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Abstract 

This study addresses the issue of insufficient physical activity (PA) among youths. The 
emergence of gamified interventions, such as Gamifiter web portal, offers a novel 
approach to promoting healthy habits and increasing intrinsic motivation for PA. 
Gamifiter engages users in virtual challenges linked to daily step counts and progress 
on a digital map, aiming to enhance PA and physical literacy. Involving 107 pupils 
(12–13 years old), the intervention utilized Garmin VívoFit trackers, with the Gamifiter 
portal providing individual PA reports, challenges, and interactive educational applica‑
tions. Results showed a significant increase in daily step counts indicating the positive 
impact of Gamifiter on PA levels. Attitudes Towards Educational Reality question‑
naire and incomplete sentence test results revealed pupils’ positive perceptions, high 
motivation, and satisfaction with Gamifiter. Teachers also praised Gamifiter for promot‑
ing PA and literacy, although some desired more customization options. The study 
emphasizes the potential of gamified interventions to effectively promote a healthy 
lifestyle. Positive attitudes and increased PA suggest that gamification can be a valu‑
able tool in motivating and engaging pupils in physical activities, fostering a founda‑
tion for a healthier lifestyle. In conclusion, Gamifiter’s success in motivating pupils 
to engage in higher levels of PA highlights its potential as a useful tool for promoting 
a healthy lifestyle. Future studies with larger sample sizes and longer follow-up periods 
are recommended to better understand the sustained impact of gamified interven‑
tions on health among youths.
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Introduction
According to the World Health Organization (WHO), 81% of adolescents do not do 
enough physical activity (PA)(WHO, 2023), and in the Czech Republic only 58% of 
Czech children and adolescents meet the PA guidelines (Gába et al. 2022). The lack of PA 
is associated with the risk of cardiovascular diseases, obesity, diabetes, and certain types 
of cancer (Poitras et al. 2016; Warburton & Bredin, 2017).
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Rapid development of technology brings new approaches to increase PA and promot-
ing healthy lifestyle has emerged through gamified interventions (Lu et  al. 2013). The 
gamification mean that participants are involved in an adventure to achieve a goal (in 
this context healthy habits improvement), where game elements have an utilitarian pur-
pose (Pérez-López, 2020). These interventions utilize game elements such as points, 
budges, leaderboard, and social interaction to achieve intrinsic motivation to enhance 
PA and overall health (Roman et al. 2015; Romeo et al. 2019; Ryan & Tanaka, 2014).

Gamified interventions have gained popularity (Beemer et  al. 2019; Mora-Gonza-
lez et al. 2020; Saucedo-Araujo et al. 2020). Gamified interventions can be effective in 
increasing PA, reducing sedentary behavior, and improving overall fitness among chil-
dren and adolescents (Hsu & Chen, 2018; Johnson et al. 2016; Mazeas et al. 2022; Sardi 
et al. 2017) but they may be influenced by factors like age, gender, and individual prefer-
ences (Bort-Roig et al. 2014; Sailer et al. 2017). These findings are in line with the self-
determination theory, which suggests that increasing motivation (intrinsic) can lead to 
increased PA (Deci & Ryan, 2000).

Gamification can be used to promote active transportation (AT), which are walking, 
running, cycling, or other forms of human-powered movement from place to place 
(Chillón et al. 2014). AT can reduce sedentary time and increase PA (Cooper et al. 2012; 
Kek et  al. 2019; Khan et  al. 2021). Gamified interventions can be useful in promoting 
PA and AT as part of broader programs to support a healthy lifestyle (Cugelman, 2013), 
as it can be an effective tool for increasing AT and promoting sustainable travel modes 
(Coombes & Jones, 2016; Harris & Crone, 2021; Wang et al. 2022).

Research gap and study objectives
Despite the growing interest, there is not a technological tool that gamified the AT with 
a clear success to increase the PA levels. Additionally, in the previous researches in this 
line that effectiveness for increasing AT (Coombes & Jones, 2016; Harris & Crone, 2021; 
Wang et  al. 2022) did not analyzed its impact on PA levels. Hence, it is necessary to 
study the effects on PA and AT of a gamification developed with a technological tool. 
Therefore, we designed a tool "Gamifiter" to enhance PA and encourage AT. Gamifiter 
engages users in virtual challenges, tied to their daily step counts and progress on a digi-
tal map. The primary goal of this study is to evaluate the utility and effectiveness of the 
software in enhancing physical activity (PA), active transportation (AT), and physical 
literacy among adolescents in Czech primary schools. Additionally, the study aims to 
capture teachers’ perspectives on the effects and usability of this tool. The intervention is 
grounded in established academic concepts, providing a scientifically supported founda-
tion for gamified approaches in promoting these outcomes. The research questions are 
articulated to assess both the direct impact on student behaviors and the perceived value 
from the educators’ viewpoint.

Materials and methods
Participants

A total of 115 pupils and their parents (or a legal guardian) from the seventh grade 
of four different schools and regions of the Czech Republic (city/region: Olomouc/
Olomouc, Březová/Karlovy Vary, Dvůr Králové nad Labem/Hradec Králové, Opava/
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Moravian-Silesian) were invited to participate in research and sign a written informed 
consent. From those who agreed to participate (n = 107), 100 pupils (52% girls; age 
range between 12.1 and 13.2 years old) were registered in the system. The protocol was 
approved by the Ethical commission of Faculty of Physical Culture, Palacký University 
(reference number: 38/17 from May 2017).

The course of the intervention and the Gamifiter portal
All participants received fitness trackers Garmin VívoFit 4 (Grimes et al. 2022; Lavelle 
et al. 2022) to monitor their PA. Participants were asked to wear the tracker on the non-
dominant wrist from waking up to going to bed. The tracker data was synchronized 
and graphically represented within the individual PA reports provided by Gamifiter. 
The Gamifiter portal comprises a web platform and PA challenges. The web platform 
offers individual reports on PA within the context of current recommendations, allowing 
for comparisons of PA levels at the group, class, and school levels. The portal displays 
interactive PA data through dashboards (i.e., step counts, comparisons with recom-
mendations, weekly walking profiles) which can be filtered and selected across different 
timeframes (i.e., days, weeks, and years) (Fig. 1).

The challenges (Fig. 2) in portal are interactive educational applications driven by the 
PA of pupils and teachers. The portal displays ongoing and completed challenges, allow-
ing pupils and teachers to access real-time data that is continuously synchronized. This 
motivates individuals to engage in PA by participating in various types of challenges, 
where they can interact with the application to view their data and additional statistics 
(percentage contribution of their PA to the challenge/class, individual rankings within 
the challenge/class, and the percentage of pupils participating in the challenge/class). 
Additionally, the portal highlights the top 10 pupils participating in the challenge and 
ranks the classes involved.

Within the intervention, pupils engaged in various challenges aimed at motivating 
them to move and acquiring knowledge in the subjects of geography and history. For 
example, they were challenged to complete a race across Europe (Fig. 2A) as quickly as 
possible, collecting steps and virtually visiting different cities while learning interesting 

Fig. 1  Individual PA report from Gamifiter portal
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facts about them. Another challenge was to identify a picture based on a gradually 
revealed picture (Fig. 2B) as they accumulated steps, or they attempted to recognize an 
image that progressively came into focus (Fig. 2C) with increasing steps.

Assessment of the effect on the number of steps

Overall, PA (number of steps from midnight to midnight) and the number of steps 
before school (from midnight to eight in the morning = beginning of school). Three 
periods were compared (Fig. 3), each lasting 14 days (i.e., before, during, and after the 
intervention). Based on the results of the Shapiro–Wilk test, data were not in a normal 
distribution. Therefore, comparison of these periods was analyzed using non-paramet-
ric Wilcoxon test. Effect size was calculated using the Common Language Effect Size 
(CLES) (Vargha & Delaney, 2000).

Assessment of attitudes towards gamified interventions
The Attitudes Towards Educational Reality (ATER) questionnaire (Chráska, 1998) 
was used to assess the attitudes of the pupils towards Gamifiter and its perceived load 
(Chráska, 2003). By making successive modifications and conducting factor analyses, a 
two-dimensional form of the semantic differential was designed, which is convenient for 
assessing the concepts of "educational reality" (Vašťatková & Chvál, 2010). The indicators 

Fig. 2  Physical activity challenges: different approaches to visualizing class step competition data

Fig. 3  Project flow chart
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selected to assess pupils’ attitude towards the Gamifiter included "Movement", "Compe-
tition" and "Tasks". Each indicator was assessed using 10 scales composed of contrast-
ing adjectives. Five scales measured the evaluation factor, while the remaining five scales 
measured the energy factor. The evaluation factor represented a measure of "good" or 
"bad" while the energy factor indicated the extent to which the indicator was associated 
with effort or difficulty. The indicator evoked a feeling in the pupils, which was recorded 
on a seven-point scale. The selection of indicators was based on their appropriate repre-
sentation of the attitude object.

We complemented the semantic differential method with a verbal projective method-
the incomplete sentences test phrased with two positive and two negative charge sen-
tences, which was a separate tool apart of ATER questionnaire. Pupils were given several 
sentences to complete: "I liked…, I appreciate most…, It would be better if…, I would 
recommend…". The responses were indicative of attitudes, beliefs, motivations, or other 
mental states. This technique has the advantage of encouraging respondents to reveal 
their hidden feelings (i.e., wishes, desires, fears, and attitudes) (Holaday et al. 2000). We 
evaluated the results related to the semantic space indicators (i.e., Movement, Competi-
tion, and Tasks in the application). We conducted sorting at the first and second order. 
In the first-order sorting, a matrix of individual real contents related to the semantic 
space indicators was processed. In the second-order sorting, the contents of statements 
were grouped into categories. The resulting categories represent the counts of sentences 
with a positive and negative charge.

Results
Intervention effect on physical activity and active transport (steps)

In the two-week period prior to the launch of the class competition in the Gamifiter, 
pupils (age: 12.7 ± 0.5 years old; weight: 51.3 ± 11.8 kg; height: 157.6 ± 9.5 cm; body mass 
index (BMI) 20.9 ± 4.3) took an average of 9,149 steps/day and 1,377 steps by 8 a.m. 
(before the start of school). During two-week Gamifiter intervention averages increased 
by 25% in total (11,463 steps/day) and by 38% (1,899 steps) in the time before school 
(Fig. 4). The increased number of steps during the intervention period (see Fig. 4), was 
higher than before (p = 0.001) and after (p = 0.003) intervention periods. This increase 
in the number of steps is shown also in the time before school (all, p = 0.001). No differ-
ences were found between before and after intervention periods in the number of steps 
per day and in the period before the school (all, p > 0.05).

Pupils’ subjective evaluation of the intervention
The survey about the attitudes towards gamified interventions was completed by 82% 
of pupils. Gamifiter achieved the best results in supporting physical literacy as pupils 
through the intervention a) learned why PA is important, b) what the health recommen-
dations for daily step count are, and c) got an idea of how challenging it is to take 10,000 
steps (82%, 88% and 83% agreed, respectively). Gamifiter motivated 88% of respondents 
to be physically active and 80% perceived the wearables as "user-friendly". Half of the 
pupils perceived the intervention to promote classroom relationships and team spirit, 
and 62% would like to get their own fitness tracker based on this experience. Overall, 
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37% of pupils agreed that Gamifiter was a useful tool for learning in other classes (e.g., 
Geography) and one-fifth of pupils did not feel comfortable if classmates could see their 
quantified PA results.

Evaluation of the application – ATER questionnaire survey of attitudes
To evaluate the results of the ATER questionnaire, arithmetic means were calculated for 
the indicators: Movement, Competition and Tasks. Pupils (n = 84) rated these indicators 
in terms of both energy and evaluation. The means of all indicators were plotted in a 
two-dimensional space, labelled by the energy factor axis and the evaluation factor axis. 
Figure 5 illustrates how the individual indicators are perceived in comparison to the oth-
ers, it is the semantic space of indicators in the rating and energy factor. The measured 
indicators are marked in the semantic space, where the individual coordinates of the 
space are a factor of evaluation and energy. The position of the indicator on the relevant 
axis is determined by the average value calculated from the individual adjective scales 
assigned to the given factor. This analysis provides a clear idea of the mutual position of 
individual concepts. Based on the indicator means, we inferred the overall attitudes of 
the pupils towards the Gamifiter application (evaluation factor: 4.9; energy factor: 3.2).

The results indicate that pupils perceived the concept of "Movement" and "Competi-
tion" in the application most positively. They perceived "Tasks" in the application as more 
demanding and rated it less positively compared to the concepts of "Movement" and 
"Competition" in the application. When pupils perceived "Tasks" in the application as 

Fig. 4  Visualization of the number of steps within the observation periods
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more demanding compared to other concepts, they also did not rate it positively. From 
the averages of all indicators, we calculated the overall attitude towards the application. 
Overall, pupils’ attitudes towards the Gamifiter application demonstrate a positive atti-
tude towards the application. Pupils did not perceive it as demanding. Important for our 
interpretation of the results are the content of the production analysis, the frequency of 
the pupils’ responses (positive/negative charge) and some features—for example, criti-
cism, recommendation, dissatisfaction, suggestions x satisfaction, praise, positive emo-
tions. For an objective evaluation, we present a table of the frequency of responses with 
a negative or positive charge. All results of the incomplete sentences test are available in 
Appendix 1.

A total of 6 categories emerged through second-order sorting: Competition in the 
application, Movement, Tasks in the application, Watches, Applications, Steps. The 
results show that in the incomplete sentences test, pupils have a positive perception of 
the watch and the in-app competition. However, at the same time, the highest number of 
recommendations is related to the watch itself. The movement and the tasks in the app 
did not evoke any negative feelings in the pupils. The app itself evoked positive emotions 
in them and they do not perceive it too negatively. The use of the Gamifiter app elicited 
both positive emotions and, to a lesser extent, expressive emotions.

Fig. 5  The semantic space of each Gamifiter indicator
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Teachers’ subjective evaluation of the intervention
Teachers find Gamifiter to be an interesting tool for promoting PA and literacy, based 
on the results of a survey conducted among the four participating teachers. Although 
some express a desire to have the ability to create their own tasks and challenges, the 
overall feedback was positive. The only drawback mentioned was the lengthy process 
of synchronizing the bracelets and occasional incomplete sports activities data. All four 
collaborating teachers consider Gamifiter to be a suitable and usable tool for motivating 
pupils to PA, and for reviewing educational content. The surveyed teachers believe that 
use of the Gamifiter had a positive impact on the classroom atmosphere and they would 
like to incorporate this program into their future teaching practices. All four teachers 
prefer the option to customize the content of the motivational educational modules over 
selecting from pre-prepared ones.

Discussion
The utility and effectiveness of Gamifiter for enhancing PA, AT and physical literacy 
among adolescents have been tested in the study. The Gamiffiter intervention helped 
adolescents to increase their PA literacy, being a tool well considered by the teacher 
involved. Gamified intervention using PA tracker could be an effective tool for promot-
ing a healthy lifestyle among adolescents.

The use of the gamification elements for the intervention could be one of the reasons 
of the success of the Gamifiter. Despite some studies support that gamification improve 
the knowledge or skills (Gentry et al. 2019; Suleiman-Martos et al. 2021) to engage and 
to encourage adherence with healthy habits such as PA or AT, the motivation is a key 
element (Mora-Gonzalez et  al. 2020). Using game elements, the extrinsic motivation 
(Morris et  al. 2022; Ryan & Deci, 2000) could result, showing positive changes in the 
behaviour during the intervention, as the step number increase observed in the current 
study. However, to obtain an increase and maintenance of the expected behavior after 
the intervention program, intrinsic motivation (Morris et al. 2022; Ryan & Deci, 2000) 
should be enhanced. Therefore, gamified interventions such as Gamifiter could be an 
effective tool for promoting a healthy lifestyle among adolescents (Mora-Gonzalez et al. 
2020).

The Gamifiter system is an educational-motivational tool designed to support PA and a 
healthy lifestyle among adolescents by leveraging gamified elements to enhance engage-
ment and motivation. Key elements used in the intervention, such as points, badges, 
leaderboards, and thematic challenges, contributed to increasing extrinsic motivation 
during the intervention. For example, students earned points for completing activities, 
which were reflected on class-wide leaderboards, fostering a sense of competition and 
engagement. Thematic challenges, such as the "Journey through Europe," allowed stu-
dents to accumulate steps to virtually explore different cities, linking PA with educa-
tional experiences (Ohn et al. 2022). This innovative approach enriched the activity by 
adding a sense of purpose and exploration, which could be one of the main reasons for 
the observed success in increasing PA levels.



Page 9 of 14Vorlíček et al. Smart Learning Environments           (2024) 11:64 	

The theoretical foundation of the Gamifiter system is rooted in the Self-Determination 
Theory (SDT) by Deci and Ryan (2000), focusing on the fulfilment of three basic psy-
chological needs: autonomy, competence, and relatedness. Autonomy was supported by 
giving students the freedom to choose among various challenges, competence was pro-
moted by tracking progress and earning badges, and relatedness was fostered through 
leaderboards and team-based challenges, which encouraged social connections and 
a sense of belonging. These elements not only enhanced extrinsic motivation but also 
laid the groundwork for fostering intrinsic motivation, which is crucial for maintain-
ing positive behavioral changes after the intervention. By integrating gamified elements 
with educational content, Gamifiter aims to provide a comprehensive approach that not 
only promotes PA but also enhances physical literacy and knowledge expansion, creating 
an environment conducive to long-term behavior change and health promotion among 
adolescents.

The main finding of this study is the increase of the step count during the interven-
tion. Following a recent model of motivation (Strombach et al. 2016), when the negative 
influences of the cost to achieve the behavior (e.g., effort) and extrinsic drivers disappear 
(e.g., rewards for step count achievement or graphical information as feedback of the 
performance), despite the maintenance of the intrinsic motivation (e.g., satisfaction or 
feeling healthier), the behavior declined (Hanus & Fox, 2015; Mazéas et al. 2024). Intrin-
sic motivation remains sustained during gamified activities, even with increased step 
count, due to several key factors that enhance engagement and enjoyment. Gamification 
effectively addresses psychological needs such as competence, autonomy, and related-
ness, which are crucial for maintaining intrinsic motivation (Luarn et  al. 2023). Addi-
tionally, the incorporation of game elements supports enjoyment, which has been shown 
to be a lasting form of motivation, particularly in rehabilitation contexts (van der Kooij 
et al. 2019). Thus, Gamifiter could be a good tool to increase PA, and additional effort on 
intrinsic motivation and maintenance of extrinsic drivers should be designed to engage 
adolescents after its use.

The ATER questionnaire and the incomplete sentence test measure the hidden con-
notative (subjective) meanings of terms related to the used Gamifiter. The future focus 
on the movement and competition of pupils, to achieve the desired results by using the 
Gamifiter is needed. The results of the data analysis of the incomplete sentences test 
confirmed the correctness of the selected indicators for displaying the semantic space. 
For further evaluation, the ATER questionnaire could be supplemented with a watch 
indicator. The results of the tests have revealed that pupil’s attitudes towards the Gami-
fiter are positive, which may be associated with subsequent motivation and engagement. 
The established positive attitudes may be related to expected values and future behav-
iors of pupils. Gamification thus serves as a mean of change pupils PA habits, and it has 
been shown that the school environment is conducive to implementing such interven-
tions (David & Weinstein, 2023; Saucedo-Araujo et al. 2020). Implemented gamification 
concept is effective in satisfaction from PA and a sense of rewards, connection of users 
with the class community, the school itself and other schools, which was proven in other 
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studies as well (Cotton & Patel, 2019; Mora-Gonzalez et al. 2020; Sailer et al. 2017). For 
example, ranking of the best participants, classes, or schools; or in the form of coopera-
tion: participants form a team for a common purpose, feel a commitment to the perfor-
mance of others (Sailer et al. 2017). The benefit of the Gamifiter could be the power of 
motivation for regular PA. It is thus a specific element of game design that has a psycho-
logical effect on pupils themselves. Our research investigation has confirmed that the 
competition itself has generated positive attitudes towards the application among pupils.

The use of tools like Gamifiter might help the improvement of the PA levels based 
on the extrinsic motivation (Morris et al. 2022; Ryan & Deci, 2000). In educational or 
public health contexts, the use of these strategies is recommended when the PA lev-
els should be improved. However, due to its success is based in the extrinsic motiva-
tion, the effect on PA levels will appear while the strategy is performed. To maintain 
the improvements after the intervention, other methodologies based on the intrin-
sic motivation are needed. Moreover, for the educational context, teachers suggests 
that Gamifiter is a tool suitable and usable in compulsory education. A previous 
research suggested that a similar tool might be also used in Physical Education les-
sons (Saucedo-Araujo et  al. 2022). This highlights the growing interest for the edu-
cational community and researchers to include within the curriculum this kind of 
tools to increase the motivation and adherence of the students. Therefore, next steps 
should study the sustainability of these tools in the compulsory education and the 
inclusion of additional strategies that allow a transformation of the extrinsic motiva-
tion into intrinsic motivation.

Limitations of this study include small sample size, absence of a control group, short-term 
follow-up period, and no analysis of the tracker wear time. However, the Gamifiter application 
can be a useful tool for promoting PA and AT among children and adolescents. Future stud-
ies should include larger sample sizes and longer follow-up periods to better understand the 
effectiveness of gamified interventions in promoting healthy lifestyle.

Conclusions
The study demonstrated that intervention using Gamifiter was useful and effective in 
motivating adolescents to engage in higher levels of PA and AT, with a positive attitude 
towards Gamifiter. Adolescents were more motivated to exercise and move when using 
the application challenges, being a key to enhance PA, AT, and physical literacy. Com-
petition among pupils and the presence of wristbands emerged as influential variables 
in shaping the expected attitudes towards gamification. Policy makers, researchers, and 
educators should consider the acute effects of this kind of tool to propose additional 
methodologies or tools to extend the effects after the intervention.

Appendix 1
See Tables 1 and 2; Figs. 
6 and 
7

Appendix 1 shows the results of the incomplete sentences test: the matrix of each real 
content. The contents of the answers in the incomplete sentences test are grouped into 
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three categories based on semantic space indicators: Movement, Competition and Tasks. 
Additional categories emerged during the sorting of the answer contents. The contents 
of the pupils’ answers were related to other concepts such as watch, application and 

Table 1  The results of the incomplete sentences test: the matrix of each real content

No responses for category “Tasks in the application”

I liked it… I appreciate the most It would be better if… I would recommend…

Competition. (4 ×)
Competition with other 
schools. (3 ×)
Competition on the map. 
(2 ×)
Competition with friends 
and classmates. (2 ×)
Catching up someone 
else’s footsteps. (2 ×)
Many students competed

Competition in the 
application
Supporting children 
movement via competi‑
tion

More time for competing More competitions

Going out with friends. 
(2 ×)
Move/movement. (2 ×)
Movement activities on 
the map

It made me move
Ability to see mine move‑
ment in steps

Appearance of the watch. 
(2 ×)
Display. (2 ×)
Testing/trying a new 
watch. (2 ×)
Technology/Functionali‑
ties. (2 ×)
Precision of steps count
Watches
Automatic activity track‑
ing
App connectivity
Battery time (no need to 
charge)
Customization

Technology/Functionali‑
ties. (3 ×)
Don’t need to pay if I 
break the watch. (2 ×)
Great wearability / pleas‑
ant to the hand. (2 ×)
Precision of steps count
Watches
Testing/trying a new 
watch. (2 ×)
Customization
Water resistance
Alarm clock

More premium watch. 
(6 ×)
Better app connectivity. 
(5 ×)
Touch sensitive display. 
(3 ×)
Tighter strap
Bigger watch
Functionality to monitor 
drinking regime
More precise steps 
counter

This app and watch to 
other people. (2 ×)
More premium watch. (2 ×)
Small and handy watch
Watch with touch display 
and call functionality
Touch display
More precise steps counter
Better app connectivity
Mini game in the watch 
controlled by walking

Well-designed app. (2 ×)
Clear and understandable. 
(3 ×)
Application. (2 ×)

App development and 
ideation

Automatic data watch/
app synchronization

Connectivity with other 
third-party apps

Precision of steps count
Tracking number of steps. 
(2 ×)

Tracking number of steps. 
(3 ×)

More precise steps coun‑
ter. (4 ×)
GPS tracking

More precise steps counter
GPS tracking
More tracking functionali‑
ties
These tracking devices to 
people who do a lot of 
sports

Table 2  Total score, positive charge (+ 1), negative charge (-1), Incomplete Sentences test

Positive charge (+ 1) Negative 
charge 
(−1)

Competition in the application 18 2

Movement 7 0

Tasks in the application 0 0

Watches 31 25

Applications 8 2

Steps 7 9
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steps. The following Table 2 shows the summary results of all categories of the incom-
plete sentences test.
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