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Abstract

The objective was to examine the effects of a gamified intermittent programming unit (PU) based on behavior modification strategies on Primary Education

students’ motivation towards Physical Education, intention to be physically active, and weekly physical activity (PA) levels. Twelve classes, comprising a total of 203

students from 4th  to 6th  grade in Primary Education (40.9% female; 9–12 years old), were randomly assigned to the gamified group (n = 121) and the control

group (n = 82). The gamified group completed a five-week gamified intermittent PU (three sessions/week) during the first 15 minutes of each session. Behavior

modification strategies were also applied, including PA wristbands, PA reminders, diaries, educational counseling, and goal setting. Before and after the intervention,

dependent variables were assessed using validated questionnaires. The results showed that students in the gamified group significantly improved their identified

and autonomous motivation towards Physical Education and PA during recess (p < .05, r = 0.15–0.18). A gamified intermittent PU based on behavior modification

strategies appears to be effective in enhancing autonomous and identified motivation as well as PA during recess.
Keywords: Primary Education, innovative intervention, motivation, Physical Education, intention.

Resumen

El objetivo fue examinar los efectos de una unidad de programación (UP) intermitente gamificada basada en estrategias de modificación del comportamiento en

escolares de Educación Primaria sobre la motivación hacia la Educación Física, intención de ser físicamente activo y niveles de actividad física (AF) semanal. Doce clases

con un total de 203 escolares de 4-6º curso de Educación Primaria (40.9% mujeres; 9-12 años) se asignaron aleatoriamente al grupo gamificado (n = 121) y control

(n = 82). El grupo gamificado realizó una UP intermitente gamificada de cinco semanas (tres sesiones/semana) durante los primeros 15 minutos de cada sesión. Se

aplicaron también estrategias de modificación del comportamiento como pulseras de AF, recordatorios de AF, diarios, asesoramiento educativo y establecimiento de

objetivos. Antes y después de la intervención las variables dependientes se evaluaron mediante cuestionarios validados. Los resultados mostraron que los escolares

del grupo gamificado mejoraron de manera estadísticamente significativa la motivación identificada y autónoma hacia la Educación Física y la AF durante el recreo

(p < .05, r = 0.15-0.18). Una UP intermitente gamificada basada en el uso de estrategias de modificación del comportamiento parece ser efectiva para mejorar la

motivación autónoma e identificada, así como la AF durante el recreo.

Palabras clave: Educación Primaria, intervención innovadora, motivación, Educación Física, intención.
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Introduction

The regular practice of physical activity (PA) is recognized as one of the most important elements in improving children's

physical, mental, and social health, as well as their wellbeing (Organization for Economic Cooperation and Development,

OECD/World Health Organization, WHO, 2023). WHO recommends that children engage in 60 minutes daily of moderate

to vigorous intensity of PA throughout the week (WHO, 2020). However, globally, eight out of every 10 schoolchildren are

physically inactive (Guthold et al., 2020). Moreover, data from longitudinal studies indicate that there is a decline in moderate

to vigorous intensity of PA from six years of age in girls and nine years in boys (Farooq et al., 2020). Therefore, interventions

to promote healthy levels of moderate to vigorous intensity of PA before adolescence through different contexts such as

education are considered essential (OECD/WHO, 2023).

Physical Education (PE) is an ideal context for promoting a healthy level of PA (Association for Physical Education, 2020).

One of the PE curriculum competencies in most educational systems worldwide is the promotion of healthy PA habits

(Association for Physical Education, 2020; SHAPE America, 2024). However, problems have been detected that directly affect

the planning of the subject, such as the reduced time available to address the high number of objectives and competencies to

be developed (Casado-Robles et al., 2019). A possible solution could be the promotion of regular PA through the intermittent

programming units proposed by Viciana and Mayorga-Vega (2016). The structure of this innovative programming unit model

consists of dividing the PA session into two (or more) parts, working specific curricular objectives during time slots of each

session (e.g., the first 15 minutes), for several sessions. Thus, the second part of the session could be dedicated to work

on a different objective (Viciana & Mayorga-Vega, 2016). Considering that producing health-related behavioral changes in

schoolchildren (e.g., generating healthy PA habits) is a time-consuming process (Neil-Sztramko et al., 2021), the application

of an intermittent programming unit provides a more efficient management of learning time compared to allocating the

entire session during an intensive period. In this sense, promoting this behavior change progressively outside the FE setting

and over an extended period could be more effective than concentrating all the allocated time on achieving this goal in just

a few weeks. For example, in an intermittent programming unit, one objective could be worked during the first 15 minutes

of the session, then, another programming unit with a different objective could be addressed in the rest of the PE session.

These intermittent programming units have demonstrated their effectiveness in developing different curricular objectives

such as, for example, improving cardiorespiratory capacity (Guijarro-Romero et al., 2020a) or postural education (Sainz de

Baranda et al., 2010).

To understand the effectiveness of these interventions in the context of PE, Self-Determination Theory can serve as a

framework for understanding student behavior (Ryan & Deci, 2020). Self-Determination Theory classifies the different types

of regulations that lead to a given behavior on a continuum that encompasses three categories organized from the lowest

to the highest level of self-determination: autonomous motivation, controlled motivation, and demotivation (Ryan & Deci,

2020). On one hand, autonomous motivation encompasses integrated regulation, where actions are consistent with a sense

of self, identified regulation, which involves acting in coherence with personal values, and intrinsic motivation, where actions

are performed for the pleasure they bring. On the other hand, controlled motivation includes external regulation, where

actions are performed to obtain rewards or avoid punishment, and introjected regulation, where actions are performed to

feel good and avoid negative emotions such as guilt. Finally, demotivation represents a lack of interest and motivation. In

their systematic review and meta-analysis, Kelso et al. (2020) pointed out that PE seems to be an ideal context for achieving

positive motivational outcomes, such as improvements of schoolchildren’s intrinsic motivation.

Together with motivation, intention is one of the main mediators of active behavior (Viciana et al., 2019). According to the

Theory of Planned Behavior, intention is considered as the closest antecedent to trigger a behavior (Ajzen, 2011; McEachan

et al., 2011). Previous studies have shown that self-determined levels of motivation in EF are related to the intention to

be physically active (Fernández-Espínola et al., 2021; Fierro-Suero et al., 2023; Viciana et al., 2019). Moreover, in particular

intrinsic motivation, which is centered on the achievement of goals and challenges in PA and on the experience of pleasant

and stimulating sensations related to the activity itself, is identified as the factor that most influences the intention to remain

physically active (Hein et al., 2004). In accordance with the aforementioned, new pedagogical approaches have emerged

with the aim of improving schoolchildren’s motivation and keeping them more active in and out of school hours (Arufe-

Giráldez et al., 2022; Mazeas et al., 2022). Currently, gamification is a methodology that is causing higher levels of motivation

and learning in the educational environment (Fernandez-Rio et al., 2020; Quintas et al., 2020). Gamification is defined as

the use of game elements in non-game contexts (Deterding et al., 2011). The elements of gamification are divided into
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three categories (Werbach & Hunter, 2015): (a) dynamics, considered as the set of general aspects on which gamification is

sustained, such as narrative, emotion and relationships, progression, constraints and autonomy; (b) mechanics, considered

as the processes that help gamification progress, such as competition, cooperation, feedback, achievements and rewards;

and (c) components, considered as the specific aspects specific to dynamics and mechanics, such as avatars, challenges,

customization, achievements, unlocking content, gifts, leaderboards, levels, and points.

In addition to the use of gamification, the use of behavior modification strategies such as self-monitoring through PA

wristbands, goal setting, or educational counseling have been shown to be effective in promoting regular PA practice among

schoolchildren (Casado-Robles et al., 2022). Similarly, the inclusion of a greater number of behavior modification strategies

such as diaries and reminders seems to increase the effect of the intervention on PA among schoolchildren (Casado-Robles

et al., 2022). In this sense, the combined use of the aforementioned behavior modification strategies and gamification as

part of PA promotion programs could promote motivation towards PE, intention to be physically active, and PA practice if

employed together (Arufe-Giráldez et al., 2022; Casado-Robles et al., 2022; Mazeas et al., 2022).

Despite that the study of the effects of gamified interventions in PE is receiving a great deal of attention (Camacho-

Sánchez et al., 2023), research in primary school students is still scarce. The systematic review by Arufe-Giráldez et al. (2022)

shows how the use of gamification as a methodological strategy in PE interventions seems to improve the schoolchildren’s

intrinsic motivation. Regarding the intention to be physically active, no previous studies have been found that analyze the

effect of gamified interventions on this variable in the context of primary schoolchildren. However, in the Compulsory

Secondary Education stage, Fernandez-Rio et al. (2022) observed that after a gamified intervention inspired by the manga

series Dragon Ball Z for nine weeks (nine sessions in total) aimed at working on physical fitness and coordination, students

improved their intention to be physically active. Regarding PA, in the systematic review and meta-analysis conducted

by Mazeas et al. (2022) gamification has been shown to be an effective methodology to promote the practice of PA by

schoolchildren in the context of PE. However, of the 16 studies included in the review, only three of them were conducted

with primary education schoolchildren (Garde et al., 2015, 2016, 2018), so previous evidence in this population group is still

reduced. Moreover, none of them applied all the previously mentioned behavior modification strategies nor analyzed the

effect of the intervention on motivation or the intention to be physically active of schoolchildren. Therefore, considering

the gaps in scientific knowledge previously highlighted, it seems necessary to conduct further research on this novel

methodology to better understand how it works in the context of PE with primary schoolchildren. Unfortunately, to our

knowledge, no previous study has been found in the context of PE that analyzes the effect of a gamified intermittent

programming unit using multiple behavior modification strategies (including PA wristbands, educational counseling, diaries,

PA reminders, and goal setting) on motivation toward PE, intention to be physically active, and weekly PA levels in primary

schoolchildren.

Consequently, the main objective of the present study was to examine the effects of a gamified intermittent programming

unit (based on behavior modification strategies in primary education) on motivation towards PE, intention to be physically

active and weekly PA levels. The main hypothesis was that schoolchildren who performed the gamified intermittent

programming unit based on behavior modification strategies would show higher motivation towards PE, higher intention

to be physically active and higher levels of weekly PA.

Material and Methods

Study Design

The present study was performed according to CONSORT guidelines for cluster randomized controlled studies (Campbell

et al., 2012). The protocol followed respects the standards of the Declaration of Helsinki (64th WMA, Brazil, October 2013)

and was approved by the Ethics Committee of the University of Granada. Recruitment of participants was performed in June

2022 and the intervention was conducted from October to December 2022. For practical reasons and due to the nature of

the study (i.e., natural clusters in the educational setting), a cluster-randomized controlled trial design was applied (Guijarro-

Romero et al., 2023). This study was not blinded (treatments were not hidden from schoolchildren or teachers) and parallel

groups were used (study with two different treatments), with two evaluation phases.
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Participants

First, two public schools in the province of Granada (Granada, Spain) were chosen for convenience. Principals and PE teachers

were contacted and informed about the study and their permission to conduct it was requested. After obtaining approval,

the 273 schoolchildren (39.9% female) in the fourth to sixth grades of primary education (i.e., aged 9 to 12 years) were invited

to participate. The schoolchildren and their legal guardians were fully informed about the characteristics of the study. In

addition, before the start of the study, verbal assent was obtained from the schoolchildren and signed written informed

consent was obtained from their legal guardians. According to the reports from the educational center, all the families of

the schoolchildren had a medium socioeconomic level.

The inclusion criteria were: a) being enrolled in the fourth to sixth year of primary education in the selected schools

(classes in which permission was obtained from the schools); b) participating in the PE classes normally; c) being free of any

health problem that hindered participation in PA normally; d) presenting the corresponding informed consent signed by their

legal guardians; and e) presenting their own verbal assent. The exclusion criteria were: a) not having correctly performed

the assessment of the dependent variables in the pre-intervention and/or post-intervention measures according to the

administration standards (being excluded only in those incomplete variables and not from the study as a whole); and b) not

having an attendance percentage equal to or higher than 85% in the PE sessions during the intervention period.

Sample Size

The sample size calculation was estimated considering both normal and non-normal distribution of the data. Assuming

normal distribution, the parameters were set as follows: significance level α = 0.05; number of participants per group n = 15;

effect size δ = 0.50; intraclass correlation coefficient ρ = .01 and statistical power (1 - β) = .80 (natural cluster randomized trials

with person-level outcomes, analyzed with Optimal Design Plus Empirical Evidence version 3.01 software for Windows). A

final minimum sample size of 180 participants (12 groups) was estimated. Assuming a non-normal distribution, parameters

were set as follows: effect size d = 0.50; significance level α = .05 and statistical power (1 - β) = .80 (Wilcoxon-Mann-

Whitney t-tests -two groups- function of G*Power Version 3.1.9.4 software for Windows). A final minimum sample size of

134 participants was estimated.

Randomization

Randomization was performed at the school level to avoid treatment contamination, using a computerized random number

generator. This was done before the pre-intervention assessment was administered by an independent investigator blinded

to the study objective and following a 1:1 ratio in the gamified group (GG) or control group (CG). In addition, in accordance

with educational legislation, prior to the start of the school year, the schoolchildren had been randomly assigned by the

educational center following the criterion that the classes should have the same proportion of boys and girls.

Measurements

The assessment was conducted during PE classes at the beginning and at the end of the intervention program (pre-

intervention and post-intervention, respectively). Each assessment was conducted during two PE classes by the same

evaluators, instruments, and conditions. Likewise, before the start of the study, sociodemographic data (age, gender and

grade) were collected from the school reports and anthropometric measurements of the schoolchildren. In addition, we

recorded whether the schoolchildren had had previous experience with PA wristbands (yes/no) and whether they were

currently using them (yes/no). The schoolchildren completed the questionnaires in an ordinary classroom under silent

conditions. The researcher provided a full explanation on how to correctly fill out the questionnaire at the beginning of the

evaluation sessions. The schoolchildren were asked to be as honest as possible and the confidentiality of the data obtained

was guaranteed. Although instructions on how to properly answer the questionnaires were printed at the top, the researcher

was present during all the evaluation sessions in order to clarify any doubts that might arise. The measurement procedure

followed for each variable is detailed below.

Anthropometry

Body mass (kg) and height (cm) of the schoolchildren were measured following the International Standards for

Anthropometric Assessment (Stewart et al., 2011). Next, body mass index was calculated as body mass divided by body
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height squared (kg/m²). Finally, the body weight status of the schoolchildren was classified according to gender- and age-

adjusted body mass index thresholds as overweight/obese or not overweight/obese (Cole et al., 2000). Body mass index

and body weight status scores have shown high validity among schoolchildren (Cole et al., 2000).

Motivation Toward Physical Education

The motivation of schoolchildren towards PE was assessed using the Motivation Questionnaire in PE in Primary Education

(CMEF-EP; Leo et al., 2016). This questionnaire is composed of a total of 20 items that appear preceded by the sentence “I

participate in PE classes...” analyzing five factors of motivation with four items each: intrinsic motivation (e.g., “because PE

is fun”); identified regulation (e.g., “because this subject provides me with knowledge and skills that I consider important”);

introjected regulation (e.g., “because I see it as necessary to feel good about myself”); external regulation (e.g., “to show

the teacher and classmates my interest in the subject”); and demotivation (e.g., “but I really feel that I am wasting my time

with this subject”). In accordance with previous studies (Guijarro-Romero et al., 2023), a 10-point Likert scale, from 1 (“Totally

disagree”) to 10 (“Totally agree”), was used to adapt the scale of the questionnaire to the Spanish schoolchildren’s grades.

Subsequently, autonomous (i.e., averaging intrinsic motivation and identified regulation) and controlled motivation (i.e.,

averaging introjected and external regulation) were also calculated (Chemolli & Gagné, 2014). The Spanish version of the

CMEF-EP has been shown to have adequate psychometric properties in Primary Education schoolchildren (CFI = .92; TLI

= .91; GFI = .93; SRMR = .05; RMSEA = .04; Cronbach's alpha = .64-.78) (Leo et al., 2016).

Intention to be Physically Active

Schoolchildren's intention to be physically active was assessed using the adapted and validated version of the Measure of

Intentionality to be Physically Active questionnaire (MIFA; Arias-Estero et al., 2013). This questionnaire is composed of a five-

item dimension (e.g., “In addition to PE classes, I like to practice sports”). A Likert-type scale ranging from 1 (“Totally disagree”)

to 10 (“Totally agree”) was used. The Spanish version of the MIFA has demonstrated adequate psychometric properties in

Primary School students (CFI = .93; GFI = .91; RMSEA = .06; Cronbach's alpha = .80) (Arias-Estero et al., 2013).

Weekly Physical Activity

Weekly PA was self-reported by schoolchildren using the Children's PA Pictorial PA Questionnaire (C-PAFI; Morera-Castro et

al., 2018). This questionnaire has a version for boys and another for girls. It is composed of seven closed questions and

a pictorial scale of responses. The first five questions reflect the level of PA that the child has performed during the last

seven days: during the week (Monday to Friday), weekends, breaks at school, when not at school, and during PE classes.

Each question has four possible answers related to the level of PA: sedentary (1), not very active (2), active (3) or very active

(4) (these PA levels are represented in a drawing without facial gestures as a scale in each question). For example, “During

the last weekend (Saturday and Sunday) I went...”. In addition, it has a question (the sixth), which assesses whether or not

the child belongs to a sports team or dance group (organized extracurricular PA), as well as the frequency of such activity

per week and the duration per session; and the seventh question identifies the means of transportation to school (active:

walking, cycling, or other; and non-active: car, bus, or other). The Spanish version of the C-PAFI has shown a statistically

significant correlation with PA assessed by the PA questionnaire for children (PAQ-C) in Primary Education schoolchildren

(r = .59, p < .001) (Morera-Castro et al., 2018).

Intervention

Both groups performed a programming unit for five weeks (a total of 15 sessions, three sessions per week of 50 minutes

duration). Specifically, the GG performed a gamified intermittent programming unit (Viciana & Mayorga-Vega, 2016; Blázquez

& Flores, 2024) using only the first 15 minutes of the session. The rest of the time of the sessions was dedicated to basketball

and soccer learning. The gamification was called “Andaluzo's adventure”, where the narrative was based on a character in

the shape of the Autonomous Community of Andalusia called “Andaluzo”. During the first week, the adventure and the

challenges to be overcome in each level were presented. The students created their avatars in teams. Afterwards, they

learned how the PA wristbands worked and were given the “Andaluzo passport”, where they were stamped as they completed

the challenges of individual steps on a weekly basis. From the second to the fifth week of the program, the students had

to travel through the eight provinces of Andalusia overcoming eight levels (two per week), for which four challenges of
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progressive steps were established both individually and in teams: level one, from Granada (starting point) to Jaén passing

through Almería (9,000 steps); level two, from Jaén to Córdoba passing through Seville (10,000 steps); level three, from

Córdoba to Cádiz passing through Huelva (11,000 steps); and level four, from Huelva to Granada passing through Málaga

(arrival) (12,000 steps). Therefore, they had to achieve a minimum number of daily steps per week at the individual and

team levels. At the team level, the steps were obtained by calculating the averages of each of the team members. The group

advanced two provinces if they met the step challenge and one if they did not. For example, if they met the challenge of

9,000 steps, they advanced to Jaén, and if not, only to Almería. In addition, if schoolchildren met the challenges, stories and

games about the province they had reached were unlocked, which they practiced during the remaining time of one of the EF

sessions, thus working on Andalusian culture. Fulfillment of the step challenges was monitored through the Garmin Vivofit

JR wristbands that the schoolchildren wore all day during the entire period of the intervention. During the first 15 minutes

of the sessions, the information recorded by the wristbands was analyzed to provide feedback to the students.

Moreover, from week two to week five, educational counseling was provided, including information on different topics

such as PA recommendations, the benefits of regular PA practice, and the different types of activity according to their

intensity to comply with WHO guidelines (PA pyramid). Likewise, proposals were offered to overcome barriers to PA practice,

healthy practice options for recreation and free time, videos and news items to raise awareness of the importance of regular

PA practice, and a guide document called “the 10 commandments of health” aimed at promoting an active lifestyle.

The CG conducted a traditional soccer and basketball programming unit. However, this group did not receive any behavior

modification strategies developed in the GG.

Statistical Analysis

Descriptive statistics were calculated for the general characteristics of the participants (mean and standard deviation or

percentage) and the dependent variables (median and interquartile range or percentage). First, statistical test assumptions

(e.g., histograms and Q-Q plots of normality) were checked. Then, as exploratory analyses, one-factor analysis of variance

(ANOVA) for continuous variables and the chi-square test for categorical variables were performed to examine possible

differences in general characteristics between the two groups. The internal consistency of the dependent variables

measured in the present study was evaluated with Cronbach's alpha. Subsequently, given that the data of the dependent

variables did not follow a normal distribution, the effect of the gamified intermittent programming unit on the scores

on the dependent variables (post-intervention - pre-intervention change) of the schoolchildren was examined using the

Mann-Whitney U test. Finally, McNemar's exact test was used to examine the effect of the program on the proportion of

schoolchildren actively commuting to school. Effect sizes were estimated using Rosenthal's r for continuous variables and

Cramer's V for dichotomous variables. All statistical analyses were performed using SPSS version 25.0 for Windows (IBM®

SPSS® Statistics). The level of statistical signification was p < .05.

Results

Final Simple and General Characteristics

A total of 203 schoolchildren (40.9% female) agreed to participate and met the inclusion criteria from among the 273

schoolchildren who were invited to participate in the present study. However, only 182 schoolchildren (39.0% female)

successfully met the exclusion criteria. A total of 76-78 CG participants and 101 GG participants submitted complete data

for the dependent variables (Figure 1).
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Figure 1

Flow Chart of the Participants Included in the Present Study. All Numbers Correspond to Schools [Students].

Table 1 shows the general characteristics of the included participants. The results of the one-factor ANOVA and the chi-

square test showed no statistically significant differences in terms of general characteristics between the two groups (p

> .05), except for course and gender (p < .05). Regarding attendance percentage, the included GG participants obtained an

average of 96.1% (14.4 sessions). In the sample of the present study, the internal consistency of all dependent variables was

equal to or higher than .70 (from .70 to .79), except for intrinsic motivation (.65) and introjected motivation toward PE (.53).
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Table 1

General Characteristics of Participants
Total(n = 182) Control (n =80) Gamified (n =102) F/ χ2 pa

Age (years)b 10.1 (0.9) 10.3 (0.8) 10.0 (0.9) - -

Gender (women/
men)c

39.0/61.0 30.0/70.0 46.1/53.9 4.872 .027

Course (4º/5º/6º)c 31.9/31.3/36.8 21.3/42.5/36.3 40.2/22.5/37.3 10.761 .005

Body mass (kg)b 39.4 (10.9) 40.3 (11.7) 38.7 (10.1) 1.007 .317

Height (cm)b 144.0 (9.0) 144.5 (8.9) 143.7 (9.2) 0.427 .514

Body mass index
(kg/m2)b

18.7 (3.5) 19.0 (3.7) 18.5 (3.2) 0.896 .345

Overweight-obesity
(no/sí)c

70.3/29.7 71.3/28.7 69.6/30.4 0.058 .810

Previous
experience with
fitness wristbands
(no/yes)c

34.1/65.9 31.2/68.8 36.3/63.7 0.504 .578

Current use of
fitness wristbands
(no/yes)c

66.5/33.5 68.8/31.2 64.7/35.3 0.329 .566

Organized
extracurricular
physical activity
(no/yes)c,d

22.8/77.2 17.7/82.3 26.7/76.3 2.046 .153

Weekly physical
activity (1-4)b,d

3.2 (0.5) 3.3 (0.4) 3.2 (0.5) 1.726 .191

Note.   a  Significance level of the one-factor analysis of variance for continuous variables and the chi-square
test for categorical variables; Data are presented as mean (standard deviation) for continuous variablesb  and
as percentage for categorical variablesc ; d Begining scores (pre-intervention).

Effect of the Gamified Intermittent Programming Unit

The results of the Mann-Whitney U test showed that GG schoolchildren statistically significantly improved their scores on

identified and autonomous motivation toward EF and PA during school recess compared to CG schoolchildren (p < .05, r =

0.15-0.18). In addition, the results showed that CG schoolchildren statistically significantly reduced their weekly PA scores

compared to GG schoolchildren (p < .05,r = 0.15). For the rest of the dependent variables examined, no statistically significant

differences were found (p > .05) (Table 2). In addition, the results of McNemar's exact test showed that there were no

statistically significant differences in the proportion of schoolchildren actively commuting to school before and after the

intervention, both for the CG (from 71.6% to 66.2%, p = .125, Cramer's V = .881) and the GG (from 42.1% to 49.5%, p = .092,

Cramer's V = .734).
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Table 2

Effect of Intermittent Programming Unit on Dependent Variables Punctuation

Pre-intervention Post-intervention Change U Mann-
Whitney Test Effect size

Mdn (IR) Mdn (IR) Mdn (IR) Z p r
Control Gamified Control Gamified Control Gamified

Intrinsic

motivation

toward
PE

9.5 (1.3) 9.3 (1.4) 9.5 (1.5) 9.3 (1.3) 0.0 (1.0) 0.0 (1.4) 0.508 .612 0.04

Identified

regulation
8.8 (1.6) 8.3 (1.9) 8.8 (1.8) 8.8 (1.7) 0.0 (1.1) 0.3 (1.6) 2.382 .017 0.18

Introjected

regulation
5.0 (5.1) 5.5 (3.0) 4.5 (4.6) 5.0 (5.0) 0.0 (3.6) 0.0 (3.4) 0.023 .981 0.00

External

regulation
4.6 (4.8) 5.5 (3.9) 6.3 (5.4) 6.0 (4.3) 0.6 (2.8) 0.5 (3.0) 1.631 .103 0.12

Demotivation 1.0 (1.3) 1.3 (1.8) 1.0 (1.6) 1.5 (1.8) 0.0 (0.5) 0.0 (1.6) 0.188 .851 0.01
Autonomous

motivation

toward
PE

9.0 (1.4) 8.6 (1.4) 9.0 (1.4) 8.9 (1.3) 0.0 (1.1) 0.4 (1.3) 2.178 .029 0.16

Controlled

motivation

toward
PE

5.5 (3.4) 5.3 (2.8) 5.1 (3.8) 5.6 (3.3) 0.6 (2.4) 0.1 (2.7) 1.225 .221 0.09

Intention

to be

physically

active

9.2 (1.9) 8.8 (1.8) 9.2 (1.8) 9.0 (1.6) 0.2 (1.0) 0.2 (1.0) 1.050 .294 0.08

Weekly

PA
3.4 (0.6) 3.3 (0.8) 3.2 (0.9) 3.2 (0.6) -0.2 (0.4) 0.0 (0.6) 1.972 .049 0.15

Week days 

PA 

(Monday

to Friday)

3.0 (1.0) 3.5 (1.0) 3.0 (1.0) 3.0 (1.0) 0.0 (1.0) 0.0 (1.0) 0.059 .953 0.00

Weekend

PA
3.0 (1.0) 3.0 (1.0) 3.0 (2.0) 3.0 (1.0) 0.0 (1.0) 0.0 (1.0) 1.148 .251 0.09

PA

during

recess

4.0 (1.0) 3.0 (1.0) 3.0 (1.0) 4.0 (1.0) 0.0 (1.0) 0.0 (1.0) 2.010 .044 0.15

After

school

PA

3.0 (2.0) 3.0 (2.0) 2.0 (1.0) 3.0 (1.0) 0.0 (1.0) 0.0 (1.0) 1.019 .308 0.08

PA in PE 4.0 (0.0) 4.0 (0.0) 4.0 (0.0) 4.0 (0.0) 0.0 (0.0) 0.0 (1.0) 0.350 .726 0.03

Note.  Mdn = median; IR = interquartile range; PE = Physical Education; PA = physical activity. Control: n = 78
for the variables intrinsic motivation toward PE, identified, introjected and external regulations, demotivation,
autonomous and controlled motivation toward PE; n = 77 for the variables intention to be physically active,
weekly physical activity, physical activity on weekdays (Monday to Friday), physical activity on weekend days,
physical activity during recess and physical activity in PE; n = 76 for the variable physical activity after school.
Gamified, n = 101.

Discussion

The aim of the study was to examine the effects of a gamified intermittent programming unit based on behavior modification

strategies in primary school children on motivation towards PE, intention to be physically active, and weekly PA levels. The

results of the study showed that there was an improvement in identified and autonomous motivation and PA during recess

in GG schoolchildren. In addition, the CG schoolchildren reduced their weekly PA after the intervention compared to those

in the GG, showing a positive effect on this variable.

Regarding motivation, the use of gamification in PE seems to increase motivation towards the contents of the subject

(Arufe-Giráldez et al., 2022), and in our case the gamified intervention could have caused schoolchildren to find PE classes
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more attractive and consequently more motivating. This could be explained because autonomous motivation, as a form of

behavioral regulation, is related to an internal locus of causality and, therefore, to the performance of activities simply for

the satisfaction of the activity itself (Vansteenkiste et al., 2010). Similarly, educational counseling provided to schoolchildren

during classes, as concluded in the systematic review and meta-analysis by Casado-Robles et al. (2022), could have been

effective in making them understand the practical value of PA, allowing them to see this unit of programming as not only

relevant in the school context, but also in their future life outside school. In addition, the allocation of rewards presented

in a non-controlling way (without league tables that excessively compare schoolchildren) as shown by Arufe-Giráldez et al.

(2022), could have reinforced the autonomous motivation of schoolchildren by rewarding their effort without generating

external pressure. Unfortunately, to our knowledge, no previous study in the context of PE has analyzed the effect of a

gamified intermittent programming unit using multiple behavior modification strategies on the motivation towards PE of

schoolchildren. Studies with traditional programming units that have analyzed the effect of gamified interventions in the

context of PE on the motivation of primary school students are scarce, specifically three (Fernandez-Rio et al., 2020; Quintas

et al., 2020; Sotos-Martínez et al., 2023).

The findings of the present study coincide with those of Sotos-Martínez et al. (2023), who observed an increase in intrinsic

motivation towards PE after a gamified proposal based on the use of the technological application “ClassDojo” during the

development of the sessions, centered on the personalization of avatars and a system of positive and negative points

that modified the appearance of the avatars. A key aspect on the similarity of results that could explain the increase in

autonomous motivation in the present study is the positive and immediate feedback based on information about the

competition (Badami et al., 2011; Woolley & Fishbach, 2018), and to the motivation identified the use of avatars in the

narrative (Birk et al., 2016). Fernandez-Rio et al. (2020) also obtained an improvement in intrinsic motivation through

gamification based on the “Marvel” universe. However, despite the fact that their intervention was mainly based on

knowledge such as group cohesion, healthy habits, body image, physical fitness, and motor skills, the achievement of

incremental learning objectives and the development of tasks adjusted to the level of the schoolchildren could have

contributed to the perception of competence, a key factor in the Self-Determination Theory (Ryan & Deci, 2020). In our case,

this was done with advancement in progressive step challenges across the provinces of Andalusia.

In contrast, in the study by Quintas et al. (2020), in which they used exergames such as “Just Dance Now”, based on

game elements such as points, rankings and levels, but without a structured narrative to contextualize the intervention,

no statistically significant differences were found in intrinsic motivation towards PE in schoolchildren. This could be due to

the fact that the feedback was limited to momentary performance, without a narrative framework that promoted a deeper

connection with the intervention, as well as the use of visible boards where the outcome of the dances was compared

individually among the schoolchildren.

Regarding the intention to be physically active, no statistically significant differences between groups were found in the

present study. These results are opposite to previous studies conducted in the context of PE that have applied gamified

interventions and found increases in intention to be physically active (Fernandez-Rio et al., 2022). For example, in the study

by Fernandez-Rio et al. (2022) conducted with secondary students, improvements in the intention to be physically active

were observed after a gamified intervention based on the Dragon Ball Z series, suggesting that age could be a determining

factor. Furthermore, together with the age difference, in the study by Fernandez-Rio et al. (2022) the initial values of the

experimental group on the intention to be physically active were considerably lower compared to the CG, which could have

influenced this group to more easily achieve an increase in their values (Guijarro-Romero et al., 2020b). In contrast, in the

present study, both the GG and the GC started with very high values (8.8 and 9.2 out of 10, respectively). This suggests that

the schoolchildren in our study already intended to practice PA from the beginning, which might have reduced the chances

for generating further significant increases (Owen et al., 2014). In this sense, it is important to highlight that the maintenance

of a high basal intention to be physically active is an important achievement of the present study.

Regarding weekly PA, no differences were found in this variable after the intervention. Despite having employed strategies

such as gamification (Mazeas et al., 2022), goal setting, PA wristbands, and educational counseling (Casado-Robles et al.,

2022) that have been shown to be effective in improving the PA of schoolchildren in PA promotion programs, they did not

have an effect in the present study. A possible explanation could be related to weather conditions, since the pre-intervention

measurement was performed in October, at the beginning of autumn, and the post-intervention in December, mid-winter.

In other words, these are periods of the year in which certain climatic factors such as rain or low temperatures could have
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affected the PA practice of the schoolchildren, especially after the intervention. In this regard, the systematic review and

meta-analysis by Zheng et al. (2021) concluded that weather factors, such as rain and cold temperatures or season, as well as

short day length, have a significant impact on schoolchildren's PA levels. This fact is supported by the observed decrease in

weekly PA levels of the CG after the intervention while the GG maintained them showing a positive effect of the intervention

and thus avoiding the usual decrease in PA levels as a consequence of low temperatures or rain (Zheng et al., 2021). Previous

studies that have applied gamified interventions to improve schoolchildren's PA have found opposite results to the present

study. For example, Garde et al. (2015, 2016) found an average increase of 1991 and 2934 daily steps, respectively, after the

implementation of an intervention based on the active video game “MobileKids Monster Mannor”. For their part, Garde et

al. (2018) examined the effect of a two-week gamified program based on the use of an active video game on the PA levels

of schoolchildren. These authors also observed a significant increase of 1758 steps in the first week of the intervention. In

contrast, after the second week and follow-up, they found no difference in PA levels. This failed maintenance was attributed

to the disappearance of gamified elements (i.e., new levels to reach), as well as the disappearance of the novelty effect,

since once participants unlocked all the active video game levels and rewards in the first week, there were no new goals

or incentives to continue practicing PA. Therefore, it seems that the short duration of the interventions in previous studies

(Garde et al., 2015, 2016, 2018) together with the novelty effect (González-Cutre et al., 2021) could have been the main

causes of the observed differences in PA levels.

Regarding PA by specific contexts, a significant improvement was obtained in PA during recess. It should be taken into

account that the program followed suggested challenges and games to be carried out at recess, and that this time period

occurred during the school day, when the students had just received these indications. Therefore, the temporal proximity

and the suggestions of structured activities in this period could explain this positive effect on recess PA (Casado-Robles et al.,

2020). The systematic review and meta-analysis by Parrish et al. (2020) confirmed that interventions with specific proposals

during recess have an effect on increasing PA. For example, Coolkens et al. (2018) used parkour activities, previously practiced

in PE classes, in a structured way during breaks obtaining increases in the PA levels of moderate-vigorous intensity of

schoolchildren.

As for the lack of change in PA variables in the out-of-school context, this could be attributed to the dependence of

schoolchildren on the decisions of family members to participate in PA outside school hours, added to the negative effect of

the adverse weather conditions mentioned previously (Zheng et al., 2021). This reason of family dependence is highlighted

as one of the main barriers to doing PA outside school hours according to the responses to the interviews with primary

schoolchildren analyzed in the qualitative study conducted by López-Fernández et al. (2024) in a study with wristbands to

increase PA.

The present study presents the following strengths. First, to our knowledge, this is the first to analyze the effect of a

gamified intermittent programming unit based on behavior modification strategies in primary school children on motivation

toward PE, intention to be physically active, and weekly PA levels. Furthermore, due to the nature of the present study

(i.e., educational center) and in order to maintain ecological validity, the use of a randomized controlled design was more

appropriate for the purpose of the study (Campbell et al., 2012). Finally, the comparison with a CG that did not receive

any behavior modification strategy allows us to verify that the effects obtained are due to the intervention carried out.

However, the present study also has limitations that should be highlighted. First, the use of a non-probabilistic and relatively

small sample offers a lower power of generalization. This limits the generalizability of the results obtained to the particular

population and context studied. Second, the lack of a follow-up evaluation precludes examining the long-term effects of

the intervention. However, due to time, material, and human resource constraints, it was not possible to examine a larger

probability sample, as well as to conduct a follow-up measure. Finally, regarding the collaboration of the families, although

their authorization was requested at the beginning of the study, they were not integrated as part of the intervention program,

which could have affected PA outcomes outside the school context. Future studies should include a probabilistic and larger

sample, which would provide greater generalization of the results obtained. In addition, it would be interesting to explore

the effect of similar studies by applying an intervention that includes families in the process (for example, through talks on

the benefits of the proposal, PA suggestions on active travel, family activities in the evenings and weekends, or strategies

to encourage their children to be physically active). Likewise, it would be convenient to analyze the effect of a similar

intervention carried out with schoolchildren with low levels of intention to be physically active to see if such a program has

a positive effect.
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Conclusions

A gamified intermittent programming unit based on behavior modification strategies appears to be effective in improving

autonomous and identified motivation toward EF as well as PA during recess. Moreover, it had a positive effect on the

maintenance of weekly PA. Therefore, PE teachers should take into account these characteristics to design health-oriented

PE programming units that promote motivation and PA practice, especially in settings where schoolchildren have greater

control over their participation in PA such as recess.
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