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Abstract
Adolescence is marked by increased risk-taking. Dual Systems Models explain this stage as an imbalance between 
the socioemotional reward and cognitive control systems. This study applies such models to explore neurocognitive 
aspects of contraceptive method (CM) use in adolescents. We analyzed trajectories of risk propensity, self-regu-
lation, and consideration of future consequences (CFC), controlling for sex and socioeconomic status, in a sample 
of adolescents from Montevideo (Uruguay). A simple prospective longitudinal panel design was used with two 
time points, T1 (314 cases) and T2 (49 cases), separated by 20 months. Behavioral tasks (BART, Stoplight, Tower of 
London), the CFC scale, and questionnaires were used. A decrease in risk propensity and immediacy was observed, 
aligning with the inverted U-shaped development of the reward system. No changes were found in self-regulation 
or CFC-Future, consistent with models proposing a plateau in the development of the cognitive control system. 
Decreased risk propensity was associated with lower use of ineffective CM at last sexual intercourse. These findings 
highlight the importance of understanding neurocognitive development and its implications for adolescent sexual 
and reproductive health, particularly in Global South contexts. 
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Resumen
La adolescencia se caracteriza por una mayor toma de riesgos. Los modelos de sistemas duales explican esta etapa 
como un desequilibrio entre los sistemas de recompensa socioemocional y de control cognitivo. Este estudio aplica 
dichos modelos para explorar aspectos neurocognitivos del uso de métodos anticonceptivos (MAC) en adolescentes. 
Se analizaron las trayectorias de propensión al riesgo, autorregulación y consideración de consecuencias futuras 
(CCF), teniendo en cuenta el sexo y el nivel socioeconómico, en una muestra de adolescentes de Montevideo 
(Uruguay). Se empleó un diseño longitudinal prospectivo de panel con dos mediciones separadas por 20 meses: 
T1 (314 casos) y T2 (49 casos). Se utilizaron tareas conductuales (BART, Stoplight, Tower of London), la escala de CCF 
y cuestionarios. Se observaron disminuciones en la propensión al riesgo y en la inmediatez, lo que coincide con 
el patrón de desarrollo en U invertida del sistema de recompensa. No se hallaron cambios en la autorregulación 
ni en la CCF-Futuro, lo cual es congruente con modelos que plantean una meseta en el desarrollo del sistema de 
control cognitivo. La disminución de la propensión al riesgo se asoció con un menor uso de MAC ineficaces en la 
última relación sexual. Los resultados subrayan la importancia de comprender el desarrollo neurocognitivo y su 
impacto en la salud sexual y reproductiva durante la adolescencia, especialmente en contextos del Sur Global. 
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Desarrollo adolescente, comportamientos sexuales, toma de riesgos, control cognitivo; contracepción, salud, 
salud reproductiva.
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Adolescence, typically defined as ages 10 to 19 (recently 
extended to 24), is a pivotal stage characterized by in-
creased autonomy and exploration (Casey et al., 2008; 
Sawyer et al., 2018). Although generally healthy (Patton 
et al., 2017), it is also marked by heightened risk-taking 
(Downs & Fischhoff, 2009), which contributes to dispro-
portionate morbidity and mortality rates (Harden et al., 
2017). To explain adolescent decision-making, models 
such as the Dual Systems Model have been widely used, 
especially in the context of risk behaviors (Blakemore & 
Robbins, 2012; Shulman et al., 2016; Steinberg, 2008).

These models propose an imbalance between a 
rapidly developing socioemotional reward system and 
a slower-maturing cognitive control system. The reward 
system, involving striatal and limbic circuits, peaks in 
mid-adolescence and follows a nonlinear trajectory. In 
contrast, the cognitive control system, primarily based 
in the lateral prefrontal cortex, develops gradually and 
stabilizes during late adolescence or early adulthood 
(Adolphs, 2003; Luna & Wright, 2016; Miller & Gizer, 
2024; Steinberg, 2010).

Adolescence, characterized by heightened sexual 
exploration, entails normative aspects of sexuality, 
although certain behaviors pose health risks, such as 
sexually transmitted infections (STIs) and unintended 
pregnancy (Khurana et al., 2012; Raffaelli & Crockett, 
2003). Sexual risk behaviors surge during adolescence, 
including early initiation of intercourse, inconsistent 
contraceptive method (CM) use, multiple partners, and 
substance use prior to sexual intercourse (Crandall et 
al., 2017). While male condom use has risen, unmet 
contraceptive needs persist among millions of young 
women (O’Sullivan & Thompson, 2014; Prata & Weidert, 
2020). Inconsistent CM use prevails globally, necessitat-
ing targeted interventions (Chandra-Mouli & Akwara, 
2020; Córdova Pozo et al., 2015; Dir et al., 2014; Reina & 
Castelo-Branco, 2018). This study explores adolescent 
sexual behaviors through psychological constructs tied 
to decision-making. Based on the Dual Systems Model, 
several factors have been linked to adolescent risk-taking. 
In this research, we addressed risk propensity, self-regu-
lation, and consideration of future consequences (CFC). 

Risk-taking, a behavior exposing individuals to 
potential harm, exhibits an inverted U-shaped pattern 
across ages (Duell et al., 2018). In our study, risk pro-

pensity was evaluated using the Stoplight Task and the 
Balloon Analogue Risk Task (BART). Wasserman et al. 
(2017) associated risk propensity, measured by the Stop-
light Task, with adolescent sexual activity. Derefinko 
et al. (2014) linked BART performance to an increased 
number of sexual partners, while Lejuez et al. (2007) 
found associations with various sexual risk behaviors. 
BART’s predictive utility for health risk behaviors, 
especially among adolescents, has been emphasized 
(Kim-Spoon et al., 2016). 

Self-regulation, encompassing the ability to moni-
tor, inhibit, and adapt behaviors, evolves from infancy 
to adolescence, maturing through the development of 
symbolic representations and executive functions (EFs; 
Arain et al., 2013; Casey, 2015; Crockett et al., 2006). Late 
adolescence is characterized by enhanced response 
inhibition, planning, strategic problem-solving, and 
cognitive flexibility, along with improved gratification 
delay toward long-term goals (Albert & Steinberg, 
2011; Crandall et al., 2018). Our study used the Tower 
of London (ToL) to measure self-regulation, revealing 
its predictive value for risk behaviors (Demidenko et 
al., 2019; Griffin et al., 2011). This task measures what is 
called “cold” EFs. Within the domain of cold EFs, atten-
tional control, problem-solving, and cognitive flexibility, 
among others, are included. While in hot EFs, the fol-
lowing domains can be included: emotion regulation, 
reward processing, affective decision-making, and social 
cognition, etc., and any cold EF that has some emotional 
or motivational characteristic (Salehinejad et al., 2023).

Low self-regulation correlates with increased risky 
sexual behaviors among adolescents and adults (Crock-
ett et al., 2006; Demidenko et al., 2019; Knowles et al., 
2020). Higher self-regulation aligns with delayed sexual 
initiation, while lower self-regulation associates with 
earlier onset of sexual intercourse (Magnusson et al., 
2019; Moilanen, 2015). Wasserman et al. (2017) demon-
strated that cognitive control, assessed through the ToL, 
predicts sexual intercourse, making it a valuable tool 
for predicting sexual risk behaviors. Additionally, lower 
self-regulation links to multiple sexual partners and sex 
under the influence of substances (Crandall et al., 2018; 
Kalina et al., 2017; Moilanen, 2015; Raffaelli & Crockett, 
2003). Research suggests that higher self-regulation 
predicts less unprotected sex, while self-regulatory 
problems predict greater involvement in unprotected 
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sex (Kogan et al., 2011; Moilanen & Manuel, 2018; Quinn 
& Fromme, 2010). Developmentally, early adolescence 
self-regulation scores correlate with mid-adolescence 
sexual risk behaviors (Raffaelli & Crockett, 2003). High 
self-regulation at age 13, along with growth from ages 
13–17, predicts fewer risky sexual behaviors at age 18, 
extending its negative predictive value even past age 21 
(Crandall et al., 2018; Quinn & Fromme, 2010). Notably, 
low self-regulation at age 13 alone does not definitively 
determine later sexual behavior; adequate self-reg-
ulation development during adolescence diminishes 
the likelihood of engaging in risky sexual behaviors 
(Crandall et al., 2018). 

Future orientation, reflecting an individual’s tenden-
cy to prioritize long-term outcomes, holds significance 
across various life domains, including health (Appleby 
et al., 2005; Carmi & Bartal, 2014). Difficulty projecting 
into the future, favoring immediate results, is associ-
ated with risky sexual behaviors, particularly among 
adolescents with low CFC (Gailliot & Baumeister, 2007; 
Mohammed & Marhefka, 2020). A positive correlation 
exists between high CFC scores and increased condom 
use, suggesting a proactive approach toward mitigat-
ing risks (Burns & Dillon, 2005; Guillon et al., 2019). 
Conversely, low future orientation in adolescents may 
lead to a lack of motivation for condom use, reflecting 
a less optimistic view of the future (Knowles et al., 
2020). Research involving men who have sex with men 
indicates that elevated CFC levels predict a reduced 
likelihood of engaging in unprotected sex (Appleby et 
al., 2005). Developmental differences are evident, with 
younger individuals facing challenges in anticipating 
future implications due to lower levels of development 
of the cognitive control system, as proposed by the Dual 
Systems Model (Alvarez-Núñez & Vásquez-Echeverría, 
2020; Cauffman & Steinberg, 2000). Adolescents, influ-
enced by immediate reward preferences, may prioritize 
short-term gains despite potential long-term losses 
(Crone et al., 2016). Longitudinally, future expectations 
are linked to consistent CM use (Knowles et al., 2020). 

These psychological variables serve as robust pre-
dictors of sexual risk behaviors, underscoring the need 
for a nuanced comprehension of their developmental 
trajectories during adolescence to inform targeted 
public health interventions. This is especially relevant, 
given that this period is presented as a second window 
of opportunity, during which interventions to establish 
healthy patterns of behavior and promote social and 
emotional learning would enhance positive develop-

mental trajectories (UNICEF, 2017). Despite documented 
associations between these psychological factors and 
risky sexual behaviors, longitudinal inquiries grounded 
in the Dual Systems Model perspective remain scarce. 
Longitudinal studies are pivotal for unraveling the 
temporal evolution of risk behaviors and delineating 
the direct, indirect, and interactive effects of diverse risk 
factors (Ashenhurst et al., 2015; D’Amico et al., 2014). 
Furthermore, our investigation contributes to the theo-
retical landscape of adolescent sexual and reproductive 
health (SRH), synthesizing cognitive science constructs 
and methodologies. This approach aids in comprehend-
ing adolescents’ trajectories of sexual risk behaviors 
(Speizer et al., 2017), accentuating the imperative of 
incorporating longitudinal designs in SRH research (van 
de Bongardt et al., 2014).

Crucially, this study unfolds in Uruguay, a Latin 
American country. Notably, much of the existing re-
search in development, including adolescence studies, 
originates from Western, Educated, Industrialized, Rich, 
and Democratic (WEIRD) societies, with a concentration 
in North America and Europe (Banati & Lansford, 2018; 
Henrich, 2020; Henrich et al., 2010a, 2010b). This diverse 
sample from Montevideo, encompassing all socioeco-
nomic statuses (SES), provides a contextually grounded 
understanding and addresses the underrepresentation 
of evidence from the Global South in scientific discourse 
(Fernández-Theoduloz, 2024; Liverpool, 2021). 

In this study, we aimed to analyze the effects of the 
development of risk propensity, self-regulation, and 
CFC on CM use, controlling for sex and SES, among 
adolescents aged 15–20 years in the city of Montevideo 
(Uruguay). We aimed to: (1) describe changes in risk 
propensity, self-regulation, and CFC scores between 
T1 and T2; (2) explore whether the changes between T1 
and T2 on those variables influence CM use at T2. Our 
hypothesis were: 1) risk propensity indicators, immedi-
acy scores, and planning errors are expected to decrease 
between T1 and T2; 2) self-regulation indicators and 
future consideration scores are anticipated to increase 
between T1 and T2; 3) a decrease in risk propensity and 
immediacy indicators is associated with a lower likeli-
hood of inconsistent contraceptive use, a lower num-
ber of sexual partners, and a lower likelihood of early 
initiation of sexual relationships at T2; 4) an increase 
in self-regulation indicators and CFC is associated with 
a lower likelihood of inconsistent contraceptive use, a 
lower number of sexual partners, and a lower likelihood 
of early initiation of sexual relationships at T2. 
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Design
In this study, we used a simple prospective longitudinal 
panel design (De Vaus, 2001). This design allows to learn 
how development generates changes in the study vari-
ables and the corresponding changes in behaviors (Díaz 
de Rada, 2007). It should be noted that longitudinal 
designs are particularly recommended for adolescent 
development research (Shek & Ng, 2016). 

Participants 
The target population corresponds to adolescents from 
Montevideo (Uruguay) of ages ranging from 15 to 20. The 
sample was composed of two subsamples: a) probability 
sampling of households with at least one adolescent 
(provided by the National Institute of Statistics); b) 
non-governmental organizations, high schools, and 
intentional cases. The final sample is non-probabilistic. 
Data were collected from the same sample in two time 
periods, 20 months apart. T1 was from September to 
December 2018, while T2 was from May to July 2020. 
The final sample at T1 consisted of 314 cases (after elim-
ination of incomplete cases and outliers, 76 cases) (Mage 
= 16.85, SD = ±1.49; 182 women). The same sample was 
contacted for T2, and the final sample consisted of 49 
adolescents after eliminating three cases with extreme 
values (Mage  = 18.51, SD = ±1.45; 35 women). Participants 
were assessed with the same instruments at T1 and T2. 
The total attrition between both waves was 84.4 %. This 
considerable loss is mainly attributed to the COVID-19 
pandemic and associated restrictions in mobility and 
face-to-face interactions, which significantly hindered 
participant tracking and recontacting (D’Amico et al., 
2014; Fernández-Theoduloz et al., 2024; GACH, 2020).

Procedure
For data collection, we employed a battery of behavioral 
tasks, programmed in PsychoPy 1.7/1.8 (Peirce, 2007, 
2008), and HTML-programmed questionnaires. Data 
were acquired using a computer-assisted self-interview 
(CASI) system on laptops, ensuring automated, confi-
dential, and encrypted data storage without researcher 
intervention. The assessment battery included three be-
havioral tasks—BART, Stoplight, and ToL—the CFC scale, 
a sociodemographic questionnaire, and a contraceptive 
use questionnaire. We also administered the Wechsler 
Abbreviated Intelligence Scale (WASI) reasoning matrix 

as a control measure. The order of administration was 
WASI, CFC, ToL, BART, Stoplight, sociodemographic 
questionnaire, and the contraceptive use questionnaire. 
The entire procedure took approximately 60 minutes.

Instruments
The behavioral tasks were adapted from a battery used 
in several countries by Steinberg et al. (2017), including 
Colombia. This battery was computerized and in Span-
ish. Also, it was used in adolescents.

The BART assesses risk propensity: participants de-
cide how much air to inflate a balloon on the screen, with 
more inflation yielding higher points but also risking 
the balloon bursting and losing points. Risk propensity 
is measured by the inflation ratio, calculated for each 
trial (Lejuez et al., 2002). Risk propensity, as measured 
by the BART, has been found to correlate with real-life 
risk behaviors such as alcohol consumption, substance 
use, and non-use of seat belts (Ashenhurst et al., 2014; 
Defoe et al., 2015; Fernie et al., 2010; Lejuez et al., 2003). 

The Stoplight measures risk propensity by assessing 
decisions made while driving a virtual car through traffic 
lights. When approaching an intersection, the light will 
turn yellow, and the participant must decide whether to 
stop the car and wait for the light to turn red, then green 
(with a small penalty), or try to cross (no penalty). If the 
participant decides to cross, there is a chance of crashing 
with another vehicle (major penalty); if they cross and 
are not hit, no time is lost. For each trial, the subject’s 
choice is categorized into “braked” and “did not brake.” 
The Stoplight variable is calculated using the proportion 
of “did not brake” in the total trials for each subject. The 
variable derived from the proportion of trials where the 
participant chose not to brake (Silva et al., 2016; Stein-
berg et al., 2008; Steinberg et al., 2017). 

The ToL task assesses self-regulation by evaluating 
planning, problem-solving, and cognitive-behavioral 
control (Shallice, 1982). In this task, two images are 
presented, each with three disks distributed across 
three stacks. The first image shows the target formation 
of the disks, and the second shows the starting point. 
The participant must move the disks from the starting 
position to the target formation in as few moves as 
possible. Scores were calculated based on reaction time, 
mean number of extra moves, and the ratio between 
planning time and resolution time (Albert & Steinberg, 
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2011; Luciana et al., 2009; Newman et al., 2009; Sergeant 
et al., 2002). 

The CFC scale assesses CFC, with separate scores for 
CFC-Immediacy and CFC-Future. The Spanish version of 
the scale was validated in a sample of university students 
in Uruguay (CFC-12) and in the population of Montevi-
deo (CFC-14) (Vásquez-Echeverría et al., 2018; Vásquez 
Echeverría et al., 2017). The Uruguayan version of the 
scale was reliable and presented a two-factor structure 
(Vásquez-Echeverría et al., 2018). In this study, the 
CFC-Immediacy (α = .79) and CFC-Future (α = .74) scores 
are used separately. Following the recommendations of 
the authors of the Spanish version, item 5 was removed 
from the score calculation because it presented severe 
psychometric problems in this version, as in other 
Latin-language versions of the scale (in Portuguese: 
Vásquez-Echeverría et al., 2015). In this study, internal 
consistency was calculated for the CFC scale. At T1, Cron-
bach’s alpha was .590 for the Future subscale and .700 
for the Immediacy subscale. At T2, these values were 
.803 and .787, respectively. These values are comparable 
to those reported in other international studies (e.g., 
Acuña et al., 2020; Akırmak & Oral, 2023).

The WASI is a measure of nonverbal intellectual 
ability (control measure). In this instrument, the partic-
ipant sees a matrix or an incomplete series and selects 
an option that completes it (Duell et al., 2016; Steinberg 
et al., 2017). 

The sociodemographic questionnaire collected in-
formation on sex, age, and socioeconomic status (Perera 
& Cazulo, 2016). 

The contraceptive use questionnaire has several 
questions about the use of contraception. Some of the 
questions and response type/scales were: “Did you use 
any contraceptive method (CM) in your first sexual in-
tercourse/during the last 6 months/in your last sexual 
intercourse?” Response options were “yes” or “no” for 
each situation. Using this information, we constructed 
a variable to address the inconsistency in CM use with 
two levels: “Always used CM” and “Sometimes used CM.” 
We have also asked about which CM was used. With this 
information, we have calculated the CM ineffectiveness 
(first, 6 months, last sexual intercourse, and mean) us-
ing the values proposed by WHO et al. (2011). It ranges 
from .1 to 85, where .1 corresponds to implants and 85 
to non-use of CM. A higher score indicates greater in-
effectiveness. Participants answered all questions and 
performed the task in Spanish.

Ethics Approval 
This study was conducted in accordance with the principles 
of the Declaration of Helsinki and Decree 158/019, which 
regulates Human Subject Research within the national 
territory. Approval was granted by the Research Ethics 
Committee of the School of Psychology, Universidad de 
la República, Uruguay (No. 191175-000416-17). According 
to this Decree, this research represents a low risk to par-
ticipants. The researchers obtained written consent from 
participants, their parents, or guardians for minor-aged 
adolescents. This study is part of a larger project; some 
results are reported in Fernández-Theoduloz et al. (2023).

Data Analysis
We used RStudio for data processing and analysis. First, 
incomplete cases (those with no responses to the so-
ciodemographic and contraception-related questions) 
were excluded. Following the procedure proposed by 
Duell et al. (2018), cases with extreme values for the 
WASI were also eliminated (1.5 times interquartile range 
(q3-q1)). To center the variables, they were transformed 
to z scores. This removes the correlations between the 
intercept and the slopes, as well as those between the 
model terms. It also helps to avoid potential multicol-
linearity in the model. Furthermore, this procedure 
allows the estimates to be interpreted more simply, 
facilitating their link to the theory (Cohen et al., 2003).

Regression models, which are detailed below, were 
fitted for each specific objective. The stepwise method 
was used to select the most appropriate model for each re-
sponse variable. Within the stepwise method, the forward 
direction strategy was used (Fox, 2016). There are several 
parameters to determine which model is best from a set of 
models. In this study, the AIC (Akaike information criterion) 
method was used, which tends to be more restrictive. The 
most parsimonious model will be the one with the best fit 
using the fewest predictors. The model with the lowest AIC 
was selected (Cohen et al., 2003; Fox, 2016).

After model selection, ANOVAs were performed to 
test whether the model terms were significant. In this 
case, ANOVA allows analysis of the variance/deviance of 
the model compared to a full model (Fox, 2016, 2019).

For interactions between quantitative and categorical 
variables, we used the lstrends function in RStudio to esti-
mate and compare model slopes at the .95 confidence lev-
el, using the Tukey HSD method (Lenth, 2016). When an 
interaction between two categorical variables is present, 
post-hoc tests are performed using the Tukey HSD test.
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Descriptive Results
At T1, 168 participants had sexual intercourse. From the 
sample that participated in T2, 30 participants had had 
sexual intercourse. Of the 168 participants who had had 
sexual intercourse at T1, 108 had used a condom at last 
intercourse; while at T2, of the 30 participants who had 
had sexual intercourse, 20 used a condom. At T1, 137 
participants reported having always used some type of 
CM, while at T2, 22 participants reported so. Descriptive 
results for sociodemographic characteristics, sexual be-

havior, and cognitive measures at T1 and T2 are presented 
below. To facilitate interpretation, the information is 
organized in three separate tables.

Table 1 presents the sociodemographic characteris-
tics of participants at T1 (n = 168) and T2 (n = 49). A higher 
proportion of females is observed at both time points, 
increasing from 55.95 % at T1 to 71.43 % at T2. Most par-
ticipants belonged to the medium socioeconomic status 
group in both waves. Regarding race, the majority identi-
fied as white, increasing from 62.50 % at T1 to 83.67 % at T2.

To determine whether there were changes between T1 
and T2 in the variables of interest (Aim 1), we fitted seven 
linear mixed-effects models with a subject random effect 
for each variable from the behavioral tasks and the CFC 
(Arnau & Bono, 2008; Fox, 2016). The predictor variables 
were Time (1 and 2), sex, and SES. The first model (M1) only 
had the variable Time (1 and 2). The main effects of SES 
and sex were added separately (M2: SES; M3: sex). Model 
4 included all main effects (Time, SES, and sex). Models 
5 and 6 included the interaction terms (M5: Time * SES; 
M6: Time * sex). Finally, model 7 included both interaction 
terms (Time * SES and Time * sex). 

To answer our objective of investigating whether a 
change in the cognitive variables influenced CM use (Aim 
2), an expected change (EC) variable was generated for 

each task and the CFC was coded as “Yes” and “No.” This 
variable was constructed following the theoretical back-
ground of the Dual Systems Model. For the risk-proneness 
variables (Stoplight and BART), T2 was expected to be 
lower than T1; the same was expected for EM (ToL) and 
CFC-I. Therefore, if a participant scored lower in T2 than 
in T1, the expected change was coded as “Yes.” For RT and 
RPT/RT (ToL) and CFC-F, T2 was expected to be higher than 
T1. In this case, if the score was higher in T2, it was coded as 
“Yes.” In the models, the reference level for this variable is 
“Yes.” We fitted multiple binomial logistic regressions (for 
dichotomous responses) and multiple linear regressions 
(for interval responses). As for the previous aim, seven 
models were fitted with the EC variable, sex, and SES. In 
the results section, models with lower AIC are reported. 

Results

Table 1.  Sociodemographic Characteristics at T1 and T2

Variable T1 (n = 168) T2 (n = 49)

Sex

Female (%) 94 (55.95 %) 35 (71.43 %)

Male (%) 74 (44.04 %) 14 (28.57 %)

SES

Low (%) 33 (19.64 %) 7 (14.29 %)

Medium (%) 104 (61.90 %) 30 (61.22 %)

High (%) 31 (18.45 %) 12 (24.49 %)

Race

Black/Afro (%) 20 (11.90 %) 2 (4.08 %)

Indigenous (%) 23 (13.69 %) 5 (10.20 %)

White (%) 105 (62.50 %) 41 (83.67 %)

Other (%) 20 (11.90 %) 1 (2.05 %)
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Table 2.  Sexual Behavior Variables at T1 and T2

Table 3.  Behavioral Tasks and Scale Scores at T1 and T2

Table 2 displays the reported sexual behavior variables. 
A decrease in participants reporting sexual intercourse 
before age 15 was observed (from 32.50 % at T1 to 8.16 % at 

T2). The average number of sexual partners in the last three 
months also decreased from 1.31 to 1.00. Condom use at 
last intercourse declined from 64.29 % at T1 to 40.81 % at T2.

Variable T1 (n = 168) T2 (n = 49)

Sexual intercourse before 
age 15 (%)

52 (32.50 %) 4 (8.16 %)

Sexual partners last 3 
months (M, SD)

1.31 (2.15) 1.00 (.69)

Condom use at last inter-
course (%)

108 (64.29 %) 20 (40.81 %)

Inconsistent use of CM (%) 31 (18.45 %) 8 (16.33 %)

Table 3 shows the outcomes from behavioral tasks 
and self-report scales. In the Stoplight task, risk-taking 
behavior decreased from .29 at T1 to .16 at T2. On the ToL 
task, reaction time increased from 6.23 to 8.53 seconds, 

indicating more deliberative problem-solving. On the 
CFC scale, future orientation scores increased from 4.64 to 
4.86, while immediacy scores decreased from 3.55 to 2.83, 
suggesting greater future orientation at T2.

Measure T1 (Mean ± SD) T2 (Mean ± SD)

WASI 24.29 ± 4.66 27.00 ± 2.87

Stoplight .29 ± .19 .16 ± .15

BART .68 ± .13 .65 ± .13

ToL - EM 2.33 ± 1.02 1.88 ± 1.04

ToL - CI_RT 6.23 ± 3.64 8.53 ± 6.33

ToL - RTP/TR .26 ± .09 .32 ± .12

CFC-Future 4.64 ± 1.00 4.86 ± 1.07

CFC-Immediacy 3.55 ± 1.25 2.83 ± 1.12

Longitudinal Changes in Cognitive Variables
In line with theoretical models of adolescent devel-
opment and behavioral and neural antecedents, we 
expected indicators of risk propensity, the CFC-I score, 

and ToL planning errors (EM) to decrease between T1 and 
T2. On the other hand, we expected that self-regulation 
indicators (RT and RPT/RT) and the CFC-F score would 
increase. 
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For risk propensity and CFC-I, in Models with main ef-
fect of Time only, we observed a decrease between T1 and 
T2 in: Stoplight (coeff. = -.097, SE = .022; F(1, 48) = 20.474, 

p < .001) y CFC-I (coeff. = -.336, SE = .156; F(1,47.405) = 
4.656, p=.036; Figure 1). The main effects of BART and 
self-regulation indicators were not significant.

Figure 1.  Difference between T1 and T2 for Risk Propensity and CFC-I

Note. Difference between T1 and T2 for risk propensity (a) 
and CFC-I (b). Error bars denote SE ± 2.

Associations of Cognitive Changes and the Use 
of Contraceptive Methods
Based on developmental patterns during adolescence 
and their relationship with risk behaviors, we were 
interested in whether decreases in indicators of risk 
propensity and CFC-I score were associated with a higher 
probability of consistently using CMs at T2. We also ex-
pected that an increase in indicators of self-regulation 
and CFC would be associated with a lower probability 
of inconsistent contraceptive use. 

We observed a main effect of the decrease in BART 
scores on the ineffectiveness of the CM used in the 
last sexual intercourse (Model 6, which includes the 
variable of interest, sex, and their interaction). Partic-
ipants who showed a decrease in BART scores present 

lower ineffectiveness of the CM used in the last sexual 
intercourse (the used more effective methods) (F(1, 
26) = 7.533, p = .011; Table 4, Figure 2a). Similarly, we 
observed a negative effect of decreasing Stoplight score 
on the ineffectiveness of the CM used in the last sexual 
intercourse (Model 6, Table 4); participants who showed 
a decrease in Stoplight score present lower scores on 
CM ineffectiveness (F(1, 26) = 7.056, p = .013; Figure 
2b). Then, the effects of change were observed with 
the risk propensity variables on the ineffectiveness of 
the CM used in the last sexual intercourse. Participants 
who showed a decrease in these scores present lower 
ineffectiveness of the CM (higher effectiveness) used 
in the last sexual intercourse. The remaining variables 
were not significant.
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Model coefficients (standard error) *** p < .001; ** p < .01; * p < .05.

Table 4.  Models of BART and Stoplight Decline for CM Ineffectiveness at Last Intercourse

Model 6 Model 6

(Intercept) 49.000 *** (9.776) 49.000 *** (10.101)

Decrease_BART_YES -36.000 * (13.116)

Sex_female -26.571 * (12.255) -39.000 * (14.286)

Decrease_BART_YES: Sex_female 23.321 (15.936)

Decrease_Stoplight_Yes -36.000 * (13.553)

Decrease_Stoplight_Yes: Sex_female 40.912 * (17.599)

N 30 30

R2 .337 .292

Figure 2.  Mean Infectiveness of CM According to the Decrease in Risk Propensity

Note. (a) Mean CM ineffectiveness score of last sexual intercourse 
according to the decrease in BART score. (b) Mean CM ineffectiveness 
score of last sexual intercourse according to decrease in Stoplight 
score. Error bars denote SE ± 2.

Discussion

In this study, we aimed to describe changes in risk 
propensity, self-regulation, and CFC scores between 
T1 and T2 in a sample of Uruguayan adolescents (15–20 

years old). We also aimed to explore whether changes 
in those variables between T1 and T2 were associated 
with CM use at T2. 
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Conclusions

This study provides evidence that developmental 
changes in socioemotional reactivity, more than in 
cognitive control, are central to understanding sexual 

decision-making in adolescence. The observed decrease 
in risk propensity and immediacy, associated with more 
effective contraceptive use, highlights the importance 

Our findings are consistent with the Dual Systems 
Models, which propose that during adolescence, 
risk-taking behaviors are shaped by the interaction be-
tween a hyper-responsive socioemotional system and a 
gradually maturing cognitive control system (Duell et 
al., 2016; Shulman et al., 2016). The observed decrease in 
risk propensity and immediacy between T1 and T2 aligns 
with the expected decline in socioemotional reactivity 
during late adolescence.

Interestingly, we did not observe significant changes 
in self-regulatory variables measured through the ToL. 
This may reflect the plateau in the development of cold 
EFs after mid-adolescence, as suggested by Luciana and 
Collins (2012). Moreover, as these tasks lack emotional 
salience, they may not capture context-sensitive regu-
lation relevant to sexual decision-making (Ogilvie et al., 
2020; Prencipe et al., 2011).

The link between the decrease in risk propensity 
and the effectiveness of CMs used at the last sexual 
intercourse suggests that developmental changes in 
decision-making may influence real-life health behav-
iors. This highlights the value of incorporating neurode-
velopmental models into the design of interventions to 
improve adolescent SRH (Chipako et al., 2024).

In fact, our study contributes evidence to the the-
oretical corpus of SRH in adolescents, integrating 
constructs and methodological approaches from the 
cognitive sciences. There is evidence that SRH inter-
ventions have improved indicators in several countries 
(Chandra-Mouli et al., 2020; Chandra-Mouli et al., 
2015). In general, intervention strategies to reduce 
risky sexual behaviors have been based on providing 
information to adolescents about available CMs and 
the risks of not using them. However, it has not been 
confirmed whether increasing knowledge about the 
consequences of risky sexual behaviors has an effect 
(Kovensky et al., 2021). Some authors argue that this 
type of intervention does not promote the development 
of more general competencies that enable and motivate 
adolescents to use prevention strategies (House et al., 

2010) and should be accompanied by interventions that 
focus on behavioral strategies (Kovensky et al., 2021). In 
this regard, strategies that focus on general protective 
factors to reduce negative adolescent health outcomes, 
including SRH outcomes, are highlighted (Catalano et 
al., 2004; Charles & Blum, 2008). 

These findings are particularly relevant in Latin 
American contexts where evidence on adolescent de-
velopment is scarce, and much of the existing literature 
derives from WEIRD societies (Fernández-Theoduloz, 
2024; Henrich, 2020). By using data from Uruguayan ad-
olescents across different SES, our study offers a situated 
contribution to global adolescent health knowledge.

Limitations of the present study include the high 
attrition rate between T1 and T2, which, while expected 
during the COVID-19 pandemic (Fernández-Theoduloz 
et al., 2024; GACH, 2020; Vacaru et al., 2022), may limit 
generalizability. Additionally, the small T2 sample re-
duced statistical power and limited subgroup analyses. 
Another limitation is that this study has only two time 
points. More longitudinal studies are needed, starting at 
younger ages, and having three or more measurements, 
assessing a wide range of sexual behaviors. Finally, 
the exclusive use of cold executive function tasks may 
have constrained the assessment of self-regulation in 
emotionally charged situations (Ogilvie et al., 2020; 
Prencipe et al., 2011).

Future research should include larger, more diverse 
samples, integrate tasks that assess hot EFs, and ex-
amine gender differences in trajectories. Interventions 
should not only provide information about CMs but 
also enhance broader regulatory and decision-making 
capacities in adolescents (Kovensky et al., 2021).

In summary, this study supports the hypothesis that 
reductions in socioemotional-driven behaviors—rather 
than increases in cognitive control—play a central role 
in sexual risk decision-making across late adolescence. 
Findings underscore the need for developmentally 
tailored interventions to promote adolescent health 
outcomes in diverse contexts.
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of timing in interventions. These findings reinforce the 
value of using a developmental and context-sensitive 
approach to adolescent SRH, particularly in underrep-
resented regions such as Latin America. By focusing on 
cognitive predictors within a longitudinal design, this 

study contributes to a more nuanced understanding of 
adolescents’ risk behavior trajectories. Future programs 
should incorporate strategies that promote not only 
access to information but also emotional regulation, 
impulse control, and future-oriented thinking.
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