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Increasing attention has been given to young students’ acquisition of 21st-century skills 
and digital competences. As citizens of a digital world, they should be fluent in 
technology; i.e., know how the use of technology meets their needs and how it can be 
changed. In accordance with this need, teaching coding to young students is currently 
gaining momentum in classrooms and informal learning spaces (e.g., coding clubs, fairs, 
labs, etc). Several countries have introduced a coding curriculum for all school students; 
Estonia, Israel, Finland, and the United Kingdom are only a few nations making efforts 
to integrate coding as a new literacy and support students in creative problem-solving 
tasks (Hubwieser, Armoni, Giannakos, & Mittermeir, 2014). Similarly, organizations 
such as “code.org” and “codeacademy.com” offer fruitful coding learning environments. 
In addition, ACM, the Computer Science Teachers Association, the National Math and 
Science Initiative, and the K-12 Computer Science Framework provide guidelines for 
teaching computer science and building learning communities. The simultaneous rise of 
the maker movement, and increased maker culture-based initiatives (e.g., Makerspaces, 
Fablabs, Techshops), have evolved in the sense that the maker movement is a 
technological and creative evolution that has limitless implications for the education 
world. In different informal learning spaces, like science centers, libraries, and museums, 
more and more young students develop their own projects and get a different perspective 
on the learning process since they have the opportunity to control their own learning, 
instead of being passive knowledge recipients.  

Pioneered by Seymour Papert, whose constructionism demonstrated the need to learn 
through creative making processes (Papert, 1980), and his Logo programming 
environment in the 1960s, coding in education has received a lot of interest from 
educators and researchers seeking alternative ways to teach complex problem-solving 
skills and provide dynamic learning experiences (Kalelioğlu, 2015); (Lye & Koh, 2014). 
Today, there is a large amount of software available, along with child-friendly 
programming environments, such as Alice, Scratch, Greenfoot, and Kodu. Therefore, 
coding and making activities in the context of informal learning experiences have become 
a more intuitive and engaging experience for young students. Previous research shows 
that different approaches can combine physical fabrication and coding (Y. B. Kafai & V. 
Vasudevan, 2015), while others, such as Buechley, Eisenberg, Catchen, and Crockett 
(2008), used LilyPad Arduino to make coding attractive to girls. By using the Logo-based 
environment and an interactive white board from kindergarten age, children developed 
mathematical concepts and social interaction through enjoyable learning activities 
(Fessakis, Gouli, & Mavroudi, 2013). By participating in these kinds of activities, 
children are exposed to computational thinking (Wing, 2006), which involves, but is not 



2 
 

limited to, critical thinking and problem solving. Apart from that, different benefits arise 
when young students are engaged in coding and making in the context of a learning 
experience; they are given the opportunity to enhance their understanding of 
programming concepts, to collaborate with friends, to use their curiosity, imagination, 
and creativity, and to change their attitudes toward coding (Fessakis et al., 2013; Maloney, 
Peppler, Kafai, Resnick, & Rusk, 2008).  

Several studies have focused on how to introduce computational literacy to children. 
Previous research has described practices to motivate and engage children in coding 
through making (Denner, Bean, & Martinez, 2009). Combining computers with 
meaningful programmable objects, such as interactive robots, can provide a valuable 
coding learning experience in a fun and playful manner (Bers, Flannery, Kazakoff, & 
Sullivan, 2014). Robertson and Howells (2008) argued that making a game was an 
authentic learning activity, which provided motivation, engagement, and enthusiasm for 
learning. When making is combined with block-based programming environments, such 
as Scratch, children’s intensive use improved their understanding of concepts, including 
loops and variables (Maloney et al., 2008). In an informal setting, when making and 
coding activities involve playful elements, pure learning finds a fertile ground; students 
find a meaning in their actions, are active, engaged, and use iterative thinking. To 
overcome the various barriers in the learning process (e.g., difficulty, boredom, 
confusion, etc.), we need appropriately designed and engaging coding activities for young 
students. Therefore, there is a need to further and systematically investigate the qualities 
of making in coding activities. 

Despite growing research on the design of making-based coding experiences for students, 
it is still difficult to define the different student populations’ needs. There is some 
variation in the ways students handle coding tasks and how they manage the learning 
process. There are systems using various affordances to support different age groups (e.g., 
Scratch and Scratch Junior), but research on how the different age groups use those tools 
is still in its infancy. In addition, there are relatively few studies focusing on gender issues 
in making and coding activities for children. Gender discrepancy in science, technology, 
engineering and mathematics (STEM) exist, and women are underrepresented in the 
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computer science field (Cheryan, Ziegler, Montoya, & Jiang, 2017). In terms of interest, 
the gender gap starts at elementary school (Ceci & Williams, 2010). Among the different 
factors that affect women following computer science paths are the lack of positive 
educational experiences in their childhood (Adya & Kaiser, 2005), their fear of being 
involved in very technical coding courses, and stereotypes and misconceptions around 
careers in computing (Teague, 2002). Since more people believe that coding skills are as 
important as math and writing (Horizon, October 5, 2015), there is an acute need to 
investigate and get a deep understanding on the benefits and characteristics of making-
based coding activities for young students and how to design learning activities. 

Interestingly, current research has been focusing on traditional qualitative and/or 
quantitative measurements, such as observations, interviews, tests, and surveys, to 
investigate children’s engagement, experience, and learning (Papavlasopoulou, 
Giannakos, & Jaccheri, 2017) in coding and making activities for young students. 
Learning with technology is a complex process that is associated with many aspects of 
interaction (e.g., hard mental operations, cognitive friction, etc.). Considering the wide 
range of multimodal data produced when students interact with a system, there are devices 
like cameras, wearable sensors, biosensors, infrared imaging, and eye-tracking to enhance 
the way we collect and analyze data for a deeper understanding of young students’ 
interactions with learning technologies (Noroozi et al., 2018). Despite multimodal data’s 
great potential –and in particular physiological data– for understanding learners’ 
cognition, emotion, attention, and more, research in this direction is limited.  

Integrating information from more than a single data stream can give a more complete 
picture of the learning experience for more holistic understanding. Therefore, research 
should also focus on using other measures to better understand how young students, of 
different ages and genders, experience those activities, along with their task-based 
behavior. With young students, using objective measures such as physiological (e.g., eye-
tracking) data, is important because they are generalizable (more than qualitative and 
subjective measures), real time, and a more reliable way to monitor users’ actions. In 
contrast to other subjective measures, objective measures are independent of perceptual 
abilities. Using other methods and measures, successfully applied in similar contexts, will 
better demonstrate how young students learn coding and provide feedback on designing 
coding experiences to improve learning. To the best of our knowledge, eye-tracking has 
not yet been used to investigate how students of young ages code. 
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Figure 1:Venn diagram with fields of research 

 

Based on the above, the purpose of this thesis is to support an interactive, engaging 
approach to informal learning coding activities for young students. Fieldwork was carried 
out at making-based coding workshops held in conjunction with an initiative organized 
at the Norwegian University of Science and Technology (NTNU), named Kodeløypa. The 
focus is on young students’ learning experiences while they are introduced to coding to 
develop a digital artifact. In particular, the motivation is to investigate and flourish the 
existing practices of informal settings of coding activities, so that become more effective 
and attractive for young students. An important aspect of this thesis is to investigate how 
different populations of young students experience the learning process and what are the 
main characteristics. Therefore, I also focused on possible gender and age differences 
among the young students. In addition, to have a more holistic view, I collected 
multimodal data to capture various aspects and phases of the learning experience during 
these studies. This gives a new perspective to the methods used previously in similar 
contexts and helped reveal the complex interactions and invisible cognitive learning 
processes as they occur in challenging learning situations. The research examined theories 
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and concepts that are relevant to Child-Computer Interaction and the learning, 
motivational, and cognitive processes. 

The main aspects of this thesis during the years are: 1) the design of coding workshops to 
facilitate children’s use of the programming tool and introduce them to coding, 2) the use 
of different methods to evaluate our approach’s effectiveness to increase sustainability 
and scalability, 3) researchers collaborating closely with the participants and assistants 
who ran the workshops, 4) grounding findings in theory, and 5) identifying general design 
principles for future similar activities. 
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The work presented in this dissertation followed the Design-Based Research (DBR) 
approach. DBR offers a strategy to understand learning processes through design, 
exploration, enactment, evaluation, and redesign (Anderson, 2005) and is widely used in 
educational contexts (Anderson & Shattuck, 2012) (Wang & Hannafin, 2005); (Reeves, 
2006). DBR is a hybrid method; it does not replace other methodologies but builds on the 
use of multiple procedures and methods from both design and research methodologies 
(Wang & Hannafin, 2005). DBR’s purpose is to influence real educative interventions 
and validate theoretical concepts. During the process, researchers are actively involved 
and maintain constant collaboration with participants, other researchers, and practitioners 
to manage the research process in real-world settings. The aim is to implement 
interventions with refined and improved designs that influence practice. In short, there 
are five basic characteristics of DBR: 1) it refines theory and practice, 2) it happens in 
real-world settings and is grounded in relevant contexts, 3) it is interactive, iterative, and 
flexible, 4) it uses mixed methods in accordance with potential new needs and emerging 
issues, and 5) it is contextual, meaning that the research findings are connected to the 
design process (Wang & Hannafin, 2005).  

More specifically, for my research, I used the DBR approach as it deals with the 
complexity of real-world educative contexts (in my case making-based coding 
workshops) and is grounded in theory. In addition, it fits with the long period of research 
characterized with continuous design, evaluation, and redesign of my interventions. Over 
two years I conducted three studies, representing the field studies of this thesis, called 
cycles or iterations, to evaluate and refine our making-based coding workshops with 
young students. I applied theoretically and pedagogically aligned tasks to investigate their 
effectiveness on young students’ learning engagement, overall learning experience, and 
collaboration while developing an artifact. In this way, I also had the opportunity to 
conduct iterative and flexible revisions of the research design of my studies, applying 
research methods from both qualitative and quantitative research to get a deeper 
understanding and more holistic view of the phenomenon. The instruments I used for data 
collection include attitudinal questionnaires, knowledge acquisition tests, semi-structured 
interviews, eye-tracking, instructors’ reflections, artifact collection, observations, and 
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videos. All data have been respectively analyzed based on their type, founding our results 
in relevant literature and theory. 

Another characteristic of DBR used in this dissertation is the detailed, comprehensive 
documentation of the whole process. This action helped me analyze data during field 
studies, especially the retrospective analysis, to contribute to theory and practice. For all 
four stages of the DBR (Figure 2), constant collaboration with other researchers, experts 
in the field, and instructors was an essential aspect of my research to improve the 
interventions’ impacts, understand the learning experience processes, advance the initial 
designs, and provide theoretical and practical impact extracting design principles.  

Figure 2: Design-based research description 

 

This thesis is based on eight papers that are published in international journals and peer-
reviewed conference proceedings exploring the research questions. These papers’ main 
contributions are: 

C1: Summarize and conceptualize the state of the art in making practices and 
their roles in enhancing coding activities for children. This presents a systematic 
literature review, producing substantive findings regarding the making approach 
and its applications to coding activities. The review aims to show the state of the 
art and identify potential research gaps.

C2: Investigate new methods to evaluate making-based coding activities for 
young students. This includes using multimodal data in field studies as well as 
combining subjective data from various channels (interviews, surveys) with 
objective physiological data (eye-tracking) to understand the learning process of 
coding in a deeper way. This contribution refers to using the eye-tracking method 
to pervasively track the gaze of children of young ages in a coding activity. 
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C3: Improved understanding of the learning process to support young students in 
making-based coding activities. This includes the design, evaluation, and 
refinement of coding workshops, in which the field studies of this thesis took 
place, focusing on enhancing young students’ engagement and attitudes during 
their experience. 

C4: Investigate the needs of different population of young students to support their 
learning experience. This investigates the potential differences in how young 
students of different ages and genders handle the learning process during making-
based coding activities.  

C5: Guidelines for designing making-based coding workshop for young students. 
This sheds light on best practices in the design of coding activities for children 
based on making. This presents the principles that emerged, representing the 
knowledge gained from the two years of interventions and the comparative and 
retrospective analyses of the outcomes, also based on the literature. 

C6: Contribution to theory. This includes the grounding of the results in the 
theoretical notions of constructionism with regard to the effects of making-based 
coding activities on young students’ learning experience. Also, combines 
cognitive load theory and self-determination theory, providing evidence from the 
use of  

The research questions are addressed in the following published research papers. Their 
connections to the sub-questions are presented in Table 1. 

P1: Sofia Papavlasopoulou, Michail N. Giannakos, and Letizia Jaccheri. 
“Empirical studies on the Maker Movement, a promising approach to learning: A 
literature review.” Entertainment Computing 18, (2017): 57-78. 
https://doi.org/10.1016/j.entcom.2016.09.002 

P2: Sofia Papavlasopoulou, Kshitij Sharma, Michail N. Giannakos, and Letizia 
Jaccheri. “Using Eye-Tracking to Unveil Differences Between Kids and Teens in 
Coding Activities” In Proc. of Conference on Interaction Design and Children. 
171-181. (2017) Stanford, California, US. ACM 
http://dx.doi.org/10.1145/3078072.3079740 
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P5: Sofia Papavlasopoulou, Michail N. Giannakos, and Letizia Jaccheri. 
"Exploring children’s learning experience in constructionism-based coding 
activities through design-based research” Computers in Human Behavior, 99, 
415-427 (2019). 
https://doi.org/10.1016/j.chb.2019.01.008 

P6: Sofia Papavlasopoulou, Kshitij Sharma, and Michail Giannakos. "Coding 
activities for children: Coupling eye-tracking with qualitative data to investigate 
gender differences.” Computers in Human Behavior (2019). in press. 
https://doi.org/10.1016/j.chb.2019.03.003 

P7: Kshitij Sharma, Sofia Papavlasopoulou, and Michail Giannakos. Coding 
games and robots to enhance computational thinking: How collaboration and 
engagement moderate children’s attitudes? International Journal of Child-
Computer Interaction, 21, 65-76 (2019). 
https://doi.org/10.1016/j.ijcci.2019.04.004 

P8: Kshitij Sharma, Sofia Papavlasopoulou, and Michail Giannakos. Joint 
Emotional State of Children and Perceived Collaborative Experience in Coding 
Activities” In Proc. of Conference on Interaction Design and Children. 133-145, 
Boise, Idaho, US: ACM (2019). 
https://doi.org/10.1145/3311927.3323145 
 

Table 1: Connections between research papers and sub-questions 

 P1 P2 P3 P4 P5 P6 P7 P8 

SQ1 •        

SQ2   •  •  • • 

SQ3  •   • •   

SQ4  • • • • • • • 
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This thesis is structured as follows.  

Chapter 2: Presents the related work and the theoretical grounding of this PhD thesis. 

Chapter 3: Shows the research methodology, including the field study settings and the 
process followed in this PhD work. 

Chapter 4: Presents the results by describing the papers attached to this thesis. 

Chapter 5: Discusses the results of the PhD thesis in respect to contributions as well as 
implications, limitations, and evaluation of the research. 

Chapter 6: Includes the conclusion remarks and gives suggestions for future work. 
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This chapter has two goals. First, it presents theories grounding the research in this PhD 
thesis and second, it provides an overview of related research in the field, in line with the 
research questions. 

Stemming from the goal of this PhD thesis presented in Chapter 1, the research conducted 
is grounded on three theories. First, constructionism theory gave the overall grounding of 
the studies. Constructionism is a theory of learning, teaching, and design that aligns well 
with the demands and expectations of computational culture. It emphasizes creating and 
making shared and meaningful artifacts as a means for gaining knowledge (Papert, 1980) 
(Papert, 1993). Previous research refers to constructionism as representing both a 
“theory” (Kafai & Burke, 2015) (Kafai, 2006; Parmaxi, Zaphiris, & Ioannou, 2016) and 
a “theoretical framework” (Hay & Barab, 2001). In this PhD thesis, constructionism is 
described as a theory. Our workshops were designed with the goal of creating an artifact, 
which in our case was a game using the Scratch programming tool. Students worked in 
teams to develop the artifact. Teaching assistants, as instructors, led the process and 
assisted the young students. Second, cognitive load theory (CLT) is used as lens through 
which the young students’ cognitive processes were addressed during the coding 
workshops, using use eye-tracking measures as a proxy for cognition (Eckstein, Guerra-
Carrillo, Singley, & Bunge, 2016) to investigate young students’ cognitive processes in 
learning (Mayer, 2010). The coding workshops have an overall cognitive load for the 
young students, and their working memories can quickly be overloaded by complex tasks. 
Third, self-determination theory (SDT) allows the elaboration of the concept of attitudes 
and engagement of the young students during the coding workshops. Self-determination 
theory (SDT) has been widely used to understand motivation within educational contexts 
(Guay, Ratelle, & Chanal, 2008). It is centered on the belief that people’s needs are the 
basis of self-motivation; the type of motivation is related to one’s goals and attitudes, 
leading to actions. 

 

Constructionism assumes that knowledge is better gained when young students are deeply 
and actively involved in building their own meaningful constructions. Based on Piaget 
(1954) theory, which focuses on how mental constructions are formed in someone’s mind 
(Papert, 1980), constructionism focuses on explaining how construction is a valuable way 
to create mental constructions. The learners discover their own knowledge, rather than 
being passive receivers. Papert’s constructionism sees the effectiveness of learning as 
achieved through making, where learners experience the active construction of visible-
to-the-world artifacts. Computational culture supports the creation of building those 
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artifacts using digital media and computer-based technologies (Kafai & Resnick, 2012). 
The vital aspect of constructionism is the requirement of “objects-to-think-with”–
“objects in which there is an intersection of cultural presence, embedded knowledge and 
the possibility for personal identification” (Papert, 1980), p. 11). The role of this object 
in Papert’s Mindstorms is the “turtle,” a digital animal within the Logo programming 
environment, which can be controlled and moved by giving the appropriate commands. 
The “turtle” acts as a means to think, supporting and promoting a new way of thinking 
and learning.  

Constructionism is not only valuable for the individual in building knowledge through 
experience and engagement in creating artifacts, but also for enhancing the social setting 
(Kafai, 2006). Like in the well-known samba school example, a social setting strengthens 
the sense of belonging to a group with a common purpose, where learning becomes 
important for all and connections are made under the learning culture (Papert, 1980). 
Along the same line, (Kafai & Burke, 2015) mention three dimensions of constructionism 
involved in making games for learning: personal, social, and cultural. More specifically, 
“personal” refers to learning and the attitudes related to learning, “social” refers to the 
collaborative aspects in creating a shared artifact, and “cultural” refers to how gender and 
race could influence the activity as well as the possible cultural aspects that could 
influence participation.  

In the case of the field studies described in this PhD work; through the process of making 
computer games, young students plan and manage this complex development, placing 
themselves in control of their own leaning and thinking (Kafai & Kafai, 1995). Robertson 
and Howells (Robertson & Howells, 2008) argue that game design is a powerful learning 
activity that provides motivation, engagement, and enthusiasm. Constructionism’s basic 
idea is that the most effective leaning experiences include active creation, socially 
meaningful artifacts, interaction with others, and the use of elements that support one’s 
own learning and thinking. Game-making activities not only involve learning how to use 
technological tools but also using these tools to discover new ways of thinking. In such 
activities, children are introduced to a culture that permits them to become producers of 
their own artifacts while building their knowledge in a social context. 
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In this section, I present how previous studies, relevant to the objectives of this PhD 
thesis, have addressed similar topics. It is essential to provide a brief overview of the-
state-of-the-art research to ground the choices made in my studies, identifying challenges 
that are addressed through the research contributions of this PhD thesis. First, I show the 
benefits and the importance of making-based coding activities for young students. Those 
activities provide a fruitful learning environment in which children are stimulated to use 
a technological tool, affecting their learning experiences in different ways, particularly 
when the focus is on game-making. Second, I demonstrate how relevant studies have 
investigated young students’ attitudes, motivation, and engagement; all are important 
issues,  related to the 
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For instance, when 
children negotiate in the process of making an artifact in a supportive environment, they 
gain a sense of self-efficacy and belief in their capacities; they learn how to solve a 
problem, manage difficulties, and communicate with peers (Chu, Schlegel, Quek, Christy, 
& Chen, 2017); (Çakır, Gass, Foster, & Lee, 2017); (Bers, 2012). Generally, the skills 
gained in these educational contexts go beyond using a technological tool to make a game 
and computational thinking. These practices exist in constructionist learning and can be 
applied in subjects like math, language, arts, and others. The value is in the transferable 
skills uncovered through the experience of completing a successful project.  

Block-based visual programming 
languages (like Scratch) have the advantage of using shapes that fit properly only when 
they make a logical sequence of orders. This gives relief to users and saves them from 
much of the heartache traditionally forced on learners by textual languages (Wilson & 
Moffat, 2010), p. 70). However, even advanced text-based programming languages, like 
Java, have been used to engage children aged 9–10 in coding (Esper, Foster, Griswold, 
Herrera, & Snyder, 2014). 
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 In addition, digital game 
development was found to be beneficial for special education students, increasing their 
problem-solving skills through a process of representation, planning, execution, and 
evaluation of an artifact (Ruggiero & Green, 2017).

In a nutshell, making-based coding activities, particularly when the focus is on game-
making, provide a fruitful learning environment in which young students are stimulated 
to use a technological tool, affecting their learning experience. Therefore, there is a need 
to investigate and get a deep understanding of how we can help learners acquire 
knowledge, skills, and competences in coding in an engaging and meaningful manner.  

 

2.2.1.1 Computational thinking  
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2.2.1.2 Supporting and capturing young students’ learning in making-based 
coding activities 

Coding is not only a fundamental skill within computer science but is also a 
demonstration of computational competences (Grover & Pea, 2013) – a way to support 
computational thinking and develop students’ high-order thinking skills. Kids as young 
as 4–6 can build and code simple robot-based projects and learn ideas from engineering, 
technology, and coding, thereby enhancing their computational thinking skills [Bers 
2008]. Visual programming languages introduce the potential of a broader and younger 
group of students to learn programming concepts (Sáez-López, Román-González, & 
Vázquez-Cano, 2016). 

There is some variation in the ways students handle coding tasks and how they manage 
concepts and practices. For example, novices tend to approach programs in a line-by-line 
fashion, rather than in blocks (Robins, Rountree, & Rountree, 2003), and are not 
persistent when debugging their programs (Ericson & McKlin, 2012). In their study of 
middle-school girls, Denner et al. (2012) reported that students rarely used “variables” to 
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handle coding processes and faced difficulty in joining pieces of code to successfully 
complete an operation. Students aged 11 to 12 made their own computer games using 
software called Adventure (Robertson, 2012); they spend the most time adding new 
content to their code, rather than changing what they had already done, and girls spent 
more time writing dialog for their games than did boys. The most popular practices used 
in projects by students of almost the same age–11–14–were reusing and remixing already 
existing code and addressing problems in an incremental and iterative way (Y. B. Kafai 
& V. Vasudevan, 2015). Kids aged 5–6 either carefully thought about and tried to predict 
results before trying the commands or tried different commands to receive immediate 
feedback (Fessakis et al., 2013). 

Many studies have collected the actual code created in children’s projects and then 
analyzed it using Brennan and Resnick’s computational thinking framework (Brennan & 
Resnick, 2012), Bloom’s modified taxonomy or solo taxonomy (Biggs & Collis, 2014), 
or other types of deductive coding schemes to evaluate the projects (Denner et al., 2012) 
and understand how children learn coding (Laporte & Zaman, 2016). “Fairy assessment,” 
which is based on Alice’s programming environment, requires students to modify and 
add existing code to assess their understanding of algorithm abstraction and code. Other 
ways of capturing children’s progress and understanding include multiple-choice 
instruments or quizzes that measure their learning of computer science concepts, or even 
traditional assessments such as tests and grades (Doran, Boyce, Finkelstein, & Barnes, 
2012). 

Capturing computational thinking skills and the ways in which children learn coding is 
challenging, and more objective mechanisms are needed to illuminate children’s 
understanding and knowledge gain of computational concepts and other computational 
thinking skills, such as debugging and problem decomposition (Grover, Cooper, & Pea, 
2014). Assessments using coding blocks (akin to Parson’s puzzles), where students have 
to snap them in correct order, are widely used in eBooks (Parsons & Haden, 2006). 
Assessments in which snippets of basic code are used to test whether children can identify 
the core constructs are widely used as well (Ericson & McKlin, 2012). Thus, the most 
common method to capture learning gain in computational thinking and coding is 
knowledge acquisition tests with combined types of questions (Grover et al., 2014). 

 

There are many benefits of educational activities in which children use technological tools 
and digital fabrication to make their own artifacts. They vary from learning programming 
concepts to behavioral and perceptual changes toward career paths in computing (Sáez-
López et al., 2016) (Y. B. Kafai & V. Vasudevan, 2015); (Denner et al., 2012). Visual 
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programming environments provide opportunities for children to be introduced to 
programming concepts; because of the fun and usefulness of the activity, children are 
highly motivated and have positive attitudes toward coding (Sáez-López et al., 2016). 
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To summarize, from the literature it is evident that attitudes are highly associated with 
the adoption of a learning activity by young students, as well as the learning outcome. 
Hence, when investigating coding activities for young students, it’s important to look into 
attitudes, motivation, and engagement, which are essential aspects of the design and 
implementation of successful coding activities.  

 

One of the technologies for studying cognitive processes in a deep and subjective way is 
eye-tracking. Eye movements are strongly related to cognition (Marcel Adam Just & 
Carpenter, 1984; Rayner, 1998) and have been used to investigate learning (Jarodzka, 
Scheiter, Gerjets, & Van Gog, 2010), reading [Rayner, 2006] and problem-solving (Tsai, 
Hou, Lai, Liu, & Yang, 2012). In addition, several studies use eye-tracking data to 
examine adult programmers’ visual attention and explore coding, program 
comprehension (Aschwanden & Crosby, 2006) (Bednarik & Tukiainen, 2006), and 
debugging (Bednarik, 2012). The use of different visual attention measures, such as 
fixations, saccades, or time spent on parts of the screen called Areas of Interest (AOI), 
can give insights into complex cognition activities.  

Romero, Lutz, Cox, and du Boulay (2002) compared the use of different program 
representation modalities (propositional and diagrammatic) in an expert versus novice 
debugging study, where experts had a more balanced shift of focus among the different 
modalities than did the novices. Sharif, Falcone, and Maletic (2012) emphasized the 
importance of code scan time in a debugging task and concluded that experts perform 
better and have a shorter code scan time compared to non-experts. Hejmady and 
Narayanan (2012) compared the gaze shift between different AOIs in a debugging 
exercise. The authors concluded that good debuggers were switching between code and 
the expression evaluation and variable window, rather than code and the control structure 
and data structure window. In another study, Aschwanden and Crosby (2006) defined 
each line of the code as an AOI and detected how these lines were perceived. Bednarik, 
Myller, Sutinen, and Tukiainen (2006) related the information types posited by Good and 
Brna (2004) to the gaze among the four AOIs (Code, Output, Control Panel, and 
Animation of program). The authors concluded that the presence of information type 
(e.g., high-level or low-level) in the comprehension summary does not necessarily 
confirm that that the target program has been comprehended correctly. 

Eye-tracking has been widely used to measure collaboration in different dual eye-tracking 
experiments. In the domain of coding activities, Pietinen, Bednarik, and Tukiainen (2010) 
provided a new metric to measure joint visual attention in a co-located pair-programming 
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setup, using the number of overlapping fixations, and the fixation duration of overlapping 
fixation, to assess collaboration quality. In a study by (Pietinen, Bednarik, Glotova, 
Tenhunen, & Tukiainen, 2008), a possible design for an eye-tracking setup was presented 
for co-located pair programming, and some of the problems regarding setup, calibration, 
data collection, validity, and analysis were outlined. In a collaborative task of finding 
bugs in a program, Stein and Brennan (2004) showed that the pairs who had their gaze 
displayed to their partners took less time to find the bugs than those pairs who had no 
information about their partners’ gaze.
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This chapter aims to present the research methodology adopted during the work described 
in this thesis. First, I present the DBR approach followed. Then, for each field study, 
representing the cycles or iterations of the DBR, I present the methods used and the 
design of the coding workshops for young students.  

Considering the research context of this thesis, focusing on investigate making-based 
coding activities for young students in informal learning environments, I chose Design-
Based Research (DBR) as the methodological approach of my thesis (Reeves, 2006). The 
DBR approach advances design, research, and practice concurrently, allowing evidence-
based improvements compared to simple observation. Many educational contexts have 
used DBR as it is a systematic, but agile, methodology that supports understanding the 
learning processes through design, exploration, enactment, evaluation, and redesign 
(Anderson, 2005; Anderson & Shattuck, 2012) (Wang & Hannafin, 2005). More 
precisely, Wang and Hannafin (2005, p. 6) define DBR as: “systematic but flexible 
methodology aimed to improve educational practices through iterative analysis, design, 
development, and implementation, based on collaboration among researchers and 
practitioners in real-world settings, and leading to contextually sensitive design principles 
and theories.” DBR does not replace other methodologies, but it is often defined as a 
series of methodologies building on the use of multiple procedures and methods from 
both design and research methodologies (Wang & Hannafin, 2005). The processes that 
DBR follows are also flexible; researchers, participants, and practitioners collaborate to 
improve the initial design plan and influence practice through implementation. The 
knowledge gained throughout the different phases of the study emerges and evolves from 
the research questions and the factors that influence them during the process. In my case, 
the DBR methodology was appropriate, as the factors that influence the research 
questions emerged and evolved, during the process, from the knowledge gained by the 
researchers throughout the different phases of the study. Another purpose of DBR is to 
influence real educative interventions and has a theoretical goal, evolving theoretical 
principles, that support the research work (Barab & Squire, 2004). 

The work presented in this thesis complies with the DBR characteristics described below: 

•
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•

•

•

•
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Starting with DBR, a systematic literature review was conducted and, each time before 
implementing the field studies, the relevant literature on the respective topics was read to 
support the research.  

For the rest of this chapter, the details of the field studies and their implementation are 
presented. 

Figure 3: Description of the three DBR Cycles 

 

As field studies of the PhD work presented in this thesis, I selected making-based coding 
workshops designed and organized in conjunction with “Kodeløypa” (meaning “the path 
toward coding”) which is one of the six established science frameworks at NTNU. 
“Kodeløypa” describes outreach activities offered by the Computer Science Department 
to all school classes in the Trondheim region (targeting lower secondary schools and 
mainly 10th grade classes) as out-of-school activities. Those activities include making-
based coding workshops using open source software (i.e., Scratch), physical recycled 
materials, and hardware (i.e., Arduino).  
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Building on previous efforts and research projects starting from 2012, Kodeløypa has 
always been influenced by research, having the NTNU’s years of conceptual 
methodological and technical knowledge and experience, conducting field studies 
following the state-of-the art developments based on societal needs. Kodeløypa 
workshops are a representative sample of making-based coding activities, following the 
maker movement approach and rise of coding activities for young students in Europe, in 
response to international actions to foster computer science education for students from a 
young age. The workshops’ activities focus on the learning processes that occur in an 
environment that is not merely learning oriented, but promotes design thinking, 
computational concepts, collaborative work, and innovation, among other things. In 
particular, it involves making activities and related ways to fabricate real and/or digital 
products using technological resources, including fabrication, physical computing, and 
coding.  

A characteristic that is also an important aspect of Kodeløypa’s workshops is the pleasant 
and playful environment, supported not only by the activities per se, but also from the 
instructors’ attitude. Targeting young students that have or do not have any previous 
exposure to coding, offering a making-based-coding workshop for young students invites 
them to explore and “play” with computers and digital robots to explore and construct 
their own knowledge. In this way, they gain also a feeling of mastery and pleasure from 
technology. In addition, introducing concepts and thinking in computer science presents 
an opportunity to ‘plant a seed’ of interest that can later develop into increased 
recruitment to computing.  

Among the various informal science learning spaces and practices, much attention has 
been given to experiences and activities traditionally associated with science museums 
and centers, zoos, exhibitions, competitions, etc. However, the increasing emergence and 
proliferation of practices emphasizing making-based-coding activities in a fun and 
creative way, representing informal learning, have not yet drawn enough attention, while 
appearing to be one of the new ‘big things’ in the field. Therefore, based on the goal of 
this PhD work, to 
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During the years of this PhD work, I have conducted three field studies which comprise 
the three cycles (iterations) as part of the DBR approach followed. For the purpose of this 
PhD thesis, I refer to all the workshops conducted using the name “Kodeløypa.” However, 
the first two cycles (iterations) of coding workshops took place over two years, with few 
differences in activity design but with differences in the research design, evidence 
descriptions, and results of the different data-collection instruments. The third cycle 
(iteration) was in collaboration with the local library in Trondheim.  

The goal of the workshops for young students is to create an artifact, which in our case is 
a game using the Scratch programming tool. Teaching assistants, specifically trained as 
activity instructors, led the process and supported the students in achieving their goals. 
During the workshop, young students were working in teams to develop the artifact. The 
workshops were designed for children without (or with minimum) previous experience in 
coding. The design of the activities (interacting with robots and creating games), and the 
use of Scratch programming language (suitable for all ages) provided flexibility and 
allowed successful implementation of the workshop. Student participants’ ages ranged 
from 8 to 17 years. Each workshop had a specific age group that were carefully selected 
within a small age range.  

The most influential aspect of our pedagogical approach was what Resnick calls the 
“kindergarten approach to learning,” with a spiral cycle of imagine, create, play, share, 
and reflect–a process that is repeated over and over (Resnick, 2007). Young students 
imagine what they want to do and then create a project based on their ideas, play/interact 
with their own creations, share their creations with others, and reflect on their 
experiences, leading to new ideas and projects. Adapting Resnick's spiral, our workshops 
also started with “inspire” to characterize the warming-up and inspiring activities that 
kicked off the participants’ creativity. In addition, to describe the coding process, 
particularly the use of the Scratch tool, we focused on constant experimentation and 
iteration: the children developed their artifacts gradually by trying new elements, using 
different concepts, and revising them. 

 

We designed and implemented a coding activity in conjunction with an initiative 
organized at NTNU in Trondheim. The workshop activities are based on the 
constructionist approach, following the main principles of making. The workshop was 
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conducted in a largely informal setting, as an out-of-school activity, and lasted for four 
hours. Various student groups, ranging from 8 to 17 years old, were invited to NTNU’s 
specially designed rooms for creative purposes to interact with digital robots and create 
games using Scratch and the Arduino hardware platform. Specifically, Arduino was 
attached to the digital robots to connect them with the computer. At that point, an 
extension of Scratch, called Scratch for Arduino (S4A), provided the extra blocks needed 
to control the robots. The Scratch programming language uses colorful blocks grouped 
into categories (motion, looks, sound, pen, control, sensing, operators, and variables), 
with which children can develop stories, games, and any type of animation. In general, 
children who attended the workshop worked collaboratively in triads or dyads (depending 
on the number of children). The workshop was designed for children without (or with 
minimum) previous experience in coding. During the workshop, student assistants were 
the responsible supporting each team as needed. Approximately one assistant observed 
and helped one or two teams. Three researchers were also present throughout the 
intervention, focusing on observing, writing notes, keeping notes, and taking care of the 
overall conduct of the workshop. The workshop had two main sections (Figure 4). 

 

Figure 4: Description of the two activities in the workshop 

 

Interacting with the robots: In the first section, the children interacted with digital 
robots made from an artist (using recycling materials). Each robot was placed next to a 
computer (one for each team) (Figure 7 left). When the children entered the room, one 
assistant welcomed them, told them to be seated, and briefly presented an overview of the 
workshop. The assistants then advised the children to pay attention to the paper tutorial 
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and the worksheet placed on the desks (one for each student). First, the children filled in 
the worksheet to answer questions regarding the exact place and the number of sensors 
and lights on the robots. The tutorial contained instructions with examples and pictures 
(Figure 5), similar to the robots they were using. The examples had little text and more 
images, indicating exactly how the children could interact with the robots. The children 
accomplished a series of simple loops that controlled the robots and made them react to 
the environment with visual effects (such as turning on a light when sensors detected that 
the light was below a certain threshold). Children could touch and play with the robots 
but not change any parts of them. Although the duration of the session was different for 
each team, it lasted between 45 minutes and 90 minutes and ended with a break before 
the next session.  

 

Figure 5: Example of the robots and the instructions 

 

Creating games using Scratch: This session focused on the creative implementation of 
simple game-development concepts using Scratch (Figure 7 right). All children took 
another paper-based tutorial containing examples and visualizations to help them ideate 
their own game (Figure 6). The tutorial comprised simple text explanations, including 
basic computational thinking concepts and possible loops that the children were supposed 
to use in their own games. First, the assistants advised the children to concentrate on 
understanding the game’s idea, discuss it with their team members, and then create a draft 
storyboard. The children then developed their own game by collaboratively designing and 
coding using Scratch. To accelerate the children’s progress, they were given already 
existing game characters and easy loops. While the children worked on their projects, 
help was provided whenever they asked for it, and complex programming concepts were 
introduced on an individual level according to their relevance to the project. Children 
created their games, step-by-step, by iteratively coding and testing them (Figure 7 
middle). After completing the games, all teams reflected and played each other’s games. 
This session lasted approximately three hours.  
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Figure 6: Example of a game in Scratch and the instructions 

Figure 7: The setting with the computer and the robot (left), children collaborating on the creation of their 
game (middle), example of a created game 

 

We designed and implemented a two-day workshop in conjunction with the local library 
in Trondheim, Norway. The workshop activities focused on coding, including artistic 
elements, and were based on the constructionist approach. The call for participation was 
made to middle-school girls of the Trondheim region during the autumn 2017 school 
break. Previous experience was not a prerequisite for participation. Each day’s activities 
were conducted in an informal setting and lasted for approximately five hours, including 
breaks. Female instructors, with previous experience in similar activities (also involved 
in Kodeløypa), facilitated the workshop and were responsible for supporting the girls 
during the process. During the workshop, the girls had to create storyboards based on 
solving particular environmental problems and then, based on their stories, create games 
using the Scratch programming language. To develop the storyboards, the girls could use 
different types of materials, like ribbons, colored cardboard, stickers, drawing pencils, 
etc., as provided by the library. The girls worked collaboratively in teams of two or three 
(depending on the number of participants). Two researchers were present for the duration 
of the workshop, assisting when needed for the smooth execution of the activities, 
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including the data collection. The workshop is described below, based on the two days of 
activities (Figure 8). 

Figure 8: Description of the activities in the two days’ workshop 

 

First day of the workshop: On the first day, we introduced basic coding skills and other 
non-technical aspects of game development, like storyboard creation. The workshop 
started with a story from a book, based on a woman with children and everyday problems, 
who was also a mentor and a superhero helping people succeed with their technology 
projects. The girls were inspired and informed that they had to think of their own 
characters who needed to save the world from environmental issues of their choosing. As 
an introduction to coding, the instructors presented an example of a functional game with 
Scratch on a relevant environmental topic (Figure 9 left). Then, the girls were asked to 
individually complete basic coding exercises using Scratch. At the end of the first day, 
the teams prepared and presented their storyboards with three different scenes on 
paper/cardboard, including the title, theme, character, plot, conflict, and solution. 

Second day of the workshop: Starting the second day of the workshop, the girls had to 
update, if they wanted, their storyboards and finalize them (Figure 9 middle). The rest of 
the day was dedicated to their game creation using Scratch. The girls completed a paper-
based tutorial, created by the instructors, with simple text explanations and examples of 
basic CT concepts and possible loops that the girls were supposed to use in their own 
games, all based on Scratch. During the creation of their games, the girls had to use their 
storyboards exactly and “transfer” their ideas into games using Scratch. At any time, the 
girls could ask for help from the instructors, who even introduced complicated 
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programming concepts, if necessary, for their games. The girls created their games, step-
by-step, continuously testing and coding them. At the end of the day, all teams prepared 
presentations of their games and everyone played each other's games (Figure 9 right). 

 

Figure 9: Girls participating in the workshop (left), creation of the storyboard (middle), game created using 
Scratch 

 

All the studies participants for the three iterations (cycles) were students from the 
Trondheim region whose teachers had applied to participate in our workshops as an out-
of-school activity. Two of the field studies took place at the university campus in specially 
designed rooms and the last one in the local library. All data related to the studies were 
collected after permission from the National Centre for Research Data (NSD), following 
all the regulations and recommendations for research with children. Before the execution 
of the workshops, I contacted the teacher and/or the legal guardian of each child to get 
written consent for the data collection. The children were informed about the data-
collection process and their participation in the study was completely voluntary. They 
could withdraw their consent for the data collection at any time without affecting their 
participation in the coding activity. 

 

Children from 3rd to 12th grade (aged 8–17 years old) participated in the coding activity. 
The activity took place during autumn 2016 with a sample of 12 girls (mean age: 12.64, 
SD: 2.838) and 32 boys (mean age: 12.35, SD: 2.773). Five workshops took place over 
two weeks, following the coding activity described in the previous section. 

 

In autumn 2017, children from 8th to 10th grade (aged 13–16 years old) participated in 
the coding activity. The sample consisted of 105 participants in total, 69 boys and 36 girls 
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(mean age: 14.55, SD: 0.650). Kodeløypa workshops were conducted every Friday for 
six weeks. 

 

The sample of the third study consisted of eight girls from 6th to 10th grade (aged 10–14 
years old) (mean age: 12.135, SD: 1.389). Girls participated in the two-day workshop 
during autumn 2017, following all the activities of the workshop described in the previous 
section at the local library. 

 

In this section, I describe the data-collection process for each study in respect of its cycle.  

In all stages of the methodology a literature review was performed, and I collected data 
from different sources following a mixed-method methodology (e.g., questionnaires, 
interviews, gaze, observations, and field notes) using quantitative and qualitative 
methods. Mixed-method enables joint analysis and triangulation of quantitative and 
qualitative data (Creswell & Clark, 2017). In our case, all quantitative and qualitative data 
were triangulated and cross-referenced to warrant our interpretations during the three 
DBR cycles. Mixed methods provide benefits, such as a detailed and descriptive view of 
the situation and data interpretation with divergent views, and supports research 
conducted in authentic contexts (Creswell & Clark, 2017). “Combining or integration of 
qualitative and quantitative research and data in a research study (…) resided in the idea 
that all methods had bias and weaknesses, and the collection of both qualitative and 
quantitative data neutralized the weaknesses” (Creswell, 2014), 563) 

Table 2 describes the main instruments used for gathering data during this thesis. In 
particular, we collected quantitative data in cycle 1. Combining different types of data 
provided us with a set of indicators for reflecting different mechanisms during the 
learning process. This allowed us to better understand young students’ learning 
experiences and get another insight into using objective methods, like eye-tracking, to 
investigate coding activities with young students. In Cycles 2 and 3, we applied a 
qualitative approach. We collected data from multiple sources, including post-workshop 
interviews, observational field notes, and participants' Scratch games (artifacts), and 
performed content analysis.  

Apart from data collection from each field study during the two years of the project, the 
researchers and instructors participated in focus groups after the end of each cycle, 
discussing and revealing all the growing ideas that emerged from the outcomes of the 
iteration. This was another data collection and analysis process, which on the one hand 
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helped us to reveal key findings that guided the decision to proceed to the next iteration, 
and on the other, to synthesize the ideas, conduct an overall evaluation of our coding 
workshops focusing on young students’ engagement from the learning experience with 
coding, and provide guidelines for designing similar activities. 

Table 2 presents an overview of the field studies conducted for this PhD research, the 
data-collection instrument used, the aim, the cycle, and the relevant paper. 

 

Table 2: Overview of the field studies, data collection, and aim 

Field study Data collection 
instrument 

Aim Cycle Related 
paper  

Autumn 
2016 

-Eye tracking 

-Attitudinal 
questionnaire 

-Knowledge acquisition 
test (pre and post) 

-Artifact collection 

-Focus group with 
researchers and 
instructors   

 

- Gain understanding on:  

•

•

• Young students’ competences in 
coding

- Identify: 

•

•
•

- Use the objective method of eye-
tracking for new insights on how young 
students experience coding  

1 - P2  

- P3 

- P4  

- P5  

- P6  

- P7  

 

 

Autumn 
2017 

-Semi-structured 
interviews 

-Field notes from 
observations 

-Artifact collection 

- Examine differences between boys and 
girls coding behavior  

- Investigate the emotional profile of 
young students and the quality of 
collaboration  

- Identify: 

2 - P5   

- P6  

- P8 
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-Focus group with 
researchers and 
instructors   

- Video recordings 

•

•
•

Autumn 
2017 

-Semi-structured 
interviews 

-Field notes from 
observations 

-Artifact collection 

-Focus group with 
researchers and 
instructors   

 

- Investigate girls’ strategies and 
implemented practices during coding    

- Identify: 

•

•
 

3 -P5  

 

Attitudinal questionnaire: Young students, as participants of the coding workshop, 
completed a paper-based attitudinal questionnaire. Participants were asked to rate their 
experience with the coding activity after the end of the workshop. Attitudes include their 
perceived learning, excitement, and intent to participate in a similar activity, among 
others. In all measures, a five-point Likert scale was applied using smiley faces (Figure 
10). 

 

Figure 10: Example of the attitudinal questionnaire 

 

Knowledge acquisition test: The children completed pre- and post-knowledge 
acquisition tests. These consisted of nine questions of increasing difficulty, based on the 
workshop’s curricula. The questions were adopted from a previous study (Grover et al., 
2014) and followed instructors’ suggestions for our workshop. The tests took 
approximately 10 minutes to finish at the start and end of the workshop. The tests were 
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paper-based and manually graded by the researcher. Figure 11 shows two sample 
questions from the test. 

 

Figure 11: Example of the knowledge acquisition test 

 

Eye-tracking data: During the whole activity, children were wearing eye-tracking 
glasses. Eye-tracking data were collected using four SMI RED 250 and one TOBII mobile 
eye-tracker working at 60Hz.  

Artifacts and instructors’ reflections: Final artifacts from each of the teams were 
collected after the end of each workshop. In addition, one month after completing the 
workshops, I conducted a group interview and focus group with the assistants, reflecting 
on their experience and perspectives for the young students’ experience during the 
workshops.  

 

Interviews: Participants completed a demographics questionnaire. After the end of the 
activity, post-workshop semi-structured interviews were conducted individually with the 
young students. During the interviews, children were asked about their overall 
experience, the artifact constriction process, Scratch, collaboration with their team 
members and the assistants, as well as other subjects that emerged depending on the 
interviewee. The interviews were conducted in Norwegian, so all the participants could 
express themselves clearly. Each interview lasted approximately 10 to 15 mins and was 
audio recorded.  

Observations and Artifacts: Artifacts from most teams were collected four times during 
the workshop session; we collected four versions of the games approximately every hour 
during the workshop. Some teams were also systematically observed during the process 
of creating the game. Independent assistants during the workshop kept field notes. 
Assistants were close to each team of young students and took notes on all tasks to identify 
what types of help participants were receiving from the instructors. For the systematic 
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observations, we collected field notes, using Franklin et al. (2013) ’s coding scheme, of 
what types of help the participants were receiving from the assistants (see table 3). Also, 
field notes included other incidents that occurred during the workshop concerning the 
process the participants followed to successfully complete the tasks, such as whether they 
had a team leader, if only one was mainly coding, if one member was not participating, 
and others. 

 

Table 3: The coding scheme for the observations 

Number  Explanation 

0 Validation: Students want confirmation, not information 

1 Where: Only needed help navigating the Scratch GUI 

2 What: Only needed a reminder of the name of the concept 

3 How: Given name of concept, still needed help to complete task 

4 Reteach: Had to reteach concept and execution 

 

Instructors’ reflections: To capture instructors’ perspectives and experiences, as 
described in the previous cycle, we conducted group interviews and focus groups. 

A thorough description of measurements and data analysis is described in detail in each 
paper included in this thesis. Below, I present the most important aspects of the data 
analysis methods used. Table 4 presents a summary of the data analysis method applied, 
together with the paper, SQ and contribution.  

 

Table 4: Overview of data collection and analysis 

Paper and aim Selected data Cycle  Data Analysis Research 
question  

Contribution 

Paper 1: 

- Systematic literature 
review  

 

- 43 articles 

 

- 

 

- Categorization 
of their main 
elements  

 

SQ1 

 

C1 

Paper 2:       
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- Investigate the role 
of gaze in the learning 
gain and collaboration 
on the different age 
groups (teens and 
kids) 

- 44 Knowledge 
acquisition test 
responses 

- Gaze from 44 
young students 
captured from 
mobile eye-
trackers  

1 -Statistical 
analysis using 
ANOVA tests 

- Statistical 
analysis using 
Pearson’s 
correlation 

SQ3 

SQ4 

 

C2 

C4 

C5 

Paper 3:  

- Investigate any 
potential association 
between children’s 
attitudes and their 
gaze. 

 

- 44 Attitudinal 
questionnaire 
responses 

- Gaze from 44 
young students 
captured from 
mobile eye-
trackers 

 

1 

 

-Statistical 
analysis using 
ANOVA tests 

 

 

SQ2 

SQ4 

 

 

C2 

C3 

C5 

C6 

Paper 4: 

- This paper examines, 
young students’ 
competences in coding 

 

 

- 9 Artifacts (final 
games)  

 

1 

 

-Statistical 
analysis using 
Pearson’s 
correlation 

  

 

SQ4 

 

 

C5 

 

Paper 5: 

- Theoretical 
grounding of the 
results in 
constructionism 

- Design principles to 
achieve higher 
engagement during the 
coding activity 

 

- Reflections as 
notes from the 
studies conducted 
derived from 
focus groups with 
instructors and 
researchers 

 

1-2-3 

 

- Qualitative 
content analysis  

 

 

SQ2 

SQ3 

SQ4 

 

 

 

C2 

C3 

C5 

C6 

Paper 6: 

- Investigate 
differences between 
girls’ and boys’ gaze 

 

- Gaze from 44 
young students 
captured from 

 

1-2 

  

SQ3 

SQ4 

 

C2 

C3 
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and learning gain 
during the coding 
activity 

- Investigate 
differences between 
girls and boys in the 
strategies and 
implemented practices 
during coding, and in 
perceptions about 
those coding activities 

mobile eye-
trackers 

- 44 Knowledge 
acquisition test 
responses 

- 44 Interviews 
audio recorded  

-Observation field 
notes from 4 
teams  

-Artifacts (games) 
from 4 teams  

 

-Statistical 
analysis using 
ANOVA tests 

- Qualitative 
content analysis  

 

 C4 

C5 

Paper 7: 

- Investigate if there is 
a significant 
moderating effect of 
collaboration (gaze 
similarity) and 
engagement (gaze 
uniformity) on 
children’s attitude 

 

- Gaze from 44 
young students 
captured from 
mobile eye-
tracker 

- 44 Attitudinal 
questionnaire 
responses 

 

1 

 

-Statistical 
analysis using 
Pearson’s 
correlation 

-Statistical 
analysis using 
Moderation 

 

SQ2 

SQ4 

 

 

C2 

C3 

C5 

Paper 8:  

- Videos from 50 
young students 

- 50 Attitudinal 
questionnaire 
responses 

 

2 

 

-Statistical 
analysis using 
Pearson’s 
correlation 

-Statistical 
analysis Linear 
Regression  

 

 

SQ2 

SQ4 

 

 

C3 

C5 
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Figure 12 shows the variables used for the quantitative data collected from the different 
cycles. For the quantitative data analysis, after defining the measurements, we used the 
statistical analysis of variance (ANOVA) to identify the relationship between the 
variables, Pearson Correlation to identify any potential correlation between the variables, 
Moderation, and Regression. These methods are in respect to each paper’s research 
question. During the analysis, various different tests were performed. For example, we 
checked the assumptions for ANOVA, and if we found variables that did not satisfy the 
homoscedasticity condition, a version of ANOVA was used for which homoscedasticity 
is not assumed. This was done using the Welch correction for F-statistic. First, we used 
Levene’s test to examine the homogeneity of variance and the Shapiro–Wilk test to 
evaluate the normality criterion (Conover & Conover, 1980) (Shapiro & Wilk, 1965) 
1965) in order to use ANOVA analysis. Afterwards, one-way independent ANOVA tests 
were conducted to examine our research question. For all tests, we did not assume 
equality of variance across groups. The p-values for the main and post-hoc tests are 
computed in accordance with the Bonferroni correction for repeated tests. Also, since we 
did not assume equal variance across groups, the F-values are adjusted according to the 
Welch correction for the partial degrees of freedom. In addition, to analyze the video 
recordings, we used computer vision for face detection and machine learning for face 
recognition. 
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Figure 12: Overview of data-collection instrument and variables 

 

Qualitative data analysis involves Cycles 2 and 3 and the overall analysis of researchers 
and instructors notes from the focus groups and discussions during the two years of the 
studies. First, all interviews and focus groups were fully transcribed and translated into 
English, if needed. Qualitative analysis was manually conducted by the researchers using 
both inductive and deductive approaches, based on Saldaña (2015) and Mayring, Mayring 
(2014). In all cases, the inductive coding process was also enriched with theoretically 
driven deductive elements, based on the respective paper’s research question. 

To analyze the transcribed interviews, two researchers followed the coding method 
proposed by Saldaña (2015) for qualitative inquiry. Saldaña's coding method describes a 
cyclical model that moves from codes to categories and themes. Analysis of the semi-
structured interviews focused on identifying categories, and then the overall themes 
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forming the codes emerged from participants' answers. Each transcript was first 
individually reviewed by two researchers and then, after a focus group and discussion, 
the two researchers agreed on the major themes that had emerged.  

Similar processes were followed for all ideas that were connected to the results of the 
respective iteration (Cycles 1, 2 and 3), representing the codes for the qualitative analysis. 
During the two years of the project, after the end of each iteration (cycle), the researchers 
and instructors participated in focus groups, discussing and revealing all the growing 
ideas emerged from the iteration outcomes. To synthesize the ideas and formulate themes, 
we focused mainly on the students' engagement in the coding activities. Consequently, 
the most prominent themes emerged. It was an iterative process, with constant refinement 
and reflection on the ideas and themes during the three cycles. This helped us not only to 
see the connections and make decisions for the design, but also to identify the most 
important theoretical aspects in our studies. The final step of the analysis, after removing 
similar themes, involved categorization to identify the most important findings.  

Each observation note (one set for each team) was reviewed by two researchers. Using 
content analysis, the main actions indicating a specific behavior were identified, and the 
frequencies of help levels were calculated. Finally, artifacts (games) developed by the 
teams were evaluated in terms of the learning opportunities related to computer science 
and computational thinking concepts offered by coding a game. The evaluation of the 
artifacts included loading and playing the game to ensure its functionality and playability. 
To analyze each version of the games, we analyzed the games based on computational 
thinking components (i.e., flow control, data representation, abstraction, user 
interactivity, parallelism, and logic), giving a score for each of them from 0 to 3 (a rubric 
in which 3 shows proficiency, and 0 means that the skill is not evident). Artifacts were 
used as an extra source to determine the main characteristics (such as the game's theme, 
aesthetics, and storytelling) of young students’ codes and their use of specific concepts 
related to the learning objectives of our workshop, as well as to discover any unexpected 
learning outcomes. 

Figure 13 presents a mapping between the various data collections/measurements and the 
analyses employed. 
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Figure 13: Overview of the data analysis
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The research work, consisting of this thesis, has been published as five journal papers and 
three conference papers. Each of the eight papers has been peer-reviewed and, therefore, 
accepted by other researchers as providing a significant contribution to the body of 
knowledge. The papers are reprinted in full length in Part II of this thesis following 
publishing permissions from the editors. The paper summaries are ordered in publishing 
chronological order. This chapter summarizes the papers that contain the results for the 
conducted research. The papers presented in the following section include: 

•
•
•
•
•
•
•

 

Title: Empirical Studies on the Maker Movement, a Promising Approach to Learning: A 
Literature Review 

Authors: Sofia Papavlasopoulou, Michail N. Giannakos, Letizia Jaccheri 

Paper published in: Entertainment Computing, Volume 18, pages 57-78, 2017. 

Authors’ contributions: Papavlasopoulou led the paper writing and was the main author. 
Also, Papavlasopoulou collected and analyzed all the articles included in the literature 
review. Constant consensus meetings of Papavlasopoulou and Giannakos approved each 
step of the analysis of all studies conducted. Giannakos and Jaccheri provided general 
supervision of the research and the paper writing.  

Abstract: The Maker Movement has gathered much attention recently and has 
been one of the fastest-growing topics, due to contemporary technical and 
infrastructural developments. The maker culture can be described as a philosophy 
in which individuals or groups of individuals create artifacts that are recreated and 
assembled using software and/or physical objects. Typical topics of interest in 
maker culture include engineering-oriented pursuits such as electronics, robotics, 
3D printing, and computer numerical control tools, as well as more traditional 
activities such as sewing or arts and crafts. Scholars and educators have reported 
a variety of outcomes from the Maker Movement as an instructional process; 
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however, the lack of a summary of these empirical studies prevents stakeholders 
from having a clear view of the benefits and challenges of this instructional 
culture. The purpose of this article is to provide a review of the Maker Movement 
approach in order to summarize the current findings and guide future studies. 
Forty-three peer-reviewed articles were collected from a systematic literature 
search and analyzed based on a categorization of their main elements. The results 
of this survey show the direction of Maker Movement research during recent years 
and the most common technologies, subjects, evaluation methods, and 
pedagogical designs. Suggestions for future research include a further 
investigation into the benefits of using a specific technological tool and analysis 
of the Maker Movement approach, particularly in classrooms. These future 
research efforts will allow us to better indicate which aspects and ingredients of 
“making” work better for which circumstances and student groups. The findings 
will ultimately allow us to form best practices and a unified framework for 
guiding/assisting educators who want to adopt this teaching style. 

Main findings presented in the paper: This paper is a systematic literature review 
consisting of 43 studies that implemented making. The most common subject areas using 
a making approach to learning are coding and STEM curricular areas. The results show 
that studies tend to use a qualitative methodology to assess their work. All the studies 
used some type of digital material to support making activities, which highlights the need 
to familiarize users with technology, expanding participants’ perspectives and interest in 
computer science in general. The goal is to achieve better understanding and enhance 
skills related to the subject areas through digital fabrication devices, producing objects, 
and modeling tools. Making sessions are promising approaches to engaging students in 
the design and fabrication process, in thinking and problem solving, as well as in coding. 
This provides evidence for the success of making in influencing learners’ behaviors. 
When their self-efficacy increases, workshop participants gain confidence, enjoyment, 
and interest in programming and technology. Furthermore, the studies evaluated reveal a 
variety of technology tools used in making. Given the large amount of different software 
available, and the possibility for it to be used for educational reasons, it is difficult to 
define the best choice for a specific activity. 

Title: Using Eye-Tracking to Unveil Differences Between Kids and Teens in Coding 
Activities 

Authors: Sofia Papavlasopoulou, Kshitij Sharma, Michail N. Giannakos, Letizia Jaccheri  
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Paper published in: Proceedings of the conference on Interaction Design and Children 
(IDC), Stanford 2017 (ACM).  

Authors’ contributions: Papavlasopoulou led the paper writing and was the main author. 
Papavlasopoulou, Sharma, and Giannakos designed and supervised the study and data 
collection. Sharma performed the data analysis and contributed to writing the paper. 
Giannakos and Jaccheri provided general supervision of the research and the paper 
writing.  

Abstract: Computational thinking and coding is gradually becoming an important 
part of K-12 education. Most parents, policy makers, teachers, and industrial 
stakeholders want their children to attain computational thinking and coding 
competences, since learning how to code is emerging as an important skill for the 
21st century. Currently, educators are leveraging a variety of technological tools 
and programming environments, which can provide challenging and dynamic 
coding experiences. Despite the growing research on the design of coding 
experiences for children, it is still difficult to say how children of different ages 
learn to code, and to cite differences in their task-based behavior. This study uses 
eye-tracking data from 44 children (here divided into “kids” [age 8–12] and 
“teens” [age 13–17]) to understand the learning process of coding in a deeper way, 
and the role of gaze in the learning gain and the different age groups. The results 
show that kids are more interested in the appearance of the characters, while teens 
exhibit more hypothesis-testing behavior in relation to the code. In terms of 
collaboration, teens spent more time overall performing the task than did kids 
(higher similarity gaze). Our results suggest that eye-tracking data can 
successfully reveal how children of different ages learn to code. 

Main findings presented in the paper: The paper investigates the differences between 
kids’ and teens gaze during coding and how their gaze are associated with their learning. 
First, one interesting feature of the results is that the teens spent more time looking at the 
scripts, output, and command areas of interest (AOIs), while kids spent more time on the 
sprites AOIs. The sprites control the aesthetic part of the problem, for example, what the 
main animated character or the different costumes look like. Spending more time on the 
appearance of the output proved to be detrimental to the kids’ RLG. Our results showed 
that teens attained higher RLG. Second, the teens had a higher number of transitions 
among scripts and output/command/robot compared to the kids. The higher number of 
transitions between scripts and outputs indicates behavior that is either caused by a 
debugging activity or a desire to verify a hypothesis. Finally, there is a relation between 
the gaze and age groups, since the teens had higher gaze similarity than the kids did. This 
study successfully used eye-tracking data as a new means of analyzing children’s learning 
processes in coding and discover any differences in their task-based behavior according 
to their ages.  
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Title: How do you feel about learning to code? Investigating the effect of children’s 
attitudes towards coding using eye-tracking 

Authors: Sofia Papavlasopoulou, Kshitij Sharma, Michail N. Giannakos  

Paper published in: International Journal of Child-Computer Interaction, Volume 17, 
Pages 50-60, 2018.  

Authors’ contributions: Papavlasopoulou led the paper writing and was the main author. 
Papavlasopoulou, Sharma, and Giannakos designed and supervised the study and data 
collection. Sharma performed the data analysis and contributed to writing the paper. 
Giannakos provided general supervision of the research and the paper writing. 

Abstract: Computational thinking and coding for children are attracting increasing 
attention. There are several efforts around the globe to implement coding 
frameworks for children, and there is a need to develop an empirical knowledge 
base of methods and tools. One major problem for integrating study results into a 
common body of knowledge is the relatively limited measurements applied, and 
the relation of the widely used self-reporting methods with more objective 
measurements, such as biophysical ones. In this study, eye-tracking activity was 
used to measure children’s learning and activity indicators. The goal of the study 
is to utilize eye-tracking to understand children’s activity while they learn how to 
code and to investigate any potential association between children’s attitudes and 
their gaze. In this contribution, we designed an experiment with 44 children 
(between 8 and 17 years old) who participated in a full-day construction-based 
coding activity. We recorded their gaze while they were working and captured 
their attitudes in relation to their learning, excitement and intention. The results 
showed a significant relation between children’s attitudes (what they think about 
coding) and their gaze patterns (how they behaved during coding). Eye-tracking 
data provide initial insights into the behavior of children, for example if children 
have difficulty in extracting information or fail to accomplish an expected task. 
Therefore, further studies need to be conducted to shed additional light on 
children’s experience and learning during coding. 

Main findings presented in the paper: This paper investigates potential relations between 
children’s attitudes (excitement, intention to participate in a similar activity, perceived 
learning) and their gaze during coding activities. Regarding the gaze measures connected 
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to cognition used for this study, it worth noticing that: 1) high fixation duration depicts 
that the participant is having difficulty extracting information, 2) longer saccades show 
meaningful transitions in terms of attention, 3) for change in saccade direction: an angle 
between two lines that is greater than 90  reflects a change of plans, revision, or a failed 
expectation/hypothesis/anticipation. In particular, the children who reported higher 
excitement had lower fixation duration, lower saccade direction change, and higher 
saccade amplitude than those who reported lower excitement during the coding task. For 
gaze and perceived learning, a significant relation was observed between all the gaze 
variables and learning. The young students, who reported higher perceived learning, had 
lower fixation duration, lower saccade direction change, and higher saccade amplitude 
than those who reported lower perceived learning. For gaze and intention, young students 
who reported higher intention to code had lower fixation duration, lower saccade direction 
change, and higher saccade amplitude than those who reported lower intention. More 
specifically, young students, who indicated better management of cognitive load, 
expressed higher scores in their attitudes. Findings also suggest that young students with 
higher reported excitement and learning had the same characteristics. This study also 
demonstrates that eye-tracking provides information about children’s approaches to 
coding tasks.  

Relation to the research questions: The paper investigates SQ2 and contributes to SQ4. 
It addresses the importance of positive attitudes and their relation to cognitive processes 
during young students’ coding learning experience.  

 

Title: Discovering children’s competences in coding through the analysis of Scratch 
projects 

Authors: Sofia Papavlasopoulou, Michail N. Giannakos, Letizia Jaccheri 

Paper published in: Proceedings of Global Engineering Education Conference 
(EDUCON). Tenerife, Spain 2018: 

Authors’ contributions: Papavlasopoulou led the paper writing, performed the data 
analysis, and was the main author. Papavlasopoulou and Giannakos designed and 
supervised the study and data collection. Giannakos and Jaccheri provided general 
supervision of the research and the paper writing. 
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Title: Exploring children's learning experience in constructionism-based coding activities 
through design-based research 

Authors: Sofia Papavlasopoulou, Michail N. Giannakos, Letizia Jaccheri  

Paper published in: Computers in Human Behavior, volume 99, pages 415-427, 2019 

Authors’ contributions: Papavlasopoulou was responsible for the paper writing, data 
analysis, and documentation. Giannakos and Jaccheri provided general supervision of the 
research and the paper writing. 
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Abstract: Over the last few years, the integration of coding activities for children 
in K-12 education has flourished. In addition, novel technological tools and 
programming environments have offered new opportunities and increased the 
need to design effective learning experiences. This paper presents a design-based 
research (DBR) approach conducted over two years, based on constructionism-
based coding experiences for children, following the four stages of DBR. Three 
iterations (cycles) were designed and examined in total, with participants aged 8–
17 years old, using mixed methods. Over the two years, we conducted workshops 
in which students used a block-based programming environment (i.e., Scratch) 
and collaboratively created a socially meaningful artifact (i.e., a game). The study 
identifies nine design principles that can help us to achieve higher engagement 
during the coding activity. Moreover, positive attitudes and high motivation were 
found to result in the better management of cognitive load. Our contribution lies 
in the theoretical grounding of the results in constructionism and the emerging 
design principles. In this way, we provide both theoretical and practical evidence 
of the value of constructionism-based coding activities. 

Main findings presented in the paper: This paper presents the design-based research 
(DBR) effort, comprising all the three cycles (iterations) conducted over two years, in my 
PhD thesis. The prominent results of the studies, with regard to the effects of coding 
activities on children's learning experience, are grounded on Papert’s constructionism. 
This includes the notion of “bricolage,” “learning to think articulately about thinking,” 
“the importance of social norms” “teaching the Turtle to act or to ‘think’” and the meaning 
of “powerful ideas.” In general, the young students indicated that they were cognitively 
engaged during the workshops; they managed to adopt deliberative thinking and to 
understand and imitate mechanical thinking while coding. Cognitive effort is also linked 
to young students' behavioral and emotional engagement because positive attitudes have 
an effect on their load management. Social engagement is important as young students 
work in front of the computer and reflect on their progress as a team, sharing the same 
goal to successfully create an artifact. At the end of the workshops, the young students 
felt competent and proud of their achievements with an increased sense of achievement, 
self-confidence, and self-efficacy. Lastly, the main principles to facilitate making-based 
coding activities that support children's learning experience should consider and/or 
promote the following: 1) Social interaction, 2) Appropriate design according to age, 3) 
Duration of the activity, 4) Relevance of the activity and meaningful content, 5) Physical 
and digital artifacts, 6) Young students’ attitudes and motivation, 7) Cognitive overload, 
8) Appropriate tasks, and 9) Meaningful framework for the involvement of the instructors.  

Relation to the research questions: The paper investigates SQ2, SQ3 and addresses SQ4. 
It shows the role of engagement during young students’ coding learning experiences and, 
since it covers most of the research conducted for this thesis, provides guidelines and 
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lessons learned from our experience from making-based learning activities for young 
students. 

 

Title: Coding activities for children: Coupling eye-tracking with qualitative data to 
investigate gender differences 

Authors: Sofia Papavlasopoulou, Kshitij Sharma, Michail N. Giannakos  

Paper published in: Computers in Human Behavior, in press 2019  

Authors’ contributions: Papavlasopoulou led the paper writing and was the main author. 
Papavlasopoulou, Sharma, and Giannakos designed and supervised the first study 
included in the paper and the data collection. Sharma performed the data analysis and 
contributed to writing the paper, referring to the first study. Papavlasopoulou designed 
and supervised the second study included in the paper and performed the data collection 
and analysis. Giannakos provided general supervision of the research and the paper 
writing. 

Abstract: Computational thinking and coding are becoming an integral part of K-
12 education, with female students being underrepresented in such subjects. The 
proliferation of technological tools and programming environments offers the 
opportunity for creative coding activities for children and increases the need for 
appropriate instructional practices. In this study, we design and evaluate a coding 
workshop for children. Our goal is to examine differences between boys and girls 
using eye-tracking as an objective measure and triangulating the findings with 
qualitative data coming from children's interviews. The results show no 
statistically significant difference between female and male gaze and learning gain 
during the coding activity; interestingly, the qualitative data show differences in 
the strategies and implemented practices during coding, and in perceptions about 
those coding activities. Our results highlight that further studies need to utilize 
objective measures and unveil necessary differences in the design and 
implementation of coding activities. Furthermore, our results provide objective 
evidence that female students do not lack in competences compared to boys, but 
simply that they have a different approach during coding activities and different 
perspectives about coding, an approach that needs to be cultivated and nurtured.  

Main findings presented in the paper: This paper investigates gender differences in 
coding activities for young students using objective measures (gaze) and triangulates 
them with qualitative data (interviews and observations). First regarding the young 
students’ learning gain, the results showed no significant difference between boys and 
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girls. In addition, there was no significant difference in all the gaze measures used 
between girls and boys. From the qualitative analysis, it is evident that only girls reported 
that they did not know what they could do with Scratch or coding. All young students 
expressed improved confidence and self-efficacy in coding and that they managed to 
accomplish the tasks required. In mixed teams, when a boy knew about coding, girls 
stated that a boy had to be the leader, while in girls' teams they appeared to have had equal 
roles. In the interviews, all boys indicated that they contributed to their teams in terms of 
coding, whereas girls mentioned that not all of them coded but that they felt a valuable 
part of collaboration. Both girls and boys had similar difficulties, challenges, and 
frustrations during the creation of their game. Equally, girls and boys reported that they 
had fun during the workshop. In terms of help received from the assistants, all teams had 
approximately the same amount, between five and seven times. However, girls were more 
persistent than boys in trying on their own before asking for help. Children's games 
evaluation showed that girls' nature was present in their games, as was clear from their 
use of female characters and that boys and girls had a similar final performance. 

Title: Coding games and robots to enhance computational thinking: How collaboration 
and engagement moderate children’s attitudes?  

Authors: Kshitij Sharma, Sofia Papavlasopoulou, Michail N. Giannakos  

Paper published in: International Journal of Child-Computer Interaction, volume 21, 
pages 65-76, 2019. 

Authors’ contributions: Sharma led the paper writing. Papavlasopoulou, Sharma, and 
Giannakos designed and supervised the study and did the data collection. Sharma 
performed the data analysis. Papavlasopoulou and Sharma contributed to writing the 
paper. Giannakos provided general supervision of the research and the paper writing. 

Abstract: Collaboration and engagement while coding are vital elements for 
children, yet very little is known about how children’s engagement and 
collaboration impact their attitudes toward coding activities. The goal of the study 
is to investigate how collaboration and engagement moderate children’s attitudes 
about coding activities. To do so, we designed a study with 44 children (between 
8 and 17 years old) who participated in a full-day coding activity. We measured 
their engagement and collaboration during the activity by recording their gaze, 
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and their attitudes in relation to their learning, enjoyment, team-work, and 
intention by post-activity survey instruments. Our analysis shows that there is a 
significant moderating effect of collaboration and engagement on children’s 
attitudes. In other words, highly engaging and collaborative coding activities 
significantly moderate children’s attitudes. Our findings highlight the importance 
of designing highly collaborative and engaging coding activities for children and 
quantifies how those two elements moderate children’s attitudes.  

(gaze 
similarity) gaze uniformity)

Title: Joint Emotional State of Children and Perceived Collaborative Experience in 
Coding Activities 

Authors: Kshitij Sharma, Sofia Papavlasopoulou, Michail N. Giannakos  

Paper published in: Proceedings of the conference on Interaction Design and Children 
(IDC), Boise 2019 (ACM). 

Authors’ contributions: Sharma led the paper writing. Papavlasopoulou designed and 
supervised the study included in the paper and the data collection. Sharma performed the 
data analysis. Papavlasopoulou and Sharma contributed to writing the paper. Giannakos 
provided general supervision of the research and the paper writing. 
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Abstract: This paper employs facial features to recognize emotions during a 
coding activity with 50 children. Extracting group-level emotional states via 
facial features, allows us to understand how emotions of a group affect 
collaboration. To do so, we captured joint emotional state using videos and 
collaborative experience using questionnaires, from collaborative coding 
sessions. We define groups’ emotional state using a method inspired from 
dynamic systems, utilizing a measure called cross-recurrence. We also define a 
collaborative emotional profile using the different measurements from facial 
features of children. The results show that the emotional cross-recurrence 
(coming from the videos) is positively related with the collaborative experience 
(coming from the surveys). We also show that the groups with better experience 
than the others showcase more positive and a consistent set of emotions during 
the coding activity. The results inform the design of an emotion-aware 
collaborative support system. 

Main findings presented in the paper:
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This chapter discusses the research contributions, the implications and limitations of this 
PhD work.  

C1: Summarizes and conceptualizes the state of the art in making practices and their role 
in enhancing coding activities for children. The first contribution of this PhD thesis 
presents a systematic literature review (Paper 1) (Papavlasopoulou, Giannakos, et al., 
2017), producing substantive findings regarding the making approach and its applications 
to making-based coding activities. The review aims to show the state of the art and 
identify potential research gaps.  

. The work is based on the emerging developments in the area 
of coding and learning technologies, creating momentum for adoption of making. We 
draw on the research literature to consider the trends and possibilities within this 
movement, investigating different types of making activities that are related to a 
successful learning experience in terms of learning, interest, and engagement. 
Furthermore, we consider how these practices could help students improve their 
performance in coding, computational skills, and problem solving. This has been 
achieved by evaluating empirical studies from the last five years.  

In particular, making involves constructing activities and related ways to fabricate real 
and/or digital things using technological resources, including fabrication (Katterfeldt et 
al., 2015), physical computing, and coding. Making focuses on the process that occurs in 
an environment that is not always merely learning oriented, but promotes design thinking, 
computational concepts, collaborative work, and innovation, among other things. Using 
a systematic methodology (Kitchenham, 2004), 43 papers were reviewed. First, 
recognizing the most common subject areas for implementing making types of 
instructions, our literature review confirmed that a making approach to learning is being 
taken, most notably in coding, and also in STEM curricular areas. Almost all of the studies 
had as their main subject coding or a combination of coding and math (Garneli, 
Giannakos, Chorianopoulos, & Jaccheri, 2013).  

Some type of digital material is important in making activities so the users can familiarize 
themselves with technology and broaden their perspectives and interest in computer 
science in general. The goal is to achieve better understanding and enhance skills related 
to the subject areas through digital fabrication devices, their ability to produce objects, 
and modeling tools. Students’ involvement in several computer science concepts 
enhances their ability to achieve goals (Franklin et al., 2013). A study by Franklin et al. 
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(2013) showed that it is possible for students to attain competence in event-driven 
programming, state initialization, and message passing after just a two-week 
interdisciplinary camp, which was not entirely focused on computer science. A class that 
used Lilypad Arduino successfully promoted computing concepts and practices, while 
perceptions of computing were extended (Kafai et al., 2013). Other studies using the same 
tool showed how craft materials support a more understandable approach to creating 
technology, and the results of this process can be more transparent and expressive. Using 
the same concept, workshop participants managed not only to think about, but also to 
create, interface designs using conductive fabrics and craft materials (Perner-Wilson, 
Buechley, & Satomi, 2011). When crafts and technology are tightly connected by 
conceiving and realizing different artifacts, people become more engaged and develop 
different skills compared to getting involved with traditional development or electronic 
toolkits (Mellis, Jacoby, Buechley, Perner-Wilson, & Qi, 2013).  

Μaking activities are expected to be promising approaches to engaging students in coding 
and design, as well as in the fabrication process, in thinking, and in problem solving. In 
many studies, the combination of coding and physical fabrication resulted in engagement 
in complex programming concepts (e.g., loops, conditionals) and practices (e.g., remix, 
testing, and debugging) (Denner et al., 2012) (Searle, Fields, Lui, & Kafai, 2014). 
Furthermore, even young students aged 9–10 years have been engaged in Java 
programming by playing and making games (Esper et al., 2014). Another main core of 
learning, as reported by Katterfeldt et al. (2015), is self-efficacy. Some of the analyzed 
studies showed that, after the making activities, the participants’ self-efficacy was 
affected. This provides evidence for the success of making in influencing learners’ 
behaviors. When their self-efficacy increases, workshop participants gain confidence, 
enjoyment, and interest in programming and technology (Qiu, Buechley, Baafi, & 
Dubow, 2013). Moreover, when actions are motivated with enthusiasm and self-
regulatory feedback, self-efficacy ratings are higher (Lane et al., 2013).  

All of the studies report the positive effects of making activities on students’ perceptions 
and engagement. Students’ experiences with computer game coding could also change 
their attitudes toward computer science, preparing them for computer science courses and 
careers (Denner et al., 2012). In general, no matter what the age of the group and which 
tool was used, making proved to be a successful process in all the different areas of 
interest. One surprising outcome is the absence of negative results. Almost none of the 
studies reported negative effects in the research. Even though this is an obvious positive 
conclusion, it does not provide an in-depth understanding of how to prevent poor practices 
that hinder students’ engagement and performance.  

Furthermore, the evaluated studies reveal a variety of technology tools used in making. 
Given the large amount of different software available, and the possibility for it to be used 
for educational reasons, it is difficult to define the best choice for a specific activity. It 
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was not surprising that the most-used tool was Scratch, as this is one of the popular visual 
programming languages, followed by Lilypad Arduino. In the remaining studies, other, 
less common technologies were used, identifying the need for further investigation in this 
area. Moreover, combining digital and tangible materials in the creating process has been 
proven to be valuable (Kafai et al., 2014).  

Collaboration among the participants was present in the large majority of studies. We 
know how important collaboration is to motivating and promoting learning, which is why 
many efforts concentrated on testing different types of offline or even online collaborative 
methods (Y. Kafai & V. Vasudevan, 2015). Although collaboration appears to be an 
important aspect of making activities, we saw very few descriptions of collaborative 
strategies and how they contribute to individual learning. An interesting approach came 
from Fields et al. (2015), who proposed a collective design process for coders, deriving 
from participatory models. They illustrated that collaboration supported learning through 
the exchange of ideas and mentoring and led to deeper engagement. A surprising result 
from our review is that few studies focused on gender issues. We expected more studies 
to provide insights on how making activities benefit females specifically since the main 
subject areas applied are coding and STEM.  

C2: Investigate new methods to evaluate making-based coding activities for young 
students. This includes using multimodal data in the field studies; combining data from 
various channels which are subjective (interviews, surveys) and objective physiological 
data (eye-tracking) to understand the learning process of coding in a deeper way. This 
contribution refers to using the eye-tracking method to pervasively track the gaze of 
children of young ages in a coding activity.  
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C3: Improved understanding of the learning process to support young students in 
making-based coding activities. This includes the design, evaluation, and refinement of 
coding workshops, in which the field studies of this thesis took place, focusing on 
enhancing young students’ engagement and attitudes during their experience. This 
contribution provides insights on the elements of engagement existing in making-based 
coding activities for young students, as presented in Paper 5 (Papavlasopoulou, 
Giannakos, & Jaccheri, 2019) included in this thesis, the importance of positive attitudes 
investigated in Paper 3, (Papavlasopoulou, Sharma, & Giannakos, 2018) Paper 6 
(Papavlasopoulou, Sharma, & Giannakos, 2019), and Paper 7 (Sharma, Papavlasopoulou, 
& Giannakos, 2019a), and the importance of emotions in collaboration among the 
students and their attitudes in Paper 8 (Sharma, Papavlasopoulou, & Giannakos, 2019b). 

The students indicated that they were cognitively engaged during the workshops; they 
managed to adopt deliberative thinking and to understand and imitate mechanical 
thinking while coding. In order to achieve this, they had to use an appropriate cognitive 
strategy (e.g., a “hypothesis-testing” gaze pattern, as shown by the eye-tracking data) to 
approach the task and achieve some level of self-regulation. There are different ways to 
approach a problem, and it takes time to learn the necessary skills. In our workshops, we 
used a visual programming tool (Scratch); one of the strengths of such tools is that 
computational practices become less cognitively challenging (Kelleher & Pausch, 2005), 
so students can focus on problem solving and creative thinking (Lin & Liu, 2012). Even 
with the use of such tools, the cognitive load during the coding process can be critical as 
students use the “bricolage” style by constantly experimenting and trying different 
patterns. Instructors can help students manage their learning and thinking to adopt an 
effective approach to coding. This is not a new practice, as previous studies with Logo 
have used precise instructions for computational practices, such as testing and debugging 
(Fay & Mayer, 1994) (Carver & Mayer, 1988).  

Cognitive effort, as shown in our studies, is also linked with students' behavioral and 
emotional engagement because positive attitudes have an effect on their load 
management. Students should be persistent, make efforts, and deal with difficulties; 
therefore, having positive attitudes and keeping themselves motivated result in better 
management of their cognitive load. In particular, our findings suggest that gaze patterns 
and attitudes can be correlated (Paper 3 and 7) (Papavlasopoulou et al., 2018) (Sharma et 
al., 2019a). The three different gaze measures used represent children’s difficulties in 
extracting information during a coding activity (fixation duration), the number of trials 
needed to learn something during coding (saccade direction change), and children’s goals 
and expectations during coding (saccade amplitude). As was expected, children who had 
fewer difficulties and could handle the cognitive load better had higher scores in their 
attitudes (i.e., perceived learning, excitement, and intention to participate in a similar 
activity). In the same vein, Robertson and Howells (2008) argue that the game design 
experience is a powerful learning environment that supports motivation, engagement, and 
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enthusiasm. Using a visual programming environment, students can be introduced to 
programming concepts in a fun and useful way through a design activity, making them 
highly motivated and positive toward coding (Giannakos & Jaccheri, 2018) (Sáez-López 
et al., 2016).  

Social engagement is important as students work in front of the computer and reflect on 
their progress as a team, sharing the same goal to successfully create an artifact. In our 
workshops, the students, working as a team, built a group identity and, at the same time, 
engaged in social comparison with their peers. Students, especially novices to coding, 
usually have difficulties with simple coding actions, from relating different commands 
together to completing more advanced actions, like debugging; collaboration helped the 
students in this study to confront those difficulties. In a similar study with girls creating 
games, good collaboration in debugging resulted in the girls being more persistent when 
coding on their own, without help from the instructors (Denner, 2007). Helping each other 
and sharing their challenges and successes were critical for our students, nurturing social 
engagement, and avoiding a sense of isolation. Collaboration and reflection lead to better 
learning and powerful thinking. Reflection relates to their own learning experience or 
reflecting on their peers’ code and actions. Positive experiences in the coding workshops 
are accompanied by a low range and consistent set of emotions among the young students 
who collaborated as a team. Previous studies have shown that students performed better 
when they were working in pair programming (Lye & Koh, 2014) (Werner, Denner, 
Campe, & Kawamoto, 2012); in a game-making study, when taking into account peers' 
recommendations and spending time applying these changes, girls produced higher-
quality games (Robertson, 2012). Over time, the students in our workshops were able to 
understand more about coding and became more behaviorally and emotionally engaged. 
They were able to reflect on the more complex aspects of their own thinking accordingly 
by making decisions and controlling the outcomes. Students who are actively part of 
game-making activities strengthen their problem-solving, critical thinking, and CT skills 
(Grover & Pea, 2013). During construction, students have to investigate different 
strategies, negotiate, make decisions about possible solutions, confront problems, and 
organize their thoughts and actions (Bers et al., 2014). 

One of the core aspects of a learning activity is the fact that the problem should be 
meaningful to the learners. In our case, they constructed shared artifacts that mattered to 
them. Different studies have used problems like designing games (Denner & Werner, 
2007) or stories (Burke, 2012). A “powerful idea” must be both personally and 
epistemologically useful to ensure engagement. The students in our workshops saw 
themselves gaining a powerful quality by organizing a new way of thinking, building on 
their previous knowledge and skills. Nowadays, significant value is placed on transferable 
skills related to digital technology since they are vital for children's roles in the digital 
world and should be enhanced through activities that are connected to their lives (Iversen, 
Smith, & Dindler, 2018). In making, students deal with difficulties, learn step-by-step to 
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solve problems, develop belief in their skills, and share ideas with peers (Çakır et al., 
2017) (Chu, Schlegel, et al., 2017). In our study, this was confirmed: the students 
increased their sense of achievement, self-confidence, and self-efficacy. At the end of the 
workshops, the students felt competent and proud of their achievements. After the 
workshop, compared to the boys, the girls expressed lower self-efficacy (a belief in one's 
capacity to succeed in tasks), possibly because most of them did not have any previous 
coding experience. A sense of self-efficacy is important and should be enhanced, as it is 
related to cognitive strategies, effort, and persistence in learning environments (Bandura, 
1997).  

C4: Investigate the needs of different population of young students to support their 
learning experience. The fourth contribution of this PhD work investigates the potential 
differences that exist in how young students of different ages and genders handle the 
learning process during coding activities. More specifically, in Paper 2 
(Papavlasopoulou, Sharma, Giannakos, & Jaccheri, 2017) we discuss the results from our 
study in which children (8–17 years old) performed certain coding tasks in groups (dyads 
and triads) while their gaze was recorded and their RLG measured (using knowledge 
acquisition tests). We divided the sample into kids (8–12 years) and teens (13–17 years) 
to analyze the difference in gaze patterns and RLG across age groups. In addition, in 
Paper 6, (Papavlasopoulou, Sharma, et al., 2019) we investigated gender issues in the 
coding activities, using their gaze as an objective measure and qualitative data (i.e., semi-
structured interviews, and observations) to get a deeper understanding of children's 
experiences during the workshop. 

Differences between teens and kids 
The key motivation behind our contribution was to establish the relations between gaze, 
different RLGs, and different age groups. The teens outperformed the kids in terms of 
RLG. We established certain key differences in the gaze patterns of kids and teens to 
investigate the reasons why/effects of the fact that teens outperformed kids in the RLG 
from the coding tasks. First, one interesting feature of the results is that the teens spent 
more time looking at the scripts, output, and command AOIs, while kids spent more time 
on the sprites AOIs. The sprites control the aesthetic part of the problem at hand, such as 
what the main animated character or the different costumes look like. Spending more time 
on the appearance of the output proved to be detrimental to the kids’ RLG. On the other 
hand, the scripts, output, and commands control the actual functionality of the coding 
environment and the main areas of attention in the coding process. These are the areas in 
which the coder must choose the appropriate command, then add it to the scripts area, and 
see the outcome of the executed code. Our results showed that teens, who were spending 
more time on these areas, attained higher RLG. In addition, we found positive and 
significant correlations between the RLG and the proportion of time spent on the scripts, 
output, and commands AOIs and the negative and significant correlation between the 
RLG and the proportion of time spent on the sprites. In a study by Lee, Kafai, Vasudevan, 
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and Davis (2014), all participants aged 10–12 spent significant time on aesthetics; 
however, the authors identified differences in the time spent on aesthetics in terms of 
gender. Girls spent more time on aesthetics and also tried harder to balance technical 
functionality.  

Second, the teens had a higher number of transitions among scripts and 
output/command/robot compared to the kids. The higher number of transitions between 
scripts and outputs indicates behavior that is either caused by a debugging activity or a 
desire to verify a hypothesis. In addition, a higher number of transitions between script 
and robot shows similar behavior. For example, moving back and forth between script 
and output might result from frequent changes in the code and a need to check the output. 
Thus, if the output matches the student’s hypothesis after executing the desired code, the 
student moves on to the next step to continue with a new task. If the output does not match 
the hypothesis, he or she refines the code and rechecks the output. This is a typical 
hypothesis verification cycle, often associated with the novice coding style (Sharma, 
Caballero, Verma, Jermann, & Dillenbourg, 2015). Novices who tend to use this style 
often perform better. Since the teens used this style in coding, it might explain why they 
outperformed the kids. Young students who are novices usually do not try to debug their 
code, and thus face the difficult task of solving a poorly executed block of code, or 
successfully joining pieces of code (Denner et al., 2012). The finding of a positive 
correlation between the RLG and the number of transitions between script and output 
supports this explanation as well. Moreover, the higher number of transitions between 
script and command areas shows the process of choosing the appropriate command to 
follow the current script. The teens spent more time finding the correct command, and 
trying different ones, than did the kids. Thus, the teens learned more than the kids; again, 
a significant and positive correlation between the RLG and the number of transitions 
between the script and command AOIs support our explanation. A study involving kids 
as young as 5–6 showed they can plan their actions and think two or three commands 
ahead; those who do so concentrate hard on the screen, do not pay much attention on 
other’s comments, and have more confidence in their actions and knowledge (Fessakis et 
al., 2013).  

Finally, regarding the differences between teens and kids, we found a relation between 
the gaze and age groups since the teens had higher gaze similarity than the kids did. One 
plausible explanation for this could be that groups with high gaze similarities were able 
to reflect together on their progress and deal with the coding tasks by making decisions 
together. This might have helped them create a shared understanding of the problem at 
hand. Having a higher level of shared understanding helped them attain a higher average 
RLG (Sharma et al., 2015). This can also be verified based on observations and assistants’ 
comments during the activity that the teen teams helped each other more, while the 
children quarreled more about who would take the lead role in coding. On the other hand, 
the groups with low levels of gaze similarity mostly focused on the different parts of the 
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program within the given time frame, and this might have had a detrimental impact on 
their level of shared understanding, and in turn, their average RLG. The significantly 
positive correlation between the gaze similarity and the groups’ average RLG further 
strengthens this explanation. This result is in line with several other studies showing high 
levels of cross-recurrence or gaze similarity being correlated with task-based performance 
(Ericson & McKlin, 2012) and/or learning gains.  

Differences between boys and girls  
Our research findings reveal that gender issues in coding activities for children are a 
multifaceted phenomenon. According to the quantitative findings, there are no gender 
differences concerning RLG and gaze behavior in boys and girls. On the other hand, 
qualitative results from interviews, observations, and the created games showed that some 
gender differences exist in children's approaches, as revealed by their behavior during the 
workshop and their perceptions. 

There was no difference in the RLG between girls and boys. Therefore, children in our 
study showed no differences in their performances, which supports previous studies on 
children using other evaluation methods (Owston et al., 2009) (Vos et al., 2011). 
Therefore, our findings provide more evidence that girls are not less competent than boys. 
Although more girls than boys in our interviews said that they had not known about 
coding before, or that they were afraid of it, they managed to be equally good as the boys. 
Moreover, the activities offered in our workshop were appropriate independently from 
the participants' gender and their previous knowledge. Furthermore, in the interviews, 
young students reported they had fun during the workshop, even though some of them 
had prior knowledge of coding. This can be attributed to the fact that Scratch is not 
limited: it provides many possibilities for making more advanced creations, so users can 
find it interesting and learn more, whatever their existing knowledge level. In addition, 
the collaborative notion of the workshop enabled students to learn from each other and 
not to have their own individual performance as their main goal. As shown in other 
studies, students perform better when working in pair programming than when working 
alone (Lye & Koh, 2014) (Werner et al., 2012).  

A noticeable result is that there is no difference in the gaze behavior of girls and boys. 
We used the objective measure of eye-tracking data and, by examining different 
measures, we found no difference in any of them. This indicates that, regarding the actual 
micro-level experiences of boys and girls during coding with Scratch, there is no 
difference in their approach based on their gaze, and hence no difference in their cognitive 
processes (Eckstein et al., 2016). From measures of time spent on different AOI, gaze 
uniformity, and transitions among the different AOI, results showed that both male and 
female participants were able to navigate the Scratch interface, had a meaningful thinking 
process, and were engaged. Similarly, from the other measures used, results show that 
both genders had equivalent difficulties in extracting information (fixation duration), 
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challenges in learning something (saccade direction change), and goals and expectations 
in coding (saccade amplitude). Cazzato, Basso, Cutini, and Bisiacchi (2010) found weak 
gender differences in the gaze behavior of participants when trying to solve visuo-spatial 
problems, but that women used more cognitive resources. Other studies have found that 
girls face difficulties in coding when they had a lot of elements (Denner et al., 2012) or 
when they put more effort into having good functionality (Lee et al., 2014).  

Although the results of young students’ gaze behavior and performance show that there 
are no important gender differences, the qualitative results of our study reveal that gender 
differences exist in the practices used by boys and girls and in their perceptions. In 
general, girls approached the coding activity in a different way from boys. For example, 
girls were more organized in terms of collaboration, splitting the responsibilities and 
focusing on a more systematic approach in the tasks, and they also paid more attention to 
the tutorials. In addition, girls seemed to like more collaboration with others and to share 
the social part of the activity. Previous studies have shown that female students have a 
more trusting and sociable approach compared to male students, who are more 
independent and focused on themselves (Rosenberg Kima, Plant, Doerr, & Baylor, 2010). 
In the computer-supported collaborative learning environment, Bruckman et al. (2002) 
found that girls spent more time than boys in communicating. Girls' games were richer in 
aesthetics and graphical representation, and they also had a more “girly” approach. This 
is similar to other findings that show girls spend more time on dialogs (Robertson, 2012) 
and aesthetics. Similar to the finding of Denner and Werner (2007), our study shows that 
girls' teams were more persistent in attempting the tasks on their own before asking for 
help. Whereas girls' games had simpler tasks (like catching falling objects), boys' games 
had more competitive characteristics. This observation is similar to the finding of Owston 
et al. (2009) study, in which teachers reported that boys enjoyed playing games more 
competitively against others. Our observation notes confirm this finding, as boys were 
also asking the assistants about how interesting their games were.  

One of the goals of our workshops was to build children's belief that coding is something 
that they can do, and that it is not something that only boys would be interested in. After 
their participation, boys and girls reported they felt competent to code. Another 
interesting result from our qualitative study is that, even though both girls and boys 
reporting improved confidence and self-achievement, we find that girls have less self-
efficacy. One example is that when girls were among boys in the teams, they chose a boy 
to be the leader, indicating less confidence. They also expressed that they did not know 
what coding was before, that they had not tried it, that they did not know whether they 
could do it, and that they thought it was only for geeks. The stereotype of boys being 
better than girls at robotics and coding exists from the young age of six-years-old (Master, 
Cheryan, Moscatelli, & Meltzoff, 2017). A possible reason why they split the roles during 
their collaboration is that the girls were less confident; in addition, none of the girls was 
trying to take control. In solo programming, men have been found to be more confident 
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than women (McDowell, Werner, Bullock, & Fernald, 2006). In the study of Beckwith et 
al. (2005), females' self-efficacy was lower than men's, and women did not easily accept 
new debugging features.  

 

C5: Guidelines for designing making-based coding workshops for young students. This 
presents the principles emerged showing the knowledge gained from the two years of 
interventions and the comparative and retrospective analysis of the outcomes based also 
on the literature. All papers included in this thesis contributed. 

From the DBR study conducted for this PhD work, nine guidelines to facilitate making-
based learning environments that support young students learning experience emerged. 
Those shed light on best practices in the design of coding activities for young students. 
The following guidelines represent the knowledge gained from the interventions and the 
comparative and retrospective analysis of the outcomes, also based on the literature:  

1) Social interaction: Collaboration between team members is a vital part of coding 
activities. It is essential to enhance this and to ensure that there is a sense of equality of 
effort, involvement, and participation between team members and among teams.  

2) Appropriate design according to age: Different age groups (teens and kids) need 
different approaches and designs in order to engage with a coding activity. The instruction 
should consider the characteristics of each age group. One example is to promote a focus 
on functionality, rather than graphics, from the beginning of the activity to aid younger 
participants. Instructors should ensure that children receive guidelines on where to focus 
their attention when they code (such as commands and output in Scratch).  

3) Duration of the activity: According to constructionism (Papert, 1980), when having 
children use technological tools, duration is key for them to become personally, 
intellectually, and emotionally involved. Workshops with longer hours can enable 
children to learn strategies, gain technological skills, make connections with their own 
practices, and engage with coding, helping to increase their knowledge.  

4) Relevance of the activity and meaningful content: Offering a supportive theme for the 
artifact creation process, in which participants can meaningfully participate in real-life 
settings, is a key factor supporting the psychological and sociocultural elements for 
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effective learning. Children become engaged and actively involved in the artifact creation 
process when it is meaningful for them and related to a real-life context.  

5) Physical and digital artifacts: The results of the present study showed that including 
physical tasks was engaging and enabled the participants to enhance their skills. The 
initial task of designing and drawing in the traditional way (using pen and paper, as well 
as other tangible materials) immediately put players into action and created a physical 
and emotional peak in the process.  

6) Children's attitudes and motivation: The learning process should be supported by 
providing tasks that encourage children to reflect, motivate them to collaborate, and give 
them meaningful reasons to complete their artifacts. In this vein, Papert (1980, p. 42) 
highlighted a resemblance to juggling: “in a learning environment with the proper 
emotional and intellectual support, the ‘uncoordinated’ can learn circus arts like juggling 
and those with ‘no head for figures’ learn not only that they can do mathematics but that 
they can enjoy it as well.”  

7) Cognitive overload: Coding activities for children can have a high cognitive load, 
which affects their performance and overall experience with the tasks. Proper 
organization and integration of the learning materials, with a coherent representation and 
instruction of the related digital tools, tasks, and activities, are required to avoid 
unnecessary streams of information and cognitive overload.  

8) Appropriate tasks: To effectively implement a coding workshop, the tasks should make 
the children both interested and able to learn. The process should afford participants the 
opportunity to apply aspects of problem solving, coding, debugging, collaborating, 
planning, communicating, and reflecting on their work. The tasks should support 
children's and instructors' abilities to work through the process of creating an artifact and 
benefit from an appropriate sequence of tasks that allows the maximum use of their 
abilities. The proposed tasks are: 1) a warm-up activity and an inspiring introduction, 2) 
explore/design, 3) construct/create the digital artifact, and 4) evaluate/get feedback from 
peers, all alongside collaborating with team members and receiving support from 
assistants/instructors.  

9) Meaningful framework for the involvement of the instructors: In the construction of an 
artifact, children are not alone: practitioners (e.g., teachers and assistants) and anyone else 
who is responsible for the learning task are also involved. Therefore, they should strive 
to create more articulate and honest teaching relationships. Working with digital tools 
allows the teacher and the learner to share a common goal by trying to get the computer 
to do what they want and trying to understand what it does. As they create the artifact and 
encounter “bugs,” children engage in conversations and develop the appropriate language 
to ask for help when they need it. As each artifact process is unique, new situations might 
occur that neither the teacher nor the learner has faced before. So, the teacher should be 
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dynamically involved in the creation and the discussions that occur. In that way, there is 
an opportunity to find new ways to explain and show in real time the concepts needed to 
the children.  

Other general implications based on our studies’ findings demonstrate recommendations 
on how making-based coding activities for young students can become attractive and 
effective. Instruction should align with human cognitive architecture (Sweller et al., 1998) 
as well as enhance the learners’ motivation (Paas, Tuovinen, Van Merrienboer, & Darabi, 
2005). Motivation and positive consequences are related, and young students with the 
feeling of excitement when performing a task may be more likely to repeat the task in the 
future. Supportive instructive methods should provide guidance to help children 
distinguish the relevant factors to complete the task, preventing them from becoming 
overwhelmed by irrelevant information and actions. For example, they should help them 
focus on specific parts of the screen to find the respective code segments, split the code 
into meaningful chunks, and trace the coding process in an effective way. In parallel, 
during learning activities, instructors should foster students’ self-confidence in their 
abilities to complete the task successfully and ensure a pleasant and motivated 
environment. Moreover, there is a need for properly designed tools to help reduce 
cognitive overload and facilitate a more intuitive experience. The design of the aesthetics 
of the visual coding tool is important to give a pleasant sense for children’s use, but it 
should also help them indicate, in a clear way, the input and output values while coding. 
One example could be the clear representation of code segments and less complexity in 
scripting (e.g., fewer sprites and stacks of code). Another thought might be the design of 
dynamic coding tools that could be further developed according to children’s progress in 
the coding task, such as starting with fewer code segments and gradually providing more 
advanced coding possibilities in relation to progress. In short, during coding activities for 
children, it is important to take the motivational and cognitive effects equally into 
consideration in order to support effective and efficient learning environments. 

One of the aspects that this PhD work has focused on is the gender differences. Findings 
indicate that there are no gender differences in children's actual performance and gaze 
behavior while coding, and that the main differences are in their practices. This suggests 
that practitioners should focus on characteristics that will influence girls and change their 
limited participation in computer science. Our results show that educators should foster 
girls' self-efficacy (i.e., the belief in one's capacity to succeed in tasks (Bandura, 1997) 
and make them believe that they do not lack in competences; therefore, educators should 
be careful to avoid discriminating behaviors. Qiu et al. (2013), found that participants' 
confidence, enjoyment, and interest in coding and technology increase when self-efficacy 
grows. According to Bandura (1997), self-efficacy is important in problem solving since 
it affects the individual's cognitive strategies, effort, persistence, and, consequently, the 
learning outcome. Coding activities should take into consideration special gender 
characteristics and facilitate appropriate workshops. Activities focused on collaboration 
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can also be a method to narrow the gender gap in coding activities and to view partnership 
as a key factor for fostering both learning and positive attitudes in students.  

 

Having discussed the main findings focusing on the contributions of this PhD work, this 
section follows to discuss the derived theoretical implications. This supports the fifth in 
line contribution, mainly supported from papers 3 (Papavlasopoulou et al., 2018) and 
paper 5 (Papavlasopoulou, Giannakos, & Jaccheri, 2019) (C6: includes contributions to 
theories that the research was based). First, the contribution on Papert’s constructionism 
is extensively discussed since it represents the main theory in which this PhD work is 
grounded. To facilitate understanding and repetition, five themes are created according to 
the most important links to constructionism. Second, implications on CLT and SDT are 
also presented and discussed.  

Themes for constructionism: 
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This thesis has some limitations. First, our workshops were designed for young students 
who had no previous experience of coding. The participants were randomly selected; 
therefore, the sample was not consistent in terms of the students’ prior knowledge and 
interaction with coding. Even though we had an indication in our data collection to 
measure the young students’ previous knowledge, we could have used other methods to 
be more accurate. Second, the workshops of cycles one and two varied in duration 
because of time constraints related to whether the participants had been recruited form 
schools or local coding clubs. In all workshops, the participants completed activities 
successfully. Third, the factors that might affect children's self-perceptions are much 
more complex than we might assume. Fourth, although the participants of the third cycle 
were committed for the two days' workshop and gave us high quality data, the sample is 
not large; this is due to unexpected matters from the participants' side prior to the 
scheduled dates of the workshop. In addition, the age range of the students in the studies 
conducted during this PhD work is wide (8–17); focusing on a smaller range may have 
given a different perspective. Demographic variables and other characteristics (cognitive 
and motivational) that distinguish them from the rest of the population could have 
confounded the findings. More precisely, the participants in our study were randomly 
selected volunteers from our region in Norway; other sampling methods and demographic 
variables might have a different effect on students’ experience. In addition, one specific 
aspect of the Norwegian reality is that the Ministry of Education has an ongoing process 
of integrating coding as an elective subject at schools; this started as a pilot program in 
2017. artifacts like games might be imperfect examples of what children learn, 
especially when they receive help during the process. Despite the fact that we observed 
the teams and made notes on the help they received, we might have underestimated or 
overestimated their understanding of programming concepts. 

In addition, limitations due to the types of data-collection methods and instruments used 
apply in our case. One limitation is related to the eye-tracking: the young age of the 
participants, their enthusiasm during the activities, and the fact that eye-trackers are 
designed for adults made it difficult to gather very good quality data. Moreover, in the 
coding activities, we used Scratch as a programming environment to develop the artifact: 
another technological tool might have had a different impact on the children's experience. 
In general, the specific design and context of the activity (i.e., the use of the Scratch tool, 
the coding tasks, the duration, and the other characteristics), as well as the sampling 
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method used, limit the generalization of our findings. Although we tried to apply all 
aspects of the DBR methodology in our study, showing the relationship between theory 
and practice, there were still some limitations. The data were extensive and 
comprehensive, requiring extended time for collection and analysis; consequently, 
because time and resources were limited, some data might have been discarded or 
received less attention. Also, thinking that all methods have bias and weaknesses, using 
mixed methods, we tried to neutralize those weaknesses. Lastly, we defined in detail the 
setting of our study and how theory was linked with the context; by default, this has a 
bias, as it presents our own understanding of contextualizing the theory.  
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Construct validity questions whether the methods measure what they are intended to 
measure (Robson & McCartan, 2016). More particularly, researchers first essentially try 
to understand, based on theory, how constructs and measures behave and relate to each 
other. Then, the challenge is to provide evidence, through observation, that the programs 
or measures actually behave that way in reality.  

When designing and conducting the studies in this PhD work, other researchers, HCI, 
TEL experts and instructors were consulted in the development of the research design and 
have also evaluated the data collected from the studies, finding them representative of 
real-life situations. In our case, we collected data using multiple sources (e.g., interviews, 
questionnaires, observations, artifacts created) including objective measures (e.g., eye-
tracking). The data collection increased construct validity and guarded against researcher 
bias. Statements in the questionnaires and the interviews were inspected and agreed upon 
by at least two researchers. Peer reviews were conducted to ensure that data about relevant 
concepts would be collected, and that words were unambiguous, specific, and objective. 
Both qualitative and quantitative data were analyzed and cross checked for triangulation.  

There were more than 250 participants in the coding workshops, and even more during 
the previous years in which the researchers and instructors have been experimenting with 
the specific concept. Our aim was to avoid subjective judgments during the periods of 
research design and data collection. During the design and implementation of the studies, 
the researchers were in close and personal contact with the instructors and the participants 
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involved. This helped establish construct validity by 1) having a set of constructs with the 
meaning we had chosen, 2) having control of the operationalization of a construct and 
that it looks the way it should theoretically look, and 3) supporting our theoretical view 
of the relations among constructs.  

 

External validity is related to generalizing. In simple words, external validity is the degree 
to with the conclusions from a study would hold for other people in other places at other 
times.  

In order to improve external validity in our studies, we followed several actions. First, we 
used a random selection of our sample. The young students who participated in our 
workshops were randomly selected and volunteered, coming from Trondheim region in 
Norway. Once the participants were selected, we tried and managed to have almost zero 
dropouts. The studies were conducted with different students at different places 
(occasionally) and times; in that way external validity became stronger the more we 
replicated our study. However, the fact that the study took place in Norway has some 
limitations as demographic variables (i.e., educational level, family status) might have an 
effect on young students’ behavior. Also, our coding activity is designed for students who 
have no previous experience in coding, so everyone can attend. Nevertheless, we cannot 
know the actual level of children’s coding skills and exactly how much they had been 
exposed to coding before at school and/or in-home activities. We followed a very detailed 
description of the sample at each study; this allowed us to collect as much data as possible 
for specific characteristics of the participants (if any) that we took under consideration in 
the data analysis process and report them in the results. 

During the data-collection process, our efforts helped us increase external validity. The 
participants in our studies were not aware of anticipated outcomes. The young ages of our 
participants made them react very honestly. Our activity was not a part of school 
assessment process and that made it easy for the young students to relax and forget about 
the data-collection process and the presence of the researchers. To assure that they were 
allowed to speak and answer frankly when needed, the researchers repeatedly reminded 
them that they could express anything they thought of without fearing any consequences. 
When conducting the questionnaires and interviews, we collected raw data, but the 
credibility of said data depended on the participants. However, the age gap between the 
participants and the researchers and instructors was not that evident, possibly contributing 
to a strengthened trust between them.  
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Reliability in a research study is about the trustworthiness of the procedures. In simple 
words, reliability is the “consistency” and “repeatability” of the process. It refers to how 
consistent the results of a study would be if other researchers reconstructed the research 
process under similar conditions (B. Johnson & Christensen, 2008). In order to secure 
reliability, we need to have transparency about the research process.  

To overcome researcher bias, two or more researchers were involved in the data collection 
and analysis process. Multiple researchers were continually communicating about 
methodological decisions. For example, in the qualitative data, researchers were verifying 
how much agreement there is about findings and analysis. In addition, we had intensive 
engagement with the data. This action helped us to link the data with our interpretation 
and then move backward and forward, if needed, as well as conduct retrospective 
analysis. Also, we kept detailed notes on the decisions made throughout the process, 
explaining and justifying our choices. Furthermore, transcriptions, artifacts, field notes, 
audio, and video have been kept and secured to confirm the findings of this study (in 
accordance with the permissions of the Norwegian Research Council).  

Data in real-life events, like the ones collected in our studies, can raise some problems as 
subjectivity exists. Even if there is a precise guide for the steps followed, data collected 
by different researchers may not converge into one consistent picture. 

 

Ecological validity refers to whether the research is representative of a situation in real-
life situations. 

Our studies have high ecological validity as all happened in real-life settings. The making-
based coding workshops were designed and conducted having as a main goal to offer a 
fruitful learning experience to participants who were young students from Trondheim 
region in Norway. The research design in the studies was carefully decided, having, as 
much as possible, a non-invasive process and collecting as much data as possible without 
affecting the real experience children had during their participation. It is worth 
mentioning that regarding the collection of young students’ gaze during the coding 
activity, 
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 Throughout the PhD work, the aim was to answer the main research question: How can 
making help us design meaningful coding learning experiences for young students? and 
the following research sub-questions. In the previous chapter, the contributions of this 
PhD thesis were discussed while, in this section, the main conclusions related to the 
research questions are presented. 
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The work presented in this thesis suggests several streams for future research. Future 
plans could include conducting our coding workshops in school settings to explore their 
effects under a traditional teaching approach. Among other aspects, researchers could 
explore the correlations with students' performance in the form of grades. Another 
extension of this contribution can be to look into the dynamics of the gaze behavior to 
observe how engagement and collaboration evolve for different groups of children with 
different characteristics (e.g., competence in coding, experience, age groups etc.). One 
possibility would be to investigate, in more detail, specific gaze patterns of boys and girls; 
another would be to examine collaborative eye-tracking measures and group dynamics in 
both mixed and non-mixed teams of boys and girls. An interesting approach is to compare 
the effects of different learning environments on gender. Furthermore, other objective 
measures could be used to gain a deep understanding of the relationship between coding 
behavior and gender, ages, or other characteristics. 
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In terms of learning-specific computer science concepts and how they are related to young 
students’ engagement, attitudes, and different gaze patterns. In addition, the study could 
be extended to compare the results from children’s gaze patterns in other attitudes as well 
as comparing alternative coding learning environments. In addition, regarding theory, it 
would be interesting to see more studies in the area that ground their findings in 
constructionism or/and the theories used in this PhD work. This would bring researchers 
in the same area together to build a common ground regarding outcomes. 

Learning with technology is a complex process that is associated with many aspects of 
interaction (e.g., cognitive load, attention, etc.). The complexity of this process means 
that it is likely that no single data modality can paint a complete picture of the learning 
experience, requiring multiple data streams to complement each other. 

 



83 
 



84 
 



85 
 



86 
 



87 
 



88 
 



89 
 



90 
 



91 
 



92 
 



 
 

 

 

 

 

 

 





 
 

 

 

 

 

 

 

 





Empirical studies on the Maker Movement, a promising approach
to learning: A literature review

Sofia Papavlasopoulou ⇑, Michail N. Giannakos, Letizia Jaccheri
Department of Computer & Information Science, Norwegian University of Science and Technology (NTNU), Norway

a r t i c l e i n f o

Article history:
Received 17 January 2016
Revised 14 July 2016
Accepted 4 September 2016
Available online 6 September 2016

Keywords:
Maker Movement
Making, Literature review
Learning by making
Creativity
Constructionist

a b s t r a c t

The Maker Movement has gathered much attention recently, and has been one of the fastest-growing
topics, due to contemporary technical and infrastructural developments. The maker culture can be
described as a philosophy in which individuals or groups of individuals create artifacts that are recreated
and assembled using software and/or physical objects. Typical topics of interest in maker culture include
engineering-oriented pursuits such as electronics, robotics, 3D printing, and computer numerical control
tools, as well as more traditional activities such as sewing or arts and crafts. Scholars and educators have
reported a variety of outcomes from the Maker Movement as an instructional process; however, the lack
of a summary of these empirical studies prevents stakeholders from having a clear view of the benefits
and challenges of this instructional culture. The purpose of this article is to provide a review of the Maker
Movement approach in order to summarize the current findings and guide future studies. Forty-three
peer-reviewed articles were collected from a systematic literature search and analyzed based on a cate-
gorization of their main elements. The results of this survey show the direction of Maker Movement
research during recent years and the most common technologies, subjects, evaluation methods, and ped-
agogical designs. Suggestions for future research include a further investigation into the benefits of using
a specific technological tool and analysis of the Maker Movement approach, particularly in classrooms.
These future research efforts will allow us to better indicate which aspects and ingredients of ‘‘making”
work better for which circumstances and student groups. The findings will ultimately allow us to form
best practices and a unified framework for guiding/assisting educators who want to adopt this teaching
style.

� 2016 Elsevier B.V. All rights reserved.

1. Introduction

During the last few years, the Maker Movement has appeared as
a new trend that derives from the general maker culture, which is
also described as a philosophy or phenomenon. The definition of
the Maker Movement is very broad and builds on an individual’s
ability to be a creator of things, a ‘‘maker.” There is a growing com-
munity of hobbyists and professionals with diverse skills and inter-
ests who make their own functional devices, from technological
gadgets to home decorating. The rapid growth of this movement
derives from advances in technology and new digital fabrication
technologies that allowed the appearance of tools such as wearable
computing e-textiles, robotics, 3D printing, microprocessors, and

programming languages. Moreover, online communities permit
the sharing of tools and ideas that enhance collaboration and the
globalization of problem-solvers.

The rise of the Maker Movement and the increase of various
maker culture-based initiatives (e.g., Makerspaces, Fablabs, Tech-
shops) have evolved in the sense that the Maker Movement is a
technological and creative evolution that has limitless implications
for the world of education. In addition, prominent funding agencies
support research efforts related to the Maker Movement.1 The role
of making in education in particular has been studied for many dec-
ades. First, Papert’s constructionism demonstrated the need to learn
through creative making processes, as well as discovering
knowledge rather than receiving it passively [27]. Making provides

http://dx.doi.org/10.1016/j.entcom.2016.09.002
1875-9521/� 2016 Elsevier B.V. All rights reserved.
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a different perspective in the learning process, as it gives learners the
opportunity to have control over their own knowledge, instead of
being passive recipients. Martinez and Stager [48] presented three
ways of learning, based on the constructionist approach: making,
tinkering, and engineering. Their approach distinguishes making
from tinkering. Making has very wide content, characterized as ‘‘a
stance” that is more like an attitude toward learning that sets the
learner in the center of the educational process and creates opportu-
nities that students may never have encountered themselves. On the
other hand, tinkering appears more specific, as it is characterized as
a problem-solving process through discovery. Honey and Kanter [30]
include making as one of the main components of learning, in accor-
dance with designing and playing. Making is defined as ‘‘building or
adapting objects by hand for the simple personal pleasure of figuring
out how things work.”

The interest in making is mainly focused in educational settings
centered around science, technology, engineering, and mathemat-
ics (STEM) concepts. In addition, many studies, starting from
Papert’s Logo programming language [52] and Lego Mindstorms
[58], showed the connection between making and the learning
principles of engineering, design, and computer programming
[57,35,32].

In this study, we assess the recent research concerning the
Maker Movement and its emerging role in formal and informal
education. For the purpose of this review, we define what we con-
sider as making in order to determine our approach to the Maker
Movement. In particular, making involves constructing activities
and related ways to fabricate real and/or digital things using tech-
nological resources, including fabrication [39], physical computing,
and programming. Making focuses on the process that occurs in an
environment that is not always merely learning oriented, but pro-
motes design thinking, computational concepts, collaborative
work, and innovation, among other things.

Our motivation for this work is based on emerging develop-
ments in the area of manufacturing, coding, and learning technolo-
gies, creating momentum for adoption of the making approach. We
draw on the research literature to consider the trends and possibil-
ities within this movement for teaching and learning. The aim of
this literature review is to provide a review of research on the
Maker Movement approach in order to summarize the findings,
and understand how different types of making activities are related
to a successful learning experience in terms of learning, interest,
and engagement. Furthermore, we consider how these practices
could help students to improve their performance in coding, com-
putational skills, and problem solving. This has been achieved by
evaluating empirical studies from the last five years.

Key areas covered in the current review include the types of
technology used, previous literature reviews, benefits and chal-
lenges of the Maker Movement, methodological concerns, and sug-
gestions for future research. In line with the scope of this review
and the fact that it is a maturing field, defining Berlin Model [29]
areas is important. Despite using making types of instructions in
teaching and learning is not novel, there has been a lack of evi-
dence to identify which are the most commonly used subject areas
(‘‘contents” in the Berlin Model) that could be applied. Investigat-
ing technologies (‘‘media” in the Berlin Model) to support making
activities so far, will provide an overview of the already widely
used tools, as well as the promising potential existence of new
ones. Also, evaluation is an important aspect since evidence of
learning laid the foundation of learning science and decision-
makers as well as practitioners and researchers rely their future
decisions on it. To guide our research, we used two of the main cat-
egories of the Berlin Model (i.e. content and media) and also
assessment because it is critical for policy makers in order to adopt
making. Consequently, we posed the following initial research
questions:

1. What are the most common technologies used in making
approaches?

2. Which are the most common subject areas in which to imple-
ment a making type of instruction?

3. What are the main measures used to evaluate making types of
instruction?

In addition to producing substantive findings regarding the
making instructional approach, the review aims to identify poten-
tial research gaps as well as make suggestions for future research.
Future research efforts will allow us to better indicate which
aspects and ingredients of making-type instructions achieve better
results in learning, and for which circumstances and student
groups.

The rest of the paper is organized as follows. In the next section
we present the related work; the third section describes the
methodology used for our literature review and how we analyzed
the studies selected. The fourth section presents the research find-
ings derived from the data analysis based on our specific areas of
focus. The last section discusses the results and identifies gaps,
while making suggestions for future research.

2. Background: related work

The Maker Movement depicts the appearance of spaces that
enable all kind of users, including hobbyists, engineers, hackers,
artists, and students, to express themselves creatively by designing
and building digital or tangible objects [46]. Furthermore, these
spaces offer the possibility of being used to support different
classes, away from the traditional classroom environment. The
establishment of Maker magazine and the first Maker Faire in
2006 led to the name and the idea of the Maker Movement, which
can be characterized as an iteration of the do-it-yourself culture. It
is clear that making activities and their importance in learning are
not novel. Making, playing, building, and interacting with the real
world have been argued to be valuable ways of learning [54,67].

The promising use of maker spaces for educational purposes is
reflected in their appearance in libraries and universities. Barrett
et al. [1] reviewed existing maker spaces in universities in the Uni-
ted States in terms of their use, the equipment they have, their
location in the university, who has access, and so on. The most fre-
quently used tools are 3D printers, and the location is usually the
library. However, the influence of these maker spaces is an issue
that is open for further investigation. Blikstein [3] presented and
analyzed old and new physical computing platforms that support
educational concepts. Various tools, such as Cricket, Braitenberg
Blocks, and Arduino technologies, can be further developed and
used in multiple ways to support fruitful learning experiences [3].

Vossoughi and Bevan [66], in their review of making and tinker-
ing, sorted the current published literature into three categories:
‘‘making as entrepreneurship and/or community creativity, making
as STEM pipeline and workforce development, and making as
inquiry-based educative practice” page 5. Most of the studies they
examined were linked to the third category. In addition, they
mainly focused on investigating: (1) the effect of making and
tinkering, particularly in STEM activities for school-aged students;
(2) the characteristics of making and tinkering programs according
to their organization; (3) the emerging design principles and ped-
agogies that characterize tinkering and making programs; and (4)
how this movement could influence equity-oriented teaching and
learning. In addition, a framework for the theoretical roots of the
Maker Movement and its relevance to formal or informal educa-
tional practices has been provided by Halverson and Sheridan
[26]. Their work introduced the need to rethink what could be con-
sidered as the learning environment, learning in general, and under
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which circumstances learning is effective. Furthermore, as they
presumed that maker spaces will use twenty-first-century
technologies, particular attention should be paid to the product
and its development. Martin [46] stressed the need for K-12 engi-
neering instruction to be developed through design activities that
provide knowledge and playful experiences. The Maker Movement
could play a helpful role in achieving this. In recognition of that
fact, Martin [46] described three crucial ways in which the Maker
Movement could likely be connected to education: (1) tools that
could be involved in making projects; (2) any kind of events, online
or not, promoting making activities; and (3) values, beliefs, and the
making culture in general, which has to be associated with
research recommendations for learning environments.

Despite the interest in the Maker Movement and its connection
to formal or informal education, there has been little research con-
cerning the direction it is taking, the opportunities it could present
for education, and why. A special issue on digital fabrication in
education in the International Journal of Child–Computer Interaction
[31] identifies the need for new types of curricula, facilitation,
tools, and social protocols to empower making in education. In
addition, the authors within this issue showed that digital fabrica-
tion technologies can be a great opportunity not only for gaining
valuable skills, but also for providing Bildung (i.e. deep and sus-
tained learning). Furthermore, they distinguished making activities
in public fablabs, hackerspaces, and makerspaces from digital fab-
rication in formal education in terms of using the latter as a teach-
ing and learning resource. This review builds on the results of a
number of studies that have been carried out in the area of learning
through making types of instructions, since it gives a deeper
understanding of their ingredients. Previous reviews have mainly
focused on more theoretical approaches to the Maker Movement
[66,26,46], while some have focused on the description and poten-
tial use of technological tools for educational purposes [3]. The cur-
rent review aims to analyze the 43 relevant studies from 2011 to
2015, offering a systematic comprehensive analysis of their main
elements concerning the common technologies used for educa-
tional purposes, subjects, evaluation methods, and pedagogical
designs. A wide-ranging approach is adopted to better explore
the opportunities to improve future research by providing knowl-
edge on the learning outcomes from the making approach within
or outside of the classroom.

3. Methodology

To carry out our literature review, we followed several steps
based on Kitchenham [42]. The entire literature review strategy
was accomplished under continual consultation with computer
science education specialists. We defined a review protocol that
helped us to indicate the research questions, data collection, inclu-
sion, exclusion, and quality criteria, and, finally, data analysis. The
procedures in the remainder of this section will describe the
method used for each of the actions taken.

3.1. Data collection

With the aim of collecting high-quality data, we conducted a
search in the following international online bibliographic data-
bases: Association for Computing Machinery Digital Library
(ACM), Science Direct, and EBSCO Education Source including ERIC.
Moreover, we independently searched key educational journals
and conferences including Computers and Education (Elsevier),
International Journal of Child–Computer Interaction (Elsevier), Con-
ference on Human Factors in Computing Systems (SIGCHI), ACM
Conference on Innovation and Technology in Computer Science
Education (ITiCSE), ACM Conference on Creativity & Cognition

(C&C), ACM technical symposium on Computer Science Education
(SIGCSE), and Interaction Design and Children (IDC). In order to
find other relevant publications and collect as many studies as pos-
sible, we used the reference section of articles as well as Google
Scholar. The period examined was from 2011 to 2015 (November).
The key search terms were ‘‘maker AND movement,” ‘‘maker AND
movement AND education,” ‘‘school AND makerspaces,” ‘‘mak-
erspaces AND education,” ‘‘hackerspaces AND education,” ‘‘infor-
mal AND education AND making,” and ‘‘informal science
education AND making,” as well as derivatives of these terms. That
was the first stage of the review process, and provided search
results of 2930 articles in total.

3.2. Inclusion and exclusion criteria

The next step of the review process was to exclude short papers,
posters, workshops, work-in-progress studies, and any non-peer-
reviewed papers. This step decreased the number of papers in
order to yield a manageable amount for detailed analysis. In this
stage, papers with irrelevant topics were excluded, mainly based
on their titles. We took into consideration only studies that showed
empirical evidence. Both qualitative and quantitative studies were
included. Furthermore, we excluded studies that did not have a
learning/teaching purpose or did not involve children or students
in their sample. In addition, we focused only on studies that
described any kind of making experience or testing process from
users. It should be noted that we included studies referring to both
formal and informal teaching environments, such as schools,
museums, and summer camps. In particular, at this stage we
focused on titles and abstracts to indicate whether a paper was
inside or outside the scope of this review. Finally, we ended up
with 223 studies (Fig. 1).

3.3. Quality criteria

To assess each of the remaining 223 studies, we defined criteria
proposed for the Critical Appraisal Skills Programme, and more
particularly those for assessing qualitative research [25]. The crite-
ria were adjusted to our review context. In general, the studies had
to meet the following three criteria; they had to be (1) rigorous; (2)
credible; and (3) relevant. ‘‘Rigorous” refers to the appropriate

Fig. 1. Study selection process.
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research method applied to the study, ‘‘credible” points to the pre-
sentation and validity of the findings, and ‘‘relevant” indicates
whether the findings of each study were suitable for education
science, as well as computer science education research communi-
ties. Specifically, we adopted nine criteria to evaluate the quality of
the studies. The scope of this evaluation was to ensure that only
high-level studies would contribute to our literature review.

All studies were assessed as to whether they met the following
criteria [13]:

1. They comprised empirical research.
2. The aims and objectives were clearly reported.
3. The research design was appropriate to address the aims of the

research.
4. There was an adequate description of the context in which the

research was carried out.
5. The research design was appropriate to address the aims of the

research.
6. Data were collected in a way that addressed the research issue.
7. Data analysis was sufficiently rigorous.
8. There was a clear statement of the findings.
9. They added value for research or practice.

Finally, 43 studies met the inclusion–exclusion, as well as the
quality, criteria. Then, we coded these studies according to specific
areas of focus. These areas allow the description of the main focus
of the studies. With regard to our critical examination of the
papers, it was useful to define categories that represent their con-
tent. These categories derived from the consideration of different
types of organizing making activities and workshops, as well as
their evaluation process. This categorization enabled us to record
all the details needed from the papers of our literature review
and use them to address our research questions.

3.4. Data analysis

An analysis of the studies collected was conducted based on the
following areas of focus: location (e.g., school, university lab,
museum), materials used (e.g., Arduino, recycled materials), sub-
ject/area of study (e.g., programming, mathematics), duration of
the workshops or the testing process in each study, age of partici-

pants, sample size, type of methodology (qualitative, quantitative),
how data analysis was conducted, instruments used (e.g., surveys,
interviews, observations), areas of interest (i.e., the main fields that
each study wanted to investigate), whether there was collabora-
tion among the participants, the main findings of the studies,
research design, and finally experimental design. The authors
extracted several attributes of the selected studies and the final
areas of focus were resolved by discussion. Constant consensus
meetings of all three researchers approved each step of the analysis
of all studies conducted mainly from the first author. All 43 studies
were analyzed in detail according to the coding scheme and data
were extracted to better answer our research questions. Details
on the paper coding are shown in Appendices A and B.

4. Research findings

4.1. Type of research

Regarding the ‘‘type of methodology,” we refer to whether qual-
itative, quantitative, or mixed methods were used. According to
this categorization, the majority of studies were qualitative (22),
fewer studies were mixed (11), and even fewer studies were quan-
titative (6) (Fig. 2, Table 1). It is worth mentioning that four of the
studies had no methodology, of which one study was describing 25
different workshops (8 qualitative, 9 quantitative, and 8 mixed),
and one study was a pilot test. Moreover, concerning the ‘‘experi-
mental design,” we refer to the distinction among the following:
between groups, within groups [8], and only a post-test measuring
the participants’ performance after treatment. Concerning the
experimental design described above, most of the studies used a
within-groups design (10) and very few used a between-groups
design (3). None of the studies used a combination of within-
and between-groups designs. Only four studies had no design,
one had participatory action research design, and one had a pilot
usability test. The studies that remained (24) measured only the
results of the treatment by conducting a post-test. When it comes
to the ‘‘research design,” all studies used a ‘‘true experiment.” In a
true experiment, participants are randomly assigned to either the
treatment or the control group; in a quasi-experiment they are
not assigned randomly.

Fig. 2. Breakdown of the types of methodologies present in our review.
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4.2. Subject area, students, and instruments used

In order to understand the role of making in learning and teach-
ing, it is very important to identify the scope of each study. Thus,
we defined the subject on which the studies focused. The largest
number of papers (32) aimed to enhance programming skills and
computational thinking (Table 2). Specifically, they used program-
ming tools in the sense of making as part of computer science
courses at a school, university, or even an independent lab or
museum. Other studies suggested that the current trends of learn-
ing through making in art, design, and technology practice can pro-
vide fertile ground for developing STEM learning (6). Sample size
refers to the number of participants in each workshop. Apart from
a few cases, the sample size was fewer than 50 participants (34);
some workshops (17) had fewer than 20 participants, a small num-
ber consisted of more than 50 people (7), and even fewer (four) had
more than 100. Looking at the age of the participants, a wide range
of ages emerged. The majority of the studies involved ages up to
14 years (22) and a smaller number (12) were conducted with ages
over 14 years. Only seven studies included university students at
undergraduate, graduate, or master’s and PhD level. Five work-
shops had participants of mixed ages ranging from six to 19 years
old, with one study, which took place at a museum, in which par-
ticipants were in general over six years old. Finally, there were also
seven studies on ages over 18 years. In order to capture informa-
tion to assess the outcome of the workshops, researchers used dif-
ferent instruments, usually in combination. Specifically, 20 studies
used interviews, 18 observations, 11 field notes, 13 videos, 6 pho-
tographs, 17 code of the games/projects/artifacts, 3 focus groups
and 11 surveys (Table 3).

4.3. Materials for making activities

Various types of technologies and objects have been used in the
maker philosophy, via which software and/or physical objects are
created. In this literature, a total of 18 different digital tools had
been used, including diverse software environments. Some of these
are quite new and attractive due to their programmable possibili-

ties, and others are more traditional, but can be easily used in a
more innovative and creative way. The most frequently used ele-
ment was Scratch (10), and almost equally popular was Lilypad
Arduino (9), followed by Arduino (6) (Table 2). Other tools were
employed to almost the same extent, such as 3D printers (2), Rasp-
berry Pi (2), Makey Makey (4), Minecraft (2), Codespells (3), Modkit
(1), Circuits (2), and game makers (i.e., yoyogames.com) (1). How-
ever, certain technologies appeared only once each; these were
Crickets, mobile apps, storytelling kit, software creators, and Tiny
programmer. In addition, many tangible objects were offered as
supportive material in making activities using technology. Several
projects included sewing and conductive materials, Play-Doh,
LEDs, batteries, paper, copper tape, recycled materials, and even
lemons and potatoes.

5. Discussion and conclusion

After identifying a large number of papers (2930) using our
search terms, we can agree on the fact that there has been wide
interest in the Maker Movement approach. The current review
focused on the outcomes of the Maker Movement for instruction
and the benefits of applying the making culture in different envi-
ronments, including the classroom. Our quality and inclusion and
exclusion criteria led us to determine the most relevant and
highest-quality papers according to our research questions. Finally,
43 peer-reviewed articles were selected, which were diverse in
terms of the making culture for educational or non-educational
reasons, including different types of approaches referring to differ-
ent ages of participants. The number of papers has significantly
increased during the last few years, with a peak in 2013 (Fig. 3).

The results show that studies of the Maker Movement applied
to instruction tend to use a qualitative methodology to assess their
work. Qualitative measures are more suitable for that type of
research, as it has special value for investigating complex issues,
such as children’s attitudes to computer science, mathematics,
and engineering [28,63,34], topics such as self-efficacy [41], and
general impressions about the process of making activities [55].
In significantly fewer studies a quantitative methodology was
mainly used, when an objective view was needed. One example
of a quantitative study is Doran et al. [12], who measured students’
improvement in school grades. The same method was also used
when Esper et al. [16] measured exam performance, skills, and
knowledge of computer science and programming intelligence.
Studies based on quantitative methodologies were fewer and were
mainly adopted for concepts related to school activities. This find-
ing emphasizes that inside the school environment it is easy to col-
lect quantitative data; for example, standardized tests used by
default by teachers. On the other hand, one potential difficulty
for qualitative studies with young children is the need for special
permission to execute long interviews. In addition, in a school
environment it is easier to measure students’ performance and
progress, as the duration of the study lasts for a longer period than
only a few days. Qualitative methodology takes precedence over
the mixed and quantitative methodologies.

Table 1
Type of research.

Type of methodology Qualitative Quantitative Mixed

Number of studies 22 6 11

Table 2
Areas of study and digital tools.

Subject/area of study Programming STEM

Number of studies 32 6

Digital tools Scratch Lilypad Arduino Arduino

Number of studies 10 9 6

Table 3
Instruments used.

Instrument INT OBS FNO VID PHOT PROJ FG SUR

Number of studies 20 18 11 13 6 17 3 11

INT: interviews, OBS: observations, FNO: field notes, VID: videos, PHOT: photos, PROJ: final projects, FG: focus groups, SUR: surveys.
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After reviewing 43 studies, we recognized the most common
subject areas for implementing making types of instructions. Our
literature review confirmed that a making approach to learning is
being taken most notably in programming, as well as in STEM cur-
ricular areas. This result was expected, because these are the most
prominent subjects to which technological resources are applied. It
is a challenge to see which other subject areas could benefit from
incorporating a making approach. Two potential subject areas
could be biology and medicine. One example is the study of Khalili
et al. [40], which combined video game development with a focus
on neurology, where students could understand molecular pro-
cesses. Also, nowadays, students need to acquire skills and compe-
tences to be prepared for their future work and everyday life.
Therefore, learning approaches need to be adjusted to successfully
teach the 21st century skills. Making activities could support learn-
ing processes that will not only be focused on a specific subject like
Maths but also involve the 21st century skills acquisition. Interest-
ingly, an opportunity of incorporating making in other subject
areas are design-based activities that teach digital literacy and
design thinking as described in the special issue on digital fabrica-
tion in education [31]. A surprising result from our review is that
few studies focused on gender issues. We expected more studies
to provide insights on how making activities benefit females
specifically, as the main subject areas applied are STEM and
programming.

All the studies used some type of digital material to support
making activities, which highlights the need to familiarize users
with technology and broaden participants’ perspectives and inter-
est in computer science in general. The goal is to achieve better
understanding and enhance skills related to the subject areas
through digital fabrication devices, ability to produce objects, and
modeling tools. Students’ involvement in several computer science
concepts enhances their ability to achieve goals [20]. In general,
making sessions grow participants’ competence [9]. A study by
Franklin et al. [20] showed that it is possible for students to attain
competence in event-driven programming, initialization of state,
and message passing after just a two-week interdisciplinary camp,
which was not entirely focused on computer science. A class that
used Lilypad Arduino successfully promoted computing concepts
and practices, while perceptions of computing were extended
[36]. Other studies using the same tool showed how craft materials
support a more understandable approach to creating technology
and that the results of this process can be more transparent and

expressive. Using the same concept, participants in workshops
managed not only to think about but also to create interface
designs using conductive fabrics and craft materials [53]. When
crafts and technology are tightly connected by conceiving and real-
izing different artifacts, people become more engaged and develop
different skills compared to getting involved with traditional
development or electronic toolkits [50].

We expect making sessions to be promising approaches to
engaging students in the design and fabrication process, in think-
ing and problem solving, as well as in programming. In many stud-
ies, the combination of programming and physical fabrication
resulted in engagement in complex programming concepts (e.g.,
loops, conditionals) and practices (e.g., remix, testing, and debug-
ging) [11,63,37]. Furthermore, even young students aged 9–
10 years have been engaged in Java programming by playing and
making games [16]. Chu et al. [9] examined children’s overall gen-
eral engagement with the experience of using the Maker Theater
kit for storytelling, showing that sometimes, apart from fun and
excitement, frustration and boredom may arise due to usability
problems.

Another main core of learning, as reported by Katterfeldt et al.
[39], is self-efficacy. Some of the analyzed studies showed that fol-
lowing the making activities the self-efficacy of the participants
was affected. This provides evidence for the success of making in
influencing learners’ behaviors. When their self-efficacy increases,
workshop participants gain confidence, enjoyment, and interest in
programming and technology [56]. Moreover, when actions are
motivated with enthusiasm and self-regulatory feedback, self-
efficacy ratings are higher [43].

All of the above studies report the positive effects of making
activities on students’ perceptions and engagement. Students’
experience with computer game programming could also change
their attitude toward computer science and prepare them for com-
puter science courses and careers [11]. In general, no matter what
the age of the group and which tool was used, making proved to be
a successful process in all the different areas of interest. One sur-
prising outcome is the absence of negative results. Almost none
of the studies reported negative effects in the research. Even
though this is an obvious positive conclusion, it does not provide
an in-depth understanding of how to prevent poor practices that
hinder students’ engagement and performance.

Furthermore, the studies evaluated reveal a variety of technol-
ogy tools used in making. Given the large amount of different soft-

Fig. 3. Number of papers in the literature review, published from 2011 to 2015.
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ware available and the possibility for it to be used for educational
reasons, it is difficult to define the best choice for a specific activity.
It was not surprising that the most-used tool was Scratch, as this is
one of the popular visual programming languages, followed by
Lilypad Arduino. In the remaining studies, other, less common
technologies were used, identifying the need for further investiga-
tion in this area. Moreover, combining digital and tangible materi-
als in the creating process has been proven to be valuable [33,34].

The Maker Movement has begun to play a role both inside and
outside the classroom, showing that it could be part of the class-
room in offering a pattern of simulation [2,64,37,21], and part of
outside activities, such as summer camps and libraries [65,68],
demonstrating that learning is feasible in any environment as long
as it is organized under suitable conditions.

All the studies that took place in schools, except for that of
Basawapatna et al. [2], integrated their making sessions into a
whole-semester curriculum [63,36] or at least for a few weeks
[64]. Longer periods of study offer opportunities for observing
the effect over time. Almost all of the studies had as their main
subject programming or a combination of programming and math
[21]. The scope of the studies was to introduce programming to
students and/or examine the learning outcome regarding the
enhancement of computational thinking skills [38] or the ability
to code [7,59].

Collaboration among the participants was present in the large
majority of studies. We know how important collaboration is to
motivating and promoting learning, which is why many efforts
concentrated on testing different types of offline or even online
collaborative methods [18,38]. Although collaboration appears to
be an important aspect of making activities, we saw very few
descriptions of collaborative strategies and how they contribute
to individual learning. An interesting approach came from Fields
et al. [19], who proposed a collective design process for program-
mers, deriving from participatory models. They illustrated that col-
laboration supported learning through the exchange of ideas and
mentoring, and led to deeper engagement. Another aspect of col-
laboration and its value is between parent and child [51].

5.1. Limitations and further work

The current review has a number of limitations. First, one of the
common limitations in every review study is the potential of the
limited research terms used, the journals included, and the specific
time period covered by the papers published. However, the papers
discussed in this literature review provide a snapshot of empirical
research on outcomes and impacts of the Maker Movement
approach to instruction that is representative of the state of the
art at the time. While many aspects of engagement and learning
have been discussed, there are other aspects that could be further
analyzed. In addition, we analyzed a wide diversity of studies in
terms of the age of the participants, duration of different work-
shops, and scope of the study, and as a consequence face limita-
tions in combining and reflecting more on their results. In the
current review, we coded each study with respect to their main

outcome or impact, in order to better indicate which aspects and
ingredients of making work better and under which circumstances.

If the maker approach contains self-driven discovery, it
increases the learning gains [60]. Given the rapid growth of the
Maker Movement, there is a need to understand how students
can best utilize its strategies to achieve better learning. From the
review of prior and ongoing work on the Maker Movement, we
can provide recommendations for further research. One recom-
mendation is to focus on technologies and tools that have been
used in a limited number of studies but have promising potential;
for instance, Raspberry Pi. Another area of investigation could be
the analysis of maker instruction as part of the classroom, since
most of the studies focused on the extracurricular context. Future
work should also focus on collecting relevant studies on partici-
pants of a particular age. For example, we did not examine many
studies focusing on ages earlier than 11 years. One of the countries
that has integrated computer science in its school curriculum is the
United Kingdom, in which pupils start from the age of six. We can
therefore expect to see more results here. Related to the lack of
understanding regarding collaboration and its benefits to partici-
pants at a team or individual level, we suggest that future studies
investigate how collaborative work supports a successful making
learning experience. Lastly, future research would benefit from
exploring even more elements of the Maker Movement approach
by using another classification.

5.2. Conclusion

In the current review, we analyze 43 peer-reviewed articles,
selected from searches of the literature over the past five years,
covering a wide range of approaches in the area of learning
throughmaking. The aim of this review is to investigate the emerg-
ing role of Making in formal and informal education. Therefore, we
analyze the studies based on specific areas of focus that could bet-
ter describe the direction of the Maker Movement research during
the recent years. These areas include among other, the types tech-
nologies used to support making types of instructions, sample size,
age of the participants, type of methodology and areas of interest
in each study.

A clear finding of the review is that many of the studies have
intergraded making sessions in the classroom, mainly in the area
of programming and other STEM areas. We regarded making only
in a positive way, as almost none of the studies reported negative
effects, but also we highlight the need for a more in-depth analysis.
In addition, we define and discuss the effects of making as they
have been approached in the different studies, like engagement,
self-efficacy, performance, collaboration. Our goal with this article
is to summarize the findings and show a direction in which differ-
ent types of making activities could have an impact on educational
approaches and lead to a more effective way of teaching and learn-
ing. However, much research on this field is needed for this
direction.
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a b s t r a c t

Computational thinking and coding for children are attracting increasing attention. There are several

efforts around the globe to implement coding frameworks for children, and there is a need to develop

an empirical knowledge base of methods and tools. One major problem for integrating study results into

a common body of knowledge is the relatively limited measurements applied, and the relation of the

widely used self-reporting methods with more objective measurements, such as biophysical ones. In this

study, eye-tracking activity was used to measure children’s learning and activity indicators. The goal of

the study is to utilize eye-tracking to understand children’s activity while they learn how to code and to

investigate any potential association between children’s attitudes and their gaze. In this contribution, we

designed an experiment with 44 children (between 8 and 17 years old) who participated in a full-day

construction-based coding activity. We recorded their gaze while they were working and captured their

attitudes in relation to their learning, excitement and intention. The results showed a significant relation

between children’s attitudes (what they think about coding) and their gaze patterns (how they behaved

during coding). Eye-tracking data provide initial insights into the behaviour of children, for example

if children have difficulty in extracting information or fail to accomplish an expected task. Therefore,

further studies need to be conducted to shed additional light on children’s experience and learning during

coding.

© 2018 Elsevier B.V. All rights reserved.

1. Introduction

Computational thinking and coding have become an integral

part of the K-12 curriculum, as the Common Core Standards, the

Computer Science Teachers Association and the International So-

ciety for Technology in Education standards have been widely ap-

plied. Coding is considered as a new literacy skill, and is integrated

into the school curriculum in many countries, such as Estonia,

Finland, Israel, Korea and the United Kingdom, to mention a few.

Nowadays, governments seek to teach coding to all and to support

young students in creative and problem-solving tasks [1]. Although

there is a growing body of research in the area, there is still

limited evidence on how to design successful coding experiences

for children.

Given the large amount of software available and children-

friendly programming environments such as Alice, Scratch, Green-

foot and Kodu, teaching coding has become a more intuitive

and engaging experience for young students [2]. In addition,

organizations such as ‘‘codecademy.com’’ and ‘‘code.org’’ have

* Correspondence to: Sem Sælands vei 7-9, NO-7491 Trondheim, Norway.

E-mail address:michailg@ntnu.no (M.N. Giannakos).

strengthened their offerings for children’s coding experiences.

Thus, while new technologies, innovative pedagogies, guidelines

and resources in computing education exist, the challenging ques-

tion arises of how to choose, design and implement the appro-

priate learning activity for children. Previous studies grounded in

constructionist learning [3] have been successfully utilized both

inside andoutside the classroom. The results have shown increased

interest in coding as well as in understanding the fundamental

concepts of problem-solving [4,5].

Combining computers with meaningful programmable objects,

such as interactive robots, can provide a valuable learning experi-

ence of coding in a fun and playful manner [6]. Previous research

described practices to motivate and engage children in coding

through making and construction [7]. Robertson and Howells [8]

argued that making a game was an authentic learning activity;

their exploratory research based on qualitative data from sixth-

grade students in Scotland showed that this activity provided

motivation, engagement and enthusiasm for learning. Especially

when making was combined with block-based programming en-

vironments such as Scratch, there was intensive use and improved

understanding among the children of concepts including loops and

variables [9]. Several studies indicated that coding tasks related

https://doi.org/10.1016/j.ijcci.2018.01.004

2212-8689/© 2018 Elsevier B.V. All rights reserved.
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to making, construction, game design and development have
been found beneficial for children’s attitudes towards coding and
skills [10]. The current body of knowledge provides several insights
into how to design and implement construction-based coding ex-
periences for children; the existing studies have, however, focused
on the experience, fun, enjoyment and engagement of the children
(e.g. [4,11]) as extracted from qualitative measures such as ob-
servations and interviews and/or quantitative measures including
surveys (e.g. [12,13]). Focusing on the use of other measures will
help to better understand the way children learn how to code and
give insights for the design of coding experiences.

Based on recent studies regarding coding and learning [14,15],
one important tool that has been used successfully to unveil the
cognitive mechanisms underlying coding by adult programmers is
eye-tracking. There are studies explaining expertise [16], collab-
oration quality [15], learning outcome [14] and task-based per-
formance [17] using eye-tracking data. With children, the use of
objective measures such as physiological (eye-tracking) data is
important because they are generalizable (more than qualitative
and subjective measures), real time and provide more reliable
monitoring of users’ actions. In contrast to other subjective mea-
sures, objective measures are independent of perceptual abilities.
In addition, during data collection there is no need to interrupt
the activity and ask for ratings. To the best of our knowledge, eye-
tracking has not yet been used to investigate how children learn to
code and any potential relation between children’s attitudes and
their gaze patterns.

In this contribution,we designed an experimentwhere children
participated in a full-day construction-based coding activity. We
recorded their gaze while they were coding and at the end of the
daywe captured their attitudes in relation to their perceived learn-
ing, excitement and intention during the coding activity. Thus,
in this contribution we investigate the relation between children’s
attitudes and gaze in coding tasks.

The rest of paper is structured as follows: in the next section,
the related work and background theories are outlined; the third
section presents the methodology of the study employed in this
article; and the fourth section documents the empirical results. The
fifth section discusses the results derived, outlining the limitations
and recommendations for future research, while the last section
concludes the paper.

2. Related work and background theory

2.1. Learning to code through construction

Papert’s [3] constructionism states that each child learns more
deeply by actively building knowledge through experience. Chil-
dren should discover knowledge rather than receiving it pas-
sively [18]. In the area of computing education, this is also endorsed
by the ACM/IEEE Task Force on Computing Curricula [19]. The
ACM/IEEE Task Force emphasizes the importance of the develop-
ment and mastery of problem-solving skills integrated with real-
world, group-based construction-learning activities. Motivated by
Papert’s constructionist approach, today’s educational activities
are embedding technology tools that provide learning experiences
in educational contexts, which occur in environments that are
not always learning oriented. In these types of dynamic learning
activities, students are at the centre, taking control and engag-
ing at their own will with a subject. Learning-by-doing, project-
based learning, problem-based learning, inquiry-based learning
and challenge-based learning are a few such instructional meth-
ods, occurring both inside and outside the classroom [20] and
focused on learning tasks that promote computing education,
computational thinking, design thinking, collaborative work and
innovation.

Computer game design and development, modding and com-
putational textiles/fabrication are among the most successfully
applied practices which help students to develop coding skills and
structure their own learning and thinking by getting involved in
the process of coding [5,21]. During such learning tasks, successful
construction involves a complex process that fosters skills such as
problem-solving, confronting ‘‘failures’’, and strategies to explore
and decide possible solutions, as well as structure thoughts and
actions [6]. Many tools, such as Cricket, Braitenberg Blocks and
Arduino technologies, can provide opportunities to support fruitful
learning experiences [22], while digital fabrication can provide
Bildung (i.e. deep and sustained learning) [23]. Adams and Web-
ster [24] reported the results from nine years of coding summer
camps for middle and high school students. By analysing Scratch
programs, they investigated the type of blocks students used and
how aspects such as project types were related to the choice of
these blocks. The literature suggests that children can successfully
complete and learn by simple robot-based coding projects [25].
Robots have the capacity to enhance coding activities and allow
children to engage in computational thinking using various pro-
gramming concepts [26].

In a nutshell, construction-based activities create contextual
and meaningful learning environments. As such, after designing a
creative coding activity for children, we evaluate its effectiveness,
with the primary goal being to understand how children learn
coding and design those activities accordingly.

2.2. Students’ attitudes and motivations towards coding and self-
determination theory

Motivation appears as an important key in learning settings,
not only for its positive results but also for its aspects of acti-
vation, intention [27] and promoting active learning [28]. Many
studies throughout the years have shown that students’ moti-
vations have an influence on their performance, satisfaction and
well-being [27,29]. In general, the aim is to have positive atti-
tudes towards something that is interesting and, consequently,
interest and motivation relate to the individual’s actions [30].
Concerning computing and computer science, students’ attitudes
and motivation are positive and high when projects and visual
programming are involved, highlighting fun, commitment, en-
thusiasm and usefulness [4]. Katterfeldt et al. [31] conducted a
EduWear/TechKreativ workshop, where the students used a smart
construction kit that revealed a feeling of empowerment and atti-
tudes that increased students’ ability to code. Giannakos and Jac-
cheri [32] found that children’s positive attitudes regarding an ac-
tivity’s easiness andusefulness significantly affect engagement and
their intention to participate. In particular, game-programming
activities for children are motivating, support self-esteem and fos-
ter computational thinking [8]. According to Vos et al. [33], game
programming reveals enthusiasm and motivation for learning and
determination to accomplish a task.

Motivation is an important aspect of human behaviour. Self-
determination theory (SDT) has been widely used to understand
motivation within educational contexts [29] and is centred on the
belief that people have needs that are the basis of self-motivation.
There are three basic psychological needs that SDT supports: com-
petence, autonomy and relatedness. According to SDT, opportuni-
ties to satisfy any of these three needs contribute to people being
motivated. The type of motivation is related to one’s goals and
attitudes, leading to actions. In addition, SDT includes two different
types of motivation: intrinsic and extrinsic. When someone is
intrinsically motivated, he/she is engaged in an activity per se, for
pleasure and satisfaction from its performance. On the other hand,
extrinsic motivation refers to actions from outside sources leading
to separable outcomes [27,34]
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In our approach, SDT presents a useful theoretical lens to rep-
resent children’s experience with creative coding activities for
learning. In line with the theory, our coding activity is designed
to have active participants and to satisfy their needs for autonomy
(with occasional support from the instructors), competence and re-
latedness, facilitating higher motivation in the children. We argue
that this activity provides intrinsicmotivation, a tendency towards
learning and creativity leading to performance, as suggested by
Vos et al. [33]. In our study, we provide a creative coding activity
that encourages children to make decisions, act independently
and work collaboratively with their peers. Hence, autonomy and
competence are reinforced. Relatedness involves the development
of satisfaction in the social context; therefore, we focus on a plea-
surable attitude: excitement, in our case.

Based on the theory and the importance of positive attitudes
and motivations in coding activities for children, we hypothesize
that our coding activity supports the aforementioned three basic
psychological needs [29] so children show high intention, perfor-
mance expectancy and excitement during and after the coding
sessions. On a given learning activity, motives are important to
cognitive learning; the level of motivation influences focus and
level of effort. More specifically, it could be argued that by having
the required motivations, children gain the ability and energy
required to sustain positive attitudes towards coding. Positive at-
titudes facilitate cognitive processing and improve cognitive and
affective outcomes. Therefore, this study investigates the impact
of our coding activity on students’ attitudes (i.e. perceived leaning,
excitement and intention to participate in a similar activity) and
examines the connection with objectively measured variables il-
lustrating cognition (in our study, eye-tracking data).

2.3. Eye movements in cognitive process of coding

One of the objective technologies for studying cognitive pro-
cesses in a deep and subjective way is eye-tracking. Eye move-
ments are strongly related to cognition [35,36] and have been used
to investigate learning [37], reading [38] and problem-solving [39].
In addition, several studies use eye-movement data to examine
adult programmers’ visual attention and explore coding, program
comprehension [40,41] and debugging [42]. The use of different
visual attention measures, such as fixations, saccades or time
spent on parts of the screen called Areas of Interest (AOI), can
give insights to understand complex cognition activities. Romero
et al. [43] compared the use of different program representation
modalities (propositional and diagrammatic) in an expert versus
novice debugging study, where experts had a more balanced shift
of focus among the different modalities than did the novices.
Sharif et al. [44] emphasized the importance of code scan time
in a debugging task and concluded that experts perform better
and have a shorter code scan time. Hejmady and Narayanan [45],
comparing the gaze shift between different AOIs in a debugging
intergraded development environment (IDE), showed that good
debuggers were switching between code, expression evaluation
and the variable window, rather than code, control structure and
the data structure window. In another study, Aschwanden and
Crosby [40] defined each line of the code as an AOI and detected
how these lines were perceived. Pietinen et al. [46] assessed the
quality of collaboration bymeasuring joint visual attention in a co-
located pair programming setup, using the number of overlapping
fixations. Bednarik and Tukiainen [41] examined the coordination
of different program representations in a program-understanding
task. Experts concentrated more on the source code rather than
looking at the other representations.

Though many studies have used cognitive neuroscience tech-
niques such as eye tracking [47] to examine the role of eye
movements in adults’ coding cognition and behaviour, there is a

lack of studies using them to assist our understanding of chil-
dren’s cognitive processes in coding activities [48]. Hence, we used
eye-tracking to capture children’s allocated attention to different
sources of information during our creative coding experience.

2.4. Cognitive load theory

Cognitive load theory (CLT) implies that people have a limited
working memory and that the amount of information they can
process cannot therefore exceed the limit at which they are over-
whelmed [49]. There are three types of cognitive load: intrinsic,
extraneous and germane. Intrinsic load refers to the task and its
core characteristics that must be processed. Extraneous load is
based on the form of representation and the techniques used in the
instructional design. Germane load involves information consoli-
dation and refers to schema production for permanent knowledge.

The intrinsic load effort in our case of a designed coding activity
is represented by the performance of the task and its own load due
to complexity. The use of the Scratch programming environment
for the completion of the activity and the instructional details
relate to the extraneous load. Finally, the germane load consists
in the effort and processes from the task which are directed to the
relevant learning [50].

Cognitive load can have an influence on visual attention and
behaviour. The eye’s different fixations show the distribution of
attention [51], while the cognitive process from graphic and tex-
tual visual materials is connected with fixation behaviour (locus,
duration and sequence) [52]. In particular, eye-movement mea-
sures such as number of fixations, fixation duration, duration time
and different scanning paths can reveal important aspects of the
learners’ cognitive process [36]. High fixation duration depicts high
cognitive activity [53] and fewer saccades can be related to less
cognitive effort in terms of task performance [47]. In a study about
maths and physics problems, participants had longer fixations in
the more complicated parts of the problem [54].

In this study, in line with CLT, the designed coding activity has
an overall cognitive load that subsequently influences children’s
cognitive process and can become overwhelming. We assume that
the working memory of children, and especially of novices in
coding, can quickly be overloaded by task complexity, and that this
will lead to an inefficient learning environment. Thus, we attempt
to use an eye-tracking technique as a proxy for cognition [47] to in-
vestigate children’s cognitive processes in learning [55] during our
creative coding activity. The eye measures will show the cognitive
overload and we examine their relationship to children’s attitudes
regarding the activity.

2.5. Goal of the study

Coding activities based on constructionist learning enhance
learners’ motivations and help them to incorporate knowledge,
attitudes and behaviour to achieve effective learning and per-
formance [56]. In addition, there is a need to have the proper
instructions and guidance to support self-efficacy for learning [57].
Nevertheless, the cognitive load of these activities can be high and
the increased task complexity can become overwhelming. There-
fore, to create an effective and efficient learning environment,
motivational effects should be considered [57,58].

Based on previous research and the theoretical grounding, we
assume that cognitive load is related to children’s attitudes and
motivation in creative coding activities. In particular, we predict
that more highly motivated children with more positive attitudes
have better management and a lower cognitive load. The present
study fills the gap of using eye movements as an objective mea-
surement to depict children’s cognitive processeswhile coding and
examine how they are related to their attitudes.
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The aim of this study is summarized by the following research

question:

• What is the relation between children’s attitudes and gaze in

coding activities?

3. Methodology

3.1. The coding activity

Based on the constructionist approach and its main principle,

learning by doing [59], as well as previous efforts [32], we con-

ducted a coding workshop at the Norwegian University of Science

and Technology, in Trondheim, Norway. Our coding workshops

are out-of-school activities, in which children from 8 to 17 years

old interact with digital robots, using Scratch for Arduino (S4A),

and then code their own game using the Scratch programming

language. At each workshop the children work in pairs or triads

and the activity lasts for approximately four hours. Five assistants

with previous experience in similar activities are responsible for

instruction and the procedure for the workshops.

The workshop consists of two main parts, interaction with the

robots and creating games with Scratch; Fig. 1 depicts the flow of

these two parts.

Interaction with the robots: During the first part of the coding

activity, the children interact with digital robots built by an artist

using recycled materials, mainly from computer parts. First, as

the children enter the room and are welcomed by the assistants,

they sit in teams next to one robot. The assistants give a brief

presentation of the workshop’s activities and ask each of the chil-

dren to pay attention to a worksheet placed on the desk next to

them. The goal is to familiarize themselves with the robots by

filling in simple questions regarding the exact place and number

of the sensors and lights on the robots. Then, the children use a

paper tutorial with instructions (Fig. 2) for how tomake the robots

react to the physical environment with visual effects using simple

loops of Scratch for Arduino (e.g. to make the tongue of the snake

robot move when there is less light at a sensor). The teams work

collaboratively and independently to complete this task (Fig. 3 left).

The duration of the first part varies from 45 to 90 min. When

all the teams have finished, the children have a break before the

next section begins. This part of the workshop offers a smooth

start to coding, including tangible objects. The interaction with

digital robots provides a better understanding of STEM subjects

by showing the connection with the physical world, helping the

children to cope with difficult problems [60]. The children are

introduced to coding by playfully interactingwith the robots while

they get motivation and inspiration.

Fig. 1. Description of the two activities in the workshop.

Fig. 2. Example of the robots’ tutorial on how children interact with robots.
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Fig. 3. Children interacting with the robot (left) and example of developed game (right).

Creating games with scratch: This section is the main activity of
the workshop and lasts approximately three hours, without the
presence of the robots. The goal is to successfully develop a simple
game, coding in Scratch. To achieve this goal, the assistants give
another paper tutorial with examples of all the basic Computer Sci-
ence (CS) concepts and possible loops they should use to complete
their own game. The assistants advise the children how to manage
the process of game development, working collaboratively. First,
they should think about and decide the story for their game and
then create a draft storyboard. When they finish that, they start
coding using Scratch. The children can ask for support from the
assistantswhenever they need it throughout the activity. The assis-
tants offer their guidance to the teams, helping them to complete
their games and introducing evenmore complex CS conceptswhen
needed. Finally, after the completion of the games, the children
reflect and play each other’s games (Fig. 3 right).

3.2. Sampling

We conducted the study at a dedicated lab space at the Norwe-
gian University of Science and Technology, in Trondheim, Norway.
Specifically, the study lasted twoweeks during Autumn 2016, with
44 children from the eighth to twelfth grades (aged 8–17 years
old), 12 girls (mean age: 12.64, standard deviation (SD): 2.838)
and 32 boys (mean age: 12.35, SD: 2.773). Five workshops were
held in total, all following the same process for the coding activity,
addressed to novices in coding. Some of the participants in the
sample (13–17 years old) were recruited from the local schools
who had applied to take part in our activity (called Kodeløypa
in Norwegian, meaning the path to coding). The other set of
participants (8–12 years old) were youngsters who attend local
coding clubs (Kodeklubben: https://trondheim.kodeklubben.no/)
as an after-school activity. The children volunteered their partic-
ipation in the eye-tracking study and the legal guardians provided
a written informed consent form for their child, giving permission
for the data collection. In our sample of 44 children in total, 27 chil-
dren had attended 0–1workshops about coding before, 15 children
2–5 workshops, and only 2 children more than 5 workshops. In
addition, among the children aged 13–17 years, 18 out of 29 partic-
ipants had chosen less than 3 (mean: 3.06, SD: 1.404) on a seven-
point Likert scale measuring their own experience in coding, and
only 4 chose more than 5, while none of them chose more than 6.

3.3. Measures

As mentioned before, this study is one of the few so far utiliz-
ing children’s gaze. We recorded children’s gaze while they were
coding using the Scratch environment during both parts of the

activity. The eye-tracking data was collected using four SMI and
one Tobii eye-tracking glasses. The sampling rate for all the eye-
tracking glasses was set to be 30 Hz for the binocular eye-tracking.
The average accuracy for both SMI and Tobii glasses was 0.5◦ at a
distance of 40 cm.

Manymeasures have been used to examine cognition. Fixations
calculate the time spent on a specific location, reflecting attention
and processing time, while saccades represent the shifts between
fixations [47].

Based on the literature and prior studies [61], we selected the
following gaze measures:

1. Fixation duration: High fixation duration depicts that
the participant is having difficulty in extracting informa-
tion [52]. The authors used a mental rotation task, with
0, 120 and 180◦, to study the relation between problem
difficulty and gaze patterns. The results showed that with
an increase in the rotation angle (increasing difficulty), the
fixation duration at the centre of the figure and the arms of
the structures increased [52].

2. Saccade amplitude: longer saccades show meaningful tran-
sitions in terms of attention [62]. In a web search task, the
authors used a set of different tasks on a webpage, so that
the participants had to look for particular information to
complete the tasks. The results showed that pre-planned eye
movements were accompanied by longer saccades [62].

3. Change in saccade direction: the angle between two lines,
if more than 90◦, reflects a change of plans, revision or
a failed expectation/hypothesis/anticipation [63]. In a us-
ability study, the authors found that the change in saccade
direction often depicted the behaviour of not finding some-
thing which the participants anticipated to find at certain
places [63]. This can be translated, in terms of programming
behaviour, as having a certain hypothesis and a failed veri-
fication.

At the end of the activity, the children completed a paper-based
survey. The surveys gathered feedback on the children’s attitudes
regarding the coding activity. In Table 1, we summarize the oper-
ational definitions of these factors, the items and their respective
bibliographical sources. The children were asked to rate their ex-
perience with the coding activity regarding their learning, excite-
ment and intention. In all measures, a five-point Likert scale was
applied using smiley faces [64] (Fig. 4) . Table 1 clearly exhibits the
questions put to the children.

3.4. Data analysis

As mentioned above, 44 children were involved in this study.
To test our research question the data were separated into three
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Table 1
The attitudinal factors and their respective questions, operational definitions and sources.

Factors Operational Definitions Item Source

Learning Perceived learning (we refer to this as learning in this paper) is the

degree to which children indicate their performance.

Please indicate if you learned new things during the coding activity

(Not at all — Very much)

[65]

Excitement Excitement is the degree to which children indicate their excitement

for the coding activity

Please indicate how you feel about participating in the coding activity

(Dull — Exciting)

[66]

Intention Intention is the degree of children’s willingness to participate in a

similar activity.

Please indicate how much you want to attend similar coding activities

in the future

(Not at all — Very much)

[32]

Table 2
Descriptive statistics of the study.

Variable Median Mean SD Min Max

Learning (scale 1–5) 5.0 4.7 0.82 1 5

Intention (scale 1–5) 5.0 4.5 0.76 2 5

Excitement (scale 1–5) 5.0 4.6 0.65 3 5

Fixation duration (milliseconds) 268.46 270.8 90.62 110.0 579.9

Saccade direction change (milliseconds) 36.70 38.76 16.06 12.06 92.47

Saccade amplitude (degrees) 177.24 186.78 61.07 92.81 356.98

Table 3
Testing the effect of children’s attitudes in their eye-tracking patterns during coding.

Variables Learning Intention Excitement

Mean (SD) F-Value Mean (SD) F-Value Mean (SD) F-Value

3 or less 4 5 3 or less 4 5 3 or less 4 5

Fixation duration 488 (79) 328 (43) 244 (65) 16.06** 389 (52) 293 (116) 243 (66) 14.41** 424 (112) 287 (100) 246 (63) 4.83*

Saccade direction change 76.6 (20) 44.6 (6.3) 34.9 (12.1) 4.47* 58.2 (15.8) 45.9 (18.1) 32.9 (11.5) 6.94* 63 (23) 46 (16) 33 (11) 5.13*

Saccade amplitude 115 (14) 143 (38) 198 (59) 19.35*** 123 (17) 177 (60) 200 (60) 16.46*** 141 (26) 168 (59) 198 (62) 5.32*

*** Significance level p < .001.

** Significance level p < .01.

* Significance level p < .05.

Fig. 4. Example of emoticons used in the survey to measure children’s attitudes.

Source: Adopted from Hall et al. [64].

groups, each for one of the three attitudinal factors: learning,
intention and excitement. The first group consisted of childrenwho
rated the respective attitude 3 or less (relatively low), the second
of children who rated it 4 (relatively medium) and the third of
childrenwho rated it 5 (relatively high). First, we used Levene’s test
to examine the homogeneity of variance and the Shapiro–Wilk test
to evaluate the normality criterion [67,68] in order to use ANOVA
analysis (see the table in the Appendix). Afterwards, 9 separate
one-way independent ANOVA tests were conducted to examine
our research question. For all tests we did not assume equality of
variance across groups. The p-values for the main and post-hoc
tests are computed in accordance with the Bonferroni correction
for the repeated tests. Also, since we are not assuming the variance
across groups to be equal, the F-values are adjusted according to
the Welch correction for the partial degrees of freedom.

4. Research findings

Children expressed high learning and excitement (4.7/5 and
4.6/5, respectively) for the coding activity. Additionally, they ex-
pressed slightly lower intention (4.5/5). High levels of these at-
titudes indicate positive views concerning their learning perfor-
mance and beliefs regarding their future engagement with coding

activities. The descriptive statistics about children’s attitudes and

eye-tracking measures are summarized in Table 2.

As mentioned before, to examine our research question one-

way ANOVAwas used, and the three independent variables (learn-

ing, excitement, intention) and the three dependent variables (fix-

ation duration, saccade direction change, saccade amplitude) were

included. As can be seen from the outcome data in Table 3, chil-

dren’s learning, excitement and intention exhibited a highly sig-

nificant relation with their gaze patterns, supporting our research

assumption. The results of the 9 separate one-way independent

ANOVAs (without assuming equal variances across groups) are

summarized in Table 3.

We observe the following relations between the attitudes

(learning, intention and excitement) and the gaze variables (fix-

ation duration, saccade amplitude and saccade direction change).

For gaze and perceived learning, we observe a significant re-

lation between all the gaze variables and learning (Fig. 5). In

particular, the children who reported higher learning had lower

fixation duration (F [2, 4.37] = 16.06, p = .009), lower saccade

direction change (F [2, 4.47] = 4.47, p = .03) and higher saccade

amplitude (F [2, 8.32] = 19.35, p = .0007) than those who

reported lower learning. Furthermore, pairwise comparisons show

that the average fixation duration decreases significantly with an

increase in perceived learning (3 vs. 4 F [1, 2.73] = 10.33, p = .05;

3 vs. 5 F [1, 2.25] = 26.74, p = .02; 4 vs. 5 F [1, 6.85] = 14.19,

p = .007). Considering the average change in the saccadedirection,

it does not differ significantly from 3 to 5 (F [1, 2.12] = 12.66,

p = .09) or 3 to 4 (F [1, 2.24] = 7.70, p = .06), but it is

significantly higher for the children who reported the perceived

learning as 4 than for those who reported the perceived learning

as 5 (F [1, 6.85] = 14.19, p = .03). Finally, concerning the average
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Fig. 5. The influence of learning on children’s gaze during the coding activity. The blue bars are the 95% confidence intervals.

saccadic amplitude, it does not differ significantly from the 3 to 4

rating (F [1, 5, 45] = 2.16, p = .19), but it is significantly higher

for 5 than for the other two ratings (3 vs. 5 F [1, 10.71] = 41.70,

p = .0005; 4 vs. 5 F [1, 7.60] = 6.97, p = .02).

For gaze and intention, we observe a significant relation be-

tween all the gaze variables and the intention to program (Fig. 6). In

particular, the children who reported higher intention to code had

lower fixation duration (F [2, 10.40] = 14.41, p = .001), lower

saccade direction change (F [2, 8.81] = 6.94, p = .01) and higher

saccade amplitude (F [2, 18.09] = 16.46, p = .00008) than those

who reported lower intention. Pairwise comparisons show that the

fixation durations do not differ significantly between levels 4 and

5 (F [1, 11.11] = 1.65, p = 0.22), but do decrease significantly

for levels 4 (F [1, 12.97] = 4.88, p = .04) and 5 (F [1, 6.47] =
30.46, p = .001) as compared to level 3. When we conducted

the pairwise comparisons for the saccade direction change, we did

not observe any difference between levels 3 and 4 (F [1, 9.19] =
1.82, p = .20), but there is a significant decrease in the direction

change for level 5 when compared against levels 3 (F [1, 4.75] =
11.72, p = .02) and 4 (F [1, 11.61] = 4.54, p = .05). Finally,

considering the pairwise comparisons for saccadic amplitude, it

increases significantly between levels 3 and 4 (F [1, 11.60] = 6.94,

p = .02) and 3 and 5 (F [1, 22.85] = 32.89, p = .0001); however,

we did not observe any significant differences between levels 4 and

5 (F [1, 15.68] = 1.12, p = .30).

For gaze and excitement, we observe a significant relation be-

tween all the gaze variables and excitement during the coding task

(Fig. 7). In particular, the children who reported higher excitement

had lower fixation duration (F [2, 6.48] = 4.83, p = .05), lower

saccade direction change (F [2, 6.50] = 5.13, p = .04) and higher

saccade amplitude (F [2, 11.39] = 5.32, p = .02) than those

who reported lower excitement during the coding task. Pairwise

comparisons show that the fixation durations are not different

for levels 3 and 4 (F [1, 5.28] = 4.40, p = .08) and 4 and 5

(F [1, 9.92] = 1.35, p = .27), but fixation durations are signifi-

cantly lower for level 5 than those for level 3 (F [1, 3.25] = 9.73,

p = .04). The saccadic direction change is significantly lower

for level 5 than for level 4 (F [1, 10.62] = 5.18, p = .04) and

we do not observe any other differences between levels 3 and 4

(F [1, 4.32] = 1, 95, p = .22) or levels 3 and 5 (F [1, 3.20] = 6.86,

p = .07). Finally, the saccade amplitudes are not significantly

different between levels 3 and 4 (F [1, 10.96] = 1.36, p = .26)

and levels 4 and 5 (F [1, 13.52] = 1.62, p = .22); however, saccade

amplitudes are significantly higher for level 5 than those for level

3 (F [1, 8.67] = 11.02, p = .009).

5. Discussion and conclusions

This study is the first attempt to investigate potential rela-

tions between children’s attitudes and their gaze during coding

activities. For that purpose, in addition to the attitudinal survey

(learning, excitement and intention), we collected eye-tracking

data from children aged 8 to 17 years during our construction-

Fig. 6. The influence of intention on children’s gaze during the coding activity. The blue bars are the 95% confidence intervals.
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Fig. 7. The influence of excitement on children’s gaze during the coding activity. The blue bars are the 95% confidence intervals.

based coding activity. The results showed a significant relation
between children’s attitudes and their gaze patterns. There are
many studies [31,69] focusing onhowchildren interactwith digital
fabrication and construct games using a programming environ-
ment. In our study, we used robots and the Scratch tool.

Change in children’s attitudes through game making and en-
gagementwithdigitalmedia is as important asmotivation to learn-
ing, since it represents a long-term profit and can be expressed as a
later career interest [70]. Our study suggests that gaze patterns and
attitudes can be correlated. The three different gazemeasures used
represent children’s difficulties in extracting information during
a coding activity (fixation duration), the number of trials needed
to learn something during coding (saccade direction change) and
children’s goals and expectations during coding (saccade ampli-
tude). As was expected, children who had fewer difficulties and
could handle the cognitive load better had higher scores in their
attitudes. When the instructional conditions enhance their moti-
vations, offer the proper way to manage the tasks’ overwhelming
conditions andmaintain children’s focus, there are positive results
from their experience. This finding also highlights the importance
of proper assistance from the instructor and the materials/tools in
coding activities.

In particular, high fixation duration corresponds to children’s
difficulty in extracting the information needed to accomplish a
task. Lower fixation duration depicts the fact that the user (the
child in our case) is experiencing less difficulty in extracting in-
formation from the stimulus [52]. We found that children who
report lower learning have higher fixation duration. That can be
attributed to the fact that they possibly put a lot of effort into
understanding and choosing the appropriate tools and/or com-
mands in accomplishing the task of creating their game and con-
trolling the robots, resulting in a higher cognitive load. On the
contrary, children who believe that they learn more have lower
fixation duration, so less of a cognitive load, assuming that they
were frequently checking different commands until they found
the preferred one and also taking quicker decisions while cod-
ing [71]. High saccade amplitude or long saccades show that the
transitions in attention are more meaningful than transitions with
shorter saccades [63]. In other words, longer saccades depict more
of a hypothesis–verification kind of gaze behaviour, and are also
indicative of multiple trials to learn a particular topic. This is in
accordance with previous studies where young children who are
novices in coding rarely try to debug their program and when they
do so, find great difficulty in solving issues with a program that
is not properly executed [72]. Perkins et al. [73] describe different

categories of children while solving a problem: ‘‘stoppers’’, who

have no intention of trying different problem-solving methods;

‘‘movers’’, the ones who are willing to try different ways; and

‘‘extreme solvers’’, who try different ways without carefully think-

ing about them.

One interesting result is that the differences in children’s gaze

were higher for intention and learning than for excitement. This is

possibly related to the fact that excitement derives from intrinsic

motivation, driven by interest and enjoyment in the coding activ-

ity, and exists within the individual. On the other hand, intention

and learning after an educational activity are attitudes closer to

the learning tasks than the individual, so are more complicated

to effect. Moreover, in terms of the reported excitement, the chil-

dren with higher levels of excitement had the same character-

istics as those who reported high learning. It is not a surprising

result that when children experience difficulties in coding they

feel less excited, as fun and enjoyment derive from successfully

completing functional projects that also give a positive overall

experience [12,13].

Expectation confirmation theory [74] asserts that continuance

intention is mainly determined by satisfaction with prior experi-

ence. To understand this, one has to recall that satisfaction is syn-

onymouswith affect (i.e. a positive or negative feeling), and further

that affect (as attitude or satisfaction) in prior learning studies is

found to be an important predictor of intentions and decisions

concerning the use of learning tools and practices (e.g. [75]). En-

joyment and satisfaction affect children’s intention to participate

in similar activities in the future [76,77]. In our case, children with

higher excitement had lower saccade direction change. Likewise,

those who reported higher intention had lower saccade direction

change. This type of similarity in children’s gaze pattern represents

that the ones who reported a high level of excitement have also

high intention, in accordance with expectation confirmation the-

ory. In the literature, a high amount of saccade direction change

depicts sudden changes in short-term goals or expectations [62].

During our study the researchers also collected somenotes from

observations and assistants’ comments, adding some interesting

qualitative findings that illustrate children’s behaviour during the

coding activity. In general, the majority of the children expressed

their satisfaction with the activity, and also mentioned a nice

atmosphere. Their comments included sentences such as ‘‘it is so

funny I can make the tail move’’ or ‘‘I like that I am with friends all

learning how to code’’. Enthusiasm was more obvious in younger

children’s teams, and their willingness to code was expressed
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even with quarrelling. In conjunction with other studies [11], it
was clear among the teams that girls were focusing more on the
drawing and the story. In addition, some teamswereworkingmore
methodically, following the tutorials, while others were working
more independently, but asking more frequently for help from the
assistants.

5.1. Practical and theoretical implications

Our eye-tracking data analysis in a coding activitywith children
is a first step towards using eye-tracking to unveil children’s ex-
perience in the coding process. Several studies have successfully
shown a clear relation between gaze patterns and performance,
learning strategy and other personality factors [14,17] That makes
our approach an important contribution in eye-tracking, child–
computer interaction and computer science education communi-
ties.

Scholars, educators and practitioners should pay particular at-
tention to children’s attitudes, since they heavily influence their
experience. A coding activity should not overlook children’s ex-
citement, fostering enjoyment and confidence (i.e. high perceived
learning). Instructors should focus on presenting support at the ap-
propriate time, to reduce the cognitive overload and help children
achieve a fruitful coding experience.

Our study verifies and extends the work of Abeysekera and
Dawson [78], who suggest combining CLT and SDT to create a
theoretical model for the flipped classroom,which investigates the
increase of motivation to better manage cognitive load. This study
confirms the fact that motivated children with positive attitudes
have better management of cognitive load, as was represented by
their eye movements. Indeed, we examine the two theories in the
different context of children’s coding activity, providing empirical
support. Moreover, including eye-tracking data in the design of our
study expands the scope of the theories providing evidence from
the use of an objective data-collection method. In addition, other
studies using eye-tracking have mainly focused on multimedia
learning theories directly related to vision [55,79], but from our
perspective, including SDT shows evidence that goes deeper into
users’ behaviour.

Our findings demonstrate that the way children perceive the
cognitive load from the learning process is related to their atti-
tudes. According to CLT’s relation to learning, instruction should
align with human cognitive architecture [50] as well as enhance
the motivation of learners [58]. Motivation and positive conse-
quences are related [27], so self-determined children feeling ex-
citement when performing a task may have a higher possibility
of repeating the task in the future. Supportive teaching methods
should provide guidance to help children distinguish the relevant
factors to complete the task, preventing them from becoming
overwhelmed by irrelevant information and actions. For example,
they should help them focus on specific parts of the screen to
find the respective code segments, split the code into meaningful
chunks and trace the coding process in an effectiveway. In parallel,
during learning activities instructors should foster students’ self-
confidence in their ability to complete the task successfully and
ensure a pleasant andmotivated environment.Moreover, there is a
need for properly designed tools to help reduce cognitive overload.
The design of the aesthetics of the visual coding tool is important
to give a pleasant sense for children’s use, but it should also help
them indicate in a clear way the input and output values while
coding. One example could be the clear representation of code
segments and less complexity in scripting (e.g. fewer sprites and
stacks of code). Another thought might be the design of dynamic
coding tools that could be further developed according to chil-
dren’s progress in the coding task, such as starting with fewer code
segments and gradually providing more advanced coding possi-
bilities in relation to progress. In short, during coding activities

for children it is important to take the motivational and cognitive
effects equally into consideration in order to support effective and
efficient learning environments.

5.2. Limitations

The present study is one of the first to offer insights into the
relation of gaze patterns and children’s attitudes. Nevertheless,
some limitations should be mentioned. First, we faced a diffi-
culty in capturing the gaze of 8–12 year-old children, since they
were constantly moving their heads during the workshop and the
glasses were sometimes irritating, so they had to remove them for
some of the time. Their young age and the fact thatmost of the time
they were very excited during the activity and spent a lot of time
talking to each other, sharing their experience, made it very diffi-
cult to have good-quality data. The data can be corrupted due to
many reasons. For instance, some of the participants removed the
glasses and wore them again without the experimenters noticing,
which resulted in some calibration errors, and thus data from those
participants, afterwe noticed the lack of calibration, were removed
from the analysis. Another reason for removing part (or the whole)
of the data from a participant is that when they looked directly
into a light source, the automatic calibration took a few seconds
to recover from the sudden change in luminance. Nevertheless, we
could use 75% of the data collected. Lost datawasmainly from gaze
in places that were not relevant for the experiment; for any other
reason data were few and very carefully removed in order not to
affect the analysis and provide more valid remained data. In their
study, Nevalainen and Sajaniemi [80] reported invalid data of less
than 10% of all the collected eye-tracking data from three different
tracking devices, while Pernilla and Zhai [81] removed data from
three out of fifteen participants in their eye-tracking study. Sec-
ond, the duration of the activity was not strictly equal every day:
children were recruited from the local coding clubs (Kodeklubben:
https://trondheim.kodeklubben.no/) and schools, so we had to ad-
just the activity and sometimes streamline the schedule. However,
this adjustment turned out to be constructive, since the children
managed to complete sufficient of the workshops’ activities and
it did not become overwhelming for the majority of them, so
that they did not report boredom or decrease their attention. Our
coding activity is designed for childrenwhohave noprevious expe-
rience in coding, so everyone can attend. Nevertheless, we cannot
know the actual level of children’s coding skills and exactly how
much they have been exposed to coding before at school and/or in
home activities. In addition, at the time of our study the local clubs
were just starting their academic year, so the younger participants
(8–12 years old) had not had many courses. Another limitation of
the study was the lack of structured qualitative data (e.g. obser-
vations and interviews). The collection of that type of data could
provide valuable insights into our findings and shed some light on
children’s behaviour during construction-based coding activities.
Therefore, qualitative data collection could be taken into account
in future studies. Finally, our study took place in Norway and
participants voluntarily participated, so other sampling methods
and demographic variables (i.e. educational level, family status)
might have a contingent effect on children’s attitudes.

5.3. Future work

For future work an opportunity will be to collect and analyse
eye-tracking data in relation to gender differences. In her study,
Robertson [11] identifies differences in game products for boys and
girls and in order to investigate these differences she examined
the time spent in different types of making process. Eye-tracking
measures could be a promising approach to explaining gender dif-
ferences from another perspective. Furthermore, in future studies
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attention should be paid to investigating the learning outcomes
in terms of learning-specific computer science concepts and how
they are related to different gaze patterns. In addition, the study
could be extended to compare the results from children’s gaze
patterns in other attitudes as well as comparing alternative coding
learning environments.

5.4. Conclusion

The present study can be regarded as a first step towards the use
of eye-tracking method to examine children’s learning behaviour
in creative coding activities. Based on the constructionist approach
we conducted a coding workshop in which children were cod-
ing interactive robots and games using the Scratch programming
environment. With the goal to examine how children’s attitudes
and gaze are related, we collected their attitudes via surveys and
recorded their gaze via eye-trackers. The examined attitudes in-
clude perceived learning, excitement and intention, all measured in
five-point Likert scale using smiley faces. For the gaze we used
three differentmeasures connected to cognition, these are: fixation
duration (showing difficulties in extracting information), saccade
direction change (efforts needed to learn something) and saccade
direction change (goals and expectations during the activity).

To support our assumption, that cognitive load relates with
children’s attitudes and motivation, our approach is grounded on
self-determination theory and cognitive load theory. The results
demonstrate a significant relation between attitudes and children’s
gaze patterns during the coding activity. More specific, children
who indicated better management of cognitive load, expressed
higher scores in their attitudes. Findings also suggest that children
with higher reported excitement and learning had the same char-
acteristics. This study demonstrates that the use of eye-tracking
provides information about children’s approach on handling cod-
ing tasks; that can be especially beneficial for the design of success-
ful coding activities for children. Appropriate teaching methods
and tools should focus on providing support avoiding unnecessary
disruptions that can become overwhelming.
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Appendix

See Table A.1.

Table A.1
Normality test (Shapiro–Wilk test, p-values, for the three levels of perceived learn-

ing, intention and excitement.

Variable Learn (3, 4, 5) Intention (3, 4, 5) Excitement (3,4, 5)

Fixation duration 0.13, 0.74, 0.81 0.45, 0.41, 0.44 0.27, 0.74, 0.08

Saccade amplitude 0.44, 0.42, 0.83 0.56, 0.43, 0.85 0.73, 0.13, 0.58

Saccade direction 0.31, 0.75, 0.54 0.48, 0.31, 0.69 0.45, 0.12, 0.45
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A B S T R A C T

Over the last few years, the integration of coding activities for children in K-12 education has flourished. In

addition, novel technological tools and programming environments have offered new opportunities and in-

creased the need to design effective learning experiences. This paper presents a design-based research (DBR)

approach conducted over two years, based on constructionism-based coding experiences for children, following

the four stages of DBR. Three iterations (cycles) were designed and examined in total, with participants aged

8–17 years old, using mixed methods. Over the two years, we conducted workshops in which students used a

block-based programming environment (i.e., Scratch) and collaboratively created a socially meaningful artifact

(i.e., a game). The study identifies nine design principles that can help us to achieve higher engagement during

the coding activity. Moreover, positive attitudes and high motivation were found to result in the better man-

agement of cognitive load. Our contribution lies in the theoretical grounding of the results in constructionism

and the emerging design principles. In this way, we provide both theoretical and practical evidence of the value

of constructionism-based coding activities.

1. Introduction

There is growing evidence supporting the introduction of computer

science (CS) and computational thinking (CT) into K-12 education

(Hubwieser, Armoni, Giannakos, & Mittermeir, 2014); (Horizon, 2015).

According to Wing (2006 p.33) “CT represents a universally applicable

attitude and skill set everyone, not just computer scientists, would be eager to

learn and use”. CT involves problem solving, design of systems and

understanding human behavior by employing central concepts of CS

(Wing, 2006). Organizations like the Computer Science Teachers As-

sociation (CSTA), Informatics Europe, the Cyber Innovation Center, and

the National Math and Science Initiative have developed standards

applied to coding education (Hubwieser et al., 2015). Increasing in-

terest in learning coding in pedagogical contexts has also been driven

and disseminated by organizations like Code.org and Codeacademy,

which argue for the need to create skills that support future career

opportunities while highlighting the educational advantages that

coding offers. CT and coding in education have become integral parts of

the school curricula in many countries. For example, the United

Kingdom has integrated computer programming as a mandatory course

starting from primary school (Jones, 2013), while Denmark promotes

digital literacy, focusing on the knowledge gained from building tech-

nologies (Tuhkala, Wagner, Nielsen, Iversen, & Kärkkäinen, 2018).

Pioneered by Seymour Papert (Papert, 1980), computer program-

ming in education has received a lot of interest from educators and

researchers seeking alternative ways of teaching complex problem-

solving skills and providing dynamic learning experiences (Kalelioğlu,

2015; Lye & Koh, 2014). Nowadays, there are a variety of technological

tools and child-friendly programming environments (Papavlasopoulou,

Giannakos, & Jaccheri, 2017b). Many introductory experiences for K-12

have been designed around the use of block-based programming en-

vironments, such as Scratch, Alice, Blocky, and App Inventor (Zhang,

Liu, de Pablos, & She, 2014); (Fields, Vasudevan, & Kafai, 2015)

(Wagner, Gray, Corley, & Wolber, 2013). These environments do not

require any special expertise but do require careful thinking to tell the

computer what to do step by step. Papert's (1980) constructionism ar-

gues that through coding, children have an “object-to-think-with”; in

the process, they learn about their own thinking (Guzdial, 2004).

Constructionism-based learning activities have been widely studied in

both formal and informal education (Papavlasopoulou, Giannakos, &

Jaccheri, 2017a). Integrating coding into pedagogical contexts in an

intuitive and engaging experience enhances children's logic, critical

thinking, problem-solving, math, and higher-order skills and can

change their attitudes towards computing (Sáez-López, Román-

González, & Vázquez-Cano, 2016); (Kafai & Burke, 2015). There are

strong arguments for children to learn how to code, supported by the
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constructionist approach (Kafai & Burke, 2015) (Gallup, 2015). Chil-

dren need to acquire 21st-century skills, empowering themselves with

the required competences related to the digitalization of our society.

Learning how to code has become equally valuable as learning math,

reading, and writing (Horizon, 2015).

Several studies have focused on introducing computational literacy

to children in different ways (Papavlasopoulou et al., 2017a). Various

programmable and interactive objects exist showing the importance of

involving children from a young age in learning coding (Fessakis, Gouli,

& Mavroudi, 2013). In addition, environments like LiliPad Arduino

(Buechley, Eisenberg, Catchen, & Crockett, 2008) have been developed

to attract more girls to CS and CT. The combination of physical fabri-

cation and coding has proven valuable for increasing engagement in

programming concepts and practices (Kafai & Vasudevan, 2015),

especially when it incorporates social and creative dimensions of

learning (Giannakos & Jaccheri, 2018). In a study with sixth-grade

students in Scotland, Robertson and Howells (Robertson & Howells,

2008) found that making a game is an authentic learning activity of-

fering motivation, enthusiasm, and engagement with learning. There-

fore, to overcome the various barriers with learning coding (e.g., dif-

ficulty, boredom, confusion, etc.), we need appropriately designed and

engaging coding activities for children.

Constructionism theorizes that learner is seen as an active con-

structor of knowledge rather than being a passive recipient of in-

formation (Papert, 1993), with making and coding being the areas that

constructionism theory has been widely applied (Kafai & Burke, 2015).

Almost three decades after Papert's original ideas on constructionism,

the idea remains relevant and has become ubiquitous in how learning

theorists and educators aim to empirically ground and revamp con-

structionism-based teaching (Kao & Harrell, 2017). Such grounding

would result in methodological advancements and a comprehensive

understanding of children's experience in constructionism-based

making activities. In this paper, we present a design-based research

(DBR) effort comprising three cycles (iterations) conducted over two

years. DBR combines empirical educational research with theory-driven

design in learning contexts to understand how, when, and why edu-

cational innovations work in real settings (Collins, 1992). The main

characteristic of DBR is the systematic and iterative cycle of design,

exploration, and redesign (Collective, 2003). Many studies have used

DBR in educational contexts (Grover, Pea, & Cooper, 2015; Parmaxi &

Zaphiris, 2015) (Sáez-López et al., 2016); (Parmaxi, Zaphiris, &

Ioannou, 2016) (Schmitz, Klemke, Walhout, & Specht, 2015), empha-

sizing the need for well-designed studies characterized by objectivity,

reliability, and validity and providing critical evidence to establish

outcomes beneficial for others.

This research aims to contribute to the theoretical notions of con-

structionism with regard to the effects of coding activities on children's

learning experience. We designed and evaluated coding workshops for

children (aged 8–17 years old). Both qualitative and quantitative

methods were employed to evaluate our workshops, including inter-

views, surveys, observations, and physiological data (eye tracking). The

coding activities were designed to impact children's learning outcomes,

cognition, and social and emotional development. Thus, the over-

reaching goal of the study was framed with the following research

questions:

− What elements of engagement exist in constructionism-based coding

activities?

− What principles can guide us to facilitate constructionism-based

learning environments that support children's learning experience?

The rest of the paper is structured as follows: the next section pro-

vides an overview of related work on the theoretical framework of

constructionism and previous research on similar coding activities. The

third section describes the methodology used, the designed coding ac-

tivities in the three cycles, and the data collection and analysis. The

fourth section presents the results based on the theory of con-

structionism and the main design principles that guided each of the

iterations. In the fifth section, we discuss and highlight the design im-

plications, derived from this intervention research. We conclude with

the limitations of our study and avenues for future work.

2. Related work

2.1. Theoretical framework: constructionism

Our theoretical grounding is constructionism, which was developed

by Papert (Papert, 1997), (Papert, 1980). Constructionism assumes that

knowledge is better gained when children are deeply and actively in-

volved in building their own meaningful constructions. Based on Pia-

get's (1954) theory, which focuses on how mental constructions are

formed in someone's mind, Papert (Papert, 1980) focuses on explaining

how construction is a valuable way to create mental constructions. The

learner discovers their own knowledge, rather than being a passive

receiver. Papert's constructionism sees the effectiveness of learning as

achieved through making, where learners experience the active con-

struction of visible-to-the-world artifacts. Computational culture sup-

ports the creation of building those artifacts by using digital media and

computer-based technologies (Kafai & Resnick, 2012). The vital aspect

of constructionism is the requirement of “objects-to-think-with” – “ob-

jects in which there is an intersection of cultural presence, embedded

knowledge and the possibility for personal identification” (Papert, 1980), p.

11). The role of this object in Papert's Mindstorms is the “turtle”, a di-

gital animal within the Logo programming environment that can be

controlled and moved by giving the appropriate commands. The

“turtle” acts as a means to think, supporting and promoting a new way

of thinking and learning. In Papert’s (1980, p. 76) words: “the child's

encounter with this theorem is different in several ways from memorizing its

Euclidean counterpart ‘the sum of the internal angles of a triangle is 180

degrees.’ First (at least in the context of Logo computers), the Total Turtle

Trip Theorem is more powerful: The child can actually use it. Second, it is

more general: It applies to squares and curves as well as to triangles. Third, it

is more intelligible: Its proof is easy to grasp. And it is more personal: You

can ‘walk it through,’ and it is a model for the general habit of relating

mathematics to personal knowledge.”

Constructionism is not only valuable for the individual in building

knowledge through experience and engagement in creating artifacts but

also for enhancing the social setting (Kafai, 2006). Like in the well-

known samba school example, a social setting strengthens the sense of

belonging to a group with a common purpose, where learning becomes

important for all and connections are made under the learning culture

(Papert, 1980). In the same line (Kafai & Burke, 2015), mention three

dimensions of constructionism involved in the process of making games

for learning: personal, social, and cultural. More specifically, “personal”

refers to the learning and the attitudes related to learning, “social”

refers to the collaborative aspects in creating a shared artifact, and

“cultural” relates to how gender and race could influence the activity

and the possible cultural aspects that could influence participation.

In the process of making computer games, children plan and

manage this complex development, placing themselves in control of

their own leaning and thinking (Kafai & Kafai, 1995). Robertson and

Howells (Robertson & Howells, 2008) argue that game design is a

powerful learning activity that provides motivation, engagement, and

enthusiasm. Constructionism's basic idea is that the most effective

leaning experiences are those that include active creation, socially

meaningful artifacts, interaction with others, and the use of elements

that support one's own learning and thinking. Game-making activities

not only involve learning how to use technological tools but also using

these tools to discover new ways of thinking. In such activities, children

are introduced to a culture that permits them to become producers of

their own artifacts while building their knowledge in a social context.
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2.2. Qualities of constructionism-based coding activities for children

Computer game design and development have been increasingly

introduced in both formal and informal educational settings, supporting

everything from programming courses and STEM educational topics to

broader contexts of problem solving and arts (Papavlasopoulou et al.,

2017a). The various technological tools available nowadays allow us to

support learning activities based on constructionism and provide

meaningful learning experiences for children. In these types of educa-

tional activities, children are the protagonists, as they have control of

their own products. Coding activities for children not only relate to CS

but also allow the development of computational competences and

higher-order thinking skills (Grover & Pea, 2013). Children who ac-

tively participate in game-making activities enhance, among others,

their problem-solving, critical thinking, CT, and collaborative skills

(Papavlasopoulou et al., 2017a); (Grover & Pea, 2013).

The benefits of educational activities in which children use tech-

nological tools and digital fabrication to construct their own games are

many and vary from learning programming concepts to behavioral and

perceptual changes towards career paths in computing (Sáez-López

et al., 2016) (Kafai & Vasudevan, 2015); (Denner, Werner, & Ortiz,

2012). Making games can be more beneficial than other project-based

activities, supporting learning about storytelling, artwork, sound, me-

chanics, and math (Sung & Hwang, 2013). Moreover, children are fa-

miliar with video games from an early age (Granic, Lobel, & Engels,

2014). Visual programming environments provide opportunities for

children to be introduced to programming concepts; owing to the fun

and usefulness of the activity, children are highly motivated and have

positive attitudes towards coding (Sáez-López et al., 2016). Block-based

visual programming languages (like Scratch) have the advantage of

using shapes that fit properly only when they make a logical sequence

of orders. This gives relief to users and saves them from much of the

heartache traditionally forced on learners by textual languages (Wilson

& Moffat, 2010), p. 70). However, even advanced text-based pro-

gramming languages like Java have been used to engage children aged

9–10 in coding (Esper, Foster, Griswold, Herrera, & Snyder, 2014). A

combination of physical fabrication and coding can engage and en-

hance children's competences in programming concepts (e.g., loops,

conditionals, and events) and practices (e.g., remixing, testing, and

debugging) (Kafai & Burke, 2015); (Denner et al., 2012). In addition,

digital game development was found to be beneficial for special edu-

cation students, increasing their problem-solving skills through a pro-

cess of representation, planning, execution, and evaluation of an arti-

fact (Ruggiero & Green, 2017). Hence, further empirical studies are

needed to investigate the different aspects and advantages of con-

structionism-based activities.

Gender discrepancy in coding has been related to negative educa-

tional experiences in early childhood (Teague, 2002). CS careers still

tend to be highly stereotyped, with girls being less likely to choose this

career path. However, studies have found that both girls and boys who

get involved in different kinds of software development practices show

a better understanding of and positive attitudes towards CS (Bonner &

Dorneich, 2016); (Eordanidis, Gee, & Carmichael, 2017); (Robertson,

2013); (Papavlasopoulou, Sharma, Giannakos, & Jaccheri, 2017).

Scaffolding examples can help girls' engagement and confidence when

using a programming environment. Studies specifically focusing on

girls have found that game design experiences intended to enhance

computational skills affect their perceptions in seeing themselves as

able to design computer games and encourage them to pursue careers in

CS-related professions (Stewart-Gardiner, Carmichael, Latham, Lozano,

& Greene, 2013). In a study involving middle-school girls creating

games (Denner et al., 2012), found that they were engaged in the

process and demonstrated adequate levels of complex programming

activity. Thus, designing appropriate activities can be a promising ap-

proach to attracting and encouraging girls' interest in computing.

Generally, the skills gained in these educational contexts go beyond

the use of a technological tool for making a game and CT. For instance,

when children negotiate artifact construction in a supportive environ-

ment, they gain a sense of self-efficacy and belief in their capacities;

they learn how to solve a problem, manage difficulties, cope with

“failure”, share resources, and communicate with peers (Chu, Schlegel,

Quek, Christy, & Chen, 2017); (Çakır, Gass, Foster, & Lee, 2017); (Bers,

2012). These practices exist in constructionist learning and can be ap-

plied in subjects like math, language, arts, and others. The value is in

the transferable skills uncovered through the experience of completing

a successful project.

In a nutshell, constructionism-based coding activities, particularly

when the focus is on game-making, provide a fruitful learning en-

vironment in which children are stimulated to use a technological tool,

affecting their learning experience. Therefore, there is a need to in-

vestigate and get a deep understanding of how we can help learners to

acquire knowledge, skills, and competences in coding in an engaging

and meaningful manner.

3. Methodology

3.1. Design based research (DBR)

DBR is a systematic but agile methodology widely used in educa-

tional contexts (Fig. 1) (Anderson & Shattuck, 2012) (Wang &

Hannafin, 2005); (Reeves, 2006). DBR offers a strategy to understand

learning processes through design, exploration, enactment, evaluation,

and redesign (Anderson, 2005). DBR is a hybrid method, as it is not a

replacement of other methodologies but builds on the use of multiple

procedures and methods from both design and research methodologies

(Wang & Hannafin, 2005). The purpose of DBR is to influence real

educative interventions and validate theoretical concepts. The differ-

ence between DBR and formative assessment is that it also has a the-

oretical goal (Barab & Squire, 2004). Researchers are actively involved

and maintain constant collaboration with participants, other re-

searchers, and practitioners to manage the research process in real-

world settings. Their aim is to implement interventions with refined

and improved designs that influence practice. In short, there are five

basic characteristics of DBR: 1) it refines theory and practice, 2) it

happens in real-world settings and is grounded in relevant contexts, 3)

it is interactive, iterative, and flexible, 4) it uses mixed methods in

accordance with potential new needs and emerging issues, and 5) it is

contextual, meaning that the research findings are connected with the

design process (Wang & Hannafin, 2005).

In our approach, based on all the above, we used constructionism

theory and applied the DBR methodology to guide our iterations. More

specifically, our research process used DBR methodology as it deals

with the complexity of real-world educative contexts (in our case

coding workshops) and it is grounded in theory (in our case con-

structionism theory). In addition, DBR approach is in line with the

needs of our study, allowing a long period of time with continuous

design, evaluation and redesign of our interventions. In this way, we

had also the opportunity to conduct iterative and flexible revisions of

the research design applying research methods from both qualitative

and quantitative research. DBR methodology needs a detailed and

comprehensive documentation of the whole process; this action helped

Fig. 1. The research cycle of DBR (Reeves, 2006).
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the analysis of our data and especially the retrospective analysis, both

to contribute to theory and practice. For all the four stages of the DBR

(Fig. 1), constant collaboration with other researchers, experts in the

field and instructors is required; this was essential aspect of our study in

order to be able to improve the impact of the interventions, understand

the learning experience processes, advance the initial designs and

provide theoretical and practical impact extracting design principles.

We conducted three cycles (iterations) over two years, evaluating

and refining our coding workshops with children. We applied theore-

tically and pedagogically aligned tasks to investigate their effectiveness

on children's learning engagement, overall learning experience, and

collaboration while developing an artifact (a game in our approach).

The main aspects of this study were: 1) the design of the coding

workshops to facilitate children's use of the programming tool and to

introduce them to coding, 2) the researchers working in close colla-

boration with the participants and assistants who ran the workshops, 3)

the use of different methods to evaluate the effectiveness of our ap-

proach to increase the sustainability and scalability of this program, 4)

grounding our findings in theory, and 5) identifying general design

principles for future similar activities.

3.2. Description of the workshops

The participants' goal was to create an artifact, which in our case

was a game using the Scratch programming tool. Students worked in

teams for the development of the artifact. Teaching assistants, specifi-

cally trained, led the process and assisted students in achieving their

goals.

Regarding the process of construction in the workshops, the most

influential to our pedagogical approach was what Resnick calls the

“kindergarten approach to learning”, with a spiral cycle of imagine,

create, play, share, and reflect – a process that is repeated over and over

(Resnick, 2007). Children imagine what they want to do and then

create a project with their ideas, play/interact with their own creations,

share their creations with others, and reflect on their experiences,

leading to new ideas and projects. Adapting Resnick's spiral, ours also

started with “inspire” to characterize the warming-up and inspiring

activities that kicked off the children's creativity. In addition, to char-

acterize the coding process and the use of the Scratch tool specifically,

we focused on constantly experimenting and iterating: the children

developed their artifacts gradually by trying new elements, using dif-

ferent concepts, and revising them (Fig. 2).

3.2.1. Cycles 1 and 2

We designed and implemented a coding activity in conjunction with

an initiative organized at the Norwegian University of Science ans

Technology (NTNU), in Trondheim, Norway, named Kodeløypa

(meaning “the path towards coding”). The workshop activities were

based on the constructionist approach, as one of the main principles of

this is learning by making. The workshop was conducted in a largely

informal setting, as an out-of-school activity, and lasted for four hours

in total. Various student groups, in the range 8–17 years old, were in-

vited to NTNU's specially designed rooms for creative purposes to in-

teract with digital robots and to create games using Scratch and the

Arduino hardware platform. Specifically, Arduino was attached to the

digital robots to connect them with the computer. At that point, an

extension of Scratch called Scratch for Arduino (S4A) provided the

extra blocks needed to control the robots. The Scratch programming

language uses colorful blocks grouped into categories (motion, looks,

sound, pen, control, sensing, operators, and variables), with which

children can develop stories, games, and any type of animation. In

general, the children who attended the workshop worked collabora-

tively in triads or dyads (depending on the number of children). The

workshop was designed for children without (or with minimum) pre-

vious experience in coding. The design of the activity (interacting with

robots and creating games), and the use of Scratch programming lan-

guage (suitable for all ages) provided flexibility and allowed the suc-

cessful implementation of the workshop with participants from 8 to 17

years old students. Each of the workshops, had a specific age group of

students, carefully selected, being within a small age range. During the

workshop, student assistants were responsible for supporting each team

as needed. Approximately one assistant observed and helped one or two

teams. Three researchers were also present throughout the intervention,

focusing on observing, writing notes, and taking care of the overall

execution of the workshop. The workshop had two main sections

(Fig. 3).

Interacting with the robots: In the first section, the children inter-

acted with digital robots made by an artist (using recycling materials). The

different robots were placed next to the computers (one for each team).

When the children entered the room, one assistant welcomed them, told

them to be seated, and briefly presented an overview of the workshop. The

assistants then advised the children to pay attention to the paper tutorial

and the worksheets placed on the desks (one for each student). First, the

children filled in the worksheet to answer questions regarding the exact

places and numbers of sensors and lights on the robots. The tutorial

contained instructions with examples and pictures, similar to the robots

they were using. The examples had little text and more images and de-

scribed exactly how the children could interact with the robots. The

children accomplished a series of simple loops that controlled the robots

and made them react to the environment with visual effects (such as

turning on a light when sensors detected that the light was below a certain

threshold). Children could touch and play with the robots but not change

any parts of them. Although the duration of the session was different for

each team, it lasted between 45min and 1.5 h and ended with a break

before the next session.

Creating games using Scratch: This session focused on the creative

implementation of simple game development concepts using Scratch.

All children took another paper-based tutorial containing examples and

visualizations to help them to ideate their own games. The tutorial

comprised simple text explanations and included basic CT concepts and

possible loops that the children were supposed to use in their own

games. First, the assistants advised the children to concentrate on un-

derstanding the idea of the game, to discuss it with their team members,

and to create a draft storyboard. The children then developed their own

games by collaboratively designing and coding using Scratch. To ac-

celerate the children's progress, they were given existing game char-

acters and easy loops. While the children worked on their projects, help

was provided whenever they asked for it, and complex programming

concepts were introduced on an individual level according to the re-

levance to their project. Children created their games step by step by

iteratively testing and coding them. After completing the games, all

teams reflected on and played each other's games. This section lasted

approximately three hours.Fig. 2. Description of the three DBR cycles.
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3.2.2. Cycle 3

We designed and implemented a two-day workshop in conjunction

with the local library of Trondheim, Norway. The workshop activities

focused on coding including artistic elements and were based on the

constructionist approach. The call for participation was made to

middle-school girls of the Trondheim region during the autumn 2017

school break. Previous experience was not a prerequisite for the girls'

participation. The activities of each day were conducted in an informal

setting and lasted for approximately five hours, including breaks.

Female instructors, with previous experience in similar activities (also

involved in Kodeløypa), facilitated the workshop and were responsible

for supporting the girls during the process. During the workshop, the

girls had to create storyboards based on solving particular environ-

mental problems and then, based on their stories, create games using

the Scratch programming language (Fig. 4). For the development of the

storyboards, the girls could use different types of materials, like rib-

bons, colored cardboard, stickers, drawing pencils, etc., as provided by

the library. The girls worked collaboratively in teams of two or three

(depending on the number of participants). Two researchers were

present for the whole duration of the workshop, assisting when needed

for the smooth execution of the activities, including the data collection.

The workshop is described below, based on the two days of activities.

First day of the workshop: On the first day, we introduced the

basic skills of coding and other non-technical aspects of game devel-

opment, like storyboard creation. The workshop started with a story

from a book, based on a woman with children and everyday problems,

who was also a mentor and a superhero helping people to succeed with

their technology projects. The girls were inspired and were informed

that they had to think of their own characters who needed to save the

world from environmental issues of their choosing. Then, in order to

give an introduction to coding, the instructors presented an example of

a functional game with Scratch on a relevant environmental topic.

Then, the girls were asked to individually complete basic coding ex-

ercises using Scratch. At the end of the first day, the teams prepared and

presented their storyboards with three different scenes on paper/card-

board, including the title, theme, character, plot, conflict, and solution.

Second day of the workshop: Starting the second day of the

workshop, the girls had to update, if they wanted, their storyboards and

finalize them. Then, the rest of the day was dedicated to their game

creation using Scratch. The girls completed a paper-based tutorial,

created by the instructors, with simple text explanations and examples

of basic CT concepts and possible loops that the girls were supposed to

use in their own games, all based on Scratch. During the creation of

their games, the girls had to use their storyboards exactly and “transfer”

their ideas into games using Scratch. At any time, the girls could ask for

help from the instructors, who even introduced complicated program-

ming concepts, if it was necessary for their games. The girls created

their games step by step and continuously testing and coding them. At

the end of the day, all teams prepared presentations of their games and

everyone played each other's games.

3.3. Sampling

All the participants of the three cycles were students from

Trondheim region. The first two cycles took place at NTNU in specially

designed rooms, and the last cycle took place in the local library. The

data related to the three cycles were collected after receiving permis-

sion from the Norwegian Centre for Research Data (NSD), following all

the regulations and recommendations for research with children. When

the participants had been selected, a researcher contacted their teachers

and parents in order to obtain the necessary consent from both the child

and the legal guardian for the data collection. Their participation in the

research project was voluntary and they could drop out at any time,

with no consequences on their participation in the workshop.

3.3.1. Participants of cycle 1

Children from 3rd to 12th grade (aged 8–17 years old) participated

in the coding activity. The activity took place during autumn 2016 with

a sample of 12 girls (mean age: 12.64, SD: 2.838) and 32 boys (mean

age: 12.35, SD: 2.773). Five workshops took place over two weeks,

following the coding activity described in the previous section.

3.3.2. Participants of cycle 2

In autumn 2017, children from 8th to 10th grade (aged 13–16 years

old) participated in the coding activity. The sample consisted of 105

participants in total, 69 boys and 36 girls (mean age: 14.55, SD: 0.650).

Kodeløypa workshops were conducted every Friday for six weeks.

3.3.3. Participants of cycle 3

The sample of the third study consisted of eight girls from 6th to

10th grade (aged 10–14 years old) (mean age: 12.135, SD: 1.389). Girls

participated in the two-day workshop during autumn 2017, following

all the activities of the workshop described in the previous section at

the local library.

3.4. Data collection

Following the DBR methodology described by (Reeves, 2006), our

study involved four stages (Table 1). In stage 1, we conducted a critical

literature review to identify theoretical and practical problems in con-

structionism-based coding activities. Then, in the second stage, after

discussions with instructors and with experts in human–computer in-

teraction (HCI) and technology-enhanced learning (TEL), we developed

the design of the intervention based on constructionism. Stage 3 in-

volved the testing and refinement of the iterative cycles in practice.

Qualitative and quantitative data were collected during the three cycles

using various instruments, including pre and post knowledge acquisi-

tion tests, attitudinal questionnaires, eye-tracking data, semi-structured

interviews, field notes from observations, instructors' reflections, and

the artifacts constructed by the children in different phases of the

process. All data focused on exploring the children's learning experience

Fig. 3. Example of an interactive robot (left), children collaborating on game

creation (middle), and example of a created game (right).
Fig. 4. Girls participating in the workshop (left), creation of the storyboard

(middle), and game created using Scratch (right).
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in our coding workshops and guided us to the improvement of the

design of the next iteration. The fourth stage of DBR is the development

of design principles that intend to provide feasible solutions with re-

spect to the theoretical goals. This final stage contains all the reflections

from the previous stages, including notes of the design issues that

emerged from the analysis of the results at each iteration.

3.5. Data analysis

In the DBR methodology, all stages, from the analysis to the de-

velopment of design principles, include interactive and iterative for-

mative evaluations. From the beginning of the cycles' implementation,

starting with the design, to the execution and evaluation of each

workshop, the researchers and instructors were in constant collabora-

tion. Their involvement throughout the project allowed them to gain

valuable knowledge and competence in the analysis and interpretation

of the data gathered in each cycle. All data collected from the three

cycles were respectively analyzed according to their type. For example,

quantitative data were analyzed using one-way analysis of variance

(ANOVA) and Pearson correlation coefficient among other; while qua-

litative data were analyzed based on Saldaña (2015). All data were

compared and cross-checked for triangulation. For this paper, the

qualitative analysis was manually conducted by the researchers using

both inductive and deductive approaches, based on (Saldaña, 2015)

(Mayring, 2014).

During the two years of the project, after the end of each iteration

(cycle), the researchers and instructors participated in focus groups

discussing and revealing all the growing ideas emerged from the out-

comes of the iteration. All ideas were connected to the results of the

respective iteration, representing the codes for our qualitative analysis

for this study. In order to synthesize the ideas and formulate themes, we

focused mainly on the students' engagement in the coding activities.

The students' engagement included interaction with the instructor and

the learning tool and interaction with other students in the creation of

an artifact. In our approach, we adopt the term “academic engagement”

(Turner, Christensen, Kackar-Cam, Trucano, & Fulmer, 2014) to de-

scribe how the students were involved in and put effort into learning,

understanding, and collaborating with their peers. Engagement during

educational activities has many aspects and is connected with other

theoretical constructs, like motivation and self-regulation (Henrie,

Halverson, & Graham, 2015). According to (Fredricks, Blumenfeld, &

Paris, 2004), there are three types of engagement: behavioral, emo-

tional, and cognitive, which are interrelated within the individual.

“Behavioral engagement” refers to participation, involvement, and at-

tention, among others. “Emotional engagement” refers to the learner's

feelings, like frustration or interest, expressions of positive effects, and

social connection. “Cognitive engagement” refers to the learner's in-

vestment in understanding what they have been taught, their efforts

related to the mind, their strategy use, and their self-regulatory and

meta-cognitive behaviors.

Each idea was connected with one of the three types of engagement,

depending on its content. For example, ideas representing children's

cognitive processes, like the use of different gaze patterns during the

coding activity, were placed under cognitive engagement. Respectively,

we followed the same procedure to place, if possible, all ideas under the

appropriate type of engagement, which also allowed us to see possible

interconnections. Consequently, the most prominent themes emerged.

It was an iterative process, with constant refinement and reflection on

the ideas and themes during the three cycles. This helped us not only to

see the connections and make decisions for the design but also to

identify the most important theoretical aspects in our studies. The final

step of the analysis, after removing similar themes, involved categor-

ization to identify the most important findings. The categories were

interpreted according to Papert's (1980) theoretical framework, with

the agreement of the instructors and the HCI and TEL experts (Fig. 5).

Table 1

Description of the different DBR stages.

Stage Data collection method Participants Purpose

Analysis Literature review Researchers

HCI experts

TEL experts

Instructors

Analyze and identify problems and gaps in constructionism-

based coding activities

Development Literature review

Discussions

Focus groups

Researchers

HCI experts

TEL experts

Instructors

Identify the theoretical framework

Design the interventions

Iterative cycles of testing and refinement in

practice

Iteration 1

Eye tracking

Attitudinal questionnaire

Knowledge acquisition test (pre

and post)

Artifact collection

Instructors' reflections

Iterations 2 and 3

Semi-structured interviews

Field notes from observations

Artifact collection

Instructors' reflections

Iteration 1

44 children aged 8–17 years

old

Instructors

Iteration 2

105 children aged 13–16

years old

Instructors

Iteration 3

8 girls aged 10–14 years old

Instructors

Get a comprehensive view of students' learning experience

Design elements for the next iteration

Development of design principles Focus groups

Discussions

Reflections and notes from all

cycles

Researchers

HCI experts

TEL experts

Instructors

Identify the prominent design principles

Fig. 5. Data analysis process.
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In the next section, we present the findings for the first cycle,

showing the important contributions based on the theoretical frame-

work of Papert's constructionism. Then, for cycles 2 and 3, we first

present the key findings emerging from the respective previous cycle

related to the design of the activities and then the important con-

tributions based on the theoretical framework.

4. Iterative design cycles, theoretical findings, and design

elements

For each of the three cycles, we present the most prominent results

as linked to Papert's constructionism. Therefore, there is no detailed

representation of the results, as they were respectively analyzed ac-

cording to their type during the process. However, when needed, there

is a reference to the findings related to the data collection method in

order to help the proper explanation of the specific outcome.

4.1. Cycle 1

Two theoretical ideas emerged from this cycle:

1) Learning to learn (different coding approaches result in different

learning gain): According to Papert (Papert, 1980), in a constructionist

learning environment, the child is able to construct their own knowl-

edge and build on what they already know. In our workshop, the stu-

dents produced socially meaningful and engaging artifacts: games. The

findings from this study (cycle 1) showed that depending on their age,

the students used different gaze patterns in the coding process, had

different approaches to coding, and had different learning gain from the

activity.

The younger students (kids) focused on the appearance of their

games' characters, while the older ones (teens) had more-structured

coding behavior. This was evident in the proportion of time that the

kids and teens spent in specific areas of interest (based on eye tracking)

in the Scratch programming environment and the transitions between

them. The teens presented more “hypothesis-testing” behavior during

their efforts in making the games and could shift their attention to the

more-“meaningful” parts of the Scratch screen. By “the meaningful

parts of the screen”, we mean specific areas of interest in the Scratch

interface that indicate the main areas of attention in coding: scripts,

output, and commands. In addition, the teens were able to collaborate

better than the kids were (had higher similarity gaze). The teens had a

higher level of shared understanding and could communicate better

during the coding activity. This confirms the teens' attitude towards

helping each other more, contrasting with the kids, who wanted to have

greater individual control. Eventually, “by deliberately learning to imitate

mechanical thinking, the learner becomes able to articulate what mechanical

thinking is and what it is not. The exercise can lead to greater confidence

about the ability to choose a cognitive style that suits the problem” and

“what is most important in this is that through these experiences these

children would be serving their apprenticeships as epistemologists, that is to

say learning to think articulately about thinking” (Papert, 1980). Children's

coding processes represent their way of “thinking mechanically” and

adopting the educational advantage of this way of deliberately

thinking. Using a simple description of the process, trying to create/

make a game is a way to combine appropriate orders and create pro-

grams to tell the computer what to do, step by step. This process in-

cludes logic, math, problem-solving, and critical thinking skills. In

order for children to achieve their goals in such environments, they

should find the appropriate cognitive style that will support them in the

coding process of creating a shared artifact. This shows the importance

of having appropriate tools and instructions for each age group. Dif-

ferent age groups differently organize their thinking and consequently

their coding, so the way they approach the process of creating an ar-

tifact can be instrumental to their learning and the successful comple-

tion of the artifact. This notion is in accordance with Papert, as he

presents a resemblance with juggling: “It always takes time to learn ne-

cessary component skills. What can be eliminated are wasteful and in-

efficient methods. Learning enough juggling skill to keep three balls going

takes many hours when the learner follows a poor learning strategy. When a

good one is adopted the time is greatly reduced, often to as little as twenty or

thirty minutes” (Papert, 1980). Finding the appropriate methods to help

children of different age groups will result in efficient and effective

learning processes.

2) Cognitive effort and affective engagement: Positive attitudes and

motivation are important to cognitive learning. There is a relation be-

tween children's attitudes and their cognitive processes while coding.

Highly motivated children with positive attitudes have the ability to

handle cognitive load and better manage the construction of their ar-

tifacts. This idea appeared in our findings from the measures used to

examine cognition through the eye-tracking data and the relation with

attitudes of perceived learning (seen as confidence, the degree that

children indicate their performance), intention to perform coding

again, and excitement. The children who were highly engaged and

motivated during the construction of the artifact exhibited gaze beha-

vior that showed lower cognitive overload. Papert (1980) describes the

notion of “bricolage”, which represents a qualitative way of organizing

and planning when problem solving by constantly experimenting until

finalizing the artifact. Effort and difficulty are prominent during the

whole coding process and require motivational goals and determination

from a child to commit themselves to the learning. This is an expected

notion, as “You can't learn bread-and-butter (basic) skills if you come to

them with fear and the anticipation of hating them” (Papert, 1980). The

design of the coding activity of our workshop had an overall cognitive

load that could become overwhelming for children, especially those

who are novices to coding. From the complexity of the task, children

might reach a point of feeling overloaded, which can lead to a critical

condition where, without the proper pleasant and motivating environ-

ment, the learning experience can fail. It is not a surprising result that

the children with more difficulties and cognitive load had lower scores

in their attitudes.

4.2. Cycle 2

The key findings, as design elements, that emerged from cycle 1 and

guided the refinement of the design of cycle 2 are described below.

Structured assistance, pleasant environment, and revised learning

materials to:

a Guide students to focus on structured coding behavior.

Students should put a lot of effort and thinking into learning the

necessary component skills, and they should be cognitively supported

during the coding activity. As shown in the results of the eye-tracking

data, those who shifted their attention to the meaningful parts of the

screen (such as commands and output) had better learning gain, based

on their knowledge acquisition tests. Therefore, the design of the ac-

tivity should support students efficiently to ensure that they can take

appropriate actions and know where to pay attention when they code to

have an effective approach that is suitable for the task.

b Avoid cognitive overload.

Students can become easily overwhelmed in the process of creating

an artifact, especially when they are new to coding. By using the

“bricolage” style, in which they are constantly experimenting, students

can feel overloaded as they seek to find the appropriate commands in

the tool, manage different tasks, and make decisions during the activity.

Consequently, supporting students when needed and providing relevant

learning materials can reduce their cognitive load and provide a scaf-

fold for managing their learning and thinking.
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c Keep the participants motivated.

Students' positive attitudes are related to their cognitive load, as

represented by their eye movements, based on the results from cycle 1.

Highly motivated students with positive attitudes have better man-

agement of cognitive load. Hence, providing a pleasant environment

that enhances students' enthusiasm for and engagement with learning

will help students to have a fruitful experience.

d Enhance collaboration within the teams.

As students collaborate in teams to create a shared artifact, social

interaction in learning during the coding activity is not something we

can overlook, as it also unfolds team dynamics. Teams with better

collaboration (higher gaze similarity) had higher team average learning

gain, as calculated by the knowledge acquisition tests. It is important to

encourage collaboration and good communication among team mem-

bers so that they can benefit from each other's help.

In this cycle, the duration of the workshop for all groups of students

was the same, as an out-of-school one-day activity. The results were

based on the qualitative analysis of the interviews, observations, and

evaluations of the students' artifacts. The children were able to express

exactly their struggles and ways of thinking during the artifact creation,

allowing us to detect the exact behavior of the children as they ex-

pressed it to reflect their cognitive processes (noticing debugging be-

havior and specific difficulties). Triangulation of the data helped us to

validate our findings. The implementation of the Kodeløypa coding

workshop took place over two years, with few differences in the design

of the activity but with differences in the research design, evidence

descriptions, and results of the different instruments used for data

collection.

Two theoretical ideas emerged from this cycle:

1) Social aspect of creating an artifact: The “social” dimension refers

to the role of collaboration in the coding activity. Children worked in

teams of three (or two, depending on the total number of participants)

to create a shared artifact. Collaboration and social interaction for a

common goal have many benefits, including interacting with others,

examining different perspectives, expressing understandings, and in-

terpreting things differently. During the coding activity, the children

were encouraged to work collaboratively to create a shared artifact that

was meaningful for their peers too. The process also offered the op-

portunity to all participants to play each other's games and reflect on

them. Collaboration was primarily examined between the members of

the groups but also among the different teams. From the observations

and interviews, the help they got from other team members was im-

portant. Half of the children expressed the highest level of satisfaction

with the collaborative process in their team, while 72% showed high

levels regarding being able to develop skills from the other members of

the team. This interaction, which shows collaboration and help among

the teams, had various aspects, from practical (what command they

should use in Scratch to accomplish a task) to ideas for their games.

This finding was confirmed from the artifact analysis: teams who were

sitting close to one another had similarities in the programming con-

cepts they used, as well as in their main game ideas (such as a maze or

jumping on platforms). In addition, through the different versions of the

artifacts, we observed that elements changed based on other teams'

suggestions.

“When we didn't find anything, we looked at another group and saw how

they did it”

For the team members, the construction of the artifact was not an

individual task: it was a social interaction with a shared goal to create a

game. The results showed that, most of the time, collaboration was

efficient. The children acknowledged and expressed how valuable it

was that they were working together to complete their artifacts.

“If I had my own project, I would probably not find anything”

“It is easier to code with someone than to code by yourself; if I had been

alone, I wouldn't have managed to do the same”

“We both came up with ideas and equally contributed to the design and

coding parts”

“I coded more, while they contributed with ideas on what should be in-

corporated. We were all important members of the team”

An important aspect of the good collaboration was the fact that the

team members knew each other from before and/or had done other

projects together.

“We knew each other, and we felt pretty safe around each other. We

could discuss and agree easily on what had to be done”

Nevertheless, there were some indications of bad collaboration that

caused frustration. This was mainly caused from having a “bad leader”

in the group who wanted control. This was expressed from both sides.

“It was maybe that I took too much control. I should have let my partner

decide a bit more”

“He didn't let me finish my task; he just wanted to have the control back”

Papert's (Papert, 1980) notion of the importance of social norms and

interaction in learning is reflected in his research on samba schools:

“These are not schools as we know them; they are social clubs with mem-

berships that may range from a few hundred to many thousands”. The

construction of games and other artifacts is not an isolated action but

happens in a social context.

This resonates with Papert's (Papert, 1980) notion of social inter-

action: “Although the work at the computer is usually private it increases the

children's desire for interaction. These children want to get together with

others engaged in similar activities because they have a lot to talk about. And

what they have to say to one another is not limited to talking about their

products: Logo is designed to make it easy to tell about the process of making

them”.

2) Powerful thinking (or learning about thinking): Papert (Papert,

1980) argues that children are able to recognize the different proce-

dures in code, understand when the code does not run as expected, use

debugging strategies, and act intentionally to improve the code. For the

construction of their artifacts during the coding activity, the children

worked with programming concepts and practices to successfully

complete their task. Making a game requires deep engagement and

strategy use to successfully manage the completion of the task. The

children iteratively organized and documented their code. As described

by Papert (1980, p. 28) regarding the Logo environment: “teaching the

Turtle to act or to ‘think’ can lead one to reflect on one's own actions and

thinking. And as children move on, they program the computer to make more

complex decisions and find themselves engaged in reflecting on more com-

plex aspects of their own thinking.”

For the construction of the artifacts, the children had the opportu-

nity to plan, problem solve, code, debug, collaborate, communicate,

and reflect on their coding experience using Scratch. The participants

realized that this was an iterative process, and for some it appeared to

be difficult and challenging. Some found it fun to try out the different

blocks, discovering the different functionalities. Whatever they made

seemed to be suitable for their code; at the same time, the need to add a

new function changed everything and triggered a new thinking and

debugging process.

“The hardest thing was to put the different pieces of code together and

make them work as one game”

“It was very challenging when we started to change different things to see

what happened with the other code”

The most prominent difficulties related to movement, jumping, the
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use of loops, and hiding/showing different sprites. These actions were

the main problems that the children had to deal with from the begin-

ning of their game creation and defined their thinking processes. This

was also indicated by the artifact analysis of the first versions of their

games. In order to make a character move and jump in Scratch, you

often have to have an event block with a conditional combined with

motion blocks for moving the sprite x steps or to place it in a certain y-

or x-coordinate in a chosen direction. Observations showed that

movement and jumping were the most common reasons the children

asked for help, indicating that it was hard for them to articulate their

knowledge about conditionals (if _ then; repeat until; and when key is

pressed, do this), direction, and the coordinate system to achieve an

appropriate order of blocks.

Coding in Scratch enables children to articulate their thoughts and

watch the outcomes of their own decisions.

“If you did something, the result wasn't always what you expected”

After the initial trials with coding, by being more and more engaged

in the process, the children had the opportunity to clarify their thinking

and interpret the immediate feedback, acting accordingly.

“Before, I didn't understand that things wouldn't happen if you didn't

explicitly give instructions”

“The ideas and code come really fast when you realize what kind of

options you have”

4.3. Cycle 3

The key findings, as design elements, that emerged from cycle 2 and

guided the refinement of the design of cycle 3 are described below:

a Allow an adequate amount of time for engagement during the

workshop.

The analysis of the interview data revealed that the time the stu-

dents had to complete the tasks was an important issue for them, as the

allocated time was limited. More precisely, at the beginning of the

activity, they spent a lot of time trying to familiarize themselves with

the tool and the tasks and to bond with team members, especially in

teams where they did not know each other from before. Giving addi-

tional time for social engagement between the team members will allow

students to build common understanding and be more creative.

b Provide a specific theme for the game creation.

As mentioned earlier, the students spent a lot of time at the begin-

ning of the workshop. One of the time-consuming actions was to decide

the theme of the game. Time management is very important in such

workshops: on the one hand, students need to have the freedom to

decide their own themes; on the other hand, it is critical to have an

adequate amount of time for the follow-up tasks. Therefore, having a

specific theme for the game creation that is sufficiently broad, inspiring,

and meaningful will give them the freedom to be creative but at the

same time will prevent them from “getting lost.” In addition, it will give

a meaningful social and personal context to the learning process, foster

their interest, and create a common ground for all teams.

c Inspire the participants with an example of a female game hero and

a demonstration of a similar game by female assistants (as role

models).

From cycle 2, focusing on the analysis of the data collected from the

teams consisting only of girls, it is evident that stereotypes exist. Most

of them expressed that they had not tried coding before and did not

know what to create, as they thought game creation was only for

“geeks.” In their eyes, only boys like video games. To encourage interest

and get the girls inspired and engaged, a storyboard and a game were

used as examples, with the main character a heroine who had powers

that could “solve problems”.

d Focus on the design part of the game in a structured way (i.e. spend

sufficient time on creating the storyboard first and having a pre-

sentation on it).

The results from the data from cycle 2 (interviews, observations,

and game versions) showed that the teams who followed a more-

structured approach (creating a draft storyboard with their idea before

starting coding) were able to successfully manage and finish on time, as

well as being less overwhelmed. Moreover, based on the different

versions of the collected games, these students had a greater capacity to

develop their initial ideas (designed in the storyboards), and this re-

sulted in higher-quality games (more complete/advanced).

e Introduce coding individually.

The students participating in the workshop did not have the same

experience with coding. This approach was geared towards helping the

participants individually to familiarize themselves with the tool (in our

case, Scratch), gain insights on what they could create, and develop

basic skills. Having a common ground of basic knowledge among the

team members will make everyone engaged and active. Thus, it is very

important to have some individual activities at the beginning that

prevent students with experience from dominating their teams, which

could disengage novices.

One theoretical idea emerged from this cycle:

1) Use of powerful ideas: “Powerful ideas”, as described by Papert

(Papert, 1980), are central concepts of learning and should be a ne-

cessary part of constructionist activities. A “powerful idea” must be

both personally and epistemologically useful, giving the opportunity to

organize a way of thinking, appropriate each time for the specific task,

building on previously gained skills and knowledge. Learners need to be

highly explorative before they gain expertise; therefore, the task they

are required to do needs to be engaging enough in order to commit

them to the learning process. In his book Mindstorms, Papert shows the

importance of powerfulness and the powerful nature of children's use of

computers as tools and the Logo programming language, as well all the

powerful ideas that emerge from children's engagement with computer-

based activities.

What is important is to make a powerful idea part of intuitive

thinking (Papert, 1980). In the design of the activity in the third cycle,

“powerful” was a quality gained from the girls, as they were allowed to

closely engage with the creation of the artifacts in multiple stages, using

Scratch. This process brought the learners in touch with some powerful

general ideas, for example planning an exciting project, using pro-

gramming instructions, debugging, and designing, to mention a few.

The girls had an experience outside of the classroom in a local li-

brary, collaborating with girls of a similar age but with varied interests

and background knowledge, which was in contrast with a single

classroom experience. The duration of the workshop was critical not

only for learning purposes but also because it allowed the participants

to bond and exchange interests and gave them the proper amount of

time to interact, negotiate, learn from each other, and finally achieve

the goal of the creation of the artifact. In addition, by having a concrete

context for the game (create a game that reflects an environmental

issue) and a tool (Scratch) embedded in a meaningful environment,

they could see the project's relevance to their lives.

“It was so fun and exciting to make a game for saving the world with

Scratch and with new friends, who taught me so much about computers”

The girls gradually discovered the Scratch tool and how they could

use it. As they became more engaged in the process and saw their
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artifact become a reality, they enhanced their feelings of self-achieve-

ment and self-confidence. They found themselves confronting difficul-

ties and learning things that they did not know about game design. The

use of Scratch gave them new possibilities and made them “walk it

through” and relate their personal knowledge to thinking effectively

and happily to achieve the artifact construction.

“I thought it was much harder to make a game, but I could understand

how to use it and at the end we managed to do everything we wanted”

“… some things were difficult, but we tried and made things happen”

“… we find out how things worked, and many times we had to go back

and change stuff”

“I am so proud of what I did today … When you design a game in a

storyboard, you don't think about using a timer, but with Scratch you can

… you can do everything you can think of”

5. Discussion

The intended outcomes of this DBR were twofold: 1) to ground the

main findings of interventions conducted over two years in con-

structionism, and 2) to identify reusable design principles that can in-

form coding activities for children and pedagogical tasks. In this study,

we aimed to investigate children's learning experience as they con-

structed their own knowledge by using a digital programming tool

(Scratch) and collaboratively creating socially meaningful artifacts:

games.

Analysis of the different data collected from the various instruments

over the two-year intervention helped us to explore the effectiveness of

our coding workshops on children's engagement. We focused on how

they enhanced participants' knowledge of basic programming concepts,

their coding behavior, their social interaction and collaboration, and

how they perceived their coding experience as a whole when in-

troduced to coding.

It is important to have appropriate educational designs aiming to

promote active learning with the support of constructionism. Including

components like a balance of individual and social involvement and the

use of a visual programming language, all employed under the common

goal of creating an artifact, fosters children's deeper transferable CT

skills, which are vital for our society's information revolution. Engaging

children in a learning environment that embraces creative design,

problem solving, collaboration, and communication strengthens their

sense of competence and confidence, their compassion for others, and

their moral character (Bers, 2010). Together with achieving a sig-

nificant improvement in students' understanding of computational

knowledge, like programming concepts and practices, it is essential to

create high levels of motivation, fun, and commitment as part of an

efficient pedagogical design, as reflected in our study.

5.1. Engagement in constructionism-based coding activities

Below we summarize the main characteristics of student engage-

ment, as shown in our DBR approach and according to constructionism.

The students indicated that they were cognitively engaged during

the workshops; they managed to adopt deliberative thinking and to

understand and imitate mechanical thinking while coding. In order to

achieve this, they had to use an appropriate cognitive strategy (e.g., a

“hypothesis-testing” gaze pattern, as shown by the eye-tracking data) to

approach the task and achieve some level of self-regulation

(Papavlasopoulou, Sharma et al., 2017). There are different ways to

approach a problem, and it takes time to learn the necessary skills. In

our workshops, we used a visual programming tool (Scratch); one of the

strengths of such tools is that computational practices become less

cognitively challenging (Kelleher & Pausch, 2005), so students can

focus on problem solving and creative thinking (Lin & Liu, 2012). Even

with the use of such tools, during the coding process, cognitive load can

be critical, as students use the “bricolage” style by constantly experi-

menting and trying different patterns. Instructors can help students to

manage their learning and thinking and to adopt an effective approach

to coding. This is not a new practice, as previous studies with Logo have

used precise instructions for computational practices such as testing and

debugging (Fay & Mayer, 1994) (Carver & Mayer, 1988).

Cognitive effort, as shown in our study, is also linked with students'

behavioral and emotional engagement because positive attitudes have

an effect on their load management. Students should be persistent, put

effort in, and deal with difficulties; therefore, having positive attitudes

and keeping themselves motivated result in better management of their

cognitive load (Papavlasopoulou, Sharma, & Giannakos, 2018). In the

same vein, Robertson and Howells (2008) argue that the game design

experience is a powerful learning environment that supports motiva-

tion, engagement, and enthusiasm. Using a visual programming en-

vironment, students can be introduced to programming concepts in a

fun and useful way through a design activity, making them highly

motivated and positive towards coding (Giannakos & Jaccheri, 2018)

(Sáez-López et al., 2016).

Social engagement is important as students work in front of the

computer and reflect on their progress as a team, sharing the same goal

to successfully create an artifact. Working as a team, in our workshops,

the students built a group identity and at the same time engaged in

social comparison with their peers. Students, especially novices to

coding, usually have difficulties with simple coding actions, from re-

lating different commands together to completing more-advanced ac-

tions, like debugging; collaboration helped the students in this study to

confront those difficulties. In a similar study with girls creating games,

good collaboration in debugging resulted in the girls being more per-

sistent when coding on their own, without help from the instructors

(Denner, 2007). In the present study, helping each other and sharing

their challenges and successes were critical for our students, nurturing

social engagement and avoiding a sense of isolation. Collaboration and

reflection lead to better learning and powerful thinking. Reflection re-

lates to their own learning experience or reflecting on their peer's code

and actions. Previous studies have shown that students performed

better when they were working in pair programming (Lye & Koh, 2014)

(Werner, Denner, Campe, & Kawamoto, 2012); in a game-making study,

when taking into account peers' recommendations and spending time

applying these changes, girls produced higher-quality games

(Robertson, 2012). Over time, the students in our workshops were able

to understand more about coding and became more behaviorally and

emotionally engaged. They were able to reflect on the more-complex

aspects of their own thinking accordingly by making decisions and

controlling the outcomes. Students who are actively part of game-

making activities strengthen their problem-solving, critical thinking,

and CT skills (Grover & Pea, 2013). During construction, students have

to investigate different strategies, negotiate and make decisions about

possible solutions, confront problems, and organize their thoughts and

actions (Bers, Flannery, Kazakoff, & Sullivan, 2014).

One of the core aspects of a learning activity is the fact that the

problem should be meaningful to the learners. In our case, they con-

structed shared artifacts that mattered to them. Different studies have

used problems like designing games (Denner & Werner, 2007) or stories

(Burke, 2012). A “powerful idea” must be both personally and episte-

mologically useful to ensure engagement. The students in our work-

shops saw themselves gaining a powerful quality by organizing a new

way of thinking, building on their previous knowledge and skills.

Nowadays, significant value is placed on transferable skills related to

digital technology, as they are vital for children's role in the digital

world and should be enhanced through activities that are connected to

their lives (Iversen, Smith, & Dindler, 2018). In constructionist learning,

students deal with difficulties, learn step by step to solve problems,

develop belief in their skills, and share ideas with peers (Çakır et al.,

2017) (Chu et al., 2017). In our study, this was confirmed: the students
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increased their sense of achievement, self-confidence, and self-efficacy.

At the end of the workshops, the students felt competent and proud of

their achievements. After the workshop, compared to the boys, the girls

expressed lower self-efficacy (a belief in one's capacity to succeed in

tasks), possibly due to the fact that most of them did not have any

previous experience with coding. A sense of self-efficacy is important

and should be enhanced, as it is related to cognitive strategies, effort,

and persistence in learning environments (Bandura, 1997).

5.2. Principles to facilitate constructionism-based learning environments

that support children's learning experience

In summary, we identified the following nine principles emerging

from our DBR study, which shed light on best practices in the design of

coding activities for children based on constructionism. The principles

emerged represent the knowledge gained from the two years of inter-

ventions and the comparative and retrospective analysis of the out-

comes based also on the literature:

1) Social interaction: Collaboration between team members is a vital

part of coding activities. It is essential to enhance this and to ensure

that there is a sense of equality of effort, involvement, and partici-

pation between team members and among teams.

2) Appropriate design according to age: Different age groups (teens and

kids) need different approaches and designs in order to engage with

a coding activity. The instruction should consider the characteristics

of each age group. One example is to promote a focus on function-

ality rather than graphics from the beginning of the activity to aid

younger participants. Instructors should ensure that children receive

guidelines on where to focus their attention when they code (such as

commands and output in Scratch).

3) Duration of the activity: According to constructionism (Papert, 1980),

when having children use technological tools, duration is key for

them to become personally, intellectually, and emotionally in-

volved. Workshops with longer hours can enable children to learn

strategies, gain technological skills, make connections with their

own practices, and engage with coding, helping to increase their

knowledge.

4) Relevance of the activity and meaningful content: Offering a supportive

theme for the artifact creation process, in which participants can

meaningfully participate in real-life settings, is a key factor sup-

porting the psychological and sociocultural elements for effective

learning. Children become engaged and actively involved in the

process of artifact creation when it is meaningful for them and re-

lated to a real-life context.

5) Physical and digital artifacts: The results of the present study showed

that the inclusion of physical tasks was engaging and enabled the

participants to enhance their skills. The initial task of designing and

drawing in the traditional way (using pen and paper, as well as other

tangible materials) immediately put players into action and created

a physical and emotional peak in the process.

6) Children's attitudes and motivation: The learning process should be

supported by providing tasks that encourage children to reflect,

motivate them to collaborate, and give them meaningful reasons to

complete their artifacts. In this vein, Papert (1980, p. 42) high-

lighted a resemblance with juggling: “in a learning environment with

the proper emotional and intellectual support, the ‘uncoordinated’ can

learn circus arts like juggling and those with ‘no head for figures’ learn

not only that they can do mathematics but that they can enjoy it as well.”

7) Cognitive overload: Coding activities for children can have a high

cognitive load, which affects their performance and overall experi-

ence with the tasks. Proper organization and integration of the

learning materials, with a coherent representation and instruction of

the related digital tools, tasks, and activities, are required to avoid

unnecessary streams of information and cognitive overload.

8) Appropriate tasks: To effectively implement a coding workshop, the

tasks should make the children both interested and able to learn.

The process should afford participants the opportunity to apply as-

pects of problem solving, coding, debugging, collaborating, plan-

ning, communicating, and reflecting on their work. The tasks should

support children's and instructors' ability to work through the pro-

cess of creating an artifact and benefit from an appropriate sequence

of tasks that allows the maximum use of their abilities. The proposed

tasks are: 1) a warm-up activity and an inspiring introduction, 2)

explore/design, 3) construct/create the digital artifact, and 4)

evaluate/get feedback from peers, all alongside collaborating with

team members and receiving support from assistants/instructors.

9) Meaningful framework for the involvement of the instructors: In the

construction of an artifact, children are not alone: practitioners (e.g.,

teachers and assistants) and anyone else who is responsible for the

learning task are also involved. Therefore, they should strive to

create more-articulate and -honest teaching relationships. Working

with digital tools allows the teacher and the learner to share a

common goal by trying to get the computer to do what they want

and trying to understand what it does. As they create the artifact and

encounter “bugs”, children engage in conversations and develop the

appropriate language to ask for help when they need it. As each

artifact process is unique, new situations might occur that neither

the teacher nor the learner has faced before. So, the teacher should

be dynamically involved in the creation and the discussions that

occur. In that way, there is an opportunity to find new ways to

explain and show in real time the concepts needed to the children.

As noted by Papert (Papert, 1980): “sharing the problem and the ex-

perience of solving it allows a child to learn from an adult not ‘by doing

what teacher says’ but ‘by doing what teacher does.’”

6. Limitations

This study had some limitations. First, our workshops were designed

for children who had no previous experience of coding. The participants

were randomly selected; therefore, the sample was not consistent in

terms of the children's prior knowledge and interaction with coding.

Even though we had an indication in our data collection to measure the

children's previous knowledge, we could have used other methods to be

more accurate. Second, the factors that might affect children's self-

perceptions are much more complex than we might assume. Third, al-

though the participants of the third cycle were committed for the two

days' workshop and gave us high quality data, the sample is not large;

this is due to unexpected matters from the participants' side prior to the

scheduled dates of the workshop. In addition, the age range of the

students in the study is big (8–17), maybe, focusing on a smaller range

would have given a different perspective. Demographic variables and

other characteristics (cognitive and motivational) that distinguish them

from the rest of the population could have confounded the findings.

Artifacts like games might be imperfect examples of what children

learn, especially when they receive help during the process. Despite the

fact that we observed the teams and made notes on the help they re-

ceived, we might have underestimated or overestimated their under-

standing of programming concepts.

In addition, limitations due to the types of data collection methods

and instruments used apply in our case. One limitation related to the

eye tracking: the young age of the participants, their enthusiasm during

the activities, and the fact that eye trackers are designed for adults

made it difficult to gather good-quality data. Moreover, this project

used Scratch as a programming environment for the development of the

artifact: another technological tool might have had a different impact

on the children's experience. Our choice was based on our literature

review and the acknowledged benefits of this programming environ-

ment, which has been widely used over the last few years. Although we

tried to apply all aspects of the DBR methodology in our study, showing

the relationship between theory and practice (of the artifact construc-

tion activity), there were still some limitations. The data were extensive
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and comprehensive, requiring extended time for collection and ana-

lysis; consequently, because time and resources were limited, some data

might have been discarded or received less attention. Lastly, we defined

in detail the setting of our study and how theory was linked with the

context; by default, this has a bias, as it presents our own understanding

of contextualizing the theory.

7. Future work

Future research should further explore gender differences. Although

the main focus of our study was not to investigate gender differences in

the process of creating an artifact, we found that girls like to make

different type games from boys, in terms of both content (story/purpose

of the game) and elements (colors and main character), and tend to

handle the process slightly differently. In addition, future plans should

include conducting our coding workshops in school settings to explore

their effects under a traditional teaching approach. Among other as-

pects, researchers could explore the correlations with students' perfor-

mance in the form of grades. Finally, in terms of theory, it would be

interesting to see more studies in the area that ground their findings in

constructionism. This would bring together researchers in the same

area to build a common ground regarding outcomes.
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A B S T R A C T

Computational thinking and coding are becoming an integral part of K-12 education, with female students being

underrepresented in such subjects. The proliferation of technological tools and programming environments

offers the opportunity for creative coding activities for children and increases the need for appropriate in-

structional practices. In this study, we design and evaluate a coding workshop for children. Our goal is to

examine differences between boys and girls using eye-tracking as an objective measure and triangulating the

findings with qualitative data coming from children's interviews. The results show no statistically significant

difference between female and male gaze and learning gain during the coding activity; interestingly, the qua-

litative data show differences in the strategies and implemented practices during coding, and in perceptions

about those coding activities. Our results highlight that further studies need to utilize objective measures and

unveil necessary differences in the design and implementation of coding activities. Furthermore, our results

provide objective evidence that female students do not lack in competences compared to boys, but simply that

they have a different approach during coding activities and different perspectives about coding, an approach that

needs to be cultivated and nurtured.

1. Introduction

Increasing attention has been given to children's acquisition of 21st-

century skills and digital competences. In accordance with this need,

computational thinking and coding have, in recent years, become an

integral part of school curricula in many countries. Estonia, Israel,

Finland and the United Kingdom are only a few examples of the

growing efforts of governments to integrate coding as a new literacy

and to support students in creative problem-solving tasks (Hubwieser,

Armoni, Giannakos, & Mittermeir, 2014). Similarly, organizations such

as “code.org”, “codeacademy.com” offer fruitful learning environments

to promote coding activities. In addition, ACM, the Computer Science

Teachers Association, National Math and Science Initiative and K-12

Computer Science Framework provide guidelines for informing and

building communities for the teaching of computer science. While ever

more people believe that coding skills are as important as math and

writing (Horizon, 2015), there is an acute need for evidence about the

design of effective and engaging learning activities for children

(Guzdial, 2017; Lye & Koh, 2014).

Since the first appearance of Papert's Logo programming environ-

ment introduced in the 1960s, many other programming tools have

emerged. Today, there is a lot of child-friendly software that offers an

intuitive and pleasant experience while coding. Examples of such

software are Scratch, Alice and Kodu. By participating in coding ac-

tivities, children are exposed to computational thinking (Wing, 2006),

which involves, but is not limited to, critical thinking, problem solving

and creativity. These activities are apparent in both formal and in-

formal settings and are characterized by different designs, technologies

and approaches (Papavlasopoulou, Giannakos, & Jaccheri, 2017). Pre-

vious research shows that different approaches can combine physical

fabrication and coding (Kafai & Vasudevan, 2015), while others, such as

Buechley, Eisenberg, Catchen, and Crockett (2008), used LilyPad Ar-

duino to make coding attractive to girls. By using Logo-based en-

vironment and an interactive white board from kindergarten age,

children developed mathematical concepts and social interaction, at the

same time as enjoying the learning activity (Fessakis, Gouli, &

Mavroudi, 2013). Different benefits arise from grounding coding ac-

tivities on constructionism (Papert, 1980); children are given the op-

portunity to enhance their understanding of programming concepts, to

promote collaboration with friends, and to change their attitudes to-

wards coding (Fessakis et al., 2013; Maloney, Peppler, Kafai, Resnick, &

Rusk, 2008; Papavlasopoulou, Giannakos, & Jaccheri, 2019).

Despite the growing research and the many possibilities offered by

learning environments to design constructionism-based coding
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activities for children (Kafai & Burke, 2015), there are relatively few

studies focusing on gender issues in making and coding activities for

children (Papavlasopoulou, Giannakos, et al., 2017). Gender dis-

crepancy in science, technology, engineering and mathematics (STEM)

exist, with women more underrepresented in the field of computer

science (Cheryan, Ziegler, Montoya, & Jiang, 2017). In terms of in-

terest, the gender gap starts at elementary school (Ceci & Williams,

2010). Among the different factors that impact on women following

computer science paths are the lack of positive educational experiences

in their childhood (Adya & Kaiser, 2005), their fear of being involved in

very technical coding courses, and stereotypes and misconceptions

around careers in computing (Teague, 2002). Girls' interest in computer

science from a young age possibly fades because of a gendered or non-

appropriate pedagogical approach (Schulte & Knobelsdorf, 2007). With

respect to decreasing the gender gap in participation and to attracting

more girls to computing, several studies on coding workshops have

focused on differences in girls' competences compared to boys'

(Kalelioğlu, 2015), while others have explored increasing girls' self-ef-

ficacy, interest, attitudes and confidence (Cheryan et al., 2017; Çakır,

Gass, Foster, & Lee, 2017). However, the methods used in these studies

were traditional qualitative and/or quantitative instruments like sur-

veys, tests and interviews (Papavlasopoulou, Giannakos, et al., 2017).

In order to gain knowledge on how to design the coding activities, it is

necessary to use new objective methods to investigate the existence of

gender differences in aspects like learning performance in coding ac-

tivities and to discover the main differences between boys' and girls'

practices (Papavlasopoulou, Sharma, & Giannakos, 2018;

Papavlasopoulou, Sharma, Giannakos, & Jaccheri, 2017).

In this study we designed and evaluated a coding workshop for

children aged 8–17 years old. The aim was to investigate if gender

differences exist in children's coding behavior. We used objective

measures (children's gaze) and triangulated them with qualitative data

(interviews with the children) in order to acquire a deeper under-

standing of children's perspectives and practices. Eye-tracking is a

method widely used in computer programming (Obaidellah, Al Haek, &

Cheng, 2018), but studies with children are very limited and, to the best

of our knowledge, eye-tracking has not been used to discover gender

differences in children. Our study addressed the following research

questions:

(1) Is there a difference in girls' and boys' gaze patterns in coding ac-

tivities?

(2) Is there a difference in learning gain among boys and girls in coding

activities?

(3) What are the differences in boys' and girls' strategies and im-

plemented practices during the coding activity?

The rest of paper is structured as follows: in the following section,

we present the related work and background theories; the third section

describes our constructionism-based coding activity and the metho-

dology used in our study; the fourth section presents the research

findings; and the fifth and final section discusses the results in relation

to the relevant literature, presents the research limitations, and suggests

directions for future research.

2. Related work and background theory

2.1. Gender differences and characteristics in children's coding

The gender gap in STEM-related contexts has been examined in

recent years (Cheryan et al., 2017). The profile of a computer scientist

seems still to be stereotyped, and women show less interest in computer

science and less likelihood to consider it properly as a possible future

career (Wang & Degol, 2017). As a way to attract more females to

computer science and to increase gender equality, educators have fo-

cused on offering diverse coding experiences specially for girls

(Kelleher, Pausch, & Kiesler, 2007). The aim is to increase their interest

in coding, enhance their attitudes, and examine the causes of gender

differences (Denner, Werner, & Ortiz, 2012; Robertson, 2012). Çakır

et al. (2017) conducted a game-design workshop for girls, showing that,

at the end of the workshop, the girls had better attitudes towards

computer science, higher confidence and self-reported competence with

computers. However, a study by Robertson (2013) that investigated the

influence of a game-development project on students' attitudes revealed

that the level of enjoyment of the project was higher in boys than in

girls, and that the project did not increase the possibility of them

studying computer science in the future.

Bruckman, Jensen, and DeBonte (2002) showed that gender did not

affect children's performance level in coding. Similarly, in a study of a

game-development task for fourth-grade students, Owston, Wideman,

Ronda, and Brown (2009) demonstrated that there were no gender

differences in the learning outcomes. No significant gender differences

were found in elementary school students' competence, interest at

school and the use of deep learning strategies while constructing a

“drag and drop” game (Vos, Van Der Meijden, & Denessen, 2011).

Another study involving game-making showed that girls focused more

on trying to improve their games following their peers' recommenda-

tions, and that overall they achieved a higher game quality (Robertson,

2012). In addition, in a study of the use of the code.org website to teach

coding to primary school students, it was shown that girls' means of

reflective thinking skills towards problems solving were higher than

boys, although the results showed no statistically significant difference

(Kalelioğlu, 2015).

Concerning children's approaches to and practices of coding activ-

ities, studies have reported differences depending on the gender of the

participants. Robertson (2012) found that girls approached the game-

making process differently when using a software called Adventure

Author. For example, girls were spending more time than boys in

writing dialogues for their games. In addition, girls' greater interest in

narration was reflected in the use of Alice software, which is specifically

designed for storytelling; nevertheless, this resulted in equal gains to

those achieved by the girls who used the generic version (Kelleher et al.,

2007). Denner et al. (2012), in an analysis of 108 games created by 59

middle-school girls, found that they were facing difficulties in orga-

nizing the design of their game and in handling their code when many

pieces were involved. In another study of girls creating games, the re-

sults showed that they were very focused and collaborated well in the

debugging process; as a result, they were trying to work more on their

own before asking for help from the instructors (Denner, 2007). On the

other hand, when boys were dealing with needlework, they were ner-

vous when engaging with craft practices and they considered them to

be “women's work”. However, they were committed and realized how

challenging and demanding it was to complete their task. Further, in

the same study, they were able to see their actions in a tangible way and

were testing different codes until they managed to accomplish the de-

sired outcome (Searle & Kafai, 2015). A study with young participants

aged 10–12 showed that girls spent more time on aesthetics and put

more effort into having a good technical functionality (Lee, Kafai,

Vasudevan, & Davis, 2014).

2.2. Gaze behavior and gender differences

Various eye-tracking studies in the past have shown results based on

gender differences in a variety of contexts such as usability (Pan et al.,

2004), Google searches (Lorigo et al., 2008), web design (Djamasbi

et al., 2007), advertisement (Hewig, Trippe, Hecht, Straube, & Miltner,

2008), visuo-spatial planning (Cazzato, Basso, Cutini, & Bisiacchi,

2010), visual toy preferences (Alexander, 2006), facial emotion re-

cognition (Schmid, Mast, Bombari, Mast, & Lobmaier, 2011) and color

preferences (Moss & Colman, 2001).

In a study in which the participants were asked to observe a set of

preselected gaze behavior, Pan et al. (2004) found that the average
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fixation duration for men was significantly higher than that for the

women in the experiment. This depicted a deeper observational gaze

behavior by men than by women in relation to webpages. In a com-

parison of search tasks (informational vs. navigational), Lorigo et al.

(2008) did not find any gender differences based on engagement (pupil

dilation). In a web-usability study, Djamasbi et al. (2007) found that the

color of a specific part of the webpage influences the gaze behavior of

women more than men; similar color preferences were found by Moss

and Colman (2001). In an eye-tracking study to examine the role of

models' gender in an advertisement on the ratings given by men and

women, Hewig et al. (2008) found that the gender of the model has

more impact on the ratings of men than of women; however, the au-

thors did not find any other gender differences in gaze behavior.

Cazzato et al. (2010) conducted an eye-tracking study in which the

participants were required to solve visuo-spatial problems by finding

the shortest path between a source and a destination. The authors found

that females used more cognitive resources than males. However, in

terms of gaze behavior, their study found differences between males

and females. When Alexander (2006) presented “masculine” and

“feminine” toys to participants, the visual behavior of men and women

did not reveal any differences, even though there was clear gender bias

in the preferences for toys. In another study in which the participants

were asked to identify the facial emotions depicted in pictures, Schmid

et al. (2011) found that women performed better than men. However,

the authors did not find any gender-based gaze differences in the in-

terfeatural saccades.1 The only difference was that women processed

information less locally than men did (Schmid et al., 2011).

Most of these studies show that gender differences are at the pre-

ference and/or performance levels. There are only a few gender dif-

ferences as far as the gaze behavior is concerned. This leads to a

working hypothesis that there are not many gaze behavioral differences

between men (boys) and women (girls); the differences occur at the at-

titudinal/strategic level.

2.3. Constructionism and computational thinking framework

Papert's theory of constructionism argues that learning experiences

are more powerful when learners are actively involved in the learning

process by creating their own projects (Papert, 1980). With the ex-

perience of developing a project, children build on their previous

knowledge and discover new knowledge without receiving it passively.

The core element in constructionism is an “object-to-think-with”; this is

what will provide the opportunity for learners to interact and support

their own thinking. However, constructionism is more like a synthesis

of characteristics that will result in effective learning. Thus, together

with the core element to stimulate an individual's thinking, it is ne-

cessary for there to be active involvement of the learners, socially

meaningful elements and social interaction (Kafai, 2006).

Computer game programming represents an educational strategy of

constructionist learning. During the process of making a game, children

try to achieve a goal and to master their own ways of learning and

thinking. The use of a programming environment offers the possibility

of creating socially meaningful artifacts, of communicating with others

and of having a pleasant and engaging experience (Robertson &

Howells, 2008). Many studies have used constructionism as a support

for coding activities in both formal and informal settings in order to

promote coding, problem solving, critical thinking and collaborative

skills (Papavlasopoulou, Giannakos, et al., 2017). In this study, which is

based on constructionism, we design a coding activity for children of all

ages that does not demand any previous experience in coding.

Computational thinking can be traced to Papert's strong support of

the idea that children who use the Logo programming language develop

algorithmic thinking (Papert, 1980). However, the term “computational

thinking” was made popular by Wing (2006), who argued that “com-

putational thinking represents a universally applicable attitude and skill

set everyone, not just computer scientists, would be eager to learn and

use” (p. 33). Since then, different efforts to define computational

thinking have appeared, with the aim of supporting the importance of

research on making computational thinking a 21st-century literacy

accessible to all (Guzdial, 2008). Examples include the Computer Sci-

ence Teachers Association and the International Society for Technology

in Education framework (Barr & Stephenson, 2011), and the National

Research Council's “Framework for K-12 Science Education” (NRC,

2012). In our study, we adopted Brennan and Resnick’s (2012) com-

putational thinking framework. With respect to Scratch, their frame-

work suggests three key dimensions to portray computational thinking:

computational concepts (concepts the users engage with when they

program, such as parallelism and variables); computational practices

(practices that users develop, such as abstraction and debugging); and

computational perspectives (perspectives users develop for computa-

tion, themselves and the world around them). Brennan and Resnick's

computational thinking framework enables the researcher to monitor

the coding activity and to understand how children use the different

constructs and deal with the concepts, how they focus on learning and

adopt different thinking practices, and, finally, how their perspectives

evolve in relation to themselves, others and the technological world. In

our constructionism-based coding activity using Scratch, these three

dimensions were utilized to explore and gain insights into children's

experience of coding.

2.4. Selectivity theory and gender schema theory

In terms of information processing in task-related circumstances,

two theories have been used to shed light on gender differences, se-

lectivity theory and gender schema theory. First, selectivity theory aims

to explain gender perceptual differences (Meyers-Levy, 1986; Meyers-

Levy & Maheswaran, 1991; Meyers-Levy & Sternthal, 1991). This

theory implies that gender perceptual differences rely on how males'

and females' brains function. According to this theory, males rely on

their right hemisphere, which indicates a “selective” way of processing

information. More specifically, selective processing shows a more

heuristic approach, focusing on the most prominent signs and visual

representations instead of the details, which requires less cognitive ef-

fort (Meyers-Levy, 1989). In contrast, females are more likely to employ

their left hemisphere, which results in what is named “comprehensive

processing” (Goodrich, 2014). Females' approach shows their tension in

a detailed analysis of all available information related to the specific

task. Females assess and examine all the factors in a given task, invol-

ving themselves in more extensive elaboration compared to men.

Second, gender schema theory argues that there are gender differ-

ences in the way males and females use schema for cognitive processing

(Martin, Ruble, & Szkrybalo, 2002). According to this theory, a schema

relates to cognitive structures that we apply to form our perceptions,

and this differs depending on gender. Males' schema associates with

success, having as a result an attitude more strongly related to risk-

taking, ambition and competition than that of females (Noble, Griffith,

& Adjei, 2006). On the other hand, females focus more than males on

collective actions and tend to care about relationships, sharing in-

formation frequently (Putrevu, 2001).

Previous empirical studies have used the theories mentioned above

to examine gender differences in contexts of information processing.

For example, in a study on the use of websites in e-commerce, Simon

(2001) found that males' and females' preferences differ. Regarding the

use of programming environments in the industry, Burnett et al. (2010)

revealed significant gender differences in using and exploring software

features and in users' confidence. In addition, other studies have used

1While recognizing the emotions from the facial images, it is necessary to

look at the specific points on the face, such as eyebrows, shape of lips and the

extension of the eye-opening. The gaze shifts from these features are called

interfeatural saccades.
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eye-tracking data to examine gender differences. Hwang and Lee (2018)

found that gender differences exist in terms of visual attention and

attitudes towards the presented products in online shopping environ-

ments. Exploring females' and males' characteristics of identifier style in

source code reading, Sharafi, Soh, Guéhéneuc, and Antoniol (2012)

presented mixed results, with no significant differences in accuracy,

time and effort, but gender differences in strategies used in males' and

females' approaches.

In our study, we aimed to investigate gender differences in coding

activities for children. Given our coding task, children's activity re-

quired cognitive processes to successfully complete their goal, using

Scratch and social interaction to collaboratively create a game.

Therefore, we assumed that there are gender differences in how girls

and boys behave during coding activities. In order to investigate the

impact of gender, we used eye-tracking measures to generate objective

quantitative data and qualitative data to examine different aspects of

gender characteristics.

3. Methodology

In this section, we present the details of the two experiments, data

collection, variables and analysis. We ran two studies, one in autumn

2016 and one in autumn 2017. For both experiments, the duration of

the workshop for all groups of students was the same, as an out-of-

school one-day activity. The implementation of the coding workshop

was an intervention over two years, with few differences in design of

the activity; the main differences were in the research design, the de-

scription of evidence and the results from different instruments used for

data collection.

3.1. Description of coding activity

Based on the constructionist approach and its main principle,

learning by doing (Resnick et al., 2009), we designed and implemented

a coding workshop at the Norwegian University of Science and Tech-

nology (NTNU), in Trondheim, Norway. Our coding workshop was an

out-of-school activity, in which children, novices to coding, from 8 to

17 years old interacted with digital robots, using Scratch for Arduino

(S4A), and then coded their own game using the Scratch programming

language. At each workshop, the children worked for approximately

4 h. Five assistants with previous experience in similar activities were

responsible for instruction and the workshop procedure. The workshop

consisted of two main parts: interaction with the robots, and creating

games with Scratch.

Interaction with the robots: During the first part of the coding

activity, the children interacted with digital robots built by an artist

using materials recycled mainly from computer parts. First, once the

children had entered the room and been welcomed by the assistants,

they sat in teams next to one robot per team. The assistants gave a brief

presentation of the workshop's activities and asked each of the children

to pay attention to a worksheet placed on the desks next to them. The

goal was to familiarize themselves with the robots by filling in simple

questions regarding the exact place and number of the sensors and

lights on the robots. Next, the children used a paper tutorial with in-

structions (Fig. 1a) on how to make the robots (Fig. 1b) react to the

physical environment with visual effects using simple loops of Scratch

for Arduino (e.g., to make the tongue of the snake robot move when

there is less light at a sensor). The teams worked collaboratively and

independently to complete this task (Fig. 1c). The duration of the first

part varied between 45min and one and a half hours. When all teams

had finished, the children had a break before the next section began.

Creating games with Scratch: This section was the main activity of

the workshop and lasted approximately 3 h, without the presence of the

robots. The goal was to successfully develop a simple game coded in

Scratch. To achieve this goal, the assistants gave another paper tutorial

with examples of all the basic computer science concepts and possible

loops the children should use to complete their own game. Assistants

advised the children how to manage the process of game development

by working collaboratively. They were advised that, first, they should

think and decide the story for their game and then create a draft

storyboard. When they had finished, they started coding using Scratch.

Throughout the activity, children could ask for support from the as-

sistants whenever they needed it. The assistants offered their guidance

to the teams to help them complete their games by introducing even

more complex computer science concepts when needed. Finally, after

completion of the games, the children reflected on and played each

other's games (Fig. 1d).

At each of the workshops, the same parts were conducted, with

children participating once after being carefully selected according to

their age; participants were of the same grade or within a small age

range. The design of the coding activity provided flexibility, and the

workshop instructors had the appropriate experience to be able to assist

the children properly, taking into account the children's age. In the first

part of the coding activity (interaction with robots), the children

needed to perform simple tasks, but these were still things they had not

done before since the robots and their functionalities were specially

designed for our workshop. The design of the activity took into con-

sideration the amount of time and support needed to complete the

tasks, as these were likely to differ depending on the group of children.

Creating games using Scratch was the second and main section of the

coding activity and allowed the possibility for each of the teams to

create a functional game using the basics or, depending on the team's

capacities, to create a game with more advanced features. Teams of

children worked independently with help from the instructors, who had

the knowledge and the experience to help with advanced concepts ac-

cording to the teams' needs. Scratch was used as a programming en-

vironment for the coding activity since it does not require any special

expertise and children of all ages can quickly learn the basics to start

creating in an efficient way. Moreover, Scratch is simple enough for

novices and young users, while at the same time having enough power

and functional variety to keep users engaged.

Fig. 1. (a) Example of the paper tutorial; (b) a snake-shaped interactive robot; (c) children collaborating on the creation of their game; (d) example of a created game.
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3.2. Sampling

All the participants of the two studies were K-12 students from the

mid-Norway region. Both studies took place at the university campus in

specially designed rooms. Data related to both studies were collected

after permission from the Norwegian Centre for Research Data (NSD),

following all the regulations and recommendations for research with

children. The children volunteered their participation in the eye-

tracking study and the interviews. A researcher contacted the teacher

and the legal guardian of each child to get a written consent form that

gave permission for the data collection.

3.2.1. Participants: study one

The study lasted two weeks during autumn 2016, with 44 children

from the third to 12th grades (aged 8–17 years old), 12 girls (mean age:

12.64; standard deviation [SD]: 2.838) and 32 boys (mean age: 12.35;

SD: 2.773). Five workshops were held in total, all following the same

process for the coding activity and designed for novices in coding. Some

of the participants in the sample (13–17 years old) were recruited from

the local schools that had applied to take part in our activity. The other

set of participants (8–12 years old) were youngsters who attended local

coding clubs as an after-school activity.

3.2.2. Participants: study two

In autumn 2017, children from eighth to tenth grade (age 13–16

years old) participated in the coding activity. The sample consisted of

105 participants in total, 69 boys and 36 girls (mean age: 14.55; SD:

0.650). At the end of each workshop, some of the participants were

interviewed. In total, 44 children were interviewed, 23 boys and 21

girls.

3.3. Data collection and analysis

3.3.1. Data collection and analysis for the first study

Eye-tracking measures: As mentioned above, this study is one of

the few so far to utilize children's gaze. We recorded children's gaze

while they were coding using the Scratch environment during both

parts of the activity. The eye-tracking data were collected using four

SMI and one Tobii eye-tracking glasses. The sampling rate for all the

eye-tracking glasses was set to be 30 Hz for the binocular eye-tracking.

The average accuracy for both SMI and Tobii glasses was 0.5° at a

distance of 40 cm. The visual field was divided into six areas of interest

(AOI), five of which were in the Scratch interface, with the sixth in the

physical robot area, as shown in Fig. 2.

From the eye-tracking data, we calculated the following measure-

ments:

Average fixation duration: High fixation duration indicates that

the participant is having difficulty in extracting information (Just &

Carpenter, 1976). We used a mental rotation task, with angles of 0°,

120° and 180°, to study the relation between problem difficulty and

gaze patterns. The results showed that with an increase in the rotation

angle (increasing difficulty), the fixation duration at the center of the

figure and the arms of the structures increased.

Average change in saccade direction: Longer saccades show

meaningful transitions in attention (Goldberg, Stimson, Lewenstein,

Scott, & Wichansky, 2002). In a web search task, the authors used a set

of different tasks on a webpage, so that the participants had to look for

particular information to complete the tasks. The results showed that

pre-planned eye movements were accompanied by longer saccades

(Goldberg et al., 2002).

Saccade amplitude: The angle between two lines, if more than 90°,

reflects a change of plans, revision or a failed expectation/hypothesis/

anticipation (Cowen, Ball, & Delin, 2002). In a usability study, the

authors found that the change in saccade direction often depicted the

gaze behavior of not finding something which the participants antici-

pated to find at certain places (Cowen et al., 2002). This can be

translated, in terms of programming behavior, as having a certain hy-

pothesis and a failed verification.

Gaze uniformity: This is an individual measurement of engage-

ment. This measure captured the uniformity of the time spent on all

AOIs. The distribution was computed as a vector of length six (there are

six AOIs) comprising the proportion of time spent on each AOI. The

uniformity was computed as the inverse of a Kullback-Leibler diver-

gence between the original proportionality vector and a uniform dis-

tribution with the same minimum and maximum limits as the original

vector.

Time spent on each AOI:We divided the whole visual field into six

AOIs – five on the screen and the sixth as the robot. We used specially

made QR codes to scan the robots and the area around them (Fig. 2).

The five AOIs on the screen were as follows:

• Tools: This area of the screen contained a general categorization of

the commands available; for example, commands to control the

motion, looks, sound, and other variables.

• Command: This area contained all available commands within the

currently selected tools.

• Scripts: This was the area of the screen in which the coding task was

performed.

• Output: This area showed participants the output of their scripts.

• Sprites: This area controlled the aesthetics of the program. The

participants could change the appearance of the animated character

using the characters available in this part of the interface.

Transitions among AOIs: We also computed the transitions to and

from one AOI to another. This helped us to understand the temporal

relationship between the children's gaze patterns and to depict the

coding process used by the participants. For example, frequent transi-

tions between script and output, or script and robot, depict the typical

behavior of hypothesis verification. The participants made a small

change in the program based on a certain hypothesis about the output

or the robot's movement; once they had observed the output/robot's

behavior, either their hypothesis was confirmed and they moved onto

the next step in coding, or they modified the program to reverify their

hypothesis. This behavior would result in a high number of transitions

between the script and output/robot. We considered only three types of

transitions for this analysis based on the literature which says that ex-

perts shift their attention between the code and the output more than

novices do (Hejmady & Narayanan, 2012). This is why we chose to

compare the gaze transitions between the script and robot/output. The

third type of transition we included in our analysis was that between

the commands and the script areas. These transitions imply a behavior

that shows a thinking process of “what comes next in the code?” by the

children.

Relative learning gain (RLG): The children completed pre- and

post-knowledge acquisition tests. These consisted of nine coding ques-

tions of increasing difficulty. The questions were adapted from a pre-

vious study (Grover, Cooper, & Pea, 2014) and followed instructors'

suggestions. The children took approximately 10min to finish the tests.

Fig. 2. The five areas of interests (AOI) for the screen; the sixth AOI was the

robot.
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The tests were paper-based and were manually graded by the re-

searcher. Fig. 3 shows two sample questions from the test.

In our study, we calculated the RLG as defined by Sangin, Molinari,

Nüssli, and Dillenbourg (2008). RLG is more accurate compared to

learning gain since it takes into consideration the difficulty in gaining

more knowledge if the learner is already very knowledgeable in a

subject.

=

<

RLG
if Posttest Pretest

if Posttest Pretest

,

,

Posttest Pretest
Max in Pretest Pretest
Posttest Pretest

Pretest

Data analysis: To identify the relationship between gender, gaze,

and RLG, we used analysis of variance (ANOVA) to compare the vari-

ables across different categories, since all the variables were normally

distributed. In addition, we checked the assumptions for ANOVA, and if

we found variables that did not satisfy the homoscedasticity condition,

a version of ANOVA was used in which homoscedasticity is not as-

sumed. This was done using the Welch correction for F-statistic.

3.3.2. Data collection and analysis for the second study

In the second study we utilized a qualitative approach. We collected

data from multiple sources, including post-workshop interviews, ob-

servational field notes, and participants' Scratch games. All data were

compared and cross-checked for triangulation.

Interviews: Participants were interviewed individually in

Norwegian after the end of the workshop. The interviews were audio

recorded, lasted approximately 10min, and used a semi-structured

protocol. During the interviews, students were asked to discuss their

workshop experience, such as what they found to be the easiest, the

most difficult and the most frustrating parts of creating the artifact, how

they found their team collaboration, what they liked, and how they

found their interaction with Scratch.

Interviews were transcribed and translated after the end of the

workshop. To analyze the transcribed interviews, two researchers fol-

lowed the coding method proposed by Saldaña (2015) for qualitative

inquiry. Saldaña's coding method describes a cyclical model that moves

from codes to categories and themes. Analysis of the semi-structured

interviews focused on identifying categories and then the overall

themes forming the codes emerged from participants' answers. Each

transcript was first individually reviewed by two researchers and then,

after a focus group and discussion, the two researchers agreed on the

major themes that had emerged. In all codes under each category and

then theme, it was indicated whether it derived from a boy's or a girl's

interview. This helped us to detect gender differences in the already

created themes. Analyzing the interviews allowed us to provide a hol-

istic understanding of girls' and boys' perspectives on coding activities

and to identify any potential masculine characteristics as well as girls'

hesitation or stereotypes related to their participation in coding activ-

ities.

Observations and artifacts: Independent assistants during the

workshop kept field notes. Assistants were close to each of the teams

and took notes on all tasks. In order to identify what type of help

participants were receiving from the assistants (see Table 1), we used

Franklin, Conard, Boe, Nilsen, Hill, Len, & Kiefer (2013) coding scheme.

In addition, observation notes included other incidents involving the

participants that occurred during the workshop and which concerned

the process they followed to successfully complete the coding tasks.

Examples of such incidents were: how the participants distributed the

roles among the team; which aspects they spent most of their time on

while coding; and what their reactions were.

Observation field notes helped us monitor girls' and boys' practices

during the process, capturing their behavior in all aspects, as well as the

type and frequency of help received from the teaching assistants run-

ning the workshop.

For the purpose of this study, and to be able to investigate any

potential differences between girls' and boys' approaches, we randomly

analyzed observations of two teams of girls and two teams of boys

(whose members were also interviewed), together with the final games

created by these teams. Each of the observation notes (one set for each

team) was reviewed by two researchers. Using content analysis, the

main actions indicating a specific behavior were identified, and the

frequencies of help level were calculated.

Finally, artifacts (games) developed by the teams were evaluated in

terms of the learning opportunities related to computer science and

computational thinking concepts offered by coding a game. We col-

lected four versions of the games approximately every hour during the

workshop. The evaluation of the artifacts included loading and playing

the game to ensure its functionality and playability. For the analysis of

each version of the games, we analyzed the games based on computa-

tional thinking components (i.e., flow control, data representation,

abstraction, user interactivity, parallelism, and logic), giving a score for

each of them from 0 to 3 (a rubric in which 3 shows proficiency, and 0

means that the skill is not evident). Artifacts were used as an extra

source to determine the main characteristics (such as the game's theme,

aesthetics, and storytelling) of boys' and girls' codes and their use of

specific concepts related to the learning objectives of our workshop, as

well as to discover any unexpected learning outcomes.

The analysis of observations and artifacts created by the teams fo-

cused on exploring any potential specifications that underline gender

differences.

4. Research findings

4.1. Results from the first study

4.1.1. Gender and RLG

To investigate any potential gender difference in the RLG, an

ANOVA (without assuming equal variances) with the RLG as the de-

pendent variable and gender as the independent variable was used. The

results showed no significant difference between boys and girls, F

(1,18.05)= 0.18, p=0.65 (see Fig. 4).

4.1.2. Gaze measures and gender

Next, in order to examine any potentially significant differences

between the gaze measures of girls and boys, we utilized a one-way

ANOVA (without assuming equal variance across gender). Table 2

shows the results, which indicate that there is no significant difference

in the gaze behavior between girls and boys.

Fig. 3. Example of questions on the knowledge acquisition test.

Table 1

Observations' coding scheme.

Number Explanation

0 Validation: Students want confirmation, not information

1 Where: Only needed help navigating the Scratch GUI

2 What: Only needed a reminder of the name of the concept

3 How: Given name of concept, still needed help to complete task

4 Reteach: Had to reteach concept and execution
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4.2. Results from the second study

4.2.1. Interview results

This section describes the identified themes relating to children's

perceptions that are relevant to our research question.

Improved confidence and self-efficacy in coding: In all inter-

views, children expressed that they managed to accomplish the tasks

required. This was also evident from the fact that all teams managed to

have a complete and functional game. Some of the comments, be-

longing in that category, are a clear indication of achievement ex-

pressed both by boys and girls. For example:

“At the end we managed to do everything we wanted” – Thomas

“We tried and made all the things we wanted to happen, we found how

things worked” – Maria

Other comments indicate confidence in the game design and coding:

“Now, I know it is not so difficult to make a game, I can do it again” –

Anna

“I knew something about coding before, but I didn't know how easy it

was, I thought it was much harder to make a game, I can definitely do it”

– Arne

In addition, it is evident that only girls reported that they did not

know what they could do with Scratch or what coding is. Comments

were similar to the one below:

“I was not at all looking forward to coming to the workshop, I thought it

would be some geek stuff, I have never tried something similar” – Ingrid

Perceptions about leadership and collaboration: This theme

reveals how boys and girls faced the collaboration process and how

much they contributed to their team. In mixed teams, when a boy knew

about coding, girls stated that a boy had to be the leader, while in girls'

teams they appear to have had equal roles:

“We were lucky to have a boy in our team who has coded before, so he

was leading in Scratch and the game creation” – Sonia

“We let Marius lead the team as he was more capable than us in coding”

– Olga

“We distributed the roles equally and changed the rotation of control in

different tasks” – Cecile

In the interviews, all boys indicated that they contributed to their

teams in terms of coding, whereas girls mentioned that not all of them

coded but that they felt a valuable part of the team because of their

ideas:

“I didn't do much in the coding, but if it wasn't for me, they would have

done a very boring game” – Jane

“I was not the one responsible for coding, but I decided how things will

look or behave” – Katia

Interaction with Scratch: There were no differences among boys

and girls in relation to their experience with Scratch and coding per se.

Comments below show that both girls and boys had similar difficulties,

challenges and frustrations during the creation of their game.

• General impression of Scratch programming environment:

“You can put together blocks and make a big script” – Daria

“If you put weird things together properly you can actually do whatever

you want” – Marius

During the workshop the participants faced difficulties completing

their projects. Many aspects of game design and coding appeared to be

challenging and sometimes frustrated the children in their attempts to

finish their projects.

• Difficulties of coding with Scratch:

“Sometimes the code can become messy” – Bjorn

“We couldn't make something stop when it was touching something else”

– Annete and Peter

“It was so difficult to make our timer and score counting” – Sofia and

Kevin “Making the character move was quite difficult” -Ines

“When you wanted to add something new in the function, then you had

to go back and check everything again” – Arne

“We had to test and fix our game again and again until the end” –

Martha

This category indicates what was easy in the coding part with

Scratch. Participants liked many parts of Scratch and their interaction

with it.

• Easiness of coding with Scratch:

“It was easy to put the blocks together” – Sofia

“I could find easily what I was looking for” – Lukas

“I found it easy that I could make the character as I wanted and then

make the platform he was standing on” – Stefano

Some of the children were also able to refer to specific commands in

Scratch. For example:

“I could easily use the sensing in a loop, to change the color of the

Fig. 4. RLG for boys and girls; the blue bars represent the 95% confidence in-

terval.

Table 2

Testing the effect of gender on gaze behavior using analysis of variance

(ANOVA).

Mean (SD)

girls

Mean (SD)

boys

DoF 2 F-value P-value

Uniformity 0.56 (0.25) 0.53 (0.25) 17.26 0.13 .72

Fixation duration 279.80

(55.94)

267.85

(100.10)

31.52 0.24 .62

Saccade direction 39.94 (12.33) 39.36 (17.25) 24.09 0.25 .61

Saccade amplitude 170.43

(49.27)

192.23 (64.26) 22.31 1.37 .25

Tools 0.13 (0.09) 0.16 (0.08) 15.10 0.61 .44

Script 0.14 (0.08) 0.16 (0.08) 17.69 0.17 .68

Commands 0.15 (0.06) 0.15 (0.06) 16.51 0.16 .69

Sprites 0.15 (0.11) 0.19 (0.07) 12.65 0.87 .36

Output 0.15 (0.08) 0.15 (0.07) 14.83 0.01 .90

Robots 0.16 (0.06) 0.16 (0.06) 14.83 0.01 .99

Scripts.command 0.23 (0.24) 0.23 (0.26) 18.32 0.32 .57

Scripts.output 0.24 (0.27) 0.21 (0.27) 16.81 1.39 .25

Scripts.robot 0.26 (0.22) 0.20 (0.22) 17.01 0.23 .63
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platform” – Ines

Affective engagement state: Participants reported that they liked

coding the game. Equally, girls and boys reported that they had fun

during the workshop. One participant commented:

“It was fun to code with colorful blocks that look childish” – Daria

Also, many participants described the workshop activity simply as:

“It was so fun” – Anne, Marius, Cloe

It was interesting to discover that participants with previous ex-

perience with coding found the whole workshop experience pleasant,

showing that having experience is not a limitation to attending that

type of workshop. This was highlighted in the following comment:

“The workshop was more fun because I knew about coding” – Alex

Even though some will not try it again, their experience was quite

fun and interesting:

“I will not code again at home, but I had a lot of fun and I liked making

the game and playing all the different games at the end” – Singrid

Moreover, they expressed their enjoyment at having an experience

outside school:

“We don't do these things at school, I am happy I tried something else” –

Daria

4.2.2. Observations and artifacts-analysis results

Our analysis of the observations from girls-only and boys-only teams

revealed a few differences between their practices and behavior during

the workshop. The results showed that girls had a different approach

than boys on how they were organizing their tasks. From the beginning

of the task, girls assigned roles and split the responsibilities (i.e., co-

operation/dividing labor). For example, girls started thinking and de-

signing the game, and in one of the teams a girl who was very good at

drawing started creating a storyboard for their game on paper. On the

other hand, boys started immediately navigating in the Scratch inter-

face, trying different commands for a while without having a concrete

plan for their actions. The teaching assistants needed to ask the boys'

teams to concentrate, think of an idea for their game and make a quick

storyboard. Girls looked more at the paper tutorial, trying to find ex-

amples of code, whereas boys had the tutorial on the side and only after

the assistant's prompting did they start to look at it. Both teams had the

same reaction when a team member was not interested: they tried at

least to give him/her a task. It was apparent that girls' teams discussed

more the decisions that they should take, and all were involved at every

stage of the game creation. In addition, they paid attention to all aspects

of the game with equal consideration. Boys cared more about the “how

to code” part and using the Scratch interface, and they were less in-

terested in the ideas and the aesthetics (e.g., color, what the character

would look like, background) of their games. In terms of help received

from the assistants, all teams had approximately the same amount,

between five and seven times. However, girls were more persistent than

boys in trying on their own more before asking for help. Taking into

consideration the type of help received each time, the only prominent

difference was that boys wanted more confirmation of their actions in

Scratch together with the approval of the assistants that they had cre-

ated an interesting or funny game. Difficult parts that all teams needed

a lot of help with were “how to make characters jump”, and the in-

sertion of variables, high-score or time.

Children's games evaluation showed that girls' nature was present in

their games, as was clear from their use of female characters inspired by

the famous “Barbie” or similar figures. Furthermore, girls' games had a

simple “goal”, like catching objects falling, whereas boys made games

involving throwing a ball to a goalkeeper or shooting activities. In the

case of the programming concepts and computational thinking

components (i.e., flow control, data representation, abstraction, user

interactivity, parallelism, and logic), the rubric scores were almost the

same in all final versions (see Appendix). This indicates that boys and

girls had a similar final performance. However, both teams of boys had

better scores in the first and second versions of the games.

5. Discussion and conclusions

In this study our aim was to investigate gender differences in coding

activities for children. To this end, we designed and evaluated a one-

day coding workshop with participants aged from 8 to 17 years old.

During the workshop, children were introduced to coding by inter-

acting with digital robots, specially designed for the activity, and

creating a game using Scratch. In all the activities, children worked

collaboratively in teams to successfully complete their goal. For the

evaluation, we used eye-tracking data as an objective measure, which

to the best of our knowledge has not previously been used to capture

children's coding gaze behavior. In addition, we collected and analyzed

qualitative data (i.e., semi-structured interviews, and observations) to

get a deeper understanding of children's experiences during the work-

shop. A qualitative approach is especially valuable for examining

gender issues, since expressing opinions about gender can be vulnerable

process (Popper, 1971). Our research findings reveal that gender issues

in coding activities for children are a multifaceted phenomenon. Ac-

cording to the quantitative findings, there are no gender differences

concerning RLG and gaze behavior in boys and girls. On the other hand,

qualitative results from interviews, observations and the created games

showed that some gender differences exist in children's approaches, as

revealed by their behavior during the workshop and their perceptions.

There was no difference in the RLG between girls and boys.

Therefore, children in our study showed no differences in their per-

formances, which supports previous studies on children using other

evaluation methods (Owston et al., 2009; Vos et al., 2011). Therefore,

our findings provide more evidence that girls do not lack in competence

compared to boys. Fisher, Cox, and Zhao (2006), in a study on adults'

performance on a program comprehension task, found no gender dif-

ferences and reported that men and women were equally capable of

developing the skills required to be professional developers. Although

more girls than boys in our interviews said that they had not known

about coding before, or that they were afraid of it, they managed to be

equally good as the boys. Moreover, the activities offered in our

workshop were appropriate independently from the participants'

gender and their previous knowledge. Furthermore, in the interviews,

children reported that they had fun during the workshop, even though

some of them had prior knowledge of coding. This can be attributed to

the fact that Scratch is not limited: it provides many possibilities for

making more advanced creations, so users can find it interesting and

learn more, no matter their level of existing knowledge. In addition, the

collaborative notion of the workshop enabled the students to learn from

each other and not to have their own individual performance as their

main goal. As shown in other studies, students perform better when

working in pair programming than when working alone (Lye & Koh,

2014; Werner, Denner, Campe, & Kawamoto, 2012).

A noticeable result is that there is no difference in the gaze behavior

of girls and boys. We used the objective measure of eye-tracking data,

and by examining different measures we found no difference in any of

them. This indicates that, regarding the actual micro-level experience of

boys and girls during coding with Scratch, there is no difference in their

approach based on their gaze, and hence also no difference in their

cognitive processes (Eckstein, Guerra-Carrillo, Singley, & Bunge, 2016).

From measures of time spent on different AOI, gaze uniformity, and

transitions among the different AOI, results showed that both male and

female participants were able to navigate in the Scratch interface, had a

meaningful thinking process, and were engaged. Similarly, from the

other measures used, results show that both genders had equivalent

difficulties in extracting information (fixation duration), challenges in
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learning something (saccade direction change), and goals and ex-

pectations in coding (saccade amplitude). Cazzato et al. (2010) found

weak gender differences in the gaze behavior of participants when

trying to solve visuo-spatial problems, but that women used more

cognitive resources. Other studies have found that girls face difficulties

in coding when they had a lot of elements (Denner et al., 2012) or when

they put more effort into having good functionality (Lee et al., 2014).

Although the results of children's gaze behavior and performance

show that there are no important gender differences, the qualitative

results of our study reveal that gender differences exist in the practices

used by boys and girls and in their perceptions. In general, girls ap-

proached the coding activity in a different way to boys, verifying the

theories of gender differences in information processing (Martin et al.,

2002; Meyers-Levy, 1986). For example, girls were more organized in

terms of collaboration, splitting the responsibilities and focusing on a

more systematic approach in the tasks, and they also paid more at-

tention to the tutorials. In addition, girls seemed to like more colla-

boration with others and to share the social part of the activity. Pre-

vious studies have shown that female students have a more trusting and

sociable approach compared to male students, who are more in-

dependent and focused on caring about themselves (Rosenberg-Kima,

Plant, Doerr, & Baylor, 2010). In the computer-supported collaborative

learning environment, Bruckman et al. (2002) found that girls spent

more time than boys in communicating. Girls' games were richer in

aesthetics and graphical representation, and they also had a more

“girly” approach. This is similar to other findings that show girls spend

more time on dialogues (Robertson, 2012) and aesthetics. Similar to the

finding of Denner and Werner (2007), our study shows that girls' teams

were more persistent in attempting the tasks on their own before asking

for help. Whereas girls' games had simpler tasks (like catching falling

objects), boys' games had more competitive characteristics. This ob-

servation is similar to the finding of Owston et al.‘s (2009) study, in

which teachers reported that boys enjoyed playing games more com-

petitively against others. Our observation notes confirm this finding, as

boys were also asking the assistants about how interesting their games

were.

One of the goals of our workshop was to build children's belief that

coding is something that they can do, and that it is not something that

only boys would be interested in. After their participation, boys and

girls reported that they felt competent to code. Another interesting

result from our qualitative study is that regardless of both girls and boys

reporting improved confidence and self-achievement, we find that girls

have less self-efficacy. One example is that when girls were among boys

in the teams they chose a boy to be the leader, indicating less con-

fidence. They also expressed that they did not know what coding was

before, that they had not tried it, that they did not know whether they

could do it, and that they thought it was only for geeks. The stereotype

of boys being better than girls at robotics and coding exists from the

young age of 6-years-old (Master, Cheryan, Moscatelli, & Meltzoff,

2017). A possible reason why they split the roles during their colla-

boration is that the girls were less confident; in addition, none of the

girls was trying to take control. In solo programming, men have been

found to be more confident than women (McDowell, Werner, Bullock, &

Fernald, 2006). In the study of Beckwith et al. (2005), females' self-

efficacy was lower than men's, and women did not easily accept new

debugging features.

That there are no gender differences in children's actual perfor-

mance and gaze behavior while coding, and that the main differences

are in their practices, indicates that practitioners should focus on

characteristics that will influence girls and change their limited parti-

cipation in computer science. Our results show that educators should

foster girls' self-efficacy (i.e., the belief in one's capacity to succeed in

tasks [Bandura, 1997]) and make them believe that they do not lack in

competences; therefore, educators should be careful to avoid dis-

criminating behaviors. Qiu, Buechley, Baafi, and Dubow (2013) found

that participants' confidence, enjoyment and interest in coding and

technology increase when self-efficacy grows. According to Bandura

(1997), self-efficacy is important in problem solving, since it affects the

individual's cognitive strategies, effort, persistence and, consequently,

the learning outcome. Coding activities should take into consideration

special gender characteristics and facilitate appropriate workshops.

Activities focused on collaboration can also be a method to narrow the

gender gap in coding activities and to view partnership as a key factor

for fostering both learning and positive attitudes in students.

5.1. Limitations

This study has some limitations. First, it was very challenging to

collect eye-tracking data from children. Eye-tracking measurements

with children is a very difficult task since it involves small eye pupils,

difficulty with the calibration, and the need for equipment tailored to

children, so this caused some problems. The large size of the glasses

annoyed the participants, especially the younger ones, who, as a result,

had to take them off. Consequently, we had to stop the activity to ca-

librate them again. The young age of the participants combined with

the playful environment of the workshop, in which children were very

enthusiastic and also wanted to experiment with the glasses, led to us

having data that we could not use because they were not from the areas

of our interest.

Second, participants in the two studies conducted for this paper had

slightly different ages, and we lacked participants aged 8–12 and 17.

Third, we analyzed only a small number of observations from the teams

and games. Including a larger amount of data could have added more

value to our results. In addition, the specific design and context of the

activity (i.e., the use of the Scratch tool, the coding tasks, the duration,

and the other characteristics), as well as the sampling method used,

limits the generalization of our findings. More precisely, the partici-

pants in our study were randomly selected volunteers from our region

in Norway; other sampling methods and demographic variables might

have a different effect on children's experience.

5.2. Future work

Our study suggests new aspects as the subject for follow-on re-

search. One possibility would be to investigate in more detail specific

gaze patterns of boys and girls; another would be to examine colla-

borative eye-tracking measures and group dynamics in both mixed and

non-mixed teams of boys and girls. Another interesting approach would

be to compare the effect of different learning environments on gender.

Furthermore, other objective measures could be used to gain a deep

understanding of the relationship between coding behavior and gender.

In addition, other quantitative methods, such as surveys, could be used

to supplement the collection of data relating to children's perceptions of

coding.
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Appendix

The rubric used for the evaluation of the artifacts:

Computational thinking components: 3 (excellent) 2 (Good) 1(Satisfactory) 0 (Not evident)

Flow control (loops and sequence)

Data representation (variables)

Abstraction

User interactivity (events)

Parallelism

Logic (conditionals and operators)

Are there any specific characteristics?

• Theme of the game

•Aesthetics

•Storytelling

•Other comments (if any)

Artifact's rubrics scores for girls' and boys' teams.

Computational thinking components

Team and game version: Flow control Data representation Abstraction User interactivity Parallelism Logic Total score

GT1V1 1 1 0 1 0 0 3

GT1V2 1 2 0 1 1 1 6

GT1V3 2 2 1 1 1 2 9

GT1V4 2 2 1 1 3 2 11

GT2V1 1 0 0 1 0 1 3

GT2V2 1 1 0 1 1 1 5

GT2V3 2 2 1 2 1 1 9

GT2V4 3 2 1 2 2 2 12

BT1V1 1 0 0 2 0 2 5

BT1V2 2 1 1 2 1 2 9

BT1V3 2 2 1 2 1 2 10

BT1V4 2 2 1 2 2 2 11

BT2V1 1 1 1 1 0 1 5

BT2V2 2 1 1 2 1 1 8

BT2V3 2 1 1 2 1 2 9

BT2V4 2 2 1 2 2 3 12

∗GT1: girls' team number 1; ∗GT2: girls' team number 2; ∗V1: game version 1; ∗V2: game version 2; ∗V3: game version 3; ∗V4: game version 4; ∗BT1: boys' team

number 1; ∗ BT2: boys' team number 2.
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a b s t r a c t

Collaboration and engagement while coding are vital elements for children, yet very little is known

about how children’s engagement and collaboration impact their attitudes toward coding activities. The

goal of the study is to investigate how collaboration and engagement moderate children’s attitudes

about coding activities. To do so, we designed an study with 44 children (between 8 and 17 years old)

who participated in a full-day coding activity. We measured their engagement and collaboration during

the activity by recording their gaze, and their attitudes in relation to their learning, enjoyment, team-

work and intention by post-activity survey instruments. Our analysis shows that there is a significant

moderating effect of collaboration and engagement on children’s attitudes. In other words, highly

engaging and collaborative coding activities significantly moderate children’s attitudes. Our findings

highlight the importance of designing highly collaborative and engaging coding activities for children

and quantifies how those two elements moderate children’s attitudes.

© 2019 Elsevier B.V. All rights reserved.

1. Introduction

Children’s engagement during a learning activity, is considered
the ‘‘holy grail of learning’’ [1]. It is associated with several
important aspects of the design and implementation of contem-
porary learning activities and is clearly associated with students
attitudes [2]. Engagement changes over time and is dependent on
interventions, social interactions and changing contexts [3]. In
collaborative learning activities, the level and quality of collabo-
ration between young students has also been found to have direct
influence in the quality of learning processes and persistence [4]
as well as in improving students’ attitudes (e.g., about mathemat-
ics) [5]. Thus, when investigating learning activities for children,
it is important to look closely how collaboration and engagement
might moderate the interplay of other important attitudes.

Computational thinking and coding activities for young stu-
dents are becoming an integral part of contemporary informal
learning in different contexts (e.g., in makerspaces, after school
activities, museums, libraries etc.). It is evident that young stu-
dents should begin developing computational thinking skills early
[6], and thus, more and more organizations design and deliver
coding activities, as part of their curriculum or their outreach
program. Properly designed coding activities for children have
shown to be beneficial, since they enhance problem solving skills,

∗ Corresponding author.

E-mail address: kshitij.sharma@ntnu.no (K. Sharma).

critical thinking and creativity among other [7]. The design of

these activities is important to enhance collaboration and engage-

ment in a meaningful way [6], yet very little is known about the

role of collaboration and engagement and their connections with

other attitudes that empower children’s participation (e.g., posi-

tive attitudes like enjoyment, intention etc.).

Therefore, in this contribution we seek to investigate how col-

laboration and engagement moderate the relationship between

central attitudes of children when coding (i.e., team-work, inten-

tion to participate, perceived learning and enjoyment).

To tackle the aforementioned proposition, we conducted a

study with 44 children participating to a full day coding activity.

We used eye-tracking techniques to measure their engagement

and collaboration during the activity and post-activity surveys to

measure their attitudes in relation to learning obtained, sense of

enjoyment, team-work and intention to participate in a similar

activity in the future. By investigating the role of collaboration

and engagement we provide a quantified evidence of how those

two important elements moderate other attitudes and enable

various insights for the design of future coding activities. In

particular, our paper makes the following contributions:

• We present insights from a study that collects data re-

lated to children’s behaviour (eye-tracking) and attitudes

(surveys) during a coding activity.

• We show that collaboration and engagement moderates the

relationship between children’s attitudes

https://doi.org/10.1016/j.ijcci.2019.04.004

2212-8689/© 2019 Elsevier B.V. All rights reserved.
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The remainder of the paper is organized as following. The
second section presents the related work on investigating the
relationship between attitudes and behaviour in primarily edu-
cational/organizational settings. Third section highlights the con-
ceptual model and research hypotheses of our paper. The fourth
section provides the methodology of the study, the coding activ-
ity, participants, variables used for the analysis and the analysis
itself. The fifth section shows results from data analysis, and
the last section discusses the implications of the results and
concludes the paper with future work and limitations.

2. Related work

2.1. The importance of attitudes in learning activities

An important issue related to the success of coding activities
is their adoption by children. A number of models and theories
have been developed and utilized to understanding the relation-
ships between the attitudes towards a new technologies and the
experiences and outcomes of using the technology (e.g., UTAUT or
its initial form Technology Acceptance Model-TAM, [8]). TAM is a
model connecting the ease of use, intention to use, user behaviour
and the usage outcomes (enjoyment, engagement, learning to
name a few). Various studies have used this model as a basis
for their analyses or extending the basic model given by Davis
(1989) [8].

Attitudes have been central in educational research for several
years. For instance, in an organizational learning context, humans’
intention to use new technology was found to be positively
correlated with their motivation to learning and transfer learn-
ing [9]. In another study, perceived enjoyment is another element
that has been reported to be closely associated with intention.
This association has been reported in studies concerning both
the teachers [10] and young students [11]. In another study,
pre-service teachers showed that the perceived enjoyment was
positively associated with their intention to use new technology
[10]. Finally, in the context of gaming it is found that the intention
to play games had a positive significant correlation with the
enjoyment in the games [12].

Enjoyment and learning are also associated, this has been
proven through different studies in educational settings [13–15].
For instance, in a face-to-face class about data analysis where
the teacher focused on the dialectic relation between theory and
data, the students who enjoyed this method, believed that it
helped them with their learning [13]. Similarly, based on the
surveys in another face to face classroom setting, the results
stipulated a positive correlation between enjoyment and learning
performance [16]. The results from a survey about a web-based
class management system, showed a positive correlation between
enjoyment and the learning goal orientation [14]. In a reading
study with eighth graders, the authors found the correlation
between the enjoyment in reading text and the perception about
learning to be significantly positive [15]. In a study based on PISA
tests, the perceived enjoyment was positively correlated with the
science knowledge, for students across different countries (USA,
Columbia, Estonia, Sweden) [17].

One of the most intuitive relations, among the various con-
structs included in TAM, is between enjoyment and engagement
when it comes to technology usage. These studies (mostly us-
ing survey data) were conducted at different educational levels,
such as pre-university level [18], high school [19], primary and
secondary levels [20,21]. Therefore, if an experience provides
enjoyment to the participant, it is likely that it would also be en-
gaging in long-term. For example, a study using PISA tests showed
(N > 400,000, 57 countries) a positive correlation between ac-
tivation enjoyment and engagement with learning science [17].

Considering high school students in different years (10–13 grade)
the students showed a positively significant correlation between
their enjoyment at and engagement with the school [19]. This
correlation was also consistent across the different years. In a
study with children aged between 7 and 8 years using educational
games, the children who enjoyed the games also showed higher
levels of engagement than the children with lower levels of en-
joyment [21]. Among pre-university students, the results showed
a negative correlation between disengagement and various con-
structs such as enjoyment at school and class participation [18].
In a study with tangible user interfaces involving children, the
results showed a positive correlation between children’s engage-
ment with the tangible game and their perceived enjoyment [20].
Further, within a teacher–student laboratory paradigm [22] the
students who reported high levels of enjoyment also reported
high levels of engagement. To summarize, from the literature it
is evident that attitudes are highly associated with the adoption
of a learning activity by young students, as well as, the learning
obtained from the activity.

2.2. Engagement and collaboration in learning

Many studies have reported a positive relation between col-
laborative learning and engagement [23–26]. In a collaborative
learning scenario with clickers in the classroom, there was a
significant positive association between engagement and active
learning [23]. The proponents of Computer Supported Collab-
orative Learning (CSCL) argue that introducing technology to
facilitate the collaboration might increase engagement with the
learning activities and hence learning outcomes [24,26]. Jarvela
and Jarvenoja [25] identified engagement as one of the key factors
for the success of self-regulated learning. Kreijns and colleagues
[27] argue that there might be two different ways in which
mutual engagement and learning are related. First, because of
mutual engagement individuals can gain knowledge that could
not be done prior to the collaboration. Second, mutual engage-
ment facilitates the co-creation of knowledge and hence leads to
better individual learning outcomes.

Furthermore, Lipponen and colleagues [28] highlight the need
of engagement in collaborative learning by stating that ‘‘just by
putting two or more individuals together’’ one cannot foster col-
laborative learning, one should make the collaborative task active
enough to engage the collaborators. Engagement has also been
shown to be related with team work [29–32]. In a group writing
study, there were negative effects of restricted communication
over engagement of students within different groups [30]. A study
with hockey players, showed that with positive attitude towards
the team work, novice players showed more willingness to come
to practice [29]. Similar results were reported in the context of
basketball players [31]. In a study with educational robotics, the
authors found a positive correlation between group work and
engagement levels with robots [32].

2.3. Eye-tracking as a means to understand engagement and collab-
oration

Eye-tracking provides a direct access of users’ attentional pat-
terns to the researchers. Eye-tracking has been used in multiple
educational settings to provide an understanding of cognitive
processes responsible for learning and collaboration [33]. Eye-
tracking has been historically known as a data source to measure
engagement in various research contexts. Shagass et al. [34],
Navab et al. [35] and Sanchez et al. [36], used eye-tracking
to detect attentional disengagement in psychotic, autistic, and
depression-effected patients, respectively. Eye-tracking has also
been used to capture the engagement in marketing studies (for a
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comprehensive review see [37]). Dalzel and colleagues [38] used
eye-tracking to compare the engagement patterns in a intelligent
agent based learning scenario. Moreover, it has also been used to
measure engagement in learning scenarios (for a comprehensive
review see [39,40]).

Eye-tracking has been widely used to measure collaboration
in different dual eye-tracking experiments. In the past studies,
collaboration and engagement measures have been used to cor-
relate the collaboration levels to various constructs like expertise
[41], collaboration quality [42], task based performance [43]
and learning outcomes [44]. Two synchronous eye-trackers can
be used for studying the gaze of two persons interacting to
solve a problem. It gives a chance to understand the underlying
cognition and social dynamics when people collaborate to solve
problems at hand [45]. In a collaborative task of finding bugs in
a program, Stein et al. [46] showed that the pairs who had their
gaze displayed to their partners took less time in finding the bugs
than those pairs who had no information about their partners’
gaze. From a collaborative concept map experiment , Liu et al. [47]
found that the gaze data of the pair is predictive of the expertise
in the collaboration. The authors framed the whole interaction as
a sequence of concepts looked at. The authors then use Hidden
Markov Models to predict the outcome of post-test and achieved
an accuracy of 96.3%.

Eye-tracking has been used to capture communication and
referencing in collaborative scenarios, which are essential for
creating and maintaining mutual ground among collaborators.
Grounding is an essential part of the communication [48]. Clark
and Brennan define grounding as the ‘‘coordination of process’’ –
which entails sharing information (or common ground) – which
includes mutual knowledge, beliefs, assumptions [49,50]. In a
dual eye-tracking experiment, the authors measured the time lag
between the speakers looking and referring at a specific actor and
the listeners looking at the same actor. This time lag was termed
as the cross-recurrence between the participants. The average
cross-recurrence was found to be between 1200 and 1400 ms.
This time was consistent with the additions of eye-voice span [51]
and voice eye-span [52]. The cross-recurrence [53] (the amount
of time spent by the collaborators while looking at the same
object) is one of the most common measurements to assess the
collaboration quality. Recently, Sharma and colleagues [43] pro-
posed a temporal and more distributed and robust version of the
cross-recurrence known as gaze-similarity (the amount of time
spent by the collaborators while looking at the same set of objects
in a given time window). Thus, eye-tracking is an established
approach to quantify both collaboration and engagement during
an activity.

2.4. Eye-tracking as a means to understand cognitive processes dur-
ing collaborative learning

Collaborative eye-tracking has been used in previous research
in collaborative learning scenarios to shed light on the socio-
cognitive mechanisms responsible for learning gains such as,
joint-attention [42,54] , mutual understanding [55,56], misunder-
standings [57], memorization [58]. In a pair programming study
with collaborative eye-tracking data, the results depicted that
the students which were able to provide correct answers to the
comprehension questions had more joint-attention (measured by
cross-recurrence or gaze similarity) than the students who could
not give correct answers [42,54]. Furthermore, in a collaborative
concept map study, the joint-attention was found to be correlated
with the learning gains of the pair [59]. In a similar study with
collaborative concept maps, participants’ gaze on a Knowledge
Awareness Tool (KAT) to assess the peer’s domain expertise was
reported to be correlated with high levels of mutual understand-
ing between the pair [55]. Mutual understanding had been shown

to be one of the main socio-cognitive construct responsible for
high level collaborative learning outcomes [56,60–62]. Sangin and
colleagues [63] used a knowledge awareness tool (KAT) to inform
the pair about their partners’ knowledge about a certain topic in
a collaborative concept map task. From the gaze data analysis, the
authors found that there was a positive correlation between the
gaze on the KAT and participants’ relative learning gain.

In terms of collaborative eye-tracking and dialogues during
the collaborative learning situations, Cherubini and colleagues
showed that the distance between the places looked at by peers
is predictive of their level of misunderstanding [57]. The misun-
derstanding was measured by the mistakes (made by the listener)
in disambiguation the (speaker’s) verbal references in a shared
learning system, which was a detrimental factor for the learning
outcome [57].

In a collaborative learning task, the gaze of the peers was
indicative of the processed responsible for memorization and
analysis of new concepts [44]. In a similar study the unbalanced
participation (division of labour, as measured by eye-tracking)
was found to be negatively correlated with learning gains of the
collaborating pairs [58]. Moreover, sharing gaze among collabo-
rating peers, resulted in a better division of labour [64], better
understanding of the content [65], and better attention spans
from the students [66]. In this contribution, we attempt to use the
gaze as a measurement of the behaviour of the peers and examine
the effect of a certain behaviour on the relationship between the
different attitudes of children towards coding.

3. Conceptual model and research hypotheses

As presented in the previous section, relevant literature has
shown positive correlations among the different constructs re-
lated to attitudes (intention to participate, attitude towards team
work, enjoyment and perceived learning) and indicators of be-
haviour (collaboration and engagement). Behaviour is seldom
considered as a factor which can affect these relationships; rather
it is considered as a factor in the correlational analyses while
most of these studies use subjective questionnaires. In addition,
eye-tracking has been widely used to provide a direct access of
users’ attentional patterns and provide an understanding of cog-
nitive processes responsible for learning and collaboration [33].
In this study, we propose objective measures of behaviour as a
pivoting factor, and have a hypothesis that behaviour can affect
the strength and/or the polarity of the relationship between at-
titudes of children in coding activities. Therefore, we measured
behaviour using eye-tracking data. Specifically, we used gaze uni-
formity to measure the level of children’s engagement and gaze
similarity to measure Children’s level of collaboration during the
coding activity. Furthermore, our study is guided by the following
research question:

How does the gaze behaviour moderates the relationship between
different attitudes when it comes to coding activity with children?

In order to investigate the effect of children’s behaviour (cap-
ture via gaze) in their attitudes (captured via survey responses)
during coding activities (see conceptual model in Fig. 1), we
divide the overall challenge into smaller hypotheses, as described
below. Responding to the following three hypotheses offers im-
portant insights into the general feasibility of the problem. Specif-
ically, our study attempts to verify the following research hypoth-
esis:

• H1a: Children’s engagement (gaze uniformity) has a signif-
icant moderating effect on the relationship between chil-
dren’s Intention and Enjoyment during a coding activity.

• H1b: Children’s engagement (gaze uniformity) has a signif-
icant moderating effect on the relationship between chil-
dren’s Intention and Learning during a coding activity.
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Fig. 1. The Conceptual Model of our Study.

• H2a: Children’s level of collaboration (gaze similarity) has
a significant moderating effect on the relationship between
children’s Team Work and Enjoyment during a coding activ-
ity.

• H2b: Children’s level of collaboration (gaze similarity) has
a significant moderating effect on the relationship between
children’s Team Work and Learning during a coding activity.

In the following diagram presented in Fig. 2, the research
hypotheses of our study are summarized.

4. Methodology

In this section, we present the methodological details of our
study, like, the measurements used and the data analysis imple-
mented.

4.1. The coding activity

Based on the constructionist approach and its main principle,
learning by doing [67], we conducted a coding workshop at
the Norwegian University of Science and Technology Trondheim,
Norway. Our coding workshops are out-of-school activities, in
which children from 8 to 17 years old are invited in a spe-
cially designed room in the university’s premises to interact with
digital robots, using Scratch for Arduino (S4A), and then code
their own game using the Scratch programming language. At
each workshop the children work for approximately four hours.
Five assistants with previous experience in similar activities are
responsible for instruction and the procedure for the workshops.
The workshop consists of two main parts, interaction with the
robots and creating games with Scratch, described below.

Interaction with robots: During the first part of the coding
activity, the children interact with digital robots. The assistants
give a brief presentation of the workshop’s activities. Then, the
children use a paper tutorial with instructions (Fig. 3) for how to
make the robots react to the physical environment with visual
effects using simple loops of Scratch for Arduino (e.g. to make
the tongue of the snake robot move when there is less light at a
sensor). The first part of the workshop provides a smooth start for
the participants as they playfully interact with tangible objects.
Showing the connection with the physical world through digital
robots, gives an opportunity to the children to understand STEM
subjects better and handle difficult problems [68]. For this activity
children by using Scratch for Arduino (S4A) are also introduced
to Scratch ‘‘logic’’ while they get motivation and inspiration. The
duration of the first part varies from 45 to 90 min. When all the
children have finished, they have a break before the next section
begins.

Creating games with Scratch: This section is the main activity
of the workshop and lasts approximately three hours, without
the presence of the robots. The goal is to successfully develop a
simple game, coding in Scratch. To achieve this goal, the assis-
tants give another paper tutorial with examples of all the basic
Computer Science concepts, possible loops they should use to

complete their own game, and how to manage the process of
game development (Fig. 4). They were advised that, first, they
should think and decide the story for their game and then create
a draft storyboard. When they had finished, they started coding
using Scratch. The children can ask for support from the assis-
tants whenever they need it throughout the activity in order to
successfully complete their games. Finally, the children reflected
on and played each other’s games.

4.2. Participants

We conducted the study at a dedicated lab space at the Norwe-
gian University of Science and Technology Trondheim, Norway.
Specifically, the study lasted two weeks during Autumn 2016,
with 44 children from the eighth to twelfth grades (aged 8–
17 years old), 12 girls (mean age: 12.64, standard deviation (SD):
2.838) and 32 boys (mean age: 12.35, SD: 2.773). Five workshops
were held in total, all following the same process for the coding
activity, addressed to novices in coding. Some of the participants
in the sample (13–17 years old) were recruited from the local
schools who had applied to take part in our activity. The other
set of participants (8–12 years old) were youngsters who attend
local coding clubs as an after-school activity. The children were
carefully selected regarding their age so at each of the workshops,
the participants were at the same grade or within a small age
range. All 44 children comprising the sample of this study were
eye-tracked volunteering their participation; the legal guardians
provided a written informed consent form for their child, giving
permission for the data collection.

4.3. Measures

As mentioned before, this study is one of the few so far
utilizing children’s gaze. We recorded children’s gaze while they
were coding using the Scratch environment during both parts of
the activity. The eye-tracking data was collected using four SMI
and one Tobii eye-tracking glasses. The sampling rate for all the
eye-tracking glasses was set to be 30 Hz for the binocular eye-
tracking. The average accuracy for both SMI and Tobii glasses
was 0.5 degrees at a distance of 40 Centimetres. The visual field
was divided into six areas of interests (AOIs). Five of them are
shown in Fig. 5. Once we have the gaze data on these six AOIs,
we extracted the following variables to include in our analysis for
this contribution:

Level of Collaboration: To measure the level of collaboration
of children during the coding activity, we calculate the gaze
similarity. Gaze similarity captures the proportion of the time
spent by the participants looking at the similar set of AOIs in a
given time window. This is computed as the cosine similarity of
the vectors comprising of the proportion of time spent in each
AOI within a given time window (see Fig. 6).

Similarity(X, Y ) =
∑N

i=1 XiYi√∑N
i=1 X

2
i

√∑N
i=1 Y

2
i

(1)

Engagement: To measure engagement of children during the
coding activity, we calculate gaze uniformity (see Fig. 7). Gaze
uniformity captures the uniformity of the time spent on all AOIs.
The distribution is computed as a vector of length six (there are
six AOIs) comprising of the proportion of time spent in each AOI.
The uniformity is computed as the inverse of a Kullback–Leibler
divergence between the original proportionality vector and a uni-
form distribution with the same minimum and maximum limits
as the original vector.

Uniformity(X, Y ) =
N∑
i=1

Xilog
Xi

Yi

(2)
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Fig. 2. The research hypotheses of our study.

Fig. 3. Left: Example of the robots’ tutorial. Right: example robot.

Fig. 4. Left: example of the tutorial; Middle: children interacting with Scratch; Right: example of developed game.

At the end of the activity, the children completed a paper-

based survey. The survey gathered feedback on the children’s

attitudes regarding the coding activity. The children were asked

to rate their experience with the coding activity regarding their

four different variables: team work, their intention to participate

in future similar activities, their enjoyment during the activity

and how much they thing they learned (i.e., perceived learning).

For all the measures, we used a five-point Likert-scale ques-

tionnaire. Table 1 shows the operational definitions of the four

factors.

4.4. Data analysis

In this contribution, we address the following analysis ques-

tion: ‘‘how does the behaviour moderates the relationship between

different attitudes when it comes to coding?’’. Fig. 1 shows the

relation between the constructs, measurements and variables

used in this study. To find how the behaviour affects the relation

between the different attitudes towards coding, we chose to

conduct moderator analysis [72]. Moderator is a variable that

affects the strength and/or direction of the relationship between
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Fig. 5. The five areas of interests (AOI) for the screen, the sixth AOI was the robot.

Fig. 6. A typical example of computing gaze similarity from the time spent on the different AOIs.

Fig. 7. A typical example of computing gaze uniformity from the time spent on the different AOIs.

Table 1
The attitudinal factors and their respective questions, operational definitions and sources.

Factor Operational definition Item/Question Source

Perceived learning The degree to which children indicate their

performance.

Please indicate if you learned new things during the coding

activity (Not at all – Very much)

[69]

Intention The degree of children ’s willingness to participate

in a similar activity.

Please indicate how much you want to attend similar

coding activities in the future (Not at all – Very much)

[70]

Enjoyment The degree to which children indicate their

enjoyment during the activity

Please indicate how much you enjoyed your participation

in the coding activity (Not at all – Very much)

[70]

Team Work The degree to which children indicate their

enjoyment of working in a team during the activity

Please indicate how much you enjoyed working in a team

(Not at all – Very much)

[71]

two variables. In terms of ANOVA or correlational analyses, this

variable is added as an independent variable that does not have a

direct effect on the dependent variable, but when combined with

the main independent variable, shows a significant interaction

effect. In the present analyses, we use intention and team work as

the independent variables; enjoyment and learning as the depen-

dent variables; and gaze behaviour (similarity and uniformity) as

the potential moderator variables.
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Table 2
Descriptive statistics for the variables used in this contribution.

Mean Std. Dev. Minimum Maximum

Uniformity (0–1) 0.48 0.35 0.004 0.97

Similarity (0–1) 0.34 0.26 .002 0.96

Intention (scale 1–5) 4.45 0.73 3 5

Team work (scale 1–5) 4.24 0.87 2 5

Enjoyment (scale 1–5) 4.55 0.51 4 5

Perceived Learning (scale 1–5) 4.65 0.98 1 5

Table 3
Pearson correlation matrix for the attitude variables used in the analysis.

1 2 3 4

Team work 1 – 0.37** 0.32* 0.30*

Intention to participate 2 – – 0.45** 0.56***

Learning 3 – – – 0.65***

Enjoyment 4 – – – –

***p-value < .001.

**p-value < .01.

*p-value < .05.

5. Results

5.1. Descriptive results

Children expressed high learning and enjoyment (4.7/5 and
4.6/5, respectively) for the coding activity. Additionally, they ex-
pressed slightly lower intention and attitudes towards team work
(4.4/5 and 4.2/5, respectively). High levels of these attitudes in-
dicate positive views concerning their learning performance and
beliefs regarding their engagement with coding activities. The
descriptive statistics about children’s attitudes and eye-tracking
measures are summarized in Table 2.

To assess the correlation between individual items on the
questionnaire, Pearson’s correlation coefficient between the fac-
tors was used. Pearson quantifies the strength of the relation-
ship between the variables. Table 3 shows the pairwise correla-
tions among attitude towards team work, intention to participate,
learning, and enjoyment. We observe that all the correlations are
significant and positive. This allows us to proceed with the inves-
tigation for the moderation effects. In the following subsections
we present four different moderation analysis for the different
variables measuring attitudes and behaviour.

5.2. Level of collaboration as moderator

First, we focus on the relation between attitude towards team
work and learning; we test if this relation is significantly mod-
erated by the level of collaboration of the participants. Table 4
shows the model fitting details and Fig. 8 (left) shows the trends
for the main effect (dashed line) the high collaboration (blue line)
and the low collaboration categories (red line). We observe a
significant interaction effect of collaboration and attitude towards
team work on the learning. From Fig. 8 (left) it can be observed
that the relation between the attitude towards team work and
learning is stronger for participants who experienced high level
of collaboration. Thus our data provide strong evidence that chil-
dren’s level of collaboration during coding activities moderates
the relationships between their attitude about team-work and
learning (accepting H2b).

Second, concerning the moderating effect of the level of col-
laboration for the relation between attitude towards team work
and enjoyment, Table 4 shows the details for the model and Fig. 8
(right) shows the trends similar to that of Section 5.2. We observe
a significant moderating effect of collaboration and attitude to-
wards team work on the enjoyment. From Fig. 8 (right) it can

Table 4
Testing the moderating effect of the level of collaboration, on the team work to

enjoyment and team work to learning relationships.

Model for perceived learning

Estimate Error t-value p-value Hypothesis

Intercept 4.62 0.10 38.71 .00001

H2b Accepted
Team work 0.44 0.18 2.42 .01

Similarity 0.33 0.43 0.77 .44

interaction 1.20 0.58 2.04 .04

Model for enjoyment

Intercept 4.62 0.10 44.34 .00001

H2a Accepted
Team work 0.36 0.15 5.62 .02

Similarity −0.45 0.33 −1.38 .17

interaction 1.43 0.67 2.11 .04

Table 5
Moderator effect model for perceived learning and enjoyment, using attitude

towards intention and gaze uniformity as the independent and moderating

variables, respectively.

Model for perceived learning

Estimate Error t-value p-value Hypothesis

Intercept 4.70 0.10 45.34 .00001

H1b Accepted
Intention 0.63 0.14 4.33 .0001

Uniformity −0.25 0.36 −0.69 .049

interaction 1.44 0.48 2.98 .004

Model for enjoyment

Intercept 4.06 0.08 53.85 .00001

H1a Accepted
Intention 0.66 0.11 5.62 .0001

Uniformity −0.61 0.34 −1.75 .09

interaction 1.09 0.39 2.77 .008

be observed that the relation between the attitude towards team

work and enjoyment is stronger when the participants experience

high levels of collaboration than in the case participants expe-

rience low levels of collaboration. Thus our data provide strong

evidence that children’s level of collaboration during coding ac-

tivities moderates the relationships between their attitude about

team-work and enjoyment (accepting H2a).

5.3. Engagement as a moderator

Investigating how engagement moderates the relation be-

tween intention to participate and perceived learning, Table 5

shows the details for the model and Fig. 9 (left) shows the

trends similar to that of Section 5.2. We observe a significant

moderation effect of engagement and intention to participate on

perceived learning. From Fig. 9 (left) it can be observed that the

relation between intention to participate and perceived learning

is stronger when the participants experience high engagement

than in the case the participants experience low engagement.

Thus our data provide strong evidence that children’s level of

engagement during coding activities moderates the relationships

between their intention to participate in the activity and learning

(accepting H1b).

Finally, we consider how engagement moderates the relation

between intention to participate and enjoyment, Table 5 shows

the details for the model and Fig. 9 shows the trends similar to

that of Section 5.2. We observe a significant moderating effect

of engagement in the relationship between intention to partici-

pate and enjoyment. From Fig. 9 (right) it can be observed that

the relation between intention to participate and enjoyment is

stronger for the highly engaged participants than the case of

non-engaged ones. Thus our data provide strong evidence that

children’s level of engagement during coding activities moderates

the relationships between their intention to participate in the

activity and enjoyment (accepting H1a).



72 K. Sharma, S. Papavlasopoulou and M. Giannakos / International Journal of Child-Computer Interaction 21 (2019) 65–76

Fig. 8. Trends from the models shown in Table 4. The red and blue lines show fitted model with low and high collaboration (gaze similarity) values, respectively.

The dashed line shows the main effect. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

Fig. 9. Trends from the models shown in Table 5. The red and blue lines show fitted model with low and high gaze similarity values, respectively. The dashed line

shows the main effect. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

6. Discussion and conclusions

We presented analysis of data from a study with children
coding games and interactive robots. We captured children’s be-
haviour while coding using eye-trackers. Moreover, we also cap-
tured their attitude towards coding using questionnaires. In this
contribution, we investigated the role of gaze-behaviour as a
moderator for the relationship between the different attitudes.
The results show that gaze-behaviour does moderate the relation-
ship between the attitudes about a coding activity with the ones
resulted from the coding activity.

The first behavioural measure is the level of collaboration
(measure via gaze similarity). The results show that the level
of collaboration affects the relationship between children’s atti-
tudes. High level of collaboration shows children’s ability to share
the learning experience, this fosters their enjoyment from the
process. Moreover, high level of collaboration also indicates high
level of mutual understanding (common ground) [42,53] and
better division of labour [64], that is critical for group learning
activities. In addition, through the collaborative process of coding,
children share their learning by interacting and making decisions
together [73]. This could reinforce learning (as also indicated
from the perceived learning measure). A few studies have also
reported similar results where the lack of shared gaze among the
participants turns out to be detrimental for children’s learning
(e.g., [74]).

The differences in children’s coding level of competence, even
if they had positive attitude towards team work, made them
feeling that they did not learn enough. Differences in children’s
coding competence could have also made it difficult to commu-
nicate and coordinate with the partner. This can be the reason
that they also enjoyed the activity less than those who were
in more homogeneous groups, and were able to communicate
and coordinate well with peers. These results are inline with
the previous work related to learn new concepts and the gaze-
togetherness [58,75]; and the lack of gaze-togetherness and the
high levels of misunderstandings [57].

The second behavioural measure we used was children’s en-
gagement (measured via gaze uniformity). Engagement moder-
ated the relationship between children’s attitudes (influence of
intention to participate to enjoyment and learning). Higher en-
gagement, shows confidence and children explore different parts
of the interface and navigate in all parts of the screen [76]. Also,
the activities were designed in a manner that all parts of the in-
terface were equally important for success (task based). Children
who pay equal attention to all the feel more successful in learning
the concepts than those who did not. Their familiarization with
the learning environment (Scratch) and being able to understand
all its different parts and their functionalities influenced their en-
joyment and learning. The ability of accomplishing a task provides
an overall positive experience and offers positive results like fun
and enjoyment [77,78].
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Collaboration promotes better perspective taking and reflec-
tion among students [79,80], which in turn enables higher learn-
ing gains and better collaborative learning experiences [81–84].
Moreover, the engagement with collaborative tasks can offer
opportunities for the children to learn the domain related [85–87]
as well as the collaborative skills [88]. These relations have also
been highlighted in the case of pair-programming at a classroom
level [89]. Collaboration among the students has also been found
to be fruitful in acquiring other computer literacy skills [90]
beyond programming skills.

It is shown that co-located collaboration has certain educa-
tional benefits [91,92] such as, externalization of thought pro-
cesses [93] and reduced cognitive load [94]. This supports our
results where we found that relation between the attitude to-
wards team work and learning is stronger for participants who
experienced high level of collaboration. The groups with high
levels of collaborative work and a more positive attitude towards
collaboration were able to talk about the programming processes
and concepts more than the groups with lower collaborative work
and hence they were able to achieve higher learning gains. By
designing for these mechanisms one can achieve higher collabo-
rative outcomes [95]. For example, while working together and
sharing insights and problems with each other, the peers might
benefit from a reflection tool [96].

Other studies with collaborative learning with children have
argued about the benefit of collaboration [97–99] specifically,
in learning computational thinking skills [97,100,101]. Our re-
sults consists of two benefits over the previous studies. First,
most of the studies reported in Section 2 addressed the pair-
wise relations among behaviour and attitudes, while this con-
tribution focuses on more intricate nature of the triumvirate
relationship. Second, the behaviour was used in the reported
eye-tracking studies [34,35,53,102] more as a process vari-
able for the plausible explanation of the relation between suc-
cess/expertise/collaboration/perception, while our results show
that it could be used as a moderator. This fact will allow us
to provide feedback in real time to affect both attitudes and
experiences in positive manner.

6.1. Theoretical and practical implications

Our results show that the behaviour is key to understand the
relation between attitudes towards learning, specifically when it
comes to learning to code. Both gaze similarity and gaze uni-
formity influenced children’s relationship among attitudes. This
highlights the importance of both individual and collaborative
measures to understand learner’s behaviour during coding activ-
ities and act accordingly to enhance their learning experiences.

Considering the relationships between the intention, learning
and enjoyment; and how they are moderated by gaze uniformity,
our results seem to extend the Technology Acceptance Model
(TAM) [8]. According to TAM the perceived ease of use, intention
to use and the actual usage are correlated [8]. Our results suggest
that the children with high gaze uniformity on the interface
have a higher correlation between the intention and enjoyment;
and between the intention and perceived learning than those
children who have low gaze uniformity. This shows that the gaze
behaviour moderates the relationship between intention to use
technology and the other attitudes (enjoyment and learning).
This is inline with TAM, which also shows significant correlations
between the intention to use, the behavioural use, and the at-
titudes towards technology. In this contribution we propose to
use the behaviour as a moderator of the relationship between
different attitudes. The results enhances our understanding of
how children’s behaviour can impact their attitudes towards a
new technology, since most of the children participating in the
workshop were novices.

In practical terms, the gaze uniformity translates to exploring

the interface in a uniform manner to learn most of the functions

provided by the environment. Gaze uniformity can be calculated

in real-time, which could allow us to provide feedback while the

children are coding. This might enhance the learning experiences

and outcomes for them. Gaze uniformity can also be used to

develop post-coding reflection tools as well. One can use the gaze

data to show how the children explored the interface and help

them understand what they missed. This might help them to

have better exploration and understanding in the future coding

activities.

In any collaborative scenario, where the coordination of the

collaborators is essential for the successful completion of the

task such as collaborative programming, collaborative problem

solving, collaborative learning, it is essential to have a com-

mon ground between the team members [48]. According to the

grounding theory in communication [48] – grounding is basic

to all the communications – and hence, it is important to have

a measurement for the process of grounding the conversations.

Mutual gaze is the process by which two or more collaborators

initiate and maintain the common ground [103]. Mutual gaze can

be initiated by a diactic gesture (verbal or physical) by one of the

team members [104]. When John refers (talks about or points)

at a certain part of the Scratch interface to initiate a conversation

he has to look at that particular part of the screen. At the same

time, if following what John’s discourse, Susan looks at the same

part of screen to make sense of what John is saying. This results

in gaze similarity. Our results show that the teams with high gaze

similarity had a higher correlation between the attitude towards

team work and both learning and enjoyment (Table 4 and Fig. 8).

This is inline with results reported in previous research with

collaborative processes and conversations [42,43,53,105]. The

results in the present contribution highlight the importance of

having a common ground among collaborators at young ages as

well.

In practical terms, the moderator effect shown by the gaze

similarity could be exploited to provide gaze-aware feedback

to the collaborating partners. In video based learning scenarios

gaze-awareness has been shown to improve learning experiences

[106] and outcomes [66]. In collaborative problem solving sharing

the gaze of partners leads to better collaborative outcomes [64,

105,107]. Children might benefit from having a additional support

for sharing a common ground with their team-mates, since their

verbal referencing capabilities might not be as good as adults due

to lack of experience.

6.2. Limitations

This study is the one of the few ones (to the best of our

knowledge) to explore the relationship between the objective

behaviour and the attitudes of children towards coding activities.

The eye-tracking data provided us a proxy for the behaviour.

However, there were many difficulties faced while collecting the

data, which affected the quality of data in certain ways. For

example the eye-tracking glasses are made to fit adult sized

heads and the participants were eight to seventeen years old.

A few of the children obviously had small head sizes. This cre-

ated a few problems while calibrating and post-processing the

data. Another limitation of the current contribution comes from

the fact that this was an experiment conducted with a visual

programming tool (Scratch) and following specific instructions

and learning goals. Although, we would expect the findings to

generalize across other visual programming tools and coding

activities, it is difficult to generalize for text-based programming

environments and formal coding activities.
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6.3. Future work

This contribution opens up varied directions for further exten-
sion of research. First, this paper focuses on eye-tracking as an
objective proxy of behaviour, which is not ideal for ecological va-
lidity and hence one should explore other options for behavioural
proxy. Some examples are, facial features, interaction patterns
with the programming interface, arousal data collected through
devices such as wristbands. Second, our results show that there is
potential to use eye-tracking data to provide feedback to children
while they are learning how to code. Our results can provide
a first step towards designing a gaze-aware feedback system to
enhance the learning experiences and the learning outcomes.
Third, a logical extension of the present contribution can be to
look into the temporal dynamics of the gaze behaviour to observe
how engagement and collaboration evolve for different groups of
children with different characteristics (e.g., competence in coding,
experience, age groups etc.).

6.4. Conclusions

In this paper we present analytics to understand the relation-
ships between attitudes and behaviour of children while solving
coding problems. We proposed to use the behaviour, as measured
by gaze, as a moderator of the relationship between the different
attitudes. The results show that the behaviour is an important
factor while examining such relations. We found that behaviour
does moderates the relation between the intention to learn, atti-
tude towards team work, enjoyment and perceived learning. We
also demonstrate that the results are inline with existing theories
and contemporary research. This encourages us to work in this
direction for future towards enhancing our understanding about
kids coding patterns.
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