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Abstract

To cope with an unpredictable future, higher education in mathematics and sci-
ence (MS) needs to educate a knowledgeable and skilled workforce. Co-operative
learning (CL) is a teaching method associated with increased academic achievement
and development of generic skills. Thus, the purposes of this scoping review are to
assess the evidence base of CL in undergraduate MS education to inform teaching
practices and to identify potential knowledge gaps to inform future research. The
review covers 24 empirical studies conducted from 2010 to 2020 on the prevalence,
uses, and outcomes of CL elements in undergraduate MS education. The results
show that there are few such studies, and these are rarely conducted outside the US
or in disciplines other than chemistry. The most frequently implemented CL ele-
ments in the included studies are heterogeneous group formation, the use of roles,
and different CL structures. The most prevalent student outcome of implemented CL
elements in the reviewed studies is enhanced academic success, followed by student
attitudes, generic skills, and psychological health. The results have implications for
future implementation of and research on CL in international MS higher education.
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Introduction

Disciplines in mathematics and science (MS) with their focus on sustainabil-
ity, innovation, and technology are often viewed as a key to the future (Taylor,
2016). Thus, MS higher educations are expected to prepare a skilled and knowl-
edgeable workforce (Donaldson et al., 2020, p. 722). Since content knowledge
within many scientific disciplines is at risk of rapidly becoming outdated (Soler
& Dadlani, 2020), MS education communities have long underlined the value of
developing generic skills (Johnson & Tisdall, 2002; Leggett et al., 2004), also
known as twenty-first century skills (Organization for Economic Co-operation
and Development [OECD], 2018; United Nations Educational, Scientific and
Cultural Organization [UNESCO], 2016). Generic skills such as collaboration,
creativity, and critical thinking (Keane et al., 2016, p. 769) operate across a wide
range of contexts (Taber, 2016, p. 226) and may equip the students with tools to
update their content knowledge and to navigate in and adapt to an unpredictable
future.

Co-operation is recognised as a useful generic skill because co-operation fea-
tures an essential way of working (Binkley et al., 2012, p. 18). An approach
for developing co-operation is co-operative learning (CL). CL may be defined
as ‘...a highly structured form of group work” (Millis, 2010, p. 5) and °...the
instructional use of small groups in which students work together to maximize
their own and each other’s learning’ (Johnson et al., 1998b, p. 14). Tradition-
ally, CL has been most common in primary and secondary schools all over the
world (Millis & Cottell, 1998), and here CL in MS education seems to have been
primarily related to enhanced MS performance (Acar & Tarhan, 2007; Ebra-
him, 2012; Eymur & Geban, 2017). As CL found its way into higher education,
it continued to be chiefly linked to enhanced student achievement, at least in
higher education in general (Loh & Ang, 2020). However, due to its inherent
group and task structures, CL may also stimulate the development of the generic
skills (Millis & Cottell, 1998; Slavin, 1996), called for by MS higher education
communities (Johnson & Tisdall, 2002; Leggett et al., 2004). Nonetheless, we
do not know to what degree and how MS discipline higher education puts CL
into use. It is also unclear how CL relates to student outcomes in MS discipline
higher education.

The aims of this scoping review are twofold. The first is to review the
evidence base regarding the uses and outcomes of CL in undergraduate MS
education to inform teaching practices. The second is to identify knowledge
gaps within the field to inform future research. Thus, we pose four review
questions:

1. Which disciplines, countries, and research methods are prevalent in studies of
co-operative learning elements in undergraduate MS education?

2. What are the characteristics of the co-operative learning elements used in and
principles guiding undergraduate MS education?
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3. What are the student outcomes of co-operative learning elements in undergradu-
ate MS education?

4. How are the various co-operative learning elements associated with student out-
comes?

Background

Co-operative learning (CL) stems from social interdependence theory (Deutsch,
2012) and has primarily been developed by educational psychologists and brothers
David and Roger Johnson (Johnson & Johnson, 1989). According to Millis and Cot-
tell (1998, p. 11), it is important that the implementation of CL in higher educa-
tion adheres to two principles in particular: positive interdependence and individual
accountability.

CL Principles: Positive Interdependence and Individual Accountability

The purpose of the first principle—positive interdependence—is to create an
authentic sense of mutual gain and a shared goal (Millis & Cottell, 1998, p.
11). Positive interdependence is achieved by structuring a range of elements
in ways that makes group members dependent on each other and causes them
to work together to successfully complete the task (Ballantine & Larres, 2007,
p. 128). The purpose of the second principle—individual accountability—is to
promote responsibility and prevent social loafing (Millis & Cottell, 1998, p.
12). Individual accountability is achieved when the teacher includes a mech-
anism, for example, individual tests, for holding group members accountable
for learning the material and completing the group task (Ballantine & Larres,
2007, p. 128). When introducing CL into one’s teaching, these two principles
should guide every element of the CL process from group features, goals, tasks,
resources, roles, structures, to rewards. A focus on and a conscious approach to
all these elements makes CL a much more highly structured teaching and learn-
ing strategy than other forms of small-group learning, e.g. collaborative learn-
ing. Opposed to CL, collaborative learning is characterised by looser structures
and rely mainly on very few elements, except for task and goal, to guide the
collaborative process (Davidson, 2021; Millis & Cottell, 1998, pp. 7-10). Thus,
collaborative learning teachers only rarely or never consider elements such as
group features, role assignments, team-building activities, co-operative struc-
tures, equal participation, or activist interventions in their teaching (Davidson,
2021). According to CL literature, the success of CL—and hence the reasons
faculty should consider implementing CL in their teaching—Ilies in the struc-
tured and conscious approach to elements such as group features and CL struc-
tures. These are elaborated upon in the following and exemplified in Box 1.
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Box 1 Frequent and well-known co-operative learning elements in the reviewed
studies

Co-operative Instructional Modelling: a teaching method based on the group features of CL and the Modelling
Theory of Science (Hestenes, 1987). This method is characterised by active engagement of students in co-
operative groups and emphasis on conceptual development by modelling scientific activities.

Co-operative Peer Review Structures: covers a wide concept, comprising CL principles and peer review or peer
feedback (Ladyshewsky, 2013). Group members give and receive peer review on product and process, installing
both positive interdependence and individual accountability in the group.

Group Contract: provides guidelines for group work and group tasks. The purpose of the contract is to establish
common expectations and provide the group members with tools to develop constructive communication and
manage potential conflicts (Oakley et al., 2004)

Jigsaw: each group member takes responsibility for learning a specific part of a complex whole and teaching it to
the rest of the group. This way the group, by working together, put all the pieces of the jigsaw together (Millis &
Cottell, 1998, p. 127).

POGIL: Process Oriented Guided Inquiry Learning is an instructional group-learning strategy comprising a set of
rules and structures based on Kolb’s learning cycle and CL principles such as small, fixed groups and rotating
roles (Process Oriented Guided Inquiry Learning [POGIL], 2019). It was developed for chemistry education but is
currently used in a wide range of subjects and disciplines.

Rotating Roles: complementary tasks and responsibilities are prescribed to ensure both the principle of positive
interdependence and individual accountability. Popular roles are Facilitator/leader, Recorder/evaluator,
Elaborator, Summariser, and Monitor and an important feature is that the roles rotate between the group members
on a regular basis (Cohen, 2010).

STAD: Student Team Achievement Division is a co-operative learning strategy where small groups of students
with different levels of ability are working together to accomplish a shared goal (Slavin, 1991).

Think-Pair-Share/Square: This CL technique is suitable for many different teaching scenarios, ranging from
lectures, seminars, and laboratory exercises. The teacher poses a question that needs reflection and gives each
student time to reflect individually. Next, the students are asked to pair up and discuss their thoughts or responses
to the question before they share their joint answer with the entire class (share) or in their groups (square) (Millis
& Cottell, 1998, p. 73).

CL Group Features: Group Size, Formation, and Duration

Most literature on CL in higher education agrees that group size should be between
three and five students and most seem to prefer groups of four (Kagan, 2021; Millis
& Cottell, 1998, p. 13). When students work in small groups of four, social loafing
might be avoided, less forthright students can express their opinion, pairing up is
easy, and even if a person is missing, the group is still technically a group (Johnson
et al., 1998b; Millis & Cottell, 1998). Compared to students working individually,
students’ performance, knowledge, and achievement seem to be higher when stu-
dents work in such smaller groups (Bertucci et al., 2010; Lou et al., 1996, 2001).
Diversity of opinion and experiences may create a cognitive disequilibrium (Pia-
get, 1985) and force the students to take different perspectives and argue their case.
Thus, CL literature (Johnson et al., 1998b; Kagan, 2021; Millis & Cottell, 1998)
recommends that groups should be formed by the teacher based on heterogeneous
principles, i.e. different academic ability, background, age, and gender. Lou et al.
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(1996) found that low-ability students learn more in heterogeneous groups and
Jacobs et al. (2006) argue that higher-ability students may also benefit from CL,
building their sense of autonomy and an opportunity to care for others. In male-
dominated groups, the level and nature of knowledge transfers within groups is
significantly lower (Hansen et al., 2015) than in female-dominated groups, and the
proportion of women in groups positively predicts discussion quality that in turn
predicts group (academic) performance (Curseu et al., 2018).

Depending on purpose, CL groups may last a short or long period of time.
Formal CL groups typically last from one class to several weeks or months and
are suited to teach specific content. Informal CL groups are ad hoc groups which
last from few minutes to one class, and they are used to ensure that students
actively process information during a lecture. CL base groups typically last at
least one year and are meant to provide long-term support in order to make aca-
demic progress and build committed relationships (Johnson et al., 1992, 1998b).

CL Structures

CL structures are content-free strategies (Kagan, 2021) which organise the inter-
action of students by prescribing student behaviour step-by-step to complete the
assignment (Johnson et al., 1998b; Kagan, 2021). The benefits of these structures
are that they may be employed in any subject and on any educational level, includ-
ing higher education while being designed to ensure that positive interdependence
and individual accountability occur. Highly structured groups and group tasks
help students understand how they are to work together, contribute, take responsi-
bility, and help each other learn (Johnson & Johnson, 1999). Gillies (2003, 2008)
discovered that students in structured groups compared to peers in unstructured
groups exhibited more co-operative behaviour and demonstrated more complex
thinking and problem-solving skills. In a systematic review of secondary and post-
secondary courses, Romero (2009) found that the effect on student achievement
was greater for structured than unstructured CL interventions. Thus, the evidence
base seems to suggest that the highly structured and conscious approach character-
istic of CL may benefit both the group process and individual outcomes.

Outcomes of CL

Academic Success In a meta-analysis by Johnson et al. (1998a), the effect of CL on
academic achievement was found to be significantly higher compared to competitive
learning environments and individualistic learning environments. Another meta-
analysis in undergraduate STEM education by Springer et al. (1999) supported these
findings. More recent meta-analyses (Apugliese & Lewis, 2017; Kyndt et al., 2013)
and systematic reviews (Romero, 2009) show similar results concerning the associa-
tion between CL and academic achievement in higher education generally.

Student Attitudes Johnson et al. (2014) claim that it is through discussions in co-

operative groups that students learn and model the norms and values of university
life and that CL thus makes up an effective tool for improving student attitudes.
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A meta-analysis comprising CL studies conducted in universities internationally
(Johnson et al., 1998a) show that CL seems to improve student attitudes compared
to competitive university learning environments and individualistic learning.

Generic Skills Millis and Cottell (1998) and Slavin (1996) suggest that CL. may lead
to improved generic skills. Although failing to satisfy the inclusion criteria of this
review due to insufficient information on the CL elements used (Rattanatumma &
Puncreobutr, 2016; Sandi-Urena et al., 2012) or wrong study focus (Winschel et al.,
2015), these three studies may cast light on the relationship between CL and generic
skills in undergraduate STEM education. Two of these were conducted in under-
graduate chemistry (Sandi-Urena et al., 2012; Winschel et al., 2015), and both found
that different co-operative lab instructions relate to an increase in the students’ prob-
lem-solving skills. A study in undergraduate mathematics (Rattanatumma & Pun-
creobutr, 2016) supported these findings. These studies show the potential for CL to
strengthen the problem-solving skills of MS students in higher education.

Psychological Health Due to the structured group work, peer relationships, and nego-
tiation of social skills, CL elements may also promote socialisation and psychological
health (Gillies, 2016; Johnson et al., 2014). One of the health benefits hypothesised
to be affected positively by CL is sense of belonging which is regarded a basic human
need (Deci & Ryan, 2000). In their meta-analysis, Johnson et al. (2014) showed that
co-operation fostered both greater interpersonal attraction and perceived social sup-
port among students than did competing with others or working alone.

Although not included in this review due to wrong population, a few college
science studies have examined self-efficacy (Bandura, 1997) and specific types of
academic self-efficacy in relation to CL (Espinosa et al., 2019; Rivera, 2013). In
a study in introductory algebra, the implementation of CL elements improved the
students’ mathematics self-efficacy significantly (Rivera, 2013). Similarly, Espinosa
et al. (2019) found that physics self-efficacy increased significantly for women and
reduced the gender gap in physics self-efficacy following teaching approaches in an
introductory physics class based on CL principles.

Methods
Research Design

To inform an ongoing research-based redesign process targeting student generic
skills such as co-operation in undergraduate education at the Faculty of Mathemat-
ics and Science in a Norwegian University, we conducted a scoping review. A scop-
ing review seeks to provide thorough reviews of available literature and identify
possible knowledge gaps through analyses of the answers to the review questions
(Arksey & O’Malley, 2005). Thus, we reviewed recent empirical studies to exam-
ine the prevalence, use of CL elements, and student outcomes in undergraduate MS
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discipline education, using a systematic approach in five steps: (1) identifying the
review questions, (2) identifying the relevant studies, (3) selecting the studies, (4)
charting the data, and (5) collating, summarising, and reporting the results (Arksey
& O’Malley, 2005).

Step 1: Identifying the Review Questions

We began by identifying key concepts such as study population, intervention, and
outcome (Arksey & O’Malley, 2005). The PICO (Population, Intervention, Com-
parison, and Qutcome) (Oliver et al., 2017, p. 76) model was useful in this process.
By applying the components of the PICO model on the proposed review questions,
we determined the following key concepts: Population = Students in undergraduate
mathematics, physics, chemistry, biology, and geology, Intervention =Exposure to
CL learning elements, Comparison =Not relevant in this review, and Qutcome = All
types of student CL outcomes.

The PICO model served two purposes in this review. The first purpose was to
ensure validity through conceptual framework: only review questions containing key
concepts such as population, CL elements intervention, and CL outcome were sub-
ject to examination and analysis. The second purpose was to ensure validity through
methodology: the identified key concepts helped guide the review process, from
search strategies via screening procedures to data extraction.

Step 2: Identifying the Relevant Studies

In the development of a search strategy to identify relevant studies, it is important to
consider both sensitivity and specificity. Sensitivity ensures a high proportion of rel-
evant studies and specificity ensures a low proportion of irrelevant studies (Brunton
et al., 2017). Relevance is one of several means to ensure validity preventing both
selection bias and publication bias (Booth et al., 2016). Thus, we searched databases
containing studies in specific subjects or disciplines and databases containing stud-
ies of all disciplines. The selected databases searched were ERIC, Proquest Edu-
cation, PsycINFO, Web of Science, and Google Scholar. To avoid publication bias
(Krumsvik & Rgkenes, 2016) and ensure further validity, this review also searched

Table 1 Database search field strings

Database search field ~ Search string

1st line (cooperati* NEAR/2 learn* OR collaborati* NEAR/2 learn* OR team™ NEAR/2
learn®)

2nd line (“higher education” OR college* OR universit* OR postsecondary OR “post
secondary” OR graduate* OR undergraduate* OR tertiary OR bachelor*”)

3rd line (stem OR math* OR physic* OR chemi* OR biolog* OR geolog*)

4th line (Outcome™ OR result* OR effect OR effects OR skill* OR competenc* OR
knowledge OR achievement*® OR performanc*OR benefit* OR impact*)

Sth line 1 AND 2 AND 3 AND 4
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the grey literature (Booth et al., 2016, p. 120) database OpenGrey and the online
source Higher Education Academy.

Database search strings were developed in collaboration with a university
librarian and based on the key concepts in the review question. The key concepts
were first linked by the Boolean operator OR and second by the Boolean opera-
tor AND. Truncation and proximity operators were additional tools used to bal-
ance sensitivity and specificity in all database search fields (Table 1). The search
strategy varied according to database, and a full overview of all search strategies
in each database is provided in Supplemental Material 1. Full overviews provide
transparency, an important aspect of auditability and reliability (Booth et al.,
2016; Brunton et al., 2017; Koffel & Rethlefsen, 2016).).

Step 3: Selecting the Studies

To select only relevant studies, we developed a set of inclusion and exclusion
criteria. These criteria were carefully selected to inform the aforementioned
redesign process. Thus, the population identified for inclusion was students in
global undergraduate (Bachelor) MS discipline courses comprised of the fol-
lowing subjects or disciplines: mathematics, physics, chemistry, biology, and
geology. Studies needed to employ highly structured in-class CL elements (s)
in groups of 3—6 people based on one or more of the guiding principles of CL.
To assess the relationship between CL elements and student outcomes, only pri-
mary studies with this particular focus were included, and precise information
about the amount and type of CL elements and outcomes used were required.
Due to scarce information in abstracts and conference papers, these types of
publication were excluded. To obtain only recent studies, the time limit was set
to 2010-2020, and the language restrictions were based on the language skills
of the reviewers and included studies published in English, Danish, Norwegian,
and Swedish. For a full overview of the criteria, see Supplemental Material 2.

The selection of the studies for inclusion was conducted by means of the
review tool Rayaan (Rayaan, 2022) and further followed the four-step PRISMA
process as recommended by Moher et al. (2009), i.e. identification, screen-
ing, eligibility, and inclusion. Both titles and abstracts (n=1847) and full-text
articles (n=105) were screened independently and ultimately; 24 studies were
included (Fig. 1).

Discrepancies concerning the suitability of studies, during both screening
stages, were solved through two processes: (1) discussion and clarification of
the inclusion and exclusion criteria to ensure a common understanding and
(2) thorough common review of the texts in question based on the inclusion
and exclusion criteria anew. Both the clear-cut inclusion and exclusion crite-
ria guiding the screening process and the systematic and independent approach
guided by the PRISMA protocol prevent selection and publication bias and thus
strengthen clarity, reliability, and validity of the review (Booth et al., 2016;
Brunton et al., 2017).
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Records identified through database
searching
(n=2294)
Google Scholar (n=388)

) ERIC (n=766)
c Web of Science (n=884)
2 PsycINFO (n=197) Additional records identified
] Proquest Education (n=357) through grey literature
e OpenGrey (n=2) (n=2)
5
__J v y
. Records after duplicates removed
(n=1847)
£
c
g A 4
A Records screened R Records excluded
(n=1847) e (n=1742)
o v
Full-text articles assessed Full-text articles excluded,
Z for eligibility »> with reasons
i (n=105) (n=81)
) Wrong population (n=25)
w Lacking information about
v amount/type of exposure
_J Studies included in review (n=16)
synthesis Wrong exposure (n=15)
— (n=24) Wrong study focus (n=8)
Database (n=24) Wrong ‘language (n_=7)
Grey literature (n=0) Uncertainty population®
= (n=4)
= Full-text not available*
e (n=2)
= Wrong publication type
(n=2)
Wrong study type (nature)
*No reply from author

Fig. 1 PRISMA flow diagram (Moher et al., 2009)

Step 4: Charting the Data

To chart or extract data from the included studies means to report the key items
of information obtained from the included studies (Arksey & O’Malley, 2005). The
purposes of this step are to gain an overview of the included studies and to iden-
tify the information needed to answer the review questions. Thus, the review ques-
tions guided this process, and the first author extracted the following information:
authors, year of publication, study locations, subject/discipline, research methods,
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intervention duration, CL elements and CL principles, outcome measures, and
results.

Step 5: Collating, Summarising, and Reporting the Results

In this scoping review, we mapped and organised the data chartered for each of the
four review questions.

Results

The chartered data of the included studies, guided by the four research questions,
are mapped, organised, and reported in Table 2. Thus, Table 2 covers the answers
to all four research questions and contains the following chartered data from the
24 reviewed studies: author, discipline, country, research methods, data collec-
tion, group size, group formation, group duration, CL structure, CL principle,
type of outcome, and result of outcome.

Disciplines, Countries, and Research Methods

The 24 studies included in this review were predominantly conducted in five
disciplines, and chemistry (n=11) was by far the most represented. Following
chemistry, we identified studies in biology (n=7), physics (n=5), and mathemat-
ics (n=4), among others. Further, we found great differences in geographical dis-
tribution. The USA (n=16) constituted an overwhelming majority and counting
the neighbouring countries of Canada (n=2) and the commonwealth of Puerto
Rico (n=1), North America in total made up 79% (n=19) of the reviewed stud-
ies. We also found studies from the African countries South Africa and Ethio-
pia (n=2) and from Turkey (n=2) and Indonesia (n=1) in Asia. None of the
reviewed studies were from Europe. Most of the included studies made use of
quantitative methods (n=14), followed by mixed methods studies (n=7), and
qualitative studies (n=3).

CL Elements

In terms of group size, a clear majority of the studies employed groups of four
members (n=21) and a minority, groups of three members (n=3). Most groups
were formed by the teacher (n=10) and were heterogeneous (n=8). Some
groups were also student-selected (n=6) and homogeneous (n=2). Most studies
employed groups lasting from several hours and weeks to one semester (n=17),
while a few lasted one class, test or the like (n=4), and the rest (n=23) did not
report on duration.
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The most common CL structures featured in the reviewed studies were the
use of roles (n=10) and POGIL (n=6). Other employed CL structures in the
reviewed studies included jigsaw (n=3), STAD (n=2), Think-Pair-Share
(n=2), co-operative instructional modelling (n=2), peer review structures
(n=2), group contract (n="2), and several more. See Box 1 for a description of
these CL structures.

The CL principles of positive interdependence and individual accountabil-
ity underpin CL elements. However, less than half of the studies reported having
included both CL principles (n=9), a scarce minority reported having included one
of the two CL principles (n=7), and the rest of the studies (n=28) did not report hav-
ing included either of these two CL principles.

CL Outcomes

In the reviewed studies, student outcomes of CL elements were largely related to
academic success, in the form of content knowledge (n=8), academic achievement
or performance, in this review combined and called “academic achievement” (n=7),
or both (n=6). Other frequent student outcomes measured in the included studies
were attitudes towards the discipline, the learning process or group work (n=10),
different generic skills (n=7), and different types of psychological outcomes (n=4).
The majority (n=19) of the included studies found only positive results of the imple-
mented CL elements. A few studies identified both positive results and some nega-
tive results (n=3) or no positive results at all (n=2).

Associations Between CL Elements and Outcomes

Studies employing teacher-selected heterogenous groups (n=38) were first and fore-
most associated with academic success, i.e. content knowledge (n=4), academic
achievement (n=4), or both (n=2). However, other types of outcomes such as
generic skills (n=3), attitudes (n=3), psychological health (n=2), and participa-
tion (n=1) were also represented. Studies employing student-selected groups (n=6)
were also mostly associated with content knowledge (n=4), academic achievement
(n=4), or both (n=2). Other outcome types counted generic skills (n=2), attitudes
(n=1), and attendance (n=1). Two of the studies employing teacher-selected het-
erogenous groups reported a positive change in generic skills only, not in other out-
comes (4, 16), while the student-selected groups studies reported a positive change
in all outcomes.

Studies employing longer lasting groups, i.e. formal groups (n=17) were asso-
ciated with all chartered outcomes, and a vast majority (n=14) reported positive
changes in all outcomes. Three studies did not report positive changes in all out-
comes (6, 12, 16). Studies employing groups of short duration, i.e. informal groups
(n=4) were mainly associated with academic success, i.e. content knowledge
(n=4), academic achievement (n=2) or both (n=2), followed by attitudes (n=2),
generic skills (n=1), and grading duties, i.e. workload (n=1). Half of these four
studies failed to identify a positive change in academic success (4, 14).
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The most used CL structure, roles (n=10), was primarily associated with
either content knowledge (n=6), academic achievement (n=4), or both (n=1).
Further, use of roles was associated with attitudes (n=3), generic skills (n=3),
psychological health (n=3), retention (n=2), attendance (n=1), and participa-
tion (n=1). Eight of the ten studies applying roles led to a positive change in all
outcomes, while one led to a positive change in one of the outcomes only (16),
and one did not lead to any positive change in any of the outcomes (6). These
two studies both failed to measure a positive change in attitudes following the
use of roles.

The second most used CL structure, POGIL (n=6), was primarily associated
with content knowledge (n=4), academic achievement (n=4), or both (n=2).
Other outcomes associated with POGIL were retention (n=2), generic skills
(n=1), attitudes (n=1), and psychological health (n=1). Four of these studies
reported positive changes in outcome, but two of these studies did not find a posi-
tive change in academic achievement (4, 6).

The third most used CL structure, jigsaw (n=3), was associated with content
knowledge (n=2), attitudes (n=2), academic achievement (n=1), generic skills
(n=1), and attendance (n=1). All the jigsaw studies reported a positive change in
all outcomes. In addition to jigsaw, studies employing other CL structures (n=13),
e.g. Think-Pair-Share and STAD to name a few, were associated with all chartered
outcomes, and all of these, except for two (12, 14), identified a positive change in
outcomes.

Discussion
Analysis of Disciplines, Countries, and Research Methods

First, few studies exist in almost all undergraduate MS disciplines except chemis-
try, and further research on CL elements and outcomes in other MS disciplines is
needed. The reason why chemistry stands out is unknown, but it may be connected
to the popularity of the POGIL method (Walker & Warfa, 2017). Second, we identi-
fied few studies outside of North America, and no studies at all from Europe, which
may be said to represent a knowledge gap. Research results are not necessarily trans-
ferable to other continents, countries, or cultures, and therefore further research and
knowledge on CL elements and outcomes in undergraduate MS education in dif-
ferent parts of the world are needed. The reason that so many of the studies were
conducted in the USA may be due to the American origin of CL (Deutsch, 2012;
Johnson & Johnson, 1989). Third, most of the studies were quantitative. Although
quantitative data are valuable, they may not give us a full in-depth understanding
of students’ perceptions nor explain why CL leads to certain student outcomes in
undergraduate MS education. The present lack of qualitative studies represents yet
another knowledge gap within the field of CL in MS higher education. For such
knowledge, faculty planning studies within the field might consider employing qual-
itative methods.
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Analysis of CL Elements

A vast majority of the reviewed studies met the recommendations of group size but
not of heterogeneity from previous CL research (Johnson & Johnson, 1999; Millis,
2010; Millis & Cottell, 1998). Some of the studies reported on student-selected and
homogeneous groups, while others made use of random group formation without
specifying who formed the groups. A quarter of the studies did not report anything
about group formation. Of the eight reviewed studies where groups were formed
heterogeneously by the teacher, all seemed to take ability and/or gender into consid-
eration when forming the groups (3, 4, 10, 12, 16, 18, 20, 23). Most of the groups in
the studies lasted from several hours, classes, or weeks to one semester and may thus
be characterised as formal CL groups, while a minority of the groups were informal
CL groups, lasting only one class, one test, or the like. It may be of some concern
that studies in international undergraduate MS education examine outcomes of CL
while not necessarily following the recommendations given in the CL literature.
This lack of coherence and alignment with theory may lead to invalid results as it
may become unclear what these studies are actually studying.

The most common CL structures in the reviewed studies were roles and POGIL.
Role is usually a fixed feature of POGIL, and to some degree that might explain the
number of the reviewed studies employing roles (n=10). Six of the ten reviewed
studies using roles mentioned that the students took rotating roles (3, 8, 10, 15, 16,
19), and five of these identified a positive change in outcomes. As shown in Box 1,
rotating roles is a CL structure underpinned by both the principles of positive inter-
dependence and individual accountability. Taken together, these findings may indi-
cate that implementing CL structures which underpin positive interdependence and
individual accountability seems to be of significance in undergraduate MS educa-
tion. These indications support previous research on CL structures in other subject
disciplines in both higher education and elsewhere (Gillies, 2003, 2008; Johnson &
Johnson, 1999; Johnson et al., 1998a; Romero, 2009). Considering that the princi-
ples of positive interdependence and individual accountability underpin CL teaching
(Gillies, 2016), it may be of some concern that many of the included studies did
not mention them. Voicing the principles might create a more conscious approach,
ensuring that future implementation of CL and research on CL are in accordance
with the underlying theory.

Analysis of CL Outcomes

Of the 21 reviewed studies which included content knowledge and/or academic
achievement as the outcome measure, 17 reported an improvement. Similarly, in
eight of the ten studies examining student attitudes, improvement was found. Thus,
the findings of this review add to the extensive evidence research base regarding
the positive relationships between CL and academic success (e.g. Apugliese &
Lewis, 2017; Kyndt et al., 2013; Romero, 2009) and CL and student attitudes (John-
son et al., 1998a)—albeit in undergraduate MS education. These relationships may
according to Deutsch (2012) and CL literature (Johnson & Johnson, 1989, 1999;
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Johnson et al., 2014) be explained by the common goal, and interaction takes place
in CL groups. When students work together to achieve a common goal, i.e. when
they are positively interdependent, academic success enhances—and it is in discus-
sions in CL groups that students learn and model the norms and values of university,
making CL an effective tool for improving student attitudes.

Seven of the reviewed studies examined the hypothesis that CL elements may
lead to the development of student generic skills (Millis & Cottell, 1998; Slavin,
1996). All these studies found support for this hypothesis. In the reviewed studies,
generic skills related to CL elements were teamwork skills (n=4), problem-solving
skills (n=1), critical thinking/higher thinking skills (»=2), communication skills
(n=1), and metacognitive skills (n=1). Prior studies have mainly concentrated on
problem-solving skills in relation to CL elements in higher MS education (Rattana-
tumma & Puncreobutr, 2016; Sandi-Urena et al., 2012; Winschel et al., 2015), but
this review identifies several additional generic skills.

In four of the reviewed studies, CL elements were related to sense of belonging
(n=2), academic self-efficacy (n=1), or both (n=1). Three of the four reviewed
studies reported positive findings regarding sense of belonging (10, 22, 23) and
academic self-efficacy (10), and that may be considered important. Research indi-
cates that students with a strong sense of belonging create a positive student iden-
tity (Sanders & Munford, 2016), and high self-efficacy (Bandura, 1997) is a strong
predicator for performance and persistence in MS education (Espinosa et al., 2019).

That the vast majority of the included studies found only positive results of the
implemented CL elements and very few studies found partly or no positive results at
all may be due to publication bias (Ekholm & Chow, 2018; Francis, 2012). Although
this review searched grey literature (Booth et al., 2016; Krumsvik & Rgkenes, 2016)
in attempt to avoid publication bias, we cannot exclude that it has played a role.
Further, it should be noted that several of these studies employed more than one CL
structure. Thus, it is not possible to know if any positive increase in outcome would
have been due to one certain CL structure over another, the combination of CL
structures, or other reasons. Taken together, the results should be approached with
some caution, and more research, which may cast light on such issues, is needed to
strengthen the evidence base.

Analysis of the Association Between CL Elements and Outcomes

Group Formation Many of the reviewed studies did not meet the recommendations
of most CL literature regarding group formation (Johnson & Johnson, 1999; Kagan,
2021; Millis & Cottell, 1998). Yet, when group formation was held up against out-
comes, there was no evidence that teacher-selected heterogenous groups led to more
positive outcomes than did the student-selected groups. This apparent gap is worth
mentioning—but it is hard to identify a reason. It may be that the population, i.e.
international undergraduate MS education, differs from other undergraduate popu-
lations or students in higher education differ from students in schools. It may also
be that the effect of group composition lessened in combination with other CL
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structures. Or it may also be due to more random reasons altogether. If causality is
to be determined here, more research is needed.

Group Duration Two of the four studies employing informal CL groups (4, 14)
found no improvement in academic success. This may indicate that duration could
be important to obtain enhanced academic success from CL elements in MS under-
graduate education and perhaps that formal CL groups could be more suited. Dura-
tion may also play a role in the development of psychological health. Three of the
four studies (10, 22, 23) examining sense of belonging and/or academic self-efficacy
were all characterised by groups lasting for a minimum of 10 weeks. By lasting a
certain length of time and allowing the students to partake in several social and per-
sonal experiences, the CL intervention may have enhanced the students’ sense of
belonging and academic self-efficacy in the process.

Roles Not only was academic success the most measured outcome in the studies
employing roles, but all of these, except for one (6), reported a positive change.
Thus, roles may be a suited CL element to enhance academic success. On the other
hand, two of three studies associating roles with attitudes found no improvement in
students’ attitudes (6, 16). This does not necessarily mean that roles are not suited to
improve student attitudes as hypothesised by Johnson et al. (2014). However, if they
are to do that in undergraduate MS education, it may according to (16) themselves
be important that roles are perceived to have a purpose and contribute to team pro-
ductivity. Also, it may be that roles when applied in POGIL are dependent on the
study activities containing all required elements as prescribed by the POGIL method
(6). Roles were the most used CL structure in studies with generic skills as outcome,
and all of these reported a positive change. Thus, roles may also be appropriate to
develop undergraduate MS students’ generic skills. However, it should be noted that
all studies, independent of CL element, identified a positive change in generic skills.
This may both indicate that (i) CL elements may lead to the development of generic
skills as hypothesised by CL literature (e.g. Millis & Cottell, 1998; Slavin, 1996)
and (ii) that many different CL elements may be appropriate in doing so.

POGIL Four of the six studies featuring POGIL found that that POGIL increased
academic success in undergraduate chemistry education. The two studies not iden-
tifying increased academic success assigned this lack to several causes: (i) the use
of study activities which did not contain all required elements as prescribed by the
POGIL method and implementation of POGIL in a small proportion of the courses
(6) and (ii) lectures incorporating some student-centred activities and thus possibly
reducing differences between control and experimental groups (4). Taken together,
POGIL may be a suitable CL element to increase academic success in undergradu-
ate chemistry education given the prescription by POGIL is followed and confound-
ing variables controlled.

Jigsaw and Other Structures The studies employing jigsaw all found positive changes
in outcomes such as academic achievement, content knowledge, attendance, generic
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skills, and attitudes (8, 17, 24). Two of the 13 studies employing other CL structures
such as Think-Pair-Share and STAD did not find enhanced academic success (12, 14).
A reason for the lack of enhanced academic success may according to (12) themselves
be that the studied classes already used student-centred teaching strategies which may
have lessened the sensitivity to the implemented CL changes. In (14) the reasons for
the lack of enhanced academic success are less clear, but their study underlines other
benefits from the CL elements such as improved attitudes to cooperation and reduced
assessment workload. Taken together, other CL structures may lead to a range of dif-
ferent positive outcomes, but if these impacts are to be measured, they may need to be
isolated from other student-centred approaches.

Conclusions and Implications

The goal of this scoping review was to assess the evidence base of CL in undergradu-
ate education in MS to inform teaching practices and to identify important knowledge
gaps. We identified 24 studies and found that studies examining CL elements in under-
graduate education in MS are relatively few, primarily quantitative in nature, almost
non-existent outside the North American continent, and mainly conducted in chemistry.
The reviewed studies employed many different CL elements of which some were not in
accordance with CL theory and research. Further, relatively few of the included stud-
ies report on both of the guiding CL principles positive interdependence and individual
accountability. Studies of CL elements in MS higher education are associated primarily
and positively with enhanced academic success, but also generic skills and psychologi-
cal outcomes seem to be linked positively to CL elements.

In sum, there is a need to design studies which explore CL using qualitative methods,
in other countries than the USA and perhaps especially in Europe and in more under-
graduate MS disciplines. If the impact of CL elements is to be measured in additional
quantitative studies, it seems of importance to isolate CL elements from other student-
centred approaches and control even more for confounding variables. Also, in filling the
existing knowledge gaps, future research should concentrate on student outcomes other
than enhanced content knowledge and academic achievement. Both research and teach-
ing practices may benefit from addressing CL group features, structures, and principles
corresponding to CL theory. Further, faculty contemplating CL elements in their under-
graduate MS education may need to be aware that student outcomes seem to be some-
what dependent on the underpinning of the CL principles and duration of the groups.
POGIL and roles are the most used CL elements in the reviewed studies, and both may
be suited in undergraduate MS education given the POGIL prescriptions are followed,
and roles are perceived as purposeful and contributing to team processes and outcomes.

Limitations

Our review focused solely on undergraduate MS discipline education, and this
may have resulted in a limited number of relevant studies. During the screening
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stage, it became clear that many studies of CL elements took place in undergradu-
ate MS professional studies, particularly in study programs for pre-service teach-
ers which might be transferable to MS discipline studies. Another limitation is
that of inferring meaning from omission. Not voicing the principles for instance
may be due to many reasons. Perhaps such omissions may simply be indicative of
the nature of the journals in which they were published.
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org/10.1007/s10763-022-10331-0.
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