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Abstract

Initiatives to strengthen psychosocial outcomes by, for example increasing students’
perceived sense of belonging, generic skills, and science confidence, and reducing
loneliness are important for several reasons. To successfully address current and
complex global challenges, international cooperation is critical, and the world is
trusting the scientific communities to step up to provide important knowledge, skills,
and solutions. Science, Technology, Engineering, and Mathematics (STEM)
knowledge is particularly important, but STEM students and teachers struggle to
prepare for the task, facing long-time recruitment, retention, and learning outcome
challenges. Psychosocial factors may play a vital role in overcoming these three
challenges but seem to have been overlooked and under-researched in STEM higher
education. A teaching and learning method hypothesized to promote cooperation and
improve a range of psychosocial outcomes is a highly structured form of group work
known as cooperative learning (CL). Thus, in this thesis I examine how CL is applied
in undergraduate STEM education and how it is related to psychosocial outcomes,
i.e., perceived sense of belonging, generic skills, science confidence, and loneliness,
among the students. The purpose is to assess and further develop the evidence base of
CL in undergraduate STEM education to: a) address existing STEM recruitment,
retention, and learning outcome challenges, b) inform teaching practices, c) fill

current knowledge gaps in the field, and d) guide future research.

The dissertation is article-based and consists of three papers and a synopsis. Paper I is
a scoping review of 24 empirical studies on the applications and outcomes of CL in
international mathematics and science education. Using a systematic five step
approach, our 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 elements 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. Paper Il is a

cross-sectional survey study examining the relationship between Norwegian
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undergraduate STEM students’ perceived levels of CL, sense of belonging, and
generic skills. By means of correlation analyses and standard multiple regression
analyses, we found that CL was positively associated with the development of both
sense of belonging and generic skills, that sense of belonging and generic skills are
positively interrelated, and that “promotive interaction” was the CL principle
contributing most to the association with both sense of belonging and generic skills.
The findings were discussed using social interdependence theory. Paper III reports on
findings from a study conceived during the COVID-19 pandemic. Although posing
challenges for students, teachers, and educational research, the pandemic also offered
a unique opportunity to develop and examine digital teaching and learning methods.
Thus, Paper III is a quasi-experiment testing the effect of digital CL compared to
digital lectures on a range of psychosocial outcomes in a sample of Norwegian
undergraduate biology students. The study was a one-group pretest-posttest design
with a double pretest and follow-up. Our results showed that the students’ self-
reported psychosocial outcomes, i.e., sense of belonging, science confidence, and
generic skills increased, and their loneliness decreased, after five weeks of digital CL
compared to five weeks of digital lectures. In light of theory and previous research,
we argue that these findings indicate that the effect of CL may be at least as
substantial in digital settings as in face-to-face settings - and that psychosocial
outcomes may be particularly vulnerable in digital settings and thus dependent on the

digital teaching and learning strategy chosen.

As a whole, the thesis identifies and fills several knowledge gaps within the field of
CL, ranging from (a) settings not previously researched, i.e., Norwegian
undergraduate STEM education and digital teaching and learning settings, (b)
identifying specific CL methods suited for these settings, (¢) examining student
outcomes other than academic success, (d) determining “promotive interaction” as
the most important CL principle in some of the key student outcomes, and (e)
providing a theoretical framework, i.e., social interdependence theory. The findings
of the three papers indicate that in undergraduate STEM education, CL methods can

be successfully implemented and lead to a range of positive psychosocial outcomes in
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both physical and digital teaching and learning settings. Further, the synopsis
showcases how the three papers are connected, describes the alignment within the

approach, and discusses the implications and limitations of the main findings.
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Sammendrag

Tiltak for & styrke opplevde psykososiale faktorer slik som tilherighet, generiske
ferdigheter og vitenskapelig selvtillit samt tiltak for & redusere ensomhet hos
studenter anses som viktig av flere grunner. I motet med de pagéende og komplekse
globale utfordringene setter verden sin lit til internasjonalt samarbeid og forventer at
forskningsmiljgene bidrar med de nedvendige kunnskaper, ferdigheter og lgsninger.
Kunnskap som utvikles innen realfag blir vurdert som serskilt viktig, men bade
studentene og laererne innen realfag strever med a forberede seg pa oppgaven.
Gjennom lang tid har realfagsfagmiljoene hatt utfordringer med rekruttering,
gjennomfoering og leringsutbytte - og selv om psykososiale faktorer kan spille en
viktig rolle i 4 lose disse utfordringene, har det blitt forsket lite pa slike faktorer i
hayere realfagsutdanning. En metode som fremmer samarbeid og som antas & ha en
positiv innvirkning pa psykososiale faktorer i utdanning, er samarbeidslering.
Samarbeidsleering er en svert strukturert form for gruppearbeid mellom studenter. I
denne avhandlingen undersgker jeg hvordan samarbeidslaring kan anvendes i
bachelorutdanninger innen realfag og hvordan samarbeidslering er relatert til
psykososiale faktorer slik som studenters opplevde tilherighet, generiske ferdigheter,
vitenskapelige selvtillit, og ensomhet, bade internasjonalt og i Norge. Formalet med
avhandlingen er 4 evaluere og videreutvikle evidensgrunnlaget for samarbeidslaering
innen bachelorutdanninger i realfag nar det gjelder: a) & mete eksisterende
utfordringer med rekruttering, gjennomfoering og laeringsutbytte, b) belyse
undervisningspraksis, c¢) fylle ndvarende kunnskapshull og d) gi retning til fremtidig

forskning.

Avhandlingen er artikkelbasert og bestér av tre vitenskapelige artikler og en kappe.
Artikkel I er en omfattende systematisk litteraturgjennomgang som identifiserer 24
empiriske studier som tar for seg bruken og resultatene av samarbeidslaering i
internasjonale bachelorutdanninger innen realfag. Den systematiske fem-trinns
tilneermingen som vi anvender i artikkel I viser at det finnes svert fa slike studier, at
slike studier sjeldent utfores utenfor USA og i andre disipliner enn kjemi. Videre ser

vi at de elementene fra samarbeidslering som anvendes hyppigst i de inkluderte 24



studiene er heterogen gruppedannelse, bruk av roller, og ulike
samarbeidsleringsstrukturer. Avslutningsvis viser artikkel I at det overveiende flertall
av de inkluderte studiene har knyttet samarbeidslering opp mot gkt leeringsutbytte
og/eller akademiske prestasjoner. Til sammenligning er studentenes holdninger,
generiske ferdigheter og psykisk helse i liten grad undersekt. Artikkel II er en
kvantitativ tverrsnittsundersgkelse som tar for seg sammenhengen mellom
samarbeidslaring, opplevd tilherighet og generiske ferdigheter blant norske
bachelorstudenter i realfag. Ved hjelp av korrelasjonsanalyser og standard
regresjonsanalyser fant vi ut at (i) samarbeidslaring var sterkt positivt korrelert med
bade tilherighet og opplevde generiske ferdigheter, (ii) tilherighet og opplevde
generiske ferdigheter var ogsé positivt og sterkt korrelerte, og at (iii) prinsippet
«stottende interaksjon» i samarbeidslering bidro mest til sammenhengen med bade
tilherighet og opplevde generiske ferdigheter. Alle tre funn ble i artikkel II dreftet ut
fra teorien om sosial gjensidig avhengighet. Artikkel III rapporterer funn fra en studie
som ble til under koronapandemien. Pa tross av en rekke utfordringer for bade
studenter, leerere og utdanningsforskning, ga pandemien oss en unik mulighet til &
utvikle og undersegke digitale samarbeidsleringsmetoder. Derav er artikkel III et
kvasi-eksperiment som tester effekten av digital samarbeidslering sammenlignet med
digitale forelesninger pa en rekke psykososiale utfall hos et utvalg av norske
bachelorstudenter i biologi. Studien ble designet som en sakalt pretest-posttest studie
uten kontrollgruppe, men med bruk av dobbel pretest og posttest. Etter fem uker med
digital samarbeidsleering sammenlignet med fem uker med digitale forelesninger gkte
studentenes opplevde folelse av tilherighet, vitenskapelige selvtillit og generiske
ferdigheter mens ensomhet avtok. I lys av teori og tidligere forskning argumenterer vi
i artikkel III for at funnene kan indikere at effekten av samarbeidslering kan vaere
minst like betydningsfull i digitale som i fysiske arenaer — og at psykososiale faktorer
kan veere sarskilt sarbare 1 digitale arenaer og dermed ogsé avhengige av hvilken

undervisnings- og leringsstrategi vi som laerere velger.

Samlet sett identifiserer og fyller avhandlingen en rekke kunnskapsfull innen

samarbeidslaring slik som (a) kontekster som det ikke tidligere er forsket pa, dvs.
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bachelorutdanninger innen realfag i Norge og digitale undervisnings- og
laeringsarenaer, (b) & finne frem til spesifikke samarbeidsleringsmetoder som er egnet
for disse kontekstene, (c) & underseke andre faktorer enn akademiske prestasjoner, (d)
a identifisere «stottende interaksjon» som det viktigste av
samarbeidslaringsprinsippene for utvalgte faktorer og (e) & sette samarbeidslering
inn 1 et teoretisk rammeverk i form av teorien om sosial gjensidig avhengighet.
Funnene i de tre delstudiene indikerer at flere samarbeidsleringsmetoder er godt
egnet i internasjonale og norske bachelorutdanninger innen realfag og at disse kan
fore til en rekke positive psykososiale gevinster i bade fysiske og digitale
undervisnings- og leringsmilje. Videre viser kappen hvordan de tre delstudiene
belyser hverandre og hvordan den overordnede tilneermingen i avhandlingen henger

sammen for funn, implikasjoner og begrensninger avslutningsvis diskuteres.
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1. Introduction

In the face of serious global challenges, international cooperation and knowledge in
science, technology, engineering, and mathematics (STEM) are particularly essential
(Milgrom-Elcot, 2022; Schreiner et al., 2010; Taylor, 2016; UN, 2015). In an age
characterized by climate crises, pandemics, increasing inequalities, and war, the
motivation for learning is not simply increased productivity or national
competitiveness (Cornford, 2005). Rather, the very goal of education is developing
values, attitudes, ways of doing and ways of being (Biesta, 2020, p. 102) in a joint
cooperative effort to achieve worldwide sustainability, health, equality, and peace.
The reliance on STEM knowledge to achieve these goals places a specific
responsibility on STEM higher institutions to educate a skilled, knowledgeable, and
effective workforce (Donaldson, 2020, p. 722; Milgrom-Elcot, 2022; Schreiner et al.,
2010; Taylor, 2016).

Despite the consensus on the importance of STEM knowledge for the greater good,
STEM higher education struggles to recruit and retain students - and to provide the
students with the learning outcomes needed (Canelas et al., 2017; Drew et al., 2015;
Honey et al., 2020; Johnson et al., 2002; Leggett et al., 2004; Lisberg & Woods,
2018; Milgrom-Elcot, 2022; Schreiner et al., 2010; Taylor, 2016; Waite &
McDonald, 2019). The STEM students themselves are not in doubt what they need to
succeed. Their take-home message is loud and clear: STEM teachers, by creating
learning environments that promote student belonging and belief in their own
abilities, make all the difference (Milgrom-Elcot, 2022; unCommission, 2022). These
student perceptions are supported by higher education research in general which does
establish a strong association between psychosocial factors such as sense of
belonging and belief in one’s own abilities and desired outcomes such as student
identity, retention, and success (Aurlien et al., 2019; Ayllon et al., 2019; Parkes,
2014; Saethre, 2014; Thomas, 2012; Tinto, 1975, 1993; van Dinther et al., 2011). So
far, most higher education research with a specific focus on STEM disciplines has
targeted ways to improve “hard” student outcomes such as content knowledge and

placed less emphasis on the promotion of psychosocial factors — although these are



considered critical to explore (Cromley et al., 2016; Lytle et al., 2021; Singer et al.,
2012; Talanquer, 2014; Trujillo & Tanner, 2014). Given the challenges faced by
STEM higher education, the needs conveyed by the STEM students, and previous
educational research, it is time STEM discipline-based educational research
prioritizes the exploration of psychosocial factors — and how educators can promote

these factors.

Psychosocial factors are developed through our interaction with our surroundings,
and they may influence us both positively and negatively. Factors influencing us
positively are also known as protective factors and those influencing us negatively as
risk factors (Thomas et al., 2020). Increasing sense of belonging, a protective factor,
seems of particular importance to STEM students in the US (Milgrom-Elcot, 2022;
unCommission, 2022) and is considered vital to overcome challenges with student
retention (Aurlien et al., 2019; Parkes, 2014; Saethre, 2014; Thomas, 2012; Tinto,
1975, 1993). Increased sense of belonging may also benefit Norwegian STEM
students as reports in Norwegian higher education reveal that students experience
increasing loneliness (NOKUT [The Norwegian Agency for Quality Assurance in
Education], 2021; Sivertsen, 2021). Loneliness is characterized as a risk factor with
potential serious consequences and calls for initiatives to prevent and reduce student
loneliness in Norwegian higher education have been voiced (Tekna, 2022; Traedal,
2020). Increasing a sense of belonging is one of the most effective means to do just
that (Arslan, 2020; Baumeister & Leary, 1995; Palikara et al., 2021). Another
important protective psychosocial factor for student success emphasized by the US
students is the belief in one’s own abilities. This belief is often characterized as
confidence or self-efficacy and this factor is often related to increased student
success, learning, and retention in STEM disciplines (Ballen et al., 2017; Bandura,
1997; Nissen & Shemwell, 2016; Rittmayer & Beier, 2008; Sawtelle et al., 2012;
Talanquer, 2014).

Student abilities in higher education may roughly be divided into two categories:
knowledge and skills. Both should be reflected in the outcomes acquired by higher
education graduates. Traditionally, the primary purpose of STEM higher education



has been to promote content knowledge outcomes over skills. This purpose, however,
has not succeeded in preparing the students for life and work in the 21% century
(Taber, 2016; Taylor, 2016), resulting in STEM higher education learning outcome
challenges. More now than ever before, STEM higher education students need to
develop a broad set of skills including critical thinking, creativity, problem solving,
interpersonal understanding, collaboration, and communication (Badcock et al., 2010;
Cornford, 2005; Donaldson et al., 2020; Leckey & McGuigan, 1997; Taber, 2016;
Taylor, 2016). These skills are often referred to as generic skills, life skills,
transferable skills or 21 century skills, and because they are developed through our
interaction with our surroundings and may influence us positively or negatively in
both life and work (Badcock et al., 2010; Taber, 2016; Taylor, 2016), they, too, may
be characterized as psychosocial factors. Taken together, the evidence suggests that
strengthening protective factors such as sense of belonging, belief in one’s own
abilities, and a variety of generic skills while reducing a risk factor such as loneliness
can successfully address many of the challenges faced by the STEM higher education

communities and their students.

The importance of psychosocial factors in higher education became especially
evident during the COVID-19 pandemic. As the pandemic forced teachers and
students to move both teaching and learning from traditional classrooms to online
platforms, students worldwide reported a range of challenges, e.g., lack of belonging,
increased loneliness, and difficulties in studying from home (Berve et al., 2021;
Camfield et al., 2021; Deng et al., 2021; Lederer et al., 2021; Phillips et al., 2022;
Sivertsen, 2021; Tice et al., 2021; Werner et al., 2021). These reports all shed a bright
light on the importance of student affect (Beard et al., 2007) to retain and motivate
students to fulfill their studies - and in many ways, this recognition may turn out to be
a positive ramification of the pandemic in higher education. As the higher education
communities are finally realizing the importance of psychosocial factors, the urgent
question remains: zow can STEM higher education strengthen protective factors and

reduce risk factors to overcome the challenges it faces?



The need for teaching and learning strategies that promote cooperation and mitigate
the challenges of recruitment, retention, and learning outcome in STEM higher
education is well-established. In this thesis, I examine one such teaching and learning
strategy, cooperative learning (CL), which is a highly structured form of group work
(Millis & Cottell, 2010). In line with the dominating focus on “hard” student
outcomes, CL has predominately been used to promote academic achievement in
international undergraduate STEM education (Apugliese & Lewis, 2017; Springer et
al., 1999). However, it is hypothesized - and to some extent empirically supported -
that CL may also promote a range of psychosocial outcomes (Johnson & Johnson,
1989; Johnson et al., 2014; Millis & Cottell, 1998). Further, CL is based on a
thorough theoretical framework, social interdependence theory. Social
interdependence theory was developed in the 1930s and 1940s, a time when global
challenges were, arguably, as critical and pressing as they are today. Back then, as
today, cooperation was believed to be the solution to the global challenges of the
time, and, according to social interdependence theory, a key to true, effective, and
successful cooperation is positive interdependence. Thus, CL does not only provide
us with a method to possibly strengthen student cooperation and protective factors
while reducing risk factors in STEM higher education. CL may also provide us with a
theoretical understanding of ~ow and why (i) cooperation succeeds or fails, (ii)
protective factors are strengthened, and (iii) risk factors are reduced—and do this on a
historical background similar to ours. The decision to explore CL in international and
Norwegian undergraduate STEM education seemed timely, and in this thesis, I
examine the following psychosocial outcomes of CL: increased sense of belonging,

generic skills, and science confidence, and decreased loneliness.

In addition to this introductory chapter, this PhD thesis consists of six other chapters
contextualizing and discussing the applications and outcomes of CL in undergraduate
STEM education. Chapter 2 elaborates on CL and the theoretical framework guiding
this thesis, social interdependence theory. Chapter 3 positions the thesis through a
review of previous research and knowledge gaps before introducing the aims and

research questions of the thesis. Chapter 4 entails the methodological approach of the



thesis and in chapter 5, a short overview of the results in each of the three studies is
provided. These results, their contributions, and their limitations are discussed in
chapter 6 before chapter 7 concludes and outlines both study implications and

possibilities for future research.






2. Theoretical Framework

In this chapter, I will elaborate on the chosen theoretical framework for the thesis,
social interdependence theory. First, I will explain cooperative learning (CL), the
principles guiding CL, and select characteristics of CL elements before giving an
account of social interdependence theory. Although social interdependence theory is
the chosen theoretical framework for this thesis, other prominent theoretical
perspectives exist. Thus, I will give a very short introduction to two of these
alternative perspectives and argue why I ultimately chose social interdependence
theory as the theoretical framework for my thesis. Lastly in the chapter, I will include

a brief section which clarifies my use of CL terms throughout the thesis.

2.1 Cooperative Learning (CL)

Cooperative learning (CL) may be defined as: ‘...a highly structured form of group
work’ (Millis, 2010, p. 5) and *...the instructional use of small groups so that students
work together to maximize their own and each other's learning’ (Johnson & Johnson,
1989, p.121). For true cooperation to occur, both groups and group tasks should be

structured according to five principles.

2.1.1 CL Principles
The five main principles in CL are positive interdependence, individual
accountability, promotive interaction, appropriate use of social skills, and group

processing (Johnson & Johnson, 2009).

Positive interdependence is the backbone and the most essential principle in CL
(Stevahn, 2021). Positive interdependence is achieved by structuring the group and
the group task in ways that make group members dependent on each other and that
help create a common interest in co-working to successfully complete the task
(Ballantine & McCourt Larres, 2007, p. 128). In other words, this mutually dependent
interest among the group members becomes an incentive for each student to become
an active participant and to engage in the solution of the problem task to reach their

shared goal.



Individual accountability is an important principle in CL because it promotes
responsibility and prevents social loafing, also known as free-riding behavior (Millis
& Cottell, 1998). Individual accountability is achieved when the teacher includes a
mechanism, e.g., individual tests, for holding group members accountable for
learning the material and completing the group task (Ballantine & Larres, 2007, p.
128).

Promotive interaction takes place when group members encourage and ease each
other’s contributions through listening, exchanging ideas, offering explanations and
constructive feedback (Gillies, 2014, p. 131). According to Johnson and Johnson
(1990), such reciprocal actions may also lead to group members feeling more

accepted and valued.

Appropriate use of social skills is the explicit training and negotiation of social
inclusion, mutual respect, consideration, and assistance within the group (Gillies,
2016) to promote skills in leadership, decision-making, trust-building,

communication, and conflict-management (Johnson et al., 2014, p. 94).

Group processing/reflection occurs in two steps: First the group members reflect on
which group actions and strategies were useful and which were not and second, they
decide which actions and strategies should be maintained and which need altering

(Johnson & Johnson, 2009).

According to Millis and Cottell (1998), the two key CL principles in higher education
are positive interdependence and individual accountability. More than the other three
principles, these two should underpin all aspects of CL, including group features and
CL structures. Thus, these are the principles most emphasized and discussed in the

continuation of this thesis.

2.1.2 CL Group Features
Group size is an important feature of CL. 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 (Millis & Cottell, 1998, p. 13). When students work in relatively



small groups, social loafing might be avoided, less forthright students can express
their opinion, and in groups of four, pairing up is easy, and even if a person is
missing, the group is still technically a group (Johnson et al., 1998a; Millis & Cottell,
1998). Compared to students working individually, students’ performance,
knowledge, and achievement seem to be higher when students work in such smaller

groups (Bertucci et al., 2010; Lou et al. 1996).

Teacher assignment of heterogenous groups is another important feature. Diversity of
opinion and experiences may create a cognitive disequilibrium (Piaget, 1985) and
force the students to take different perspectives and argue their case. Thus, CL
literature (Johnson et al., 1998a; 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. (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 are typically only used in schools as
they last at least one year which is not tenable in most higher education programs.
These types of groups are meant to provide long-term support in order to make
academic progress and build committed relationships (Johnson et al., 1998a; Johnson,

1992).
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2.1.3 CL Structures

CL structures are content-free strategies (Kagan, 1989; 2021) that organize the
interaction of students by prescribing student behaviour step-by-step to complete the
assignment (Johnson et al., 1998a). These structures are 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 responsibility, 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 cooperative behaviour and demonstrated more
complex thinking and problem-solving skills. In a systematic review of secondary
and post-secondary courses, Romero (2010) found that the effect on student

achievement was greater for structured than unstructured CL interventions.

The CL principles and importance of highly structured elements in all aspects of CL,
have resulted in several well-known CL methods, including both CL group features
and CL structures (Box 1). The list of CL methods in Box 1 is by no means
exhaustive and applications of CL may include one or more of these methods or other

CL methods altogether.
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Box 1.

Overview of selected well-known CL methods

Academic Controversy: Groups of four are divided into pairs and each pair given a pro or
con position on a controversial subject. The pairs prepare supporting arguments, presents
their position, and criticize the opposing position before changing sides and repeating the
steps. Ultimately, the groups agree on a position and write a report giving the supporting

evidence and rationale (Johnson et al., 1994).

Group Contract: A 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 (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).

Roundrobin & Roundtable: In response to a question or a task, the group members in turn
orally provide thoughts and possible answers (Roundrobin) or write thoughts and possible
answers with one pen and one piece of paper (Roundtable) or multiple pens and papers
(Simultaneous Roundtable) are passed around in the group (Kagan, 1989).

STAD: A CL strategy where small groups of students with different levels of ability are
working together to accomplish a shared goal. When all group members master the task,
they take individual quizzes or exams (Slavin, 1991).

Think-Pair-Share/Square: A CL technique which 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 (Think).
Next, the students are asked to pair up and discuss their thoughts or responses to the
question (Pair) before they share their joint answer with the entire class (Share) or in their
groups (Square) (Millis & Cottell, 1998, p. 73).
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2.1.4 Cooperative Learning (CL) vs. Collaborative Learning

The conscious and structured approach to every element of group work - from group
features, shared goals, tasks, resources, roles, and structures, to rewards - separates
cooperative learning (CL) sensu stricto from other forms of small-group learning,
e.g., collaborative learning in the broader sense. In contrast to CL, collaborative
learning is characterised by looser structures and relies mainly on very few elements,
except for task and goal, to guide the collaborative process (Davidson, 2021; Millis &
Cottell, 1998, p. 7-10). Thus, collaborative learning teachers never or only rarely
consider and theoretically motivate design elements such as group features, role
assignments, team-building activities, cooperative structures, equal participation, or
activist interventions in their teaching (Davidson, 2021). According to the CL
literature, the success of CL - and hence the reasons educators should consider
implementing CL in their teaching — lies precisely in this conscious, structured, and
theoretically founded approach. Through this approach educators will ensure that
student groups do not succeed solely due to chance and increase the probability that

all students will experience successful group work processes and outcomes.

2.1.5 CL Outcomes

Traditionally, most studies on the outcomes of cooperative learning (CL) in higher
education have compared cooperative, competitive, and individualistic approaches
and divided the outcomes into three reciprocal categories: 1) efforts to achieve (e.g.,
academic motivation, persistence, productivity, and performance), 2) positive
relationships (e.g., social skills, promoting each other’s success, and forming
academic and personal relationships), and 3) good psychological health (e.g.,
personal ego-strength, self-confidence, and autonomy) (Johnson & Johnson, 1999).
These three outcomes may according to Johnson and Johnson (1999) be explained
due to several group processes arising from positive interdependence. CL promotes
efforts to achieve because the group members work together to achieve a shared goal.
Positive relationships develop because CL groups lead to friendship which in turn
increases personal commitment to the success and growth of peers. Further, working
cooperatively leads to good psychological health because committed and caring

group members provide opportunities to share and solve problems, offer support, and
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install a feeling of self-value. The most studied student outcome in higher education
falls within the first category and seems to be academic performance or achievement.
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. More recent meta-analyses
and systematic reviews (Kyndt et al., 2013; Romero, 2009) support these findings.
However, according to CL literature (Johnson et al., 1998a, 2014), studies examining
student outcomes in the second and third category do exist and generally these seem
to find that cooperative approaches compared to competitive and individualistic
approaches improve both the quality of relationships and psychological health among
university students in general. Previous research on the relationship between CL and

student outcomes in STEM higher education specifically, is outlined in chapter 3.

2.2 Social Interdependence Theory

The approach to cooperative learning (CL) I have chosen in this thesis, i.e., the
Johnson and Johnson approach, stems from social interdependence theory. Social
interdependence theory states that we are socially interdependent when our individual
outcomes are influenced by other people’s actions and was first introduced by Morton
Deutsch in 1949 (Johnson & Johnson, 2005). Both the background and premise of
social interdependence comprise relevant reasons for choosing the Johnson and
Johnson CL approach and social interdependence theory as the theoretical foundation

for the thesis.

2.2.1 Background

Historically, the formulation of social interdependence theory took place in an era of
global challenges during the 1930s and 1940s, and Deutsch himself underlined many
times how much these challenges affected him and his work (Deutsch, 2012).
Deutsch was born in 1920 to Jewish parents and grew up during the Great
Depression, amid the rise of Nazism and other totalitarian regimes. During World
War II he served in England for the United States Air Force, witnessing the

destructiveness of the war (Stevahn, 2021). These historical events shaped the early



14

intellectual work of Deutsch. Upon his return, he embarked on his doctoral
dissertation, sparked by a general interest in issues of war and peace and with a
particular attentiveness to whether the nations composing the newly formed United
Nations Security Council would cooperate or compete. His interest in cooperative and
competitive political processes gradually changed into a lifelong endeavor to
understand the fundamental characteristics of the theoretical relationship between

human cooperative and competitive behavior (Deutsch, 2012).

Theoretically, Morton Deutsch and social interdependence theory were heavily
influenced by American Gestalt psychology (Johnson & Johnson, 2005). Gestalt
means “whole” and thus, Gestalt psychology states that humans perceive their world
as meaningful wholes rather than a sum of parts (Koffka, 1935). Inspired by this
notion, the German American psychologist Lewin (Lewin, 1948) proposed that
groups, too, are “dynamic wholes”. What Lewin meant by this is that group members
are interdependent and that a change in the state or behavior of any member changes
the state or behavior of any other member (Johnson & Johnson, 2002, p. 120).
Deutsch, who was one of Lewin’s students, explored these group dynamics further
and theorized that interdependence in groups might be both positive and negative.
Positive interdependence would initiate cooperation, and negative interdependence

would lead to competition (Deutsch, 2012).

2.2.2 Premise

The premise of social interdependence theory is that actions, psychological processes,
interaction, and subsequently outcomes of individuals, are dependent on how social
interdependence in groups is structured. There are three ways of structuring social
interdependence: positive interdependence, negative interdependence, and no
interdependence (Johnson & Johnson, 2002). According to Deutsch, positive
interdependence arises when there is a positive correlation among the goal
achievement of individuals in a group, i.e., when these individuals think that the only
way, they can reach their own goals is if other individuals reach their goals (Johnson
& Johnson, 2009, p. 366). Therefore, as shown in Figure 1, the individuals within the

group engage in effective actions to try to reach their shared goal and in the process,
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they are likely to experience positive psychological processes. Deutsch (2012) points
to three psychological processes and these are cathexis, substitutability, and
inducibility. Cathexis concerns the human innate predisposition to respond positively
to stimuli that are beneficial for us and negatively to those that are harmful.
Substitutability is a term used to describe the degree to which an individual’s actions
can satisfy another individual's intentions. Substitutability is key in our modern
society, whether it be the functioning of social institutions, division of labor or role
specialization. Inducibility refers to the readiness to accept or reject doing what
another individual wants us to do. Positive interdependence is likely to affect these
three psychological processes in a positive manner and because of that, the next step
in Figure 1, promotive interaction, i.e., when individuals engage, support, and cheer
each other on, will follow. Ultimately, the entire process will lead to positive
outcomes for the individuals in the group. As previously stated, outcomes in this
respect are often divided into the three reciprocal categories: 1) efforts to achieve
(e.g., academic motivation, persistence, productivity, and performance), 2) positive
relationships (e.g., social skills, promoting each other’s success, and forming
academic and personal relationships), and 3) good psychological health (e.g.,

personal ego-strength, self-confidence, and autonomy) (Johnson et al., 2014).
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Figure 1.

Positive interdependence processes in groups. See text for details and explanations.
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Note. * Positive outcomes can include 1) efforts to achieve, 2) positive relationships and 3) good

psychological health (Johnson et al., 2014).

According to Deutsch, negative interdependence arises when there is a negative
correlation among the goal achievement of individuals in a group, i.e., when these
individuals think that the only way, they can reach their goals is if the other
individuals fail to reach their goals (Johnson & Johnson, 2009, p. 366). Therefore, the
individuals within the group engage in bungling actions to try and prevent each other
from reaching their goal. As a result, it is likely that individuals will experience
negative psychological processes such as negative cathexis, non-substitutability, and
resistance to influence. Hence, negative interdependence also results in what Deutsch
calls contrient interaction patterns, where individuals discourage and obstruct each

other (Deutsch, 2012). Ultimately, the entire process will lead to negative outcomes
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for the individuals in the group, whether it be efforts to achieve, relationships, or

psychological health (Johnson et al., 2014).

No interdependence arises when there is no correlation among the goal achievement
of individuals in a group and these individuals think that they are completely
independent of other individuals when it comes to reaching their goals (Johnson &
Johnson, 2009, p. 366). Hence, the incentives to work in groups disappear and so do
the actions, psychological processes, interactions, and outcomes otherwise emerging
because of interdependence (positive or negative) in groups (Deutsch, 2012; Johnson

etal., 2014).

Deutsch (2012) stressed that few situations are characterized by purely positive,
negative, or a complete lack of interdependence. In most situations, different types of
interdependence occur simultaneously, unconsciously, and interchangeably. Thus, to
facilitate positive student outcomes, i.e., high efforts to achieve, positive
relationships, and high psychological health, it is important to create deliberate
structures leading to positive interdependence between students in groups — hence

cooperative learning (CL).

2.3  Other Theoretical Perspectives on Cooperative Learning (CL)

2.3.1 Dewey and Pragmatism

One of the theoretical perspectives most often linked to CL is Dewey and his
educational philosophy known as pragmatism (Davidson, 2021). Pragmatism derives
from “pragma” meaning action or practice and emphasizes human beings as active
participants (Egelandsdal & Ness, 2020, p. 62). This view is clearly expressed in the
famous saying “Learning by doing” associated with Dewey’s philosophy and reflects
many parallels to CL. Dewey introduced many other features with parallels to CL and
these include: inquiry, student involvement, reflection on experience and action, the
importance of interaction, problem-solving, and the idea that learning activities
should be democratic, relevant, meaningful, and valuable to the students (Davidson,

2021; Dewey, 2011; Egelandsdal & Ness, 2020; Siljo, 2013).
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2.3.2 Vygotsky and Social Constructivism

Another theoretical perspective frequently associated with CL is the sociocultural
perspective advanced by Vygotsky (Davidson, 2021). The sociocultural perspective
underlines that human beings learn and develop through their interactions with their
surrounding communities and cultures (Séljo, 2013; Woolfolk, 2001). Two of the
most important concepts in Vygotsky’s theory are scaffolding and the zone of
proximal development, both of which illustrate how we are dependent on others to
learn and develop (Siljo, 2013; Vygotskij, 1986; Woolfolk, 2001). Scaffolding
constitutes different types of support for learning such as clues, breaking problems
down into steps, and encouragement (Woolfolk, 2001, p. 49). The zone of proximal
development is the phase or area in which the student is dependent on guidance from
or cooperation with a more knowledgeable other to successfully solve a problem
(Saljo, 2013). It is not difficult to see the parallels between the sociocultural
perspective, including these concepts, and CL. Not only do they both emphasize the
notion of social interaction in learning, but they also stress the importance of tools or,

in CL terminology structures, to support learning.

2.4 Why Social Interdependence Theory?

First and foremost, I considered it important that the teaching and learning method
applied in the thesis was grounded in theory, and specifically that the theory on which
Johnson & Johnson based their approach to CL was social interdependence theory. In
Johnson & Johnson’s own words, they developed their method through four
consecutive steps:
(a) practical procedures should be derived from theory, (b) the theory must be
validated by research, (c) operational procedures should be formulated from
the validated theory, and (d) the implementation of the operational procedures
will reveal shortcomings in the theory, which results in revisions in the theory,
a new round of validating research studies, modified procedures, and more
fruitful implementation, which illuminates new shortcomings in the theory and

so forth. (Johnson & Johnson, 2021, p. 47)
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Second, the background and premise of social interdependence also appealed to me.
Social interdependence theory was formulated in a previous era of severe global
challenges and may possibly provide valuable insight into ways of understanding and
maybe even ways of solving the global challenges of our time. Just as we did then,
now we need to cooperate to solve critical global challenges, and social
interdependence theory provides a framework on what it may take to obtain true
cooperation: the need for positive interdependence. The notion of gestalt in social
interdependence theory is also interesting to this thesis as the examined outcome
variables may best be understood as dynamic wholes. Loneliness, sense of belonging,
and science confidence seem to be dependent on agreement between the self and the
surrounding structures (Allen et al., 2021) and generic skills appear to be holistic in
nature (Taber, 2016). Further, a theoretical framework and method preoccupied with
outcomes belonging to categories such as “positive relationships” and “good

psychological health” aligned well with the focus of the thesis.

Finally, social interdependence theory is consistent with the chosen methodology of
this thesis. Deutsch himself describes his philosophical stance with these words: “I
wanted my theory and research to be relevant to important social issues, but I also
wanted my work to be scientifically rigorous and tough-minded” (Deutsch, 2012, p.
4). Thus, it is fair to say that the work of Deutsch is developed within the ontology,
epistemology, and methodology of the post-positivist paradigm, as is this thesis (see

section 4.8).

2.5 Clarifications

The application and understanding of cooperative learning (CL) in this thesis are
mainly based on the approach by David W. Johnson and Roger T. Johnson (Johnson
& Johnson, 1989; 2009; 2021; Johnson et al., 2014). Throughout the thesis, I have
consciously chosen to divide CL elements into two main categories, CL group
features and CL structures, because this division may constitute an intuitive and
simplified way to acquire an overall understanding of CL and how to facilitate it.

This division is also found in Cottell (2010) and in Millis and Cottell (1998) on CL in
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higher education. Similarly to Millis and Cottell, I also understand the concept “CL
group features” as ways of composing groups and “CL structures” as general ways of
providing structure in both group tasks and the group work processes (Cottell, 2010;
Millis & Cottell, 1998). Thus, the latter, i.e., CL structures, in this thesis include but
are not confined to the traditional understanding of structures associated with Spencer
Kagan and his structural approach (Kagan, 1989; 2021). The main reason for this
adoption of the concept is that “structures” align well with the definition of CL on
which I have based this thesis. Lastly, I do not assign different meanings to the
concepts or terms “CL elements” and “CL methods”. The main reason for using both
lies in the formulation of the research questions and hypotheses guiding Papers I and
III. As “CL elements” is the term used in the research questions in Paper I, I
predominantly use “CL elements” when referring to or discussing Paper 1. Similarly,
since “CL methods” is the term used in the hypothesis stated in Paper 111, I

predominantly use “CL methods” when referring to or discussing Paper III.
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3. Previous Research

As in higher education in general, the evidence indicates that the most studied
cooperative learning (CL) outcomes in science, technology, engineering, and
mathematics (STEM) higher education falls within the first category of CL outcomes,
i.e., higher efforts to achieve (Apugliese & Lewis, 2017; Springer et al., 1999). In
their meta-analysis Springer et al. (1999) demonstrated that small-group learning
promotes greater academic achievement and increased persistence in undergraduate
STEM students, and in a more recent meta-analysis (Apugliese & Lewis, 2017) the
positive impact of CL on students’ chemistry understanding was found to be both
significant and robust. Due to the dominating focus on this first category of
outcomes, and academic achievement in particular - and not least due to the current
challenges faced by STEM higher education - I have primarily examined
psychosocial outcomes of CL in undergraduate STEM education in this thesis. Thus,
this chapter will only entail previous STEM higher education studies on the effect of
CL on perceived sense of belonging, generic skills, science confidence and academic
self-efficacy, and loneliness. As a conclusion, I will briefly sum up the state of the
field, identify existing knowledge gaps, and comment on how this thesis contributes

to the field.

3.1 Student Outcomes of CL

To stress the importance of the surroundings, e.g., the teaching and learning strategies
students face, and how these may influence the students’ perceived sense of
belonging, generic skills, science confidence, and loneliness in both positive and
negative ways, I have adopted the term “psychosocial” outcomes to describe the
student outcomes examined in this thesis. In this section, the psychosocial constructs
examined in this thesis are first defined and explained and second, related to previous

research on CL outcomes in undergraduate STEM education.
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3.1.1 Sense of Belonging

To belong may be regarded a basic human need (Baumeister & Leary, 1995; Maslow,
1968), possibly just as important for our health and survival as are basic physical
needs (Baumeister & Leary, 1995). We attempt to fulfill our need to belong by
engaging in meaningful interpersonal relationships and social interactions
(Baumeister & Leary, 1995), and sense of belonging may be defined as our
experience of being an integral part of our surrounding systems or environment

(Hagerty et al., 1992, p. 173).

In their recent review on belonging, Allen et al. (2021) provide an explanation of how
sense of belonging or its opposite, alienation, may develop. They underline that our
sense of belonging develops in the interaction between the self and our surroundings
but may be regarded as a subjective feeling. Thus, the surrounding structures appear
to provide an orientation for the self to decide who and what is acceptable and what is
right and wrong (Allen et al., 2021, p. 88). If the ongoing interaction between the self
and surrounding structures reinforces the perceptions, identity, culture, and
experiences of the self, a sense of belonging may be facilitated. If the opposite
scenario plays out in the interaction between the self and their surroundings, and
reinforcement fails to occur, a sense of alienation may result (Allen et al., 2021).
Alienation among young people is on the rise (Destin, 2019; Holland, 2019; Katartzi
& Hayward, 2020; Leyshon, 2011) and may lead to declining mental health, low
well-being, and increased loneliness (Arslan, 2020; Palikara et al., 2021).

Considering the importance of belonging and the increase in alienation, educational
institutions should implement intentional and systematic practices to become places
of belonging (Murdock-Perriera et al., 2019). Central to such practices is that
components such as perceptions of belonging and opportunities to belong reinforce
and affect one another continuously in the development of belonging (Allen et al.,
2021). Thus, it seems essential to acknowledge that students enter with different
perceptions of belonging informed by past experiences - and to add to an existing
sense of belonging and create new experiences that may remedy past experiences of

alienation. A way to achieve this may be to create learning and social settings where
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students are given opportunities to belong on different levels, e.g., with peers,
teachers, disciplines, and the institution. These settings should be structured in
systematic ways that reduce competition and ensure that all students may fulfill the
need for belonging through social interactions and meaningful relationships (Allen et
al., 2021; Baumeister & Leary, 1995, Murdock-Perriera et al., 2019), e.g., through

groups and group work.

Sense of belonging has been examined as one of many student outcomes of CL,
including in undergraduate STEM education (Furuto, 2017; Wilton et al., 2019;
Yapici, 2016). In a study in undergraduate mathematics, Furuto (2017) reported that
implementing the CL. method STAD (Box 1, 2.1.3) increased a sense of belonging
among the students. Similar CL methods led to similar results in an undergraduate
biology course (Yapici, 2016). In yet another undergraduate biology study, Wilton et
al. (2019) introduced structured in-class student-student/student-teacher interactions
and peer-led discussions and found that the students reported greater sense of
belonging than did students in a similar course with traditional teaching. Taken
together, these studies suggest a potential for a positive relationship between CL and

sense of belonging in undergraduate STEM education.

3.1.2 Generic Skills

Generic skills, holistic skills that operate across wide ranges of contexts (Taber, 2016,
p. 226), are developed through our interaction with our surroundings, and often
predict success in life and work (Heckman & Kautz, 2012, p. 2). Well-developed
generic skills influence us positively in both life and work because they are (i)
important tools for lifelong learning (Bourn, 2018) and coping strategies (Leckey &
McGuigan, 1997), (ii) highly desired by employers (Davey et al., 2018), and (iii)
believed essential to navigate in an unpredictable future (Badcock et al., 2010; Taber,
2016; Taylor, 2016). Thus, generic skills may be categorized as psychosocial skills
that are also known as “life skills”, “transferable skills”, and “21° century skills”
(UN, 2015; UNICEF, 2021). These skills include a) ways of thinking: e.g., creativity,
critical thinking, problem solving, and meta-cognition, b) ways of working: e.g.,

collaboration and communication, ¢) tools for working: e.g., information and
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communication literacy, and d) living in the world: e.g., citizenship and life and

career (Binkley et al., 2012, pp. 18-19).

In educational settings, generic skills seem to be developed through an integration of
content knowledge and active learning methods, particularly group work (Ballantine
& McCourt Larres, 2007; Kember et al., 2007; Smith & Bath, 2006; Tynjéla &
Gijbels, 2012; Virtanen & Tynjélé, 2019, 2022). Integrating content and active
collaborative learning methods is believed to facilitate a dual process: When students
use theoretical knowledge and concepts to discuss and solve practical problems, they
learn how to solve practical problems in new ways and also how to conceptualize
their practical experiences in relation to the theory (Virtanen & Tynjila, 2019, p.

882), hence improving both their theoretical and practical learning.

Johnson and Johnson (2002; 2016), Millis and Cottell (1998), and Slavin (1996) have
all suggested that CL may lead to improved generic skills. Multiple empirical studies
have tested this proposition, based on subjective student reports (Canelas et al., 2017;
Carson & Glaser, 2010; Cheruvelil et al., 2020), objective assessment
(Rattanatumma & Puncreobutr, 2016; Sandi-Urena et al., 2012) or both (Diaz-
Viazquez et al., 2012; Pilcher et al., 2015; Srougi et al., 2013; Winschel et al., 2015)
and find that CL generally does enhance undergraduate STEM students’ acquisition
of generic skills. The generic skills examined in these studies were teamwork skills (4
of the studies listed above included this skill), problem-solving skills (4 studies),
critical thinking skills (2 studies), communication skills (1 study), and metacognitive

skills (1 study).

In undergraduate chemistry, Canelas et al. (2017) compared two similar courses, one
employing traditional lectures and one employing the CL method Process Oriented
Guided Inquiry Learning (POGIL), see Box 1 in section 2.1.3, and found that the
latter resulted in increased acquisition of key transferable skills such as problem-
solving and collaboration significantly. Other studies from undergraduate chemistry
(Sandi-Urena et al., 2012; Winschel et al., 2015) found that different cooperative lab

instructions related to an increase in the students’ problem-solving skills. These
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findings are supported by a study from undergraduate mathematics (Rattanatumma &
Puncreobutr, 2016), in which the students taught using the CL method Student Team
Achievement Division (STAD), see Box 1 in section 2.1.3, achieved higher scores in
problem-solving ability compared to the students taught through problem-based
learning. Likewise, a qualitative study replacing recipe-based lab teaching by the
jigsaw strategy (Box 1, 2.1.3) found a substantial increase in the students’
metacognitive skills (Pilcher et al., 2015). A few studies on the effects of online CL
on generic skills in STEM higher education exist. Using objective assessment, one of
these studies showed that cooperative reciprocity, triggered by asymmetric learning
contents, led to significantly increased critical thinking skills development (Lee et al.,
2016). Another study, by means of both objective assessment and subjective student
reports, found that a mobile learning application containing jigsaw-based cooperative
and interactive learning approaches greatly enhanced information evaluation skills

compared to traditional learning (Parsazadeh et al., 2018).

Of the psychosocial outcomes addressed in this thesis, student perceptions of generic
skills are the most frequently examined in previous research. All the previous studies
above examining the relationship between CL and students’ self-reported generic
skills point to a positive relationship and hence, improved perceived generic skills
may be characterized as the most established of the CL outcomes included in this

thesis.

3.1.3 Science Confidence and Academic Self-Efficacy

Science confidence may be understood as a student’s perception of their own abilities
to learn and complete tasks specific to science, such as articulating a testable
hypothesis, designing an experiment, or explaining scientific concepts to peers
(Cotner et al., 2020; Seymour et al., 2004). Thus, science confidence seems to be
closely related, but not identical to, the more general academic self-efficacy
(Ainscough et al., 2016; Ballen et al., 2017; Cotner et al., 2020; Nissen & Shemwell,
2016; Rittmayer & Beier, 2008). Self-efficacy is the belief in one’s capacity to
organize and execute the courses of action required to manage prospective situations

(Bandura, 1997) and consequently academic self-efficacy captures students’ beliefs
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that they are capable enough to master academic tasks and obtain successful results.
Bandura (1997) theorized that an individual develops their own self-efficacy for a
specific task through social and personal experiences. These experiences fall into four
categories: mastery experiences, vicarious learning experiences, social persuasion
experiences, and an individual’s physiological and affective state. Students draw on
all four of these categories as sources of information in building their self-efficacy.
Generally, science confidence and self-efficacy are positively associated with
desirable student outcomes such as better performance and retention in a discipline
(Ballen et al., 2017; Rittmayer & Beier, 2008). The relationship between confidence
and performance may be understood through the lens of social cognitive career theory
(Bandura, 1986; Lent et al., 1994) - whereby a perceived reduced capacity, and
possibly a consequent lack of belonging, learned through social and personal
experiences in a discipline informs an individual’s self-evaluation and sense of a
future in that discipline. Science confidence has, to the best of my knowledge, never
been examined as one of the typical student outcomes of CL in science higher
education. However, academic self-efficacy (Bandura, 1986) has — and since science
confidence, like academic self-efficacy, is believed to develop through social and
personal experiences (Bandura, 1986; 1997), CL may provide the necessary

conditions to increase students’ science confidence.

In recent STEM higher education studies, self-efficacy and specific types of academic
self-efficacy have been examined as a potential outcome of CL (Espinosa et al., 2019;
Furuto, 2013; 2017; Rivera, 2013). In a study in introductory algebra (Rivera, 2013),
the implementation of a range of CL strategies such as roles, think-pair-share, and
jigsaw (Box 1, 2.1.3) improved the students’ mathematics self-efficacy significantly.
Similarly in higher education algebra, the introduction of the CL strategy STAD (Box
1, 2.1.3) led to significant improvements in the students’ mathematics self-efficacy
(Furuto, 2017). Further, 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 and group composition in an introductory physics

class based on CL principles.
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Although academic self-efficacy seems to be a prominent psychosocial outcome of
CL and academic self-efficacy and science confidence are closely related, we cannot
assume that science confidence is equally affected by CL. In this thesis, I set out to
examine if a relationship between CL and science confidence may exist and do this

for the first time, not only in general but also in a digital setting.

3.1.4 Loneliness

Loneliness is a subjective feeling of distress due to deficiencies in an individual’s
social relationships (Peplau & Perlman, 1982, p. 3). Moving away from the safety of
home and suddenly having to manage on their own, university students may be
particularly vulnerable to loneliness (Cutrona, 1982; Stewart-Brown et al., 2000).
Student loneliness is on the rise (Knapstad et al., 2018) and increased substantially
during the COVID-19 pandemic (Phillips et al., 2022; Sivertsen, 2021; Werner et al.,
2021). Furthermore, loneliness among university students may cause health problems
(Hayley et al., 2017; Richardson et al., 2017) and loneliness in general is perceived as
a risk factor to increased mortality (Holt-Lunstad et al., 2015). To prevent and
counteract loneliness, universities may facilitate initiatives (both within and beyond
the classroom, physically and digitally) to decrease loneliness (Adriansen & Madsen,
2012), and increasing opportunities for social interaction is particularly promising

(Hawkley & Cacioppo, 2010).

CL is an example of an initiative offering increased opportunities for social
interactions. To the best of my knowledge only one study in university populations
has examined the relationship between CL and loneliness (Kocak, 2008) and this
study concluded that CL heterogenous groups and CL structures led to a significant
decrease in loneliness compared to traditional teaching (Kocak, 2008). In this thesis, I
seek to validate these findings, albeit among undergraduate biology students in

Norway and in a digital setting.
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3.2 Research Summary and Research Gaps

Although academic achievement is the most established student outcome of CL in
undergraduate STEM education (Apugliese & Lewis, 2017; Springer et al., 1999), the
studies reviewed in this chapter indicate that CL may increase protective
psychosocial outcomes such as sense of belonging, generic skills, and scientific
confidence/academic self-efficacy, and decrease risk factors such as loneliness.
However, only few of these studies theoretically or empirically examined what it is
about CL that may explain this impact. Further, the relationships between CL and
science confidence and CL and loneliness have not been established in previous
research and certainly not in an undergraduate STEM setting. Finally, the existing
studies cover a limited range of sociocultural settings and none of these, except for a
few studies on the relationship between CL and generic skills, have been performed
in a digital setting. Thus, in this thesis I attempt to explore how and why CL may
affect psychosocial outcomes among undergraduate STEM students, and I do this
through the lenses of a thorough theoretical framework, i.e., social interdependence
theory, and through empirically identifying and measuring components (principles) in
CL attributing to its success. I also examine the effect of CL on two psychosocial
outcome variables not previously researched in undergraduate STEM education, i.e.,
science confidence and loneliness. Lastly, my thesis adds to the existing knowledge
base by examining settings not previously researched, i.e., undergraduate STEM

students in Norway and a digital teaching and learning platform.

3.3 Aims and Research Questions of the Thesis

Based on the outlined background rationale, theoretical framework, and previous
research, the aims of this PhD thesis were to assess and develop the evidence base of
CL as a means to promote student cooperation and desirable psychosocial outcomes
among students in international and Norwegian undergraduate STEM education to: a)
address current STEM challenges, b) inform teaching practices, c) fill current
knowledge gaps in the field, and d) guide future research. Thus, the main research

question guiding the thesis was:
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How is cooperative learning applied and how is it related to psychosocial
outcomes among students in undergraduate science, technology, engineering,

and mathematics education?

This main research question was explored through several sub-research questions and

hypotheses, and these were:

In Paper I:

1. Which disciplines, countries, and research methods are prevalent in studies
of cooperative learning elements in undergraduate mathematics and
science education?

2. What are the characteristics of the cooperative learning elements used in,
and principles guiding, undergraduate mathematics and science
education?

3. What are the student outcomes of cooperative learning elements in
undergraduate mathematics and science education?

4. How are the various cooperative learning elements associated with student

outcomes?

In Paper II:
How is cooperative learning related to sense of belonging and generic skills

among students in Norwegian undergraduate STEM education?

In Paper III:
Digital cooperative learning methods lead to beneficial changes in biology
students’ self-reported psychosocial outcomes, i.e., sense of belonging, science
confidence, generic skills, and loneliness, compared to traditional digital

lectures.

To achieve these aims and answer these research questions, first we assessed the
evidence base of and identified knowledge gaps in the characteristics, applications,
and outcomes of CL in international undergraduate mathematics and science
education in a scoping review (Paper ). Second, we examined the relationships

between CL and two psychosocial outcomes, i.e., sense of belonging and generic



30

skills, in a range of Norwegian undergraduate STEM disciplines in a cross-sectional
survey study (Paper II). Third, we implemented and compared the effect of digital CL
and digital lectures on a range of psychosocial outcomes, i.e., sense of belonging,
science confidence, generic skills, and loneliness among Norwegian undergraduate

biology students in a quasi-experimental study (Paper III).



31

4. Methods

The purpose of this thesis was to examine the applications and outcomes of
cooperative learning (CL) in undergraduate science, technology, engineering, and
mathematics (STEM) education. Thus, this chapter entails the methodological
approach adapted to achieve this purpose, including study designs, samples and
procedures, measures, analytical strategies, validity, reliability, research ethics, and

philosophical stance.

4.1 Study Designs

Three different study designs were employed in the thesis. To obtain an overview of
the applications and outcomes of CL in international undergraduate mathematics and
science education and to identify possible knowledge gaps, we decided to conduct a
scoping review (Arksey & O’Malley, 2005) in Study 1. Based on the findings and
knowledge gaps of this review, in Study II, we employed a cross-sectional design
using surveys to examine and theoretically explain possible relationships between CL
and select psychosocial outcomes, i.e., sense of belonging and generic skills, in a
Norwegian undergraduate STEM setting. Based on the findings of both Study I and
II, we adopted a quasi-experimental design (Shadish et al., 2002) in Study III. This
design allowed a digital CL intervention in a Norwegian undergraduate biology
course and made use of many design controls, e.g., a double pre-test and follow-up,
to determine the hypothesized effect of carefully selected CL methods on a range of
psychosocial outcomes, i.e., sense of belonging, science confidence, generic skills,

and loneliness.

4.2 Samples and Procedures

The samples of the three studies in this thesis consisted of students in international
and national undergraduate STEM education. In Paper I, the sample consisted of 24
empirical studies on the applications and effects of CL on students in international

undergraduate mathematics and science education. This sample was identified
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through systematic search and screening strategies guided by research questions,
inclusion and exclusion criteria, and the PRISMA protocol (Moher et al., 2009). In
Papers II and III, we were interested in examining CL in undergraduate STEM (Paper
I1) and biology (Paper III) students in Norway, but due to restraints in the use of CL,
time restraints within the PhD frame, data collection challenges during the pandemic,
and course enrollment in general, it was not possible to target a nationally
representative sample. Thus, the participants in both papers were drawn from a
convenience sample, i.e., from sample units that were readily accessible to me as a
researcher (Crano et al., 2015). In Paper II the sample consisted of students (n =401,
response rate = 92%) from different STEM disciplines at one of the major Norwegian
universities. Only undergraduate STEM courses which had a minimum enrollment of
30 students, and which had implemented some sort of CL elements were invited to
participate. The data was collected by means of surveys, some digital using
SurveyXact (Rambell, 2021) and some on paper, during the fall 2020. In Paper I1I,
the participants (n = 71, response rate = 83%) were recruited from a mandatory
undergraduate biology course at the same university studied in Paper II. The digital
CL methods implemented were based on the findings on applications of CL in
undergraduate mathematics and science education identified in Paper I and the data
was collected by means of digital surveys in SurveyXact (Rambell, 2021) at four
different time points during the spring 2021.

4.3 Measures

Both Studies II and I1I have employed scales to measure a range of constructs. The
scales measuring sense of belonging and generic skills have been applied in both
studies whereas the scale measuring cooperative learning (CL) was only used in
Study II. The scales measuring science confidence and loneliness were only used in
Study III. For more details on scales, see Table 1 in section 4.4 and for details on

items, internal consistency, validation etc., see Papers II and III.

All the included scales have been validated in previous international studies (Alkan,

2016; Atxurra et al., 2015; Byrne & Flood, 2003; Freeman et al., 2007; Goodenow,
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1993; Hughes et al., 2004; Jansen et al., 2013; Matthews-Ewald & Zullig, 2013;
Ramsden & Entwistle, 1981; Walker et al., 2008) and the scales measuring generic
skills, science confidence, and loneliness had also been previously validated in
Norwegian studies (Cotner et al., 2020; Espeland & Indrehus, 2003; Knapstad et al.,
2018). However, as the scales measuring sense of belonging and CL had never been
used in a Norwegian setting, several steps were taken to validate these. First the items
in the scales were translated and back-translated by two different sets of researchers
using the International Test Commission (ITC) test translation and adaptation
guidelines (Hambleton, 2001). Second, the translation of each item was discussed
with a group of five Norwegian undergraduate STEM students to ensure that the
students’ understanding of the items reflected the meaning of the items. Third, the
translation and number of items in the scale were subject to change after student
feedback and the statistical findings of an extensive pilot study (n=253). For further
details on the validation processes of the scales measuring sense of belonging and

CL, see Paper II.

4.4 Analytical Strategies

In Paper I, the aim was to obtain knowledge on the scope, applications, and outcomes
of CL in international undergraduate science and mathematics discipline education.
Thus, the included studies in Paper I were identified, screened, and analyzed using
the five steps of the scoping review: 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).
Furthermore, the screening process followed the PRISMA protocol (Moher et al.,
2009) and was managed using the review tool, Rayaan (Rayaan, 2022). For further

details, see Paper I and Paper I, Supplemental material 1+2.

The analyses in Papers II and III were conducted using the statistical program IBM
SPSS 25 (IBM, 2017) and 27 (IBM, 2021) and included reliability analyses, factor
analyses, Pearson’s correlations, multiple regression, independent samples T-test, and

one-way ANOVA analyses. In both studies, normality was assessed by reviewing
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standard deviations, skewness, and kurtosis. As only participants who had answered
all questions on all measurement points were included in the data set in Paper 11, no
strategy for missing data was needed. However, in Paper 11, some missing data
existed. Generally, the missing rate was very low, i.e., under 5% which characterizes
as inconsequential (Schafer, 1999). The missing rate of the CL variable was a little
higher, 8%. Still, these values should not pose any particular problems as data is not
likely to be biased if less than 10% is missing (Bennett, 2001). Within educational
science, missing rates of 15 to 20% are not uncommon, indicating that the missing
rates in Study II may be considered acceptable (Enders, 2010). Still, we decided to
use an “Exclude cases pairwise” strategy to deal with missing data. This strategy only
excludes the participants from specific analyses that are in need of all data (Pallant,

2016).

In Paper 11, we were mainly interested in exploring relationships between CL and
sense of belonging and generic skills in a Norwegian undergraduate STEM setting.
Thus, we first conducted Pearson’s correlations to explore and assess the
relationships between CL, sense of belonging, and generic skills. Next, we conducted
standard multiple regression analyses to determine how much unique variance each
of the CL subscales, i.e., CL principles, would explain in the prediction of sense of
belonging and generic skills. As multiple regression analyses make several
assumptions about the data (Tabachnick & Fidell, 2014), preliminary analyses were
conducted to ensure no violation of the assumptions of normality, linearity,
multicollinearity, and homoscedasticity. For more details, see Paper II and Paper II,

Supplementary materials.

In Paper 111, we examined the effect of implemented digital CL methods compared to
digital lectures on sense of belonging, science confidence, generic skills, and
loneliness in undergraduate biology students in Norway. Thus, our primary
confirmatory analysis was One-way repeated measures ANOVA. We used Wilks’
Lambda to assess significance and adjusted for multiple comparisons through

Bonferroni correction (Field, 2018). Effect sizes were measured in Partial Eta

squared, which may be considered small (77; >.01 to .05), moderate (ryﬁ >.06 to .13),
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or strong (7, >.14) in magnitude (Cohen, 2013). We also ran exploratory analyses,

i.e., Independent-samples t-tests and One-way between-groups ANOVA with Tukey
post-hoc tests to detect whether the outcomes varied by student gender and generation
in college. Important assumptions such as Levine’s test for homogeneity of variances

were also reviewed.

An overview including study characteristics, data, measures, and analyses used in the

three studies in the thesis is presented in Table 1.

Table 1.
Overview of the methods used in the three papers in the thesis
Paper [ Paper 11 Paper 111
Study characteristics
Program International Norwegian Norwegian
undergraduate undergraduate undergraduate
mathematics and STEM education biology education

Sample size

science education
24 empirical
studies

401 students

71 students

Design Scoping review Cross-sectional Quasi-experiment
convenience sample convenience sample
Geography Global Norwegian Norwegian
university university
Data Database searches ~ Survey Survey
Keywords
Inclusion/exclusion
criteria
Measures
CLAS X
PSSM X X
CEQ (Generic X X
skills subscale)
TILS X
Science X
confidence
Analyses PRISMA Pearson’s One-Way repeated
correlations measures ANOVA
Charting, mapping, Standard Multiple Independent-

and organizing data Regression

samples t-tests
One-way between-
groups ANOVA

Note. CLAS = Cooperative Learning Application Scale; PSSM = Psychological Sense of
School Membership; CEQ = Course Experience Questionnaire; TILS = Three-Item
Loneliness Scale; PRISMA = Preferred Reporting Items for Systematic Reviews and Meta-

Analyses
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4.5 Validity

According to Shadish et al. (2002, p. 34) validity refers to: “the approximate truth of
an inference. When we say something is valid, we make a judgment about the extent
to which relevant evidence supports that inference as being true or correct.” An
important notion in this understanding of validity is the use of the word
“approximate” which aligns with the postpositivist paradigm (see section 4.8). As
expressed in this understanding, to be valid our knowledge claims must be based on
evidence that demonstrate the truth of the claim. Relevant to the studies in this thesis
are different types of validity and these are identified and explained in each paper

below. See the individual papers for a further discussion of validity in each case.

In Paper 1, the scoping review, several steps to ensure validity in general were taken.
First, we paid careful attention to the search strategy. To identify relevant studies in
your searches, it is important to consider both sensitivity and specificity. Sensitivity
ensures a high proportion of relevant studies and specificity ensures a low proportion
of irrelevant studies (Brunton et al., 2017). Second, the screening process was guided
by clearcut inclusion and exclusion criteria and followed a very systematic approach
guided by the PRISMA protocol (Moher et al., 2009). Both titles and abstracts and
full-text articles were screened independently, systematized, and documented in the
review tool Rayaan (Rayaan, 2022). Systematic approaches such as these are crucial
to the validity of reviews as they ensure relevance and create transparency while
preventing both selection bias and publication bias (Booth et al., 2016). However, as
a scoping review does not contain a critical appraisal, it cannot make any assessment

of the validity of the included studies themselves.

In Paper 11, a cross-sectional study, validity was mainly ensured through validation of
the instruments, also known as construct validity, and the relevance of the instrument
to users, known as face validity. Construct validity is obtained if an instrument
succeeds in measuring the underlying theoretical construct it is supposed to measure
(Kleven et al., 2011) and face validity refers to the relevance of an instrument as it

appears to the respondents (Muijs, 2013). In Paper 11, construct validity was ensured
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by using previously validated scales. Further, the translation of the two scales which
had not been previously applied in a Norwegian setting underwent many validation

procedures (see Paper II) to establish both construct and face validity.

In Paper 111, as in Paper II, construct validity and face validity were established using
previously validated measures and procedures. In addition, since this was a quasi-
experimental intervention study, internal validity also came into play. Internal
validity is the degree to which you can infer cause-effect relationships in a study
(Shadish et al., 2002). To be able to infer cause-effect relationships in Study 111, a
range of design controls were adopted. The two most important of these design
controls were the use of an extra pretest and follow-up measurements which reduce

the risk of errors due to student maturation and regression (Shadish et al., 2002).

4.6 Reliability

Reliability is a term used to indicate if you can trust or rely on research to be accurate
and consistent. There are many ways to test if you can rely on research and relevant
in this thesis are reproducibility, inter-rater consistency, and internal consistency.
Reproducibility means that other researchers when repeating the study obtain the
same or similar results (Resnik & Shamoo, 2017). Inter-rater consistency is the
degree to which two independent researchers are consistent in their judgements while
internal consistency is a reliability measurement determining if the components of an

instrument are interrelated (Crano et al., 2015).

In Paper I, reliability was primarily linked to reproducibility. There are several ways
researchers can increase reproducibility in literary reviews and these include (i)
complete reporting of all the search strategies in each database, (ii) assistance from
university librarians in the development and execution of the search strategies, and
(iii) reporting guidelines (e.g. PRISMA) (Brunton et al., 2017; Koffel & Rethlefsen,
2016). With reproducibility in mind, Paper I included all these steps. Furthermore,
screening based on clear inclusion- and exclusion criteria ensured consistency in

decision-making (Arksey & O’Malley, 2005) and the fact that the entire screening
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process was conducted by two independent researchers enabled inter-rater

consistency, too (Crano et al., 2015).

In Papers II and III, reliability was assessed through measures of internal consistency,
specifically Cronbach’s alpha (o). Guidelines specify that alpha coefficients of .70
are acceptable, values of .80 are very good, while values of .90 are excellent (Kline,
2016). In Paper 11, alpha coefficients ranged from .77 to .93 and in Paper III from .76
to .97, thus displaying overall good internal consistency. Furthermore, as measures,
data, and thorough descriptions of the implemented CL elements were made

available, both studies should be reproducible.

4.7 Ethics

Research ethics gives us a systematic approach to moral and normative questions
(Befring, 2007). These questions deal with proper scientific practice, the protection of

individuals and society, and publishing (Ringdal, 2009).

Proper scientific practice as one of the key ethical principles guided all three studies.
In Study I, proper scientific practice was primarily linked to relevance, transparency,
reproducibility, and avoidance of bias through elaborate search strategies (Brunton et
al., 2017; Koffel & Rethlefsen, 2016), systematic screening guided by PRISMA
(Moher et al., 2009), and clear inclusion and exclusion criteria. Measures to meet
proper scientific practice in Study II and III included validated scales, validation

through student interviews and a pilot study, design controls, and available data.

There are several ways to protect individuals, and one is to conduct an anonymous
study. As the goal of Study II could be obtained without collecting and processing
personal data, the participants were spared of unnecessary identification. Rather, as
proper scientific practice requires, the students were informed of the purpose of the
study and that participation was voluntary. As anonymous studies are not evaluated

by the Norwegian Centre for Research Data (Norwegian Centre for Research Data
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(NSD), 2021), Study II was registered directly in UiB’s own system for risk and
compliance, RETTE (UiB, 2020).

As Study III was longitudinal and it was necessary to be able to trace and follow the
development of each participant, personal data in the form of student ID number was
collected and processed. Thus, the data collection procedures followed the regulation
of the General Data Protection Regulation (European Commision, 2022) and was
approved by the Norwegian Centre for Research Data (Norwegian Centre for
Research Data (NSD), 2021). To protect the individuals, each student ID number was
replaced with another, not traceable, ID number. Overviews matching student ID
numbers and the other ID numbers were stored on a password protected UiB device,
separated from the questionnaire data. Throughout all steps in the research process, |
was the only person with access to the personal data. Due to the psychological
variable “loneliness”, the Regional Committee for Medical and Health Research
Ethics (Regional Committees for Medical and Health Research Ethics (REK), 2020)
was also consulted to ensure that the data collection adhered to the health research
ethics regulations. The participants were informed of the purpose of the study, that
their participation was voluntary and that they could withdraw from the study at any
time. Furthermore, they were informed that any personal data would be de-identified,
treated confidentially, and deleted after the completion of the study. A further ethical
consideration in relation to the protection of individuals was to ensure that the
intervention would not harm or impair students unnecessarily, i.e., beyond the scope
or the purpose of the intervention. Thus, in Study III the participating students were

given equal conditions and the intervention was relatively short.

To accommodate the last of the important questions of research ethics, publishing
your results, all three papers have been submitted to scientific peer-reviewed journals.
Two of these, Paper I and Paper 111, have been published and Paper II has been

accepted for publication.
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4.8 Philosophical Stance

Proper research practice requires all the different aspects in the research process to be
coherent and aligned (Hatch, 2002). Examples of such aspects may be the research
questions, hypotheses, methods, data analyses, and findings. In this thesis, the main
research question entailed the application and outcomes of CL. To be able to answer
this main research question, I identified and examined testable sub-questions and
hypotheses mainly through quantitative methods and presented the findings in tables
and diagrams. Inherent in this approach lies a notion of science in the traditional

Se€nse.

Science in the traditional sense is also known as the classic paradigm of science. A
paradigm prescribes a certain nature of reality (ontology), knowledge of what can be
known (epistemology), and knowledge of how knowledge is gained (methodology).
This thesis is placed within the post-positivist scientific paradigm as described by
Kuhn (Hatch, 2002). In the post-positivist paradigm, the overarching ontology is that
reality exists but is never fully apprehended, only approximated. Therefore, the
closest we can come to understanding reality is through generalizations, patterns, and
descriptions. Suited methodologies to exploring these ontological and
epistemological beliefs are scientific quantitative methods such as experiments,

quasi-experiments, and surveys (Hatch, 2002).

Post-positivist beliefs and methodologies are easily transferable to this thesis. Using
quantitative methods such as systematic searches, surveys, and quasi-experiments
that are as controlled as possible, I have attempted to identify and infer causal
relationships between CL and selected student outcomes. The research questions and
hypotheses, the design of the surveys and the quasi-experiment, and the interpretation
of the data are guided by and presupposed by theory. This process is very similar to
the hypothetico-deductive method in which research findings will either support or
weaken the hypothesis set forth initially - and therefore also an important step in
identifying the “fittest” theories (Chalmers, 1999), i.e., the theories that will come as

close to reality as possible. The overarching theory I have chosen in understanding



41

the “reality” between CL and selected student outcomes in this thesis, is social

interdependence theory.

Coherence and alignment throughout the research process do not only secure proper
scientific practice. It also enables the individual researcher to navigate within their
own and others’ research. When we as researchers choose a path, we must inevitably
leave others and every path has its possibilities and its limitations (Ringdal, 2007). I
believe that this thesis, by aligning with the post-positivist tradition, offers many
possibilities. Thus, this thesis should constitute a piece in the puzzle and guide future
research. Also, it should enable STEM higher education environments to make
research-based assessments of CL as a teaching method. Such assessments should
include if CL may be considered a suitable method in terms of ensuring recruitment,
retention, and desired student learning outcomes in their respective fields. On the
other hand, the overall paradigmatic approach of the project will also have its
limitations. When one uses the hypothetico-deductive method, one will only capture
the answer to the hypotheses set forth initially, and thereby potentially neglect
alternative interpretations, contextualization, or in-depth human understandings of the

phenomena in question. However, these limitations may be subject to future research.
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5. Results

A fundamental premise for this thesis was to identify specific knowledge gaps (Paper
I) and fill these gaps in different ways (Papers II and III), ensuring a systematic
knowledge growth and a solid consistency between all three studies. Thus, this
chapter presents the results from each of the three studies in the thesis underlining

which knowledge gaps have been identified and how they have been filled.

5.1 Paperl

The purpose of Paper I was to to assess the evidence base of cooperative learning
(CL) in undergraduate mathematics and science education to inform teaching
practices and to identify potential knowledge gaps to inform future research, in
general and specific to the thesis. Thus, four review questions were posed:

1. Which disciplines, countries, and research methods are prevalent in studies
of cooperative learning elements in undergraduate mathematics and
science education?

2. What are the characteristics of the cooperative learning elements used in,
and principles guiding, undergraduate mathematics and science
education?

3. What are the student outcomes of cooperative learning elements in
undergraduate mathematics and science education?

4. How are the various cooperative learning elements associated with student

outcomes?

Following the five steps systematic approach of the scoping review (Arksey &
O’Malley, 2005), we identified 24 studies. Our findings showed that studies
examining CL elements in undergraduate education in mathematics and science were
relatively few, primarily quantitative in nature, almost non-existent outside the North
American continent, and mainly conducted in chemistry. In terms of CL elements, we
discovered that a vast majority of the reviewed studies met the recommendations of

group size - but not the recommendations of teacher-selected and heterogeneous
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group composition from previous CL literature and research (Johnson & Johnson,
1999; Millis, 2010; Millis & Cottell, 1998). Despite of this gap, we found no
evidence that teacher-selected and/or heterogenous groups compared to student-
selected and/or homogenous groups, resulted in more outcome success. Most of the
groups in the reviewed studies were formal CL groups and when we compared these
to informal CL groups (see section 2.1.2), we found that the long-lasting groups
seemed to be associated with more positive results in outcome, particularly in terms
of academic success i.e., content knowledge and/or academic achievement and
psychological health than the short-lasting groups. Further, we found that relatively
few studies included a thorough theoretical framework and reported on both of the
guiding CL principles: positive interdependence and individual accountability. The
most applied CL structures in the reviewed studies were roles (n=6), Process Oriented
Guided Inquiry Learning (POGIL) (n=6) (Box 1, 2.1.3) or both (n=4). With regard to
outcome, the majority (n=21) the 24 reviewed CL studies examined academic
success, i.e, content knowledge and/or academic achievement, followed by attitudes
(n=10), generic skills (n=7), and different types of psychological outcomes (n=4) .
We found that most of the included studies reported only positive results of the
implemented CL elements (n=19) while a few studies identified both positive results
and negative results (n=3) or no positive results at all (n=2). Negative results were
mainly found in studies relating CL to academic achievement success and attitudes
and were attributed to lack of purpose in the use of roles, lack of required elements in
the POGIL method, and deficient control of confounding variables. Reviewed studies
examining psychosocial outcomes relevant to this thesis, i.e., generic skills, sense of
belonging and academic self-efficacy (related to science confidence), were fewer, but
we discovered that almost all of these found improvement following the

implementation of one or more CL elements.

In conclusion, we identified a range of knowledge gaps. First, CL studies in
undergraduate STEM education are rare outside the US and not explored in many
STEM disciplines, except for chemistry. Also, the application of CL elements in
undergraduate STEM education is only partly in alignment with CL theory and
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principles - and is often lacking a thorough theoretical framework. Lastly, there are
few studies examining psychosocial outcomes compared to outcomes measuring

academic success, i.e., content knowledge and/or academic achievement.

5.2 Paperll

To fill some of the knowledge gaps identified in Paper I, the purpose of Paper 1l was
to examine how self-reported cooperative learning (CL) relates to the development of
sense of belonging and perceived generic skills among a sample of Norwegian
students in a range of undergraduate science, technology, engineering, and
mathematics (STEM) disciplines - and explain these relationships in light of a
thorough theoretical framework, i.e., social interdependence theory. Thus, the
research question guiding Study 1l was: How is cooperative learning related to sense
of belonging and generic skills among Norwegian students in undergraduate STEM

education?

Our findings in Paper II showed that students’ perceived sense of belonging and
generic skills were increased with self-reported CL, and both correlations were strong
(Table 2). Students who experienced high levels of CL in their STEM courses also
experienced high levels of belonging and perceived generic skills such as problem-
solving, communication, and teamwork skills. We also found that sense of belonging
and generic skills were positively and strongly correlated. Undergraduate STEM
students in Norway who experienced high levels of belonging also reported high
levels of generic skills and vice versa (Table 2). Further, we discovered that the CL
principle “promotive interaction” was the CL principle contributing most
significantly to the association with both the students’ self-reported sense of
belonging and generic skills (Table 3). Promotive interaction arises from positive
interdependence (Figure 1, 2.2.2) and is characterized by members encouraging and
easing each other’s contributions through listening, exchanging ideas, offering
explanations, and constructive feedback (Gillies, 2014, p. 131). The remaining CL
principles such as “group work reflection”, “positive interdependence”, and

“tutoring” did not predict sense of belonging at all. The CL principles “group work
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reflection” and “tutoring” significantly predicted generic skills, but not nearly as
strongly as “promotive interaction”. The CL principle “positive interdependence” did
not predict generic skills (Table 3). In other words, when facilitating group work
based on CL principles, it seems particularly important to include promotive
interaction, especially if the goal is to improve the STEM students’ experienced sense

of belonging and generic skills.

The findings were primarily discussed in light of social interdependence theory.
Specifically, we argued that shared goals and the actions, processes, and promotive
interaction brought about by positive interdependence (Figure 1, 2.2.2) may facilitate
positive student perceptions of belonging and strengthen generic skills among

undergraduate STEM students.

Table 2.

Pearson correlation matrix of the study variables

1 2 3 4 5 6 7 8 9

10

1 Cooperative learning (CL) -

2 Positive interdependence 73 -

3 Interaction L3 57 -

4 Group work reflection 80 34 53 -

5 Tutoring .89 Sl .64 68 -

6  Sense of belonging (SoB) 56 41 S7 0039 47 -

7  General sense of belonging .47 27 49 38 .37 .83 -

8  Social sense of belonging 41 .35 43 22 32 .83 S1 -

9  Academic sense of 52 .38 47 37 47 80 .49 54 -
belonging

10 Generic skills (GS) S22 33 46 42 45 56 55 35 46 -

Note. All correlations were significant (p<.01).
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Table 3.
Standard multiple regression results of the subscales of CLAS in predicting sense of

belonging and generic skills

Unstandardized Standardized 95% CI
coefficients coefficients
Variable B SE B t LL UL
Sense of belonging
Constant 243 13 19.32 2.19 2.68
Group work reflection .01 .01 .07 1.25 -.01 .03
Positive interdependence .02 .01 .09 1.76 -.00 .03
Interaction .07 .01 A4QF** 6.68 .05 .09
Tutoring .01 .01 11 1.63 -.00 .03
Generic Skills
Constant 11.25 1.02 11.09 9.26 13.25
Group work reflection .20 .07 A8%* 2.91 .06 33
Positive interdependence .07 .07 .06 .98 -.07 .20
Interaction .30 .08 4% 3.63 .14 46
Tutoring .14 .07 14* 2.00 .00 28

Note. CLAS = Cooperative Learning Application Scale; CI = Confidence interval; LL =
lower limit; UL = upper limit.
*p < .05. ¥*p < .01. ***p < .001

5.3 Paper II1

To fill yet other knowledge gaps identified in Paper I and build on the findings of
Paper 11, in Paper III, we implemented a selection of cooperative learning (CL)
methods and explored if such methods were associated with changes in the students’
sense of belonging, science confidence, generic skills, and loneliness. Due to the
COVID-19 pandemic, we gained a unique possibility to conduct the study digitally,
and although not targeted and therefore not initially identified in Paper I, this design
element would fill yet another knowledge gap, i.e., digital CL (Davidson, 2021). To
be able to compare Paper III to previous research on CL in undergraduate STEM
education (Paper I), we compared digital CL to digital lectures and posed the
following hypothesis: Digital cooperative learning methods lead to beneficial
changes in biology students’ self-reported psychosocial outcomes compared to

traditional digital lectures. Specifically, we predicted that a digital cooperative
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learning intervention would increase the students’ self-reported sense of belonging,

science confidence, and generic skills, and lead to a decrease in loneliness.

Our results showed that coming into the course, the students scored relatively high
(around 4.0 on the Likert scale) on expected sense of belonging, scientific
confidence, and self-reported generic skills, and relatively low on loneliness (2.5)
(Figure 2, time point 1). After five weeks of digital lectures, student’s self-reported
sense of belonging (-.17 [95% CI, -.30 to -.04] p< .05), science confidence (-.46
[95% CI, -.67 to -.25] p< .05), and especially generic skills (-.63 [95% CI, -.92 to -
.35] p< .05) had decreased significantly (values given are mean [CI]) (Figure 2, time
point 2). Loneliness did not change. After the next five weeks, during which students
were engaged in the CL module consisting of cooperation as a learning objective,
small, heterogenous, and formal CL groups, group contract, and jigsaw structures,
these trends were reversed. Now sense of belonging (.27 [95% CI, .14 to .41] p<
.05), science confidence (.30 [95% CI, .08 to .51] p< .05), and particularly generic
skills (.41 [95% CI, .14 to .67] p< .05), were significantly increased, and loneliness
(-23 [95% CI, -.42 to -.03] p< .05) significantly decreased (Figure 2, time point 3).
After the last five weeks of another series of digital lectures only sense of belonging
(--14195% CI, -.26 to -.02] p< .05) was significantly decreased. Science confidence
and generic skills did not change significantly and neither did loneliness (Figure 2,
time point 4). Taken together, all outcome variables changed over time, with large

effect sizes for sense of belonging (7, =.34), science confidence (7, =.34), and
generic skills (77, = .44), and a more moderate effect for loneliness (77, =.13) (Figure

2 and Paper III, Appendix A).

Except for one instance, i.e., at time point 1, where females (M=4.34) reported
significantly higher perceived generic skills than males (M=3.88), we found no
statistically significant differences in mean scores when running exploratory analyses,
based on either gender or generation in college, on any of the measured outcomes

(Paper I1I, Appendix B).
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Figure 2

Close-up four-panel figure illustrating the change in students’ expressed sense of

belonging (A), science confidence (B), generic skills (C), and loneliness (D) including

confidence intervals measured at four time points using Likert scales from 1 (strongly

disagree/never) to 5 (strongly agree/very often)
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6. Discussion

The knowledge and skills of science, technology, engineering, and mathematics
(STEM) students in higher education, together with international cooperation, are
important for addressing global challenges. However, international STEM higher
education communities are struggling to live up to this task, facing pervasive
challenges to insufficient student recruitment, low retention, and poor learning
outcomes. Previous research and the STEM higher students themselves emphasize
the importance of psychosocial outcomes such as sense of belonging and science
confidence to overcome these challenges (Aurlien et al., 2019; Ballen et al., 2017;
Bandura, 1997; Milgrom-Elcot, 2022; Nissen & Shemwell, 2016; Parkes, 2014;
Rittmayer & Beier, 2008; Sawtelle et al., 2012; Saethre, 2014; Talanquer, 2014;
Thomas, 2012; Tinto, 1975, 1993; unCommission, 2022). Cooperative learning (CL)
is a teaching and learning strategy focused on the art of true cooperation and evidence

suggests that CL leads to a range of important student psychosocial outcomes.

The aims of this PhD thesis were to assess and develop the evidence base of CL to
promote student cooperation and much needed student psychosocial outcomes in
international and Norwegian undergraduate STEM education to a) address existing
STEM challenges, b) inform teaching practices, c) fill current knowledge gaps in the
field, and d) guide future research. Thus, the discussion in this chapter focuses on the
main research question: How is cooperative learning applied and how is it related to
psychosocial outcomes among students in undergraduate science, technology,
engineering, and mathematics education? The discussion will concentrate first on
applications of CL and second on psychosocial outcomes of CL - positioning both in
theory and previous research. Central to the discussion is how the findings of the
three articles build on each other and how they collectively contribute to the
advancement of the field. The chapter will conclude with a discussion of the

limitations of the thesis.
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6.1 The Applications of CL

In Papers I and III, we examined the application of CL elements, i.e., CL group
features and CL structures, in international and Norwegian undergraduate
mathematics and science education. In regard to CL group features, we found that a
clear majority of the CL studies included in Paper I employed groups of four
members, thus meeting the recommendations on group size of CL literature (Johnson
& Johnson, 1999; Kagan, 2021; Millis & Cottell, 1998). Another of our findings was
that less than half of the groups were formed by the teacher and were heterogeneous
and thus, not meeting the recommendations on group composition of most CL
literature (Johnson & Johnson, 1999; Kagan, 2021; Millis & Cottell, 1998). However,
when group composition was held up against the findings, we found no evidence that
teacher-selected heterogenous groups led to more positive outcomes than did the
student-selected groups. That quite a few of the studies did not meet CL
recommendations and yet, that this seemingly had no impact on the results of the
studies is worth mentioning - but it is hard to identify a reason for this apparent gap.
It may be that the population, i.e., international undergraduate mathematics and
science education, differs from other populations. It may also be that the effect of
group composition lessened in combination with other CL structures. Or it may be
due to other reasons. If causality is to be determined here, more stringently controlled
research comparing various group composition strategies in STEM higher education
is needed. It is, however, concerning that the studies, we identified in Paper I,
examine outcomes of CL while not necessarily following the recommendations given
in the CL literature (Johnson et al., 1998a; Kagan, 2021; Millis & Cottell, 1998). This
lack of coherence and alignment with theory may lead to invalid results as it may

become unclear what these studies are investigating.

Further, in Paper I, we discovered that formal CL groups may be better suited than
informal CL groups to improve academic success, sense of belonging, and academic
self-efficacy. Formal CL groups last from one class to several weeks or months and
informal CL groups last from few minutes to one class. This finding suggests that

undergraduate mathematics and science students need to partake in well-designed and
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theoretically motivated group learning experiences (Bandura, 1986) that last over
some time in order to improve their academic success, sense of belonging, and
academic self-efficacy in the process. The evidence of formal CL groups for
successful psychosocial outcomes among undergraduate science (biology) students
identified in Paper I was supported in Paper III in this thesis. In addition, Paper I11
contributed with new knowledge as this evidence was extended to a new setting, i.e.,
a digital setting, and new outcomes, i.e., science confidence and loneliness.
Consequently, formal CL groups may constitute a prime example of how educators
can facilitate positive interdependence and individual accountability in student
groups, the two most important CL principles in higher education (Johnson &
Johnson, 1999; Millis & Cottell, 1998). When CL groups last a certain amount of
time, group members become increasingly and positively dependent on each other

and it becomes increasingly difficult to not contribute.

In Paper I, we found out that the most popular CL structures in studies on CL in
undergraduate mathematics and science education were (rotating) roles and POGIL
(Box 1, 2.1.3), and both structures were primarily associated with increased academic
success (Byrne, 2015; Daniel, 2016; Diaz-Vazquez et al., 2012; Hein, 2012; Ott et al.,
2018a; Stanford et al., 2016; Warfa et al., 2018) and secondly with improved attitudes
(Chase et al., 2013; Ott et al., 2018Db; Pilcher et al., 2015). Some of these studies did
not, however, find that CL led to increased academic success or improved attitudes.
Suggested reasons for these findings included deficiency of perceived purpose and
contribution in role allocation (Ott et al., 2018b), the use of study activities which did
not contain all required elements as prescribed by the POGIL method (Chase et al.,
2013), and lectures incorporating some student-centered activities and thus possibly
reducing differences between control and experimental groups (Canelas et. al, 2017).
Thus, following prescribed CL elements, isolating CL elements, and controlling for
confounding variables were highly prioritized study design features in Paper III in
this thesis — and through the use of stringently CL approaches and a range of design
controls (see Paper I1I), we were able to infer an effect of the incorporated CL

elements on the measured outcomes.
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Other CL structures identified in Paper I were jigsaw, Student Team Achievement
Division (STAD), and Think-Pair-Share (Box 1, 2.1.3). Like POGIL and rotating
roles, the studies employing these CL structures all led to enhanced academic
success, but also to increased attendance (Daniel, 2016), generic skills (Pilcher et al.,
2015), sense of belonging, and academic self-efficacy (Furuto, 2017; Wilton et al.,
2019; Yapici, 2016). Our summary of these findings suggests that rotating roles,
POGIL, jigsaw, STAD, and Think-Pair-Share all seem to be suitable structures to
increase academic success, in particular, in undergraduate mathematics and science
education — and that the last three structures may improve other student outcomes as
well. As our findings in Paper I support previous research on CL structures in other
subject disciplines in both higher education and elsewhere (Gilles, 2003, 2008;
Johnson & Johnson, 1999; Johnson et al., 1998a; Romero, 2009), we chose jigsaw as
the main CL structure in Study III in this thesis. Our findings in Paper III both
supported this previous research on jigsaw structures while conveying new
knowledge. The CL jigsaw structures we implemented led to increased sense of
belonging among the students, as it has done in previous studies (Furuto, 2017;
Wilton et al., 2019; Yapici, 2016), thus strengthening the existing evidence base.
Further, the implemented jigsaw structures led to new outcomes, i.e., increased
scientific confidence and generic skills and reduced loneliness —in settings not
previously explored, i.e., Norwegian higher education and digital platforms, thus

extending the existing evidence base.

Although 19 of the 24 studies we reviewed in Paper I exclusively found a positive
increase in measured outcomes, 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. To explore these uncertainties,
more research comparing different CL structures is needed. Further, 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 we searched grey



55

literature (Booth et al., 2016) for Paper I, in an attempt to avoid publication bias, we

cannot exclude that it has played a role.

Identifying and assessing applications of CL within a particular population such as
international and Norwegian undergraduate mathematics and science education is
important as it enables research-based teaching approaches to CL. Such identification
and assessment may give insight into “what works” and “what is appropriate” in a
certain population and thus reduce the dangers of trial and error in one’s own
teaching. Hence, our findings in Paper I can convey valuable knowledge for
mathematics and science educators, embarking on CL teaching and/or research — as it
did for me in this thesis. Based on the findings in Paper I, Paper III in this thesis
exemplifies a research-based approach to CL. As many CL methods may be
transferable to a synchronous online context (Davidson, 2021), the digital CL
methods employed in Study III were carefully selected on the basis of the findings of
both group features and CL structures in Paper I. Thus, the CL methods ranged from
formal CL groups of four teacher-selected, and heterogeneous students (Johnson &
Johnson, 1999; Kagan, 2021; Millis & Cottell, 1998), cooperation as a learning
objective in the course description to motivate the intervention and its assessment
(Cheruvelil et al., 2020), group contracts (Cheruvelil et al., 2020; Oakley et al., 2004;
Aakre & Markve, 2021), and jigsaw (Box 1, 2.1.3) (Daniel, 2016; Pilcher et al., 2015;
Yimer & Feza, 2020). By implementing CL group features and CL structures which
had been empirically tested in previous research in similar populations, the dangers of
trial and error were avoided, and the target outcomes achieved. Further, by employing
these CL methods in a digital setting, this thesis adds valuable and new knowledge to
the extent of the applications of CL methods in digital higher education and certainly
in undergraduate STEM education. Not only do the results in Paper III suggest that
CL methods from physical settings may be transferable to digital settings. When the
results of these CL methods are compared to the face-to-face CL studies in Paper I
(Canelas et al., 2017; Furuto, 2017; Kocak, 2008; Pilcher et al., 2015; Rattanatumma
& Puncreobutr, 2016; Wilton et al., 2019; Yapici, 2016), the added value of CL

methods in digital settings may exceed those in physical settings. However, as in
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Paper 1, it is not possible to know from Study III alone if the positive outcomes are
due to one specific digital CL method over another or the combination of digital CL
group features and structures. Still, with digital teaching and learning on the rise, the
knowledge gained from the digital nature of Study III is valuable and deserves further
exploration. Thus, future digital CL studies should both attempt to validate the
findings in Paper III, preferably in STEM populations elsewhere, and implement CL
elements not included in Paper III. Based on the findings from Paper I, other
promising CL structures in STEM populations that may be transferred to digital
settings include roles, POGIL, and STAD (Box 1, 2.1.3).

6.2 The Outcomes of CL

The outcomes of CL were examined in all three papers. As a scoping review, Paper |
sought to identify all existing student outcomes of CL in international undergraduate
mathematics and science education — and point to knowledge gaps within these
outcomes. These findings and knowledge gaps regarding student outcomes of CL
elements were then further explored in Papers II and III. Specifically, Paper I and in
part Paper III examined outcomes which Paper I found to be promising, but which
had not been studied a lot in previous international undergraduate STEM education.
Thus, Paper II, through a cross-sectional survey study, sought only to examine if a
relationship between self-reported CL and sense of belonging and generic skills exists
in Norwegian undergraduate STEM education — and give a theoretical explanation to
such relationship. Paper 111, on the other hand, sought to validate the findings of
Paper II by (i) including sense of belonging and generic skills as CL outcomes in a
different population, i.e., among Norwegian undergraduate biology students, (ii)
identify causality between CL and sense of belonging and generic skills by
employing a different study design, i.e., a longitudinal quasi-experimental
intervention study, and (iii) explore if the effect of CL on sense of belonging and
generic skills would extend to a different setting, i.e., digital teaching and learning.
Further, Paper III included two outcomes not identified in Paper 1, i.e., science
confidence and loneliness. These outcomes were primarily selected due to COVID-19

pandemic reports on declining student belonging which may lead to loneliness
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(Arslan, 2020; Palikara et al., 2021) and to reduced science confidence (Bandura,

1986; Lent et al., 1994), see section 3.1.1 and 3.1.3.

6.2.1 Academic Success

The primary student outcome of CL in international undergraduate mathematics and
science education we identified in Paper I was academic success, i.e., either enhanced
content knowledge or academic achievement or both. In fact, of the 24 reviewed
studies 21 studies included content knowledge and/or academic achievement as the
outcome measure, and 17 of these reported an improvement following the
implementation of CL elements. Thus, our findings in this review add to the
extensive evidence base regarding positive relationships between CL and academic
success in STEM higher education and in general (Apugliese & Lewis, 2017,
Johnson et al., 1998b; Kyndt et al., 2013; Romero, 2010). Academic success may be
placed in the first of three categories of CL outcomes identified by Johnson and
Johnson, called “Efforts to achieve” (Johnson & Johnson, 1989). An explanation for
the positive relationship between CL and academic success may be found in social
interdependence theory (Deutsch, 2012) and CL literature (Johnson & Johnson, 1989;
1999) which underline that academic success improves when students work together
to achieve a common goal, i.e., when they are positively interdependent. When we
compared the four studies in Paper I which found no improvement in academic
success (Canelas et al., 2017; Chase et al., 2013; Harlow et al., 2016; Leung et al.,
2017), we identified a common trait in three of the four studies. In these three studies,
CL structures were only carried out for a short amount of time, from one test (Canelas
et al., 2017), or one laboratory session (Leung et al., 2017) to three discussion
sessions (Chase et al., 2013). This finding may indicate that duration is important to
obtain enhanced academic success from CL elements in mathematics and science
undergraduate education and thus, that formal CL groups should last a certain time

and certainly longer than one class.

6.2.2 Attitudes
Our findings from Paper I show that the second most examined student outcome of

CL elements in undergraduate mathematics and science education was attitudes.
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Attitudes was examined in ten of the 24 reviewed studies. Attitudes may be placed in
the second of the three categories of CL outcomes called “positive relationships”
(Johnson & Johnson, 1989). Applying social interdependence theory, improved
attitudes towards university life, the discipline, the learning process, or group work
itself will develop through positive interdependence in groups. Of particular
importance here is discussions, i.e., promotive interaction, where students learn and
model the norms and values of university life (Johnson et al., 2014). Thus, CL makes
up an effective tool for improving student attitudes (Johnson et al., 2014; Petty &
Brifiol, 2010) and this relationship has also been established in previous research
(Johnson et al., 1998). Two of the ten studies examining attitudes in Paper I (Chase et
al., 2013; Ott et al., 2018b) found no improvement in student attitudes following
implemented CL methods, and we discovered that the common denominator for these
two studies was the use of roles. This does not necessarily mean that roles are not
suited to improve student attitudes as hypothesized by Johnson & Johnson (2014).
However, if they are to do that in undergraduate mathematics and science education,
it may according to Ott et al. (2018b) themselves be important that roles are
perceived to have a purpose and contribute to team productivity. 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 (Chase et al., 2013).

6.2.3 Psychosocial Outcomes

The term “psychosocial outcomes” in this thesis was adopted to stress the importance
of the surroundings, e.g., the teaching and learning strategies students face, and how
these may influence the students’ perceived sense of belonging, generic skills,

science confidence, and loneliness in both positive and negative ways.

6.2.4 Sense of Belonging

Sense of belonging was included as a CL outcome in all three papers in this thesis. In
Paper I, we identified three studies in which sense of belonging was the measured
outcome and all reported positive findings (Furuto, 2017; Wilton et al., 2019; Yapici,
2016). Two of these studies were set in the US (Furuto, 2017; Wilton et al., 2019),
the third in Turkey (Yapici, 2016), and all three were characterised by CL formal
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groups lasting for a minimum of 10 weeks and based on well documented CL
structures such as STAD or Think-Pair-Share (Box 1, 2.1.3). In Paper II, when
establishing this relationship in a range of STEM disciplines in a setting not
previously examined, i.e., among Norwegian undergraduate students, we found that
the levels of sense of belonging increased with the levels of self-reported CL. We
also found that the CL principle contributing most to this positive relationship, was
“promotive interaction”. According to social interdependence theory, promotive
interaction arises from positive interdependence and leads to psychological health
(Deutsch, 2012), including sense of belonging. Thus, it is the particular
characteristics of promotive interaction, i.e., interaction that takes place when group
members encourage each other’s contributions through listening, exchanging ideas,
offering explanations, and constructive feedback (Gillies, 2014, p. 131), which may
bring about a feeling of personal acceptance and value among peers (Johnson &
Johnson, 1990) - and ultimately fulfill our need to belong (Baumeister & Leary,
1995).

In Paper III, where we went a step further and conducted a quasi-experiment in a
digital setting to test the effect of digital CL methods on sense of belonging among
undergraduate biology students in Norway, we found that the effect of digital CL on
sense of belonging was even greater than studies from the physical settings we
identified in Paper I (e.g., Yapici, 2016; Wilton et al., 2019). Both the effect size (d =
0.5 to 0.8) (own calculations) of CL methods in Yapici (2016) and the influence (» =
.30 to .49) of enhanced structure in Wilton et al. (2019) on sense of belonging were
moderate in magnitude (Cohen, 2013) while the effect size of digital CL on sense of

belonging in Study III was large (7, = .34). Taken together with the drastic decrease

in sense of belonging after the first period of digital lectures in Study III, we argue
that sense of belonging might be particularly vulnerable to traditional teacher-
centered instruction in a digital setting. If that is the case, it is an additional indication
that teachers need to carefully consider how to teach digitally, and, encouragingly,
that in a digital setting the added value of student-centered learning methods,

exemplified by CL, may exceed those in physical settings.
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This thesis has primarily contributed new knowledge on the relationship between CL
and sense of belonging in four ways: (a) the setting where the research took place,
i.e., in Norwegian undergraduate STEM education and among undergraduate biology
students in a digital setting, (b) the type of interaction identified in the explanation of
this relationship, i.e., “promotive interaction”, (c) the theoretical underpinning of the
relationships between CL and sense of belonging through social interdependence
theory, and (d) the effect of digital CL on sense of belonging was greater than studies

from physical settings.

6.2.5 Generic Skills

We found that generic skills, both self-reported and objectively measured, was the
third most studied student outcome of CL elements in Paper I, and self-reported
generic skills were also included as outcomes in both Papers II and III in this thesis.
That CL elements may lead to the development of a range of generic skills has been
hypothesized by several CL authors (Johnson & Johnson, 2002; 2016; Millis &
Cottell, 1998; Slavin, 1996) and the findings in this thesis seem to support this
hypothesis.

In Paper I, we discovered that all of the reviewed studies (n=7) examining generic
skills as a CL outcome, found a positive relationship among the two. Further, we
identified several generic skills, i.e., teamwork, problem-solving, critical thinking,
communication, and metacognition, as positive results of implementing different CL
elements in international undergraduate mathematics and science studies. Based on
this identification, in Paper II, we established a positive and significant relationship
between self-reported CL and generic skills across a variety of STEM disciplines in a
Norwegian setting. Further, we found a strong correlation between both outcomes
measured in Paper 11, i.e., generic skills and sense of belonging. Theoretically, it is
likely that sense of belonging may lead to increased generic skills. According to
Baumeister and Leary (1995) we will strive to fulfill our need to belong through
interaction, and previous research shows that generic skills are developed by way of
student interaction in groups (Ballantine & McCourt Larres, 2007; Kember et al.,

2007; Smith & Bath, 2006; Tynjéld & Gijbels, 2012; Virtanen & Tynjéla, 2019;
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2022). On the other hand, it is also likely that students who master generic skills at an
early stage will experience an enhanced sense of belonging. Demonstrating solid
generic skills may lead to recognition from peers and educators alike and is also
likely to be reflected in good grades, which in turn may affect sense of belonging
positively. A third explanation may be that sense of belonging and generic skills
reinforce each other. This third explanation is in accordance with CL and social
interdependence theory which states that there is a reciprocal relationship among CL
outcomes (Johnson & Johnson, 1989, p. 9). If this third explanation rings true, it is
yet another indication that there may be a lot to be gained by implementing CL
methods in one’s teaching. Last, but not least we identified “promotive interaction” as
the CL principle contributing most to the relationship between CL and generic skills.
In social interdependence theory, promotive interaction is considered to arise from
positive interdependence and an important step leading to positive student outcomes
(Deutsch, 2012). While previous studies have hypothesized and demonstrated that
group work can promote both self-reported and objectively measured generic skills
(Ballantine & McCourt Larres, 2007; Kember et al., 2007; Smith & Bath, 2006;
Tynjild & Gijbels, 2012; Virtanen & Tynjéld, 2019, 2022), they have not empirically
examined the characteristics in group work that promote these outcomes, and as such

this thesis adds to the existing knowledge base.

In Paper II1, we tested the relationship between CL and generic skills experimentally
in a digital setting. Here, we found that the effect of digital CL methods on self-
reported generic skills among undergraduate biology students was significant and just

as strong (77, = .44) as the effect in physical STEM undergraduate settings elsewhere

(Canelas et al., 2017; Pilcher et al., 2015) and digital settings in other populations
(Lee et al., 2016; Parsazadeh et al., 2018). Thus, a previous study from a physical
setting did, like Study III, find significant increases and very large effect sizes (d >
0.8) (Cohen, 2013) in a range of self-reported generic skills following a CL
intervention versus traditional lectures (Canelas et al., 2017). Likewise, a qualitative
study replacing recipe-based lab teaching by jigsaw methods found a substantial

increase in the students’ metacognitive skills (Pilcher et al., 2015). The few studies on
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the effects of online CL on generic skills in STEM higher education, we were able to
find, showed that the effect size of digital CL on information evaluation skills
(Parsazadeh et al., 2018) was very large (d > 0.8) (Cohen, 2013) and that digital CL
led to significantly increased critical thinking skills development (Lee et al., 2016).
The results in Paper III supports their general findings and adds new knowledge as it

was set in a sociocultural settings not previously examined.

Taken together, this thesis has supported both the hypothesis and previous research
on the positive relationship between CL and generic skills. It has also contributed
with new knowledge by examining these relationships in new settings, i.e., in
undergraduate STEM education in Norway and on a digital platform. Paper II adds to
the explanation of previous research and theory stating that generic skills develop
through a combination of content knowledge and active learning methods,
particularly group work (Ballantine & McCourt Larres, 2007; Kember et al., 2007,
Smith & Bath, 2006; Tynjila & Gijbels, 2012; Virtanen & Tynjéla, 2019, 2022). It
does so by empirically identifying the CL principle most important to and the type of
interaction needed to promote generic skills, i.e., promotive interaction. Further,
Paper 11 provides a theoretical framework for understanding the relationships between
CL and generic skills. Lastly, Paper III demonstrates how the effect of digital CL
methods on self-reported generic skills among undergraduate Norwegian biology
students was significant and just as strong as the effect in physical STEM
undergraduate settings elsewhere (Canelas et al., 2017; Pilcher et al., 2015) and
digital settings in other populations and sociocultural settings (Lee et al., 2016;

Parsazadeh et al., 2018).

6.2.6 Science Confidence and Loneliness

Although not identified as outcomes in Paper I, science confidence and loneliness
were examined as CL outcomes in Paper I1I motivated by the emergent need to
mitigate psychosocial concerns among higher education students during the COVID-
19 pandemic (Berve et al., 2021; Camfield et al., 2021; Deng et al., 2021; Lederer et
al., 2021; Phillips et al., 2022; Sivertsen, 2021; Tice et al., 2021; Werner et al., 2021).

In the case of scientific confidence, we found that it increased over time in response
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to the CL intervention, with a large effect size (7, =.34). Although it seems as if

Study III is the first from STEM higher education to associate CL with science
confidence, previous research exists on the relationship between CL and different
types of academic self-efficacy (Furuto, 2017; Rivera, 2013), which may resemble
science confidence. These studies found significant increases in student academic
self-efficacy following CL interventions employing heterogenous grouping, roles,
and jigsaws (Box 1, 2.1.3) compared to traditional teaching, and the effect varied
from moderate (d = 0.5 to 0.8) (Rivera, 2013) to very large (d > 0.8) (Furuto, 2017).
Thus, our findings indicate for the first time that science confidence may be heavily
enhanced by CL and that the positive effect of CL on science confidence may be
minimum as substantial as the effect on academic self-efficacy. The reasons why
science confidence appears to be heavily enhanced by CL may be due to certain
experiences that are necessary for developing a student’s positive self-evaluation
(Bandura, 1986: 1997; Lent, 1994). These include social and personal experiences
such as working with specific scientific tasks, interaction, and immediate feedback
and these experiences all constitute important parts of CL and are also found in social
interdependence theory. For example, in social interdependence theory, working with
specific tasks may be exemplary of the effective actions that group members engage
in to reach their shared goal (Figure 1, 2.2.2) while interaction and immediate
feedback are characteristic of promotive interaction in which group members
encourage each other’s contributions through listening, exchanging ideas, offering

explanations, and constructive feedback (Gillies, 2014, p. 131).

In the case of loneliness, we found that it decreased with a moderate effect size (77 =
.13) in response to the CL intervention. The effect of digital CL on loneliness in
Paper III may according to Cohen (2013) be considered in the upper range of

moderate (77}2, >.06 to .13), while the effect of traditional CL on loneliness in the one

study we have managed to identify (Kocak, 2008), was in the lower range of
moderate (777 = .06). This may indicate that the effect of CL on loneliness in digital
settings is at least as substantial as in traditional settings, perhaps more. Increasing

opportunities for social interaction is particularly promising to prevent and counteract
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loneliness (Hawkley & Cacioppo, 2010) and thus, the reduction in loneliness
measured after the CL intervention compared to digital lectures could be explained by
the type of interaction and the types of student groups. Promotive interaction, with its
mutual encouragement and support due to the inherent positive interdependence
among group members, as posited by social interdependence theory, is believed to
lead to positive psychological health (Deutsch, 2012; Johnson & Johnson, 2018).
Further, belonging to highly structured, small, heterogeneous, and formal CL groups
(Johnson et al., 1994; Johnson, 1992; Kagan, 2021; Millis & Cottell, 1998) may, to a
larger degree than other types of groups, facilitate the necessary personal safety to
interact and promote inclusion (Adriansen & Madsen, 2012; Baumeister & Leary,
1995). In a digital setting where the threshold to initiate dialog seems higher than in a
physical setting, such personal safety may be considered particularly important. With
so few studies on the relationship between CL and loneliness, with loneliness on the
rise in higher education (Knapstad et al., 2018; Phillips et al., 2022; Sivertsen, 2021;
Werner et al., 2021), and the severe consequences of loneliness (Hayley et al., 2017;
Holt-Lunstad et al., 2015; Richardson et al., 2017), Paper III does not only cast light

on an important issue, but it exemplifies how this issue may be addressed.

As neither science confidence nor loneliness has been examined as typical CL
outcomes in previous research, Paper III in this thesis contributes new knowledge on
the effects of CL - and it does so in a setting which has not previously been explored
and which is undoubtably becoming increasingly relevant, a digital undergraduate

STEM setting.

6.3 Summary of the Findings

In sum, the findings in this thesis, which have been obtained through a diversity of
methods and which continuously build on each other, have contributed to the
advancement of the field in several ways. First, the focus is on psychosocial
outcomes of CL rather than academic success. In light of the recruitment, retention,
and learning outcomes challenges faced by the international STEM community

(Canelas et al., 2017; Honey et al., 2020; Johnson et al., 2002; Leggett et al., 2004;
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Lisberg & Woods, 2018; Taylor, 2016; Waite & McDonald, 2019), this shift in focus
is both important and warranted, and the research in my thesis has demonstrated how
to promote such positive psychosocial outcomes through small changes. Second, the
research has been set in a population and a mode not previously researched, i.e.,
among undergraduate STEM students in Norway and in a digital teaching and
learning setting. Research results are not necessarily transferable to other continents,
countries, or cultures and thus, empirical research and knowledge in a variety of
settings, as demonstrated in this thesis, is necessary. Only then, do we obtain the
knowledge foundation we need to advance teaching in our particular sociocultural
environment. Further, initiatives to implement digital learning in higher education
have only gained strength in the wake of the pandemic (European Commision, 2021)
and thus, there is a need to identify digital evidence-based and student-centered
teaching and learning strategies that facilitate learning and well-being. Paper III in
this thesis exemplifies one such strategy. Third, this thesis has explored a theoretical
framework, social interdependence theory, to explain and advance the relationship
between CL and select psychosocial outcomes in undergraduate STEM education. As
emphasized by Johnson and Johnson (2021, pp. 48-49), any practical procedure
should be derived from theory — and any theory should be validated by research.
Theoretical underpinnings are not only necessary to understand empirical
relationships, but they are also what drive research forward. However, as indicated in
Paper I, theory and the application of theory appear to be somewhat deficient in the
STEM discipline-based educational communities. By including a solid theoretical
framework, this thesis addresses this gap and advances the field. Fourth, one of the
most prominent characteristics of social interdependence theory, promotive
interaction, has through empirical investigations been identified to be of particular
significance to psychosocial student outcomes. Promotive interaction arises due to
positive interdependence in groups. Thus, implementing elements underpinning
positive interdependence reduces trial and error and gives valuable direction to our
teaching of group work. Examples of such elements demonstrated in this thesis are
group features e.g., group size, composition, and duration, and CL structures, e.g.,

roles, group contracts, and jigsaw (Box 1, 2.1.3). Fifth, the application of such CL
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elements in Paper III of this thesis has highlighted that these methods are transferable
to online synchronous settings — and showcases how one may do it. Sixth, this work
has shown that the effect of CL methods in digital settings seems to be just as, if not
more, substantial in promoting positive psychosocial outcomes as in traditional
physical settings. That the added value of student-centered learning methods,
exemplified by CL, may exceed those in physical settings constitutes a real incentive
to implement such methods. Seventh, the effects of digital CL compared to digital
lectures may indicate that methods to explicitly enhance psychosocial outcomes are
particularly valuable in digital settings. Thus, we as teachers need to carefully
consider how to teach digitally, and new digital learning methods should be

developed, tested, and communicated.

6.4 Limitations

When interpreting the results of this thesis, it is necessary to consider both limitations
and strengths of the research project. One of the limitations in all three studies is
selection bias. In Paper I, very strict inclusion and exclusion criteria limited to
undergraduate mathematics and science discipline education may have resulted in a
limited number of relevant studies. During the screening stage, it became clear that
many studies of CL elements took place in undergraduate mathematics and science
professional studies, particular in study programs for pre-service teachers which
might be transferable to mathematics and science discipline studies. As the primary
purpose of Paper I was to inform and assess the CL applications and outcomes in
mathematics and science discipline-based courses, the aforementioned limitation in
the inclusion and exclusion criteria may be considered reasonable. Also, there may be
great differences in the organization of pre-service teacher education and solely
discipline-based education internationally. Some places pre-service teacher students
attend courses or even colleges consisting only of professional studies while others
attend mixed courses and colleges — and that may affect the applications and
outcomes of CL in discipline-based mathematics and science studies. Pre-service
mathematics and science teacher students are not necessarily identical to students in

solely mathematics and science discipline-based courses, either. In fact, as CL is a
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well-known teaching and learning method in schools, it is fair to argue that pre-
service teacher students might favour such strategies more than students not
preparing to become nor interested in becoming teachers — and including such

findings in the review might have skewed the conclusions.

In Papers II and I1I, the participants were all drawn from convenience samples. In the
case of Paper II, only courses implementing variants of student cooperation were
invited to participate and in Paper III, the participating biology course was primarily
selected because of the positive attitude to cooperation by the educator in charge. In
both cases these circumstances might have affected the students’ answers and as
selection bias cannot be controlled for by statistical procedures, it may pose a threat
to the internal validity of the studies. However, it is often difficult to avoid some
degree of selection bias in educational research and in fact random assignment is
often considered to be unethical (Adelson, 2013). Further, there may be other good
reasons to limit one’s sample selection. In Paper II, it was difficult to include courses
not engaged in student cooperation. To determine the level of CL and the relationship
between CL on the one hand and sense of belonging and generic skills on the other, it
was necessary to measure CL. If participants from random sampling not having
experience with group work had been included, the survey items would not have
made any sense. In Paper 111, selection bias extends to the setting of the study. As
previously stated, the intervention was conducted in the middle of the COVID-19
pandemic when higher education in Norway was subjected to severe restrictions and
the Norwegian population showed increasing signs of de-motivation and frustration
with the seemingly endless situation. This backdrop may have influenced the answers
of the students. Perhaps they would not have felt that discouraged from digital
lectures nor that positive towards CL methods under different circumstances. Even if
the setting in Paper III may cause threats to internal validity, it may be argued that the
existing situation at that point was extreme for all and that in itself should not stand in
the way of research. Rather, we should seize the opportunity to obtain knowledge in
times of extremities, especially if the research may benefit the individuals. During the

period of the intervention study, all higher education educators were recommended
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implementing initiatives to mitigate student concerns (Berve et al., 2021) and thus,
the situation at hand, including both recommendations and the students’ immediate
situation, guided the decision to carry out the research the way, we did. Further, to

strengthen causal claims and internal validity, many design controls were included.

These will be elaborated on in the next paragraph.

A second limitation is weaknesses in study designs. In Paper I, one may argue that
the lack of critical appraisal may pose a threat to the validity of the reviewed studies
and as such also pose a limitation to the knowledge base obtained through the scoping
review. Nevertheless, scoping reviews are one of the most systematic of the review
types and when a full systematic review is not feasible due to time or resource limits,
as e.g. typical of PhD-projects, a scoping review is fit for many purposes and a
product in its own right (Gough & Thomas, 2017). In Paper 11, a cross-sectional study
design was employed and thus, no causal relationships could be claimed. However,
one may argue that just knowing whether a relationship between the studied variables
exists or not is valuable. These relationships had never been examined in this setting
previously and the findings of the cross-sectional study paved the way and informed
Study III in valuable ways. In Paper 111, the quasi-experimental design lacked the
advantages provided by randomization, and a control group could have strengthened
the causal claims (Shadish et al., 2002). To mitigate these weaknesses in Study II1,
many design controls were employed to strengthen causal claims (Shadish et al.,
2002). These design controls and in particular the use of a double pre-test and a
follow-up indicated a real and substantial difference in the students’ psychosocial
outcomes following the implemented digital CL methods compared to digital
lectures. Further, a repeated measures design enables us to detect within-person
change over time and has high statistical power (Guo et al., 2013, p. 100) - and the
effect sizes of the intervention were all very large, except for the impact on loneliness
which was in the upper range of moderate. Thus, it is reasonable to infer that the
changes in student scores in the sample were linked to the CL intervention rather than

to confounding variables (Shadish et al., 2002).
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Third, the measures in Papers II and III may constitute a limitation. Self-reported
measures may be deemed unreliable, e.g., due to social desirability bias (Czaja &
Blair, 2005), compared to more objective measures. Further, applying measures that
have not previously been validated in a Norwegian setting may pose limitations to the
studies, and being a relatively new scale, the Cooperative Learning Application Scale
(CLAS) may have added to these uncertainties. However, as we were primarily
interested in the students’ own perceived psychosocial outcomes, self-reported
measures may be considered the best choice. Further, sense of belonging, loneliness,
and different types of confidence are all subjective and internal perceptions that may
be difficult to measure objectively. As neither CL nor sense of belonging had been
thoroughly researched in Norwegian higher education, it was deemed necessary to
employ measures not previously used. To minimize the risks and ensure validity,
many steps to validate the measures were taken, see section 4.3 and Paper II. Finally,

the internal consistency of all measures was good or excellent (Cronbach, 1951).

One last, but important, limitation to this PhD thesis is that the external validity is
low. The samples in Papers II and III were relatively small convenience samples from
STEM populations at only one Norwegian university, making it difficult to generalize
the findings to other populations. However, that does not mean that these papers are
not valuable in their own right. Rather, they both disseminate findings on under-
studied and important relationships relevant to the STEM students themselves, to the
international STEM community, and by extension to those seeking cooperative

solutions to contemporary challenges.
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7. Conclusion

The main research question guiding this thesis was: How is cooperative learning
applied and how is it related to psychosocial outcomes among students in
undergraduate science, technology, engineering, and mathematics education? To
address this main question, I have conducted three studies which have informed each
other. The findings indicate that cooperative learning (CL) in undergraduate science,
technology, engineering, and mathematics (STEM) education is applied in various
ways, but not always in alignment with CL theory. The most popular and promising
CL applications range from heterogenous, formal CL groups of four students to
POGIL, rotating roles, and jigsaw (Box 1, 2.1.3). CL in undergraduate STEM
education has traditionally been mainly associated with academic success, but the
studies that do examine the effect of CL on psychosocial outcomes report positive
findings. This was also the case in Papers II and III in this thesis. Paper II established
a positive relationship between perceived CL and perceived sense of belonging and
generic skills among a sample of undergraduate STEM students in Norway. Paper 11
found the effect of digital CL, compared to digital lectures, on psychosocial outcomes
(i.e., self-reported sense of belonging, generic skills, science confidence, and
loneliness) to be positive, significant, and substantial among undergraduate biology
students. Although important in addressing the challenges faced by STEM higher
communities, psychosocial outcomes in STEM higher education seem to be under-
researched. With this backdrop and the magnitude in effect sizes found in Paper III,
psychosocial outcomes among students (i) should be explored further, (ii) may be
particularly vulnerable in digital settings, and (iii) are important to be aware of and
address. There may be many ways to do just that. Based on the findings in this thesis,
I suggest that CL is a suitable way to enhance psychosocial outcomes among

undergraduate STEM students.

7.1 Implications for Teaching

At first glance it might seem challenging to implement student-centered approaches

such as CL in Norwegian undergraduate STEM education. Barriers may include lack
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of resources, large introductory courses, extensive use of lectures, and testing through
summative exams rather than formative assessments. However, the findings in this
thesis indicate that student affect matters and it is time we consider the psychosocial
dimension of our teaching. Psychosocial factors are vital to overcoming many of the
challenges faced by STEM higher education (Aurlien et al., 2019; Ayllon et al., 2019;
Ballen et al., 2017; Bandura, 1997; Nissen & Shemwell, 2016; Parkes, 2014;
Rittmayer & Beier, 2008; Sawtelle et al., 2012; Sethre, 2014; Thomas, 2012; Tinto,
1975, 1993; Trujillo & Tanner, 2014; van Dinther et al., 2011) and in turn solid
STEM student recruitment, retention, and learning outcomes are vital to solving
many global challenges (Milgrom-Elcot, 2022; Schreiner et al., 2010; Taylor, 2016;
UN, 2015). With this background in mind, it is the obligation of STEM educators to
identify and deliver teaching and learning conditions that will ensure that our students
succeed. This thesis exemplifies how we can do just that, and it does not take that
much. Small changes may make a great impact and there are many ways we can go
about it as long as our chosen group approach centers around the students and

positive interdependence.

Educators contemplating CL elements in their undergraduate STEM education should
be aware to include CL group features and CL structures underpinned by CL
principles and make sure that these CL group features and CL structures are of a
certain duration and/or intensity. POGIL and roles (Box 1, 2.1.3) are the most applied
CL elements in undergraduate STEM education and both may lead to positive student
outcomes given the POGIL prescriptions are followed, and roles are perceived as
purposeful and contributing to team processes and outcomes. Further, the use of
jigsaw and group contracts (Box 1, 2.1.3), both in traditional and digital STEM
higher education settings, seem to be beneficial to students’ psychosocial outcomes.
The findings of this thesis in particular stress the importance of the CL principle
“promotive interaction” - and thus, I recommend that educators provide students
opportunities to participate in groups where they can help and support each other,
exchange ideas, communicate thoughts, and offer explanations and constructive

feedback (Gillies, 2014, p. 131; Johnson et al., 2014). Educators developing digital
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courses should take care to include student-centered approaches in their courses. My
thesis suggests the positive impacts of this engagement can be meaningful and far-
reaching, and colleagues in higher education are urged to seek and implement digital

strategies - such as digital CL - that promote student well-being.

7.2 Future Research

Based on our findings in Paper I, there is a need to design studies which explore CL
using qualitative methods, in other countries than the US, and in a greater variety of
undergraduate mathematics and science disciplines. If the impact of CL elements is to
be measured in additional quantitative educational studies, it is important 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 include student outcomes other than enhanced academic success. Research
will also benefit from addressing group features, CL structures, and CL principles
corresponding to CL theory. In Paper 11, a strong correlation between the outcome
variables sense of belonging and generic skills was found. As Paper II was a cross-
sectional study, no causal relationships could be determined and thus, our
understanding of the influence of CL on these variables requires further examination.
To address this relationship, future research should address this topic and/or employ
designs that may explain causal relationships, e.g., longitudinal studies. The
longitudinal study of this thesis, Paper III, did identify causal relationships between
CL and a range of psychosocial outcomes, including sense of belonging and self-
reported generic skills. As a novelty, Paper III also established causal relationships
between CL and science confidence and CL and loneliness. According to previous
research and the STEM higher students themselves, enhanced sense of belonging and
science confidence are vital to overcome the challenges of recruitment and retention
faced by the STEM community - and the increased loneliness faced by the students.
Further, improved generic skills may mitigate many of the learning outcome
challenges in STEM education. Given sow important STEM students are viewed for
the future and for the global challenges we face, research on more teaching and

learning strategies contributing to increased belonging, science confidence and
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generic skills while reducing loneliness deserve more attention and exploration in
STEM higher education. A novelty in this thesis is the exploration of CL and
psychosocial outcomes in a fully digital setting, and it would be interesting to see if
future research will support or weaken these findings. Thus, more research on the
effect of CL on psychosocial outcomes (and indeed other types of outcomes) in
digital settings is warranted. Lastly, future CL studies in STEM higher education may
advance the field by providing more thorough theoretical frameworks to advance our

understanding of the effect of CL on selected student outcomes.
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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.

@ Springer



Co-operative Learning in Undergraduate Mathematics and Science...

(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 Outcome = 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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*No reply from author

Fig.1 PRISMA flow diagram (Mobher 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=15), 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=23). 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 (rn=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=38) 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=06)
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 (z=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 (rn=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 (n=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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Supplemental Material 2

Inclusion and Exclusion Criteria

Domain Included Excluded

Population Students in global undergraduate ~ Students in all other levels and types of
(Bachelor) Mathematics and global education and courses, including:
Science (MS) discipline courses.  MS courses for graduate (Master)

MS discipline courses in this students

review compromises the MS courses primarily for non-major

following subject disciplines: MS students

mathematlcs, physics, chemistry, MS courses primarily for students

biology, and geology. belonging to MS subject disciplines
other than mathematics, physics,
chemistry, biology and geology (e.g.
computer science).

MS courses primarily for students in
professional studies (such as pre-
service teachers, engineers, nurses,
doctors, pharmacists, veterinarians,
etc.).

Intervention Highly structured in-class Co- Co-operative Learning (CL) in pairs (2

(exposure) operative Learning (CL) elements  people) or in groups of 7 people or more
in groups of 3-6 people based on  only, Collaborate, Team-Based
one or more of the guiding CL Learning method(s) and out-of-class
principles: positive group-work based primarily on looser
interdependence, individual structures and other principles including
accountability, heterogeneity, Peer-Led (Team) Learning, Study
social skills, group reflection and ~ Groups, Peer-Assisted Learning,
interaction, e.g., Jigsaw, Think- Flipped Classroom, Problem-Based
Pair-Share, POGIL Group Learning, Online/Digital/Mobile
Formation, Group Roles, STAD,  Learning, Clickers and similar
TAI etc. Interactive Response Systems, Learning

Communities, Project-Based Learning,

Collaborative Writing, etc.

Study focus Empirical examination of the Non-empirical examination of the
relationship between CL elements relationship between CL elements and
and undergraduate MS student undergraduate MS student outcomes or
outcomes empirical examination of relationships

between other variables

Study type (nature)  Primary study Secondary study (reviews of other

studies)

Study type (method) Both quantitative and qualitative

findings

Study information
about intervention

Study includes information about
the amount and type of
exposure/CL elements used

Study excludes information about the
amount and type of exposure/CL
elements used




Study information
about outcome(s)

Study includes information about
the amount and type of
outcome(s) the students
experience

Study excludes information about the
amount and type of outcome(s) the
students experience

Date of study The study is published from 2010  The study is published before 2010 or
to January 2020 after January 2020

Language English, Norwegian, Danish, All other languages
Swedish

Publication type Peer reviewed and non-peer All other types of publication, including

reviewed articles and papers,
books, book chapters, and grey
literature

abstracts and conference papers
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ABSTRACT: The development of sense of belonging and generic skills may be considered
important to succeed in higher education and in life and may be enhanced through student
group work. For group work to succeed, Social Interdependence Theory and Cooperative
Learning suggest that group members need to be positively interdependent. In the present study
we conducted a cross-sectional survey in a sample of 401 students in undergraduate Science,
Technology, Engineering, and Mathematics education in Norway mapping the students’
perceptions of cooperative learning, sense of belonging and generic skills. By means of Pearson
bivariate correlation analyses and standard multiple regression analyses, we found that 1)
Cooperative Learning was positively associated with the development of both sense of belonging
and generic skills, 2) Sense of belonging and generic skills were positively interrelated, and 3)
Interaction was the cooperative learning principle contributing most to the association with both
sense of belonging and generic skills.

1 INTRODUCTION

The importance of preparing students for work and life in a fast-paced world is a recurring topic in
international position papers (OECD, 2018; UN, 2015). Among the student factors that can be
developed to succeed in higher education specifically and life generally are sense of belonging (SoB)
and generic skills (GS). In higher education SoB seems to be linked to student retention (Aurlien et al.,
2019; Saethre, 2014; Thomas, 2012; Tinto, 1975, 1993) and GS to employability (Cornford, 2005;
Davey et al., 2018; Male et al., 2011). In life, belonging is regarded as a basic human need
(Baumeister & Leary, 1995; Maslow, 1968) and SoB may be defined as our experience of being an
integral part of our surrounding systems or environment (Hagerty et al., 1992, p. 173). GS may be
regarded tools for lifelong learning (Bourn, 2018) and defined as holistic soft skills which operate
across wide ranges of contexts (Taber, 2016, p. 226), and often predict success in life (Heckman &
Kautz, 2012, p. 2).



The development of SoB and GS in educational settings seems to be related to student interaction,
including group work (Allen et al., 2021; Ballantine & McCourt Larres, 2007; Kember et al., 2007
Virtanen & Tynjdld, 2019). However, groups and group tasks may need to be deliberately designed to
ensure that students cooperate to fulfill their tasks. One alternative is to make the students mutually
interdependent (Gillies, 2014; 2016). Positive interdependence between students in groups makes up
the foundation of Cooperative Learning (CL) by Johnson and Johnson (1989). CL is developed from
Social Interdependence Theory (SIT) by Deutsch (2012), which postulates that to facilitate desirable
student outcomes, e.g., increased SoB and GS, it is important to structure positive interdependence
between students in groups (Deutsch, 2012; Johnson & Johnson, 2005).

In this study, we examine how CL in undergraduate Science, Technology, Engineering, and
Mathematics (STEM) education in Norway is related to SoB and GS respectively. The relationships
are interpreted with the theoretical frameworks of SIT.

Belonging is a human need (Maslow, 1968). If our need to belong goes unfulfilled we may become
lonely which in turn may cause health problems and increase mortality (Baumeister & Leary, 1995;
Hayley et al., 2017; Holt-Lunstad et al., 2015; Richardson et al., 2017). Thus, according to Baumeister
and Leary (1995), belonging may be regarded just as important for our health and survival as basic
physical needs. We fulfil our need to belong by engaging in meaningful interpersonal relationships
and social interactions (Baumeister & Leary, 1995). Hence, being a part of groups seems essential to
fulfil the need for belonging, in life as in higher education.

Many initiatives may enhance SoB in educational settings. In their review, Allen et al. (2021, p. 91)
propose that components such as perceptions of belonging and opportunities to belong reinforce and
affect one another continuously in the development of belonging. It seems essential that universities
acknowledge that students enter with different perceptions of belonging informed by past experiences.
Given this acknowledgement, universities should both strive to add to an existing SoB and create new
experiences that may remedy past experiences of alienation. A way to achieve this may be to create
learning settings where students are given opportunities to belong on different levels, e.g., with peers,
teachers, disciplines, and institution. These learning settings should be structured so that all students
are enabled to fulfill the need for belonging through social interactions and meaningful relationships
(Allen et al., 2021; Baumeister & Leary, 1995).

Previous research shows that highly structured groups and group work such as CL in undergraduate
STEM education may provide the social interactions and meaningful relationships needed to enhance
SoB (Magelvang & Nyléhn, 2022). In a study in undergraduate mathematics, Furuto (2017) reported
that implementing CL methods increased SoB among the students. In an undergraduate biology study,
Wilton et al. (2019) introduced structured in-class student-student/student-teacher interactions and
peer-led discussions and found that the students reported greater SoB than did students in a similar
course with traditional teaching. In these studies, both from the US, CL was implemented to enhance
belonging among minority groups to strengthen student diversity in higher STEM education. Taken
together they show the potential for a positive association between CL and SoB in undergraduate
STEM education. In Norway, student loneliness is on the rise (Knapstad et al., 2018; Sivertsen, 2021)
and initiatives to enhance belonging are warranted. Thus, in this study we wish to examine if CL may
also be positively related to SoB in a Norwegian undergraduate STEM population.

As the definition in the first paragraph implies, we opt for an extended understanding of GS. GS are
also known as “life skills”, “21% century skills”, and “transferable skills” (UN, 2015; UNICEF, 2021),
and according to Binkley et al. (2012, pp. 18-19) GS include a) ways of thinking: e.g. creativity,
critical thinking, problem-solving, and meta cognition, b) ways of working: e.g. collaboration and
communication, c¢) tools for working: e.g. Information and Communication Literacy (ICT) and d)
living in the world: e.g. citizenship. Since GS may promote lifelong learning opportunities across a
range of fields and enable students to navigate in and adapt to an unpredictable future, GS are seen as
vital to the question of sustainability. Thus, GS play a substantial role in Goal 4 of Transforming Our
World: The 2030 Agenda for Sustainable Development (UN, 2015; UNESCO, 2016).

In educational settings, it is generally believed that GS are developed through an integration of content
knowledge and active learning methods, and especially collaborative learning methods seem to be a
strong predicator of the development of GS (Ballantine & McCourt Larres, 2007; Kember et al., 2007;
Smith & Bath, 2006; Tynjild & Gijbels, 2012; Virtanen & Tynjéld, 2019). By integrating both



learning content and collaborative learning methods, it is believed that a dual process occurs: when
students use theoretical knowledge to discuss and solve practical problems, they also conceptualize
their practical experiences using theoretical concepts (Virtanen & Tynjila, 2019, p. 882). In CL
literature, specifically, Millis and Cottell (1998) suggest that the inherent group and task structures of
CL may stimulate the development of GS such as problem-solving and critical thinking.

Previous research in undergraduate STEM education indicates that CL may be linked to the
development of GS (Megelvang & Nyléhn, 2022). Thus, in the US, where numerous calls to address
gaps in GS have been issued, studies (Canelas et al., 2017; Carson & Glaser, 2010; Cheruvelil et al,
2020; Ott et al., 2018) have examined if CL may help close these gaps. In undergraduate chemistry,
Canelas et al. (2017) compared two similar courses, one employing traditional lectures and one
employing several CL methods and found that the students in the latter reported higher learning gains
in key transferable skills such as problem-solving and collaboration. Similar results, at least regarding
collaboration, was found in yet another undergraduate chemistry course employing CL methods
(Carson & Glaser, 2010). In undergraduate biology, Cheruvelil et al. (2020) introduced CL elements
such as team contracts, teamwork syllabus objective, exercises, and reflection and found that the
students’ collaboration skills improved significantly. In a mix of STEM disciplines, a study
implemented CL roles to enhance collaborative skills. Although the students reported negative
perceptions of the roles, they gained valuable collaboration skills (Ott et al., 2018). Taken together,
these studies show the potential for a positive association between CL and GS in undergraduate STEM
education, at least in the US. The White Paper “Working Life Relevance” (St.Meld.16, 2020-2021) is
a clear testimony to similar gaps in Norway — and addresses the responsibility of higher education to
address the question of GS in reducing these gaps. Thus, knowledge on teaching and learning
strategies related to GS are warranted and, in this study, we examine if CL may be related to the
development of GS in a Norwegian undergraduate STEM population.

2 THEORETICAL FRAMEWORK
2.1 Social Interdependence Theory (SIT)

Social Interdependence Theory (SIT) states that we are socially interdependent when our individual
outcomes are influenced by other people’s actions and was first introduced by Morton Deutsch in the
1940s (Deutsch, 2012). The premise of SIT is that goals, actions, psychological processes, interaction,
and subsequently outcomes of individuals are dependent on how social interdependence in groups is
structured. There are three ways of structuring social interdependence: positive interdependence,
negative interdependence, and no interdependence (Deutsch, 2012). Negative interdependence
primarily leads to negative group processes and outcomes, and no interdependence leads to no group
processes or outcomes. Positive interdependence, however, is believed to lead to several positive
processes and outcomes (Figure 1).



Figure 1. Positive interdependence processes in groups
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According to Deutsch, positive interdependence arises when individuals in a group think that the only
way, they can reach their own goals is if other individuals reach their goals (Deutsch, 1973, p. 20;
Johnson & Johnson, 2009, p. 366). Therefore, as shown in Figure 1, when individuals within a group
are positively independent and share goals, they engage in effective actions (e.g., orientation to task
achievement and high productivity) to try to reach their shared goal. In the process, they are likely to
experience positive psychological processes and Deutsch (2012, pp. 5-6) points to three psychological
processes: cathexis, substitutability, and inducibility. Cathexis concerns the human innate
predisposition to respond positively to stimuli that are beneficial for us and negatively to those that are
harmful. Substitutability is a term which is used to describe the degree to which an individual’s actions
can satisfy another individual's intentions, e.g., division of labor or role specialization. Inducibility
refers to the readiness to accept or reject doing what another individual wants us to do. Positive
interdependence is likely to affect these three psychological processes in a positive manner and
because of that the next step in Figure 1, promotive interaction will follow. Promotive interaction is a
type of interaction where individuals encourage and ease each other’s contributions. Ultimately, the
entire process will lead to positive outcomes for the individuals in the group. These positive outcomes
are characterized by a reciprocal relationship and count high efforts to achieve, positive relationships,
and good mental health (Johnson & Johnson, 1989, p. 9). In our study, we relate SoB to positive
relationships and good mental health and due to our extended understanding of GS, we relate GS to all
three categories: high efforts to achieve, positive relationships, and good mental health.

Deutsch (1973; 2012) stressed that few situations are characterized by purely positive, negative or no
interdependence. Thus, to facilitate positive student outcomes, e.g., increased SoB and GS, it may be
important to create deliberate structures leading to positive interdependence. Structuring positive



interdependence between students in groups is the pillar of the teaching method Cooperative Learning
(CL).

2.2 Cooperative Learning (CL)

The premise of SIT has the last forty years been systematically developed into the pedagogy known as
Cooperative Learning (CL) by educational psychologists and brothers David and Roger Johnson
(Johnson & Johnson, 1989). CL rests on the relationship between SIT, research, and practice - and
numerous studies have validated, modified, and extended the theory and the applications of CL
(Johnson & Johnson, 2009). Based on SIT, CL underlines positive interdependence in cooperation. In
CL, students are not simply assigned to groups and told to work together (Gillies, 2014). Thus, CL
tends to be more highly structured than other forms of small-group learning (Millis & Cottell, 1998, p.
10). CL may be defined as: ‘...a highly structured form of group work’ (Millis, 2010, p. 5) and ‘...the
instructional use of small groups so that students work together to maximize their own and each
other's learning’ (Johnson et al., 1998, p. 14). For true cooperation to occur, both groups and group
tasks should be structured according to a set of principles.

Johnson and Johnson (2009) operate with five principles to which CL should adhere. Positive
interdependence is achieved by structuring the group and the group task in a way that makes group
members interdependent and interested in co-working to successfully complete the task (Ballantine &
McCourt Larres, 2007, p. 128). Individual accountability promotes responsibility and prevents social
loafing (Millis & Cottell, 1998). Individual accountability is achieved when the teacher includes a
mechanism, e.g., individual tests, for holding group members accountable for learning the material
and completing the group task (Ballantine & McCourt Larres, 2007, p. 128). Promotive interaction
takes place when group members encourage and ease each other’s contributions through listening,
exchanging ideas, offering explanations, and constructive feedback (Gillies, 2014, p. 131). According
to Johnson and Johnson (1990) such reciprocal actions may also lead to group members feeling more
accepted and valued. Appropriate use of social skills is the explicit training and negotiation of social
inclusion, mutual respect, consideration, and assistance within the group (Gillies, 2016). Group
reflection occurs in two steps: first the group members reflect on which group actions and strategies
were useful and which were not and second, they decide which actions and strategies should be
maintained and which need altering (Johnson & Johnson, 2009). In addition to the CL principles of
Johnson and Johnson (2009), we find other principles or basic elements in CL literature and Tutoring
is one of these. Tutoring is characterized by the teacher’s involvement and support in the group task,
process, and product (Atxurra et al., 2015). Teachers who plan, explain, observe, help, and offer feed-
back are invaluable to student success (Hattie, 2012).

3 RESEARCH QUESTION

Most of the previous studies on the proposed relationships between CL and SoB and CL and GS in
undergraduate STEM education do not provide an in-depth theoretical rationale for this association
and have not been conducted in a European setting (Megelvang & Nyléhn, 2022). To the best of our
knowledge, associations between CL on the one hand and the development of SoB and GS on the
other, have yet to be examined in Norwegian undergraduate STEM education.

In this study, we contribute to filling these knowledge gaps. In response to higher education challenges
(Knapstad et al., 2018; Sivertsen, 2021) and numerous international and national priorities (OECD,
2018; St.Meld.16, 2020-2021; UN, 2015), we consider it important to identify teaching methods that
may enhance SoB and GS in a Norwegian higher education context, and to provide possible and
thorough theoretical reasons for such associations. Hence, we pose the following research question:

How is cooperative learning related to sense of belonging and generic skills among students
in Norwegian undergraduate STEM education?



4 METHODS
4.1 Sample and Procedure

Data used in this study was based on a cross-sectional survey collected during lectures in the fall 2020.
For the analyses, we used a sample of undergraduate STEM students at a major Norwegian university.
In total 437 students from six different courses were invited to complete a survey and 401 students
participated, resulting in a response rate of 92%. The students were studying the following
disciplines: chemistry (n=146; 36%), biology (n=126; 31%), geology (n=92; 23%), engineering (n=22;
6%), and physics (n=15; 4%). Only large undergraduate STEM courses implementing variants of
student cooperation were invited to participate. Participants consisted of 244 females (61%), 152
males (38%) and 4 students who did not report gender (1%). Age was divided into three intervals: 20
years or younger (52%), 21-24 years of age (41%), and 25 years or older (8%). Regarding the
education level of their parents, 14% of the students had no parents with higher education, 35% had
one parent with higher education and 51% responded that both parents had higher education.

The data collection procedures followed the regulation of GDPR! and the advice of Norwegian Centre
for Research Data (NSD), and the study was registered in a data protection portal. The participants
were informed of the purpose of the study, that their participation was voluntary, and that no personal,
sensitive, nor identifiable data was collected. Each student was allowed 15 minutes to complete the
survey. Due to the COVID-19 pandemic the data collection was partly digital, using SurveyXact by
Rambell (Rambell, 2021), and partly physical, depending on course restrictions. The main researcher
or research assistants were available for questions throughout the completion.

4.2 Measures

All measures were validated in a pilot survey administered to 253 STEM students at the same
university during the spring 2020. The main purpose of the pilot was to validate the translation and the
dimensionality of the Psychological Sense of School Membership (PSSM) by Goodenow (1993) and
the Cooperative Learning Application Scale (CLAS) (Atxurra et al, 2015). Based on student
comments and the statistical measures from this pilot some of the items were re-translated while others
were removed. The individual measures and their validation steps are explained below.

4.2.1 Cooperative Learning (CL)

Validated scales that measure CL in higher education are rare and therefore, this study made use of a
rather new scale called the Cooperative Learning Application Scale (CLAS) (Atxurra et al., 2015).
This scale consists of 44 items distributed along seven subscales, each responding to a CL principle:
Positive interdependence, Interaction, Social skills, Group reflection, Heterogeneity, Assessment, and
Tutoring.

Because CLAS was a new scale with little previous validation, we took several steps to validate it in a
Norwegian setting before using it in the pilot and main survey. First, we decided to remove two
subscales: assessment and heterogeneity. Assessment (six items) was removed as formative
assessment has not yet been implemented in all courses at Norwegian universities. Heterogeneity (four
items) was removed as our survey was to be administered to large introductory courses where
deficient personal knowledge of the students may make the forming of heterogenous groups a difficult
task. Lacking measures of student in-coming preparation analogous to ACT or SAT scores, or GPA in
previous classes in Norway adds to this difficulty (Cotner et al., 2020).

As recommended by the International Test Commission (ITC) test translation and adaptation
guidelines (Hambleton, 2001), the items were translated from English to Norwegian and then back to
English again by two different sets of researchers. After agreeing upon the most suitable translation,
each item was discussed with a group of five STEM students to ensure that the students’
understanding of the items reflected the meaning of the items. Furthermore, the translation and
number of items in the scale were subject to change after student feedback and the statistical findings
of the aforementioned pilot study (n=253). Ultimately, the validation process resulted in a final scale
consisting of five subscales and 23 items. These five subscales each represented the following

1 General Data Protection Regulation



principles of CL: positive interdependence, promotive interaction, social skills, group reflection and
tutoring.

The items in the selected subscales included statements such as “When we work in groups, we can’t
fulfill a task unless everybody contributes” (Positive interdependence), “In this subject, we have the
opportunity to share our opinions with group members” (Interaction) and “The lecturer guides us and
helps us with our group task” (Tutoring). The items were measured on a 4-point Likert-type scale
ranging from 1 (strongly disagree) to 4 (strongly agree).

4.2.2 Sense of Belonging (SoB)

To measure the students’ SoB in their respective courses, we used the Psychological Sense of School
Membership (PSSM) by Goodenow (1993). The scale has been validated in international higher
education and in some but not all previous studies, the PSSM has resulted in three different subscales
equivalent to a sense of social belonging (peer-related), a sense of academic belonging (tutor-related)
and a general sense of belonging (institution-related). In these studies, the global scale and subscales
have demonstrated good internal consistency (Alkan, 2016; Freeman et al., 2007).

The original scale consists of 18 statements, but due to poor fit we decided to remove two of the items.
The PSSM underwent the same thorough validation steps as the CLAS. First, it was translated and
back translated in accordance with the ITC (Hambleton, 2001) and second, discussed with a group of
five STEM students to ensure that the students’ understanding of the items reflected the meaning of
the items. Further, based on student feedback in the pilot survey (n=253), we reformulated some of the
items before including them in the present study. Examples of select items are “Other students here
like me the way I am”, “The teachers here respect me” and “I feel like a real part of (name of course)”.
All items were measured on a 5-point Likert scale from strongly disagree (1) to strongly agree (5).

4.2.3 Generic Skills (GS)

The students’ perceptions of their GS in their respective courses were measured using the subscale
“Generic skills” in the Course Experience Questionnaire (CEQ) (Ramsden, 1991). The subscale
comprises six statements such as “The course helped me to develop my ability to work as a team
member” and “The course sharpened my analytical skills” which were measured using a 5-point
Likert scale ranging from 1 (strongly disagree) to S (strongly agree). In previous publications,
including in a Norwegian study, the reliability of the CEQ “Generic skills” subscale has been
acceptable (Byrne & Flood, 2003; Espeland & Indrehus, 2003; Jansen et al., 2013) and no translation
was needed.

4.3 Data Analyses

All preliminary and primary analyses were performed using IBM SPSS 25 (IBM, 2017). First, to
assess factor structure, normal distribution, and internal consistency, we conducted exploratory factor
analyses, descriptive analyses, and reliability analyses measured with Cronbach’s alpha. Second, to
explore potential relationships between CL and SoB and GS, we ran Pearson bivariate correlation
analyses. Third, to determine how much unique variance each of the CL subscales explain in the
prediction of SoB and GS, we conducted standard multiple regression analyses. “Exclude cases
pairwise” was the chosen strategy in cases of missing data.

S RESULTS
5.1 Exploratory Factor Analyses

Due to little previous validation of CLAS and the uncertainties regarding dimensionality of PSSM, we
ran Principal component exploratory factor analyses (Tabachnick & Fidell, 2014). Because CLAS and
PSSM were reported to consist of correlated factors (Atxurra et al., 2015; You et al., 2011), we used
Oblimin rotation (Tabachnick & Fidell, 2014). Our exploratory factor analyses (EFAs) showed
acceptable factor loadings. An EFA of CLAS resulted in a four-factor solution with eigenvalues above
1, accounting for 64.38% of the variance. The original subscales “Social skills” and “Group
reflection” emerged as one factor which we, based on the items, named “Group work reflection”. An
EFA of PSSM produced three factors, i.e., general sense of belonging, social sense of belonging, and



academic sense of belonging, with eigenvalues above 1 which in total accounted for 56.34% of the
variance. An EFA of Course Experience Questionnaire (CEQ) (Ramsden, 1991) resulted in a one-
factor solution with eigenvalues above 1, accounting for 53.01% of the variance. Full overviews of the
EFA solutions and their respective factor loadings are presented in the supplementary materials.

5.2 Descriptive Statistics
As illustrated in Table 1, all variables met the assumptions of normal distribution with skewness
(Skw.) and kurtosis (Kurt.) well under the absolute limit of -2 to 2 (Field, 2009). Reliability was

measured with Cronbach’s alpha () and exhibited values of around .80 which is considered good and
around .90 which is considered excellent (Cronbach, 1951; Kline, 2016).

Table 1. Descriptive statistics for the study variables

M Range SD Skw. Kurt. a

Cooperative learning (CL) 2.87 1-4 0.60 -0.47 -0.05 .93
Positive interdependence 3.07 1-4 0.71 -0.76 0.11 .84
Interaction 3.19 1-4 0.68 -0.84 0.16 .84
Group work reflection* 242 1-4 0.80 -0.07 -0.78 .88
Tutoring 2.80 1-4 0.73 -0.42 -0.27 .87
Sense of belonging (SoB) 4.10 1-5 0.57 -0.43 -0.53 .88
General sense of belonging 3.86 1-5 0.80 -0.41 -0.51 81
Social sense of belonging 4.24 1-5 0.62 -0.79 0.03 .80
Academic sense of belonging 4.18 1-5 0.67 -0.85 0.64 7
Generic skills (GS) 3.62 1-5 0.71 -0.16 -0.17 81

Note. M = Mean; SD = Standard Deviation; Skw = Skewness; Kurt. = Kurtosis;
o = Cronbach’s alpha.
*“Group work reflection” is a novel combined subscale

5.3 Correlation Analyses

All the Pearson bivariate correlations between the study variables were significant at p<.01 as shown
in Table 2. Specifically, and marked in bold, CL correlated strongly with SoB and with GS. Further,
SoB was strongly correlated with GS. Lastly, the correlation between the CL subscale Interaction and
SoB and GS was stronger than the correlations between the other CL subscales and SoB and GS. All
effects in bold were large (r >.50) in magnitude, except for the correlation between Interaction and
GS, which was medium (7 >.30) in magnitude (Cohen, 2013).

Table 2. Pearson correlation matrix of the study variables

1 2 3 4 5 6 7 8 9 10
1 Cooperative learning (CL) -
2 Positive interdependence 73 -
3 Interaction .83 57 -
4 Group work reflection .80 34 .53 -
5 Tutoring .89 51 .64 .68 -
6  Sense of belonging (SoB) .56 41 57 39 47 -
7  General sense of belonging 47 27 49 38 37 .83 -
8  Social sense of belonging 41 .35 43 22 32 .83 51 -
9  Academic sense of belonging .52 .38 47 37 47 .80 49 .54 -
10 Generic skills (GS) 52 33 46 42 45 .56 .55 35 46 -

Note. All correlations were significant (p<.01).



5.4 Multiple Regression Analyses

Multiple regression analyses make several assumptions about the data (Tabachnick & Fidell, 2014)
and thus, preliminary analyses were conducted to ensure no violation of the assumptions of normality,
linearity, multicollinearity, and homoscedasticity. The overall regression of CL to predict SoB was
statistically significant (R’ = .35, F (4, 36) = 48.36, p < .001) and the effect size large in magnitude
(R?>> .26) (Cohen, 2013). As marked in bold in Table 3, the only CL subscale to significantly predict
SoB was Interaction (f = .40). Group work reflection, Positive interdependence and Tutoring did not
significantly predict SoB. The overall regression of CL to predict GS was statistically significant (R’ =
.26, F (3, 36) = 43.01, p < .001) and the effect size large in magnitude (R?> .26) (Cohen, 2013). The
following CL subscales, in descending order, significantly predicted GS: Interaction (f = .24), Group
work reflection (f = 18), and Tutoring (f = .14). Positive Interdependence did not significantly
predict GS, see Table 3.

Table 3. Standard multiple regression results of the subscales of CLAS in predicting sense of belonging and
generic skills

Unstandardized Standardized 95% CI
coefficients coefficients
Variable B SE t LL UL

Sense of belonging

Constant 243 13 19.32 2.19 2.68
Group work reflection .01 .01 .07 1.25 -.01 .03
Positive interdependence .02 .01 .09 1.76 -.00 .03
Interaction .07 .01 40F** 6.68 .05 .09
Tutoring .01 .01 A1 1.63 -.00 .03
Generic skills
Constant 11.25 1.02 11.09 9.26 13.25
Group work reflection .20 .07 18%* 291 .06 33
Positive interdependence .07 .07 .06 .98 -.07 .20
Interaction .30 .08 24%%* 3.63 .14 46
Tutoring .14 .07 14* 2.00 .00 28

Note. CLAS = Cooperative Learning Application Scale; CI = Confidence interval; LL = lower limit;

UL = upper limit.
*p <.05. **p < .01, ¥**p < .001

6 DISCUSSION

The purpose of this study was to examine how perceived CL relates to the development of perceived

SoB and GS among a sample of Norwegian students in undergraduate STEM education and three
main findings emerged. First, the results suggested that CL is positively related to both SoB and GS
respectively. Second, we found that SoB and GS are positively interrelated. Third, Interaction emerged
as the strongest of the significant subscales of CL in the prediction of SoB and GS.

6.1 The Relationship between CL and SoB, and CL and GS

Previous studies from the US show that CL may enhance undergraduate STEM students’ SoB and GS
(Canelas et al., 2017; Carson & Glaser, 2010; Cheruvelil et al., 2020; Furuto, 2017; Ott et. al, 2018;
Wilton et al., 2019). Although not inferring any causal relationships, our study supports a positive
relationship between CL and SoB and CL and GS in a context not examined previously, i.e., in a
sample of Norwegian STEM undergraduates. Further, by providing an explanation based on social
interdependence theory (SIT), the study adds value to the existing literature on the relationship
between CL and SoB and GS.



When explaining the findings in light of SIT, it is vital to consider one of the principal conditions for
positive interdependence in groups, i.e., shared goals. As shown in Figure 1, SIT states that shared
goals between students in groups will lead to positive actions, psychological processes, promotive
interaction, and subsequently outcomes, such as SoB and GS in our study (Deutsch, 2012; Johnson &
Johnson, 2009, p. 366). Shared goals, and the processes they may cause, could provide the conditions
Allen et al. (2021) and Baumeister and Leary (1995) claim are necessary for belonging. Not only
might a shared goal provide opportunities to belong, positive psychological processes and promotive
interaction (Figure 1) might also facilitate positive student perceptions of belonging — and ultimately
satisfy the need to belong and prevent student loneliness (Baumeister & Leary, 1995). Shared goals
and the actions, processes, and interactions brought about by positive interdependence (Figure 1) may
ultimately also train and strengthen the students’ GS such as communication, problem-solving,
analytical skills, and collaboration. Such a process would be in line with the hypothesis proposed by
Millis and Cottell (1998) that the inherent structures in CL groups and group work may lead to various
GS.

6.2 A Relationship between SoB and GS?

A strong positive correlation between SoB and GS was found in the present study (Table 2). Although
beyond the original scope of this study, this strong correlation may be relevant for the interpretation of
the results and of interest to further studies. When SoB and GS are interrelated, it complicates our
understanding of the influence of CL on these variables.

Theoretically, it is likely that SoB may lead to increased GS. According to Baumeister and Leary
(1995) we will strive to fulfill our need to belong through interaction, and previous research shows
that GS are developed by way of student interaction (Ballantine & McCourt Larres, 2007; Kember et
al., 2007; Smith & Bath, 2006; Tynjdld & Gijbels, 2012; Virtanen & Tynjéld, 2019). On the other
hand, it is also likely that students who master GS at an early stage are inclined to experience an
enhanced SoB. Demonstrating solid GS may lead to recognition from peers and faculty alike and is
also likely to be reflected in good grades, which in turn may affect SoB positively. A third explanation
may be that SoB and GS reinforce each other. This third explanation would be in accordance with SIT
which states that there is a reciprocal relationship among efforts to achieve, positive relationships, and
good mental health (Johnson & Johnson, 1989, p. 9). To the best of our knowledge research on the
relationship between SoB and GS does not exist, and more research is needed on this topic.

6.3 The Relationship between Interaction and SoB, and Interaction and GS

Our results indicate that of the CL principles measured in this study, Interaction is the most important
principle in the development of SoB and GS. Which specific CL principles are most important to
student outcomes, e.g., SoB and GS, in higher STEM education has - to the best of our knowledge -
not been examined previously. Thus, this study may bring new knowledge to the field. The Interaction
subscale measured in our study can be considered to reflect the principle of promotive interaction
(Gillies, 2014, p. 131), and in SIT promotive interaction is considered an important step leading to
positive student outcomes.

The association between the CL subscale Interaction and SoB might support the theoretical
assumption in SIT that promotive interaction leads to positive student relationships and good mental
health. The findings may also be in compliance with the CL notion that promotive interaction is
considered to bring about a feeling of personal acceptance and value among peers (Johnson &
Johnson, 1990). Further, our findings may support the belief that interaction - more than other factors
and principles, including in CL practices - is key in the fulfilment of our need to belong (Baumeister &
Leary, 1995).

The association between the CL subscale Interaction and GS may also support the theoretical
assumption in SIT that promotive interaction increases student efforts to achieve, positive
relationships, and good mental health. Johnson and Johnson (2002) suggest that promotive interaction
in university populations results in cognitive processes involving oral communication, problem-
solving, acquisition of concepts, critical thinking and bridging past and present knowledge. We see
many parallels between the cognitive processes pointed out by Johnson and Johnson (2002) and
today’s sought-after GS. In addition, our findings support the hypothesis by Millis and Cottell (1998),
specifically that the inherent structures in CL groups and group work may lead to various GS.



Promotive interaction as one of the key CL principles may underpin many CL structures which in turn
may stimulate the development of GS.

6.4 Limitations and Strengths

Our study is a cross-sectional study and thus, no causal relationships could be claimed. Although our
results showed clear associations between CL, SoB, and GS it is not possible to infer any direction to
these associations. Self-reported instruments and scales not previously validated in a Norwegian
setting may also pose a limitation to the study. Finally, there is a possibility that the COVID-19
pandemic and a high degree of digital teaching have affected the students’ perceptions of CL, SoB,
and GS.

Despite these possible limitations, this study can point to many strengths. The study was conducted in
a sample not previously examined and thoroughly pre-validated scales and design through systematic
procedures such as student interviews, an extensive pilot study, and review of previous research. The
response rate and the magnitude of the relationships may be considered a strength, and the study
provides a theoretical rationale for the studied relationships using SIT. Taken together, this study fills
knowledge gaps and contributes with new and valuable information about the relationship between CL
and SoB and CL and GS among a sample of Norwegian students in undergraduate STEM education.

7 CONCLUSION

We find positive relationships between CL and the development of SoB and GS, but also between SoB
and GS among Norwegian students in undergraduate STEM education. The CL principle contributing
most to the relationship between CL and SoB and CL and GS is promotive interaction. Except for the
positive interrelationship between SoB and GS, our findings seem to be consistent with previous
research and all our findings may be understood through the lens of SIT and the benefits of structuring
positive interdependence into student group work (Johnson & Johnson, 2009).

7.1 Implications

Our findings suggest that implementing CL in university STEM courses might be a suitable method to
strengthen SoB and GS. Our study underlines the importance of promotive interaction and thus we
recommend that faculty provide students opportunities to participate in groups where they can help
and support each other, exchange ideas, communicate thoughts, and offer explanations and
constructive feedback (Gillies, 2014, p. 131; Johnson et al., 2014). However, it must be stressed that
we do not recommend merely “group work”. We suggest that teachers increase their competency on
which elements contribute to successful group work, to ensure that group work is structured to
increase positive interdependence among students. Faculty also need to be aware of and avoid
negative interdependence.

We recommend that CL structures are applied in one of the large introductory courses. Such a course
can be led by an instructor that is skilled in CL, making a foundation for group work in subsequent
courses. However, we recommend that all teachers who apply CL have acquired basic competencies in
the method, to ensure that students perform group work in a fruitful way.

Studies examining the relationship between CL on the one hand and SoB and GS on the other in
higher education are few, conducted outside Europe and do typically not offer thorough theoretical
frameworks. More research examining and theoretically explaining this relationship and the
relationship between SoB and GS is warranted - in Norway, in other countries and in different types of
higher education disciplines.
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ARTICLE INFO ABSTRACT
Keywords: Identifying evidence-based teaching and learning strategies that can ease teacher challenges and
Online cooperative learning mitigate student concerns in digital settings becomes increasingly important. In this intervention

Sense of belonging
Science confidence
Perceived generic skills
Loneliness
Intervention study

study we compared the effect of digital cooperative learning (CL) and digital lectures on a range
of psychosocial outcomes, specifically students’ sense of belonging, science confidence, perceived
generic skills, and loneliness, among a Norwegian sample of undergraduate biology students (n =
71). Employing a one-group pretest/posttest quasi-experimental design with a double pretest and
follow-up, we found that students’ scores on psychosocial outcomes improved significantly
following digital CL compared to digital lectures. Further, the effect sizes suggest that the effect of
CL on psychosocial outcomes in digital settings is at least as substantial as in physical settings.

1. Introduction

The need for digital teaching and learning strategies that can lead to desirable student outcomes in higher education has received
considerable attention, and the COVID-19 pandemic has only spurred this need (Damsa et al., 2015; European Commision, 2021;
Henrie et al., 2015; Lillejord et al., 2018; Lashley et al., 2020a). Following imposed restrictions on social contact, teachers all over the
world moved their courses from physical classrooms to online platforms almost overnight (Crawford et al., 2020). For many of the
teachers this transition led to both frustration and difficulties in facilitating a digital learning environment (Houlden & Veletsianos,
2020; Mazur et al., 2021a; Watermeyer et al., 2021). The transition to digital learning was also challenging for students, who reported
lack of social contact, increased loneliness, and difficulties in studying from home (Bgrve et al., 2021; Deng et al., 2021; Lederer et al.,
2021; Phillips et al., 2022; Sivertsen, 2021; Tice et al., 2021; Werner et al., 2021). Even though it is difficult to determine whether these
student concerns were mainly due to digital learning, or the restrictions of the pandemic in general, they deserve closer attention.
Digital teaching may affect students differently than traditional in-person teaching. For example, the inherent distance embedded in
digital teaching and the reported student concerns indicate that psychosocial outcomes are particularly vulnerable to a digital setting.

Despite these teacher and student challenges, initiatives to implement digital learning in higher education have only gained
strength in the wake of the pandemic (European Commision, 2021). While specialized online courses have been offered for years,
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remote instruction is likely to remain part of the standard curricula in higher education (European Commision, 2021; Hodges et al.,
2020). Thus, in this study we sought an evidence-based and student-centered teaching and learning strategy that could be imple-
mented in a digital setting, effectively facilitate learning, and mitigate student psychosocial concerns, specifically students’ sense of
belonging, science confidence, perceived generic skills, and loneliness.

Previous studies from non-digital higher education settings show that active and cooperative learning (CL) methods enhance
student learning and wellbeing more so than lectures (Deslauriers et al., 2019; Freeman et al., 2014; Loh & Ang, 2020). While these
methods have traditionally been applied in physical classrooms, it is hypothesized that these findings may be transferable to a syn-
chronous online context (Davidson, 2021). To test this hypothesis, we conducted an intervention study in a sample of undergraduate
biology students (n = 71) in Norway, employing a one-group pretest/posttest quasi-experimental design with a double pretest and
follow-up (Shadish et al., 2002). During the intervention, we implemented several evidence-based CL methods in a digital setting and
explored if such methods were associated with any change in the students’ psychosocial outcomes, i.e., students’ expressed sense of
belonging, science confidence, perceived generic skills, and loneliness compared to traditional digital lectures.

2. Cooperative learning (CL)

Cooperative learning (CL) was developed by Johnson and Johnson (1989), among others, and may be defined as: ‘...a highly
structured form of group work’ (Millis, 2010, p. 5) and ‘...the instructional use of small groups so that students work together to
maximize their own and each other’s learning’ (Johnson et al., 1998, p. 14). According to Millis and Cottell (1998), key principles of CL
in higher education include (i) positive interdependence, i.e., that the group members need to cooperate to complete the tasks, and
have mutual gain and shared goals, and (ii) individual accountability, i.e., that each group member is accountable, thus preventing
social loafing.

The principles of positive interdependence and individual accountability should underpin both CL group features and structures
(Gillies, 2016; Millis & Cottell, 1998) and to achieve this, CL literature suggests, in compliance with the definition, that groups need to
be highly structured (Gillies, 2003). Thus, groups should be relatively small, of three to five students, to avoid free-riding behaviour,
allow less forthright students to participate, and more generally enhance learning (Kagan, 2021; Millis & Cottell, 1998). Also, groups
should be formed by the teacher based on student characteristics such as academic ability, background, age, and gender, with the aim
of creating diverse groups (Johnson et al., 1994; Kagan, 2021; Millis & Cottell, 1998). This will enforce mutual dependence,
perspective taking, and case argumentation (Piaget, 1985), the knowledge and autonomy level of both low-ability and higher-ability
students (Jacobs et al., 2006; Lou et al., 1996), and group discussion quality and group performance (Curseu et al., 2018). Further, the
use of CL structures helps the students to complete the assignment in alignment with the CL principles (Millis & Cottell, 1998). Because
CL structures are content-free strategies (Kagan, 2021), they can be employed in any subject and on any educational level, including
higher education. Key CL structures used in the present study are presented in Box 1 and 2.

2.1. CL outcomes

CL outcomes are traditionally divided into three categories (Johnson & Johnson, 2018): 1) efforts to achieve (e.g., academic
motivation, persistence, productivity, and performance, 2) relationships (e.g., social skills, promoting each other’s success, and
forming academic and personal relationships), and 3) mental health (e.g., personal ego-strength, self-confidence, and autonomy), and
there is a reciprocal relationship between these three categorical outcomes (Johnson & Johnson, 1989, p. 9). In higher education most
CL studies have been related to the first of these three categories and in particular to higher student academic performance (Loh & Ang,
2020). The relationship between CL and academic performance is thoroughly established and the greatest impacts on students during
the digital transformation induced by the pandemic have been psychosocial (Bgrve et al., 2021; Deng et al., 2021; Handel et al., 2020;
Lederer et al., 2021; Phillips et al., 2022; Sivertsen, 2021). Therefore, this study has focused on student affect in relation to digital CL
methods. Previous studies on CL in Science, Technology, Engineering, and Mathematics (STEM) higher education indicate that CL in
physical learning environments may be positively associated with a range of psychosocial outcomes (Canelas et al., 2017; Espinosa
et al., 2019; Furuto, 2013, 2017; Kocak, 2008; Pilcher et al., 2015; Rattanatumma & Puncreobutr, 2016; Rivera, 2013; Wilton et al.,
2019; Yapici, 2016). However, to the best of our knowledge these studies are few, have been conducted in educational settings very
different from ours, or have not explored CL methods in a fully digital setting. Thus, in this intervention study we implemented several
CL methods digitally and examined the following psychosocial outcomes: students’ expressed sense of belonging, science confidence,
perceived generic skills, and loneliness.

To belong is regarded as a basic human need (Baumeister & Leary, 1995; Maslow, 1968) and sense of belonging is defined as our
experience of being an integral part of our surrounding systems or environment (Hagerty et al., 1992, p. 173). One such system may be
higher education; for example, previous research shows that sense of belonging seems to be particularly important for student
retention in STEM higher education (Appleton et al., 2006; Rainey et al., 2018, 2019; Smith et al., 2013; Trujillo & Tanner, 2014). We
fulfil our need to belong by engaging in meaningful interpersonal relationships and social interactions (Baumeister & Leary, 1995) and
as a result, groups and group work facilitating student interaction in higher education may lead to increased sense of belonging. Thus,
sense of belonging has been examined as one of many student outcomes of CL, including in undergraduate STEM education (Furuto,
2017; Wilton et al., 2019; Yapici, 2016), but never in a fully digital setting. Further, perceptions of belonging and opportunities to
belong, among others, reinforce each other continuously in the development of belonging (Allen et al., 2021). Hence, universities
should implement intentional, consistent, and systematic practices to become places of belonging (Murdock-Perriera et al., 2019),
especially now as students’ sense of belonging has decreased during the pandemic (Lederer et al., 2021; Sivertsen, 2021; Tice et al.,
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2021). In an attempt to increase and examine the students’ sense of belonging in a digital setting, we include sense of belonging in the
present study.

Science confidence is a malleable trait (Burns et al., 2016). In this study, we understand science confidence as a student’s
perception of their own abilities to learn and complete tasks specific to science, such as articulating a testable hypothesis, designing an
experiment, or explaining scientific concepts to peers (Cotner et al., 2020b; Seymour et al., 2004). Thus, our understanding aligns with
literature in the discipline-based educational research communities stating that science confidence appears closely related, but not
identical to, (science) self-efficacy (Ainscough et al., 2016; Ballen et al., 2017a; Cotner et al., 2020b; Nissen & Shemwell, 2016; Ritt-
mayer & Beier, 2008). Self-efficacy is the belief in one’s capacity to organize and execute the courses of action required to manage
prospective situations (Bandura, 1997) and consequently scientific self-efficacy may capture students’ belief that they are capable
enough to master scientific tasks and obtain successful results. Like science confidence, self-efficacy may also be considered malleable.
In fact, Camfield et al., (2021) recently demonstrated how STEM students’ efficacy beliefs were positively influenced by
student-centered interventions during COVID-19 remote instruction. In previous undergraduate STEM education studies on CL in-
terventions specifically, scientific self-efficacy has also improved (Espinosa et al., 2019; Furuto, 2013, 2017; Rivera, 2013). Thus, we
consider it likely that task-specific science confidence may be a positive student outcome of CL. Generally, confidence and self-efficacy
are positively associated with desirable student outcomes such as better performance and retention in a discipline (Ballen et al., 2017a;
Rittmayer & Beier, 2008). These associations may be understood through the lens of social cognitive career theory (Bandura, 1986;
Lent et al., 1994) - whereby a perceived reduced capacity, and possibly a consequent lack of belonging, in a discipline informs an in-
dividual’s self-evaluation and sense of a future in that discipline (Stake & Mares, 2005; Wonch Hill et al., 2017). As student sense of
belonging has decreased during the pandemic (Lederer et al., 2021; Sivertsen, 2021; Tice et al., 2021), we hypothesize that science
confidence may be affected, too. Further, science confidence has, to the best of our knowledge, not been examined as one of the typical
student outcomes of CL in science higher education - and certainly not in Norwegian higher education. Thus, the present study ex-
amines the students’ expressed science confidence.

Generic skills are also known as “21° century skills”, “life skills”, and “transferable skills”, (UN, 2015; UNICEF, 2021) and may be
understood as holistic skills which operate across wide ranges of contexts (Taber, 2016, p. 226), and often predict success in life
(Heckman & Kautz, 2012, p. 2). Such skills are developed through interaction with our surroundings and are important tools for
lifelong learning (Bourn, 2018), highly desired by employers (Davey et al., 2018; Male et al., 2011), and believed essential to navigate
in an unpredictable future. This broad understanding of generic or 21%" century skills together with the focus on and measurement of
the students’ perceived generic skills, lay the foundation for categorizing generic skills as a psychosocial outcome in the present study.
Generic skills (or 21 century skills) include a) ways of thinking: e.g., creativity, critical thinking, problem solving, and meta cognition,
b) ways of working: e.g., collaboration and communication, c) tools for working: e.g., information and communication literacy, and d)
living in the world: e.g., citizenship and life and career (Binkley et al., 2012, pp. 18-19). Generic skills seem to be developed through an
integration of content knowledge and active learning methods, particularly group work (Ballantine & McCourt Larres, 2007; Kember
etal., 2007; Smith & Bath, 2006; Tynjala & Gijbels, 2012; Virtanen & Tynjala, 2019; 2022) and as a result, improved generic skills may
be one of the more prominent student outcomes of CL (Johnson & Johnson, 2016; Millis & Cottell, 1998). In previous studies in STEM
higher education, the positive effect of CL on generic skills and/or perceived generic skills has been examined in both physical settings
(Canelas et al., 2017; Pilcher et al., 2015; Rattanatumma & Puncreobutr, 2016) and digital settings (Lee et al., 2016; Parsazadeh et al.,
2018). However, these studies are few and have never been conducted in a fully digital setting in STEM higher education similar to
ours. Thus, we include perceived generic skills as one of our outcome measures.

Loneliness is a subjective feeling of distress due to deficiencies in an individual’s social relationships (Peplau & Perlman, 1982, p.
3). Moving away from the safety of home and suddenly having to manage on their own, university students may be particularly
vulnerable to loneliness (Cutrona, 1982; Stewart-Brown et al., 2000). Student loneliness is on the rise (Knapstad et al., 2018) and has
increased substantially during the COVID-19 pandemic (Phillips et al., 2022; Sivertsen, 2021; Werner et al., 2021). Furthermore,
loneliness among university students may cause health problems (Hayley et al., 2017; Richardson et al., 2017). To prevent and
counteract loneliness, universities may facilitate initiatives (both within and beyond the classroom, physically and digitally) to
decrease loneliness (Adriansen & Madsen, 2012), and increasing opportunities for social interaction is particularly promising
(Hawkley & Cacioppo, 2010). CL is an example of an initiative that may offer such opportunities and previous research indicates that
CL may lead to psychological health benefits (Johnson et al., 2014), including reducing feelings of loneliness in university populations
(Kocak, 2008). In this study, we test if CL may also reduce students’ self-reported loneliness in a digital setting.

3. Hypothesis and prediction

Increased digital components in standard university courses, and post-pandemic student concerns in higher education in Norway
and elsewhere indicate a need to identify digital learning strategies which strengthen student outcomes. Cooperative learning (CL)
offers a coherent and evidence-based framework for such methods but has not previously been systematically implemented or tested in
a digital undergraduate STEM setting similar to ours. We capitalize on a rare opportunity offered by an undergraduate course in
biology during the COVID-19 pandemic, where we implemented an experimental digital CL period into a course otherwise consisting
of remote lectures and labs. Specifically, we consider the course in three parts, a lecture period, a cooperative learning experimental
period, and a second lecture period, to address the following hypothesis and specific prediction:

Hypothesis 1. (H1): Digital cooperative learning methods lead to beneficial changes in biology students’ self-reported psychosocial outcomes
compared to traditional digital lectures.
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Specifically, we predict that a digital cooperative learning intervention will increase the students’ self-reported sense of belonging,
science confidence, and perceived generic skills, and lead to a decrease in loneliness scores.

4. Methods
4.1. Participants

The participants in this intervention study all attended an undergraduate introductory biology course and thus made up a
convenient sample. The course counted 86 students, but we only included the 71 students who participated in all four data collections
throughout the semester, resulting in a response rate of 83%. This rate is high, especially given the amount of measurement time points
(Yuetal.,, 2017). Participants included 39 females (55%) and 32 males (45%). Age was divided into three intervals: born in year 2000
or later (17%), born in year 1998 or 1999 (53%) and born in year 1997 or earlier (30%). 10% of the students stated that neither of their
parents had higher education, 24% had one parent with higher education and 66% responded that both parents had higher education.

4.2. Procedure: Data collection

The intervention was conducted during the spring semester 2021 and all data used in this study were collected by means of four
digital surveys conducted during that period. The content of the four surveys was identical but the framing differed from the first to the
remaining surveys. As the first survey was administered in the first lecture of the semester, the students were asked to give their
answers drawing on experience from similar large mandatory undergraduate biology courses in the preceding semester and for most
students, in the same program. The three remaining surveys were administered at different time points and equally distributed
throughout the semester; here, the students were asked to give their answers based on their experiences in the preceding month (Fig. 1).
Each student was allowed 15 minutes to complete each of the four surveys. The data collection was digital, using SurveyXact by
Rambgll (Rambgll, 2021) and the main researcher was available for questions throughout survey completion.

The data collection procedures followed the regulation of the General Data Protection Regulation (European Commision, 2022) and
was approved by the Norwegian Centre for Research Data (Norwegian Centre for Research Data (NSD), 2021). Due to the psychological
variable “loneliness” the Regional Committee for Medical and Health Research Ethics (Regional Committees for Medical and Health
Research Ethics (REK), 2020) was also consulted to ensure that the data collection adhered to the health research ethics regulations.
The participants were informed of the purpose of the study, that their participation was voluntary and that they could withdraw from
the study at any time. Furthermore, they were informed that any personal data, specifically the student ID-number which we collected
to trace the responses of each student, would be de-identified, treated confidentially, and deleted after the completion of the study.

4.3. Procedure: Study design

The intervention study was carried out in a large mandatory undergraduate biology course at a Norwegian university. It lasted one
semester and included the following remote elements: five weeks of lectures, five weeks of cooperative learning (CL), a week of lab
work, and an additional five weeks of lectures. The lectures took place on Zoom, with the CL sessions in Zoom break-out rooms. To
carry out the intervention and measure possible changes in the students’ psychosocial outcomes, we adopted a quasi-experimental
design (Shadish et al., 2002). Quasi-experimental studies are particularly useful when randomization is not feasible due to natural
criteria, e.g., class enrollment (Crano et al., 2015; Shadish et al., 2002). Given the fact that we lacked an equivalent control group, we
used a one-group pretest/posttest design with a double pretest and follow-up. Using a double pretest and follow-up reduces the risk of
errors due to student maturation and regression (Shadish et al., 2002) and a minimum of five weeks between every measurement
reduces the risk of survey fatigue (Creswell, 2014). To illustrate the flow of the study, we refer to Figure 1.

This study - in addition to the double pre-test and follow-up measurements - adopted a range of design controls (Shadish et al.,
2002) such as: a) Two long, uninterrupted, and consistently structured periods of lectures in order to establish a baseline and follow-up
score, b) An equally long, uninterrupted, and consistently structured CL intervention period to allow comparison across the periods and
their relative impacts, ¢) Uniform instruction and training of the teaching assistants (TAs) to control for between-group differences
(Cox, 2015), d) Mandatory student attendance to avoid missing by design (Jeno et al., 2017), e) Allocating the digital lectures and the
digital CL group seminars to a fixed time of day to remove environmental differences, f) Incorporating the same kinds of topics
throughout both the lecture and the intervention period to avoid any between-interest effects (Jeno et al., 2017) and g) Not revealing
our hypotheses to the teachers or the TAs to avoid an impact on their interactions with the students.

Week 1
First lecture

Week 6-12
CcL
intervention

Beginning
of Week 6
Pretest2

End of
Week 12
Posttest 2

Week 19
Last lecture

Pretest 1 Follow-up

=/

Fig. 1. Overview of measurement time points (blue) and digital teaching and learning (orange = lectures, green = cooperative learning (CL)
intervention, grey = lab exercises) during the semester.
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4.4. Procedure: The cooperative learning intervention

Cooperative learning (CL) methods implemented in the intervention period followed CL principles (Johnson et al., 1998), in
particular positive interdependence and individual accountability (Millis & Cottell, 1998), and previous research on CL interventions
in STEM higher education (Mggelvang & Nyléhn, 2022a). First, we included cooperation as a learning objective in the course
description to be able to motivate the intervention and its assessment (Cheruvelil et al., 2020). Second, we formed 20 heterogeneous
“home groups” of four students and two home groups of three students based on gender, age, and study program (Millis & Cottell,
1998). During the five-week CL intervention, the student home groups met twice a week: once in group Zooms initiated and conducted
by the groups themselves and once in course-scheduled group breakout rooms. Each meeting lasted one to two hours. Third, we asked
the groups to draw up group contracts as such contracts are associated with more positive student attitudes and higher student
contribution within the groups (Aakre & Mgrkve, 2021; Oakley et al., 2004). To ensure both an overview of the planned group work
and ownership of the contract, the contracts consisted of two parts: (i) A table displaying scheduled individual and group tasks and (ii)
A list of points for the group to consider ensuring mutual responsibilities and expectations. For the sake of reproducibility, we have
included an excerpt of the group contract (Box 1). Fourth, we implemented “jigsaw” as the key CL structure throughout the inter-
vention period. In previous research, jigsaw in undergraduate STEM education is linked to academic success, (perceived) generic skills,
and positive student attitudes (Daniel, 2016; Pilcher et al., 2015; Yimer & Feza, 2020). One of the jigsaws in our study was related to
the learning of academic writing (introduction, methods, results, and discussion) and the other jigsaw was related to the learning of life
cycles in different species (mouse, frog, bird, and sea urchin), see example in Box 2. In both jigsaws, the groups divided the four expert
responsibilities (puzzle pieces) between them, met in expert groups (in pre-set breakout rooms) before teaching it to their home group
(in other pre-set breakout rooms). In line with the focus on structure, all the activities in the course-scheduled group discussions were
subject to time and task management by the instructor and TAs using different call and chat functions in Zoom breakout rooms. For
each jigsaw, each home group made a short presentation summarizing their findings and the learning outcomes were synthesized in
academic reports. To promote individual accountability, each group member handed in their own report to be assessed individually.
Finally, the student groups were allocated their own group site on the university’s digital learning platform where they could keep in
touch and share resources.

4.5. Measures

To measure the students’ self-reported sense of belonging, science confidence, perceived generic skills, and loneliness, the present
study employed validated scales capturing each of the latent variables. All scales have previously been employed both in international
and Norwegian studies, and we used available translations and documentation as detailed below.

4.5.1. Sense of belonging

To measure the students’ sense of belonging in the course, we used the Psychological Sense of School Membership (PSSM) by
Goodenow (1993). In recent higher education studies, the PSSM seems to be multidimensional resulting in three different factors
equivalent to a sense of social belonging (peer-related), a sense of academic belonging (tutor-related), and a general sense of belonging
with reliability estimates ranging from low .70s to .90 (Alkan, 2016; Freeman et al., 2007; Mggelvang & Nyléhn, 2022b). The original
scale consists of 18 statements such as “Other students in this university/school/course take my opinions seriously”, “The teachers here
respect me” and “I can really be myself at this university/school/course” which are measured on a 5-point Likert scale from strongly
disagree (1) to strongly agree (5). However, due to poor fit in a previous Norwegian study (Mggelvang & Nyléhn, 2022b), we removed
two of the items.

4.5.2. Science Confidence

For measuring the students’ science confidence, we used a scale of items adapted from previous studies investigating students’
science confidence (Lopatto, 2004; Seymour et al., 2004). The scale used in the present study has previously been employed and tested
for reliability for US (Walker et al., 2008) and Norwegian biology students (Cotner et al., 2020b). The scale has 13 items which are
measured on a five-point Likert-scale ranging from strongly disagree (1) to strongly agree (5) as response alternatives to items such as: I
am confident I can... “Discuss scientific concepts with my friends or family” and “Interpret tables and graphs”.

4.5.3. Perceived generic skills

The students’ perceptions of their generic skills were measured using the subscale “Generic skills” in the Course Experience Ques-
tionnaire (CEQ) (Ramsden, 1991). The subscale comprises six statements such as “The course sharpened my analytical skills” which are
measured using a 5-point Likert scale ranging from 1 (strongly disagree) to 5 (strongly agree). In previous international publications, the
reliability of the CEQ “Generic skills” subscale has been acceptable, ranging from the high .60s to high .70s (Byrne & Flood, 2003;
Jansen et al., 2013) and from .77 to .81 in Norwegian studies (Espeland & Indrehus, 2003; Mggelvang & Nyléhn, 2022b).

4.5.4. Course loneliness

We measured loneliness using the short “Three-Item Loneliness Scale” (TILS) developed by Hughes et al., and Cacioppo (2004).
This instrument consists of three items: “How often do you feel that you lack companionship?”, “How often do you feel left out?”, and
“How often do you feel isolated from others?” These three items are measured on a 5-point Likert scale spanning from never (1) to very
often (5). In previous research among adults, the TILS has shown acceptable reliability (« = .72 in Hughes et al. (2004) and « = .81 in
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Matthews-Ewald and Zullig (2013)). The TILS has also been employed in a large Norwegian study (Knapstad et al., 2018).
4.6. Statistical analyses

Only participants who completed all four surveys were included in our analyses. To address the research hypothesis and prediction,
we conducted a range of confirmatory analyses using IBM SPSS Statistics 27 (IBM, 2021). First, we assessed factor structure, normal
distribution, and internal consistency by running factor analyses, descriptive analyses, and reliability analyses measured with Cron-
bach’s alpha (Cronbach, 1951). Second, to explore whether the students’ scores on the outcome variables changed throughout the
semester, we employed one-way repeated measures ANOVA, used Wilks’ Lambda to assess significance, and adjusted for multiple
comparisons through Bonferroni correction (Field, 2018). Effect sizes were measured in Partial Eta squared, which may be considered
small (;71% >.01 to .05), moderate (;7}3 > .06 to .13), or strong (;73 >.14) in magnitude (Cohen, 2013). As previous research shows that
psychosocial outcomes can vary meaningfully by gender and generation in college (Abdul Karim et al., 2012; Ballen et al., 2017b;
Hoffman et al., 2002; Master et al., 2016; Saethre, 2014; Sahil et al., 2020; Salehi et al., 2019; Salehi et al., 2021b; Sivertsen, 2021;
Thomas, 2012; Tinto, 1975, 1993) we also conducted exploratory analyses. Specifically, we ran Independent-samples t-tests and
One-way between-groups ANOVA with Tukey post-hoc tests to detect whether our outcomes varied by student gender and generation
in college.

5. Results

All variables met assumptions of normal distribution (Field, 2009) and acceptable reliability (Cronbach, 1951) at all four mea-
surement time points (Table 1).

Through one-way repeated measures ANOVA, we found that coming into the course, the students scored relatively high (around 4.0
on the Likert scale) on expected sense of belonging, scientific confidence, and perceived generic skills, and relatively low on loneliness
(2.5) (Fig. 2, time point 1). After five weeks of digital lectures, student’s self-reported sense of belonging (-.17 [95% CI, -.30 to -.04]
p< .05), science confidence (-.46 [95% CI, -.67 to -.25] p< .05), and especially perceived generic skills (-.63 [95% CI, -.92 to -.35]
p< .05) had decreased significantly (values given are mean [CI]) (Fig. 2, time point 2). Loneliness did not change. After the next 5
weeks, during which students were engaged in the cooperative learning (CL) module, these trends were reversed, as sense of belonging
(.27 [95% CI, .14 to .41] p< .05), science confidence (.30 [95% CI, .08 to .51] p< .05), and particularly perceived generic skills (.41
[95% CI, .14 to .67] p< .05), were significantly increased, and loneliness (-.23 [95% CI, -.42 to -.03] p< .05) significantly decreased
(Fig. 2, time point 3). After the last 5 weeks of another series of digital lectures only sense of belonging (-.14 [95% CI, -.26 to -.02]
p< .05) was significantly decreased. Science confidence and perceived generic skills did not change significantly and neither did
loneliness (Fig. 2, time point 4). Further, students reported higher scores on sense of belonging and lower scores on loneliness after the
intervention (time point 3) than they did coming into the course (time point 1). Science confidence and perceived generic skills, on the
other hand, did not reach the levels from time point 1. None of the differences in scores between time point 1 and time point 3 were
statistically significant. Taken together, all outcome variables changed over time, with large effect sizes for sense of belonging (113 =
.34), science confidence (115 =.34), and perceived generic skills (115 =.44), and a more moderate effect for loneliness (qg =.13) (Fig. 2,
Appendix A).

Except for a significant difference between females and males on perceived generic skills coming into the course (time point 1), we
found no statistically significant differences in mean scores when running exploratory analyses, based on either gender or generation in
college, on any of the measured outcomes (Appendix B).

Table 1
Descriptive statistics for the study variables (range 1-5) at all four time points (T1-T4).
M SD Skw. Kurt. a
Sense of belonging, T1 3.99 0.63 0.04 -1.03 .90
Sense of belonging, T2 3.82 0.72 0.03 -1.15 .93
Sense of belonging, T3 4.09 0.65 -0.29 -1.03 91
Sense of belonging, T4 3.95 0.72 -0.24 -1.01 .93
Science confidence, T1 4.03 0.54 0.04 -0.39 .92
Science confidence, T2 3.56 0.80 -0.99 1.80 .96
Science confidence, T3 3.86 0.62 -0.80 1.27 .94
Science confidence, T4 3.75 0.79 -0.95 1.50 .97
Perceived generic skills, T1 4.13 0.63 -0.18 -0.86 .90
Perceived generic skills, T2 3.50 0.89 -0.87 1.24 .93
Perceived generic skills, T3 3.91 0.90 -0.89 0.76 .93
Perceived generic skills, T4 3.80 0.86 -0.47 -0.08 .93
Loneliness, T1 2.51 0.84 0.17 -0.31 .76
Loneliness, T2 2.56 0.94 0.15 -0.62 .80
Loneliness, T3 2.34 0.93 0.26 -0.75 .86
Loneliness, T4 2.39 1.02 0.55 -0.40 .86
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Fig. 2. Close-up four-panel figure illustrating the change in students’ expressed sense of belonging (A), science confidence (B), perceived generic
skills (C), and loneliness (D) including confidence intervals measured at four time points using Likert scales from 1 (strongly disagree/never) to 5
(strongly agree/very often).

6. Discussion
6.1. Main findings

The purpose of this quasi-experimental study was to implement digital cooperative learning (CL) methods and explore if such
methods were associated with any change in the students’ psychosocial outcomes compared to digital lectures. The students’ scores on
all psychosocial outcomes changed positively and significantly after five weeks of digital CL compared to the five weeks of digital
lectures preceding the CL intervention. In short, the CL intervention led to the students reporting increased sense of belonging, science
confidence, and perceived generic skills, and decreased loneliness in comparison to traditional digital lectures. These positive changes
cannot be explained by mere development over time. The four time points of our study design reveal that the downward trend
following the first period of digital lectures was reversed during the CL intervention and then stopped or even reversed again when the
CL methods were replaced by the second period of digital lectures. Consequently, the positive changes in the students’ reported
psychosocial outcomes seem to result from the implemented CL methods. In other words, if students’ psychosocial outcomes in digital
STEM higher education matter, the type of digital strategies we implement in our teaching should also matter. Our study indicates that
digital lectures are not only unsuited for a positive development of students’ sense of belonging, science confidence, perceived generic
skills, and loneliness — rather, digital lectures seem to impair these psychosocial outcomes. Taken together, these psychosocial out-
comes are nourished by collaborative and student-centered teaching strategies such as CL, not lectures, and our study demonstrates
this, for the first time, in a digital learning environment. To the best of our knowledge all previous research on the effect of CL on
psychosocial outcomes in STEM higher education, except for a few studies on the effect of online CL on select generic skills (Lee et al.,
2016; Parsazadeh et al., 2018), has been conducted in a physical setting (Canelas et al., 2017; Espinosa et al., 2019; Furuto, 2013,
2017; Kocak, 2008; Pilcher et al., 2015; Rattanatumma & Puncreobutr, 2016; Rivera, 2013; Wilton et al., 2019; Yapici, 2016). Our
results indicate that the general findings of these studies could be transferable to a digital setting.

6.2. Findings in light of previous research

When comparing our findings on the relationship between CL and psychosocial outcomes in a digital setting to previous research on
the equivalent relationships in physical settings, we identify several correspondences, but also novelties, particularly regarding effect
sizes. Like our study, previous CL intervention studies targeting sense of belonging showed a significant increase in sense of belonging
following enhanced structure (Wilton et al., 2019) and various CL methods (Yapici, 2016). Both the influence (r = .30 to .49) of
enhanced structure and the effect (d = 0.5 to 0.8) (own calculations) of CL methods on sense of belonging were moderate in magnitude
(Cohen, 2013). In comparison, our study identified a very large effect size (7112, = .34). Large effect sizes measured in eta squared or
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partial eta squared equal (n?p) >.14). A study on the effect of CL on loneliness concluded that CL heterogenous groups and CL structures
led to a significant decrease in loneliness compared to traditional teaching (Kocak, 2008), with an effect of (42 = .06). In our study, the
effect was (ng =.13). According to Cohen (2013), both may be considered moderate (qu) =.06 to .13), but they figure in each end of
the range. Our study is the first from STEM higher education in which CL has been specifically associated with science confidence.
Previous research exists, however, on the relationship between CL and different types of science self-efficacy (Furuto, 2017; Rivera,
2013), which may resemble science confidence. These studies found significant increases in student self-efficacy following CL in-
terventions employing heterogenous grouping, roles, and jigsaws compared to traditional teaching. Our calculations of the data in
these studies show that the effect sizes varied from moderate (d = 0.5 to 0.8) (Rivera, 2013) to very large (d > 0.8) (Furuto, 2017) while
in our study scientific confidence changed over time with a very large effect size (115 =.34). In the case of perceived generic skills, it is
hypothesized that the inherent group and task structures of CL may stimulate the development of a range of generic skills (Millis &
Cottell, 1998). A previous study from a physical setting did, like our study, find significant increases and very large effect sizes (d > 0.8)
(Cohen, 2013) in a range of perceived generic skills following a CL intervention versus traditional lectures (Canelas et al., 2017).
Likewise, a qualitative study replacing recipe-based lab teaching by jigsaw methods found a substantial increase in the students’
(perceived) metacognitive skills (Pilcher et al., 2015). Contrary to relationships between CL and sense of belonging, loneliness, and
self-efficacy, we did identify a few studies on the effects of online CL on generic skills in higher STEM education. These were conducted
in settings very different from ours, but our study from a digital setting in a Norwegian higher biology sample supports their findings.
One of these studies showed that the effect sizes of CL on information evaluation skills (Parsazadeh et al., 2018) were very large (d >
0.8) (Cohen, 2013) and the other that CL leads to significantly increased critical thinking skills development (Lee et al., 2016).

We contribute to the understanding of CL impacts by supporting the findings of previous research on the effect of CL on several
psychosocial outcomes compared to lectures, albeit in a digital learning environment. Our effect size for loneliness was in the upper range
of moderate and the rest all very large in magnitude — which are equal to and in some instances even stronger than the effect sizes of
previous research on CL in physical settings. Thus, our study suggests that the effect of CL on psychosocial outcomes in digital settings
is at least as substantial as it is in physical settings. Taken together with the drastic decrease in sense of belonging, science confidence,
perceived generic skills, and the increase in loneliness after the first period of digital lectures, we argue that psychosocial outcomes
may in fact be particularly vulnerable to traditional teacher-centered instruction in a digital setting. If that is the case, it is an additional
indication that teachers need to carefully consider how to teach digitally, and, encouragingly, that in a digital setting the added value
of student-centered learning methods, exemplified by CL, may exceed those in physical settings.

6.3. Findings in light of theory

The drastic and positive change in the students’ self-reported psychosocial outcomes during the digital cooperative learning (CL)
intervention may indicate that digital CL provides many of the conditions theorized to improve student affect. In the case of science
confidence, it is plausible that the CL group zooms provided the necessary experiences, e.g., interaction, working with specific sci-
entific tasks, and immediate feedback to inform the students’ positive self-evaluation and sense of a future in biology (Bandura, 1986;
Lent et al., 1994). During the CL intervention the students worked cooperatively to solve biology tasks by means of jigsaw structures,
thus integrating the two conditions hypothesized as needed to develop generic skills: content knowledge and active group work
(Ballantine & McCourt Larres, 2007; Kember et al., 2007; Smith & Bath, 2006; Tynjala & Gijbels, 2012; Virtanen & Tynjala, 2019,
2022). Further, initiatives to increase students’ inclusion and wellbeing (Adriansen & Madsen, 2012) through interaction and
meaningful relationships (Baumeister & Leary, 1995) may be effective means to reducing loneliness and increasing sense of belonging.
In our study, the students were given many opportunities to interact and experience meaningful relationships through highly struc-
tured, small, heterogeneous, and fixed CL groups with shared goals during the CL intervention (Gillies, 2003; Johnson et al., 1994;
Kagan, 2021; Millis & Cottell, 1998). In fact, it should be noted that sense of belonging and loneliness, as the only of the measured
variables, improved not only in comparison to the first period of lectures (time point 2), but also to time point 1 (Fig. 2). Time point 1
was when the students stated their expected sense of belonging and loneliness throughout the course based on experiences from similar
courses the preceding semester. Hypothetically, the improvement in sense of belonging and loneliness measured after the CL inter-
vention compared to both time point 2 (highly significant) and time point 1 (not significant), could be influenced by the types of
student groups. Belonging to highly structured, small, heterogeneous, and fixed groups (Gillies, 2003; Johnson et al., 1994; Kagan,
2021; Millis & Cottell, 1998) may to a larger degree, than other types of groups, build up the necessary personal safety to interact and
promote inclusion (Adriansen & Madsen, 2012; Baumeister & Leary, 1995), particularly in a digital setting where the threshold to
initiate dialog seems higher than in a physical setting.

Theory may also help us understand why the positive developments in all psychosocial outcomes stopped or even reversed after the
second period of lectures, and particularly why sense of belonging decreased significantly anew. Perceptions of belonging and op-
portunities to belong reinforce and affect one another continuously in the development of belonging (Allen et al., 2021), making
consistent and systematic inclusion practices in higher education both important and required to secure the continuous sense of
belonging among the students (Murdock-Perriera et al., 2019). The systematic practice to include all the students through the CL
intervention disappeared when the second period of lectures began. Thus, the interaction needed to fulfil the need to belong also
disappeared, and the students no longer experienced the same opportunities to belong. In a digital setting it is not just a matter of
catching up with your group members in the break. The natural meeting place is simply not present, meaning that the importance of
intended and systematic university practices to include all students become even more warranted in digital settings. The other psy-
chosocial outcomes were more consistent when compared to sense of belonging. This may be related to science confidence being a
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malleable trait (Burns et al., 2016), while generic skills have been explained in terms of life-long learning (Bourn, 2018). Also, in-
terventions offering targeted opportunities for social interaction seem to be successful in reducing loneliness over time (Hawkley &
Cacioppo, 2010). All in all, the fact that none of the measured variables, except for sense of belonging, changed significantly in the
second period of digital lectures may mean that there can be a lot to be gained from implementing periods of CL methods in digital

settings.
7. Limitations and strengths

There are some limitations to our study. The design is quasi-experimental and lacks the advantages provided by randomization, and
a control group could have strengthened the causal claims (Shadish et al., 2002). Self-reported measures, with their inherent biases,
might also pose a limitation to the study (Czaja & Blair, 2005). Further, our conflation of the terms “science confidence” and “(science)
self-efficacy” may be considered a limitation since the terms may not be as closely linked as the discipline-based educational research
community seem to suggest. To counter any confusion and to promote transparency on this potential issue, we have included an
overview (Appendix C) of how we measure science confidence (and all the other constructs) in the present study. The intervention was
conducted in the spring 2021, i.e., in the middle of the COVID-19 pandemic when higher education in Norway was subjected to severe
restrictions and the Norwegian population showed increasing signs of de-motivation and frustration with the seemingly endless sit-
uation. This backdrop may have influenced the answers of the students. Perhaps they would not have felt that discouraged from digital
lectures nor that positive towards cooperative learning (CL) methods under different circumstances. Even so, we employed many
design controls to strengthen causal claims (Shadish et al., 2002). These design controls and in particular the use of a double pre-test
and a follow-up indicated a real and substantial difference in the students’ psychosocial outcomes following the implemented digital
CL methods compared to digital lectures. Further, a repeated measures design enables us to detect within-person change over time and
has high statistical power (Guo et al., 2013, p. 100) and the effect sizes of the intervention were all very large, except for loneliness
which was in the upper range of moderate. Thus, it is reasonable to infer that the changes in student scores in our sample are linked to
the CL intervention rather than to confounding variables (Shadish et al., 2002). Also, the study adds new and valuable knowledge on a
sample, i.e., Norwegian undergraduate biology students, and topic, i.e., digital CL methods, not previously researched. With digital
teaching and learning on the rise, the knowledge gained from the digital nature of the study is especially valuable.

Our ability to extrapolate these findings to a larger higher-education community is limited. Our target population - Norwegian
biology students - is relatively homogeneous, being composed primarily of continuing-generation, White, Norwegian-educated stu-
dents, and may not be representative of populations elsewhere. Here we analyzed two aspects of diversity, i.e., gender and generation
in college, and we did not detect any variability in response to the intervention. We cannot say for sure how students from, e.g.,
underrepresented racial or ethnic minorities might have responded to the intervention, but we hypothesize, based on similar studies
(Binning et al., 2020; Hammarlund et al., 2022c¢) that the positive effects might have been even greater for these students. For example,
a US-based study in introductory chemistry, (Hammarlund, 2022c) shows that a sense-of-belonging intervention positively impacted
underrepresented minority students, but it did not differentially affect the performance of women or first-generation college students.
We note further that the field of psychosocial classroom interventions is beset by a “replication crisis,” driven largely by studies
conducted in one classroom, in one subject, in one geographic area - often the United States (Camerer et al., 2018; Open Science
Collaboration, 2015). Few studies have investigated similar interventions in Norway, and none, to our knowledge, have explored the
impacts of CL in a digital learning environment. Thus, our study population makes this work a valuable contribution to the growing
field.

Finally, the addition of qualitative approaches would have added layers of understanding. For instance, interviews with students
could have allowed us to better understand which features of CL best activated the positive outcomes and perhaps brought us closer to a
more elaborate understanding of the benefits of CL. Thus, future studies will be strengthened by the incorporation of qualitative el-
ements in the study design.

8. Conclusion

Taken together, our study adds new and valuable knowledge about digital teaching and learning in higher education. First, it
underlines the differences between two digital teaching strategies in relation to psychosocial outcomes among students in higher
education - and concludes that the positive effect of digital cooperative learning (CL) on psychosocial outcomes compared to digital
lectures is substantial. Second, the findings suggest that psychosocial outcomes may be particularly vulnerable in a digital setting,
making it even more important for instructors to pursue teaching strategies favoring such outcomes. Third, the effect sizes of the digital
CL methods implemented in the study on psychosocial outcomes among the students were at least as strong as the effect sizes in
previous studies on physical CL interventions (Canelas et al., 2017; Furuto, 2017; Kocak, 2008; Pilcher et al., 2015; Rattanatumma &
Puncreobutr, 2016; Wilton et al., 2019; Yapici, 2016). This suggests not only that CL methods from physical settings may be trans-
ferable to digital settings, but also that the effect of CL in digital settings may be even greater than in physical settings. Fourth, digital
settings do not offer spontaneous and informal meeting places for the students, making it even more important that higher education
institutions implement systematic digital inclusion practices in all courses for all students. Our findings are in alignment with theory in
the field of CL, sense of belonging, scientific confidence, generic skills, and loneliness.

In sum, teachers developing digital courses should take care to include student-centered approaches in their courses. Our findings
suggest the positive impacts of this engagement can be meaningful and far-reaching, and we urge our colleagues in higher education to
seek and implement digital strategies —such as digital CL—that promote student well-being.
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Scales and items used in the study “Cooperative Learning Goes Online: Teaching and Learning Intervention in a Digital
Environment Impacts Psychosocial Outcomes in Biology Students”

Science confidence scale (Lopatto, 2004; Seymour et al., 2004)

I am confident I can...

1 Discuss scientific concepts with my friends or family
2 Think critically about scientific findings I read about in the media
3 Read the scientific literature (current papers, written by scientists, in scientific journals)
4 Determine what is - and is not - valid scientific evidence
5 Make an argument using scientific evidence
6 Interpret tables and graphs
7 Pose questions that can be addressed by collecting and evaluating scientific evidence
8 Collect research-related data
9 Analyze data
10 Present scientific results in writing or orally
11 Understand scientific processes behind important scientific issues in the media
12 Understand the science content of this course
13 Use scientific thinking to solve problems outside of this course

Likert-scale ranging from 1 (strongly disagree), 2 (partly disagree), 3 (neither agree nor disagree), 4 (partly agree), to 5 (strongly
agree)

Table A.1
Means, standard deviations, and one-way repeated measures ANOVA statistics for the study variables.

Variable M SD F(3, 68) p ylg
Sense of belonging 11.87 <.001 .34
Time 1 3.99 0.63

Time 2 3.82 0.72

Time 3 4.09 0.65

Time 4 3.95 0.72

Scientific confidence 11.55 <.001 .34
Time 1 4.03 0.54

Time 2 3.56 0.80

Time 3 3.86 0.62

Time 4 3.75 0.79

Generic skills 17.99 <.001 44
Time 1 4.13 0.63

Time 2 3.50 0.89

Time 3 3.91 0.90

Time 4 3.80 0.86

Loneliness 3.24 .028 13
Time 1 2.51 0.84

Time 2 2.56 0.94

Time 3 2.34 0.93

Time 4 2.39 1.02

10
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Table B.1

Means, standard deviations, and independent-samples T-tests for the study variables
Variables Females Males

M SD M SD t(69) P d

Sense of belonging
Time 1 4.12 0.66 3.83 0.56 -1.95 .056 .46
Time 2 3.92 0.73 3.70 0.68 -1.32 .192 .31
Time 3 4.17 0.68 3.99 0.60 -1.17 244 .28
Time 4 4.09 0.70 3.79 0.72 -1.76 .082 42
Science confidence
Time 1 4.11 0.46 3.93 0.61 -1.40 .165 .34
Time 2 3.54 0.85 3.60 0.74 0.31 757 .07
Time 3 3.86 0.67 3.86 0.56 0.02 .986 .00
Time 4 3.79 0.77 3.71 0.83 -0.42 676 .10
Generic skills
Time 1 4.34 0.62 3.88 0.55 -3.27 .002 .78
Time 2 3.49 0.89 3.51 0.89 0.09 1929 .02
Time 3 3.96 0.91 3.84 0.89 -0.57 .569 .14
Time 4 3.94 0.86 3.64 0.86 -1.47 146 .35
Loneliness
Time 1 2.62 0.73 2.38 0.96 -1.20 .235 .29
Time 2 2.62 0.84 2.49 1.05 -0.60 .552 .14
Time 3 2.50 0.83 2.15 1.02 -1.59 115 .38
Time 4 2.39 1.01 2.40 1.04 0.01 1991 .00

Note. Females (n=39); Males (n=32).

Table B.2

Means, standard deviations, and one-way between groups ANOVA statistics for the study variables.
Variable NPHE OPHE BPHE

M SD M SD M SD F(2, 68) P 7”

Sense of belonging
Time 1 4.13 0.60 3.89 0.73 4.01 0.60 0.42 .657 .01
Time 2 4.10 0.77 3.73 0.83 3.81 0.67 0.68 511 .02
Time 3 4.01 0.80 4.20 0.63 4.07 0.64 0.35 .709 .01
Time 4 3.98 0.74 4.09 0.70 3.90 0.74 0.46 .636 .01
Science confidence
Time 1 3.85 0.28 4.03 0.61 4.05 0.54 0.44 .649 .01
Time 2 3.79 0.47 3.44 0.86 3.57 0.82 0.49 615 .01
Time 3 3.77 0.67 3.89 0.59 3.86 0.63 0.09 914 .00
Time 4 3.92 0.73 3.87 0.65 3.69 0.85 0.51 .606 .01
Generic skills
Time 1 4.31 0.71 4.24 0.70 4.07 0.60 0.72 492 .02
Time 2 3.55 0.83 3.45 0.90 3.51 0.91 0.04 .962 .00
Time 3 3.74 1.32 4.03 0.93 3.89 0.83 0.29 751 .01
Time 4 3.81 1.17 4.08 0.92 3.70 0.79 1.22 .302 .03
Loneliness
Time 1 2.71 0.83 2.37 0.91 2.52 0.83 0.43 .651 .01
Time 2 2.90 1.07 2.33 0.90 2.60 0.93 1.01 371 .03
Time 3 2.81 1.15 2.02 0.88 2.38 0.90 2.01 142 .06
Time 4 2.95 1.41 2.08 0.91 2.43 0.97 1.94 151 .05

Note. NPHE = No parent has higher education (n=7); OPHE = One parent has higher education (n=17); BPHE = Both parents have higher education
(n=47)

(Perceived) generic skills (Ramsden, 1991)

1 The course developed my problem-solving skills

2 The course sharpened my analytical skills

3 The course helped me to develop my ability to work as a team member

4 As aresult of my course, I feel confident about tackling unfamiliar problems
5 The course improved my skills in written communication

6 The course helped me to develop my ability to plan my own work

Likert-scale ranging from 1 (strongly disagree), 2 (partly disagree), 3 (neither agree nor disagree), 4 (partly agree), to 5 (strongly

agree)
Sense of belonging (Goodenow, 1993)*

11
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Box 1
Implemented CL structure: Group contract.

A group contract provides guidelines for group work and group tasks with the purpose of establishing common expectations and tools to secure workflow, develop
constructive communication, and manage potential conflicts (Oakley et al., 2004). Here, we share specific guidelines from our intervention.

Group contract

Name of group:

A group contract may ensure a positive work flow, harmony, and autonomy in group work. This group contract
consists of two parts:

Part 1: An overview of fixed contractual group tasks
Part 2: A list of points to consider in your group work

Part 1:

Week | Individual preparations | Group tasks
9 For the third group zoom: | In the third group zoom:

- Discuss life cycle in general
Read text, study figures - Agree on and distribute responsibility (expertise
and answer the question knowledge) for the life cycle of the following
about life cycle in general. species: frog, bird, sea urchin and mouse

- E-mail course responsible with an overview of the
distribution of species (who becomes expert in

what). Deadline:
- Agree on time and convene for the fourth group
zoom
For the fourth scheduled In the fourth scheduled group zoom:
group zoom: - Inexpert groups: Compare and discuss your expert
notes and decide on a presentation strategy
Become an expert in - In home groups: Present «your» species and
“your” species and note compare and discuss the life cycle of the four
down key content species.
- Make a short joint presentation and upload it to the
group site

Part 2:
Discuss and agree on the points you want to guide your group work. Write down and sign.

Decisions. How do we make good and fair decisions in our group?
Disagreement. How do we deal with disagreement?
e Contact. Where and when can we reach each other?
e Participation. How do we make sure that everyone participates on equal terms?
e ETC.

1 I feel like a real part of this course

2 It is hard for people like me to be accepted here

3 Other students in this course take my opinions seriously

4 Most teachers in this course are interested in me

5 Sometimes I feel as if I don’t belong here

6 There’s at least one teacher or other adult in this course I can talk to if I have a problem
7 People in this course are friendly to me

8 Teachers here are not interested in people like me

9 I am included in lots of activities in this course

12
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10 I am treated with as much respect as other students
11 I feel very different from most other students here
12 I can really be myself in this course

13 The teachers here respect me

14 I wish I were in a different course

15 I feel proud of belonging to this course

16 Other students here like me the way I am

Likert-scale ranging from 1 (strongly disagree), 2 (partly disagree), 3 (neither agree nor disagree), 4 (partly agree), to 5 (strongly
agree)

*Items adapted to the studied course (not school) and two items removed

Loneliness short item scale (Hughes et al., 2004)

1 How often do you feel that you lack companionship?
2 How often do you feel left out?
3 How often do you feel isolated from others?

Likert-scale ranging from 1 (never), 2 (rarely), 3 (sometimes), 4 (often), to 5 (very often)
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