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Abstract

Women are still strongly underrepresented in the ICT field. It is worrying that even

children can hold stereotypes about gender and technology, which discourage girls

from engaging with technology early in their development. Previous research has

found that encouraging collaboration and the integration of storytelling in program-

ming are successful approaches for introducing girls to coding. In practice, children

often collaborate with friends since they tend to engage in the same activities. This

study explores how existing friendship influences collaboration between preadoles-

cent girls participating together in a storytelling-motivated programming experience.

Results reveal that when girls collaborate with a friend, they feel comfortable and

confident to express their ideas and to reject or elaborate on their friend’s sugges-

tions. The openness of friends towards each other and the social setting of friendship

may impact collaboration. Role assignment in the form of task allocation supported

productive collaboration, while dominance impeded it. The project indicates that

the design of solutions that aim to motivate programming through storytelling has

to provide enough support in adding narration elements through code. Additionally,

it proposes suggestions for the design of inclusive workshops and hackathons.
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Introduction

According to “Women in the Digital Age”, a report created for the European

Commission in 2018, only 24.9% of female graduates in the EU come from ICT-

related fields [1]. There are four times more men in ICT-related studies than women.

Similarly, only 21,5% of digital jobs are occupied by women. The demand for employ-

ees in the field of Information and Communications Technology (ICT) is growing,

however, the number of professionals in the field is not increasing at the necessary

rate and the gender gap is expanding. The report also states that women tend to

be less confident when it comes to their digital skills compared to men despite hav-

ing a similar level of proficiency, which is in accordance with previous research [2].

This is clear evidence that the issue has to be addressed at multiple levels in soci-

ety. The situation varies in different countries, but according to the literature, the

more freedom women have in choosing their profession, the more likely they are to

follow stereotypical career paths [3]. In Sweden, statistics show that at the age of

11, boys and girls show similar interest in technology with 88% of boys and 86% of

girls stating that they find the field interesting [4]. However, at the age of 15, the

percentage drops significantly for girls, and only 37% of them express interest in

the area (compared to 70% for boys). This indicates that most girls lose interest in

technology prior to or early during adolescence. The reasons are complex, such as

the perception of computer science as boys’ activity, which can inhibit girls’ interest

since adolescents are less tolerant of cross-gender activities than children of other

ages [5, 6].

Children as young as 6 years old can already hold the stereotype that boys outper-

form girls in programming and robotics [7, 8]. For example, if asked how a program-
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2. Introduction

mer looks like, both boys and girls are more likely to imagine a male than a female

figure [8]. The more convinced girls are in this stereotype, the lower their self-efficacy

and interest in these domains [7]. Holding such stereotypes can also trigger the effect

of the “stereotype threat”, the anxiety that one’s performance on a task or activity

will be seen through the prism of a negative stereotype [9, 10].

The engagement of girls in extracurricular activities, which involve computers, also

plays an important role. According to Spender [11], computer programs, including

games, are often male-centred, which encourages more boys to engage with them in

extracurricular activities and boosts their confidence in the subjects.

More recent evidence from 2016 suggests that most children see computers as at-

tractive to both boys and girls but that “they like different games” [12]. While this

may indicate a positive change in the last decade, boys usually have their own com-

puters, which allows them to explore more, while girls often share computers with

others in their family [13]. At the same time, boys and girls show similar abilities

in understanding programming concepts. A study, which included children from 45

kindergartens in the USA showed that boys and girls perform equally well in simple

programming tasks [12].

The current project is done in collaboration with imagiLabs, a Swedish start-up,

founded in 2018, to attract more girls into programming and help them realize their

potential [14]. The vision of the company is that in order for technology to benefit

everyone, it needs diversity among its creators [15]. The imagiLabs mobile applica-

tion is targeted towards girls between the ages of 9 and 15 who can learn Python’s

basics in a fun and engaging way. Through the application, they can create simple

programs which can be deployed to the imagiCharm - a smart wearable accessory

that lights up with different texts, shapes and colours based on the program. In the

imagiLabs app, users can share their creations with the app community; with the

imagiCharm, they can show them to their friends and families. Although users of any

age and gender are welcome to learn with imagiLabs, both the mobile application

and the imagiCharm are designed to appeal to girls according to participatory design

research conducted by the company with over 300 girls 1. It found that they enjoyed

creatively expressing themselves, collaborating as well as sharing their creations with
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2. Introduction

other creators, friends and families. The research also showed that having a separate

tangible device helps engage girls in programming, which inspired the design of the

imagiCharm.

Encouraging collaboration in the imagiLabs community has many potential benefits

for its users [16, 17, 18, 19]. Previous research has also found that the integration of

storytelling in programming is a successful approach for introducing girls to coding

[6]. However, it is also important to consider that in practice children often engage

in activities that their friends are involved in [20]. While studies on the topic of

collaboration among friends have inconsistent results, research on the collaboration

among children who consider themselves friends is scarce, especially in the domain

of programming tasks. The goal of this research is to explore the role of friendship

in a collaborative experience for girls where storytelling motivates programming.

Therefore, the research question which drives this study is:

What is the role of friendship in a collaborative experience for girls where

storytelling motivates programming?

Specifically, the focus is on the process and experience of collaboration between

preadolescent girls who consider themselves friends. Rather than evaluating the re-

sult of their collaboration, the aim is to explore how they feel, how they organize

their collaboration as well as potential problems that might emerge. Collaboration,

friendship, and storytelling in programming and non-programming activities are the

pillars of the current project.

Results show that the participants enjoyed collaborating with their friend, this

helped them feel confident and open to share their ideas. As most of the friends

had met in school, they already had previous experience in collaborating together.

Participants often allocated tasks to each other, sometimes based on their skills.

Dominance within a dyad was the main hindrance for productive collaboration and

it can be explained by the excitement or the confidence in a particular skill of the

more dominant participant.
1Based on unpublished research from 2016 conducted by Dora Pálfi, the founder and current

CEO of imagiLabs, and Sara Eriksson as well as workshops conducted by imagiLabs since its

foundation in 2018.
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2. Introduction

The result of this study contributes to HCI through a set of considerations, which

can support designers of workshops and technologies, which aim to attract girls to

collaborate together on creative problem-solving and programming-related tasks,

especially when the collaboration is likely to occur between friends or when sto-

rytelling is involved. The work further discusses the possible application of these

considerations in the HCI practice. Besides, the discovered potential benefits and

problems of the collaboration between friends and can be used as a foundation for

further research on the topic.
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Literature Review

The literature review focuses on a few topics, which motivate this study and its

design. Feminist HCI seeks to incentivize an emphasis on the needs of marginalized

societies in HCI research and technology. Constructionist approaches, the encour-

agement of collaboration and storytelling have been successfully applied as an in-

troduction to programming. Computer games, which often awaken the interest in

programming as well as hackathons have been observed more critically. And previous

research on the role of friendship in collaboration is a foundation for the interpreta-

tion of the results of the current study.

Some areas of interest involve also studies from the late 90s and early 2000s. These

have been included because of their close relation to the topic and due to the lack of

more recent literature with the same degree of relevance. Nevertheless, they have to

be observed critically as both participants’ behaviours and researchers’ interpreta-

tions might have been biased by the societal norms of that time. Technology, society

and its values have changed tremendously over the past 20 years and similar studies

conducted nowadays might reveal different or even contrary results.

3.1 Feminism in Human-Computer Interaction

(HCI)

Science and technology studies (STS) theorists contend that the way in which the

role of women and men are viewed in society shapes science and technology, which

is evident in the fact that for decades men prevail in computer science studies, the
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design and implementation of technology, the use of the Internet and digital devices

[21]. Gender differences and a deficit model of women and technology are likely to

impede the design and development of interactive systems [22]. Feminist HCI aims

to address this issue by integrating the theory of feminism in HCI practice [23].

One of the most important epistemologies that Feminist HCI is based on is feminist

standpoint theory, which has three main principles:

• Knowledge is socially situated;

• Marginalized societies are socially situated in a way that makes them more

likely to be aware of things and to ask questions than non-marginalized soci-

eties;

• The viewpoints of marginalized societies are an appropriate starting point for

research, especially when it focuses on power relations [24].

According to feminist standpoint theory, cultural expectations and conventions in

patriarchal societies limit women by assigning them particular roles and access to

resources [21]. A simple example of how this might also have a negative influence

on the design and the development of technology is how microwave ovens were

initially marketed in the 20th century [25]. Bardzell describes how the integration

of feminist theories can be applied to HCI theory, methodology, user research and

evaluation [21]. The author also outlines how feminism in HCI can support pluralism

(as opposed to universalizing approaches), participatory design, the embodiment of

the user in design, self-disclosure (software that is transparent in what it is “trying to

make” from the user and that allows the user to “define” themselves for the software)

[21]. Bardzell provides specific examples from the practice. Some of them are positive

and make use of these qualities (e.g., the “Rangoli” visual notebook), while some are

negative (e.g., Whirpool’s “World Washer”).

To make learning experiences more feminist, Cassell [26] summarizes five principles

for feminist design based on feminist pedagogy:

• Providing students with authority over the learning process;

• Valuing one’s subjective knowledge and experiences;
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• Allowing for various viewpoints;

• Enabling students to express themselves and their experiences;

• Encouraging collaboration.

It is crucial to emphasize that feminist HCI is beneficial to women but also to other

marginalized societies.

From a feminist point of view, the goal of this research is to unveil how the friendship

between girls, as a marginalized society in the ICT field, influences their collabora-

tion in programming.

3.2 Constructivism, Constructionism and

Collaboration

Constructivism is a theory in education, which originated from Jean Piaget’s theory

of cognitive development, and it states that learners construct their own knowledge

and personal meaning of the matter in relation to what they already know from the

past and the alternative perspectives of others [27]. Papert’s constructionism theory

shares the constructivist view of learning and adds to it that it occurs especially

“felicitously”, as Papert himself expressed it, with the manipulation of objects and

the construction of public artefacts, meant to be shared with others [28, 29].

Constructionism favours all of Cassell’s feminist pedagogy design principles [26].

The theory aligns with the values of feminist HCI as it supports the creation of

educational technology that stimulates exploration based on personal interests rather

than externally given tasks and encourages collaboration [26]. Thus, constructionism

enables members of marginalized societies to express their perspectives and build

on their own knowledge, which differs from the knowledge of the ones in power.

Since constructionism is collaborative in itself, learning approaches based on it usu-

ally involve group activities. Collaborative learning is “an educational approach to

teaching and learning that involves groups of learners working together to solve a

problem, complete a task, or create a product” [19]. Palloff and Pratt [30] call collab-

oration “the hallmark of constructivism”. They extend Johnson and Johnsson’s [31]
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statement that a sense of community is necessary for collaboration by adding that

collaboration itself creates a sense of community, which forms a cycle. According to

Johnson and Johnson, positive group interdependence can exist when group mem-

bers perceive that one cannot succeed unless the others do and that one’s efforts

have to be coordinated with the efforts of others [31]. Laal and Ghodsi [19] outline

the benefits of successful collaborative learning and categorize them into social, psy-

chological, academic and assessment-related. Among these are the development of

a social support system for learners, the promotion of diversity understanding, in-

creased students’ self-esteem, reduced anxiety, as well as the development of critical

thinking skills.

Research about the collaboration between children shows that their ability to col-

laborate changes significantly within the ages of 5 and 7 [32] with younger children

having difficulties collaborating effectively [33]. Benford et al. suggest that the ab-

sence of a clear shared goal might be a possible impediment [33]. They also concluded

that the result of children’s collaboration has to be noticeably different from the one

of the same individually performed action. The presence of reasoned dialogue be-

tween collaborators is associated with productive collaboration; children who present

their perspective and ideas but also question and extend their partners’ ideas seem

to perform better in collaborative tasks [34]. Another study notes that “role assign-

ment is not only appropriate but an integral part of the collaborative process for

children” [35].

3.3 Collaboration as a Means of Introducing

Programming

Constructivism, constructionism and collaboration are often at the core of studies

and projects which explore approaches to teach programming to children, and girls,

in particular. Previous studies have found that collaborative learning is an effective

method for computer science students if a well-formulated methodology is present

[16]. Social elements such as collaboration in a group or with a friend have the po-

tential of increasing girls’ interest in programming [36]. Mark J. et al. [18] introduce
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collaborative and constructive activities to teach introductory programming to stu-

dents such as code walkthroughs, writing code, scaffolding, code debugging. They

suggest that through these students can understand programming concepts better

and their attention on the tasks could last longer.

It is of interest for this project what are the characteristics of collaboration between

girls, in particular. However, there seems to be a research gap in recent ethnographic

observations on how girls collaborate. The results presented in this paragraph are

from 1997 and have to be observed critically not only because they might be ob-

solete but also because societal norms of that time might have influenced both the

behaviour of participants and its interpretation by researchers. Edwards et al. [37]

conducted a study on peer learning in a computer-based design and construction

activity. Girls were found to ask for help less frequently than boys, which the au-

thors interpreted as the existence of “somewhat more autonomy” among them and

“persistence in the face of obstacles”. All-girl groups were found to work more quietly

and were more focused on the task than all-boy or mixed groups. Girls also tended

to discuss what they wanted to do before acting, which indicated their affinity for

collaboration. They came to a consensus about what steps to take more often than

boys. While these results sound intriguing, a similar study conducted nowadays can

reveal different or even contrary findings.

3.4 Storytelling Motivates Programming

Storytelling has been successfully applied to methods of teaching programming to

children and girls, in particular. According to Papadimitriou [38], narration is “an

indispensable tool” of introducing programming and there is a resemblance between

storytelling and programming in different aspects, one of which is that “the construc-

tion problems that they represent are maddeningly combinatorial”. Papadimitriou

explicitly mentions that women enjoy and excel in storytelling, another reason why

it is of great interest in this work.

One of the first projects that used narratives as a means of teaching programming

is Bruckman’s “MOOSE Crossing”. Constructionism is at the core of it since it aims

at creating a community, in which children program text-based virtual worlds.
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Another remarkable work on motivating programming for middle school girls

through storytelling has been conducted by Kelleher [6]. Kelleher grounds the use

of storytelling for the purpose of the study with the following arguments.

Stories:

• are an important means of communication for middle school girls;

• are “naturally sequential”, which allows users to gradually progress with their

programming skills;

• are “a form of self-expression”;

• created by programming can be shared with friends even if they do not un-

derstand the underlying programming concepts.

The study compares two approaches: Generic Alice, in which users manipulate 3D

objects to move, turn and resize, and Storytelling Alice, where students animate sim-

ple stories. The results show that while programming concepts were acquired equally

well with both versions, participants using Storytelling Alice spent 42% more time

in programming instead of non-programming activities. These participants were also

three times more likely to spend extra time working on their projects and showed

more interest in utilising Alice in the future than participants using Generic Alice.

The most frequent elements that girls used in their stories were divided into six

categories (listed here from most to least frequent): dialogue, locomotion, manipu-

lation (interaction between a character and an object/another character), camera,

body position, expression. Girls also often used multiple scenes for their stories with

Storytelling Alice. Some girls using Generic Alice also tried including scenes in their

projects, which was technically feasible but “both tedious and too difficult to create”

according to the author [39]. Although the initial idea was pairing the participants,

after the pilot user tests, Kelleher discovered that they had difficulties coming up

with a story together and that their discussions revolved rather around the creation

of the story than around the programming concepts. Therefore, in the actual test-

ings, Kelleher asked participants to work individually, still having their computers

close to each other to encourage the exchange of ideas.
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Scratch is an introductory programming language, which uses block-based coding

[40, 41]. It allows users to manipulate media artefacts such as images and sounds

through programming and thus, to create their own stories, animations and games.

The members of the Scratch community not only help each other but also collaborate

on projects. Thus, Scratch users learn based on a constructivist model of education,

building their own meaningful projects and being “ready and eager to learn mathe-

matical and computational concepts related to [these]” [40]. What drives Scratch is

providing a programming environment with a “low floor” (easy to start) and a “high

ceiling” (support for the creation of increasingly complex projects over time) [40].

Burke and Kafai [42] use Scratch to explore how programming can help students

develop their storytelling skills. However, at the same time, they observe also the

effectiveness of storytelling as a means for introducing programming to middle-

school children. They notice that the stories are the primary motivation for children

to continue working on their codes in the face of programming challenges. 9 of 10

children state that they feel they have learnt more about programming at the end

of the activities.

3.5 The Lack of Inclusivity in Hackathons

In this work, hackathons are relevant as a form of short-duration and fast-paced

workshops, in which participants collaborate together on programming and more

recently, also non-programming tasks [43]. They are especially interesting as they

are critiqued to attract mostly cis-gendered male attendees and further because

participants often collaborate with friends, which also acts as motivation for partic-

ipating [44]. Surveys show that only 24% of participants in student hackathons are

female and 3% are non-binary (North America & Europe, 2019) [45], while the per-

centage of women participating in industry and open hackathons is likely even lower,

11% (USA, 2014) [46]. Paganini and Gama [47] investigate why so few women par-

ticipate in hackathons and state that low self-esteem, women being a minority and

toxic masculinity are main reasons. They also identify persisting factors that act as

repelling to potential female participants, such as “manterrupting” (men interrupt-

ing women when they try to express their ideas), “mansplaining” (men explaining
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concepts to women in a condescending manner), underestimation and verbal ha-

rassment. Additionally, the research reveals that learning, networking and gaining

experience are the main motivators for the participation of women in hackathons.

Another study conducted during a hackathon, targeted towards women, non-binary

participants and participants of colour but not excluding white cis-gendered men

adds that while exploration and observation are more likely to motivate the par-

ticipation of marginalized societies in hackathons, competition is also an incentive

[48]. According to Falk et al. [43], hackathons are a reasonable object of exploration

for HCI research as they “offer a form of methodological democracy” in the face of

epistemological hegemony (“the domination of one view of knowledge and the sub-

ordination of all other forms” [49]). Modifying the desired end goals and processes of

hackathons has the potential to encourage the participation of marginalized groups

[48, 43].

3.6 The Role of Games in Reinforcing Stereotypes

Initially, computer game elements preferred by girls were meant to be taken into

consideration for the design of the collaborative experience in this study. Research

shows that engagement with computer games appears to be predisposing to the

development of interest in programming [50]. Additionally, the elements of games

that usually attract girls align with Cassell’s feminist principles for the design of

educational technology as well as with constructionist teaching approaches.

The design of Purple Moon games was based on extensive research on what makes

games most enjoyable for girls, conducted at the end of the 20th century. According

to it, girls prefer collaboration rather than competition, creation rather than de-

struction, adventures and freedom of exploration as well as narratives [17]. Complex

social interaction and relationships between characters were also found to be engag-

ing as girls tend to identify with characters and to “act out” other lives. Girls are not

interested in performing tasks quickly, within a time limit and do not necessarily

want to advance or learn fast just to show their progress to others [51].

Although the designed collaborative experience includes many of these elements,

they can be observed from a more critical point of view and it is also important to
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ask why they are preferred by girls. From the perspective of feminist HCI, in order

to create solutions that attract more girls to programming, research has to be done

on their interests. But these interests are often already biased due to stereotypes.

This means that solutions based on such research will eventually reinforce the same

stereotypes. This effect could have played a major role in the failure of Purple Moon,

as the company existed for only 3 years and its games were criticized as reinforcing

gender and ethnic stereotypes [52]. This does not imply that no research has to

be done based on gender. But, as more recent literature suggests, games need to

become gender-neutral [8], so research also needs to focus on identifying results

provoked by stereotypes, while design has to avoid reinforcing stereotypes. This

could be achieved, for example, through a high level of personalisation and diversity

of game characters. Such an approach would support the creation of technology that

does not attract or repel users based on gender.

3.7 The Role of Friendship in Collaboration

External encouragement has been identified as one of the main factors influencing

computer self-efficacy, the belief that one is capable of using computer technologies

[53, 8]. Research shows that friendship can potentially play a big role in encouraging

or discouraging children to engage with a specific activity. Wernholm [20] researches

what motivated children to participate in digital communities. The results of the

study identify four categories of participation among which is friendship-driven par-

ticipation. According to the study, friendship-driven participation can be divided

into two sub-themes: following trends (that peers also follow) and socializing with

friends. Children tend to participate in digital activities that friends are involved

in to maintain their relations. Non-participation might lead to feelings of exclu-

sion. Another study researched the acceptance of visual programming environments

(VPE), such as Scratch, among boys and girls [54]. It found that boys were more

likely to be impacted by social influence to use VPE, while girls by external encour-

agement. It is however important to note that the study defines “social influence”

as parents, teachers, classmates or friends thinking that one should use VPE and

“external encouragement” as parents, teachers, classmates or friends encouraging
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one to use VPE. While the difference between both terms is not obvious, overall,

both social influence and external encouragement are of high importance for the

acceptance of VPE.

These findings indicate that children are likely to participate in activities that their

friends are involved in, and thus, to also collaborate together on particular tasks.

While there is some research on the role of friendship in collaborative tasks, it is very

limited when it comes to children, in particular. Additionally, different studies pro-

vide conflicting evidence on how friendship influences collaboration. One reason for

these contrasting results might be that the essence of a task might be strongly influ-

ential [34]. There is evidence that friends are more likely to use successful problem-

solving skills than groups, in which members are strangers, but only when collaborat-

ing on difficult tasks [55]. Another possible explanation for the inconsistent evidence

is that friendships can strongly differ between different people, depending on their

age, how their friendship was formed, their social surroundings and multiple other

factors.

Friendship can be considered a mediator of productive collaboration since friends

are more likely to get involved in extensive discussions, in which they elaborate

on their own and extend their friends’ ideas. Moreover, the familiarity of friends

with each other’s personal histories and ways of thinking is related to more effective

collaboration. [56]

MacDonald et al. conducted a study, which confirms these findings [34]. They re-

searched the difference between friendship and non-friendship pairs of children col-

laborating on a creative musical task and found that friendship is a key factor

influencing both the process and the outcome of the collaboration. They suggest

that friends might be more successful in the completion of a given task than chil-

dren that do not know each other because they are used to maintaining a shared

social reality and to ideate together. Compositions of friends participating in the

study were rated better than the compositions of non-friends. Furthermore, commu-

nication between friends differed significantly from the communication between non-

friends with friends being more frequently involved in transactive dialogues. When

they disagreed, friends were more likely to elaborate on why than non-friends.
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Another study examined how friendship among adolescents affects collective scien-

tific reasoning [55]. It revealed that pairs of friends showed higher problem-solving

accuracy compared to pairs of acquaintances. Azmitia et al. [55] suggest that the

reasons might be that friends were more likely to evaluate and critique each other’s

ideas, participate in transactive dialogues and evaluate the solutions they produced,

which is in accordance with the results of MacDonald et al. [34] Additionally, it is

important to consider that acquaintances may use collaboration as an opportunity

to form closer relationships that can make them more likely to conform or drop

matters when conflicts arise [55], which may burden the ideation process.

Other relevant studies on the influence of friendship on collaboration focus their

research on university students and young adults. Oztop et al. [57] performed a

study in which university students were assigned in groups of 3 with the task of doing

collaborative creative writing. In some groups the “closeness” between participants

was influenced, so they had to shortly introduce themselves before performing the

task, while other groups received “perspective-taking” influence and were instructed

that they have to take the perspective of other group members as much as possible.

A third portion of the groups received both types of influence. Besides, there was

a control group that did not receive any influence. The study examined the level

of creativity of the stories that participants wrote and concluded that closeness is

beneficial for group creativity only when it is not accompanied by perspective-taking.

Possibly, the feeling of closeness allows the more open exchange of ideas among group

members but perspective-taking burdens creativity because they are more likely to

accept other members’ ideas easily instead of brainstorming, which would generate

more ideas.

Other studies offer a more negative perspective on the influence of friendship on

collaboration. Maldonado et al. [58] performed a study with a longer time span

of 6 weeks, which suggests a link between friendship and lower performance and

go further by concluding that collaboration in teams in which some people are

friends and others not, might be the worst possible option. Another research with

a longer span observed the collaboration between two groups, one consisting of

acquaintances and one consisting of friends. Throughout the working process, the
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members of the friends’ group demonstrated more competitive behaviour towards

each other and were motivated primarily by their own success. Their behaviour was

associated with the familiarity-breeds-contempt phenomenon, which occurs when

the close association of an individual to someone makes them lose their respect

towards that person. On the contrary, the members of the acquaintances’ group

were more focused on helping each other with learning.

The differences between these studies can also be due to their different time spans

and duration of the collaborative activities. One can notice that all studies, in which

friendship seemed to have a positive influence on collaboration have a shorter time

span, while studies with a longer time span suggest a more negative impact.

While the above-mentioned research provides interesting insights on how friendship

influences collaboration, it also creates a space for various questions. What is the im-

pact of the essence of a collaborative task, its duration and domain? Can friendships

be categorized and how do different pairs or groups of friends collaborate depending

on their age, interests, surroundings, culture, prevalent social influences and other

external factors? The topic can expand immensely. Additionally, collaboration can

be examined based on its result but also based on the process of collaborating.

The goal of this research is exploratory as it aims at providing insights into the

process of collaboration of friendship pairs of preadolescent girls partnering in a

storytelling-motivated programming task. Due to the small scope of the study, the

discoverings cannot be considered definite; rather, they can be used as a ground for

further research on the topic of collaboration between friends.
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The project includes the design of a collaborative experience where storytelling

motivates programming along with qualitative research methods: an open-ended

questionnaire, ethnographic observation and interviews. It follows a semi-structured

qualitative study approach as both the designed experience and the interviews fol-

lowed only a relative structure and could therefore run differently for each research

workshop [59]. Some elements of the study design were also inspired by the Research

through Design (RtD) methodology [60, 61] such as the creation of sketches and the

use of pictures to support the generation of ideas during the storytelling. The gath-

ered qualitative data was analysed through thematic analysis. This chapter explains

in detail how the experience was designed as well as the conditions under which the

research workshops took place.

4.1 Design of the Collaborative Experience

The design of the collaborative experience was mostly inspired by the discoverings

of related studies described in the literature review section. While programming

remained the main focus, the element of storytelling was added not only because

of its success of being integrated with programming in previous studies [6, 42] and

technologies that introduce children to coding [41] but also with the goal of giving

meaning to the programming part of the exercise. Constructionism is at the core of

the experience as it involves the collaborative creation of public artefacts [28, 29],

such as the story, which participants created on blank sheets using various writing

materials. The experience was designed for pairs of friends because having bigger
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Figure 4.1: The imagiCharm is a wearable accessory, which users can program

using the imagiLabs app.

groups would significantly complicate the analysis as it would mean having multiple

relationships between group members and this would be beyond the scope of this

research. Having only two friends in a group allowed obtaining a relatively clear idea

of their relationship.

4.1.1 Programming Environment

The imagiLabs mobile application was used as a programming tool during the ex-

perience. It provides a programming environment, in which users can create their

own creative coding projects in Python. For a smoother beginner experience, the

environment includes built-in functions and variables which extend Python. The

outcome of a program is presented on an 8x8 matrix with 64 pixels. In the code, the

user can define how these pixels are coloured and how their state changes in time,

and thus, create different pictures and animations. These can then be uploaded to

the imagiCharm, a wearable accessory (see Figure 4.1). The imagiCharm can also

be used in its gallery mode, which enables the upload of up to six projects and

displaying them one after another by pressing the imagiCharm button.
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4.1.2 Limitations on the Design

The design of the experience faced some limitations which shaped how storytelling

was incorporated. One can argue that the current design and technology features

of the imagiLabs application and the imagiCharm do not allow for much freedom

for the creation of a proper story due to the restriction of having only 64 pixels

to visualize it, nor do they provide the necessary support in terms of program-

ming as the coding environment is entirely text-based contrary to other tools that

motivate programming through storytelling [39, 40]. Additionally, not all function-

alities, provided in the programming environment, could be incorporated into the

coding projects since the majority of the participants had no previous experience

with the app. For example, animations, although suitable for representing actions of

the story, were considered too advanced to be included. Programming concepts that

would have allowed for more freedom of coding, such as functions, if-statements, and

for-loops were also excluded. Thus, creating a project from scratch would suppos-

edly take participants too long since they would have to colour the matrix pixel by

pixel. Even if users were given the time to program from scratch, they would not be

able to express a whole story through one single static design. Thus, coding in itself

could not allow for the creation of a story, even a very simple one.

Despite these limitations, storytelling was still included in the experience because

after exploration of the projects usually shared by users with the imagiLabs com-

munity, it was found that they tend to contain plot elements. imagiLabs was also

interested in how they can apply narration to motivate users. For these reasons and

due to its previous success as an approach to introducing coding, storytelling was

retained as a main element of the designed experience. The mentioned limitations,

however, motivated its division into two parts, which will further be referred to as

“the storytelling part” and “the programming part”.

4.1.3 The Resulting Collaborative Experience

To avoid limiting the participants in creating their narratives, the programming

part was rather problem-solving oriented and was preceded by a storytelling part, in

which children had much freedom to unfold their imagination. There were no time
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Figure 4.2: “Today is the last day of school and the summer vacation begins. Lilly

and Annie want to do something fun, so they. . . ” was the given beginning of the

story.

limits set for the tasks. The final goal was that girls successfully upload projects,

which represented elements of their stories to the imagiCharm and switch through

these in the gallery mode. Participants were supported only with the beginning of

their story. They were given the picture of two girls, leaving school (see Figure 4.2)
2. “Today is the last day of school and the summer vacation begins. Lilly and Annie

want to do something fun, so they. . . ” was how the story started. This beginning was

chosen on purpose as it had the potential to allow participants to identify with the

characters of Annie and Lilly. Additionally, participants were also given 27 printed

pictures of different elements (animals, foods, fictional characters and other objects)2

and were asked to include four of these in their stories. Children were instructed that

they should not use more than two pictures in the same sentence of a story. They

could express their story by writing and drawing.

Besides serving as inspiration for their stories, the 27 pictures were the connection
2Source: Freepik: Free Vectors, Stock Photos & PSD Downloads
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Figure 4.3: A picture given as an inspiration for the creation of the story story

(left) and the output of a corresponding coding project (right)

between the storytelling and the programming part of the experience as they defined

which projects participants were going to work on in the coding part (see Figure 4.3).

At the beginning of the programming part, girls were given four coding projects, each

of which corresponded to one of the pictures that they had chosen for their stories.

They were provided with the printed outcomes of these coding projects and their

codes. Each code contained three to five blanks, which could be a missing variable

name, a missing colour or a missing matrix position (see Figure 4.4). Blanks were

represented with a “∼" (tilde) sign since it has no particular meaning in Python.

The lines containing blanks were commented out and were easily identifiable in the

code since they were preceded by a “# blank here" line. The task of the participants

was to complete the blanks correctly, in order to fix the code and when running it

to get an output identical to the given project picture. When they were done with

all projects they could upload them to the imagiCharm.

4.2 Research Workshops

Workshops were considered appropriate for the goal of this research as they allowed

for spontaneous adaptation according to the goals of the research and the needs of

participants, as well as for the close observation of how friends collaborated dur-
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Figure 4.4: A coding project with blanks (the output after completing the blanks

can be seen in Figure 4.3)
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ing the experience. As girls were physically present, communication with them was

direct, which enriched the gathered qualitative data. The ethnographic observation

conducted during the experience and through the recorded videos provided informa-

tion about the physical organization of the collaboration and the interaction with

the provided devices. The observed behaviours could be juxtaposed to data from

the questionnaires and interviews.

4.2.1 Pilot Workshops

Prior to the official workshops, two pilot sessions were conducted to ensure that the

experiment was properly designed. The participants, who volunteered were friends

and adults of different genders. The first pilot was conducted with two imagiLabs

employees with vast experience with the imagiLabs coding environment and the sec-

ond one, with HCI master students, which had previous experience in programming

but were unfamiliar with the coding environment. Some improvements were made

based on the received feedback. For instance, the output of the coding projects was

printed in colour and the rows and columns were numbered to facilitate the com-

pletion of the programming task. Furthermore, the initial idea was to allow children

the freedom to choose between 4 and 6 pictures for their story. However, the pilot

workshops showed that having more than 4 projects in the coding part might make

the experience unnecessarily longer, that’s why in the actual research workshops

children were instructed to choose exactly 4 pictures for their story. The second

pilot workshop revealed that if participants experience difficulty in applying the

necessary programming concepts, this might prolong the experience unnecessarily

and make them feel uncomfortable or bored, which motivated the inclusion of a

short presentation of the programming concepts in the experience.

4.2.2 Participants Recruitment

Six dyads of friends took part in the research workshops. All participants were girls,

each in the ages of 9 to 13. They were recruited through various channels such as

contacting imagiLabs app users from Stockholm and employees at the Division of

Media Technology and Interaction Design at the KTH Royal Institute of Technology.
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The communication about the organization of the research workshops and all the

information that participants needed prior to the workshops was communicated to

their parents or legal guardians. The message explicitly stated that a child is only

eligible to participate with a friend and that neither of the children is expected to

have any prior programming experience. However, to help participants feel more

confident during the research workshops, they were recommended to do the first five

quests (programming tutorials) in the imagiLabs app prior to the research workshop.

Parents were also asked to fill in an informed consent document, explaining the

research procedure and related anonymity and confidentiality conditions, prior to

the research workshop. In the document, parents were explicitly asked if pictures of

their children can be taken and published.

4.2.3 Organization of the Workshops

Five research workshops were conducted in the imagiLabs office in Stockholm be-

tween the 20th and the 27th of April, 2021. In one of them, two dyads participated

simultaneously since all workshops were organized at the convenience of the children

and their parents. This did not seem to have a significant influence on the results.

Five of the dyads were communicating in Swedish, one in French. Letting them

speak in their preferred language ensured that they could freely communicate with

each other and express themselves naturally. Their interactions were video-recorded

and later translated into English for analysis. The duration of one workshop was

approximately 2 hours. Children were instructed that they are allowed to withdraw

from participating at any moment and for any reason. All necessary safety measures

regarding the Covid-19 pandemic were in place. After the research workshop, each

participant received an ice cream gift card worth 150SEK. They were not informed

of the reward before receiving it to not bias their answers to the given questionnaire

and interview.

4.2.4 Qualitative Data Gathering: Friendship Questionnaires

Figure 4.5 represents the flow of the activities in a single research workshop. At

the beginning, participants were asked to fill in an open-ended questionnaire, whose
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Figure 4.5: The flow of a workshop. The steps outlined with purple present the

qualitative data gathering. The steps in green represent the collaborative

experience.

purpose was to provide insights about the friendship with their partner, such as

when and how they met, how open they are to each other and what maintains their

friendship. The questionnaire was created in a software tool called Typeform [62]

and participants were asked to complete it on tablets, which facilitated the compre-

hension of the answers and their evaluation during the analysis. The method was

chosen over interviews as the given questions aimed to provide a glimpse into the re-

lationship between the girls rather than extensive information about it. Additionally,

by having to fill in the questionnaires themselves participants had more time to de-

cide what they are willing to share. An interview, in this case, might have been

perceived as intruding by participants. The questionnaires also allowed participants

to fill them in simultaneously, which saved time.

4.2.5 Tutorial: A Short Introduction to Programming

Although participants were recommended to learn the basic programming concepts

needed by completing the first five quests in the imagiLabs application and most

of them had done that, they were given a short tutorial about these before the

experience. This ensured that all participants were equipped with approximately the

same programming skills needed for the coding part of the experience. Additionally,

revising these concepts was intended to make them feel more relaxed and confident

while coding.

4.2.6 Collaborative Experience: Storytelling Part

Afterwards, participants created their stories, given the beginning and using four of

the 27 pictures as an inspiration. Girls were also provided with different materials,

such as blank paper, pens and coloured pencils and were encouraged to write down or
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Figure 4.6: Participants creating a story.

draw their story however they prefer. After children were ready with their narratives,

they were first asked to tell them in English. Figure 4.6 shows two girls writing their

story on separate sheets of paper. They communicated the plot to make sure they

were writing the same story.

4.2.7 Collaborative Experience: Programming Part

They were then given the corresponding coding projects (the codes of the projects

with blanks as well as the code output printed in colour with matrix numbering).

The participants were provided with two tablets but were explicitly instructed that

this is a collaborative task, so they could choose to work on one tablet as well.

When choosing the programming device for the experience, the imagiLabs coding

environment could be used either with smartphones or tablets. Tablets were chosen

over smartphones because of their bigger displays, which makes them more appro-

priate for the collaboration of two users on one device and requires less scrolling
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Figure 4.7: Participants programming together using one tablet.

to examine the whole code. Girls could also decide if they were going to divide the

projects or work on one project at a time. When participants were ready with fixing

the codes, they uploaded them to the imagiCharm and could switch through the

elements of their stories in the gallery mode. Figure 4.7 shows participants solving

the programming challenge using one tablet.

4.2.8 Qualitative Data Gathering: Interviews

At the end, each participant was interviewed about the experience and how they

found the collaboration with their friend. The method was chosen because it allowed

for gaining extensive qualitative information on how children found the storytelling

and the programming parts of the experience, how they felt working together with

their friend and how they evaluate the collaboration process. Its semi-structured

character allowed for inviting participants to reason their answers as well as asking

additional questions when an interesting theme emerged. During the interviews, par-
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ticipants were not together with their partner. The interviews were audio-recorded.

4.3 Data Analysis

The qualitative data gathered from the interviews was first transcribed using

Amazon Transcribe. Text documents were created for each interview and each friend-

ship questionnaire. These were then added to the qualitative data analysis software

Quirkos [63]. The data relevant to the study was highlighted and coded. Different

themes emerged from the codes, providing various insights. This analysis approach

was chosen as it was suitable for understanding participants’ thoughts, experiences

and behaviours [64].

Since participants were speaking either in French or Swedish, the videos taken dur-

ing the research workshops were translated with the help of native speakers. The

videos were used to complete the ethnographic observation done during the research

workshops, which provided useful insights about the communication within dyads.
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The communication between participants was smoother during the storytelling part

with participants being more likely to listen to their partner instead of acting on

their own in comparison to the programming part. To present their stories, three

pairs wrote and drew on one sheet, and three on two separate sheets (in one case

the story was divided between both sheets), but ensuring that they were creating

the same story. In some pairs, participants were initially shy and spoke quietly;

one participant told her friend that they could “read in each other’s brains” instead

of talking. Children had many additional ideas that they did not include in their

stories. They were often laughing and being witty. In one case, the two participants

asked if they could change the names of the girls from the story to their own names

and when they were asked to tell their story, they spoke in the first-person plural

form. Three of the pairs decided to program on the same tablet one project at a

time and three decided to program on two different tablets dividing the projects.

If participants spontaneously came up with an idea during the coding part in the

cases when they were working on the same tablet with their partner, they often

took over the tablet without asking their partner. Collaboration within five of the

six pairs was overall, seamless and efficient. Only within one of the dyads, group

work was problematic. Correspondence between the qualitative data gathered from

the ethnographic observation as well as the interviews and the answers given in the

friendship questionnaires was identified. The outcomes related to how participants

found the collaboration with their friend can be categorized into two groups based

on the context in which they manifested in the interviews. Some of them were clearly

related to the existing friendship between participants. Others might be related to
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friendship, but also to group work, in general. This distinction is important since the

insights related to friendship only are not expected to be found in a pair or group

in which participants are not friends.

5.1 The Collaborative Experience Was Received

Positively

Based on the interviews, participants seem to have enjoyed the experience. Most of

them found solving the programming task particularly fun. Some also shared that

they liked creating the story and that the pictures were useful since they served as an

inspiration and made the story more “realistic”. Almost all participants mentioned

that they enjoyed taking part because it was a new experience for them or they

could learn something new, which usually referred to the programming concepts.

Three participants replied that they enjoyed taking part with their friend. One of

the participants explicitly mentioned that she liked the lack of time pressure during

the workshop, that “all the stress just disappeared”, which she contrasted to tasks

given in school. Creating the story was generally found to be an easy task, while the

programming part was found to be more challenging. Although most girls seemed

quite open in sharing both positive and negative thoughts during the interviews,

it is unclear if and to what extend participants’ positive feedback might have been

influenced by the Hawthorne effect 3.

5.2 No Obvious Relatedness Between Story and

Coding

Since the storytelling part was not directly integrated into the programming part

of the experience, the interview also aimed to determine how connected both parts

were according to the participants. Most participants shared that they did not think

about the story while programming. Instead, they concentrated on fixing the code.

One of the girls explained that the coding part was so much fun that her attention
3Hawthorne effect: The alteration of behaviour by the subjects of a study due to their awareness

of being observed. Source: Oxford Languages.
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was only focused on it. Yet, one participant expressed that the story gave meaning to

the code, that “[with the story the code] has something to say”. Her friend said that

they “used the story to know what to code”. Another participant specified that while

she did not find the story important while programming, it was “nice making a story

and putting it on the imagiCharm”. In general, although participants were rather

concentrated on coding in the second part of the experience, the wording they used

during the interviews identifies that they found a relation between the storytelling

and the coding part. One participant, for instance, shared that she would have liked

to have a longer coding task, “like a longer story or something”.

5.3 Friendship Duration Had No Influence on

Collaboration

Based on the answers given to the questionnaire about their friendship, one pair

were friends for one year, another pair for two years, two pairs for three years and

two pairs for four years. The duration of their friendship was not found to have

any impact on how they collaborated. The participants in all pairs were either the

same age or with a year of difference, therefore, age could not be observed as a

defining factor within a pair. Comparison between pairs also did not identify any

major dependencies between the age and how pairs collaborated. When asked to

describe their friend, eleven participants included the word “funny”, nine of them

said that their friend was kind or nice, three of them said that this was their “BFF”

(best friend forever), three that their friend was reliable and three that their friend

was “weird” or “different”. Their answers also provided insights on what they usually

do together, like going to school, playing, talking and laughing, telling funny stories

or just “do[ing] everything together”.
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5.4 Openness and Social Setting May Impact

Collaboration

The friendships of five from six pairs appeared to have developed in a similar social

setting as they were friends from school. All of these dyads shared that they spend

time together almost every day, between five and seven times a week. The question-

naire also aimed to estimate how open friends are with each other. Answers were

almost identical within a pair. Three of the pairs claimed that they share “things that

they would not share with anyone else” very often, two - sometimes. When asked

what they liked the most about their friendships, the children from these five pairs

answered that they “never get bored”, “never fight”, “can talk about everything”, “tell

funny stories to each other”. The collaboration within these pairs was, overall, quite

smooth. They often participated in transactive dialogues and openly shared their

ideas. They were quite open in opposing each other and commenting on each other’s

work. They tried to help each other and to explain to each other programming con-

cepts that their partner did not understand. In these five pairs, participants were

often observed to keep a short physical distance from their partners. For example,

in one case their hands even intertwined while the pair was working on the same

tablet in the programming part.

5.5 Role Assignment as a Sign of Productive

Collaboration

In four of these five pairs, clear role assignment in the form of task allocation occurred

during the storytelling part, if the dyad was drawing on the same paper, or during the

programming part, if participants were programming on the same tablet. The idea

for role assignment usually came as a proposal from one of the participants and was

accepted by the other one. For example, during the storytelling part, one participant

was drawing while the other one was writing. This division was often based on the

skills of the participants, which they were familiar with prior to the experience,

according to the observations. For instance, one of the participants initially expressed
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willingness to write the story but her friend told her she was not good at it and

undertook the task of writing. Such a task allocation is less likely to happen in

a pair of strangers collaborating together. When it comes to the coding part, in

two of the cases, in which participants chose to program on the same tablet, they

initially tried to work and discuss all together but typing on one device was not easy.

Therefore, one of the pairs decided to take turns with the blanks in the code. In the

other case, one of the participants was holding the printed picture of the project

output and determining the position and colour of pixels in the matrix, while her

friend was completing the blanks in the code. In cases where participants worked

on two separate tablets, they simply divided the projects, so one of them did two,

and the other one - the other two. This division was easily agreed on. The pair that

did not collaborate that well, which is discussed in detail in the following part, also

tried to allocate tasks but it did not follow the allocation. Thus, role assignment

seemed to be determinant in how successfully friends collaborated together, which

aligns with previous studies on collaboration between children [35].

5.6 Dominance Impedes Productive Collaboration

As mentioned, the answers to the friendship questionnaire of only one dyad seemed

prominent when compared to other pairs’ replies. The difference was noted in the

social setting of their friendship and their openness to each other. The two girls had

met at a friend’s house as they were neighbours (unlike other pairs, who had met

at school) and stated that they spend time together from two to five times a week

(less frequently than the rest of the pairs). They would rarely share something very

personal with each other. When asked to describe each other they both used words,

such as “funny”, “kind”, “positive”. What they said about their friendship is that they

“always laugh with each other”.

A notable difference was found in how this pair collaborated and communicated

compared to other pairs, since one of the girls was significantly more dominant and

active, often ignoring and even interrupting her friend’s suggestions. In the scope

of this study, dominance can be understood as the suppressing behaviour of an

individual in a way that their own ideas prevail over their partner’s ideas. To make
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the explanation of the situation more understandable and to avoid wordiness but

keep personal information confidential, these participants will be referred to as Mia

and Ava in this paragraph, which are not their actual names. The more dominant

partner (Mia) was often opposing and rejecting her friend’s ideas (Ava), although

sometimes coming to the same conclusions that Ava had already tried to share with

her. Ava was open to disagreeing with Mia, as well, but Mia did not pay much

attention when this happened. Since Mia said she wants to write the story, Ava

responded that she will draw. Therefore, Mia was the one writing, and although

she initially discussed what she was writing with Ava, at one point she stopped

doing that. They created their story on the same sheet of paper but it was often

much closer to Mia, while Ava was stretching her arm when drawing. At the same

time, Mia was sometimes telling Ava what to do. Yet, the girls were often sharing

funny ideas and laughing with each other. During the coding part, the dominance of

Mia became even more evident. Although the girls decided to program on separate

tablets, they were still working on one project at a time. Ava was trying to help

Mia with her project, although Mia did not pay much attention to her ideas. When

they were ready with Mia’s project, Mia exclaimed “Let’s do yours now!”, took Ava’s

tablet to her side and started working on it. Throughout the whole programming

part, Mia was keeping the tablet to her side and Ava often could not see what Mia

was typing. The two kept a bigger physical distance in comparison to other dyads

and did not make a lot of eye contact, especially during the programming part. Ava

seemed to feel very uncomfortable, especially towards the end of the experience.

She often kept her arm behind her neck, which was evidence of her discomfort [65].

After trying for a long time to suggest ideas to Mia, towards the end Ava was quite

inactive and was not looking at the code anymore. Later, during the interview, Mia

acknowledged that: “I was taking over a little bit because I was so excited to do it

so I would have done the coding part more together instead of just taking over”.

Her friend did not specify any problems in their collaboration. None of the girls

indicated to have previously collaborated together, which may be another reason for

the significant difference in how they collaborated in comparison to the rest of the

dyads.

In three of the other pairs, slight dominance was also observed with one participant
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sometimes leading and the other one following. This usually occurred when one of

the participants was more confident in a particular skill required for the experience.

This participant also seemed more likely to reject their partner’s ideas. For example,

if one of the friends was better at English, the other one would often have a look

at how they have written the story and copy sentences. However, in these cases,

collaboration was not significantly impeded.

Overall, when dominance appeared it hindered reasoned dialogue. Consequently,

the lack of reasoned dialogue impeded collaboration, which is in accordance with

previous studies [34]. In summary, dominance was found to appear either when a

participant was excessively excited or when their confidence was boosted in case they

outperformed their friend at a particular skill. In the first case, it can be argued that

excessive excitement over a task can make the participant want to do as many tasks

as possible, thus not allowing their partner to have equal input. When it comes to

confidence in a skill, the dominating participant might be convinced that having

more input than their partner can improve the final result of the collaboration.

These speculations indicate that dominance does not imply competitiveness. It is

not evident how often the dominating partner is conscious or unconscious of it.

Additionally, dominance can appear in any group of people working together and

it also remains unclear if friendship between group members rather provokes it or

prevents it.

5.7 Participants’ Reflections on Collaborating With

a Friend

Most participants shared that they found taking part with their friend more fun,

for example “[I]t was fun because that’s my BFF”. While the majority of these

statements were found to be in the context of collaborating with their friend, few of

them can also be related to group work in general. Yet, when exploring the specific

reasons why collaboration with a friend made the experience nicer, many participants

specified that they know the other person or that this was their best friend. Some

mentioned that they enjoyed taking part in a new experience together, different
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from what they usually do, for example, being in school. Pairs also shared that with

their friend they felt free to express their ideas and that they could laugh together

and make jokes while working on the tasks. Additionally, answers revealed that

collaboration with a friend gave participants a feeling of comfort: “[Y]ou can behave

freer with your friend”, “I felt safer”, “I trusted her and felt confident”. Without

being explicitly asked, participants compared the collaboration with their friend to

collaborating with someone they did not know. As a matter of fact, this occurred

mostly in one specific pair. Both participants shared that they would not have

behaved so naturally and open if working with a stranger: “If it was somebody that

I would not know, it would be like... I’m just sitting there and listening”; “It would

be a bit weird if I would do it with someone else”. Interviewees also endorsed their

friends for how they solved the programming task and other activities from the

experience. Some of these comments were based on details that they already knew

about their friends, for example, “She didn’t understand [English] but she still kept

[on] trying and she still paid attention”. Children were also open to express aspects of

their collaboration, which they believe could be improved, for example, “We should

have listened better to the other person”. As most of the pairs were friends from

school, some of them shared that they had already collaborated together previously

and they were used to that. One participant mentioned that when collaborating with

her friend, they sometimes fail to listen to each other and she found that during the

research workshop, they “listened to each other better” than usually.

5.8 Benefits of Group Work

As mentioned, some of the statements that children made cannot be reasoned specif-

ically in the existing personal relationship as they can occur within any group of

people working together. For example, children appreciated that their friend could

help them when they needed it, usually referring to situations when they did not

understand something correctly and their friend explained it to them. They also

acknowledged that they could exchange ideas with their partner, that working to-

gether on the tasks was easier and helped them complete them faster. One par-

ticipant exclaimed: “Two heads together. Smarter!” To better articulate what they
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meant, participants sometimes compared collaborating with the analogical situation

of working on their own: “I don’t think I would have done it [on my own]”, “On my

own, I think it would be more. . . a little bit boring”.

5.9 Working Separately as an Approach to Learning

More

As three of the six pairs decided to work on separate tablets during the programming

task, in the interviews they reasoned this in trying to complete it faster or easier

as they could work simultaneously but at the same time ask each other for help.

Another rationale was that participants believed they could learn more if they tried

on their own. In one case, this insight appeared when a participant was speaking

about her friend, who often looked for external help: “She would have learned more if

she would try by herself”. Her friend shared the same thought during the interview:

“I think I talked with her [too] much”. In another pair, one participant also indicated

that “a year ago, I always helped her and she helped me too much. So she didn’t

learn”.
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The research question that this study aimed to address is “What is the role of

friendship in a collaborative experience for girls where storytelling motivates pro-

gramming?”. The conducted research is exploratory as it aimed to reveal findings on

how friendship can potentially shape the process of collaboration, which cannot be

generalized due to its small scope but can be used as a foundation of future research

in the area. The study focused on girls’ experiences as a marginalized society in the

ICT field [24]. Briefly, results showed that while the duration of a friendship did

not seem to have any influence on the results, openness between friends and the so-

cial setting of their relationship can potentially influence the collaboration process.

Aspects of the collaboration, clearly related to friendship, such as comfort, trust,

freedom of communication, were distinguished from aspects that can be related to

group work in general, such as the exchange of ideas. Task allocation appeared to be

a sign of productive collaboration while dominance within a pair hindered collabo-

ration. Since dominance appeared either when role assignment was not followed or

not clarified, it can be speculated that assigning roles has the potential to prevent

dominance.

Many of the participants shared that they enjoyed collaborating with their friend as

they “know the person”. This can be interpreted in various ways, but overall, it may

be one of the main reasons for the comfort, confidence and freedom to communicate

that participants mentioned in the interviews. Knowing someone means the individ-

ual feels familiar with the other person, that they are familiar with their interests,

how they behave and react in different situations. This likely makes the individual

more secure in acting naturally themselves. Another interesting finding is that some
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friendship pairs cared about how much their partner learned during the experiment.

So collaboration in these cases was organized in a way that they both learn as much

as possible, which is unlikely to happen in a pair in which collaborators are not

friends.

6.1 Physical Setting of the Programming Activity

Observations showed that participants often kept a close distance from their friend.

While collaborating, sometimes they were almost hugging each other and intertwin-

ing their hands. Working on one tablet generally worked well, especially when role

assignment was present. However, it sometimes involved undesired actions such as

one participant repelling their partner’s hand from the tablet, another sign of dom-

inance. When compared to a smartphone, laptop or personal computer, a tablet

might be the best option if collaboration is occurring using a single device because

it offers the best balance between display size and mobility. An interesting finding

is that when collaborating on one tablet, children usually placed it in the middle,

except for the cases when one of them was dominating or was responsible for writ-

ing the code. Thus, the placement of the tablet was an indicator of how the coding

load was distributed at a specific moment. It can be speculated that most of these

behaviours would not be that prominent in a non-friendship pair. An aspect of the

collaboration that this project misses on but would have been interesting to observe

is how participants interacted with the code itself, which might be an objective of

further research.

Previous research also shows that children choose to collaborate on the same device,

even if they are given more [35] and aims to address this through design such as

content splitting between two devices. However, such approaches are still not popular

in practice.
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6.2 Critical Remarks About the Collaborative

Experience

While constructionism and Cassell’s feminist design principles [26] were taken into

consideration during the design of the experience, one can argue that this was not

that successful for the programming part. This may also be a reason why partic-

ipants seemed to be less involved in productive collaboration in the coding task.

Specifically, the task did not allow for exploration, self-expression or various view-

points as children were required to find a particular right solution to a problem.

Furthermore, the result of the successful collaboration of a dyad would not differ

from the successful work of a child working individually, which is an impediment to

collaboration between children according to previous research [33].

Even though the analysis shows that the story participants created was not a direct

motivation for them while coding, it gave a purpose and meaning to the program-

ming part. There are a few possible explanations for that. First of all, the coding

part required primarily problem solving and no creativity. Although the story that

participants created determined what projects they would be working on in the

programming part, for the coding task participants were required to find a partic-

ular right input, usually related to defining a colour variable or a matrix position.

Moreover, the programming projects were only a representation of elements of the

stories and by looking at them, even in the right order, one could not know the plot

of the story. Thus, the final output on its own did not allow for the proper expression

of a narrative. While this was not intended, it was inclined by the limitations which

shaped the design of the experience (see "Limitations on the design"). As Kelleher

states, a story usually requires multiple scenes [39]. Characters have to be placed in

various contexts and often more than one character and various objects have to be in

a single scene. Thus, creating a whole story on an 8x8 matrix would be challenging

even for more experienced users and could not be required from the participants that

took part in this research. Additionally, the coding environment used in the study is

entirely text-based. When compared to other studies and approaches, where story-

telling motivates programming [39, 40], the used environments allow for much more
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freedom in the final output and offer support while coding. For example, Scratch

[41] uses a block-based coding approach and allows for the manipulation of media

through code. In order for storytelling to be a direct motivation for programming

and a reason for beginners to be more persistent when they encounter difficulties

(as in the case of “Storytelling Alice” [39]), they have to be able to include elements

in their story through coding, adding creative input. The final output also has to

allow for enough freedom in the representation of a narrative. Briefly, this study

suggests that the more open the coding environment is and the more limited the

output is, the more challenging it would be for beginners to create stories. Therefore,

when creating solutions that apply storytelling as motivation for programming for

beginners, designers and developers have to consider a certain balance between the

openness of the input and the output of the programming environment.

6.3 Design Suggestions

For the purpose of this particular research, having a relative distinction between

the storytelling part and the programming part was eventually beneficial as it al-

lowed for comparison of how friends collaborated in two tasks that required different

skills, creativity and problem solving, correspondingly. To some extent, it also con-

tributed to discovering the above-mentioned challenges for motivating programming

for beginners through storytelling.

The imagiLabs programming environment has a "low floor" [40], so beginners can

easily start programming, but also a "low ceiling" [40], which can make the appli-

cation of storytelling to coding challenging. Nevertheless, this study provides some

specific design suggestions, which tackle the issue:

6.4 Facilitating story creation through additional

support in coding

An example is allowing users to modify pre-programmed story elements, such as

characters, locations, and objects through coding, which can include adapting their

size, location on the matrix and colours for the creation of the story. Besides serving
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as inspiration, this will allow users to focus development on the plot of the story, so

storytelling can be a direct motivation for programming contrary to what was the

case in the experience designed in this study. Ideally, the imagiCharm could have

an additional “story mode” to represent narration, which can allow for a specific

number of scenes that can be created and automatically shown one after another. A

significant limitation remains the 8x8 pixel size of the matrix, which can be addressed

in future design improvements of the imagiCharm. Adding audio or tactile modality

to the device can also open up space not only for storytelling but also for other

applications.

6.4.1 A remote or co-located storytelling experience for

friends

The results of this study suggest that collaboration between friends has many poten-

tial benefits and encouraging it can make an experience more engaging and attract

more girls to try coding. Pre-programmed elements for story creation should be re-

latable to the user’s life, so that ideally, they can identify with their stories. A good

idea is to allow friends to associate a story with their relationship. What has to

be tackled, according to this research, is the problem of possible dominance, which

can happen through supported role assignment with users being responsible for how

tasks are allocated and enabled to change roles in the process of collaboration. A

simple example is if two users collaborate on programming a story, one of them can

think of an action and the other one can program this action. To create the next

action in the narration, they could switch these roles. This will ensure that the final

result of the collaboration is noticeably different from the one created by a single

user. Since observations showed the messiness of the process of story creation, users

also have to be enabled to modify already created parts of their stories.
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6.5 Inspiration for the Organization of Inclusive

Workshops

As the sessions were conducted with young girls, a marginalized group in STEM,

the results can serve as an inspiration to make similar programming-related work-

shops and hackathons more inclusive. The workshops were designed in a way that,

according to the results, helped participants learn and experience something new,

which aligns with research on what motivates women to participate in hackathons.

Additionally, as mentioned by one of the participants, the lack of a time limit in

the organized workshops contrasted the experience to usual school tasks and made

“all the stress disappear”, so if not the lack of time-bounding, at least a reason-

able duration can make programming workshops and hackathons more inclusive.

This can potentially open the space for exploration, creativity, and thus, the gen-

eration of better ideas. Since pairs were not competing during the experience, it is

unclear and of interest how adding a competitive factor between teams would in-

fluence the collaboration of participants. Yet, to support an inclusive environment,

competition should by no means be encouraged to extreme levels, as is often the

case of hackathons, and as previous research suggests, other event goals such as

exploration, dabbling and observing should be equally encouraged [48]. Providing

participants with freedom in the organization of their collaborative work as well as

various materials to express themselves can be seen as beneficial for engaging them

and contributing to free exploration. In the scope of this research, this made the

design of the workshop resemble a more uninfluenced real-life situation in which

girls would choose how to collaborate without external instructions, for example, in

their leisure time. At the same time, supporting and encouraging role assignment

can facilitate productive collaboration.

6.6 Limitations

As described in "Limitations on the design", the exclusion of basic programming

concepts and animations as well as the lack of time to let participants code from

scratch shaped to a great extent the design of the experience.
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The study was conducted in English, a foreign language to all participants. During

the interviews, some of them mentioned that this was a difficulty for them or their

friend. It also made it harder for participants to express themselves and elaborate

when interviewed. Although questions both in the questionnaire and in the inter-

views used as simplified wording as possible, participants sometimes struggled to

understand them.

Although the project aimed to address girls as a marginalized society since according

to Feminist HCI their viewpoints are an appropriate starting point for the research

of a less explored topic like the collaboration between friends [24], it can be argued

that the participants that took part in the workshops are in a way less marginalized

than the worldwide average. They came from well-educated families of academics

or parents with a programming background that supported them in taking part in

the research. This comes to show that they encourage their children to engage with

programming tasks. All girls were well-educated, had a decent level of English, access

to technology and some already had experience programming. This is likely the case

for other girls living in Stockholm but not for many girls from other parts of the

world. Although gender stereotypes about technology and a gender gap in STEM

exist in Sweden, it is hard to determine to what extent the girls that took part in

this study are differently socially situated than non-marginalized groups. If a similar

study was to be conducted somewhere else and with girls whose families were less

supportive and could not provide good education opportunities for their children,

the results might have been different as these girls would be more marginalized. A

study conducted in Turkey, for example, reveals a strong marginalization of girls

when it comes to technology [8].

Another limitation was the difficulty of finding participants. Besides the restricting

condition that pairs had to be formed only by friends and the limited age range, the

research workshops took part physically during a pandemic and while the message

used for recruiting participants stated that all necessary safety measures will be in

place, this might have been a reason for possible participants to not take part. It was

also an additional reason to conduct the study with pairs instead of bigger groups.

There was limited diversity in the answers given by pairs in the friendship question-
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naire. For example, five from six pairs were friends from school, so their friendships

were formed under similar circumstances and they were likely to have prior experi-

ence collaborating together. Only one pair had slightly different answers and while

the difference in the way this pair collaborated was obvious, general conclusions

cannot be made.

6.7 Further Research

An interesting follow-up study for imagiLabs can include the creation of a prototype

that applies the above-mentioned ideas for the motivation of programming through

storytelling with a focus on the engagement of friends on such an activity.

While in this research, the use of the existing imagiLabs programming environment

was motivated by the search for ideas about the possibilities of adding a storytelling

element to it, further studies can have a stronger focus on participants’ exact mod-

ification of the code and explore more RtD-oriented approaches. These can lead to

results that are more broadly applicable to other technologies.

Due to its small scope, this study provides only a glimpse of the influence that

friendship might have on collaboration experience. A similar study conducted with

more participants may discover further dependencies between the characteristics of

friendship and group work. While in this research participants collaborated better

on the creative storytelling task than on the programming task, it is unclear if

this would also happen in groups in which participants are not friends. Further

research can focus on determining the specific tasks on which friends collaborate

better in comparison to groups of strangers. As dominance appears to be the main

impediment to collaboration in this study, exploring under what circumstances it

occurs and if friendship can have an influence on it can be a motivation for future

work. Another topic of interest is the role of friendship in bigger groups of children.

Based on previous literature, it was also identified that tasks with longer duration

seem likely to provoke negative aspects of the collaboration between friends, such as

the familiarity-breeds-contempt phenomenon, while in studies with a shorter span

friends appear to collaborate better in comparison to non-friends. Therefore, future
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studies can also explore what influence the time needed to complete a task has on

collaboration among friends.
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As the gender gap in technology is still increasing, it is through addressing stereo-

types and creating solutions to attract more females into programming that we

need to tackle the problem. Even children can hold the belief that coding is for

boys. Previous studies show that encouraging collaboration improves approaches for

introducing children to programming as well as that they often tend to be involved

in the same activities as their friends. Little is known, however, about how friend-

ship between children influences their collaboration on a programming task, which

motivated this research.

It reveals the possible implications of existing friendship within a pair of girls collab-

orating together in a storytelling-motivated programming experience. Participants

found collaborating with their friend fun and expressed feelings of comfort, confi-

dence and freedom to behave naturally and communicate their ideas and thoughts.

Friends kept a close physical distance and often chose to collaborate on the same

device, the position of which might be an indicator of workload distribution in a

particular moment. Role assignment was a sign of productive collaboration and was

often based on the skills of the participants and previous collaboration experiences.

On the other hand, dominance was found to be the main impediment to productive

collaboration and can be reasoned in the excessive excitement of the more dominant

child or her confidence of being better than her friend in a particular skill required

for the given tasks. According to the study, role assignment potentially impedes the

manifestation of dominance, therefore it should be supported and encouraged in

workshops and collaborative experiences, especially when friends are likely to work

together. This study also suggests that when integrating storytelling into program-
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ming for beginners, designers and developers have to keep in mind a certain balance

between the degree of openness of the coding environment and the programming

output. Ideally, the programming environment has to provide support for the cre-

ation of a story and allow for adding narration elements through code. Finally, the

study suggests that reasonable time-bounding as well as freedom and support in the

organization of collaboration can make workshops and hackathons more inclusive.

While these results are not generalisable due to the small scope of the study, they

open the research field for further investigations on the topic. Additionally, they

provide useful insights to designers of technologies, where children are encouraged

or likely to collaborate with their friends on creative and programming-related tasks.

The proper development of such technologies can support a shared view among friend

groups that programming is powerful and exciting, which can help girls feel included

in the field and more confident about their coding skills at a young age.
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