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ARTICLE INFO  ABSTRACT 
 

Follow-up studies are needed to evaluate the results obtained after an intervention. The objective 
of this study was to evaluate the impact of an intervention with logical reasoning games on 
sedentary lifestyles and childhood obesity, six months after its completion. This is an 
interdisciplinary, retrospective, longitudinal, applied, exploratory research involving 
schoolchildren. The variable studied was the level of physical activity (PA) using as instrument 
the Physical Activity Questionnaire for Older Children (PAQ-C). From the original sample of 115 
children (8 to 10 years old), 70 were followed (n = 45, case; n = 25, control). There was a 
reduction in PA practice in the case group (-0.78; p<0.001). That is, the increase in PA practice 
obtained after the application of the games was not maintained, indicating the importance of 
continuing interventions to combat childhood obesity to maintain the results. 
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INTRODUCTION 
 
Obesity has been prevalent and is growing every day, being 
characterized as a serious public health problem (Wharton et al., 
2020). It has largely affected the child population, and in the last 50 
years there has been a nearly fourfold increase in rates (Llabre et al., 
2018). In 1975 there were 11 million obese children and adolescents, 
and in 2016 this amount reached 124 million. If overweight is 
included, there is an increase of 213 million in this number (NCD 
Risk Factor Collaboration, 2017). This data is worse in low and 
middle income countries, where obesity reaches alarming proportions. 
Brazil is no exception to the world scenario, 33.5% of Brazilian 
children are overweight for their respective ages (Brasil, 2010). 
According to the World Health Organization (2016), the aggravating 
factor is the comorbidities secondary to obesity, such as hypertension  

 
 
 

and diabetes; diseases that used to be considered adult diseases, 
andthat, increasingly, have manifested themselves in younger age 
groups. In addition to these complications, other consequences extend 
such as developing gastrointestinal, musculoskelet al, orthopedic 
(World Health Organization, 2016) and psychological (World Health 
Organization, 2018) problems that can last into adulthood. 
Furthermore, obese children are highly likely to remain obese in 
adulthood and are at increased risk of developing chronic diseases. 
Although obesity is multifactorial, in childhood obesity, the cause 
usually predominates in exogenous factors, arising from the behavior 
and environment to which children are exposed (Vicenzi et al., 2015). 
As an example, one can cite an unbalanced diet and a sedentary 
lifestyle. Thus, the change in lifestyle and eating habits of children 
have been instrumental in the construction of childhood obesity 
(Vasconcellos et al., 2013). Given the magnitude of this problem, it is 
necessary and urgent to adopt strategies that focus on health 
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promotion and disease prevention, in addition to early diagnosis and 
immediate intervention, with actions that seek to prevent childhood 
obesity (Viveiro et al., 2016). It is necessary to implement 
differentiated strategies that can serve children, so that the goal of 
health education is achieved presenting good results (Dias et al., 
2017). One of these strategies are games. According to Piaget (1971), 
these have two functions: to provide children with the mental 
consolidation of learning, and to give pleasure while playing, which 
motivates learning. When it comes to the use of games for health 
promotion, we can talk about serious games, which are games that 
have education as their main goal. These games stimulate learning, 
besides promoting behavioral changes (Machado et al., 2011). In 
order to promote nutritional knowledge and the adoption of healthy 
habits, Santos et al. (2019) proposed a strategy that used off-line 
Logical Reasoning (LR) games, using programming logic, as a 
strategy for fixing the concepts presented. After twelve weeks of 
intervention, one of the results that the research revealed was that the 
group exposed to the games increased their physical activity practice. 
However, how to know if the results presented during and 
immediately after the intervention were sustained even after the 
intervention ended?. An answer to this question may come by 
conducting a follow-up study, as it is possible to verify the 
effectiveness and permanence, over time, of the intervention carried 
out. In this context, the objective of this work is to evaluate the 
impact of an intervention to combat sedentarism and childhood 
obesity with LR games six months after its completion. 
 

METHODS 
 
This is a retrospective, longitudinal, applied, exploratory, case-control 
study. The research was carried out in the city of Petrolina/PE, in two 
municipal schools. The case and control schools were chosen by 
lottery. Six months after the intervention, the children were measured 
again and the questionnaires were reapplied. The research was 
approved by the Ethics and Research Deontology Committee of the 
Federal University of Vale do São Francisco, under opinion number 
2.815.854. Only children who signed the Consent Form and parents 
who signed the Free and Informed Consent Term participated in the 
study. The population consisted of students aged 8 to 10 years old, of 
both genders, regularly enrolled in the participating schools, attending 
the 3rd and 4th grades of elementary school I. 

 
 
 
 
 
 
 
 
 
 
 
 
To participate in the study, the inclusion criterion was having 
participated in the intervention project, and the exclusion criteria were 
not attending any of the stages of the research, and children who left 
the schools studied during the study. It is worth noting that the 
nutritional status of the child was not considered as an inclusion or 
exclusion criterion, because the objective of the study was to evaluate 
the impact of LR games in changing habits, aiming to prevent 
childhood obesity in children who do not present obesity/overweight 
or in treating those who do. The PA level of the children was 
measured using the Physical Activity Questionnaire for Older 
Children - PAQ-C (Crockeret al., 1997). All questions are about PA 
practice in the last seven days. The result of the questionnaire is 
obtained by calculating three averages and the final average. Mean 1 
gathers information about PA practice during the week. Mean 2 

evaluates PA during leisure time, and Mean 3 measures the frequency 
of activities during the week. The final average is calculated from 
averages 1, 2 and 3. According to Silva and Malina (2000), it is 
possible to define whether the child is active or sedentary from the 
scores. These go from 1 to 5 and mean, respectively, very sedentary, 
sedentary, moderately active, active, and very active. 
 

Statistical Analysis: The analysis was performed using IBM® SPSS 
- Statistical Package for the Social Sciences 22.0 Mac (SPSS 22.0 
Mac, SPSS Inc., Chicago, Illinois, USA) statistical software, 
considering p<0.05 significant for all analyses. Both descriptive and 
univariate and multivariate statistics were used. Quantitative variables 
were described as mean and standard deviation. 
Qualitative/categorical variables were described by absolute and 
relative frequencies. To test data normality the Shapiro Wilk test was 
applied. One-way analysis of variance (ANOVA) was used to 
evaluate the differences between the groups. Each ANOVA condition 
was followed by a Bonferroni mean comparison test to determine 
where significant differences occurred. 
 

Intervention: In summary, the intervention consisted of the creation 
of LR games, through the elaboration of 12 lesson plans taken from 
off-line lessons on the code.org website, and adapted to the theme of 
childhood obesity. The lesson plans generated the applied games. 
These games included programming logic concepts and stimulus for 
behavioral change regarding eating habits and PA practice. The 
research was implemented over a period of twelve weeks in two 
schools. In one, the intervention with the games was made (case 
school), and in the other, the control school, no intervention was 
made. Two games per week lasting 30 minutes each were applied. A 
full description and the evaluation immediately after the intervention 
can be found in the study by Santos et al. (2019) who applied the 
games. 
 

RESULTS AND DISCUSSION 

 
From the original sample of 115 children, 70 were followed, 52.9% 
male and 47.1% female. Of these 70 children, 45 were from the case 
school and 25 from the control school. There was a sample loss of 45 
participants due to the disengagement of the children from the schools 
studied. 
 

 
 
 
 
 
 
 
 
 
 
 
 
To evaluate the variables, the participants were divided into four 
groups, as follows: 
 
 Group 01 (post-exposure control): mean age 7.64±0.76; 
 Group 02 (follow-up control): mean age 8.64±0.76; 
 Group 03 (post-exposure case): mean age 8.29±0.63 
 Group 04 (follow-up case): mean age 9.29±0.64,  

 
As can be seen in Table 01, at follow-up, in mean 1 (PA practice 
during the week), there was a significant drop in the score of the case 
group compared to the post-intervention (-0.75; p<0.001). While the 
control group did not show significant. In mean 3 (PA frequency 
during the week), there was a reduction both in the case group (-0.89; 

Table 1. Comparison of changes in physical activity level (PAC-C) of the sample, in the years 2017 and 2018, in Petrolina, PE 
 

SubjectiveVariables GROUP 01 
Post Control 

GROUP 02 
Follow. Control 

GROUP 03 
Post Case 

GROUP 04 
Follow. Control 

ANOVA 
ONE WAY 

Mean (±)SD Mean (±) SD Mean (±) SD Mean (±) SD Valueof p 
MEAN 1 (PA practice during the week) 2.25±0.88 1.68±0.863 2.63±0.842.4 1.88±0.553 <0.001 
MEAN 2 (PA practice during free time) 1.72±1.34 1.04±1.40 1.96±1.43 1.33±1.61 0.063 
MEAN 3 (Frequency of PA during the week) 2.62±1.332 1.30±0.981.3 2.73±1.372.4 1.84±1.033 <0.001 
FINAL MEAN (Level of PA) 2.25±0.882 1.38±0.881.3 2.51±0.872.4 1.73±0.833 <0.001 

Source: The author (2019). 
Key: Post = post-intervention with the games, Follow-up = 6-month follow-up after intervention 
Note: Anova One Way. 
1Significant difference with Group 01 (Anova one-way pos hoc Bonferroni). 
2Significant difference with Group 02 (Anova one-way pos hoc Bonferroni). 
3Significant difference with Group 03 (Anova one-way pos hoc Bonferroni). 
4Significant difference with Group 04 (Anova one-way pos hoc Bonferroni). 
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p<0.001) and in the control group (-1.32; p<0.001). The final mean 
(PA level) also decreased significantly in both groups, case (-0.78; 
p<0.001) and control (-0.87; p<0.001). Mean 2 (PA practice during 
free time) had no significant result in any group.  In the final average 
(physical activity level) of the post-intervention, it was observed that 
the control group became more sedentary at the end of the study, 
while the case group had no significant results (Santos et al., 2019). 
The follow-up showed that not only did the control group further 
reduce their physical activity level, but also, the case group had 
significant reduction. The groups went from the classification 
"sedentary" to "very sedentary". It can be seen that when the 
intervention stopped, the positive results obtained in the case group 
did not remain, and there was a significant worsening in the scores. 
And that, without intervention and as time went by, the control group 
became increasingly sedentary. It can be seen, therefore, that not 
doing an intervention worsens the sedentary rate among the children 
over time. Different results were found by Viggianoet al. (2018), who 
after a 20-week intervention with a board game, obtained an increase 
in PA frequency and duration in the case group compared to the 
control. And at follow-up, this result was sustained. 
 
The methodological approaches of each game may have contributed 
to the results. Since this study used the same board game that went 
through several stages (Viggiano et al., 2018), and the one used by 
Santos et al. (2019) applied a different game at each meeting, but 
always with the theme focused on obesity prevention, and used RL 
for its construction. Possibly, the problem is not with the game itself, 
since significant results were achieved post-intervention. But perhaps, 
in the short time of application (12 weeks), to enable the construction 
of knowledge about healthy habits in children that could last longer. 
Often it is not the failure of the initial intervention that causes results 
to not be sustained over time, but the lack of maintenance 
interventions (Mead et al., 2017). However, more work needs to be 
done to identify what factors are needed to build these maintenance 
into studies to ensure that the benefits gained can be sustained over 
time (Mead et al., 2017). With the analysis of these results, it can be 
seen that children, both in the case and control groups, do not meet 
the World Health Organization's recommendation for children and 
adolescents aged 5 to 17 years (World Health Organization, 2011). 
This recommendation states that to improve cardio respiratory and 
muscular fitness, bone health, and prevent cardiovascular and 
metabolic diseases, children should do at least 60 minutes of 
moderate to vigorous intensity PA daily. If children are sedentary, a 
progressive increase in activity is recommended. Therefore, it is 
extremely important that there are more and more activities that 
encourage a more active lifestyle and that discourage the use of 
prolonged time at screens (TV, videogames, computer), in order to 
reduce sedentarism and, consequently, the increase in childhood 
obesity (Dutra et al., 2015). This further reinforces the importance of 
school-based interventions and their maintenance in the children's 
daily lives. With this in mind, and as children spend much of their day 
in schools; it is a good opportunity to encourage the practice of PA in 
this environment. This stimulus can happen through play, games, 
sports, physical education, planned exercises, among others (World 
Health Organization, 2011). 
 

CONCLUSION 
 
The effect obtained at the twelve-week post-intervention was not 
maintained at follow-up. Although the intervention found good results 
immediately after its application, it is necessary that frequent 
interventions be made in a continuous manner, aiming at the 
maintenance of good results. Thus, it proves the importance of 
follow-up studies, because they allow an analysis of what can be 
restructured for more expressive results to happen and be sustained 
over time. The limitation of this study is the sample loss that occurred 
six months after the intervention. Although this is something that 
commonly occurs in longitudinal studies, as the "n" was small, this 
may have impacted the analysis of the results. However, the results 
pointed to valuable clues. It is concluded, therefore, that LR games 
can be a tool that can be used in the prevention of childhood obesity. 

However, more studies are needed to identify the intensity of 
intervention needed to significantly impact children's weight and PA 
practice and its permanence over time. 
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