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Abstract 

Executive functions are critical decision-making capabilities that depend on the integrity of 

the prefrontal cortex. This cortical region and its dependent functions are in full development 

and formation during adolescence. Therefore, cognitive and educational interventions have 

the potential to influence the development of executive functions during this evolutionary 

period. We aimed to explore the effects of cognitive reflection versus typical educational 

interventions on executive functions in teenage students. Participants were randomly 

assigned to one of three interventions: cognitive reflection group (CRG), educational task 

group (ETG), non-intervention group (NIG). Cognitive reflection tasks, typical school tasks, 

and no added educational intervention, were the respective interventions in each group. The 

neuropsychological battery of executive functions and frontal lobes (BANFE), which allows 

for the evaluation of executive functions dependent on specific prefrontal regions, was used 

in this study. Scores in general executive functions and scores related to the dorsolateral 

prefrontal cortex (DLPF) were increased after the intervention in all groups, except in the 

ETG. However, when functions typically associated with the anterior prefrontal cortex (APF) 

were analyzed separately, the post-intervention scores significantly increased only in the 

ETG group. These findings suggest that certain educational interventions can interfere with 

those executive functions related to the DLPF but they can improve the APF-dependent 

executive functions.   

Keywords: anterior prefrontal cortex, cognitive reflection tasks, dorsolateral prefrontal 

cortex, educational intervention, executive functions  
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Introduction  

Executive functions are a set of cognitive processes essential for taking decisions and 

resolving problems (Cristofori et al. 2019). A cortical network in the prefrontal cortex 

controls these functions, and lesion and neuroimaging studies have shown the relevance of 

the integrity of this region for a correct executive function (Parks and Smaers 2018; Yuan 

and Raz 2014). Different topographic and functional areas of the prefrontal cortex contribute 

specific mechanisms to the processes that integrate the set of executive functions (Fuster 

2019; Miyake et al. 2000). Thus, functions-planning, inhibitory control, attention, working 

memory, cognitive flexibility, memory updating, and decision-making are dorsolateral 

prefrontal cortex (DLPF)-dependent functions. On the other hand, the activity of the 

orbitofrontal cortex (OFC) has been related to impulse control, risk decisions, mood control, 

and social behavior. Finally, the anterior medial prefrontal cortex (APF) is involved in the 

monitoring of behavioral outcomes to avoid errors. This functional organization of the 

prefrontal cortex (Henri-Bhargava et al., 2018; Mace et al. 2019) determines the success of 

certain behavioral interventions aimed at boosting executive functions (Egger et al. 2019; 

García-Madruga et al. 2016).  

The prefrontal cortex has a late development regarding the rest of the cortical areas 

(Romine and Reynolds 2005; Werchan and Amso 2017), and during adolescence, this region 

experiences intense neuroanatomical and functional changes (Arain et al. 2013; Fuster 2002). 

Environmental stimuli are strong determinants of this development (de Greeff et al. 2018; 

Teffer and Semendeferi 2012; Verburgh et al. 2014) and, therefore, educational (Rosas et al. 

2019) and cognitive (Benzing et al. 2019; Nouchi et al. 2013; Wass 2015) interventions may 

modulate this process. Several studies have analyzed the effect of a particular intervention 
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program, such as card/board games or computerized cognitive training, on executive 

functions in childhood or adolescence (Benzing et al. 2019). In general, these programs have 

shown improvement effects on executive functions in these age groups (Cardoso et al. 2018; 

Dias and Seabra 2015; Riccio and Gomes 2013). However, the influence on executive 

functions associated with specific prefrontal areas (i.e., DLPF, OFC, APF) of educational 

and cognitive interventions has not been directly compared in adolescents. Considering the 

changing state of the prefrontal cortex during this period (Tsujimoto 2008; Werchan and 

Amso 2017) and the particular executive demands of each intervention (Diamond and Lee 

2011), educational and cognitive interventions could differentially influence specific 

executive functions and the underlying prefrontal activities (Diamond and Ling 2016). The 

effectivity of physical (Álvarez-Bueno et al. 2017) and cognitive (Shaheen 2014) 

interventions for improving executive functions has been explored in young children, but ad 

hoc comparisons between educative and cognitive programs in adolescents are necessary. 

Thus, to explore this hypothesis, the effect of educational and cognitive interventions on 

executive functions in adolescent was evaluated. We used the neuropsychological battery of 

executive functions and frontal lobes (BANFE) for measuring executive functions (Flores, 

Ostrosky, Lozano 2012, 2014). This battery allows for the evaluation of specific cognitive 

processes, mainly dependent on the DLPF, OFC or APF. According to the executive 

functions associated with each of these cortical areas (Yoshida et al. 2010), we expect an 

improvement in the functions related to the DLPF after the implementation of a program of 

cognitive reflection tasks that potentially requires functions-planning, inhibitory control, 

attention, working memory, and decision-making (Panikratova et al. 2020). Additionally, a 

program of educational tasks, such as the resolution of problems and other common scholar 

activities that require continuous behavioral monitoring for error prevention, could improve 
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executive functions related to the APF (Yoshida and Ishii 2006). The educational and 

cognitive tasks of these programs should not particularly impact impulse control, risk 

decisions, mood control or social behavior, and therefore, no effect on OFC-dependent 

executive functions is expected with any of these interventions (Jennings et al. 2019). 

Although the process of physical and cognitive development is different between both 

genders (Ardila et al. 2011; Riley et al. 2018; Teeuw et al. 2019), to our knowledge the effects 

of different interventions in adolescents have not been systematically studied by sex. 

Considering therefore the lack of evidence on possible differential effects of cognitive and 

educational interventions based on sex, this pilot study was not designed to include this 

variable as a principal outcome measure. 

In summary, as a first step in understanding these possible relationships, we 

conducted this exploratory preliminary interventional study aimed to compare the effects of 

cognitive reflection versus typical educational interventions on specific executive functions 

in teenage students. The hypotheses raised are thus tentative and supported by the differential 

involvement of the prefrontal regions in specific executive functions (Gilbert et al. 2010; 

Mace et al. 2019), as well as based on the potential of different interventions to influence 

such functions, but they do not derive from a well-demonstrated linear relationship between 

these components. 

Method 

Participants 

The inclusion criteria in the study were to be a student at the participating center, within the 

age group, and with no medical or psychiatric conditions that could prevent the normal 
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participation in this study. The school monitored these criteria, and therefore confidentiality 

was preserved. Thirty healthy adolescents (18 boys and 12 girls, mean age 13.4 ± 1.01), 

recruited from different classrooms of a public school of the Ensenada city in Baja California 

State, Mexico, voluntarily participated in this study. The participants did not receive any 

incentive for taking part in the study. School directors provided permission for interventions 

and the parents were reported about the study. In addition, the children gave their verbal 

assent before each intervention program. The study was approved by the Ethics Committee 

of the Autonomous University of Baja California, Mexico, according to the international 

norms for social and psychological research. Table 1 shows the demographic characteristics 

of the sample.  

Neuropsychological battery of executive functions and frontal lobes (BANFE) 

BANFE is a neuropsychological battery designed to evaluate executive functions as 

cognitive processes typically dependent on the prefrontal cortex. Thus, this battery evaluates 

metamemory, figurative meaning, and abstract attitude as APF processes. The evaluated 

DLPF processes are verbal fluency, mental flexibility, responses production, visuospatial and 

sequential planning, reverse sequencing, visuospatial and verbal working memory. Finally, 

inhibitory control, compliance with rules, and risk-benefit processing are evaluated as OFC-

dependent processes. The scores of this battery range from 40 (worst performance) to 135 

(highest performance). Global scores can be grouped to get an overall performance index, 

and partial indices of performance regarding the three prefrontal regions evaluated can also 

be obtained. The evaluation tests included in this battery have shown high convergent and 

clinical validity (Stuss and Levine 2002). The psychometric reliability through the inter-rater 

method is high (α = 0.80) (Flores, Ostrosky, Lozano 2012, 2014). The convergent validity 



6 

 

has been estimated according to the measures previously reported for each 

neuropsychological test included in this battery (Flores, Ostrosky, Lozano 2012, 2014). The 

criterion validity of these tests has been shown in numerous studies (Carone 2007; Selnes 

1991; Spreen & Strauss 1998).  

Procedure 

To compare the intervention measures of this study, we followed a randomized, between 

subject (with three parallel groups) and within-subject (pre- and post-intervention measures), 

controlled design. The different BANFE tests are applied in a standardized order, and the 

participants perform these tests following the standard procedure described for each one 

(Carone 2007; Flores, Ostrosky, Lozano 2012, 2014; Selnes 1991; Spreen & Strauss 1998). 

No computerized tests were applied. This neuropsychological battery was individually 

administered in a classroom where only the evaluator and the participant were present. A first 

evaluation of executive functions through the BANFE was performed in each participant as 

a baseline measure. This evaluation was completed in approximately one hour. After this first 

evaluation, participants were randomly assigned to one of three intervention groups (n = 10): 

cognitive reflection group (CRG), educational task group (ETG), and non-intervention group 

(NIG). All interventions were implemented by the same researchers and consisted in group 

activities. The intervention in the CRG consisted of 10 one-hour sessions, once per week. In 

each session, participants were encouraged to provide ideas and reflections about current and 

controversial issues, such as legalization of abortion, euthanasia, legalization of cannabis, 

etc., which requires the activation of cognitive processes linked to reasoning and judgment 

(Patel et al. 2019; Pennycook et al. 2016; Sirota and Juanchich 2018). Each one-hour session 

was focused on a single and different topic of discussion, which was treated verbally in the 
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group. This activity was thus intended to promote typical DLPF cortex-dependent cognitive 

functions such as reasoning, attention, memory, functions-planning, and decision making 

(Turnbull et al. 2019). The intervention in the ETG also consisted of 10 one-hour sessions, 

once per week. In each session, all participants of this group performed the same set of 

educational tasks additional to the school program, for example solving mazes, drawing, 

arithmetic operations, etc., in a grouped manner. The set of tasks was different in each of the 

sessions. These activities were carried out mentally or using pencil and paper. Feedback of 

performance was provided to each participant, although an evaluation of the results was not 

carried out. The set of these tasks involves demanding monitoring for error prevention, which 

is a typical function associated to the APF. The ten sets of educational tasks are shown in 

Table 2. Finally, the NIG followed the usual school program without any added educational 

or cognitive intervention. Therefore, this was a control group without any experimental 

intervention added to the participants’ school activities. After the end of each of these 

interventions, executive functions were evaluated again in all groups via the BANFE, as 

previously described.  

Statistical analysis 

The analyses were conducted for the data of 28 participants, as two adolescents did not 

complete all the interventions. The remaining 28 adolescents participated in all the 

interventions and the respective data were analyzed. The final number of participants in each 

group was: CRG (n = 9), ETG (n = 9), NIG (n = 10). Differences in the BANFE direct scores 

were analyzed by a 3×2 mixed model ANOVA, with group (CRG, ETG and NIG) as 

between-subjects factor, and time (pre- and post-intervention) as within-subject factor. In the 

case of significant effects, post-hoc t-tests were conducted to analyze the differences between 
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groups in each intervention time. Because the most widely used estimate of effect size for 

sample comparisons in experimental psychology is based on the Cohen's d calculation 

(Cohen 1988; Lakens 2013), and this method has shown to be robust even in the case of 

violations of the normality assumption (McGraw and Wong 1992), we reported this effect 

size value for each comparison. The standard interpretation of Cohen's d values are d = 0.2 

as small effect size, d = 0.5 as medium effect size, and d = 0.8 as large effect size (Cohen 

1988; Lakens 2013). The critical level of significance in all tests was set to p < 0.05. Due to 

the sample size, we also conducted non-parametric analyses as confirmatory tests. Sex 

differences within each group were analyzed via non-parametric analyses as well. All 

analyses were carried out using the SPSS software.  

Results 

The analyses of the BANFE values conducted by the Kolmogorov-Smirnov test showed a 

normal distribution of the data for the pre-intervention (p = 0.2) and post-intervention (p = 

0.2) measures. Shapiro-Wilk tests also confirmed a normal distribution of data (p = 0.535 

and p = 0.833 for pre-intervention and post-intervention data, respectively). The Levene test 

confirmed the variance homogeneity assumption (p = 0.606 and p = 0.334 for pre-

intervention and post-intervention data, respectively). 

Overall BANFE scores  

Figure 1A shows the overall scores for executive functions of the 3 groups pre- and post-

intervention. Figure 2A depicts both the total data dispersion in each of these experimental 

conditions, and separately for girls and boys. There were no between group differences in the 

baseline BANFE scores (p > 0.05). The mixed repeated measures ANOVA revealed a 
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significant effect of the main factor time (F1,25 = 26.8, p < 0.001, ηp2 = 0.518, 1-β = ). The 

scores of the CRG were significantly lower (t8 = -3.6, p = 0.006, dCohen = -0.86) in the pre-

intervention time ( = 85.3), compared to the post-intervention time ( = 101.1). The scores 

of the ETG were lower in the pre-intervention time ( = 89.6), compared to the post-

intervention time ( = 95.3), but this difference was not significant (t8 = -2.1, p = 0.06, dCohen 

= -0.36). The scores of the NIG were significantly lower (t9 = -2.98, p = 0.015, dCohen = -0.76) 

in the pre-intervention time ( = 97.5), compared to the post-intervention time ( = 108.3). 

There was no significant effect of the main factor group (F2,25 = 1.34, p = 0.272, ηp2 = 0.099, 

1-β = ), and the interaction between group and time was not significant (F2,25 = 1.91, p = 0.16, 

ηp2 = 0.133, 1-β =).  

OFC scores 

Figure 1B depicts the executive functions scores associated with the orbitofrontal cortex of 

the 3 groups pre- and post-intervention. Figure 2B depicts the data dispersion in each of these 

conditions, and separately for girls and boys. There was no significant effect of the main 

factors group (F2,25 = 0.245, p = 0.785, ηp2 = 0.022, 1-β = ) and time (F1,25 = 0.722, p = 0.405, 

ηp2 = 0.032, 1-β = ). The interaction between group and time was not significant (F2,25 = 1.75, 

p = 0.196, ηp2 = 0.138, 1-β = ).  

DLPF cortex scores 

Figure 1C depicts the executive functions scores associated with the DLPF cortex of the 3 

groups pre- and post-intervention. Figure 2C shows the data dispersion in each of these 

conditions, and separately for girls and boys. There was a significant effect of the main factor 

time (F1,25 = 15.90, p = 0.001, ηp2 = 0.389, 1-β = ). The scores of the CRG were significantly 
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lower (t8 = -2.4, p = 0.04, dCohen = -0.78) in the pre-intervention time ( = 84.8), compared to 

the post-intervention time ( = 99.7). The scores of the ETG were not significantly different 

(t8 = -0.96, p = 0.36, dCohen = -0.25) between the pre-intervention ( = 91.1) and post-

intervention times ( = 94.4). The scores of the NIG were significantly lower (t9 = -4.0, p = 

0.04, dCohen = -0.78) in the pre-intervention time ( = 99.0), compared to the post-intervention 

time ( = 110.1). There was no significant effect of the main factor group (F2,25 = 2.28, p = 

0.123, ηp2 = 0.155, 1-β = ), and the interaction between group and time was not significant 

(F2,25 = 1.86, p = 0.176, ηp2 = 0.130, 1-β = ). 

APF cortex scores 

Figure 1D shows the executive functions scores associated with the APF cortex of the 3 

groups pre- and post-intervention. Figure 2D shows the data dispersion in each of these 

conditions, and separately for girls and boys. There was a significant effect of the main factor 

time (F1,25 = 6.35, p = 0.018, ηp2 = 0.203, 1-β = ). The scores of the CRG were not 

significantly different (t8 = -0.88, p = 0.40, dCohen = -0.46) between the pre-intervention ( = 

79.7) and post-intervention times ( = 89.6). The scores of the ETG were significantly lower 

(t8 = -2.6, p = 0.02, dCohen = -0.88) in the pre-intervention time ( = 88.7), compared to the 

post-intervention time ( = 103.0). The scores of the NIG were not significantly different (t9 

= -1.6, p = 0.144, dCohen = -0.79) between the pre-intervention ( = 92.7) and post-intervention 

times ( = 104.4). There was no significant effect of the main factor group (F2,25 = 2.80, p = 

0.080, ηp2 = 0.183, 1-β = ) or the interaction between group and time (F2,25 = 0.098, p = 

0.907, ηp2 = 0.008, 1-β = ). 
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 The results of the confirmatory non-parametric analysis for each intervention group 

in each BANFE dimension, and separately by sex, are shown in Table 3.  

Discussion 

Executive functions can be improved through different interventions (Diamond 2013). The 

brain network involved in these functions is located in the prefrontal cortex (Miller 2000), 

and this cortical region experiences deep changes during adolescences (Arain et al. 2013; 

Romine and Reynolds 2005; Teffer and Semendeferi 2012). Thus, different interventions in 

this age group could have discernible effects on specific executive functions and their 

underlying prefrontal areas (Benzing et al. 2019; Nouchi et al. 2013; Rosas et al. 2019; Wass 

2015). However, to our knowledge, direct comparisons between the effects of educational 

and cognitive interventions on executive functions in adolescents have not been established 

so far. The present study revealed improvement effects on overall and DLPF-dependent 

executive functions after a cognitive intervention (CRG) and when no intervention was 

implemented (NIG), but not after an additional educational program (ETG). However, only 

this educational intervention (ETG) improved the APF-dependent executive functions. 

The results of this study show the differential effects of two kinds of interventions on 

the executive functions related to three prefrontal areas, i.e., DLPF, OFC, and APF. An 

intervention not typically educational, such as the motivation to carry out a deep reflection 

and opinion on controversial issues (intervention implemented in the CRG), was associated 

with increased scores in the overall executive functions and the DLPF cortex-dependent 

executive functions, the latter being congruent with the proposed cognitive processes 

demanded by cognitive reflection tasks, which are strongly linked to this cortical region 
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(Patel et al. 2019; Pennycook et al. 2016; Sirota and Juanchich 2018). This improvement was 

also observed in the group without intervention beyond the school program (NIG), and no 

significant differences were found between these two groups. However, an educational 

intervention (implemented in the ETG), consisting of additional activities to the school 

program, such as solving mazes, drawing, and arithmetic operations, was associated with 

differential effects on specific executive functions. Unlike the interventions in the CRG and 

NIG, the ETG did not result in a better performance in the overall executive functions and 

the DLPF cortex-dependent executive functions. There were no differences in this group pre- 

and post-intervention, which suggests that this kind of intervention could interfere with the 

expected improvement in these functions in the course of time during adolescence. 

Considering that the tasks included in this group were typical educational activities, it can be 

argued that the inclusion of additional school activities could mainly affect the development 

of the DLPF cortex-dependent executive functions. This possibility is, however, uncertain, 

and further studies with extensive samples and longer follow-up periods could provide more 

evidence. Interestingly, only the ETG showed a significant post-intervention improvement 

in the functions related to the APF cortex. All groups showed a tendency to improve these 

functions after their respective interventions, but this improvement was significant only in 

the ETG. The APF is mainly involved in monitoring behavioral outcomes and avoiding 

behavioral errors (Ramnani and Owen 2004). Therefore, it is feasible that the addition of 

school and educational activities in this group, which adds an error monitoring effort, had an 

improvement effect on these APF-dependent executive functions. Instead, the activities 

implemented in the CRG may not have promoted this monitoring function sufficiently to be 

reflected in the APF cortex scores. On the other hand, the cognitive and educational 

interventions of this study had no effect on the executive functions related to the OFC, and 
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neither did the usual scholar program (NIG). This result is coherent with the fact that this 

area is mainly involved in impulse control, risk decisions, and affective and social behaviors 

(Rudebeck and Rich 2018), and these functions were not the target of any of the interventions 

(not even of the usual scholar activities) because the tasks used in both cases do not demand 

such OFC-dependent executive functions (Flores et al., 2014). Overall, these results agree 

with the hypotheses raised, although the interference effect of educational tasks on the DLPF 

cortex-dependent executive functions was unexpected.  

The preliminary findings of this pilot study suggest that though the addition of 

educational interventions to the usual school program in adolescents can interfere with 

specific executive functions related to the DLPF, they can improve the APF-dependent 

executive functions. This has a relevant impact on the implementation of educational 

programs aimed to promote the development of executive functions (Kolb et al. 2012). In 

addition, the results may be of importance in the treatment of developmental disorders that 

affect cognitive functions related to anterior prefrontal areas. However, this is a pilot study 

that included a reduced sample size to initially explore the hypotheses raised, and therefore 

this limitation makes it necessary to carry out new studies with more representative samples 

and longer follow-up periods. Another limitation of this study, derived from the size of each 

group, is that differences between girls and boys were not analyzed using parametric tests. 

However, in each intervention group and pre-post measure, non-parametric tests revealed 

non-significant sex differences. These results, along with the dispersion data showed in 

Figure 2, do not allow to conclude a strong influence of the sex factor on results, although 

future studies should address this variable in depth.   

Conclusions 
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Although the results of this study are preliminary, they point to the fact that cognitive and 

educational interventions may have differential effects on specific executive functions in 

adolescents. Cognitive tasks, as cognitive reflection, promote the executive functions related 

to the DLPF cortex, but in a similar magnitude to non-intervention. Conversely, educational 

tasks selectively improve performance in executive functions that depend on the activity of 

the APF cortex. The unexpected effect of educational tasks on the DLPF cortex-dependent 

executive functions may be due to an overload in this area derived from excessive school 

stimulation, or to an interference of these tasks on the development of functions mainly 

dependent on this area. Larger samples and the inclusion of groups with diverse educational 

tasks to be compared and with different degrees of difficulty could provide more evidence 

on the possible interference effect of this kind of intervention. The results of the present study 

may have implications on the implementation of educational programs for improving 

cognitive functions.  
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FIGURES LEGEND 

 

Figure 1. Mean BANFE scores for each group and standard error. (A) Overall BANFE 

scores for each group (NIG, non-intervention group; CRG, cognitive reflection group; ETC, 

educational task group) pre- and post-intervention. (B) Scores related to the orbitofrontal 

cortex. (C) Scores related to the dorsolateral prefrontal (DLPF) cortex. (D) Scores associated 

to the anterior prefrontal (APF) cortex (*significant differences between pre-intervention and 

post-intervention scores) 

 

Figure 2. Total data dispersion of the BANFE scores of the NIG (non-intervention), 

CRG (cognitive reflection) and ETC (educational task) groups, and separately for girls 

and boys. (A), (B), (C) and (D), total and sex data dispersion for the overall BANFE scores, 

and for the scores related to the orbitofrontal cortex, the dorsolateral cortex, and the anterior 

prefrontal cortex, of each group pre- and post-intervention, respectively. The girls' scores are 

represented by black circles.  


