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Abstract

Learner emotions in collaborative learning have been actively researched. This pa-
per collected 1866 papers about learner emotions in collaborative learning contexts
from 2000 to 2023 and analysed them in terms of (1) research topics, (2) topics’
evolutional patterns, (3) contributing countries/regions/institutions, and (4) scien-
tific collaborations using topic modelling and bibliometrics. Our primary empha-
sis was on analysing article patterns, discerning the involvement of institutions,
countries, or regions, illustrating partnerships via social network visualization, and
uncovering significant themes and their developmental shifts via topic modelling
and statistical analysis. Results indicated a steady increase in articles focusing on
emotions in collaborative learning, attributed largely to the substantial input from
scholars based in the USA, the UK, and Australia, alongside a rising interest among
academics from Spain, China, as well as Taiwan, Province of China. Examination
of regional and institutional partnerships uncovered a tendency for closely located
institutions to engage in collaborative endeavours, particularly when sharing similar
research focuses. The analysis of topics highlighted that learners’ emotions in col-
laborative learning, particularly online/computer-supported collaborative learning in
various settings (e.g., science, teacher, healthcare, clinical education, and language
education) received increasing attention. Diverse applications (e.g., digital games,
Wiki, and digital learning platforms) have flourished into collaborative learning
activities to understand learners’ behaviour patterns and emotional dynamics. Based
on the results, a conceptual framework including seven key dimensions (i.e., con-
texts, emotional dimensions, collaborative methods and approaches, moderating
and mediating variables, outcomes, subject domains, and theoretical foundations)
was proposed to guide research on emotional experiences in collaborative learning.
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Introduction

Collaborative learning involves social interactions with a group of learners to acquire
knowledge and share experiences (Fernandez-Perez & Martin-Rojas, 2022) and is
popularly amalgamated by instructors into their instruction. Studies have reported
collaborative learning’s effectiveness in promoting students’ learning interests, criti-
cal thinking skills and academic outcomes, and enriching knowledge construction
and sharing (e.g., Haynes et al., 2023; Zou et al., 2023; Abdul Rabu et al., 2023).
Nevertheless, the extent to which learners can benefit from collaborative learning’s
social and cognitive advantages depends heavily on group interaction effectiveness
(StrauBl & Rummel, 2021). To measure the interaction effectiveness and enhance
learning effects, understanding learners’ emotions during collaboration is essential
(Jarvela et al., 2023). This is because learners involved in collaborative learning
activities encounter emotional challenges caused by individual differences and dys-
functional interaction processes (Zhang et al., 2021a, 2021b). Facing strong negative
emotions, individuals need to deal mentally with their emotions to retain motivation
and engagement (Ferreira et al., 2019). These motivational and emotional challenges
can cause frustration and move away from the group’s focus from on-task activities,
thus leading to ineffective collaborative learning. Emotion regulation is necessary for
group members to maintain a positive learning atmosphere (Jarvenoja et al., 2020)
to advance interaction, communication, and engagement in collaborative knowledge
construction. Hence, it is essential to understand members’ affective status and emo-
tional capacity during collaborations to monitor and control collaboration processes
and improve learning gains and achievements. Consequently, learner emotions in
collaborative learning are actively researched.

Scholars have investigated diverse facets of emotions in collaborative learning, for
example, students’ cognitive engagement in online discussions, students’ awareness
of socio-emotional skills, students’ emotional regulation, emotional connectivity, and
students’ emotional awareness (e.g., Rothstein et al., 2023; Térménen et al., 2023;
Rasi & Vuojarvi, 2018). Researchers have shown interest in exploring the causes
and influencing factors related to individual, contextual, and social learning that can
affect learners’ emotions during collaborative learning (e.g., Prestridge & Cox, 2023;
Schultz et al., 2023). For instance, collaboration dynamics (e.g., different commit-
ment and concentration levels or conflicting understanding of shared problem-solv-
ing) are found to produce negative emotions (Guo & Barmaki, 2020). Nevertheless,
more in-depth studies are essential to transform these understandings into practice
(Yadegaridehkordi et al., 2019). Additionally, we need more research-based evidence
for supporting motivation, promoting positive emotions, and simultaneously reduc-
ing negative emotions during collaborative learning based on an overview of extant
literature (Jarvenoja et al., 2020). However, limited reviews have synthesised prior
literature regarding learners’ emotions.

Existing reviews concentrated on specific contexts (e.g., nursing or programming
education), technologies (e.g., mobiles and cloud computing), analysis methodolo-
gies (e.g., social network analysis), or design and implementation characteristics of
collaborative learning (e.g., teacher guidance and group formation). According to
Hsu et al. (2012), this might lead to ignorance of many topics. Silva and Ferreira’s
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(2021) and Reis et al.’s (2018) reviews have the same research target (i.e., emo-
tions in collaborative learning) as ours; however, similarly to other reviews, they
adopted systematic analysis methodologies of a relatively small sample of articles
(i.e., 5-113). Thus, their results depended heavily on a predefined coding scheme
and coders’ expertise. Also, they focused on specific aspects (e.g., affects and socio-
emotional features). Thus, there are essential issues undiscovered, or at least not elab-
orated sufficiently. For example, what are the hotspots in the field? Computational
methods such as rigorous bibliometrics and topic modelling appear suitable to allow
large-scale articles to be analysed (Chen et al., 2024; Nguyen et al., 2023; Samsul et
al., 2023; Meng et al., 2024). Results from such analyses can lead to insights into the
academic foundation for new development evaluation, emerging research interests,
and obstacles and paths to be tackled to facilitate intelligent computer-supported col-
laborative learning (CSCL).

As research on emotions in collaborative learning are becoming increasingly
dynamic, it becomes important to review the extant studies to understand its current
status and development and pinpoint research directions, which is crucial to advance
the field’s development (Duan et al., 2020). To analyse research concerning collab-
orative learning with emotions being considered, bibliometrics and topic models are
suitable for identifying research gaps and directions in a research area (e.g., Chen et
al., 2023; Mertala et al., 2024; Han, 2020).

To that end, using bibliometrics and topic modelling, this study analyses scientific
literature on learner emotions in collaborative learning to recognize key research
topics and depict their evolutions. We additionally summarize the characteristics of
journals, regions, institutions, and international collaborations. The present work will
drive the comprehension of advancements in this domain and the pertinent research
and application trajectories. More specifically, the current investigation centres on
three key research questions (RQs):

RQ1  What were the main research topics?

RQ2  How did the research topics develop with time?

RQ3  What were the main findings (e.g., major journals, countries/regions, insti-
tutions) of the bibliometric analysis?

RQ4  What were the collaborations among countries, regions, and institutions?

Literature review

There are reviews regarding collaborative learning (see Table A in the Appendix) that
are categorised into overviews of collaborative learning, reviews focusing on specific
domains or technologies, analysis methodologies, collaborative learning characteris-
tics, and collaborative learner characteristics.

We identified an overview study on collaborative learning, which focused on
educational sectors and settings, learning activities, and collaboration mechanisms.
Manathunga and Hernandez-Leo (2015) identified the prevalence of “co-located
higher education settings using learning management systems”, “open and structured
discussion”, and “peer assessment and collaborative writing” as learning activities,
and group formation mechanisms to promote fruitful collaboration.
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Several reviews focused on nursing, medicine, programming, and language edu-
cation. Lerchenfeldt et al. (2019) systematically reviewed 31 studies about peer
feedback’s use in collaborative medical learning during 1997-2017, identifying prob-
lem- and team-based learning as prevalent settings where peer feedback was effective
in professionalism development assessment. Mannisto et al. (2020), Williamson et al.
(2020), and Zhang and Cui (2018) focused on collaborative nursing education. Spe-
cifically, Ménnist0 et al. reviewed five articles from 2003 to 2018, identifying digital
collaborative learning’s effectiveness in increasing students’ knowledge and nurs-
ing skills, collaborative skills, problem-solving skills, and learning satisfaction and
motivation. Williamson et al. synthesised 14 articles from 2008 to 2018 in terms of
study design, data sample, data acquisition, and outcomes to comprehend collabora-
tive strategies’ influence in nursing practice, while Zhang and Cui reviewed 29 arti-
cles from 1985 to 2017 to uncover implementation methodologies, effectiveness, and
influencing factors. Zhang and Cui found collaborative learning’s effectiveness in the
classroom and online instruction improves nursing and clinical knowledge and skills
and promotes group skills and self-confidence, learning engagement, and motivation.
Silva et al. (2020) and de Carvalho and de Magalhdes Netto (2020) concentrated
on programming education. Silva et al. reviewed 27 articles from 2015 to 2020 to
understand collaborative resources, outcomes, and structure, finding the prevalence
of collaborative programming editor resources and pair programming and a wide
concern for learning outcomes and perception. de Carvalho and de Magalhdes Netto
reviewed 22 articles regarding robotics and programming education between 2014
and 2018 to understand collaborative activities, technological resources, degrees and
modalities, and pedagogical concepts. de Carvalho and de Magalhdes Netto identi-
fied prevalent topics, including Java and C language pair-programming activities,
artificial intelligence (Al), higher education, problem-based learning, and construc-
tivist theory. Zhang et al. (2021a, 2021b) focused on language education. By review-
ing 113 articles about computer-assisted collaborative writing from 1998 to 2020
regarding study contexts and setup features, methodological design, and theories,
Zhang et al. reported a common use of meaning-focused writing tasks and language
learners’ limited attention to form.

Several reviews focused on specific technologies and analysis methodologies. Fu
and Hwang (2018) reviewed 90 articles about mobile-enhanced collaborative learn-
ing from 2007 to 2016 regarding research methodologies, devices and settings, learn-
ers, research issues, applications, grouping approaches and collaborative strategies.
Fu and Hwang emphasised college students’ performance while less on higher-order
skills in social science education supported by collaborative learning activities. By
reviewing 29 articles regarding cloud computing’s use in blended collaborative learn-
ing from 2006 to 2017, Al-Samarraie and Saeed (2018) revealed their usefulness in
supporting sharing, editing, communication and discussion in collaborations. Dado
and Bodemer (2017) systematically reviewed 89 articles about social network analy-
sis used in CSCL from 1999 to 2017, finding the prevalence of one-mode networks
of students linked by communication-oriented relationships.

There are reviews focusing on collaborative learning characteristics. Noroozi et al.
(2012) reviewed 108 articles about argumentation-based CSCL from 1995 to 2011
regarding learner characteristics and learning environments, processes, and out-
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comes, highlighting the prevalence of arguing, critical thinking and reasoning. van
Leeuwen and Janssen (2019) focused on understanding instructor guidance’s impact
on learner collaboration and learning outcomes. A systematic review of 66 relevant
articles till 2018 confirmed the significance of instructors’ emphasis on learners’
problem-solving strategies and their support for learners’ collaboration processes.
By reviewing 78 articles focusing on temporal facets of CSCL from 2003 to 2019,
Lamsd et al. (2021) identified major steps for CSCL temporal analysis, for example,
theoretically framed research questions development, process data collection, tempo-
ral analysis methodology determination, and result interpretation based on triangula-
tion approaches. Magqtary et al. (2019) analysed 30 articles between 2005 and 2015
to comprehend group formation attributes and techniques in CSCL.

Additionally, there are reviews focusing on learner characteristics. Mende et al.
(2021) systematically synthesised 20 articles regarding individuals’ preparation for
collaborative learning from 1987 to 2017. According to Mende et al., individual prep-
aration had different impacts on retrieval, inferencing, and referencing. Also, genera-
tive preparation tasks with support for students’ cognitive group awareness enhanced
individual preparation for collaboration. Silva and Ferreira (2021) and Reis et al.
(2018) addressed learner emotions in CSCL. Silva and Ferreira reviewed 70 articles
addressing emotional aspects of productive dialogues in CSCL from 1989 to 2020,
finding neglect regarding emotional dimensions such as empathy in CSCL and the
negative impact of negative emotions on motivations. Reis et al. reviewed 58 articles
till 2018 to detect, evaluate and classify literature concerning affective states and
socio-emotional factors in CSCL, discovering a wide concern of “emotional aware-
ness” and “interaction among students” measured by questionnaires.

Data and methodologies

Figure 1 is a flowchart of data acquisition and analyses. The flowchart has three sub-
processes: data collection, data screening, and data analysis, which are elaborated
upon in the following subsections. Specifically, Sect. 3.1 details the procedures for
dataset collection and the criteria used to screen articles related to learner emotions in
the context of collaborative learning. Section 3.2 explains the data analysis methods,
including topic modelling and trend analysis, which were employed to address RQs
1 and 2 concerning main research topics and their temporal development. Section 3.3
describes the analyses of performance and collaboration, conducted to answer RQs
3 and 4 that pertain to the most influential journals, countries or regions, and institu-
tions, as well as patterns of research collaboration.

Data collection and filtering

The research articles concerning learner emotions in collaborative learning were
acquired in the Web of Science (WoS) by means of a pre-defined query: “TS =
((“affect” OR “feeling” OR “mood” OR “anxiety” OR “attitude” OR “enjoyment”
OR “frustration” OR “joy” OR “satisfaction” OR “engagement” OR “‘self-regula-
tion”) AND (CSCL OR “collaborat*” OR “cooperat*”’) AND (learn*))”. We only
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Index="SCI & SSCI’AND

£ Time span=2000-2023" Trend analysis of annual
] AND Article 1ype:‘An_1cle’ Data collection and number of articles
% AND Language="English’ .
£ (N=5,799) Screening
=
Identifying top journals,
| countries/regions, and
Manual screening and institutions
filtering 3,933 articles were excluded: 1) not
o related to collaborative learning, 2)
'E without mention of emotions, 3) Visualization of the
E emotion-related issues are not a focus scientific collaboration
@n or outcome measure of research, or 4)
not an empirical study
X ) Topic identification,
!,866 fartlclcs were included: 1) prevalence and trend
inclusion of outcome measures
= . . related to emotions such as attitude,
= Articles l?CIUdEd for data anxiety, and satisfaction in Data analysis: bibliometric
= analysis (N=1,866 ) . . .. .
S collaborative learning, and 2) indicators, social network
- inclusion of emotion-related factors analysis, topic modeling, and
in the study of collaborative learning Mann-Kendall trend test
Fig. 1 Data acquisition and analysis
Table 1 Screening criteria Criteria IE Descriptions
Inclusion 11 Inclusion of outcome measures associated
criteria with emotions such as attitude, anxiety,
and satisfaction in collaborative learning
12 Inclusion of emotion-related factors in
collaborative learning
Exclusion El Not related to collaborative learning
criteria E2 Without mention of emotions
E3 Emotion-related issues are not a focus or

outcome measure of research
E4 Not an empirical study

included publications that were: (1) research articles, (2) written in English, (3) pub-
lished during 2000-2023, and (4) with Science Citation Index Expanded or Social
Sciences Citation Index. Accordingly, 5799 articles were downloaded along with
their bibliographic and citation information.

Two researchers conducted data filtering to guarantee its reliability following the
criteria in Table 1. Specifically, they first assessed 200 articles apiece, leading to an
inter-rater reliability of 96%. When inconsistencies occurred, they reached a consen-
sus via discussion. They subsequently filtered the remaining articles. In total, 1,866
articles were labelled as relevant. Figure 2 displays the annual number of articles,
which indicates a general growing tendency. Beginning with just six articles in 2000,
the number gradually grew over the years, with spikes in some periods, such as from
2009 to 2013 and again from 2015 to 2022. The most significant growth occurred
between 2019 and 2022, where the number of articles nearly doubled, showcasing a
burgeoning interest in understanding the emotional aspects of collaborative learning.
This steady rise suggests emotions’ significance in educational contexts and under-
scores the ongoing efforts to explore their dynamics and implications within collab-

@ Springer



Journal of Computers in Education

270 261

240

213
210

180 168
Tel 154

150
128

119

120

92

90 82

60 53

30

0

Fig.2 Trends of articles

orative educational settings. Overall, research on emotions in collaborative learning
has attracted growing attention in academia, indicating sustained interest and invest-
ment in this field of study.

Topic modelling and trend analysis

Topic modelling is utilized to discern the underlying themes within documents and to
understand topics across them. This modelling technique operates on the assumption
that a corpus of documents encompasses multiple topics. A topic is characterized by
a frequency distribution of words across a predefined vocabulary ( ¢ ;), and a word
in a document (wgy,) is selected from the vocabularies associated with the topics. The
topics adhere to the distribution 6 4. The topic model follows a generative process
consisting of two steps:
Step 1. Fora topic k=1, ..., K.

(a) Produce a word distribution ¢ ;, ~ Dirichlet (/3).
Step 2. For a document d =1, ..., D.

(a) Produce a topic distribution 6 4 ~ Dirichlet (o).
(b) Forword n=1,...,N.

(1) Produce a topic zg, ~ Multinominal (0 4).
(ii) Produce a word wg,, ~ Multinominal (¢ z4y).
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The mechanism of structural topic modelling (STM) mirrors that of Latent Dirichlet
Allocation (LDA) (Roberts et al., 2014). However, STM (Fig. 3) diverges from LDA
in that it incorporates prior structural details derived from generalized linear models
with document-specific covariates, denoted as X and U, serving as parameters. Our
implementation of STM was performed utilizing the R package stm (Roberts et al.,
2019).

In this study, the primary materials for topic modelling were titles and abstracts.
The procedure of topic modelling and trend analysis included the following steps.
First, terms were extracted from titles and abstracts. Second, pre-processing was
executed, including stop word removal, similar term consolidation, and term conver-
sion into singular form and lowercase. Third, term frequency-inverse document fre-
quencies (TF-IDF) filtered out less important terms based on a TF-IDF value>0.05.
Fourth, topic modelling was performed to run 26 models with the range of topics
varying from five to thirty, computing each model’s semantic coherence and exclu-
sivity. According to Fig. 4, the model including 15 topics with better scores for both
semantic coherence and exclusivity outperformed others and was thus used for iden-
tifying topics covered within the 1,866 articles.

We then performed the following analyses, including topic interpretations, propor-
tions, annual distributions, and topical distributions of top countries/regions/institu-
tions. Firstly, two researchers translated the statistical results into labels for the 15
topics based on three stages: interpreting representative terms’ semantic meanings,
examining representative studies, and comparing labels to reach an agreement (Chen
et al., 2020).

Take the topic of technology acceptance as an example. Two researchers observed

LRI CEINT3

that most of the representative terms, for example, “ease”, “technology”, “intention”,
“usage”, “usefulness”, and “acceptance” were associated with technology accep-
tance. They went on to examine the three most representative studies. Padilla-Melén-
dez et al. (2008) employed a modified technology acceptance model (TAM) through
structural equation modelling to elucidate perceived self-efficacy’s impact on the
inclination to utilize Internet-powered online collaboration tools. Sarwar et al. (2019)
investigated the perception and adoption of social media in collaborative learning

and learner performance, integrating TAM and constructivism theory. Al-Rahmi et

O

o)) (@
N

covariates ~document-topic word-topic | ovariates
distribution distribution

K

D

Topic Prevalence Language Model Topic Content

Fig. 3 A graphic model of STM
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al. (2020) devised a questionnaire with the guidance of both TAM and constructivism
theory. In alignment with the examination results, the two researchers labelled the
topic as technology acceptance. Labels for other topics were determined based on the
same examination procedure.

We then calculated topics’ proportions based on 6 matrix, in which
0 (1=1,2,...,1866,7 = 1,2,...15) indicates the likelihood of paper ¢ being
linked to topic j. We investigated each topic’s tendencies based on the Mann-Kendall
statistical test (Mann, 1945). In this study, p-value correction methods (e.g., Holm’s
correction) were not applied, as the analysis of topic trends using the Mann-Kendall
test was exploratory in nature. The primary objective was to identify general devel-
opmental patterns among the topics generated through topic modelling, rather than to
test predetermined hypotheses.

Performance and collaboration analysis

Performance analysis included analysis of articles and the identification of top jour-
nals/countries/regions/institutions. First, article count was used to assess the influence
of the publications. In addition, the scientific collaboration analysis was conducted
using social network analysis by using Gephi (Bastian et al., 2009) to picture the col-
laborations between institutions/countries/regions.
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Results

The results of the data analysis are illustrated in this section. Specifically, Subsection
4.1 outlines the major research topics identified through topic modelling, highlight-
ing the predominant research issues in the field of learner emotions in collaborative
learning. Subsection 4.2 presents the results of the trend analysis, demonstrating how
key research topics have evolved over time. Subsection 4.3 reports the findings of the
performance analysis, focusing on leading journals, countries/regions, and institu-
tions. Subsection 4.4 summarizes the main findings related to collaboration patterns
in the field, including institutional partnerships and regional cooperation.

Key research topics

Topic modelling analysis shows the four most-discussed topics: Digital learning plat-
forms (9.44%), Professional development of teachers (9.37%), Game-based learning
(7.72%), and Interdisciplinary clinical practices (7.30%) (see Fig. 5). Seven topics
have a proportion of above 6%, including Interactive science learning in diverse set-
tings (6.90%), Creative interactions in education and society (6.80%), Multifaceted

(5.12%;3 1) (4.25%; 1) (9.44%: 1)
Emotional, cognitive, Collaborative Digital learning
and social facets of learning methods platforms

(9-37%5 11)

Professional
evelopment of teachers
(7.72%; |)
Game-based learning

learning and regulation
(7.30% 1)
Interdisciplinary

(5.50%: 1)
Technology acceptance
(5.72%; 111)
CSCL during the
pandemic
(6.03%; |)
Wiki-based learning
(6.09%;3 1)
Multilingual education R -
and TELL clinical practices
(6.90%; |)
(6.49%; 1) e
Education for learning in diverse
sustainable
development (6.80%: 1)
(6.60%; 1) Creative interactions in

Interactive science
settings
Educational methods E 5
and academic metrics siseronAndwciety

(6.68% |)
Multifaceted aspects of
healthcare and
collaboration

Fig. 5 Topics with proportions (Note. Arrows indicate the direction and statistical significance of the
trend for each topic based on the Mann-Kendall test. 1 or | represent an increasing or decreasing trend
that is not statistically significant (p>0.05); 11 or || indicate a statistically significant increasing or
decreasing trend at the p<0.05 level; 111 or ||| denote significance at the p<0.01 level; and 1111 or
111 represent a highly significant trend at the p<0.001 level)
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aspects of healthcare and collaboration (6.68%), Educational methods and academic
metrics (6.60%), Education for sustainable development (6.49%), Multilingual edu-
cation and TELL (technology-enhanced language learning) (6.09%), and Wiki-based
learning (6.03%). In addition, there are four topics that have received less atten-
tion compared to the above topics. These four topics are CSCL during the pandemic
(5.72%), Technology acceptance (5.50%), Emotional, cognitive, and social facets of
learning and regulation (5.12%), and Collaborative learning methods (4.25%). These
14 topics show depict the general and broad interests of researchers focusing on
learner emotions in collaborative learning from 2000 to 2023.

Topic evolution

The trend test indicates three topics, Digital learning platforms, Professional devel-
opment of teachers, and CSCL during the pandemic, experiencing a significant
increasing tendency. Figure 6 shows how these topics are distributed across the study
period—for example, Wiki-based learning was primarily researched from 2003 to
2009. Game-based learning and Interactive science learning in diverse settings were

Multifaceted aspects of

healthcare and collaboration Collaborative learning methods Digital learning platforms
. - . B
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0.10- =« g e m LT 0.10- () T
e Tt 003 °. : T QI
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Fig. 6 Yearly distribution of topics and developmental patterns
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primarily researched from 2000 to 2005. CSCL during the pandemic has become a
research hotspot since 2008.

Main findings concerning performance analysis

The publication of 1866 articles across 475 journals (see Fig. 7) highlights the inter-
disciplinary nature of research on learner emotions in collaborative learning, with a
significant emphasis on periodicals bridging computer science and education. Jour-
nals like Computers & Education, Education and Information Technologies, British
Journal of Educational Technology, Interactive Learning Environment, and Austral-
asian Journal of Educational Technology highlight the significance of leveraging
novel technologies from computer science to understand and facilitate collabora-
tive learning experiences. Additionally, the presence of articles in subject-specific
journals such as BMC Medical Education, Journal of Chemical Education, Nurse
Education Today, and International Journal of Engineering Education demonstrates
the broad applicability and relevance of studying emotions in collaborative learning
across diverse domains, indicating a rich landscape for interdisciplinary research and
application.

Research on learner emotions in collaborative learning is conducted worldwide.
When looking through a country/region-based lens (see Fig. 8), the growth in articles
is attributable to the considerable contributions of researchers from the USA (with
605 articles), UK (with 195 articles), and Australia (with 154 articles), as well as
the increased interest among scholars affiliated with non-English-speaking regional
institutions (e.g., Spain, China, the Netherlands). In terms of institutions (see Fig. 9),
the University of Washington emerges as the leading contributor with 25 articles,
followed closely by the University of Hong Kong, Indiana University Bloomington,
and Beijing Normal University, each with 23 articles. These findings highlight the
global interest and engagement in studying the emotional dynamics of collabora-
tive learning. Additionally, institutions such as the University of Oulu, National Tai-
wan Normal University, Michigan State University, and the Education University of
Hong Kong also make substantial contributions to the field, underscoring the varied

€ s & Ed i 94
BMC Mcdical Ed i 56
Education and Information Technologi 50
British Journal of E i Technology 42
Interactive Learning Envir 39
Journal of Chemical Ed i 35
Australasian Journal of Ed ional Technology 35

Nurse Education Today |E——— 33
Educational Technology & Socicty |E—— 32
International Journal of Engineering Education |IE——————— 29
Computers in Human Behavior | 28
Journal of Computer Assisted Learning | 26
Educational Technology Research and Development |IE—————— 25

International Journal of Computer-Supported Collaborative Learning |IEmm—————" 24

Fig. 7 Top journals
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Fig.9 Top institutions

academic institutions engaged in promoting the understanding of the intersection
between emotions and collaborative learning processes.

Main findings concerning collaboration analysis
In our analysis, scientific collaboration between countries or institutions was defined
based on co-authorship involving affiliations from different countries or institutions,

following the definition proposed by Sonnenwald (2007). Specifically, if a publica-
tion included authors affiliated with multiple countries or institutions, each unique
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pair of affiliations was considered a single instance of collaboration. For example,
consider an article with five authors (A1, A2, A3, A4, AS) affiliated with countries
Cl1, C2, C2, C3, and C4, respectively. This article would be treated as evidence of
collaborative links between each unique country pair: C1-C2, C1-C3, C1-C4, C2—
C3, C2-C4, and C3—C4. Thus, it would contribute six instances (or “collaborative
links”) to the country-level collaboration network. The same principle was applied at
the institutional level.

This approach enabled us to quantify the frequency of co-occurrence of coun-
tries or institutions in multi-authored publications, which we refer to as collaborative
frequency. More precisely, in this study, collaborative frequency denotes the num-
ber of times two distinct countries (or institutions) appear together as affiliations
in co-authored scholarly articles. Each unique co-affiliation pair in a publication is
counted as one collaboration instance, and the total number of such instances across
all articles represents the collaboration frequency between the two entities.

Table 2 summarizes the collaborative partners and their corresponding collabora-
tive frequencies for both country-level and institutional-level collaborations, consid-
ering only those with a minimum frequency of 5 and 3, respectively.

Figure 10 illustrates the partnerships between nations/regions, with collaborative
occurrences between 5 and 24. Four partners have collaborated in the number of
articles ranging from 13 to 24, including (1) the USA and Canada, (2) the USA and
China, (3) the USA and the UK, and (4) the USA and Australia. Looking at the col-
laborations with frequency ranging from 11 to 12, there are 4 partners, including (1)
the USA and South Korea, (2) China and Taiwan, Province of China, (3) China and
Hong Kong, China, as well as (4) Australia and the UK. There are 4 partners having
a collaborative frequency ranging from 6 to 8, including (1) Canada and Australia,
(2) the USA and Israel, (3) the USA and Hong Kong, China, as well as (4) Ireland
and the UK. Looking at the collaborations with frequency OF 5, there are 5 partners,
including (1) Australia and Finland, (2) Netherlands and the UK, (3) the UK and
South Africa, (4) Macao and China, as well as (5) the USA and Thailand.

Figure 11 shows collaborations among institutions, demonstrating collabora-
tive occurrences ranging from 3 to 4. Four partners have collaborated on 4 articles,
including (1) National Central University and Yuan Ze University, (2) Open Uni-
versity of the Netherlands and University of Utrecht, (3) Beijing Normal University
and Beijing University of Posts and Telecommunications, and (4) Mississippi State
University and University of Macau. Additionally, institutions’ collaborations within
the same countries or regions appear to be tight, evident from numerous collaborative
alliances such as (1) University of Melbourne and Monash University, (2) University
of Western Australia and Edith Cowan University, (3) Michigan State University and
University of Michigan, (4) Harvard Medical School and Brigham and Women’s
Hospital.
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Table 2 Regional and institutional collaborations with a minimal collaborative frequency of 5 and 3,

respectively

Types

Collaborative partners

Collab-
orative
frequency

Regional
collabora-
tive partners

Institutional
collabora-
tive partners

Canada—USA

China-USA

UK-USA

Australia—USA

Australia—UK

Taiwan, Province of China—China
Hong Kong—China

South Korea—USA

Isracl-USA

Taiwan, Province of China—USA
Ireland—-UK

Canada—Australia

South Africa—UK

Thailand-USA

Macao—China

Netherlands—UK
Finland—Australia

Yuan Ze University—National Central University

Beijing University of Posts and Telecommunications—Beijing Normal
University

Mississippi State University—University of Macau

University of Utrecht—Open University of the Netherlands
University of North Carolina at Charlotte—Old Dominion University
Brigham and Women’s Hospital-Harvard Medical School

Wenzhou University—National Taiwan University of Science and Technology

Peking University—Beijing Normal University

King Mongkut’s University of Technology Thonburi—Pennsylvania State
University

Simon Fraser University—University of Victoria

University of Groningen—Maastricht University

University of Groningen—Leiden University

University of Western Australia—Edith Cowan University
Rutgers University—Indiana University Bloomington
University of Melbourne-Monash University

Chinese University of Hong Kong—University of Hong Kong
University of Michigan—-Michigan State University

National Taiwan University of Science and Technology—National Taiwan
Normal University

Education University of Hong Kong—University of Hong Kong

24
19
13
13
11
11
11

—
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Fig. 10 Collaborations among countries/regions

Discussion

The present work provided an overview of research on emotions in collaborative
learning contexts by employing topic modelling and bibliometric analysis. The focus
was on examining research topics and their evolution, identifying leading journals,
countries/regions, and institutions, as well as exploring patterns of academic collabo-
ration. This section discusses the results derived from the data analyses. Specifically,
Sect. 5.1 summarizes the key findings in relation to the four RQs posed. Section 5.2
compares the findings of the current work with those of prior literature reviews, high-
lighting similarities and differences, and demonstrating how this study offers new
insights or updates to the extant body of knowledge. The practical implications of
the findings for teaching and learning are presented in Sect. 5.3, along with proposed
avenues for future research based on identified gaps and emerging trends. Section 5.4
introduces a conceptual framework developed from the research findings, aimed at
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guiding future studies. Finally, Sect. 5.5 acknowledges the limitations of the current
review and suggests directions for future work to build upon its findings and address
its constraints.

In response to RQs

The present bibliometric study, enhanced by topic modelling, explores contribu-
tors, collaborations, and research themes related to learner emotions in collaborative
learning contexts. From Fig. 2, there are three waves of research: before 2008, during
2009-2014 and from 2015 onwards, driven by a growing interest in understanding
emotions in educational contexts and increased efforts to explore their dynamics and
implications within collaborative educational settings.

The findings from STM address RQ1 by uncovering common issues that surfaced
consistently during the review period, for example, collaborative learning instruction
integrated with varied technologies and applications, especially wikis, digital games,
and digital learning platforms. All these aid in achieving various educational objec-
tives, including gaining subject expertise and competencies related to, for exam-
ple, language and multilingual, teaching, healthcare, science, and interdisciplinary
clinical, particularly through the implementation of creative teaching methods (e.g.,
CSCL, game-based learning and interactive learning). The top popular issues related
to learner emotions are found in digital collaborative learning platforms and game-
based collaborative learning contexts, as well as during collaborative practices for the
professional development of teachers. We also revealed a wide concern for learner
emotions during CSCL in different domains (e.g., teacher, multilingual, language,
sustainable, science, healthcare education, and interdisciplinary clinical practices).
We additionally identified attention for learners’ emotional, cognitive, and social fac-
ets of regulated learning and in CSCL during the pandemic.

The results of the topic analyses, particularly the trend examination, address RQ2
by demonstrating a heightened level of interest in digital education platforms, teacher
professional training, and CSCL during the pandemic between 2000 and 2023. On
the contrary, issues related to game-based learning, science learning, healthcare edu-
cation, and wiki-based learning have gradually become less popular in the studied
period. Comparatively, researchers have devoted efforts to developing collaborative
learning methods and academic metrics to promote and measure learners’ emotion,
cognition, social, and creative skills as well as perceived technology acceptance in
diverse CSCL contexts such as interdisciplinary clinical practices, sustainable devel-
opment education, multilingual education and TELL in recent years.

In response to RQ3, current research on learner emotions in collaborative learning
is scattered across various sources. However, as depicted in Fig. 7, out of 548 papers
published across the top 14 sources, approximately 45% were found in just four jour-
nals: Computers & Education, BMC Medical Education, Education and Informa-
tion Technologies, and British Journal of Educational Technology. The remaining
journals had fewer than 40 papers each. Therefore, we advocate for the initiation
of special issues dedicated to learner emotions in collaborative learning contexts to
stimulate increased academic productivity in this area.

@ Springer



Journal of Computers in Education

In the country and region analyses (Fig. 8), the noteworthy growth of the number
of studies is due to substantial contributions from the USA, UK, Australia, Spain,
and various Asian countries/regions, for instance, China and South Korea. Affilia-
tion analysis further indicates substantial contributions from institutions in the USA
and Asia. Affiliations, e.g., University of Washington and University of Hong Kong,
play pivotal roles in studying learner emotions in collaborative learning contexts, as
illustrated in Fig. 9.

In addressing RQ4, as indicated by Fig. 10, countries/regions exhibiting heightened
international collaborations experienced notable growth, exemplified by the USA,
the UK, Australia, and China, all of which rank prominently in terms of productivity
according to Fig. 8. This underscores the significance of international collaborations
within the research realm of learner-related emotions in collaborative learning con-
texts. Figures 10 and 11 also indicate that countries, regions, or affiliations within the
same geographic arcas demonstrate a greater propensity for research collaboration.
This is because of the ease and convenience of communication. Nevertheless, there
is a need to increase cross-regional collaborations to effectively address challenges
as the field of learner-related emotions in collaborative learning progresses (Guerrero
Bote et al., 2013).

Compared to previous reviews

The present work investigated the thematic structure of research concerning emotions
in collaborative learning through bibliometrics and STM. Based on 1866 research
articles, we uncovered major research concerns and their developmental tenden-
cies. Besides identifying the prevalence of collaborative learning in higher education
(Manathunga & Hernandez-Leo, 2015; de Carvalho & de Magalhdes Netto, 2020;
Fu & Hwang, 2018), we also highlighted concern about emotions during collabora-
tive learning in teacher training. Such a result contradicts Fu and Hwang’s (2018)
findings of little research on teachers and adults. In addition to identifying nursing,
clinical, science, and language education (Zhang et al., 2021a, 2021b; Méannisto et
al., 2020; Zhang & Cui, 2018; Fu & Hwang, 2018), we further identified interprofes-
sional education. Besides the prevalence of problem-based collaborative learning and
its effectiveness in promoting problem-solving skills highlighted in several reviews
(Lerchenfeldt et al., 2019; de Carvalho & de Magalhdes Netto, 2020; Mannisto et
al., 2020; van Leeuwen & Janssen, 2019), we demonstrated collaborative learning’s
effectiveness for developing creative thinking abilities. We also identified a wide
range of applications, for example, wikis, digital learning platforms, and digital
games. Similar to Lerchenfeldt et al. (2019)d nnist6 et al. (2020), our study identi-
fied collaborative learning’s prevalence for promoting students’ knowledge and skills
such as clinical competency, collaborative skills, and professional development.

Pedagogical implications and future directions
Drawing upon the findings of this comprehensive bibliometric and topic modelling

analysis, we provide pedagogical implications and suggest future directions in the
domain of learner emotions in collaborative learning contexts.
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Firstly, educators and policymakers can utilize the identified major research top-
ics, such as digital learning platforms and professional development of teachers, to
inform curriculum design and pedagogical practices, thereby fostering more emo-
tionally supportive and effective collaborative learning environments. For example,
language instructors could adopt wikis to engage learners in collaborative writing
activities. A special focus could be the provision of procedural and collective scaf-
foldings, such as self-evaluation approaches like self-assessment questionnaires and
focus-group interviews, to promote learners’ self-regulation and support for goal set-
tings to promote and sustain learner engagement. Another application that instructors
can exploit is collaborative games, which, by providing reciprocal interaction, can
improve learner enthusiasm, enjoyment and curiosity, involvement in learning. How-
ever, instructors should integrate competition into collaborative educational games
to effectively enhance learners’ motivation and performance by considering collab-
orative games’ problems like free-rider issues, responsibility diffusion, and negative
groupthink effects. Future research should delve deeper into emerging topics like col-
laborative learning methods and academic metrics, ensuring a holistic understanding
of the emotional dynamics within collaborative settings.

Effective as the technologies mentioned above produce positive emotions such
as engagement and enjoyment to support collaborative learning, instructors need
to provide timely and adaptive support to promote socially shared regulation (Tang
et al., 2023; Yildiz Durak & Atman Uslu, 2023). To achieve this, instructors can
apply multimodal and process-oriented approaches based on motivational and emo-
tional process data simultaneously collected by physiological devices to constantly
understand learner motivation and emotion regulation (Zhang & Yu, 2024; Jarveld
et al., 2023). However, interdisciplinary efforts are required to fully exploit the col-
lected multimodal data’s potential for supporting learners’ emotion regulation and
motivation during collaboration. Thus, it is suggested that international collabora-
tions are significant for cross-cultural perspectives in advancing the field. Educators
and researchers alike are encouraged to foster partnerships across regions to enrich
the diversity of insights and approaches, ultimately enhancing the global impact of
research on learner emotions in collaborative learning. This means that instructors
need to collaborate with data scientists to derive important insight into smart and
meaningful collaborations and interactions from the unobtrusive multimodal data
channels by using advanced analytical technologies.

The evolving trends highlighted in this study underscore the importance of stay-
ing abreast of technological advancements and adapting instructional strategies to
satisfy learners’ changing requirements (ElSayary, 2024). Drawing upon the latest Al
trends and technologies, future studies on learner emotions in collaborative learning
contexts can be further enhanced by considering the following aspects. Firstly, lever-
aging Al-powered sentiment analysis and emotion recognition systems can provide
real-time feedback to educators (Ahmad et al., 2023), enabling them to tailor inter-
ventions and instructional strategies based on students’ emotional states during col-
laborative learning activities. This personalized method can foster more supportive
learning environments and promote emotional well-being and engagement among
students. Examples include neural network-based affective computing for emotion
detection and prediction, advanced SEM coupled with visualisation technologies to
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analyse and visualise emotions’ relationships with learner outcomes and collabora-
tive learning conditions, and collaborative filtering to offer personalised and real-time
feedback according to both personal and group characteristics. The adaptive feed-
back about students’ actual functioning in the group and their personality characteris-
tics, such as attachment orientations, are helpful for instructors to effectively provide
guidance to deal with students’ group-related difficulties. To effectively deal with
group-related difficulties, instructors should carefully design effective approaches for
group formation, an example of which is the use of genetic algorithms to consider
the heterogeneity of individuals’ knowledge levels and the homogeneity of group
interactions.

Additionally, progress in natural language processing and machine learning can
facilitate more nuanced analyses of textual data from collaborative learning plat-
forms (Tan et al., 2022; Jim et al., 2024), uncovering subtle emotional nuances and
patterns that may elude traditional methods. Future research directions could explore
the integration of Al-driven chatbots or virtual agents into collaborative learning
environments, providing on-demand emotional support and guidance to learners
when they engage in complicated learning tasks.

Moreover, considering the growing importance of interdisciplinary collaboration,
future studies could leverage Al-driven recommendation systems to facilitate knowl-
edge exchange and collaboration among researchers from diverse domains (Musick
et al., 2023), accelerating the development of innovative pedagogical approaches and
interventions informed by insights from cognitive science, affective computing, and
educational psychology. Embracing these cutting-edge Al technologies and interdis-
ciplinary collaborations holds immense promise for advancing our understanding of
learner emotions and enriching the pedagogical practices in collaborative learning
contexts, ultimately empowering educators to cultivate emotionally supportive and
inclusive learning environments to support learners’ holistic development and aca-
demic success.

Conceptual framework for research on emotions in collaborative learning

By examining and interpreting the top representative studies of each research topic
identified from the topic modelling results, this study developed a conceptual frame-
work (see Fig. 12) including seven key dimensions (i.e., contexts, emotional dimen-
sions, collaborative methods and approaches, moderating and mediating variables,
outcomes, subject domains, and theoretical foundations) to be considered in research
on emotional experiences in collaboration.

First, the contexts in which collaborative learning occurs shape learners’ emo-
tional experiences in the increasingly prevalent include digital learning platforms,
hybrid models, and interdisciplinary approaches identified in the topic modelling,
especially during the pandemic where the transition to remote and online education
brought forth unique emotional challenges (e.g., feelings of isolation, disengage-
ment, and frustration) (Bergdahl, 2022). Research can thus investigate how emotions
such as stress, anxiety, and motivation are influenced by digital and hybrid learning
settings and how they impact learner engagement and emotional responses compared
to traditional classrooms. In addition, as interdisciplinary approaches to collaboration
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Fig. 12 Conceptual framework for research on emotions in collaborative learning

could trigger social emotions (e.g., trust, respect, or frustration) due to group mem-
bers from diverse academic backgrounds (Maloney et al., 2022), researchers could
explore how diverse groupings affect emotions and group collaboration performance.

Second, learner emotions, as a central role in collaborative learning, influence not
only motivation but also the social and relational dynamics within a group (S. E. Tan
& Jung, 2024). Motivational emotions such as excitement and joy are often observed
when students are enthusiastic about their tasks, particularly in game-based learning
or interactive science learning identified in the results to enhance collaboration and
lead to improved academic outcomes. Nevertheless, negative emotions like anxiety
and stress often emerge when learners feel overwhelmed by the complexity of tasks
or when technological issues arise in digital platforms (Marsh et al., 2022). Thus,
attention should be paid to how emotion regulation strategies (e.g., mindfulness, sup-
port systems, or cognitive reframing) can be employed to manage negative emotions
and enhance collaborative outcomes.

Third, the methods and structures of collaborative learning such as wiki-based
learning or peer learning identified in this study can promote both social (e.g., trust
and empathy) and negative (e.g., conflict or misunderstanding) emotions. Emotions
related to group composition, such as cultural differences or diverse skill levels, also
have a profound effect on how learners collaborate and how emotionally engaged
they feel (Manty et al., 2020). It is thus essential to explore how group composition
(e.g., gender, cultural background, or prior knowledge) affects learners’ emotional
experiences. Additionally, the role of tools and technologies in facilitating or hinder-
ing group collaboration is another area to be investigated for their impact on social
cohesion and emotional regulation in a group.

Fourth, the emotional dynamics of collaborative learning are also shaped by vari-
ous moderating and mediating variables. For instance, a learner’s cognitive style
(e.g., independent or collaborative) could influence their emotional experience in
group learning (Taheri et al., 2019); similarly, the level of technological familiarity
can either ease or exacerbate the emotional challenges faced by learners in digital
platforms (Manca & Delfino, 2021). Therefore, researchers could explore the ways
in which moderating variables such as individual cognitive differences or prior expe-
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riences with technology affect emotional outcomes in collaborative learning. For
example, a student who is comfortable with technology might experience confidence
and engagement, whereas a less familiar learner may experience anxiety or frustra-
tion. Additionally, social support from peers and instructors can act as a mediating
factor that buffers negative emotional experiences and fosters more supportive learn-
ing environments (Ruzek et al., 2016). Thus, researchers should investigate how to
design collaborative learning environments that support emotional well-being, espe-
cially for learners with different levels of tech familiarity or collaborative preferences.

Fifth, the outcomes of both academic and emotional are influenced by how learn-
ers manage and navigate their emotions throughout the collaborative learning pro-
cess. Academic performance is often tied to emotional engagement in game-assisted
learning and interactive science education (Cheng et al., 2020), as highlighted in this
study. Researchers can explore how positive emotions like motivation and joy foster
better engagement and learning success in collaborative settings. For negative emo-
tions such as anxiety or frustration that can hinder collaboration and performance
(Tan & Jung, 2024), an area for further investigation could be how emotional out-
comes (e.g., sense of achievement, social inclusion, and emotional resilience) are
influenced by different learning contexts (e.g., multilingual education or sustainabil-
ity education). Additionally, research on the continuing influence of collaborative
learning on emotional resilience and career readiness could provide insights into how
collaboration shapes learners beyond the classroom.

Furthermore, the subject domains (e.g., science learning, healthcare collaboration,
sustainable education, and language learning) highlighted in the results contribute
to shaping how emotions are experienced in collaboration. For example, interactive
science learning is an area where students work together on science-based projects
to experience curiosity, joy, and engagement (Torménen et al., 2023); thus, research-
ers could explore how positive emotions in science learning contribute to deeper
learning and problem-solving in teams. In healthcare education where the emotional
dynamics (e.g., empathy and trust) are important for collaboration (Hagqvist et al.,
2020), it is crucial to investigate how emotion regulation influences collaboration and
learning outcomes. In education for sustainable development (Diir & Keller, 2019),
researchers could examine how emotional engagement in sustainability projects
leads to better group dynamics and long-term social impact. In addition, in multilin-
gual education where emotional challenges like language anxiety and confidence are
prevalent in collaborative learning (Schultz et al., 2023), researchers could investi-
gate how emotion regulation affects collaboration and overall language proficiency.

In addition, theoretical foundations such as emotion regulation theory (e.g., Méanty
et al., 2023; Zhang et al., 2021a, b; Zhang & Gao, 2024), social and emotional learn-
ing (SEL) (e.g., McMain, 2024; Appel et al., 2023; Hatton-Bowers et al., 2023), and
collaborative learning theory (e.g., Rashid et al., 2023; Ouyang & Dai, 2022) can be
integrated to guide and frame research on learner emotions in collaborative learning
for supporting emotional regulation and understanding how emotions impact col-
laboration processes and outcomes. For example, emotion regulation theory provides
a lens through which to explore how learners regulate their emotions when faced with
challenges in conflicts or unfamiliar collaboration tasks. As a robust framework for
understanding and improving emotional awareness and regulation in group settings,
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researchers can investigate how SEL programs or practices can be integrated into col-
laborative learning to develop emotional competencies like empathy, self-awareness,
and social skills. In addition, collaborative learning theories help understand how
the social dynamics within groups influence emotional experiences and learning out-
comes. By integrating these theories, researchers can better understand how emotions
impact the learning process and how to create environments that support emotional
development.

In sum, the proposed conceptual framework offers a structured way to investigate
learner emotions in collaborative learning by connecting seven key components with
the important topics identified in the topic modelling results. By investigating these
areas, scholars are able to obtain deeper insights into how emotional experiences
shape collaboration and also help them design emotionally supportive learning envi-
ronments that promote positive emotional outcomes and successful collaboration.

Limitations and future work

This work has constraints. Initially, the examination relied on the WoS database.
Although the WoS is widely adopted for literature assessments, certain articles per-
taining to emotions in collaborative learning might not be included. Subsequent
investigations could explore the potential variations in research topics within the
field by encompassing articles from additional journal outlets and possibly relevant
conference proceedings.

The STM-driven bibliometric approach adopted in the present study is different
from systematic analysis methodologies that concentrate on pre-determined aspects
of'a small sample of studies. The STM approach focuses on analysing relevant studies
in large volumes based on machine learning and modelling instead of pre-determined
codes. Therefore, the topics identified are not predictable or constrained to emotions/
collaborations. Providing that the topics have been popularly studied by scholars,
they will be identified. These topics involve applications for supporting collaborative
learning, for example, social networks and computer games, and learning settings
where collaborative learning takes place, for example, special education and nursing
education. The STM-driven bibliometrics, as a big data analytical approach, is effec-
tive in “understanding the historical and extant research progress, the development
of technologies applied, and the drivers of fresh ideas (p. 29)” (Chen et al., 2022).
Nevertheless, while the topic model is recognized for its capacity to unveil topi-
cal patterns, subsequent research could explore integrating text analytics techniques
with qualitative analytical approaches to attain a more nuanced comprehension. This
necessitates the development of methodologies enabling the automated systematic
analysis of large datasets.

Conclusion
Our study presents a topic-based bibliometric analysis of research output about

learner emotions in collaborative learning, focusing on research topics and their evo-
lutions. Emotions are increasingly considered by authors devoted to collaborative
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learning research, particularly online collaborative learning and CSCL. Results from
topic modelling depicted top topics among scholars, including Digital learning plat-
forms, Professional development of teachers, Game-based learning, and Interdisci-
plinary clinical practices. The increasingly mentioned topics revealed an increasing
concern for digital learning, teachers’ professional development, and CSCL during
the pandemic. Other important issues in this field were also identified. Numerous
applications, especially digital games and wikis, are prevalent in supporting collabor-
ative learning. Regarding learning contexts, increasing attention has been attached to
collaborative strategies in science education, teacher education, healthcare and clini-
cal education, and language and multilingual education, especially through CSCL
and collaborative interdisciplinary learning activities. Another notable tendency is
the attention to emotional, cognitive, and social facets of learning and regulation in
CSCL contexts. The present work contributes to promoting the understanding of the
present state and prospective trajectories of research concerning learner emotions in
collaborative learning. Additionally, it provides crucial insights for stakeholders such
as field decision-makers, scholars, and funding organizations.

Appendix

Table A Reviews of collaborative learning and relevant topics

Dimension Research ~ Reviewer(s) Sam- Methods  Re- Main topics/findings
topic and year ple view
size period
The whole field Collab- Manat- 100 Systematic 2000— Frequency of higher educa-
of collaborative orative hunga and review 2013  tion institutions situated in
learning learning Hernandez- the same location utilizing
Leo (2015) learning management sys-

tems, open and organized
discourse, peer evaluation,
and cooperative compo-
sition, as well as team
establishment
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Table A Reviews of collaborative learning and relevant topics

Dimension Research ~ Reviewer(s) Sam- Methods  Re- Main topics/findings
topic and year ple view
size period
Collaborative  Peer as- Lerchenfeldt 31  Systematic 1997— Prevalence of problem- and
learning in sessment in et al. (2019) review 2017  team-based learning, peer
specific subject collab- feedback and its impact on
domains orative professionalism
medical
education
Digital col- Mannisto et 5 Systematic 2003— Findings: (1) digital col-
laborative  al. (2020) review 2018  laborative learning increases
learning learners’ knowledge and
in nursing nursing skills; (2) collab-
education orative learning enhances
learners’ interaction and col-
laboration, problem-solving,
learning satisfaction and
motivation
CSCL in Silva et al. 27  Systematic 2015- Topics: collaborative re-
program- (2020) review 2020  sources, features, outcomes,
ming collaboration structure,
education collaboration measures
Collab- de Carvalno 22  Systematic 2014— Topics: collaborative
orative and de Mag- review 2018 activities, technological
learning alhaes Netto resources, degrees and mo-
in robotics  (2020) dalities, methodologies, and
and pro- pedagogical concepts
gramming
education
Computer- Zhangetal. 113  Systematic 1998— Findings: (1) preferences
supported  (2021a, b) review 2020  for meaning-cantered writ-
collabora- ing tasks and (2) hetero-
tive writing geneity in metrics for text
measurement
Collabora-  Williamson 14 Systematic 2008— Topics: effectiveness of
tive learn- et al. (2020) review 2018  collaborative learning in
ing in nurse practice models
education
Collab- Zhang and 29  Systematic 1985— Findings: (1) collaborative
orative Cui (2018) review 2017  learning’s prevalence in
learning classroom instruction, clini-
in higher cal education and online
nursing education, (2) collabora-
education tive learning’s usefulness
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Table A Reviews of collaborative learning and relevant topics

Dimension Research ~ Reviewer(s) Sam- Methods  Re- Main topics/findings
topic and year ple view
size period
Technology use Mobile-as- Fu and 90  Systematic 2007— Topics: research approach-
in collaborative sisted col- Hwang review 2016  es, educational tools and
learning laborative  (2018) environments, participants,
learning areas of study, practical do-
mains, methods for group-
ing and cooperative learning
tactics, connections between
learning approaches and
evaluation challenges
Cloud Al- 29  Systematic 2006— Topics: (1) cloud-computing
computing Samarraie review 2017  tools and their features, (2)
tools’use  and Saeed opportunities/challenges
inblended (2018)
collab-
orative
learning
Analysis Social Dado and 89  Systematic 1999— Topics: (1) social network
methodological network Bodemer review 2017  analysis in CSCL; (2) social
analysisin  (2017) network analysis’s measures
CSCL in relation to cognitive,
social, and motivational
outcomes
Characteristics ~Argumen- Norooziet 108  Systematic 1995 Topics: (1) student
of collaborative tation- al. (2012) review 2011  conditions, (2) learning
learning based environments, (3) learning
CSCL processes, (4) relationships
between CSCL and learning
outcomes
Teacher van Leeu- 66  Systematic Till Topics: associations of
guidance  wen and review 2018  instructors’ guidance strate-
in col- Janssen gies during collaborative
laborative  (2019) learning with learner inter-
learning actions and outcomes
Temporal Lémsédetal. 78  Systematic 2003— Topics: key operations for
aspects of  (2021) review 2019  analysing CSCL’s temporal
CSCL aspects
Group Maqtary et 30  Systematic 2005— Topics: effective attributes
formation  al.(2019) review 2015  and techniques of group
techniques formation, 2) knowledge
in CSCL gaps and limitations
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Table A Reviews of collaborative learning and relevant topics

Dimension Research  Reviewer(s) Sam- Methods  Re- Main topics/findings
topic and year ple view
size period
Learner char-  Affective  Reis et al. 58  Systematic Till Topics: affective states and
acteristics in states in (2018) review 2018  socio-emotional factors in
collaborative CSCL CSCL, research challenges/
learning directions
Individual Mendeetal. 20  Systematic 1987— Results: (1) individual
preparation (2021) review 2017  preparation influences
for col- retrieval, inferencing, and
laborative referencing variedly; (2)
learning generative preparation tasks

and learners’ cognitive
group awareness enhances
individual preparation’s ad-
vantages for collaborations

Emotional  Silva and 70  Systematic 1989— Results: (1) neglect of

aspects for  Ferreira review 2020  emotional dimensions; (2)

productive  (2021) negative emotional aspects

dialogues impair motivation in col-

in CSCL laborative activities; (3) em-
pathy is seldom considered
in CSCL
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