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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; Sæthre, 
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 & Tynjälä, 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 
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physical needs. We fulfill 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 fulfill 
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 institutions. 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 (Møgelvang & 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 STEM higher 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”, “21st 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 predictor of the development of GS (Ballantine & McCourt Larres, 2007; Kember et al., 2007; 
Smith & Bath, 2006; Tynjälä & Gijbels, 2012; Virtanen & Tynjälä, 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 & Tynjälä, 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 (Møgelvang & 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 objectives, 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 
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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 specifies 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). 
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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 (Møgelvang & 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 the General Data Protection Regulation 
(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 Rambøll (Rambøll, 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 
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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 heterogeneous 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 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 5 (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. 
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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. 

 

5 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 (𝛼) 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. 𝛼 
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* 2.42  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   .77 

Generic skills (GS) 3.62  1-5 0.71  -0.16   -0.17   .81 
Note. M = Mean; SD = Standard Deviation; Skw = Skewness; Kurt. = Kurtosis; 	
𝛼 = 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 (r >.30) in magnitude (Cohen, 2013). 
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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 (R2 = .35, F (4, 36) = 48.36, p < .001) and the effect size large in magnitude (R2 

> .26) (Cohen, 2013). As marked in bold in Table 3, the only CL subscale to significantly predict SoB 
was Interaction (𝛽 = .40). Group work reflection, Positive interdependence and Tutoring did not 
significantly predict SoB. The overall regression of CL to predict GS was statistically significant (R2 = 
.26, F (3, 36) = 43.01, p < .001) and the effect size large in magnitude (R2 > .26) (Cohen, 2013). The 
following CL subscales, in descending order, significantly predicted GS: Interaction (𝛽 = .24), Group 
work reflection (𝛽 = 18), and Tutoring (𝛽 = .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 
coefficients 

Standardized 
coefficients 

 95% CI 

Variable B SE 𝛽 t LL UL 
Sense of belonging 

Constant 2.43  .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       .40***   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    .18**   2.91  .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 
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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; Tynjälä & Gijbels, 2012; Virtanen & Tynjälä, 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 STEM higher 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. 
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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 fulfillment 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.  
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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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