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Abstract 
 
Following up students’ progress in collaborative activities is a crucial element in the teaching task if we 
want to properly scaffold learning and assess students’ performance. Considering this, a Computer 
Supported Collaborative Learning (CSCL) environment was created in the subject Middleware, devoted to 
the development of collaborative software projects delivered to undergraduates from Computer 
Engineering in a Spanish university. Students (n= 46) were asked to work in teams using the SCRUM 
methodology and the GitLab software. In order to analyse their individual performance, a Learning 
Analytics platform was created and an online survey was designed to complement the results obtained 
collecting students’ perceptions. One of the aims in our project was to explore the relationships between 
students’ outcomes and their perceptions about teamwork and the tools used. Specifically, we analysed the 
relationship between students’ final mark, students’ perceptions of teamwork and their SCRUM 
competence. Their sense of flow during the collaborative activity was measured as well. Results show 
correlations among these variables. Further discussion is provided around the students’ perceptions as a key 
aspect for understanding students’ behaviour and performance.  
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1. Introduction 
 
This research arises from the teaching need to provide adequate follow-up to the collaborative 

work of engineers in training and, in particular, to solve one of the main difficulties in this monitoring, such 
as documenting the collaborative tasks carried out (Wise & Schwarz, 2017). To this end, a Learning 
Analytics (LA) platform has been implemented, and this implementation has been studied from a 
multidimensional perspective, seeking to identify its possible impact on the effectiveness of the learning 
achieved, not only in the instrumental competence of the students, but also in its psychological, social and 
individual aspects. 

LA can be defined as "the measurement, collection, analysis, and reporting of data about learners 
and their contexts, for purposes of understanding and optimizing learning and the environments in which it 
occurs (ECAR-ANALYTICS Working Group, 2015, p. 2). These tools are expected to allow teachers a 
more refined monitoring of students work, while also providing greater precision in evaluating the two 
main lessons learned from online collaboration. 

The effectiveness of group learning in the training of computer engineering university students, 
and in their preparation for professional performance, has been widely studied (Hernández Sellés, González 
Sanmamed, & Muñoz Carril, 2014, Zhan, 2008). By requiring not only collaborative learning, but learning 
to collaborate, group learning fosters active, constructive and reflective learning (Zariquiey Biondi, 2016; 
Zhan, 2008), while also developing much-needed interpersonal skills in the flexible working environments 
of the 21st century (Schwendimann, Beat A., De Wever, Bram, Hämäläinen, Raija, Cattaneo, 2018). 

In recent years, in the university training of computer engineers, the curricula have been adapted 
to incorporate the learning of agile methodologies, due to their growth in the software industry as a means 
for collaborative work (Kropp & Meier, 2013a). Agile methodologies are characterized by being iterative 
and incremental, with short work cycles, constant deliveries and a high level of interaction among team 
members (Dybå & Dingsøyr, 2008; Kropp & Meier, 2013b). These characteristics present a challenge both 
for professors and students since it is necessary to evaluate and to provide feedback, on individual and 
group level, on aspects such as use of the methodology, management of the tools and collaboration in teams 
(Mahnic, 2012). 
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This learning context can be conceptually located within the Computer-Supported Collaborative 
Learning (CSCL), a multidisciplinary field focused on studying how technology and computers can 
improve and make collaborative work more efficient (Cheng, Yu, & Li, 2013; Shawky, Badawi, Said,  
& Hozayin, 2015). The literature on CSCL identifies as determining factors: the type of collaboration 
established, the collaborative model and the tools and support provided to students (e.g. Borges, Mizoguchi, 
Bittencourt, & Isotani, 2018). On the other hand, although there are several terms related to online 
collaborative learning that are in some way interchangeable (Zhan, 2008), CSCL specificity relays in its 
emphasis on the collaborative online resources used (Wise & Schwarz, 2017, p.427)  

To face the challenge of monitoring the students, especially when using agile methodologies, the 
literature on CSCL recognizes the importance of an adequate teacher planning, able to take into 
consideration both the students' real capacity to collaborate, as well as providing an effective pedagogical 
use of the implied resources (e.g. Kropp & Meier, 2013a; Walter, Tramontini, Fontana, Reinehr,  
& Malucelli, 2013). In that sense, SCRUM methodology can be a good guide.   

On the other hand, deepening in the factors that allow to understand and predict the positive results 
of students in virtual environments, in general, and in CSCL in the training of computer engineers, in 
particular, research in eLearning in the last decades has identified several variables, such as: self-efficacy 
(Muñoz et al. 2017), and specifically self-efficacy in relation to learning computer programming and online 
collaboration (e.g. Tek, Benli, & Deveci, 2017), self-regulation (e.g. Chakraborty & Muyia Nafukho, 2014), 
metacognition (e.g. Cocea & Weibelzahl, 2006; Järvelä et al., 2016), implicit theories about their own 
capacities (e.g. Güeto Rubio, 2018), intrinsic motivation and the flow state (Cocea & Weibelzahl, 2006; 
Cristea, 2017; Walter et al., 2013) and the influence of emotions, especially anxiety in groups. of online 
collaborative work (e.g. Syed-Abdullah, Holcombe, & Gheorge, 200). In this paper we focus specifically 
on the study of the flow state. 
 

2. Design 
 

This study is part of a broader investigation devoted to analyse the effectiveness of the 
implementation of a Learning Analytics (LA) platform as a tool for teachers to monitor the CSCL of their 
students. For this research, a mixed parallel design has been chosen under the general form of a  
Design-Based Research (DBR). Our aim is to elaborate a framework useful as a guide to achieve a 
personalized follow-up in the scope of the CSCL. The purpose of this design is, firstly, to deepen the 
understanding of the CSCL in the context of software engineering and, secondly, to study the features of 
the instructional tool designed, in this case, the LA platform. 
 

3. Objectives 
 

This work is aimed to identify the effectiveness of online collaborative learning based on its 
determining factors, both social and individual. This is the reason why it has been explored the relationships 
between the students’ results and their immersion in the work carried out. Our goal is to understand what 
social, individual psychological factors can be influencing students’ CSCL. Specifically, we analyse the 
relationship between the students' final mark, students’ perceptions of teamwork, students’ perceptions of 
the tools employed and students’ competence with SCRUM. Their sense of flow during the collaborative 
activity is measured as well.  

Table 1 shows the research questions and related hypothesis in this design. 
 

Table 1. Research questions and related hypothesis. 

Research question Hypothesis 

How do students’ perceptions about teamwork and 
the tools employed influence their performance with 
SCRUM within the GitLab environment? 

Hypothesis 1: Better students’ perceptions about teamwork and the 
tools employed influence their performance with SCRUM within 
the GitLab environment 

How do these variables affect the students’ degree of 
immersion in the work carried out in relation to their 
performance? 

Hypothesis 2: Flow states in online collaboration correlates with 
positive perceptions of the students towards the activity and the 
tools used and with a better performance in the collaborative 
activity. 

 

4. Methods 
 

This study has been carried out with the 46 students of the aforementioned Middleware subject. 
This subject, eminently practical and with a teaching load of 3 ETCs, is offered in the third year of the 
Computer Engineering Degree at the Polytechnic University of Madrid (UPM). According to the academic 
itinerary chosen previously by each student, previous experience with programming or online collaboration 
may be different for each student. 
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To work on the two software development projects included in this course, a CSCL environment 
was developed based on the GitLab platform -a wikis-based software repository-, which has been adapted 
to implement concepts associated with SCRUM, an agile methodology widely adopted. Students were 
asked to work in teams of three or four freely formed by the same students. 

For an initial descriptive exploration of the study, a questionnaire was developed. It was 
implemented online after the completion of the practices of the Middleware subject. The teacher of the 
subject was responsible for introducing and monitoring its completion. Those students doing their 
internships were sent a link to the electronic questionnaire to be answered outside class time. 

The items of the questionnaire developed were organized in 7 sections (for this study we only used 
the items from Section 1 and 6): 

- Presentation: students are informed about the purpose of the questionnaire and aspects about 
anonymity. 

- Section 1: students’ own perceptions of their expertise with tools for collaborative work, as well 
as about collaborative work and the tools to be used during the practices of the Middleware 
subject. 

- Section 2: general self-efficacy of the students. Scale of general self-efficacy (Sanjuán Suárez, 
Pérez García, & Bermúdez Moreno, 2000). 

- Section 3: student's self-compassion. Spanish version of the Self-Compassion Scale (SCS) 
(Garcia-Campayo et al., 2014). 

- Section 4: students’ implicit theories about their learning. 
- Section 5: students' level of anxiety. Spanish version of the Kuwait University Anxiety Scale 

(S-KUAS) (Abdel-Khalek, Tomás-Sabádo, & Gómez-Benito, 2004). 
- Section 6: students’ flow state during the collaborative work. The Spanish version of the Flow 

State  Scale (FSS, Jackson & Marsh, 1996; Spanish version, Calvo, Castuera, Ruano, Vaíllo,  
& Gimeno, 2008). 

- Section 7: sociodemographic data as well as informing students about data protection. 
Students’ marks concerning their process and product elaborated during a collaborative activity 

were collected as well.   
 

5. Results 
 

In the following table, correlations among the variables analysed for our study can be observed:  
 

Table 2. Correlations among variables. 
 

 
Activity 

mark 

SCRUM 

competency 

Perceptions of tools for 

collaboration 

Teamwork 

perception 
Flow 

Activity mark 

 Pearson correlation 1 ,798** ,270 ,245 ,376* 

 Sig. (bilateral)  ,000 ,069 ,101 ,010 

 N 46 46 46 46 46 

SCRUM 

competency 

 Pearson correlation ,798** 1 ,371* ,155 ,305* 

 Sig. (bilateral) ,000  ,011 ,302 ,039 

 N 46 46 46 46 46 

Perceptions of 

tools for 

collaboration 

 Pearson correlation ,270 ,371* 1 ,591** ,491** 

 Sig. (bilateral) ,069 ,011  ,000 ,001 

 N 46 46 46 46 46 

Teamwork 

perception 

 Pearson correlation ,245 ,155 ,591** 1 ,584** 

 Sig. (bilateral) ,101 ,302 ,000  ,000 

 N 46 46 46 46 46 

Flow 

 Pearson correlation ,376* ,305* ,491** ,584** 1 

 Sig. (bilateral) ,010 ,039 ,001 ,000  

 N 46 46 46 46 46 

**The correlation is meaningful at level 0,01 (bilateral) 

 * The correlation is meaningful at level 0,05 (bilateral) 
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Adaptive perceptions of teamwork strongly correlates with positive perceptions of tools for 
collaboration The sense of flow along the collaborative activity strongly correlates with adaptive 
perceptions of teamwork and positive perceptions of tools for collaboration. To a less extent, it correlates 
with the activity mark and the SCRUM competency. Lastly, SCRUM competency strongly correlates with 
the activity mark and to a less extent with positive perceptions of tools for collaboration.   
 

6. Discussion 

 
The use of Learning Analytics (LA) is a highly promising research area in educational technology 

for supporting the teaching activity (Wise & Schwarz, 2017). In this context, it is important for us to 
investigate the role of different factors in the learning process such as performance, competences or 
perceptions. 

Our study shows that adaptive perceptions of teamwork and positive perceptions of the tools 
employed influence students’ performance with SCRUM within the GitLab environment. Furthermore, it 
also shows that the flow state in online collaboration correlates with positive perceptions towards a 
collaborative activity, the tools used and with a better performance. 

Although some studies address the flow state (Cocea & Weibelzahl, 2006; Cristea, 2017; Walter 
et al., 2013), there is a gap in studies relating it with perceptions, process and products in a CSCL 
experience. It is interesting in our study how the sense of flow correlates more strongly with perceptions 
than with performance and competency. Therefore, it seems that individual perceptions play a key role in 
the sense of flow. However, when thinking of competencies, they correlate stronger with performance than 
with perceptions.   

Considering that LA has to do with transversal learning of social skills and teamwork  
(Hernández-Sellés, González-Sanmamedy, & Muñoz-Carril, 2015, page 151), our work brings some light 
into some aspects that show students’ sense of flow along collaborative activities such as their individual 
perceptions (adaptive perceptions of teamwork and positive perceptions of tools for collaboration), process 
followed (the SCRUM competency) and product obtained (the activity mark). Future research should deep 
in these lines.    
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