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Abstract

There are increasing expectations that we should live in a digitally and computationally
literate society. For many young people, particularly girls, school is the one place that pro-
vides an opportunity to develop the necessary knowledge and skills. This environment can
either perpetuate and reinforce or eliminate existing gender inequalities. In this article, we
present the “PLAYING, ENGAGEMENT, CREATVITLY, CREATING” (PECC) Framework,
a practical guide to supporting teachers in the design of gender-sensitive learning activities,
bringing students’ own interests to the fore. Through a six-year, mixed-methods, design-
based research approach, PECC—along with supporting resources and digital tools—was
developed through iterative cycles of theoretical analysis, empirical data (both qualitative
and quantitative), critical reflection, and case study research. Exploratory and instrumental
case studies investigated the promise and limitations of the emerging framework, involving
43 teachers and 1453 students in secondary-school classrooms (including online during
COVID-19) in Austria, Germany, and Switzerland. Quantitative data (e.g., surveys, usage
metrics) and qualitative findings (e.g., interviews, observations, classroom artefacts) were
analyzed across the case studies to inform successive refinements of the framework. The
case study results are presented alongside the theoretically informed discussions and prac-
tical considerations that informed each stage of PECC. PECC has had a real-world, tangible
impact at a national level. It provides an essential link between research and practice,
offering a theoretically informed and empirically evidenced framework for teachers and
policy makers.
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1. Introduction

Globally, the first two decades of the 21st century witnessed ever-increasing calls
for digital literacy and computer science (CS) to become components of every child’s
education. In many countries, these calls came from industry, particularly in Europe,
which saw a shortage of qualified applicants for jobs [1]. This pressure finally put these
subjects on the curriculum, despite being advocated for many years previously by various
groups, including educators themselves. As a result, the importance of CS education
has been heavily discussed in the media and by governments. The underrepresentation
of women in the computing industry is an important dimension in these discussions,
as is the underrepresentation of women in CS and related degree programs. Jobs in

Computers 2025, 14, 249

https://doi.org/10.3390/computers14070249


https://doi.org/10.3390/computers14070249
https://doi.org/10.3390/computers14070249
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/computers
https://www.mdpi.com
https://orcid.org/0000-0003-2738-019X
https://doi.org/10.3390/computers14070249
https://www.mdpi.com/article/10.3390/computers14070249?type=check_update&version=1

Computers 2025, 14, 249

2 of 32

software engineering are clearly male-dominated, as illustrated in the statistical data
produced by [2]. In 2021, 81.1% of those employed as ICT professionals in the EU were
men, compared to 18.9% of women. This disparity is even more pronounced in Austria,
Germany, and Switzerland.

In response to the demand for more IT professionals and a future society that is
digitally literate, internationally, we have seen changes in education, including the intro-
duction of new compulsory subjects and courses. For example, a computing curriculum
was introduced in England [3], CS was made a mandatory subject in many states of Ger-
many [4], and the Swiss “Curriculum 21” was introduced, with the obligatory module
“Media and Informatics” [5]. Furthermore, opportunities for the cross-curricular teaching
of skills have been developed, for example, in the Welsh Digital Competence Framework,
first introduced in 2016 [6], and Digital Basic Education in Austria, starting in 2022 [7].
Additionally, there has been a surge in out-of-school programs, e.g., “Computer Science
for All” in the USA [8] and different coding clubs around the world (e.g., Raspberry Pj,
CodeClub, CoderDojo, Roberta).

However, current curriculum initiatives for CS do not consider important gender
differences in interest, self-efficacy, or sense of belonging [9]. It is widely recognized
that gender gaps in CS do not start at the industry or university level but between the
ages of 12 to 15 [10,11], or even earlier in childhood [12,13], through societal, cultural
or parental biases, which may lead to girls’ self-censorship and lower engagement in
science, technology, engineering and maths (STEM) subjects in general, including CS
subjects [14,15].

The desire to be socially connected and respected is a strong initial motivation to study
a certain field [16]. Consequently, young women and girls question whether their abilities
and interests are harmonious with the field of computing [17,18]. This is underpinned
by predominant stereotypes in CS and the absence of role models in this field [19-21]. In
fact, the gender gap has been found to widen as children get older. This was illustrated in
a report by the American Association of University Women 2018, which found that 31%
of girls between 11-13 in the US describe jobs in coding and programming as “not for
them” [22]. By 14-18 years old, the percentage jumps to 40%, and by 18 or 19, 58% of girls
share this opinion.

While there are a lot of coding resources available for teachers, e.g., eLearning courses
(e.g., iMoox.at, Udemy.com), unplugged activities (e.g., Bebras Challenge; CS Unplugged),
or guides (e.g., European Code Week, Codesters), they are mostly task- or action-focused
and rarely consider a gender dimension. At the same time, many teachers who have not
studied CS themselves and are expected to teach this subject in an interdisciplinary way
have little or no previous experience of training in CS and are therefore reliant on such
resources or concepts. There are, however, some initiatives that specifically seek to engage
women and people of color in the design of their curriculum materials (such as Code.org)
and feature inspiring videos and role models. Furthermore, Roberta is an educational
robotics program in Europe which purposefully engages students with a gender-sensitive
view [23]. The didactic material and course concept are described as gender-balanced,
with the aim to raise girls” interest in technical topics and strengthen girls’ self-confidence.
While such initiatives are a welcome development that can change teachers’ perspectives
on programming activities, they are rare and niche examples.

Within this broader context, the first author was engaged in the “No One Left Be- hind”
(NOLB) project (European Commission, Horizon 2020, Grant Agreement Number 645215),
which focused on creating inclusive classrooms to enable digital game development and
experiences for primary- and secondary-school students as part of their formal education.
Over the two and a half years of the project, interactions with teachers and students as
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well as our research evidence pointed towards a need to develop new tools, new game-
based teaching and learning resources, and a framework specifically to help teachers to
create gender-conscious CS activities in their classrooms. This was the impetus which led
to the initial development of the “PLAYING, ENGAGEMENT, CREATVITIY, Creating”
(PECC) Framework, which aims to (1) provide a theoretical model for teachers and trainers
who want to design computer science activities according to gender-sensitive standards;
(2) to generate useful resources with which to implement the PECC Framework; and
(3) to measurably change pupils’ and especially girls” intrinsic motivation to engage in
CS education.

As Anderson and Shattuck (2012) note, “design-based interventions are rarely if ever
designed and implemented perfectly; thus, there is always room for improvements in the
design and subsequent evaluation” [24]. This held true for PECC, which was iteratively
developed following a design-based research (DBR) approach [25] over six years from 2017
to 2023. This method was interventionist, systematic, naturalistic, and iterative, and through
it artefacts and practices were developed and trialed. This paper charts the development of
the PECC Framework, identifying the promise and limitations of the framework through
empirical research. Critical, reflective dialogue between the authors and with teachers was
a key component of this process, as was close engagement with the existing theoretical
and empirical literature. We begin by discussing the pertinent background literature,
outlining both the need for gender-conscious pedagogy in CS education and the theoretical
foundations of PECC. Following a discussion of DBR, we draw on the description by
diSessa and Cobb (2004) of their own development of ontological innovations to structure
our presentation of the development of PECC, including the results of empirical studies in
multiple contexts, reference to theory and our own reflective discussions [26]. Finally, we
explore the real-world impact of PECC in classrooms and policy to date and consider the
limitations and future potential of the framework.

Although the PECC framework is based on gender-sensitive pedagogy and design-
based research, it also contributes to the field of intelligent learning environments. Specifi-
cally, the framework includes digital platforms such as Pocket Code and the Create@School
app, which enable interactive, game-based, and data-driven learning. These tools enable
personalized feedback and promote learning motivation, which is in line with the goals
of adaptive and responsive computer systems. Furthermore, PECC takes into account the
human-centered dimension of intelligent educational technologies by promoting inclusive
design and equal access, especially for underrepresented groups in the field of computer
science. In this way, PECC offers a practical approach to designing inclusive and intelligent
learning environments.

The aim of this paper is to present the development and refinement of the PECC
Framework as a gender-sensitive pedagogical approach for computing education. The
objectives are (1) to describe the design-based research process through which the PECC
Framework was iteratively developed, (2) to identify and analyze the strengths and limi-
tations of the framework based on empirical evidence from multiple case studies, (3) to
show how theoretical insights, empirical data, and practitioner reflections were combined
to inform the framework’s evolution, and (4) to illustrate the practical and policy-level
impact of the framework in real-world educational settings.

2. Literature Review

The initial development of the PECC Framework was rooted in early empirical ev-
idence from the NOLB project and existing evidence from a review of female students
in CS education, focusing on understanding stereotypes, negative effects, and positive
motivators [9]. As the framework has developed over time, the authors have engaged in
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dialogue over a range of theoretical ideas and empirical studies. Those that are key to the
development of PECC are outlined below, beginning, as this research did, by rethinking
gender dimensions in CS classrooms to illustrate the complexity of inclusive learning
environments, before moving on to outline the rationale for focusing on games and how
constructionism acts as a guiding and underpinning pedagogic theory throughout the
development of the PECC Framework.

2.1. Gendered Engagement

There are many factors which influence a person’s education and career trajectories
over a lifetime. Within CS, it is well established that there is a combination of social,
psychological, and structural factors that compound the current gender gap. Varma (2010)
describes how teachers’ and parents’ own lack of knowledge about IT-related professions
can result in the transmission of false, stereotyped ideas to children and young people [27].
Stereotypes can be a critical factor in how people envisage a role and whether they envisage
themselves fulfilling that role or not [28]. While female role models have the potential to
address stereotypes directly and to actively counteract them, weaken, and possibly even
dissolve them [29], we argue the very rare appearance of female role models can also
strengthen the idea that a female computer scientist is not the norm. Influenced by their
teachers, parents, peers, and popular media, a young person’s sense of self in relation to
a stereotype is, therefore, likely to encourage or discourage them to pursue a subject or
career. In the case of CS, Cheryan (2012) found that the stereotype of a computer scientist
was not compatible with the self-concept of many young girls [30]. At the same time,
Hur, Andrzejewski, and Marghitu (2017) found that girls were less likely to be exposed to
programming-related activities and were generally less likely to be encouraged to engage
with computers and programming by parents than boys [31]. However, they also argue
that early engagement with programming activities is essential when it comes to getting
young people, and particularly girls, involved in this area later on.

2.2. Gender and Pedagogy

Given the importance of early participation in programming activities to engage girls,
but also considering the prevailing stereotypes of computer scientists, we considered how
teachers can design learning experiences to best support girls to see themselves as computer
scientists. It is important to note at this point that we view formal education as the most
viable route to engage all young people. While there are many successful after-school and
out-of-school activities or clubs, these are simply inaccessible to portions of society and
attendance can be influenced by parents and peers [32].

Happe et al. (2021) note that teachers need certain guidelines for curriculum design,
but that a significant challenge is teachers’ lack of awareness of how to utilize the diversity
of students in the CS classroom. They highlight how some teachers may unknowingly
create a learning environment that favors male students and leaves female students feeling
less competent [11]. While the curriculum may be largely gender-neutral, teachers them-
selves may have internalized implicit or explicit gender biases [33]. No one is free from
prejudice, but it is important to be aware of one’s own. In 1995, Connell defined the term
“hegemonic masculinity,” describing how society associates men primarily with power and
economic achievement [34]. The “nerd identity” in CS, represents competence in using
computers as a form of masculine ability. In addition, studies indicate that teachers are
more likely to associate boys with the concepts of logic, competition, and independence
than girls [28,35-39] and that these gender biases are implicitly passed on in the class-
room [40] and shape students’ attitudes and motivation [40,41]. Lindner et al. (2022) found
that female teachers in Switzerland shared gender-specific beliefs about their students’
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ability in mathematics and future careers that fit with stereotypical norms, which assume
male students are more interested and more competent at mathematics [18]. This reflects
Makarova’s (2019) study that found that female students viewed mathematics and physics
as male subjects [42].

Additionally, while the curriculum may be gender-neutral, teaching materials are often
not and use male-centered representation in images and language [43,44]. Several studies
point to the importance of showing a realistic image of women in technology (i.e., real role
models) and portraying women in a visible and audible way [45]. Language sensitivity is
especially important in languages with gender-specific nouns, such as German or Italian,
in order to address all people equally. Wetschanow (2008) points out that language is an
important and powerful means of producing ‘gender’ [46].

To address these issues, the authors of this paper have explored the utilization of
a “gender-sensitive pedagogy” [47]. In practice, gender-sensitive pedagogy means en-
couraging children to explore and create their own learning situation [48], as well as
performance-based praise, reflection on the attention paid, interventions in the project
phases, and designing “gender-neutral” tasks [49]. In addition, teachers should encourage
discussions and dialogues that focus on individual experiences and understanding [50].
In this way, a “safe” environment can be created for those who have little prior knowl-
edge of CS. In addition, many children have an unrealistic idea of technical professions,
which affects children’s self-efficacy [17,51]. Thus, gender-conscious approaches have
been embedded within the PECC Framework and illustrated through practical guidance
for teachers.

2.3. Gender-Sensitive Pedagogy and Games

While a gender-neutral approach is advocated, there are also arguments for addressing
the gender imbalance by focusing on activities which are more favorable to girls. In today’s
digital world, digital games are becoming increasingly important and can make a valuable
contribution in education, bringing many advantages, but also naturally challenges. The
annual JAMES study (Youth, Activities, Media—Swiss Survey, [52]) shows that video
games play an important role in the daily lives of children and adolescents: 60% of children
and adolescents in Switzerland play daily or several times a week. About three quarters of
the young players spend an average of 80 min on video games on weekdays. On weekends,
the playing time is twice as high. In this sense, there is much to suggest the value of
integrating games as anchors into teaching. The JAMES study also shows that gender
plays an important role (65% of girls play compared to 93% of boys). Other factors such as
socioeconomic status, origin, and type of school, on the other hand, have little influence.
Therefore, the desires of girls should be specifically considered. One of the most frequently
mentioned advantages is the motivation and fascination that come from playing games. By
integrating games into teaching, a varied learning environment can be created.

Games can strengthen self-efficacy and self-confidence by offering challenges and
motivating students to persevere and constantly improve [53]. This motivation can make
the learning process more effective and sustainable. Since students are learning while doing
something they enjoy, they are more motivated to actively participate in the learning process.
Furthermore, games can assist students in developing important skills such as problem-
solving, decision-making, or critical thinking. Many games require students to solve
complex problems, make decisions, and evaluate the consequences of their actions. These
skills are not only important in the school context, but also in their later professional life.

While professional game development is about creating an optimized, holistic product
on a large scale, the requirements for creating digital games in primary and secondary
schools can and must be scaled down. In his book “The Art of Game Design,” Schell (2020)
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reasons that small games consist of 4 basic elements: mechanics, story, aesthetics, and
technology [54]. Brathwaite and Schreiber (2008) further narrow down the development
of a game to two competencies: the development of the rules of a game and the content
of a game [55]. In that way, game design can encompass various disciplines, such as
developing the game idea and story, programming the game, creating visuals and sounds,
and setting the rules that define a game. To understand what it means to be a game designer,
necessary game elements should be explained (e.g., game genres or mechanics, see [56,57]),
which resonates with the argument that classroom interventions for girls should focus on
providing guidance and tutorials [58]. Female students often find small group tutorials
more useful than male students find them and enjoy them because they accomplish small
steps while they get one step closer to the end of the program. Thus, a scaffolded approach
to game design is seen as effective for helping female students to develop fundamental
computing concepts by completing almost-finished games [59]. When considering the
characteristics of problem-solving strategies, Happe et al. (2021) found that girls and
boys approach problem-solving differently [11]. While girls tend to define problems more
broadly, boys tend to approach problems in isolation. This broad approach can put more
pressure on girls as they strive to consider every detail. Annis and Nesbitt (2017) suggested
that an effective strategy might be a mix of both approaches [60]. In addition, the holistic
thinking attributed to girls and women is related to the concept of Computational Thinking
(CT), an important aspect of our technology-driven society. CT is about organizing extensive
information into complex patterns and identifying connections—competencies attributed
to girls and women.

2.4. Constructionism and PECC

“Every maker of video games knows something that the makers of curriculum don’t
seem to understand. You'll never see a video game being advertised as being easy. Kids
who do not like school will tell you it’s not because it’s too hard. It’s because it’s boring”
—(Papert, 1993, p. 17) [61].

Constructionism is the underpinning pedagogic theory of the PECC Framework,
informing a clear branch of the literature on CS education. Constructionist learning activ-
ities focus on the iterative construction of personally meaningful and shareable artifacts
(whether a robot, a game, a song, etc.) which are created to explore, test, and extend
understanding [62]. Here, we outline how constructionism informs the four key elements
of PECC, PLAYING, ENGAGEMENT, CREATVITTY, and CREATING, concepts which were
returned to on many occasions when discussing empirical results and proposed changes.

Within a constructionist paradigm, games and the programming of games have been
found to provide an effective medium for teachers to motivate students in general to interact,
be creative, communicate, and learn [63]. More broadly, the influence of constructionism is
clear (if not explicit) in concepts such as CT and “tinkering”, the Maker movement, and
in many national and global extracurricular initiatives, such as Code.org, CodeClub and
CoderDojos. In the context of the Maker scene, tinkering refers to trying things (including
coding) without the fear of failure in a playful way [64], which in turn informs the PLAYING
element of PECC. Another approach to the introduction of CS underscores playfulness
and is influenced by constructionism in “CS Unplugged”. CS Unplugged activities, which
provide a way to teach fundamental principles of CS in a playful way without actually
using a computer, e.g., by using paper, cards, string, crayons, and movement [65].

In our digitized world, it is increasingly important to educate young people to become
more than passive consumers of digital media, giving them the skills and tools to become
active creators [66]. This is where the concept of Making comes into play, a pedagogical
approach that focuses on action-oriented learning and thus sharpens the bridge between
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digital and analog learning content [67,68]. In this context, the ability to use technological
tools in a creative and self-determined way becomes key to future educational and career
opportunities [69]. Active and action-oriented learning in both analog and digital realms is
promoted in an enjoyable and sustainable way. Making offers students the opportunity to
develop hands-on skills in a self-directed learning environment [68]. For teachers, Making
can show an innovative approach to stimulate interest through creative design or digital
projects. It allows people to create their own projects using different tools [70]. Above all,
this appeals to different interests. The state of research on Maker Education is diverse and
growing. Studies have shown that Maker Education can increase learners’ engagement,
creativity, and interest in STEM subjects. In addition, Making embeds learning in authentic
contexts and helps learners to see the relevance and application of what they are learning.
While the Maker movement is gaining traction in the private sector through FabLabs or out-
of-school makerspaces, opportunities for Maker Education are increasingly being found.
For example, the Swiss Curriculum 21 calls for computer science to be taught through
independent discovery and activity-based tasks [5].

Communication between students about their work, and the process of learning with
peers, teachers, and collaborators, is seen as an indispensable part of a student’s learning
experience [61]. Knowing that the artefacts created will be shared with others, and not
just a teacher, can impact a student’s motivation and the design of their artefact [71]. This
sharing could occur within a group before sharing takes place externally with others,
highlighting the importance of team-based learning and a safe learning environment
within the ' ENGAGEMENT’ element of the PECC Framework. Additionally, collaborative
team-based activities can help to address the stereotype of the ‘lone programmer’. That
students’ constructions, or artefacts, should be personally meaningful is associated with
‘ENGAGEMENT’, ‘"CREATVITIY’ and the motivational element of ‘interest’. Creativity is
pervasive in constructionist activities [72], which is apparent in the iterative approaches
encouraged by teachers and used by students. With this comes risk-taking and recognition
that there can be more than one ‘answer’ to a problem, encouraging the learner to return
and revise their solution as their ideas and knowledge develop.

Constructionism has also informed the design of many tools for use in the classroom,
including tools created as part of the design-based research process described herein. Con-
structionist tools such as Pocket Code [73] and Scratch [74] are designed to support learners
engaging in construction by providing them with “low-floor” (easy-to-use) tools [75]. At the
same time, these tools are characterized as having “high ceilings” in that they are powerful
tools and can be used by someone new to programming and by those who are experienced
and seeking to create something complex. Another popular tool for constructionist learning
is the microworld [76]. Both affective and behavioral engagement increased when students
used constructionist microworlds to create their own concrete models of abstract physics
concepts.

3. Methodology
3.1. Overview of DBR

Design-based research (DBR) provides a pragmatic approach to research which is
interventionist, theory-producing, naturalistic, and iterative [25,26] on the one-hand, and
results in artefacts and practices which are impactful on both teaching and learning on
the other [77]. That is to say, it creates a bridge between research and practice with the
intention of having a real-world impact alongside theory development, something which
Brown (1992) characterizes as an ongoing and critical tension in design experiments [78].
Unlike traditional experimental approaches with control and treatment groups, DBR does
not aim for isolated causal attribution under controlled conditions. Instead, it produces
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theoretically grounded and empirically informed insights through iterative cycles of in-
tervention, reflection, and refinement in real-world contexts. The ambition behind DBR is
the development of effective interventions which can be successfully transposed from the
initial intervention or experimental classroom to an ‘average’ classroom that does not rely
on the engagement of the researcher. It is the development of theory that allows for this
transposition.

DBR practices involve the development of tools, curricula, and theories and, as a result,
the generation of findings that are validated through the consequences of their use, namely
an impact on the practice and resources that can be adopted elsewhere. It is in this vein that
the PECC Framework has been iteratively developed over six years with initial work on
the development of technological tools such as Pocket Code [73] and game-based learning
experiences [79], followed by the use and further refinement of PECC in the context of
emergency remote education during the COVID-19 pandemic[80].

Barab and Squire (2004) state the goal of DBR as being “to lay open and problematize
the completed design and resultant implementation in a way that provides insight into
the local dynamics [77]. This involves not simply sharing the designed artefact, but
providing rich descriptions of context, guiding and emerging theory, design features of the
intervention, and the impact of these features on participation and learning” (p. 8) [77].
This has been achieved in the development of PECC through the use of case studies and
experimental pilots, described in multiple publications and professional development
resources, for both academic audiences and practitioners. These pilots are referenced in the
following sections.

To us, part of the problematization of the completed design, implementation, and
results requires critical reflection and engagement with different actors. In the case of the
latter, there was repeated engagement with teachers involved in the implementations, who
provided feedback to the researchers. The former resulted in the involvement of the second
author, who was not involved in any of the implementations and therefore provided an
outsider perspective on the results and planned changes to the model, resulting in many
in-depth discussions about the purpose of PECC, the implications of results, and how
planned changes resonated (or not) with the guiding theoretical concepts and empirical
research findings from allied areas.

3.2. Research Overview

Results from the “No One Left Behind” (NOLB) project, raised the question of gen-
der equality in CS education, following on from the aim of identifying differences in
programming games and approaches between girls and boys. The lead author of this article
was significantly involved in the Austrian arm of the pilot project whilst also undertaking
her doctoral studies [81]. As part of these studies and informed by her experience on
the NOLB project, she identified a clear need for a theoretical framework for teachers
and trainers who want to design CS activities according to gender-sensitive standards; to
generate useful resources with which to implement the PECC Framework; and to effect
measurable changes in girls” intrinsic motivation to study and pursue careers in CS.

The primary goal of the research described herein was to increase gender equality in
CS education in schools. The PECC Framework emerged as a theoretical framework for
gender-sensitive computer science education, with accompanying teacher guidelines, tools
and resources. It was developed through multiple interventions in multiple naturalistic
settings, described in the following section.

Although this research does not include a classical pre/post-test design with sta-
tistical comparison between matched groups, we systematically collected and analyzed
both quantitative (e.g., pre/post-surveys, usage metrics) and qualitative (e.g., interviews,
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observations, artefacts) data throughout the different iterations of PECC. These data in-
formed both the theoretical development and the practical refinement of the framework.
The research is replicable through the described materials, study settings, instruments,
and phases, and builds on recognized DBR validation strategies such as triangulation,
transparency, and iterative theory—practice alignment.

The gradual refinement of the PECC Framework spanned six years, from 2017 to 2023,
and involved an extensive network of 1453 secondary-school students and 43 teachers in
three countries—Austria, Germany, and Switzerland. During this period, several projects
were initiated and implemented that interacted with each other and were consistent with
the PECC philosophy. Following ethical approval from the first author’s institutions, we
gained permission from the school and teacher to conduct each study, and legal guardians
of the children were informed of the research and provided their informed consent. Data
were collected using both qualitative and quantitative research methods, leading to the
development and presentation of four different iterations of the PECC Framework during
this period.

To improve the transparency and accessibility of the empirical foundation, Table 1
provides an overview of the main studies conducted between 2017 and 2023. Each of these
studies contributed quantitative and qualitative data to the development of PECC. While
detailed data analyses are presented in the respective publications, this article synthesises
the findings across these multiple iterations to highlight the framework’s evolution and
impact. This approach aligns with common practice in design-based research, where
cumulative evidence is built through iterative, context-sensitive investigations [82].

Table 1. Overview of empirical studies informing different development phases of PECC Framework
[80,81,83-91].

Project

Teachers/Students Methods

Data Collected References Phase

pre/post-surveys,
surveys, game  AttrakDiff, project analysis

NOLB 2015-2017 11/478 analysis, (rating scala on game [81,83-86] 1
observations elements, learning goal
achievement etc.)
project analysis (rating
scala on game elements,
Coding Weeks surveys, learning goal achievement
2018-2019 0761 interviews etc.), pre/post-surveys on [87,88] 2
interest, self-efficacy etc.,
cognitive measurements
focus group tutee/tutor behavior,
Re;r(;s‘i)’ge_lé/loelr;tor 16/61 discussions, Computational Thinking [89] 3
game analysis scala
Coding4All interviews, support tool usage
2020-2021 0/24 analytics (logdata) (801 3
Code’n’ re/ post-tests intrinsic motivation scale,
Stitch 4/229 P b pr ation: ’ gender-specific [90] 4
2019-2021 opservations observations
Making at School 12/ca. 600 Interviews, focus success factors for Making [91] 4

groups

In the following section, we present the development of PECC. We draw on the work of
diSessa and Cobb (2004), namely using the description of their development of ontological
innovations as a structure with which to present the development of PECC through four
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phases [26]. Within each phase, the specific research objectives, an overview of the studies,
and the key findings informing the development of PECC are presented. Throughout the
four phases, the overarching goals were to develop a theoretical framework for teachers
and trainers who want to design CS activities according to gender-sensitive standards; to
generate useful resources with which to implement the PECC Framework; and to effect
measurable changes in girls’ intrinsic motivation.

4. Development of PECC
4.1. Phase I: Identifying a Need and Initial Conceptualisation (May 2018)

Research Objectives

During the NOLB project, we were confronted with different challenges. This led to
multiple studies using different methods and analysis approaches, including the identifi-
cation of “surprising events” that resulted in further developments which needed to be
trialed in the research (e.g., the research design or further development of the app). At the
end of the project, the question of what could be evaluated remained open. Even within
the Austrian pilot project, there were many variances between classes, for example, in
how programming was introduced, in the duration of the intervention, in settings, or in
the exploration. Both teachers and researchers involved in the project changed over time
and a lot of data was poorly analyzed. It felt, therefore, almost impossible to compare the
different cycles/classes. However, the different game projects created by students and
the qualitative and quantitative questionnaires, mainly related to the second project cycle,
ended up being very useful.

During the project, we were able to identify some teachers who planned the lessons
with us in detail and provided feedback on all aspects. At this point, we designed more
exploratory exercises to see what our students wanted to program as a game. At least, that
is what we thought we were accomplishing. We asked students to design their own games
using storyboards, with the expectation that they would complete the games in a limited
number of units. However, most of the games could not be completed. Therefore, the idea
of predefined templates to start with became more and more prevalent. The result was that
the children were often very motivated to program games in the beginning, but equally
often found the app they were using too difficult. The gender differences we wanted to
observe were made more obvious because of this orientation, as it was mainly the girls
who felt insecure with this kind of technology.

This context led to four hypotheses examined in three Austrian schools, which acted
as pilot sites for the NOLB project:

We hypothesize that girls and boys

o  use different game design elements in the games they create (as reported in [83])—HI.

e  perceive the programming units differently (e.g., in terms of what they consider
important, their focus during the activities, the conditions they view as supportive for
success, and their learning goals; reported in [84])—H2.

e rate the Create@School app differently according to its perceived attractiveness (as
reported in [85])—HS3.

e  have different prerequisites that influence their ability to achieve the intended learning
goals, such as their preferred approach (e.g., use of templates) or the number of
completed units (as reported in [86])—H4.

These aimed to determine the differences between boys and girls in computer science
classes and used “strategic essentialism” to draw attention to the enduring efficacy of
socially constructed categories in CS [92,93]. This concept refers to the strategic use of
essential or simplistic identity categories to achieve specific political or social goals. This
can be criticized because it often confirms “stereotypical” predictions [94]. In the context
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of STEM promotion, this could mean that the category of “girls” or “women” is used
strategically to justify certain policies or programs that target the underrepresentation
of this group in STEM subjects. However, it is important to emphasize that strategic
essentialism is not a plea for a rigid or stereotypical view of gender. Rather, it recognizes
that gender identities are diverse and complex and calls for this complexity to be taken into
account, even though simplistic categories are often quickly used for strategic purposes. In
our case, it was helpful to raise awareness of gender issues in CS and help to establish a
more inclusive classroom. In addition, we conducted a literature review on female students
in computer science education with a focus on understanding stereotypes, negative effects,
and positive motivation [9].

Research Context

The research involved 478 students (281 girls, 197 boys) and 11 teachers in 22 classes
over two and a half years. The project results were validated in three cycles—a feasibility
study, followed by a first cycle (13 classes, n = 272, f = 165, m = 107) and a second cycle
(9 classes, n = 206, f = 116, m = 90)—typically with 20-30 pupils per class. The lessons were
conducted at three schools in Graz, Austria, with classes from grade 6 to grade 12 (10 to
17 years old). Most students participated in the Pocket Code lessons in Grade 9. The reason
for this is that CS is only a compulsory subject for one hour per week in Grade 9. Thus, we
also introduce the app in subjects like fine art, English, and physics.

All classes followed a similar sequence: First, we introduced the project, the research
team, and the app itself, with example games and an explanation/demonstration of the user
interface. Second, this was followed by two or four double lessons where students worked
on their specific project (the main part of the lesson) and where students programmed their
own games or made extensions to existing games (predefined templates). Lower-grade
students (grades 6 and 7 and classes with fewer than four units) were given a scaffold or pre-
coded template that was missing certain parts of the code (indicated by note-bricks), e.g.,
collision detection or the use of tilt sensors. In other cases, students started by drawing a
storyboard to get a clear picture of their game and to identify the game elements, characters,
and programming concepts needed (as described in [83]). Finally, students showed their
games to their classmates (in plenary), followed by a feedback session. The team visited all
units to take notes on observed problems, gender differences, mistakes, or difficulties with
the app itself. Different pre- and post-surveys, observations, documentation, video, and
image material were collected.

Teachers who introduced this gamified approach during the feasibility study and the
first cycle used the app Pocket Code. Teachers who had lessons during the second cycle
used the new app version for school purposes, with the name Create@School. Teachers
could decide whether students should work in small groups on a common program, where
each student creates a game level that is combined into one big game at the end; whether
they should work in groups of two on the same program (either on one or two tablets); or
whether they should work individually.

Key Findings

To answer H1, the individually created projects (f = 37, m = 34) were analyzed in terms
of the game elements (e.g., game genre, theme, visual/sound design, the main characters
used, and other programming patterns). Girls” games were found to have significantly
different design patterns compared to boys’ programs. Adventure genres were preferred;
more narrative, emotional, and imaginative elements were used; they were more likely to
use their own graphics (i.e., own artwork) and programming; on average, more objects
were added.

H2 was answered using quantitative and qualitative surveys with 131 students (f = 68,
m = 63) to explore their experiences with the Create@School app and the lessons in which
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the app used [83]. There were clear divisions between male and female students” experi-
ences, with girls giving both positive and negative feedback on the design of the learning
activity itself, while boys focused on programming and the app itself. Surprisingly, answers
from girls also included statements that they did not like coding at all, whereas this was
not an answer given by boys.

An AttakDiff test (https://www.attrakdiff.de, accessed on 18 June 2025) was used to
answer H3, involving 350 students from Austria and Spain (198 boys and 152 girls, [84]).
The framework evaluates (1) usability and usefulness as perceived by the users, (2) the
satisfaction of the users with the app, and (3) the attractiveness of the app. The app received
very similar ratings from students of both genders. Female participants rated the app as
more technical than human, more complicated than simple, and more confusing than
clearly structured. Male students generally found the app more appealing than female
students. They also rated the app as more likable, inviting, appealing, and motivating
than girls.

To test H4, all students’ projects, including those based on predefined templates,
were analyzed according to the achievement of learning objectives (f = 240, m = 160, [86]).
Learning objectives were defined together with the individual teachers and communicated
to the class. Girls in lower grades were more likely to achieve the learning objectives.
Female students achieved the learning objective more easily with pre-coded templates or in
cross-curricular courses with specific learning objectives. During the field observations, the
team found that girls were more cautious and uncertain about using the app. For example,
they asked questions such as “Can I click this button?” or “What should I do next?”. In
higher grades, observations showed that girls needed more motivation from teachers and
were less proud of having completed their program at the end.

During our research, several unexpected findings emerged that had a significant
impact on our understanding of group work. First, group activities exhibited primarily
cooperative rather than collaborative features. For example, each group member designed
his or her own level of a game, and these individual efforts were later integrated into a
final group outcome. Students faced different challenges and questions at different stages,
all with the common goal of completing their respective levels within the allotted time.
We found that the distribution of work in the all-girl groups was generally less effective
than for male participants, who often prioritized creative activities, such as drawing, over
programming tasks. Most teachers recognized this imbalance and shifted from group-based
tasks to individual work in the second cycle. In these lessons, although students worked
independently, they all addressed the same problem, creating an environment conducive
to communication and collaboration.

Towards the end of the NOLB project and informed by the results above and conver-
sations with teachers, it became clear that there was a need to bring these various elements
together in a more structured framework to support teachers and all those who work with
games and students. Although this was not the original plan, we felt these findings fit well
into a framework. The GMTF developed during NOLB used game-based methods to unify
concepts, practices, and pedagogical approaches across all curricula. It was based on the
principles of Universal Design for Learning (UDL, [95]) and focused on the “what,” “how,”

[

and !"why” of learning. As a result, it was very tailored to games, took a broader view of
organizational school components (thus only applicable in school settings), and the gender
component was only marginally considered. However, it provided a good starting point
for PECC. The first version was clearly aimed at teachers (who were also involved in its
creation) and was complemented via a checklist (indicating situations where gender plays
arole) and a lesson plan [81].

Initial Conceptualization of PECC
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Drawing on the findings outlined above, we identified four key components of a
gender- sensitive pedagogical framework—PLAYING, ENGAGEMENT, CREATVITTY,
and CODING (PECC)—as illustrated in Figure 1. Essential elements within the 4 key
components are shown in the circle segments.

Playing Games

interest

P LAY I N G | game worlds, storyboard job clarity, role models E NGAG E M E NT

C O D I N G \ ~ feedback self-expression

Game Design practical relevance

game play, structure/elements Collaboration
ceremony ,Shape of a Game“ communication, motivation
Mechanics, Dynamics construct, tinker, share
& Aesthetics (MDA)

gender-sensibility and awareness

sense of
belonging

Structure Coding Structure Design

set-up, system design, new media tools & practices

Personal Experiences Freedom of Choice

computational, problem based personalization, customization

interdisciplinary project work assets creation, artwork

self-directed learning sense of ownership

CREATIVITY

(learning)

goals

self- |
—EA

Figure 1. Initial conceptualization of PECC [81].

The results of H1 were incorporated into the PLAYING component. Playing Games:
Before programming their own games, pupils should first have the opportunity to play
existing games that also match their interests. This helps them get a sense of good and
bad games/game design. Game Design: Various game elements should be explained
beforehand, e.g., in the form of a storyboard. This should also serve as support for less
experienced players.

The outcomes of H2 formed the ENGAGEMENT and CREATVITIY parts of PECC.
Regarding ENGAGEMENT, the emphasis was mainly on a suitable introduction to CS
and programming, presented within the element warm-up. Here, it is vital to highlight
professional perspectives and careers in CS and also to show role models (see Section 2.2,
Gender and Pedagogy). The next focus was on the element of cooperation and not on “group
work”. Here, the results of H3 were very influential and showed that the girls were more
likely to achieve the learning goal when they worked on a common problem and were able
to support each other but were less likely to achieve it when they worked in teams where
the programming tasks were distributed to team members—see unexpected events.

A large number of open-ended responses (see H2) reflected a desire for creativity in
elements, e.g., drawing, photographing, and personalizing characters, and then finally
creating personalized games. Therefore, the following possible opportunities were included
to support freedom of choice: personalization, customization, asset creation, artwork, sense
of ownership, and self-expression.
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The last study, H4, mainly influenced the CODING part of PECC. Here, the consid-
eration of different methods, working practices, and prior knowledge of the learners is
essential. Structure Coding: Depending on the context, an introduction with a predefined
template or smaller mini-games may be appropriate to provide an initial scaffolded intro-
duction to coding or programming concepts. Personal Experience: Preferably, programming
should be designed in a problem-oriented and interdisciplinary way. Self-directed learning
and situational feedback from instructors/teachers are helpful.

In addition to the findings from the NOLB project, an extensive review of the literature
highlighted the importance of the four intrinsic and extrinsic motivational factors that
should be considered in order to engage all genders in such gamified program activities [9].
These are incorporated in the green and red bands, which encircle the rest of the action (see
Figure 1). While the representation and the extrinsic motivators of PECC have changed in
further progressions, the four intrinsic characteristics have remained unchanged: inferest,
self-efficacy, sense of belonging, and fun. These values closely align with constructionist
pedagogic values [9]. To determine whether these intrinsic parameters improve with
PECC interventions, a questionnaire was developed. Different research influenced this
questionnaire (e.g., [96,97]). It was used during the most recent studies, but could be
validated for the first time with a larger sample during the Code’n’Stitch project (e.g.,
distribution, reliability analysis)—see Section “5. Final Version of PECC”.

4.2. Phase 1I: Evaluation and Development of PECC (2017—2019)

Research Objectives

The initial PECC Framework was implemented and evaluated in several school and
out-of-school contexts over two years (2017-2019), along with practical resources for teach-
ers. There were several additional aims of these studies, including developing a better
understanding of what girls in particular need in order to support their engagement; un-
derstanding the experiences of learners and teachers; and developing existing tools and
creating additional tools to support teachers and students.

Research Context

In 2017, we conducted two exploratory case studies: one with a class of girls only
(n = 10) and one with a mixed-sex class (boys = 5, girls = 7). Besides the questionnaire, in-
depth interviews were conducted with four girls (two from each group) to derive insights
from the working process and programming experiences. The lesson structure itself was
discussed with the teacher beforehand and the curriculum was linked to the elements of
PECC. Field notes were also taken during and immediately after class. Resources were
adopted to support teachers and students in their game design: this included the PECC
Game Assessment Template [88], a storyboard for game development, a checklist for
teachers [81], and an example lesson plan—see Figure 2. In addition, a new version of the
app called “Lunaé&Cat” has been released. This app was developed based on the PECC with
the goal of supporting female users in the development of games. This is achieved through
increased awareness of the content used (new featured games by girls for girls), a themed
UL new assets suggested by girls, and the development of a community of like-minded
(female) programmers. Overall, the structure of the lessons was maintained over the
different courses, but more time was allocated for the first three phases of the framework.
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Figure 2. Example lesson plan for PECC. Colors match PECC Framework in Figure 3.

These resources were implemented in a second series of studies that focused on the
PECC Framework in action outside school. In 2018, the first Girls Coding Week (GCW) was
introduced to children as an out-of-school activity for five days during the summer [87].
Overall, 13 girls aged between 11 to 14 participated in the GCW (average age: 12.8). In 2019,
the GCW was introduced as a four-day event with 28 girls, with a parallel mixed-gender
group (20 in total, with 13 boys and 7 girls). Across the two groups, the average age
was 12.9. Again, the questionnaire was used and, additionally, the revised PECC Game
Assessment Template was used to evaluate the games created by the students [88].

Key Findings

The first two exploratory case studies demonstrated how the PECC Framework and its
individual elements could be applied in a school setting, supported by the following lesson
plan structure: preparation, introduction, design, main learning, and closure (see Figure 2).
Together, these steps were found to be effective in achieving the predefined learning goals.
The interviews yielded valuable insights into girls” views of both themselves and working
with boys, while a qualitative content analysis, following Mayring (2014), was used to map
a holistic perspective of the lesson and explore the framework in experimental form [98].
Descriptive analysis of the notes also revealed details of gender and group issues and how
these influenced PECC activities and interventions of the teacher [48].

Putting the PECC Framework into practice yielded several insights and led to adap-
tations to it. Essentially, 3/4 of the framework is concerned with introducing different
concepts (e.g., unplugged, game design, playing games), creating a common understand-
ing (discussion, warm-up exercises), and other preparations or methods (e.g., teamwork,
asset design), and only the last item is concerned with programming. In this first series
of studies, however, the focus was mainly on programming or programming concepts
and less on engagement. Thus, very quickly, stereotypical situations became visible in
both the researcher’s observations and from the interviews, which are also often observed
in the literature on CS education (e.g., [99]). The atmosphere in the class, especially in
the mixed-gender group, was often perceived as being stressful and noisy. Girls would
often choose to wait for someone to help them (teacher, coach) or ask the teacher directly,
while boys would work together, with one often guiding the group. Girls also worked
very precisely and spent more time designing their games, whereas boys acted in a more
task-driven way, with the net result being that most of the boys finalized the game, which
was not the case for girls.
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Gender-sensitive teaching tries to counteract this gender bias in CS classes and chal-
lenges them (see Section 2.2 Gender and Pedagogy). For example, if female students rate
their performance lower than their male peers and are therefore hesitant to participate
in class actively, a gender hierarchy is confirmed in which boys tend to be positioned as
knowledgeable and girls tend to be positioned as unknowledgeable. The fact that girls pre-
fer a safer environment without pressure and competition, and with more time to complete
their tasks, could be misinterpreted by the teacher to mean that these girls are less capable,
although this simply shows a different way of working or approaching work [11].

The findings of the second series of studies during the summer courses showed
that there was a focus on conceptual and design elements and less on programming
components [79]. The games and elements of gaming that female teenagers tended to like,
create, and play with mostly followed stereotypical expectations (e.g., animals or girls as
main characters, adventure genre, nature theme etc.). In contrast to our experiences in
heterogeneous course settings, girls felt prouder when presenting their games in front of
their peers/parents. The PECC Assessment Template was applicable and the students’
projects showed considerable variance in design, game elements, and complexity [88].
Third, we evaluated the learning value of PECC game design activities. Students used
a graphical storyboard template which helped them to stick to game design elements
(with four areas for the title, instruction, game, and end screen) and a textual storyboard
template to support students in making decisions about their game elements (to define the
title, gameplay, game mechanics, dynamics, and athletics (MDA), etc.). Working memory,
arithmetic skills, and creativity were assessed using well-known psychological measures
(e.g., for working memory [100]; or creativity [101]). The results show that different
concepts of CT applied in games are associated with separate cognitive measures [79]. The
number of design elements correlated with both working memory and arithmetic skills.
The number of game elements correlated with creativity, whereas the complexity of the
project was only predicted by age.

Reflective Discussions

In early 2019, initial dialogues evolved with the second author of this paper. Given her
experience with frameworks that enable collaborative work, a series of exciting reflective
discussions about the PECC Framework started, resulting in many new versions of the
framework. Discussions began by exploring the shared experiences of the authors in
different educational research settings in relation to the first version PECC, including formal
and non-formal secondary education, monolingual and bilingual learning environments,
and single-sex and mixed-sex education settings, with students from low to high socio-
economic backgrounds using a variety of digital tools and approaches (not just games)
to support their learning. Fundamental questions were asked about decisions made in
relation to pedagogic theory, popular models of introducing coding to young people, and
recent research evidence, enabling us to explore tensions between the first phase of research,
the initial PECC Framework, and the results of the second phase of research. For example,
although not made explicit in the presentation of the PECC Framework, the constructionist
idea of providing students with an opportunity to create a personally meaningful artefact
informed and continued to inform our work in subsequent iterations, as well as decisions
about the priority and/or relevance of elements in the framework. The importance of
sharing games with others throughout the process of construction in order to gain feedback
was also raised. Another example was the role of intrinsic and extrinsic motivators, how
they related to specific areas of the framework, and how the framework itself could be
designed to facilitate these. Finally, we explored the importance of having a framework
which could be quickly understood by busy teachers with supporting materials, not only
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in terms of the resources already generated but future developments. As a primary result,
the framework was simplified in general.

Changes to PECC

The empirical evidence and reflective discussions had several impacts on the PECC
Framework:

PLAYING: This category has been more broadly defined and equated with playful
learning. Now, elements of playing are considered essential to the overall instructional
experience and are included in different phases of the lesson plan. For example, different
programming constructs were taught step-by-step and supported with CS Unplugged
activities, guided tasks, and constructive challenges (phases: instruction, main learning).
Together, 10 modular coding units were designed to provide all the basic knowledge needed
to program one’s own game [87]. In this way, children with different prior experiences can
discover those before starting to think about and program their individual games. Also, for
an introduction, playing games oneself was included as an essential component to give a
sense of good games/good game design to those who may not play games on their own.
In addition, the focus on game design was shifted to the key component of CREATVITIY:
It became equally important to introduce game elements such as genres, themes, game
mechanics/dynamics/aesthetics (MDAs, [57]), or other frameworks to introduce games to
non-gamers. The various templates (storyboard, assessment) were proven to be supportive
tools for this phase and were introduced in the last of the 10 units.

ENGAGEMENT: The focus was primarily on creating “safe” learning environments,
initially conceptualized as girls-only activities. To ensure a suitable starting point for
everyone, discussions in small groups were introduced at the beginning. Here, not only
should one’s own experiences or favorite games/apps be discussed, but so should the work
people carry out in CS. As a final result, each group designed and presented a poster and a
drawing of a person working in computer science.

The key component coding was also adapted further. For example, a feedback round
was introduced during the creation phase of one’s own games. This also had the purpose
of giving new ideas to children who may have been less motivated up to that point. The
sharing of ideas was also emphasized by presenting the games at the end of the week.
Parents and other people were invited and the children received certificates. This was
perceived as a very positive event (and was also an additional motivation for many). In
the end, the concept of coding seemed somewhat misplaced and more like a list of missing
keywords. In addition, the focus should not be on programming, but on creation overall.
Therefore, this component was renamed creation, with an emphasis on artefacts being
created and shared.

Some of these changes were rapidly implemented due to a new project, “Code’n’Stitch”,
with school courses starting in the Fall of 2019 focused on programming digital designs
and patterns that can be realized with a programmable embroidery machine [102]. Thus,
creating games was not the focus of this activity.

Based on regular reflective discussions and the studies described above, a new version
of the PECC Framework was published [48]—see Figure 3. The main differences were
the focus on fewer and more relevant concepts, new components such as CS Unplugged
activities, the creation of “safe” learning environments, the introduction of different game
elements, and the renaming of the main category “CODING” to “CREATING”.
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Figure 3. Result of second phase of PECC (2018-2019) [48].

4.3. Phase III of PECC (2020-2021)

Research Objectives

In 2018, the “RemoteMentor” project started. This used PECC as the underpinning
framework design and involved tutors in regular school classes. In this use of the PECC
Framework, we encountered several obstacles that complicated the process. First, the
brevity of the sessions provided little time for discussion or playful introduction. At the
same time, students had the opportunity to interact with tutors, who were themselves CS
students and role models, through direct personal attention. These experiences proved
invaluable for future adaptations of the PECC Framework, particularly during the COVID-
19 pandemic, and for the implementation of Girls Coding Weeks as online courses. As
PECC evolved for online adaption, a wealth of new resources was created, primarily to
provide more online support and guidance to remote tutors.

Research Context

During the RemoteMentor project, 61 female students aged 14 to 15 received one-to-
one mentoring (16 tutors) through smartphones for their coding project during their regular
CS and arts lessons [89]. The aim of the one-year investigation was to analyze gendered
aspects during the online tutoring process and the output of the collaborative coding project.
Data were collected through focus group discussions (8 groups with 47 girls), evaluation of
the online tutoring units (123 remote coding sessions of 30—40 min), and analysis of the final
games (n = 61) in regard to the applied CT concepts. In addition, tutorials were developed
for tutors, including rules and instructions; additional apps were used for online sessions
(e.g., Zoom, Discord); and new features of the Pocket Code App were deployed (integrating
scenes and the grouping of objects).
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Although these coding units followed the PECC Framework, the results initially did
not directly inform the framework. However, they became more interesting in March/April
2020, in the context of the COVID-19 pandemic, where students had to be home-schooled
and many activities could only be carried out online. Due to the pandemic, a coding week
that was originally planned to be on-site had to be offered and digitized as an online course,
i.e., as an out-of-school activity, in Hildesheim, Germany. However, the design of the
course “Coding4All” followed the idea of the “GirlsCodingWeek” [87]. For the course,
small videos and audio tutorials were created, GIFs were animated, and CS Unplugged
activities were provided. Each of the 10 chapters of GCW was divided into the following
units: Introduction to various control constructs (e.g., loops, selections, etc.), including a
CS Unplugged activity explaining the concept, a step-by-step task, a final challenge, and a
quiz. Comments could be added to each chapter and individual solutions were submitted.
The children received feedback from the tutors. Each day, the children worked on 3—4 units
of the course, and on the last day they developed their own game. The entire course was
freely available.

The first online “Coding4All” course was offered online in April 2020 (4 days) [80].
The workshop was actively accompanied by two one-hour online sessions daily in small
groups of a maximum of 10 participants and one trainer. These collaborative meetings
are essential to ensure the best possible support is provided to the participants, as well as
teamwork. On the one hand, the participants work on the individual units of the course
alone. On the other hand, if students needed help, they had several options: First, they
could fill out an online form and choose between three options: (a) book a session with a
specific trainer via Zoom, (b) receive feedback on their uploaded programs, or (c) ask a
question and receive a written answer. Participants could also join the helpline without
prior registration. Another option, available on the second day, was to leave comments on
the lectures online (visible to all participants) and ask questions via the comments section.
On the first day, we started with 24 participants between 10 and 15 years of age (average age
12.16; 10 girls, 14 boys). Quantitative data was collected during the course (e.g., durations of
meetings, questions asked, uploaded programs). After the course, 10 telephone interviews
were conducted with course participants (6 girls, 4 boys) to obtain deeper insight into their
online experiences. We were particularly interested in how girls made use of various online
support services (compared to boys).

Key Findings

The research question of the RemoteMentor project was “Does the tutoring style
of the tutors and the sex of the tutors have an impact on the experience and success of
programming activities for girls?” The sociological analysis suggested that the nature of
tutoring, not the tutors’” gender, influenced the girls” programming experiences [89]. Girls
were more involved if the tutoring style matched their attitude; girls with active or insecure
passive attitudes benefited from more supportive tutoring. In terms of CT (as part of the
PECC Game Assessment Template), girls with an attitude that is more active applied more
concepts, while girls with an attitude that is more passive incorporated more advanced
concepts, which were possibly introduced by tutors. Stereotypes were noted, with some
girls critical of the project’s intent. The brief, task-based tutor—student relationship limited
potential role model impacts. Despite initial preferences for female tutors, girls grew
confident with online tutoring regardless of the tutor’s gender, although they wanted to
keep the same tutor for further sessions.

For the “Coding4All” project, the first author examined gendered differences in the
use of online support services [80]. Results showed that girls preferred to ask for one-to-one
meetings, chat messages, or short voice messages to communicate with the tutors. Boys
were less likely to book meetings but used the full range of communication tools available
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to them. Girls had longer (almost 3 min) and more frequent conversations with trainers
(76.79% of the sessions were booked by girls), and 73.21% preferred to talk to their already
known trainer, showing similar results to the previous project.

Changes to PECC

The results of both projects showed that PECC was not only suitable for use in tra-
ditional classrooms but in online courses; however, it required some adjustments in this
regard—see Figure 4. In particular, the extrinsic motivators (outside of the framework)
needed refinement. On the one hand, the main component PLAYING was deposited when
finding a suitable entry point into CS. This was due to the fact that often little time was
available for a playful introduction (especially in regular school lessons). Nevertheless, it
is necessary to introduce the individual to often abstract programming concepts through
playful experimentation, playing/creating games by oneself, or CS Unplugged activities.
Online, where it is often even more difficult to check whether what has been learned has
actually been understood, it is important to give time for trial and error and for tinker-
ing with tools. As seen in the literature and based on our reflection, there is more than
one way to achieve this. Therefore, the term tinkering was added as an important part of
the PLAYING component. For ENGAGEMENT, inclusion remained as the key extrinsic
motivator (see the framework in Figure 1). Also, online platforms facilitated engaging
discussions, collaborative teamwork, and the establishment of “safe” learning environments,
particularly during group activities. Each day, a new topic from the realm of CS, such as
binary numbers or job opportunities in this field, was brought to the forefront of discussion
and everyone was encouraged to participate. Within the scope of the RemoteMentor project,
teamwork was primarily fostered between the tutor and tutee. Based on the findings from
the two projects, support was chosen as the new extrinsic motivator for the CREATING
phase, reflecting the needs of girls in both projects to receive help when needed. As coding
still plays a big part of all activities, this was added again as an activity as well as suitable
debugging strategies. Here, it is important that teachers/tutors do not give a direct answer
to questions, but that these are worked out together with the tutee. As a concept, debugging
is introduced centrally within the agile approach through short, iterative phases based on
the Scratch cycle (Imagine, Create, Experiment, Share, Reflect [102]).

In reflective discussions between the co-authors, freedom of choice within the component
CREATVITIY began to be viewed as problematic. While the idea of freedom in terms of
students being able to come up with their own projects and pursue their own interests
was a core constructionist idea within the previous version of the framework, it was
challenging to put the concept into practice. Reflecting on her observations of recent and
past implementations, the first author noted the challenge faced by some groups to come
up with an initial idea, which resulted in delays and ultimately meant some students
would not complete their projects. In 2000, Schwartz coined the term “tyranny of freedom”
arguing that excessive freedom can be experienced as a kind of tyranny, a concept used
by the second author when considering the educational implications of a lack of structure
or expectations for students creating in digital environments [103]. However, the sense
of freedom to be able to pursue one’s own ideas remained important. Thus, in the new
version of the framework, the terms freedom and own ideas were exchanged at a conceptual
level, meaning that at a practical level, the focus was now on students developing their
own ideas but most likely within parameters decided by a teacher, rather than complete
freedom of choice.

A version of the PECC Framework was published in 2022 in an edited German volume
entitled Competence Models for the Digital Transformation: Orientation and Practical Examples.
The main revisions concerned the extrinsic parameters, with a focus on suitable entry points
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Figure 4. Result of third phase of PECC (2020-2021).

5. Final Version of PECC (2020-2023)

Research Objectives

The final version of our framework was redesigned during the project “Making at
School” (2021-2023; [91]). As shown in the literature review, Making combines many
aspects that are already part of the PECC Framework. Therefore, it made sense to use,
extend, and evaluate PECC in Making classes as well.

Research Context

As part of the two-year national project “Making at School”, the Zurich University of
Teacher Education (PHZH) developed different scenarios for Making for 5th- to 9th-grade
pupils (aged 10 to 15 years old). This time the focus was very much on the teachers’ point of
view. In the project, 12 teachers were involved in about 60 classes (ca. 600 pupils). Different
methods, such as interviews and focus group discussions, were conducted with the teachers
involved, and lesson plans and final statements were collected. Special attention was paid
to various details involved in planning the lesson, such as focusing on specific competences,
learning content, or the structure of the unit. Many new resources have been developed to
support teachers, e.g., planning tools to support students in developing their own ideas,
new video tutorials, and several online courses. These are openly available.

In addition, this project made use of the results of the Code'n’Stitch project conducted
in 2018-2020 at TU Graz. The project accompanied three Austrian schools, including
229 pupils (123 girls, 106 boys) and 4 teachers. The evaluation of questionnaire (pre/post-
testing the intrinsic motivators of PECC) and the programmed/stitched designs should
constitute the structure of PECC. Therefore, a special focus was directed toward a gender-
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sensitive design of the school workshops. For example, at the beginning of the project,
a course on gender equality and diversity was held, featuring all project members and
trainers who were going to run the courses in the schools. The material was prepared
attractively and aesthetically, dialogues on role models were initiated (e.g., in the form
of course cards), a focus was placed on problem-solving (e.g., in the form of abstracting
the desired patterns), great emphasis was placed on the design and creative process (two
of the lessons were dedicated to their designs), and our own version of the app with
the name Embroidery Designer was developed further. Besides the new possibilities
that programming offers for handicraft lessons, a huge variety of tutorials for different
patterns (easy to medium) were made available, for example, stars, flowers, or mine creeper
figure. The second cycle was conducted online (during COVID-19) and aimed to verify the
tutorials developed and adaptation of the app in the school context based on the student’s
experiences. After the second cycle, the following resources were created: First, a Wiki page
was created to serve as a knowledge repository of all the materials. Second, we developed
an Instagram account to post new tutorials, photos, and videos. Third, we made YouTube
videos with small beginner tutorials and linked them on the Wiki pages.

Key Findings

As of 2023, three of the Making courses offered have already been tested: the basics
of Making, digital pattern creation (using Embroidery Designer), and laser cutting 1 x 1.
Results from focus group discussions, interviews, and the written summaries of teachers
could be described as follows: Despite its promising possibilities, the implementation of
the Making approach in schools faces considerable challenges as it represents a new kind
of student-centered learning. In addition to the need to acquire and teach the necessary
technical skills, organizational hurdles must be overcome and pedagogical concepts de-
veloped to meet the specific requirements of Making. Here, we see the need for more
demand-oriented consulting concepts to equip educational institutions with tools and
strategies that additionally aim to increase the acceptance of technology. Here, the TPACK
model [104] also points out that teachers need technological knowledge (operating tools)
and pedagogical knowledge (accompanying learning processes) in addition to content
knowledge (finding suitable problems) for the implementation and accompaniment of Mak-
ing activities. Therefore, in the future, teachers must be trained primarily in their role as
multipliers for the didactically meaningful use of playful Making activities in combination
with programming.

The course “digital pattern creation” is based on the results of the aforementioned
Code'n’Stitch project. The results from the first cycle (late 2019) showed exciting results
from the questionnaire and the review of the final programmed /printed patterns, which en-
couraged us to use “digital patterns”, which is particularly appropriate for gender-sensitive
CS. The study showed once again that there were gender differences in students’ percep-
tions of intrinsic motivation in interest and self-efficacy when it came to programming.
Although boys showed significantly more interest in the activity at the beginning, this
decreased after the activity. For girls, on the other hand, interest was high at the beginning
and remained at a similar level after the intervention. It is possible that gender stereotypes
about programming also influenced this initial interest. For example, boys may have shown
more interest at T1 (pre-questionnaire) due to societal expectations or prejudices. These may
have been less influential at T2, resulting in a smaller difference in interest (nevertheless,
all scores remained between agreement and strong agreement). Furthermore, all showed
an overall decrease in self-efficacy related to programming after the intervention and there
were significant differences in the sense of belonging and enjoyment of fun and games,
with boys showing higher scores in both aspects. Finally, girls showed a higher level of
agreement with both post-questions, indicating a greater sense of pride in their designs,
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which was a significant finding. In addition, girls were more interested in realizing their
own designs as final products (creating their own designed patterns), while boys are more
inclined to use existing tutorials for different shapes or designs for their products. These
findings may indicate that the intervention, although generally considered valuable, may
not have been fully responsive to the needs and interests of all participants. Due to the lack
of time, not all elements of PECC could be included and this time the main focus was on the
creation of designs and programming. Nevertheless, this shows that it is essential to em-
power girls through their programming and achieve better overall outcomes. Incorporating
elements identified in the framework as positive—such as discussions, teamwork and
using different entry points—could provide a more comprehensive and effective approach
to improving girls” experiences in STEM education. The scale results of the questionnaire
suggest that the questions for the item “self-efficacy” may need to be adjusted.

In 2023, new findings from the literature, a survey of representatives of various STEM
promotion initiatives in Switzerland, focus group discussions with the target group of girls,
and applicable and gender-sensitive recommendations for STEM activities were presented
and prepared in the form of a checklist. In cooperation with the network “Planet MINT”
(an association of Swiss organizations promoting STEM activities), a “Code of Conduct”
is being developed for STEM initiatives in Switzerland (taking into account diversity,
integration and gender sensitivity, but also the requirement to include pedagogical expertise,
etc.) and the guidelines will be broken down to achievable goals. These are designed as a
set of cards for STEM organizations and show concrete examples of implementation.

Changes to PECC

Based on these findings and reflection over six years of research and development, a
final refined version of PECC has been developed—see Figure 5. Based on the two projects,
the following adjustments were made: In the PLAYING phase, the term Making was added
to the term tinkering. In general, introducing Making fosters active learning, enhances
problem-solving skills, encourages creativity, boosts self-efficacy, prepares students for
future careers, instills lifelong learning, and promotes inclusive education (see Section 2.4
on constructionism and PECC). In the ENGAGEMENT phase, a specific student-centered
work method was added. Especially in the Making projects, it can be observed that teachers
increasingly take on the role of coach and the work is oriented towards students’ individual
projects. In the CREATVITIY phase, the focus was less on games and more on design
and storytelling (which is also an important aspect of Making). Here, new and innovative
products are imbued with life and innovative ideas are brought to fruition. Emphasis was
also placed on students” own projects and the term “freedom” (extrinsic parameter) was
replaced with autonomy, which is more a common term in everyday school life. In the phase
of CREATION, “coding” was replaced by programming. Especially in German-speaking
countries, the term coding is less common and can also be confused with “coding/encoding
and data structures”. In addition, showing was added to sharing; especially in Making (and
also in constructionism theory), it is important to present the finished artefacts and to bring
their advantages to the attention of the audience.
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Figure 5. Final version of PECC, 2023. Puplished in the German volume entitled Competence Models
for the Digital Transformation, 2022.

The next section presents the final version of the PECC in detail, outlining all its
components.

5.1. PLAYING: Ensuring a Suitable Entry Point to Programming for All

As an entry point to CS, playing can make the learning process more engaging, more
enjoyable, and less intimidating, especially for beginners. This approach promotes creativ-
ity, reduces the fear of making mistakes, and encourages exploration and experimentation—
aspects that can motivate and retain the interest of girls, in particular in programming, by
making CS more tangible and fun and less stressful.

CS Unplugged activities help pupils learn programming by allowing them to under-
stand and explore basic CS concepts away from the computer. These activities use games,
puzzles, and other interactive methods to demonstrate principles such as algorithms,
binary numbers, data compression, and CT. By presenting these concepts in a tangible,
non-intimidating way, children can grasp abstract ideas more easily and develop a solid
foundation that can make learning programming languages much easier later on. This ap-
proach also allows for flexibility in tailoring activities to a variety of interests, encouraging
more girls to participate and recognize the importance of CS to their own lives.

Creating one’s own games helps students to get started with programming by provid-
ing an engaging, hands-on context for understanding and applying programming concepts.
Girls can also relate to the narratives and characters in games, which can stimulate their
interest in game design and programming. Instructions and templates give students a start-
ing point and support their learning, while creating a game helps them develop their own
knowledge structures. The process involves problem-solving, logic, design, and program-
ming skills, all of which are part of programming. With our app “Pocket Code”, children
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can create their own games using a simple visual block-based programming language.
Playing games helps students by revealing important game structures and rules and by
giving them the opportunity to redesign existing games. This enhances their understand-
ing of game design and logic, which are critical elements in CS and programming. It also
encourages creativity, strategic thinking, and problem-solving skills, making learning more
enjoyable and interesting. By giving students the opportunity to learn by playing a variety
of games, individual interest can be recognized.

Tinkering and Making activities can serve as an entry point into programming and
CS, especially for girls. By relating to the real world and encouraging creativity, these
activities resonate with girls, who often seek context when learning. The hands-on nature
of these tasks demystifies technology and makes it less intimidating. Through trial and
error, students develop critical problem-solving skills and resilience-related aspects of
programming. The collaborative elements of these activities can foster a sense of community
and create a supportive and inclusive learning environment.

5.2. ENGAGEMENT: Cultivating Inclusive Learning Environments

ENGAGEMENT is critical in CS education because it promotes deeper learning,
persistence, and success. An inclusive, engaged environment fosters a sense of belonging,
reduces gender bias, and empowers students, especially girls, to actively participate,
promoting more diverse and balanced representation in the field.

A student-centered approach can significantly improve student engagement and in-
clusion, especially for girls, in several ways. First, it focuses on students’ interests and
experiences, which can make learning more meaningful and engaging. Giving students,
especially girls, the opportunity to work on projects that are relevant to their lives can
increase their motivation to actively participate. Second, it emphasizes collaboration, which
can foster a sense of community and belonging and is particularly appealing to girls, who
often value social interactions in their learning. Finally, a student-centered approach pro-
motes autonomy and problem-solving and helps all students build confidence in their
abilities, which is critical for inclusion and success in areas such as programming.

Discussions and group work can help students in CS in many ways and even provide a
foundation for future IT careers. Collaborative processes can allow a deeper understanding
of complex concepts to be obtained. When students discuss and solve problems together,
they benefit from multiple perspectives, improving their problem-solving skills and un-
derstanding. Furthermore, discussions provide a platform for students to articulate their
thoughts and ideas, which builds confidence in their knowledge. Initial discussions can
break down preconceptions to show a variety of roles and paths in the IT industry and help
students envision their own possible career paths and strengths. Also, real role models
can be invited (e.g., students, trainees) and showcases can be presented. Additionally, the
importance of CS skills for all jobs can be emphasized more.

“Safe” learning environments play a critical role in CS education, especially in engaging
girls. A sense of belonging can make students feel more comfortable and confident in
participating and asking questions, which is critical for learning and mastering the material.
However, some students feel uncomfortable asking questions because they are afraid of
being judged or uninformed. This discomfort can affect their learning and engagement.
To alleviate this, teachers can create a supportive, nonjudgmental environment where all
questions are welcome and valued and where mistakes are seen as opportunities to learn.
A competitive environment can cause anxiety. While some competitions can motivate
students, an overemphasis on winning can discourage learners, especially girls, who often
prefer cooperative learning environments to competition.
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5.3. CREATIVITY: Sparking Autonomy in Learners

Creativity in CS encourages innovative problem-solving. It promotes autonomy
and enables all students to take responsibility for their learning process. Furthermore,
creativity increases self-efficacy, boosts confidence in student abilities, and thus motivates
and empowers learners, especially girls, in this male-dominated field.

Design and storytelling can greatly facilitate the learning of programming by stimulating
creativity and promoting self-efficacy. Integrating design into programming tasks allows
students to express their creativity and individuality. Personalization, customization,
and asset creation give students a sense of ownership over their work. These elements
provide opportunities for self-expression, which can increase engagement and motivation—
key factors for effective learning. This hands-on approach is especially well received by
girls. Storytelling is another powerful tool. By incorporating narrative elements into
programming tasks, students can better visualize and understand abstract concepts. It
also taps into the power of empathy and emotional engagement, which helps students,
especially girls, see the relevance and impact of their work, which can increase their interest
and motivation.

Problem-based learning activities can significantly improve programming skills and
foster creativity. By exploring different content and encouraging creative thinking, these
activities stimulate students’ curiosity and problem-solving skills. Problem-based activities
present information not as isolated facts but as components of a larger system working
toward a common goal. For example, programming your own game requires an under-
standing of various elements such as game logic, control structures, and user interfaces.
When devising solutions to problems, students must think outside the box, experiment
with different strategies, and learn through trial and error. Problem-solving tasks in Making
can align with the 17 Sustainable Development Goals (SDGs), thereby demonstrating the
potential to address real-world issues.

Implementing their own ideas & projects can significantly improve the programming
skills and creativity of students. Through this process, students are not just passive recip-
ients of knowledge but active creators who apply what they learn in meaningful ways.
Implementing their own ideas fosters a creative process that allows students to bring their
individuality to their projects. This approach not only makes learning more interesting and
enjoyable but also gives students a sense of ownership and pride in their work. The Making
approach fits perfectly with this aspect and can be especially beneficial for girls. It allows
them to express their personalities and interests and provides a platform for self-expression
and creativity. By overcoming challenges in their projects, girls can realize their potential
and resilience, which promotes their continued interest and success in programming.

5.4. CREATING: Catering Support for Individual Learning Styles

Various forms of support such as tutorials, videos, feedback, and 1:1 tutoring are
essential when creating programs, especially for girls. These resources not only provide
guidance and encouragement but also boost students’ interest, confidence, and autonomy
in programming, fostering their engagement in the field.

Programming, especially when using visual programming languages such as Scratch
or Pocket Code, can greatly enhance the creative development of students by providing
opportunities for personal experiences, self-directed learning, and problem-solving. Pro-
gramming, by its very nature, requires creativity and innovative thinking. As students
write code or edit visual blocks on a platform, they experiment with different solutions,
refine their ideas, and learn to overcome challenges. Programming, and visual program-
ming languages in particular, offer students the flexibility to learn at their own pace, choose
their own projects, and direct their own learning path. This sense of autonomy can in-
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crease motivation and engagement, deepen understanding, and build confidence in their
own abilities.

Sharing and showing projects can greatly enhance the creative process by building
confidence, motivation, and a sense of community. This is consistent with the principles
of constructionism and Maker Education theory, which emphasize the value of public
construction and the presentation of the finished product. This process allows learners
to externalize their understanding, reflect on their ideas, and refine their work based on
feedback. For girls, who often seek validation and social connection when learning, this
can be especially encouraging. With products created as a Making activity, students can
showcase their learning journey and the skills they have developed. This can enhance
their learning experience, inspire them to take on new challenges, and give them a sense of
belonging. In addition, sharing finished artifacts with an online community creates a sense
of global connectedness, which can make programming more engaging and meaningful.

Feedback and debugging are integral parts of the learning process in programming and
can be particularly powerful for students. Peer feedback provides students with valuable
information to improve their work and can boost their confidence. Some students, especially
girls, need more affirmation, particularly when working with new technologies. Positive,
constructive feedback can raise their expectations of success and increase the extent to
which they value the task. It reassures them that they are making progress, validates their
efforts, and encourages them to keep learning. Debugging can be an important learning
experience because it promotes problem-solving, resilience, and a deeper understanding
of the programming language. By viewing mistakes not as failures but as normal and
essential parts of the learning process, students can develop a healthy, growth-oriented
attitude toward challenges. This can be especially beneficial for girls who are more likely
to doubt their abilities or fear failure.

6. Conclusions

The PECC (PLAYING, ENGAGEMENT, CREATVITIY, CREATING) Framework was
rigorously developed and iteratively refined over four phases and six years, informed by
empirical data from classroom studies, student feedback, and teacher input across diverse
educational settings. The application of the framework was successful in promoting
the intended concepts and activities of PLAYING, ENGAGEMENT, CREATVITIY, and
CREATING. Across multiple interventions, the framework proved to be a practical and
adaptable guide for teachers, particularly effective in supporting girls’ participation, while
maintaining equitable learning outcomes for all genders.

The success of the framework was demonstrated in several studies, with similar results
observed for girls and boys. The framework proved effective in solving problems from the
previous phase and ensured the adoption of a comprehensive and balanced approach to
learning. The final version of the framework included all of the important components but
was designed in a way that did not overwhelm teachers. The practicality of the framework
was underscored by its use in our case studies as well as in larger contexts such as online
courses. The framework has found its place in constructionism, Making, and coding/game-
oriented learning environments and has been actively referred to and used in schools and
courses in Austria, Germany, and Switzerland.

Safe learning environments, opportunities for self-expression, and a hands-on ap-
proach to learning were among the key aspects of the PECC Framework most valued by
teachers. However, the most important point is that the PECC Framework is not only
theoretical but also provides practical resources in a tangible and research-informed way in
order to implement gender-sensitive pedagogy. This can be seen in the practical outcomes
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and resources that have been created and used, paving the way for a new movement in
CS education.

While the framework addresses many aspects of teaching and learning in CS, future
iterations could further explore aspects that were not as prominent in this final version. We
recognize that the framework only addresses gender and ignores intersectional issues such
as race, socioeconomic status, social and science capital, and so on. Indeed, as Shaw et al.
(2023) highlight in the context of North American education, “by ignoring the intersectional
experiences of Black women and girls navigating the computing ecosystem, researchers risk
making incorrect generalizations that can lead to ineffective approaches for increasing Black
women and girl’s representation and retention in computing” (p.55) [86]. In the same vein,
the framework has been developed through research in the German-speaking countries.
As previously mentioned, language plays a significant role when the names of jobs are
gendered but it is also worth considering that there may be cultural influences which
mean that the operationalization of the framework may be different in other countries.
However, the engagement and retention of women in CS education and careers is currently
a significant challenge which does not appear to be going away any time soon. There are
many issues that need to be addressed, from workplace culture to societal views. Within
the context of secondary education, PECC provides a theoretically informed and research-
evidenced model, with practical resources and real-world impact, that represents one
promising route to addressing the challenge.
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