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Abstract

In the context of the growing impact of digital technology, this study explores the
effectiveness of a gamified learning tool designed to educate higher education
students about digital sobriety. The aim is to analyse the effects of two different
learning scenarios on digital sobriety maturity, motivation to adopt responsible digital
behaviour and the feeling of competence to act collectively. In an experimental
approach, 107 students took part in a game-based learning experience (escape
game) followed by the drafting of digital eco-gesture charters. One group was

asked to take individual action, while the other was asked to take collective action.
The results show that both scenarios improve digital maturity, with no significant
difference between the two. However, the collective scenario reinforces the feeling of
competence to act collectively. Finally, regardless of the scenario, the students appear
to be motivated by intrinsic and identified reasons, underlining their awareness.

Keywords Digital sobriety, Teaching tools, University education, Gamification,
Motivation, Green digital education

Introduction

In a context of accelerated digital transformation, higher education occupies a strategic
position in the development of twenty-first century skills, in particular digital compe-
tences (Tzafilkou et al., 2022). These competences are the subject of established frame-
works, especially at the European level, such as the DigComp framework, which includes
among its key dimensions the ability to “be aware of the environmental impact of digital
technologies and their use” (Carretero et al., 2017). Often overlooked, this competence is
nevertheless a crucial lever for promoting responsible digital citizenship.

Amidst the climate crisis and the increasing environmental footprint of digital tech-
nologies, this dimension of digital literacy warrants particular emphasis. UNESCO
(Giannini, 2024) has called for bridging the digital and environmental transitions
through education, thus promoting a genuine "green digital education". In the Franco-
phone world, education for digital sobriety, which aims to understand, question and
transform digital practices in order to reduce their ecological footprint, has emerged as a
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key issue in contemporary education (Descamps et al., 2022a; Mercier & Trichet, 2023).
In this perspective, digital sobriety can be defined as a critical and reflective approach
to technological uses, which aims to reduce their environmental impact by questioning
actual needs, limiting superfluous practices, and promoting responsible and sustain-
able digital behaviors (Descamps et al., 2022a). As hyper-connected and high-frequency
users of technology (Alcarez, 2022), digital natives must develop a deeper understanding
of the environmental consequences of their digital practices. However, despite growing
institutional recognition of this imperative, educational systems are still struggling to
fully integrate digital sobriety into curricula, and educational research on this emerging
topic remains scarce (Dufort, 2023).

This study is situated within this context. Anchored in the field of educational technol-
ogy, it draws on game-based learning mechanisms, specifically escape games, to explore
the conditions under which digital sobriety literacy can be developed. The study aims to
address a research gap by focusing on three main objectives: (1) analysing the effects of
two distinct pedagogical scenarios on students’ maturity in digital sobriety; (2) examin-
ing their motivation to adopt environmentally friendly digital practices; and (3) assess-
ing the development of their perceived collective efficacy in acting in promoting digital
sobriety.

In addition, the study investigates how a hybrid system combining digital and physical
elements might enhance motivation and encourage more responsible digital practices.
Adopting an experimental approach that leverages game-based pedagogical devices, the
study aims to make practical and theoretical contributions to the field. It aims to shed
light on the effectiveness of the educational approaches tested with higher education
students, while contributing to the development of pedagogical frameworks within the
emerging field of education for digital sobriety.

Literature review

Digital sobriety education and green digital education

Of the digital competences outlined in the DigComp framework, “Protecting the envi-
ronment” is one that is frequently overlooked in initiatives aimed at developing digital
skills in education, particularly in higher education. However, education plays a vital role
in raising awareness among younger generations of the environmental impacts of digi-
tal technology is essential (Mercier & Trichet, 2023). Young people are among the most
intensive users of digital technologies. In 2022, the average weekly screen time for ado-
lescents aged 13 to 19 was 36 h and 8 min, representing an increase of 5 h and 45 min
over 11 years (Alcaraz, 2022). Such widespread digital practices contribute to growing
environmental impacts, including increased energy consumption, greater demand for
raw materials, and more electronic waste.

In response to this situation, educating people about digital sobriety has become an
urgent priority (Descamps et al., 2022a). The aim is to raise awareness of the environ-
mental impact of digital technologies and encourage environmentally responsible digital
practices. The authors have proposed a digital sobriety literacy model organised around
three key components:

— Analysing the environmental impact of digital lifestyles using tools such as life cycle
analysis;
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— Seeking out and identifying nuanced digital solutions that help protect the
environment;

— Adopting digital eco-gestures and engaging in collective action to foster digital
sobriety.

These three dimensions are interdependent: impact analysis is a prerequisite for iden-
tifying appropriate solutions, and it is the articulation between critical understanding,
technological choices, and collective engagement that enables the development of robust
digital sobriety literacy.

Although the scientific literature on this specific form of education remains limited,
several educational initiatives are beginning to emerge. For example, MOOCs (Massive
Open Online Courses) such as those offered by the Institut du Numérique Responsable*
and INRIA? use a transmissive approach combined with quizzes to raise awareness
about the environmental impact of digital technology (Lagarrigue et al., 2023). In paral-
lel, active learning tools such as La Fresque du Numérique® have also been developed.
Widely used in higher education, this tool enables participants to work in small groups
to reflect on their digital lifestyles thereby fostering collective intelligence (Meyer, 2023).
These workshops usually end with a group discussion about practical eco-friendly
actions that can be incorporated into daily life (Collin et al., 2024; Jouzel, 2022).

Finally, some studies, such as Tilbury et al. (2024), highlight the links between digi-
tal education and learning for sustainable development by documenting various Euro-
pean initiatives. However, this body of work mainly considers digital technologies as an
educational tool for raising environmental awareness, rather than as an object in itself
requiring a sobriety-oriented approach.

To date, few studies have assessed the impact of learning programs focusing specifi-
cally on digital sobriety education, particularly in higher education. Three main limi-
tations clearly emerge from the literature: the lack of rigorous empirical evaluations of
these initiatives, the scarcity of research focusing on university students, and the lim-
ited number of studies that consider digital sobriety as an educational objective in its
own right. However, as Mercier and Trichet (2023) highlight, an increasing number
of universities are seeking to balance pedagogical innovation with responsible digital
practices, reflecting a growing commitment to digital sobriety within this sector. These
observations reinforce the relevance of undertaking experimental studies, such as the
one presented here, in order to measure the effects of pedagogical interventions.

The role of green education in higher education
Digital sobriety education is closely linked to green education, drawing upon the knowl-
edge, skills, and competencies developed in this area (Descamps et al., 2022a). The aim
of sustainability education is to foster the competencies required to promote sustainable
development. It encourages responsible behaviors while addressing the three interde-
pendent pillars of sustainability: economic, environmental, and social (UNESCO, 2017).
According to UNESCO (2017), Green Education prepares individuals to make informed
decisions and take action for the well-being of the planet. From this perspective, education is

MOOC Numérique Responsable. https://www.academie-nr.org/. Accessed 25 May 2025.

2Impacts environnementaux du numérique. https://www.fun-mooc.fr/fr/cours/impacts-environnementaux-du-num
erique/. Accessed 25 May 2025.

3Fresque du numérique. https://www.fresquedunumerique.org/. Accessed 25 May 2025.
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a Sustainable Development Goal (SDG) in its own right (Goal 4 seeks to ‘ensure inclusive and
equitable quality education and promote lifelong learning opportunities for all'), as well as a
vital means of achieving the other SDGs defined by the United Nations.

To support this ambition, UNESCO (2017, 2020) has published several strategic frame-
works providing guidelines for education for sustainable development. For instance, the
Roadmap for Education for Sustainable Development (UNESCO, 2020) recommends
“implementing learner-centred, project-based interactive pedagogy to transform all aspects of
the learning environment and enable learners to experience what they learn and to learn from
experience” (p. 8). This framework advocates an active, experiential, and learner-centered
pedagogical approach, but its concrete adaptation to digital contexts remains insufficiently
documented.

More recently, in 2024, UNESCO published further guidelines on integrating green
education into curricula. With regard to the specific issue of the impact of digital tech-
nologies, the guidelines state that learners over the age of 18 should be able to analyse
the impact of digital systems and infrastructures, and suggest ways to improve their
efficiency while minimising associated pollution. This competency is aligned with the
objectives of digital sobriety, linking technological responsibility to ecological transition.

Similarly, at the European level, the European Commission has developed reference
frameworks to guide the integration of sustainability into education. Just as it created
the DigComp framework for digital competencies, it has established a dedicated frame-
work for sustainability-related competencies: GreenComp (Bianchi et al., 2022). This
framework consists of four interconnected competence areas: embodying sustainability
values, embracing sustainability complexity, envisioning sustainable futures, and acting
for sustainability (Gilbert, 2022). Nevertheless, the way in which these frameworks can
be translated into concrete pedagogical interventions for digital sobriety remains largely
unexplored.

Universities have a big role to play in teaching people about sustainability. In his
report, Jouzel (2022) says that it is important for universities to get involved in prepar-
ing young adults for the challenges of ecological transition and sustainable development.
To meet this objective, it is essential to use a competency-based approach combined
with active teaching methods. These teaching methods should also get students involved
and let them express themselves by offering places where they can talk about and work
together.

Research shows that using technology in the classroom can help teach students about
sustainability. For example, Dziubaniuk et al. (2023) show how connectivist learn-
ing environments, where students work together, can support the development of
sustainability skills in higher education. This shows how digital tools can get students
involved in sustainable practices, especially when used in active and connected teaching
situations.

The development of skills related to sustainability is based on well-known ideas in
the literature, especially those related to environmental education (éducation relative
a lenvironnement, ERE) and ecocitizenship education. The environmental education
wants people to understand environmental issues and to behave responsibly towards the
environment (Sauvé & Brunelle, 2003).

In the context of the young adult demographic, Villemagne (2017) underscores the

necessity for environmental education to encompass social, economic, cultural, political,
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and ecological considerations. The process engages learners in the deconstruction of
dominant ideas, beliefs, and values, as well as the power structures that underlie environ-
mental challenges. This approach is designed to encourage participants to engage in pro-
found reflection and critical thinking in response to the intricate issues of sustainability.

Meanwhile, ecocitizenship education moves beyond environmental awareness. It
emphasises active citizenship and social justice, encouraging civic engagement and dem-
ocratic participation to address environmental challenges (Naoufal, 2017; Sauvé, 2017).
According to Blanchet-Cohen (2017), this form of education relies on collective learn-
ing, providing participants with the opportunity to express their environmental aware-
ness and broaden their understanding of citizenship. Co-construction is emphasised as
a learning method because it enables the development of shared solutions tailored to
learners' realities.

Beyond the acquisition of knowledge and the development of sustainability competen-
cies, these educational approaches also promote a process of both individual and collec-
tive empowerment. They encourage adults and their communities to engage in collective
action to transform societal practices (Clover et al., 2013). This process reinforces the
idea that sustainability education can catalyse profound and lasting change, including in
the realm of technological practices.

While the literature on sustainability education provides a rich and structured frame-
work, it has so far been only marginally applied to digital sobriety. The articulation
between institutional frameworks, active pedagogies, and education for digital sobriety
in higher education remains largely unexplored, which justifies the present study.

Game-based learning for educating on digital sobriety

Active learning, which underpins both green education and ecocitizenship education,
can also be implemented through game-based learning (ludopédagogie) (Genevois &
Leininger-Frézal, 2010; Lépinard, 2024). This approach, which uses games as a medium
for learning, is rooted in a participatory, experiential, and engaging pedagogical logic.
In the context of this study, it was employed to raise students' awareness of responsible
digital practices and to promote more sustainable behaviors.

Game-based pedagogy has proven to be relevant in numerous educational contexts,
particularly in environmental education and eco-citizenship education (Genevois &
Leininger-Frézal, 2010). This approach is based on the idea that games are intrinsically
engaging and motivating activities that facilitate active learning by involving participants
in dynamic ways. Lavigne (2022) emphasises that game-based learning is not confined to
recreational play, but rather seeks to integrate playful mechanisms into pedagogical set-
tings to enhance learner engagement and motivation. This type of mediation combines
immersion, decision-making, and critical reflection, conditions often met in escape
game environments.

This approach is gradually gaining traction in university education, placing value on
playful experiences that go beyond merely transmitting theoretical knowledge (Lépi-
nard, 2024). Game-based learning creates interactive, immersive and dynamic envi-
ronments in which students can develop skills by taking part in engaging activities. A
meta-analysis by Zeng et al. (2024) highlights the positive impact of gamification on stu-
dent performance. These findings are corroborated by Ortiz et al. (2025), who conducted
a study focusing on gamification in STEM learning in higher education. Their results
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confirm that gamification is effective in not only improving academic performance, but
also significantly enhancing learner motivation. However, the extent to which these
effects are realised varies depending on the context, student profiles, and how game ele-
ments are integrated into the pedagogical scenario (Callan et al., 2015). Some scholars
caution against the superficial or instrumental use of gamification, as this can under-
mine deep learning if it is not grounded in clear educational objectives.

Additionally, Murillo-Zamorano et al. (2021) argue that, when embedded in active
learning settings, gamification can reconcile the expectations of digital society, academia
and students. Their study demonstrates that co-creative and empowering gaming expe-
riences foster the development of essential 21st-century skills.

Tools used in game-based learning can include physical and digital games. At the Euro-
pean level, Tilbury et al. (2024) identified several examples of serious games designed
to raise awareness of sustainability issues, including Earth Cubs* and Questagame.®
Regarding digital sobriety education, a number of initiatives are beginning to emerge.
For example, Econumia® is a board game that addresses responsible digital issues, while
Phonelmpact’ is a serious game that focuses on smartphone manufacturing. Impact-
Agency,® meanwhile, is a game that promotes eco-friendly digital practices. However, the
literature remains largely descriptive: while these games are presented, they are rarely
subjected to rigorous scientific evaluation, and there is a clear lack of studies examining
their actual impact in higher education.

Thus, despite the richness and diversity of the game-based initiatives identified, two
main gaps stand out: first, the absence of rigorous assessments of their effects on digital
sobriety; and second, the scarcity of research specifically focused on university students.

This theoretical and empirical gap highlights the importance of our study, which
focuses on the intersection of digital education, sustainability, and game-based learning.
The study examines the impact of a gamified scenario combining digital and physical
components on motivation, environmental awareness, and the sense of collective effi-
cacy. The connection between escape games, cognitive engagement, and learning has
been explored in recent studies, particularly by Marfisi-Schottman et al. (2022). They
demonstrate that intricate, game-based systems centred on societal issues can enhance
learner engagement and foster self-determined motivation.

This motivational dynamic can be understood through the lens of Self-Determination
Theory (Deci & Ryan, 1985), which categorises types of motivation according to their
perceived autonomy. In educational settings, self-determined motivation (whether
intrinsic or identified) has been found to be associated with sustained engagement,
higher-quality learning and an enhanced sense of competence. When applied to sustain-
ability, this theory has been used in various studies to explain the adoption of pro-envi-
ronmental behaviours. Pelletier et al. (1997) demonstrated that the more autonomous
the motivation to act ecologically, the more sustainable the behaviour becomes. Fiorello
and Luu (2014) confirm this relationship, emphasising that eco-responsible actions are
strengthened when driven by autonomous motivation rather than obligation or guilt.

*Earth Cubs. https://earthcubs.com/watch/. Accessed 25 May 2025.

®Questagame. https://questagame.com/. Accessed 25 May 2025.

EcoNumia. https://gamepartners.fr/numerique-responsable-econumia/. Accessed 25 May 2025.

7 Phonelmpact. https://learninglab.gitlabpages.inria.fr/serious-game/smartphone/. Accessed 25 May 2025.

8 https://www.impact-agency.com/serious-game-numerique-responsable-ecogestes-numeriques/
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These findings support the idea that educational environments which are playful and
collaborative and which foster self-determined motivation are particularly effective in
raising student awareness of digital sobriety issues in a sustainable way.

Methodology
Research questions
The field of digital sobriety education in higher education remains largely unexplored in
scientific literature. This study examines the effects of two learning scenarios on higher
education students, employing active and game-based pedagogical approaches. The
influence of these educational interventions on three key dimensions was analysed: stu-
dents’ motivation to adopt environmentally responsible digital practices, their level of
digital sobriety maturity, and their perceived collective efficacy to take action.

Three research questions were formulated to structure this investigation:

— RQI: How do these scenarios influence students' progress in terms of digital sobriety
maturity, particularly with regard to their sense of competence and their ability to
use digital technologies responsibly?

— RQ2: What effects do the two learning scenarios have on students’ motivation to
adopt environmentally responsible digital practices?

— RQ3: To what extent do these learning scenarios impact students’ perceived
competence to take collective action in promoting digital sobriety within a university

community?

The third question is of particular importance, as emphasised in the IPCC (2023)
reports, which stress the need to foster collective agency in order to address current
environmental challenges. Transitioning to more sustainable digital practices requires
more than individual behavioural change; it necessitates a systemic approach rooted in
cooperation, civic engagement, and the transformation of collective practices. This con-
cept of perceived collective competence aligns with Self-Determination Theory (Deci &
Ryan, 1985), which identifies competence as a key factor in self-determined motivation
and the adoption of sustainable behaviours.

These three research questions enable us to organise our analysis around the motiva-
tional, cognitive, behavioural and collective dimensions of digital sobriety education in a
higher education context.

Experimental design
This section outlines the learning intervention and experimental design, as illustrated in
Fig. 1.

The experiment was conducted in three distinct phases:

1. First, all participants completed a pre-test to collect demographic and personal data to
characterise the sample. They also completed an evaluation using the Digital Sobriety
Maturity Scale (Echelle de Mesure de Maturité a la Sobriété Numérique — EMSN)
(Descamps et al., 2022b). The EMSN is a psychometrically validated tool that was
developed to assess two main dimensions:

— Participants' perceived competence in three specific domains: digital skills,
ecological awareness, and digital sobriety;
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Pre-test Pedagogical intervention Post-test
Digital Sobriety I Digital Sobsrclzrz Maturity ‘
Individual Maturity Scale :

-ly Motivation scale for
ecological behaviour

In a lecture Introduction
hall to the theory,

G1 :Creation of a charter for
individual actions

Escape
Game | [G2: Creation of a charter for
! actions

In a group

Fig. 1 Overview of the experimental procedure

— Environmentally responsible digital practices, categorized into four areas: web
browsing, communication, digital environment management, and consumption.

For each item, respondents rated themselves on a Likert scale ranging from 0 to
3. This assessment provided a global digital sobriety maturity score, allowing for a
standardized measurement of the participants’ initial situation.

2. The pedagogical intervention consisted of the following sequential stages:

— Theoretical introduction A 10-min lecture was given to provide an overview of
the theoretical foundations of digital sobriety literacy, based on the framework
proposed by Descamps et al. (2022a).

— Escape Game Participants engaged in an interactive game designed to solve
puzzles and answer questions related to the environmental impact of digital
technologies and their responsible use. The final objective was to unlock a virtual
safe. The game combined physical cards containing quizzes and QR codes with
digital interactions such as web navigation, a collaborative online wall and a virtual
safe. This combination of tangible and digital tools aimed to enhance immersion,
collaboration and reflection, in line with the principles of experiential, game-based
learning (Fig. 2).

Card with QR Code to
consultthe website

P

Quiz Cards

Navigate to find the
answers

Situation
card

Take 2

Answer the
3 cards quizzes
Cardtoopen
Safe Open!
the safe Find the code P

for the safe

Enter the code in
the right order

Final challenge:
Create a digital eco-
gesture charter

Fig. 2 lllustration of the escape game
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Fig. 3 Examples of student-created digital eco-gesture charters

Creation of a digital eco-gesture charter After unlocking the safe, participants were
asked to design a charter of digital eco-gestures to be posted on a virtual wall (Fig.
3).

At this juncture, the students were randomly divided into two groups according to

distinct teaching scenarios. The allocation was carried out during the distribution of

the games: the lecture hall was divided into two nearly equivalent sections, resulting

in

a first group of 57 students and a second group of 50 students.

The Group 1 members collated a charter centred on individual actions, as part of
an eco-citizenship approach with a focus on personal responsibility. This approach
is predicated on a pedagogical model founded on cognitive pragmatism (Naoufal,
2017). This standpoint posits that learning occurs through the medium of concrete
experience and personal reflection on action. It emphasises the development of
individuals' critical thinking skills, their ability to make informed choices and
adopt responsible behaviour based on their own analysis of environmental issues.

Group 2 developed a charter centred on collective actions within the university
community. The present scenario is founded upon a cooperative and experiential
pedagogy, integrating cognitive and affective pragmatic dimensions (Naoufal,
2017). The distinction between the two modalities is based on the typology of
eco-citizenship practices described by Naoufal (2017). The theoretical framework
under discussion posits that the emergence of an eco-citizen consciousness is
fuelled by intellectual commitment (i.e. understanding of the challenges of digital
sobriety), concrete group action, and emotional and symbolic sharing around
common values. The approach is designed to enhance collaborative capabilities by
fostering co-construction, solidarity, and the collective assimilation of knowledge
and solutions.

Finally, participants completed a post-test which again incorporated the EMSN
in order to evaluate their progression in terms of digital sobriety maturity. The
questionnaire also incorporated the Motivation Scale Toward Environmentally
Responsible Behaviours (Echelle de Motivation vis-a-vis des Comportements
Ecologiques — EMCE), which was validated in French by Pelletier et al. (1997).

Page 9 of 17
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This instrument evaluates the following motivational dimensions: intrinsic
motivation, integrated regulation, identified regulation, introjected regulation,
external regulation and amotivation. Responses were collected using a Likert scale

ranging from 1 to 7.

Sample

The experiment was conducted in a public university located in the province of Hainaut,
Belgium. This territory, historically marked by deindustrialization, has a GDP per capita
below the national and European average (Eurostat, 2024), as well as less favorable socio-
economic indicators compared to other regions of the country. Although no individual
data were available regarding the students’ socio-economic status, these contextual ele-
ments help to more precisely situate the studied population and inform the interpreta-
tion of the results.

This study's sample consists of first-year undergraduate students enrolled in a Bache-
lor's programme in Psychological and Educational Sciences at the University of Mons in
Belgium. The learning intervention was implemented as part of a course unit dedicated
to developing digital competencies.

A total of 164 students participated in a learning session aimed at developing the “pro-
tecting the environment” competency, which is considered an integral part of digital
skills. Of these, 107 completed both the pre-test and the post-test. These students con-
stitute the final sample used for data analysis.

The sample is predominantly female, with 82.24% (88 out of 107) identifying as
women. The average age of participants was 21.02 years (0 =6.83). Additionally, partici-
pants' interest in various issues related to digital sobriety education was assessed. Specif-
ically, their sensitivity to technology, environmental concerns and digital sobriety itself
were measured using a Likert scale ranging from 0 to 3. The results, presented in Table 1,
indicate that students in this sample demonstrated a particularly strong interest in envi-

ronmental issues.

Results

Effects of two learning scenarios on digital sobriety maturity

To assess students’ evolving digital sobriety maturity, a global score was calculated using
the EMSN before and after the intervention. The calculation of relative gains and losses
was conducted by applying the Hainaut (1975) formula, which is defined as follows:

Gain : (Post — score — Pre — score) / (Maximum score — Pre — score) x 100
Loss : (Post — score — Pre — score) / Pre — score x 100

The results for each student group are presented in Table 2. According to the litera-
ture, a relative gain is generally considered positive if it exceeds 30—-35% (Gérard & Van
Lint-Muguerza, 2000). However, Gérard (2003) suggests that, for social or behavioural

Table 1 Sensitivity before the pedagogical intervention

Sensitivity Mean (X) Coefficient of variation (CV)
Likert's scale ranges from 0 to 3

Technologies and the impact of digital tools on human beings 1.80 39.89

Ecology and environmental protection 213 39.26

Environmental impacts of digital technologies and digital sobriety  1.66 50.86




Descamps et al. International Journal of Educational Technology in Higher Education (2025) 22:70 Page 11 of 17

Table 2 Relative gains in digital sobriety maturity scores

Action charter type N Pre-test (%) Post-test (%) Relative gain
(%)
X o X o X o
Group 1:individual actions 57 40.01 942 60.62 12.30 27.63 11.79
Group 2: collective actions 50 40.19 8.89 5948 9.50 25.85 10.28
Total (all participants) 107 40.09 9.13 60.09 11.04 26.80 11.09

Table 3 Learner Motivation to adopt more responsible digital behaviors

Motivation type Group 1 (N=57) Group 2 (N=50) All (N=107)
X © Min Max X o Min Max X o Min Max
Adoption of eco-gestures 518 095 300 700 508 097 300 700 5.13 095 300 7.00
Intrinsic motivation 474 123 225 700 465 137 150 700 4.70 129 150 7.00
Extrinsic Motivation Integrated 4.39 141 125 700 4.15 135 150 700 428 138 125 7.00
Identified 533 1.02 250 700 523 098 150 700 5.28 100 150 7.00
Introjected 431 156 1.00 700 444 157 100 700 437 156 1.00 7.00
External 251 1.14 100 550 240 127 100 600 246 120 1.00 6.00
Amotivation 265 088 125 450 310 107 100 675 286 099 100 675

learning outcomes, such as those investigated in this study, a threshold of 25% is a more
accurate indicator of significant progress. Based on this criterion, the pedagogical inter-
vention appears to have had a positive effect on students' digital sobriety maturity in
both groups (relative gain: 27.63% and 25.85%, respectively).

A Mann-Whitney U test was conducted to compare the two learning scenarios. This
non-parametric test is suitable for comparing two independent groups when the data do
not follow a normal distribution. This was confirmed in our case by the Shapiro—Wilk
normality test (p<.001 for both groups). The results of the Mann—Whitney test indi-
cated a p-value greater than 0.05 (see Table 3). Consequently, no statistically significant
difference was observed between the two groups in terms of relative gain in digital sobri-
ety maturity (W =1531; p=0.051).

Effects of two learning scenarios on motivation to adopt more responsible digital
behaviors

To evaluate learners' motivation to adopt environmentally responsible digital behav-
iours, we employed the EMCE scale developed by Pelletier et al. (1997). An additional
item was included to specifically measure students’ motivation to adopt the eco-gestures
identified in their learning charters. This 1-7 scale allows for the distinction between
different types of motivation.

Analysis of Table 3 reveals several notable findings. Regardless of group, students dem-
onstrated a relatively high motivation to adopt the eco-gestures they had identified (X
=5.13). The highest level of motivation was observed for identified regulation (X =5.28),
followed by intrinsic motivation (X =4.70). These results suggest that students perceive
digital sobriety as a meaningful and conscious choice. They appear to derive personal
satisfaction from adopting more responsible digital practices.

In contrast, motivation driven by external factors, such as rewards, sanctions, or social
pressure, was relatively low (X = 2.46). Additionally, amotivation, or the absence of moti-
vation, remained fairly low across the sample (X =2.86), which is a positive indicator.
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Table 4 Comparison of motivation to adopt more responsible digital behaviors

Motivation w df p
Adoption of eco-gestures 1499.500 0.626
Intrinsic motivation 1442.000 0918
Extrinsic Motivation Integrated 1578.000 0.340
Identified 1537.000 0484
Introjected 1368.500 0.726
External 1536.500 0486
Amotivation 1093.000 0.038

Table 5 Relative gains in terms of feeling competent to act collectively

Pre-test Post-test Relative Gain
(%)
X o X o X o
Act collectively to reduce the impact of digital tech ~ G1 ~ 0.74 061 1.51 083 3333 3348
G2 068 0.74 1.82 0.80 47.33 34.89
All 071 067 165 083 39.88 3470
Act collectively to protect the environment Gl 1.09 063 1.51 080 20.47 3754
G2 120 067 202 062 4467 3726
Al 114 065 175 0.77 31.78 39.16

Mann—Whitney U tests were conducted to compare motivational differences between
the two groups. The results, shown in Table 4, indicate that there were no statistically
significant differences between the groups in terms of any type of motivation, except for
amotivation. The associated p-value for amotivation was below 0.05 (p =0.038), indicat-
ing a significant difference between the groups. Therefore, we can say that group 2, hav-
ing thought about a collective approach to eco-responsible digital use, has a higher level
of motivation than group 1, feeling more disengaged from adopting digital eco-actions.

Effects of two learning scenarios on perceived collective efficacy

As part of this study, the EMSN included two items designed to measure students’ per-
ceived ability to act collectively. Students were asked to self-assess on a Likert scale
from O to 3 in two areas: (1) their perceived ability to take collective action to reduce the
environmental impact of digital technologies', and (2) their perceived ability to ‘collabo-
rate and develop creative initiatives for environmental protection'. To assess how these
perceptions evolved over time, relative gains were calculated using Hainaut’s (1975)
formula.

Overall, the results in Table 5 indicate that the average relative gains, calculated across
all participants, exceeded 30% for both items. These findings (39.88% and 31.78%,
respectively) suggest that the learning intervention positively impacted students' per-
ceived ability to act collectively to reduce the environmental impact of digital technolo-
gies and protect the environment more broadly.

However, a group-wise analysis reveals some differences. Students in Group 1, who
developed a charter focused on individual actions, showed a relative gain of only 20.47%
in their perceived collective efficacy to protect the environment, which is below the 30%
threshold. The learning scheme did not lead to any significant improvement in their
sense of competence to act collectively to protect the environment.

Mann—Whitney U tests were conducted to further explore this difference and com-

pare the two groups, as shown in Table 6. The results indicate statistically significant
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Table 6 Comparison of relative gains in the feeling of competence to act collectively
Mann-Whitney U

w df p p
Group 1#Group 2 Group 1<Group 2
Act collectively to reduce the impact of digital tech  1531.000 0.030 0.015
Agir collectivement pour protéger I'environnement <0.001 <0.001

differences between the two groups. The associated p-values are below the 0.05 thresh-
old, enabling us to conclude that students working on a collective action charter (Group
2) developed a significantly higher sense of competence in acting collectively to reduce
digital environmental impact (p=0.015) and protect the environment (p <0.001).

These results confirm the existence of a differential effect of the learning scenario on
students' perceived ability to act collectively. The scenario based on collective action
appears to be more conducive to the development of this sense of competence than the
scenario based on individual action. One potential explanatory hypothesis is that the
nature of the collective scenario provided students with more opportunities to discuss
collective ideas and to co-construct solutions. The collective scenario is characterised
by the mobilisation of co-creation and co-reflection mechanisms, aligning with the prin-
ciples of socio-constructivist pedagogy. This pedagogical approach emphasises learning
through shared action and the construction of meaning in groups (Brini, 2024).

Discussion

Summary of results

This study aimed to analyse the impact of two learning scenarios designed to educate
students about digital sobriety. The results revealed significant improvements in digi-
tal sobriety maturity in both scenarios, with no notable difference between the two
groups. These results confirm the effectiveness of the learning intervention, regardless
of whether it was based on cognitive pragmatism or integrated cognitive and affective
pragmatism (Naoufal, 2017).

In terms of students' motivation to adopt environmentally responsible digital behav-
iours, both groups demonstrated high levels of motivation. This motivation is predomi-
nantly based on identified and intrinsic regulation, which supports the idea that the
learning experience effectively fostered self-determined motivation, as outlined in Self-
Determination Theory (Deci & Ryan, 1985). This type of motivation has been linked to
sustained engagement and the adoption of environmentally friendly behaviours (Fiorello
& Luu, 2014; Pelletier et al., 1997). These findings suggest an increased awareness of the
need for the more responsible use of digital technologies.

However, a higher level of amotivation was observed among those engaged in collec-
tive action planning. This could be attributed to a cognitive overload linked to the com-
plexity of the collective task (Bouzidi et al., 2006) or to a lack of individual involvement,
possibly due to a perception of remoteness from concrete personal action. Alternatively,
the complexity of the collective task may have induced a degree of emotional distancing
or difficulty in projecting oneself into the action, which is consistent with limitations
identified in certain gamified interventions (Callan et al.,, 2015). Conversely, students
who had reflected on individual actions were more likely to engage in introspection
regarding their own digital habits, which could explain the lower level of amotivation in
this group.
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The collective action scenario had a greater impact on students' perceived collective
efficacy. This confirms the effectiveness of this approach in enhancing collective action.
However, caution is warranted regarding its potential effect on amotivation. Neverthe-
less, the collective approach appears to be more effective in developing collective com-
petence, which tends to remain underdeveloped in the absence of targeted educational
interventions (Descamps et al.,, 2023a, 2023b). Facilitating student reflection on col-
lective agency appears to have meaningfully enhanced their perceived self-efficacy. As
Bader et al. (2017) have highlighted, such pedagogical practices can contribute to soci-
etal transformation. This is consistent with the work of Murillo-Zamorano et al. (2021),
who emphasise that gamified, co-creative and empowering learning environments can
effectively combine active learning, personal engagement and competency development.
Similarly, integrating dedicated moments for collective action into learning interven-
tions promotes learner engagement with sustainability issues, as Lange (2013) points
out.

Transferability and pedagogical implications

Beyond the experimental validation of the device, it is important to consider the trans-
ferability of the results to pedagogical and curricular practices. The findings of this study
confirm the relevance of hybrid and game-based approaches for integrating digital sobri-
ety into university curricula. In line with international frameworks (UNESCO, 2020,
2024), these approaches foster active and reflective pedagogy, contributing to students’
ecological awareness.

The collective scenario, by strengthening the sense of competence to act together,
highlights the value of integrating co-construction activities into teaching practices
(Naoufal, 2017). Similarly, the observed self-determined motivation suggests that prior-
ity should be given to approaches that stimulate voluntary engagement rather than coer-
cive strategies (Deci & Ryan, 1985; Pelletier et al., 1997).

From a practical perspective, these results indicate that short game-based modules can
be used to introduce digital sobriety within broader courses on digital skills or sustain-
able development. In concrete terms, activities such as the co-construction of eco-action
charters represent formats that are directly transferable to classroom settings. Their
logistical simplicity facilitates their integration across various higher education contexts.

Institutions could also consider including such approaches in their curricula as trans-
versal devices, in alignment with the European DigComp and GreenComp frameworks.
Finally, three recommendations emerge: (1) explicitly integrate digital sobriety into
competency frameworks, (2) design accessible hybrid game-based approaches without
requiring excessive technical resources, and (3) train educators in their implementation
to avoid superficial gamification (Callan et al., 2015).

Limitations and future research directions

It is important to acknowledge that the findings are based on self-reported data and
perceived competence, neither of which necessarily reflects learners' actual behaviours
or abilities. As these data are based on self-assessments, they could be influenced by
reporting bias or the Dunning-Kruger effect (Girard et al., 2024), i.e. a cognitive bias
according to which the least competent individuals tend to overestimate their abilities,
for lack of hindsight or sufficient knowledge to assess their skills objectively. In a context



Descamps et al. International Journal of Educational Technology in Higher Education (2025) 22:70 Page 15 of 17

where environmental protection is a digital competence that is still in its infancy among
students (Mercier & Trichet, 2023), it is possible that some participants, lacking an
objective view of their real skills in the field, may have overestimated their sense of com-
petence due to a lack of knowledge of the complexity or real scope of the subject.

Another limitation lies in the short duration of the intervention, which does not allow
for the measurement of lasting effects on actual digital behaviors. One area for future
research would be to assess the long-term effects of such pedagogical interventions on
real-world digital practices, for example through the use of delayed post-tests (Crinon
et al., 2003). In fact, changes in behaviour, particularly those linked to practices such as
eco-friendly digital use, often require prolonged support (Mercier & Trichet, 2023) and
regular reminders if they are to be maintained over time.

Finally, integrating mixed methods and qualitative approaches could provide deeper
insights into learners' motivations and barriers. Analysing learning artefacts, such as the
eco-gesture charters developed by students in each scenario, could also provide addi-
tional information on the differential impacts of the tested learning models.

Conclusion

This study aims to evaluate the effectiveness of an engaging, hybrid learning environ-
ment in promoting digital sobriety awareness among higher education students and
strengthening their collective skills in the face of environmental challenges. Leverag-
ing a hybrid escape game combining digital and physical elements activated an active,
immersive and engaging learning experience, in line with the principles of game-based
pedagogy.

The results suggest that students are primarily motivated to adopt responsible digi-
tal behaviours through conscious choice (identified regulation) or personal satisfaction
(intrinsic motivation), rather than coercion or disengagement. These motivational pro-
files are consistent with Self-Determination Theory (Deci & Ryan, 1985) and are condu-
cive to the long-term internalisation of pro-environmental behaviours (Pelletier et al.,
1997).

Our observations confirm the importance of collaborative approaches in developing
eco-citizen skills and fostering a sense of collective competence, a key lever in the capac-
ity to promote a sustainable transition. They encourage higher education institutions,
the target audience for this study, to incorporate these practices into their programmes,
particularly through teaching scenarios centred on collective action, co-construction
and reflexivity.

Finally, this research opens up new avenues for evaluating the long-term effects of
educational interventions on actual digital behaviours and for refining pedagogical strat-
egies that support sustainable digital and ecological transitions. Situated at the intersec-
tion of educational technology, sustainability, and motivation, this study contributes to
broader pedagogical reflections on educating for a more mindful, sustainable, and col-
laborative digital culture.
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