of science, technology, engi-
neering, and mathematics.

Although the field of STEM education is still in an early
stage of its development, STEM education has experi-
enced tremendous growth over the past decade. This field
has evolved from traditional individual discipline-based
education in STEM fields to multi- and interdisciplinary
education in STEM. The development of STEM edu-
cation has been supported by multiple factors, includ-
ing research funding (Li et al., 2020b) and the growth of
research publications (Li et al., 2020a). High impact pub-
lications play a very large role in the growth of the field,
as they are read and cited frequently by others and serve
to shape the development of scholarship in the field more
than other publications.

Among high impact research publications, we can
identify several different types of articles, including
empirical studies, research reviews, and conceptual or
theoretical papers. Research reviews and conceptual/
theoretical papers are very valuable, as they synthesize
existing research on a specific topic and/or provide new
perspective(s) and direction(s), but they are typically not
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empirical studies. Review articles aim to provide a sum-
mary of the current state of the research in the field or
on a particular topic, and they help readers to gain an
overview about a topic, key issues and publications.
Thus, they are more about what has been published in
the literature about a topic and less about reporting new
empirical evidence about a topic. Similarly, theoretical or
conceptual papers tend to draw on existing research to
advance theory or propose new perspectives. In contrast,
empirical studies require the use and analysis of empiri-
cal data to provide empirical evidence. While reporting
original research has been typical in empirical studies in
education, these studies can also be secondary analyses
of empirical data that test hypotheses not considered or
addressed in previous studies. Empirical studies are gen-
erally published in academic, peer-reviewed journals and
consist of distinct sections that reflect the stages in the
research process. With the aim to gain insights about
research development in STEM education, we thus
decided to focus here on empirical studies in STEM edu-
cation. Examining and reviewing high impact empirical
research publications can help provide us a better under-
standing about emerging trends in STEM education in
terms of research topics, methods, and possible direc-
tions in the future.

Considerations in identifying and selecting high impact
empirical research publications

Publishing as a way of disseminating and sharing knowl-
edge has many types of outlets, including journals,
books, and conference proceedings. Different publish-
ing outlets have different advantages in reaching out to
readers. Researchers may search different data sources to
identify and select publications to review, as indicated in
Table 1. At the same time, journal publications are com-
monly chosen and viewed as one of the most important
outlets valued by the research community for knowledge
dissemination and exchange. Specifically, there are two
important advantages in terms of evaluating the quality
and impact of journal publications over other formats.
First, journal publications typically go through a rigorous
peer-review process to ensure the quality of manuscripts
for publication acceptance based on certain criteria. In
educational research, some common criteria being used
include “Standards for Reporting on Empirical Social
Science Research in AERA Publications” (AERA, 2006),
“Standards for Reporting on Humanities-Oriented
Research in AERA Publications” (AERA, 2009), and “Sci-
entific Research in Education” (NRC, 2002). Although the
peer-review process is also employed in assessing and
selecting proposals or papers for publication acceptance
in other formats such as books and conference proceed-
ings, the peer-review process employed by journals (esp.
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those reputable and top journals in a field) tends to be
more rigorous and selective than other publication for-
mats. Second, the impact of journals and their publica-
tions has frequently been evaluated by peers and different
indexing services for inclusion, such as Clarivate’s Social
Sciences Citation Index (SSCI) and Elsevier’s Scopus. The
citation information collected and evaluated by indexing
services provides another important measure about the
quality and impact of selected journals and their publica-
tions. Based on these considerations, we decided to select
and review those journal publications that can be identi-
fied as having high citations to gain an overview of their
impact on the research development of STEM education.

Focusing on the selection and review of journal publi-
cations with high citations has also been used by many
other scholars. For example, Martin-Pdez et al. (2019)
conducted a literature review to examine how STEM edu-
cation is conceptualized, used, and implemented in edu-
cational studies. To ensure the quality of published articles
for review, they searched and selected journal articles
published in the 2013-2018 period from the Web of Sci-
ence (WoS) database only. Likewise, Ak¢ayir and Akgayir
(2017) conducted a systematic literature review on aug-
mented reality used in educational settings. They used
keywords to search all SSCI-indexed journals from WoS
database to identify and select published articles, given
that WoS provides easy access to search SSCI indexed
articles. In addition to the method of searching the WoS
database, some researchers used other approaches to
identify and select published articles with high citations.
For example, some researchers may search different data-
bases to identify and select articles for reviews, such as
Scopus (Chomphuphra et al., 2019) and Google (Godin
et al., 2015). In comparison, however, the WoS core data-
base is more selective than many others, including Scopus.
The WoS is the world’s leading scientific citation search
and analytical information platform (Li et al., 2018), and
has its own independent and thorough editorial process
to ensure journal quality together with the most compre-
hensive and complete citation network (https://clarivate.
com/webofsciencegroup/solutions/webofscience-ssci/).
Its core database has been commonly used as a reliable
indexing database with close attention to high standard
research publications with a peer-review process and is
thus used in many research review studies (e.g., Ak¢ayir
& Akgayir, 2017; Li et al., 2018; Marin-Marin et al., 2021;
Martin-Péez et al.,, 2019).

It should be noted that some researchers have used a
different approach to identify and select high impact
publications other than focusing on article citations.
This alternative approach is to identify leading journals
from specific fields first and then select relevant arti-
cles from these journals. For example, Brown (2012)
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identified and selected eight important journals in each
STEM discipline after consulting with university faculty
and K-12 teachers. Once these journals were selected,
Brown then located 60 articles that authors self-identified
as connected to STEM education from over 1100 arti-
cles published between January 1, 2007 and October 1,
2010. However, as there was no well-established journal
in STEM education until just a few years ago (Li et al,,
2020a), the approach used by Brown may be less useful
for identifying high impact publications in the field of
STEM education. In fact, researchers in STEM education
have been publishing their high-quality articles in many
different journals, especially those well-established jour-
nals with an impact factor. Thus, this approach will not
help ensure the selection of high impact articles in STEM
education, even though they were selected from well-rec-
ognized journals rooted in each of STEM disciplines.

In summary, we searched the WoS core database to
identify and select high impact empirical research arti-
cles in STEM education as those highly cited articles
published in journals indexed and collected in the WoS.

Current review

Similar to previous research reviews (e.g., Li et al., 2020a),
we need to specify the scope of the current review with
specific considerations of the following two issues:

1. What time period should be considered?
2. How should we identify and select highly cited
research publications in STEM education?

Time period

As discussed in a previous review (Li et al., 2020a), the acro-
nym STEM did not exist until the early 2000s. The exist-
ence of the acronym has helped to focus attention on and
efforts in STEM education. Thus, consistent with the deter-
mination of the time period used in the previous review on
examining the status and trends in STEM education, we
decided to select articles starting from the year 2000. At the
same time, we can use the acronym of STEM as an identi-
fier in locating journal articles in a way as done before (Li
et al,, 2020a) and also by others (e.g., Brown, 2012; Mizell &
Brown, 2016). We chose the end of 2021 as the end of the
time period for publication search and inclusion.

Searching and identifying highly cited empirical research
journal publications in STEM education

To identify and select journal articles in STEM educa-
tion from the WoS core database, we decided to use the
common approach of keyword searches as used in many
other reviews (e.g., Gladstone & Cimpian, 2021; Winterer
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et al., 2020). Li et al. (2020a) also noted the complex-
ity and ambiguity of identifying publications in STEM
education. Thus, we planned to identify and select pub-
lications in STEM education as those self-identified by
authors. As mentioned above, we then used the acronym
STEM (or STEAM) as key terms in our search for publi-
cations in STEM education.

Different from the previous review on research status
and trends in STEM education (Li et al., 2020a), the cur-
rent review aimed to identify and select high impact jour-
nal articles but not coverage. Thus, we decided to define
and limit the scope of high impact empirical research
journal publications as the top 100 most-cited empiri-
cal research journal publications obtained from the WoS
core database.

Research questions

Li et al. (2020a) showed that STEM education articles
have been published in many different journals, espe-
cially with the limited journal choices available in STEM
education. Given a broader range of journals and a longer
period of time to be covered in this review, we can thus
gain some insights through examining multiple aspects
of the top 100 most-cited empirical studies, includ-
ing journals in which these empirical studies were pub-
lished, publication years, disciplinary content coverage,
research topics and methods. In addition, recent reviews
suggested the value of examining possible trends in the
authorship and school level focus (Li, 2022; Li & Xiao,
2022). Taken together, we are interested in addressing the
following six research questions:

1. What are the top 100 most-cited empirical STEM
education research journal publications?

2. What are the distributions and patterns of the top
100 most-cited empirical research publications in dif-
ferent journals?

3. What is the disciplinary content coverage of the top
100 most-cited empirical research journal publica-
tions and possible trends?

4. What are research topics and methods of the top 100
most-cited empirical research journal publications?

5. What are the corresponding authors’ nationalities/
regions and professions?

6. What are school level foci of the top 100 most-cited
empirical research journal publications over the
years?

Methods

Based on the above discussion, we carried out the fol-
lowing steps for this systematic review to address these
research questions.
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Searching and identifying the top 100 most-cited empirical
research journal publications in STEM education

Figure 1 provides a summary of the article search and
selection process that was used for this review. The
process started with a search of the WoS core database
on September 12, 2022 under the field of “topic” (cov-
ering title, abstract, author keywords, and keywords
plus), using the search terms: “STEM” OR “STEAM”
OR “science, technology, engineering, and mathemat-
ics” Because there are many different categories in the
WoS database, we then specified the publication search
using the four WoS categories listed under “education”:
“Education Educational Research,” “Education Scien-
tific Disciplines,” “Psychology Educational,” and “Educa-
tion Special” The time period of publication search was
further specified as starting from 2000 to 2021.

The search returned 9275 publications under “Edu-
cation Educational Research,” 2161 under “Educa-
tion Scientific Disciplines,” 247 under “Psychology
Educational and 15 under “Education Special” The
combined list of all publications was then placed in
descending order in terms of citation counts up to the
search date of Sept. 12, 2022, and each publication
record was screened one-by-one by three researchers
using the inclusion or exclusion criteria (see Table 2).
At times when the publication record listed was not
detailed enough, we searched and obtained the full arti-
cle to screen and check to determine its eligibility. The
process ended after identifying and selecting the top
100 most-cited empirical research journal publications.

Data analysis

To address research question 3, we categorized all 100
publications in terms of the number of STEM disci-
plines covered in a study. Two general categories were
used for this review: publications within a single disci-
pline of STEM vs. those with multi- or inter-disciplines
of STEM. In contrast to the detailed classifications used
in a previous review (Li et al.,, 2020a), this simplified
classification can help reveal overall trends in discipli-
nary content coverage and approach reflected in high
impact empirical research in STEM education.

To examine research topics, we used the same list of
topics from previous reviews (Li & Xiao, 2022; Li et al,,
2020a). The following list contains the seven topic cat-
egories (TCs) that were used to classify and examine
all 100 publications identified and selected from the
search in this study.

TC1: Teaching, teacher, and teacher education in
STEM (including both pre-service and in-ser-
vice teacher education) in K-12 education;
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Keywords: “STEM” OR “STEAM”
OR “science, technology,
engineering, and mathematics”

Four categories: “Education
Educational Research”, “Education
Scientific Disciplines”, “Psychology

Educational”, “Education Special”

Exclude “book chapter”, “literature

review”, “commentary”, “conceptual
papers”, OR a publication with its

inclusion of keywords that does not

refer to STEM education research,

OR non empirical studies.

)
Publications identified through
searching keywords in “topic” in
WoS core database
\ 4
g
- Publication search narrowed with
g the four categories
2
I
\ 4
Publication search narrowed
further by specifying years, 2000 to
2021; and then listed in descending
order in terms of citation counts
N/
~—
v
£
:'E Publications screened
:éb one-by-one by three researchers
e/
A 4
= . .
2 Top 100 most-cited empirical
% research journal publications
= identified and included
Fig. 1 Flowchart of publication search, identification, and selection process

Table 2 Inclusion and exclusion criteria

Inclusion

Exclusion

1. Peer-reviewed journal articles

1. Non-journal articles (e.g., book chapters, conference papers)

2. Empirical research publication in STEM education, with empirical 2. Non-empirical research article (e.g., literature review, commentary, conceptual

data used and analyzed in the study to provide empirical evidence
3. Search terms clearly included that refer to STEM education

papers), or empirical research not in STEM education (e.g., literacy education)
3. Search terms included, but refer to non-STEM education (e.g., stem cell, stem

from, ...)

4.Top 100 most-cited empirical research articles
5. Written in English

4. Empirical research articles with citation counts not high enough for inclusion

TC2: Teacher and teaching in STEM (including faculty
development, etc.) at post-secondary level;

TC3: STEM learner, learning, and learning environ-
ment in K-12 education;

TC4: STEM learner, learning, and learning environ-
ments (excluding pre-service teacher education)
at post-secondary level;

TC5: Policy, curriculum, evaluation, and assessment in
STEM (including literature reviews about a field
in general);

TC6: Culture, social, and gender issues in STEM
education;

TC7: History, epistemology, and perspectives about
STEM and STEM education.
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published in the years 2005-2019.)

2005 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Fig. 2 Distribution of the top 100 most-cited empirical research publications over the years (Note: all 100 of these most-cited publications were

To examine research methods, we coded all publica-
tions in terms of the following methodological categories:
(1) qualitative methods, (2) quantitative methods, and (3)
mixed methods. We assigned each publication to only
one research topic and one method, following the pro-
cess used in the previous reviews (Li et al., 2019, 2020a).
When there was more than one topic or method that
could have been used for a publication, a final decision
was made in choosing and assigning the primary topic
and/or method after discussion.

To address research question 5, we examined the cor-
responding author’s (or the first author, if no specific
indication was given about the corresponding author)
nationality/region and profession. Many publications in
STEM education have joint authorship but may contain
limited information about different co-authors. Focus-
ing on the corresponding author’s nationality/region is a
feasible approach as we learned from a previous research
review (Li et al., 2020a). For the corresponding author’s
profession, we used the same two general categories from
the recent reviews (Li, 2022; Li & Xiao, 2022): “educa-
tion” and “STEM+" that differentiate a corresponding
author’s profession in education/educational research vs.
disciplines and fields other than education. If a publica-
tion’s corresponding author was listed as affiliated with
multiple departments/institutions, the first department/
institution affiliation was chosen and used to identify the
author’s nationality/region and profession.

To answer research question 6, we adopted the three
categories from recent research reviews: K-12, post-
secondary, and general (Li, 2022; Li & Xiao, 2022). The
use of these school level categories helped reveal the

distribution of STEM education research interests and
development over the school level span. While the first
two categories are self-explanatory, the “general” cate-
gory is for those empirical research publications on ques-
tions or issues either pertinent to all school levels or that
cross the boundary of K-12 school and college.

Results and discussion
The following sections are structured to report findings
as corresponding to each of the six research questions.

Top 100 most-cited empirical research articles from 2000
to 2021

Figure 2 shows the distribution of the top 100 most-cited
empirical research journal publications in STEM educa-
tion over the years 2000-2021. As the majority of these
publications (72 out of 100, 72%) were published between
2011 and 2016, the results suggest that publications typi-
cally need about 5-10 years to accumulate high enough
citations for inclusion. Research articles published more
than 10 years ago would likely become out-of-dated,
unless those studies have been recognized as classic in
the field. Some recent publications (6 publications, 2018—
2019) emerged with high citations could suggest the
emergency of interesting ‘hot’ topics in the field.

To have a more fine-grained sense of these highly cited
research articles, we took a more detailed look at the top
ten most-cited publications from the search (see Table 3).
These ten most-cited publications were published
between 2005 and 2014, with an average of 337 citations
and a range of 238-820 citations per article. Only two
of the top ten articles were published before 2010; both
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Table 3 Top ten most-cited empirical research articles published between 2000 and 2021

Citation Title Year Journal Author (country/region**)

counts*

820 Spatial ability for STEM domains: Aligning over 50 years of 2009 Journal of Educational Psychology Wai et al. (USA)
cumulative psychological knowledge solidifies its importance

421 Pipeline persistence: Examining the association of educational 2011 Science Education Maltese & Tai (USA)
experiences with earned degrees in STEM among US students

351 Why students choose STEM majors: Motivation, high school 2013  American Educational Research Journal Wang (USA)
learning, and postsecondary context of support

289 AutoTutor: An intelligent tutoring system with mixed-initiative 2005 |EEE Transactions on Education Graesser et al. (USA)
dialogue

278 Stability and volatility of STEM career interest in high school: 2012 Science Education Sadler et al. (USA)
A gender study

245 The role of identity development, values, and costs in college 2014 Journal of Educational Psychology Perez et al. (USA)
STEM retention

244 Science aspirations, capital, and family habitus: How families 2012 American Educational Research Journal = Archer et al. (UK)
shape children’s engagement and identification with science

243 Persistence of women and minorities in STEM field majors:Is 2010 Economics of Education Review Griffith (USA)
it the school that matters?

241 Pipelines and pathways: Women of color in undergraduate 2011 Harvard Educational Review Espinosa (USA)
STEM majors and the college experiences that contribute to
persistence

238 Making a difference in science education: The impact of 2013  American Educational Research Journal Eagan et al. (USA)

undergraduate research programs

* Citation counts retrieved from the WoS core database on September 12, 2022

** Country/region refers to where the corresponding author’s research organization or institution was located at the time of publication

gained very impressive citations over the years (820 cita-
tions for the article published in 2009 and 289 citations
for the other published in 2005). The on-going high cita-
tions of these two research articles are clear indication of
their impact and importance in the field.

Table 3 also shows that the top ten list of most-cited
empirical research articles were published in six different
journals, with the majority of these journals focusing on
general educational research or educational psychology.
The importance of STEM education research was clearly
recognized with high impact publications in these well-
established journals. At the same time, the results imply
the rapid development of STEM education research in its
early stages and the value of examining possible trends
in journals that published high impact articles in STEM
education over time.

Moreover, we noticed that all of these top ten articles
had corresponding authors who were from the U.S., with
the exception of one by researchers in the U.K. This result
is consistent with what we learned from previous reviews
of STEM education research publications (Li et al., 2019,
2020a). About 75% of STEM-related journal publications
were typically contributed by U.S. scholars, either in this
journal’s publications from 2014 to 2018 (Li et al., 2019)
or publications from 36 journals from 2000 to 2018 (Li
et al, 2020a). It is not surprising that all of these high
impact research publications from 2005 to 2014 were

contributed by researchers in the West, especially the
United States. (Below we report more about the cor-
responding authorship of the 100 high impact research
publications beyond the top 10 that are reported here.)

Distributions and patterns of highly cited publications
across different journals

Forty-five journals were identified as publishing these top
100 most-cited articles. Table 4 shows that the major-
ity (26) of these journals focus on general educational
research or educational psychology, publishing 52 of the
top 100 most-cited articles. Fourteen journals with titles
specifying a single discipline of STEM published 38 of
these top 100 articles, three journals with two specified
STEM disciplines in their titles published seven of these
articles, one journal with three specified STEM disci-
plines published one article, and one journal specifying
all four STEM disciplines published two articles. Among
these 45 journals, 36 journals are indexed in SSCI, with
the remaining nine journals indexed in ESCI (Emerging
Sources Citation Index). These are clearly all reputable
and well-established journals, with 36 established before
2000 and 9 established in or after 2000. Only three jour-
nals in the list are Open Access (OA) journals, and they
were all established after 2000. The results suggest that
researchers have been publishing high impact STEM edu-
cation research articles in a wide range of well-established
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Table 4 Distribution of top 100 most-cited empirical research publications in 45 journals

Journal # of pubs Journal start year/  # of STEM Open access
included SSCl status disciplines*

CBE-Life Sciences Education 9 2002/55CI 1 Yes
American Educational Research Journal 8 1964/SSCI 0 No
Journal of Educational Psychology 8 1910/SSCl 0 No
Science Education 8 1916/SSCl 1 No
Journal of Research in Science Teaching 6 1963/SSCl 1 No
Research in Higher Education 5 1973/55Cl 0 No
Computers & Education 4 1976/SSCl 1 No
Economics of Education Review 4 1981/SSCl 0 No
Journal of Science Education and Technology 4 1992/5SCl 2 No
Educational Researcher 2 1972/SSCl 0 No
International Journal of STEM Education 2 2014/5SCl 4 Yes
International Journal of Technology and Design Education 2 1990/55Cl 1 No
Journal of College Student Development 2 1959/SSCI 0 No
Journal of Diversity in Higher Education 2 2008/SSCl 0 No
Journal of Higher Education 2 1930/5SCI 0 No
Learning and Instruction 2 1991/55Cl 0 No
School Science and Mathematics 2 1901/ESCI 2 No
ACM Transactions on Computing Education 1 2001/5SCI 1 No
British Educational Research Journal 1 1975/5SCI 0 No
Chemistry Education Research and Practice 1 2000/5SCl 1 No
Cognition and Instruction 1 1984/SSCI 0 No
Computer Science Education 1 1988/ESCI 1 No
Early Childhood Education Journal 1 1973/ESCl 0 No
Educational Evaluation and Policy Analysis 1 1979/SSCl 0 No
Educational Psychology 1 1981/5SCl 0 No
Frontiers in Education 1 2016/ESCI 0 Yes
Harvard Educational Review 1 1930/SSCl 0 No
Higher Education 1 1972/5SCl 0 No
IEEE Transactions on Education** 1 1958/SSCl 1 No
International Journal of Mathematical Education in Science and Technology 1 1970/ESCI 3 No
International Journal of Science and Mathematics Education 1 2003/55C1 2 No
International Journal of Science Education 1 1979/55CI 1 No
International Journal of Science Education (Part B-Communication and Public 1 2011/8SCl 1 No
Engagement)***

Journal of Education for Students Placed at Risk 1 1996/ESCI 0 No
Journal of Educational Research 1 1920/55CI 0 No
Journal of Engineering Education 1 1912/SSCl 1 No
Journal of Research on Technology in Education 1 1978/ESCI 1 No
Journal of the Learning Sciences 1 1991/5SCl 0 No
Learning and Individual Differences 1 2003/5SCl 0 No
Pedagogy, Culture and Society 1 1993/ESCI 0 No
Research in Science Education 1 1971/5SCl 1 No
Social Psychology of Education 1 1996/SSCl 0 No
Sociology of Education 1 2004/5SCI 0 No
Studies in Higher Education 1 1976/SSCl 0 No
Urban Education 1 1965/5SSCl 0 No

* # of subjects refers to the number of the four STEM disciplines that are included in a journal’s title. For a journal on educational research or educational psychology
without any mention of a STEM discipline, the value of “0”is assigned

** |EEE Transactions on Education is a quarterly peer-reviewed academic journal on engineering education that is published by the IEEE (Institute of Electrical and
Electronics Engineers). Under the framework of IEEE, the journal is thus coded as“1”

*** International Journal of Science Education Part B-Communication and Public Engagement (ESCl journal) is a journal associated with International Journal of Science
Education (SSCl journal), but it was established in 2011 as a stand-alone journal and comparatively has a shorter history than International Journal of Science Education
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Fig. 3 Trend of the top 100 most-cited articles published in journals without vs. with subject discipline(s) of STEM specified. (Note: 0 =journals
without STEM discipline specified, 1 =journals with STEM discipline(s) specified.)

traditional journals, with the majority in general educa-
tional research or educational psychology with a long
publishing history. It further confirms that the importance
of STEM education research has been well-recognized in
educational research or educational psychology as noted
above. At the same time, the results imply that the history
of STEM education itself has been too brief to establish its
own top journals and identity except only one in STEM
education (IJ[STEM) (Li et al., 2020a).

Among these 45 journals listed in Table 4, we classi-
fied them into two general categories: general education
research journals (26, all without mention of a discipline
of STEM in a journal’s title) and those (19) with one or
more STEM disciplines specified in a journal’s title. Fig-
ure 3 presents the distributions of these top 100 articles
in these two general categories over the years. Among
49 articles published before 2014, the majority (31, 63%)
of these articles were published in journals on general
educational research or educational psychology. How-
ever, starting in 2014, a new trend emerged with more of
these highly cited articles (30 out of 51, 59%) published
in journals with STEM discipline(s) specified. The result
suggests a possible shift of developing and gaining dis-
ciplinary content consciousness in STEM education
research publications.

As a further examination of the distribution of publica-
tions in journals specified with STEM discipline(s), Fig. 4
shows the distributions of these highly cited articles
in different journal categories over the years. It is clear
that these highly cited articles were typically published

in journals on general educational research or educa-
tional psychology before 2014. However, things started
to change since 2014, with these highly cited articles
published in more diverse journals including those with
STEM discipline(s) specified in the journal titles. The
journals that include only a single discipline of STEM
have been more popular than others among those jour-
nals that specify one or more STEM disciplines. The
result is not surprising as journals specified with a single
discipline of STEM are more common, often with a long
publishing history and support from well-established
professional societies of education on a single discipline
of STEM. This trend suggests that the importance of
STEM education has also gained increasing recognition
from professional societies that used to focus on a single
discipline of STEM.

To glimpse into those recent changes, we took a closer
look at the six articles published in 2018 and 2019 as
examples (see Table 5). All of these articles have been
highly cited in just 3 or 4 years, with an average of 102
citations (range, 75-144) per article. Across these six
articles, the majority were published in journals whose
titles specified one or more STEM disciplines: three in
journals with a single discipline of STEM specified, one
in a journal on STEM education, and two in journals on
general educational research. At the same time, these
recent publications are not specifically on any single dis-
cipline of STEM, but multi- and interdisciplinary STEM
education.
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Table 5 Six highly cited research articles published in 2018 and 2019

Citation Title Year Journal

counts*

144 Counterspaces for women of color in STEM higher education: Marginal and central spaces 2018 Journal of Research in Science Teaching
for persistence and success

123 Race and gender differences in how sense of belonging influences decisions to major in 2018 International Journal of STEM Education
STEM

95 A longitudinal study of how quality mentorship and research experience integrate under- 2018 CBE-Life Sciences Education
represented minorities into STEM careers

93 One size doesn't fit all: Using factor analysis to gather validity evidence when using surveys 2019 CBE-Life Sciences Education
in your research

81 Does STEM stand out? Examining racial/ethnic gaps in persistence across postsecondary 2019 Educational Researcher
fields

75 The gender gap in STEM fields: The impact of the gender stereotype of math and science 2019 Frontiers in Education

on secondary students’ career aspirations

* Citation counts retrieved from the WoS core database on September 12, 2022

Disciplinary content coverage Among the 25 research articles on a single discipline
The search of STEM education publications from the of STEM, the majority of these articles (56%, 14 out of
WoS core database relied on several keywords that the  25) focused on science, 5 articles on technology, 4 articles
authors used to self-identify their research on STEM edu-  on mathematics, and 2 articles on engineering. The result
cation. After coding and categorizing all top 100 publica-  suggests that of the four STEM disciplines, arguably “sci-
tions, 25 research publications were found as focusing on  ence” is the broadest category and so it is not surprising
a single discipline of STEM and 75 publications on multi-  that the number of publications on science is the most
and interdisciplinary STEM education. The majority of  prevalent. Indeed, the result is also consistent with what
these 100 most-cited empirical studies, in their focus on  we can learn from Table 4. Among the 14 journals speci-
multi- and interdisciplinary STEM education, reflects the  fying a single STEM discipline that published 38 of the
overall focus in STEM education, a trend consistent with  top 100 articles, seven journals focus on “science” that
what was learned from a previous review of journal pub-  published 27 of these 38 articles.

lications in STEM education (Li et al., 2020a).
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To examine possible trends over time, Fig. 5 shows the
distribution of these 100 articles across these two disci-
plinary content coverage categories over the years. For
each of the publishing years from 2005 to 2019, there
were always more high citation empirical publications
on multi- and interdisciplinary STEM education than
high citation publications focusing on a single discipline
of STEM. Moreover, there were no high citation pub-
lications on a single discipline of STEM before 2011 or
after 2017 that made the cut for inclusion in the top 100
list. These results suggest an overall trend of on-going
emphasis on multi- and interdisciplinary research in
STEM education, which can be further verified by what
we learned from the six recent publications in Table 5.

Research topics and methods

Table 6 presents the distribution of all 100 highly cited
publications classified in terms of the seven topic cat-
egories (TCs) over the years. Overall, all seven TCs have
publications that were on the top 100 high citation pub-
lication list. There were clearly the most publications on
TC6 (culture, social, and gender issues in STEM educa-
tion), followed by publications on TC4 (STEM learner,
learning, and learning environments at post-secondary
level). The large number of publications with high cita-
tions in these two categories suggest possible evolution of
research interests and topics in the field of STEM educa-
tion. Taking a closer look at the six recent publications in
Table 5, it is clear that culture, social, and gender issues

were the focus in these recent publications, with the
exception of one publication on assessment. This result
presents a picture that appears somewhat different from
what we learned from previous research reviews that did
not focus exclusively on high impact publications from
the WoS database (Li & Xiao, 2022; Li et al., 2020a).

Looking at the distribution of these publications
within each of the seven TCs, “culture, social, and gen-
der issues in STEM education” (TC6) is a topic area that
consistently has some highly cited research publications
in almost each of the publishing years. “STEM learner,
learning, and learning environments at post-second-
ary level” (TC4) also has some consistent and on-going
research interest with highly cited publications making
the list in most of these publishing years. In contrast,
publication distributions in the rest of the TCs did not
present clearly notable patterns over the years.

Figure 6 shows the number of publications dis-
tributed over the years by research methods in these
empirical studies. The use of quantitative methods (71)
is dominant overall and is especially prevalent among
these most-cited publications in the years from 2005
to 2019, a result consistent with what we learned from
a previous research review (Li et al., 2020a). Across
these three methodological classifications, qualita-
tive methods were used in 20 empirical studies, and
mixed methods were used in only 9 empirical studies.
Comparatively, there were many more articles pub-
lished between 2010 and 2016 that used quantitative
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Table 6 Frequencies of highly cited publications’research topic distributions over the years
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Fig. 6 Publication distribution in terms of research methods over the years. (Note: 1 = qualitative, 2 = quantitative, 3= mixed.)

methods than the other two methods. However, there
were somehow less dramatic differences in method use
among empirical studies published either before 2010
or after 2016. As the use of different methods can help
reveal ways of collecting and analyzing data to provide
empirical evidence, it would be interesting to learn
more about possible development and use of research
methods in STEM education in the future as a new
empirical research paradigm.

Corresponding author’s nationality/region and profession'
Examining the corresponding author’s nationality/
region helps reveal the international diversity in research
engagement and scholarly contribution to STEM

! Our analysis found that the vast majority (94%) of these top 100 articles had
the same researcher to serve as the first author and the corresponding author.
There are 10 articles that had more than one corresponding authors, and we
chose the first corresponding author as listed in our coding.
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education. Figure 7 indicates 87 highly cited publications
(87%, out of 100 publications) with the corresponding
author from the United States, followed by 6 publica-
tions (6%) contributed by researchers in the UK., and the
remaining 7 publications with the corresponding author
from seven other countries/regions (i.e., one publication
for each country/region). The results show some interna-
tional diversity in terms of the number of country/region
represented, but with a clear dominance of research con-
tributions from the West especially the United States.
The result echoes what we learned above about the cor-
responding author’s nationality/region for the top ten
most-cited articles (see Table 3).

Recent reviews of journal publications in IJ]STEM sug-
gest a trend of increasing diversity in research contribu-
tions from many more different countries/regions (Li,
2022; Li & Xiao, 2022). We would not be surprised if the
list of top 100 most-cited empirical research publications
contained more contributions from other countries/
regions in the future.

After coding the corresponding author’s profession in
these top 100 articles, we found that similar numbers
of publications had corresponding authors who were
researchers in education (49) and STEM+(51). This
result is consistent with what we learned from the cor-
responding authors’ profession distribution in recent
publications in IJSTEM (Li, 2022). The diversity in con-
tributing to STEM education scholarship from research-
ers with various disciplinary training is evident.

To examine possible trends in the corresponding
authors’ profession over time, Fig. 8 shows the dis-
tributions of these publications in the two profession
categories over the years. It is interesting to note that
researchers in education typically served as the cor-
responding authors for more articles published before
2014: 31 articles by researchers in education and 18 arti-
cles by researchers in STEM+for a total of 49 published
before 2014. However, a new trend has emerged since
2014, with many more researchers in STEM+serving as
the corresponding authors for these highly cited research
articles: 18 articles by researchers in education and 33
articles by researchers in STEM+for a total of 51 pub-
lished since 2014.

This trend is consistent with what we learned above
about the increased number of these publications in jour-
nals specified with STEM discipline(s) since 2014 (see
Figs. 3 and 4). We see an increasing number of research-
ers in STEM+fields contributing and publishing empiri-
cal research articles in many journals associated with
STEM discipline(s) since 2014, resulted in an increase in
citations from professional communities while further-
ing the development of STEM education scholarship. The
result is also consistent with what we learned from the
authorship development of publications in IJSTEM over
the years (Li & Xiao, 2022), an increasing trend of having
STEM education scholarship contributions from diverse
STEM+fields.



Li et al. International Journal of STEM Education (2022) 9:72

Page 150f 18

12

10

0_0_ & A

Education

2005 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

STEM+

Fig. 8 Distribution of publications by corresponding author’s profession over the years. (Note: 1 =education, 2=STEM+)

Publications by school level over the years

With an increasing trend of contributions from research-
ers in diverse STEM+fields, the identification of school
level can help reveal where these high impact research
publications focus on issues in STEM education. The
coding results show that the majority (63) of these 100
most-cited articles focused on issues at the postsecond-
ary level, 30 articles on issues at the K-12 school level,
and 7 articles in the category of “general”

Figure 9 presents the distributions of these highly
cited publications across these three school categories
over the years. It is interesting to note that high impact
publications on issues at the postsecondary level out-
numbered those in other two categories in almost every
of these publishing years. As educational issues in K-12
school level were typically attended to by researchers in
education, the increasing number of contributions from
researchers in diverse STEM+fields likely pushed the
number of citations on publications that fit their interests
more at the postsecondary level. The result is consistent
with a growing trend in IJSTEM publications on STEM
education at the post-secondary level revealed in a recent
review (Li & Xiao, 2022).

We also noticed that almost no articles in the category
of “general” before 2011 and after 2015 made to the list of
top 100 most-cited publications. This result suggests that
high impact empirical research in STEM education was
conducted more at the school level rather than on issues
across the boundary of K-12 school and college. With
an increasing number of publications in the “general”

category noted in recent review of IJSTEM publications
(Li & Xiao, 2022), it would be interesting to learn more
about cross-school boundary development of STEM
education scholarship in the future.

Concluding remarks
This systematic review of high impact empirical stud-
ies in STEM education explores the top 100 most-cited
research articles from the WoS database as published in
journals from 2000 to 2021. These articles were published
in a wide range of 45 reputable and well-established jour-
nals, typically with a long publishing history. These pub-
lications present an overall emphasis more on multi- and
interdisciplinary STEM education rather than a single
discipline of STEM, with an increasing trend of publish-
ing in journals whose title specified one or more STEM
discipline(s). Before 2014, 37% (18 out of 49) of these
most-cited articles were published in journals whose title
specified with a STEM discipline(s). In contrast, 59% (30
out of 51) articles were published in such journals since
2014, and even more so with 67% of the six articles pub-
lished in 2018 and 2019. This trend is further elevated
with two of those high impact articles recently published
in this journal, International Journal of STEM Education.
There appears a growing sense of developing disciplinary
content consciousness and identity in STEM education.
Consistent with our previous reviews (Li et al., 2019,
2020a), the vast majority of these highly cited STEM
research publications were contributed by authors from
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the West, especially the United States where STEM and
STEAM education originated. Although there were con-
tributions from eight other countries/regions in these top
100 publications, the diversity of international engage-
ment and contribution was limited. Our results also pro-
vide an explanation of what may become “hot” topics
among these highly cited articles. In particular, the topic
of “culture, social, and gender issues in STEM education”
is quite prevalent among those highly cited research pub-
lications, followed by the topic area of “STEM learner,
learning, and learning environments at post-secondary
level” In comparison, topics related to disciplinary con-
tent integration in STEM teaching and learning and
STEM teacher training have not yet emerged as “hot”
among these highly cited empirical studies. Given that an
increasing trend of diversity was noted from a review of
recent publications in IJSTEM (Li, 2022), we would not
be surprised if there will be more high impact research
publications contributed by researchers from many other
countries/regions on diverse topics in the future.

As STEM education does not have a long history,
there will be many challenges and opportunities for
new development in STEM education. One impor-
tant dimension is research method. Among the top
100 most-cited empirical studies, quantitative meth-
ods were used as the dominant approach, followed by
qualitative methods and then mixed methods. This is
not surprising as research in multidisciplinary STEM
education may require the use and analysis of data

across different disciplines, more frequently in large
quantitative data than in other data formats. However,
when research questions evolve in the future, it would
be interesting to learn more about method develop-
ment and use in STEM education as a new research
paradigm.

We started this review with the intention of gain-
ing insights into the development of STEM education
scholarship beyond what we learned about publication
growth in STEM education from prior reviews. Indeed,
this systematic review provided us with the opportu-
nity to learn about possible trends and gaps in different
aspects as discussed above. At the same time, we can
learn even more by making connections across these dif-
ferent aspects. One important question in STEM edu-
cation is to understand the nature of STEM education
scholarship and to find ways of developing STEM educa-
tion scholarship. However, STEM is not a discipline by
itself, which suggests possible fundamental differences
between STEM education scholarship and scholarship
typically defined and classified for a single discipline of
STEM. With the increasing participation and contribu-
tions from researchers in diverse STEM+fields as we
learned from this review, there is a good possibility that
the nature of STEM education scholarship will be col-
lectively formulated with numerous contributions from
diverse scholars. Continuing analyses of high impact
publications is an important and interesting topic that
can yield more insights in the years to come.
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