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Abstract:
							                           
Background. Emotional and cognitive processing are interconnected. Several researchers studied the association between different cognitive control processes and emotional memory, defined as the long-term storage of information accompanied by activating factors that will later favor its recall. Moreover, cognitive control processes include functions that regulate and coordinate attention, memory, language, inhibitory control, and planning. Method. Since these processes are susceptible to change during development, this study analyzed the associations between emotional memory (free recall and recognition) and cognitive processes (evaluated through Corsi and Stroop tasks) at 4 and 4.5 years of age in children from households with different socio-environmental conditions. Results. Significant correlations were found between: a) free recall of negative images and Stroop performance at 4 and 4.5 years; b) free recall of neutral images and Corsi performance at 4 years; c) recognition of negative and positive images and Stroop performance at 4.5 years; d) recognition of neutral images and socio-environmental conditions at 4.5 years. Conclusions. The results of this investigation allow us to highlight the fundamental relationship between the variables studied in this age of life cycle. These processes are closely linked and need to be analyzed together to provide a greater understanding of their mutual influences throughout child development.
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Resumen:
						                           
Antecedentes. El procesamiento emocional y cognitivo están interconectados. Varias investigaciones estudiaron la asociación entre diferentes procesos de control cognitivo y la memoria emocional, definida como el almacenamiento a largo plazo de información que se encuentra acompañada por factores activantes que posteriormente favorecerán su recuerdo. Además, los procesos de control cognitivo incluyen funciones que regulan y coordinan la atención, la memoria, el lenguaje, el control inhibitorio y la planificación. Método. Dado que estos procesos son susceptibles de cambiar durante el desarrollo, este estudio analizó las asociaciones entre la memoria emocional (recuerdo libre y reconocimiento) y los procesos cognitivos (evaluados a través de tareas de Corsi y Stroop) a los 4 y 4,5 años de edad en niños de hogares con diferentes condiciones ambientales. Resultados. Se encontraron correlaciones significativas entre: a) el recuerdo libre de imágenes negativas y el desempeño de Stroop a los 4 y 4,5 años; b) el recuerdo libre de imágenes neutras y el desempeño de Corsi a los 4 años; c) el reconocimiento de imágenes negativas y positivas y el desempeño de Stroop a los 4,5 años; d) el reconocimiento de imágenes neutras y las condiciones socioambientales a los 4,5 años. Conclusiones. Los resultados de esta investigación permiten resaltar la relación fundamental entre las variables estudiadas en esta edad del ciclo vital. Estos procesos están íntimamente ligados y necesitan ser analizados en conjunto para brindar una mayor comprensión de sus influencias mutuas a lo largo del desarrollo infantil.
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Introduction


Cognition and emotion are closely linked. One of the ways to address this interaction is through the study of emotional memory. Emotional events are better remembered than trivial ones (Brainerd et al., 2010; Christianson, 1992; Quas & Lench, 2007). Emotions would function as a filter system for selecting the events that are going to be stored in memory in a more durable way (Rodrigues et al., 2004; Roozendaal & McGaugh, 2011). Specifically, emotional memory is the result of storing information that was accompanied by stressful or activating factors (or alert stimuli), which would contribute to the easy fixation of the memories (Bradley, 2014; Cordon et al., 2013). It is a type of long-term memory on information with emotional valence, either positive or negative (Bermúdez-Rattoni & Prado-Alcalá, 2001; Guzmán-Ramos et al., 2018; Justel et al., 2013; Siller-Pérez et al., 2018). Compared to other types, emotional memory is characterized by being persistent, relatively stable, and because its recovery can be both explicit (or conscious) and implicit (or unconscious) (Cocenas-Silva et al., 2013).

The emergence and development of emotional memory begin in the early stages of life and present significant changes at the preschool stage (Bauer et al., 2012). There are investigations in children indicating that emotions facilitate memory (Adelman & Estes, 2013; Kensinger & Ford, 2020) because it captures attention and provides an interpretive framework that facilitates the integrated processing of the whole aspects of an experience (Kensinger, 2009; Laney et al., 2004). The accuracy of emotional memories is significantly related to emotional knowledge in children, which consists of an accurate understanding of the expressions, feelings, and functions of discrete emotions (Izard et al., 2011). This suggests that the emotion and memory relationship would not be explained as simply maturation and that individual differences also play a key role in the recovery of those memories (Channell & Barth, 2013). In a previous study, we analyzed the emotional memory of images with different valence in 4- and 5-years-old children and found a differential performance analyzing the memory by considering the children’s appraisal of each image, compared to its inherent valence (Ruetti et al., 2019). Although a prevalence of negative memories was found, performance was higher when evaluating memory considering the children's emotional appraisal of the image, instead of the valence given by the task. These results emphasized the need to incorporate information from emotional appraisal when analyzing the performance of preschoolers. In the present work, we maintained this methodological approach to the evocation of emotional memory. Like other types of memory, the emotional is susceptible to being modified both by the influence of internal or individual factors, as well as by the context or socio-environmental variations (Cordon et al., 2013; Principe et al., 2017). The mediation theory suggests that emotional events recruit cognitive resources such as attention, distinctive processing, and organization, more than neutral events, resulting in a memory advantage for emotional stimuli (Talmi et al., 2007). 

In another way, cognitive control processes allow us to process information and regulate thoughts and actions to respond adaptively according to objectives or tasks specific (Braver, 2012; Cáceres Nieto, 2015; Chiew & Braver, 2011; Medaglia, 2019; Palenciano et al., 2017). The cognitive control processes include all functions that regulate and coordinate the memory, the language, and the skills related to the action (Botvinick & Braver, 2015). This requires the ability to inhibit distracting stimuli or conflict, the maintenance of information, self-monitoring of behavior, and flexible modification of thoughts and behaviors towards a target (Medaglia, 2019). Several studies mention the relevance of analyzing cognitive control processes in conjunction with emotions (Hendricks & Buchanan, 2015; Whitmer & Gotlib, 2012). A recent meta-analysis suggests that brain regions commonly associated with cognitive control processes also play an important role in emotional processing (Song et al., 2017). In the preschooler stage, different types of cognitive control processes such as attention, inhibitory control, working memory, and cognitive flexibility are developed and integrated (Diamond, 2013; Garon et al., 2008; Kensinger, 2009). In this sense, preschoolers who had better performance in executive functions had higher scores on the assessment of socio-emotional skills and fewer behavioral problems (Rhoades et al., 2009). This study showed that children who received training in executive functions had significantly higher scores in socio-emotional skills than those who received no training.

Specifically, working memory is the ability to maintain and manipulate relevant information online to perform a task (Diamond, 2013; Schelble et al., 2012; Sdoia et al., 2019). It also allows retaining a quantity of limited information to generate possible solutions, while it is no longer perceptually present (Baddeley & Hitch, 1994; Bergman Nutley et al., 2011; D’Esposito & Postle, 2015). Moreover, different investigations found that the emotional valence of stimuli modulates working memory. The negative emotional valence (negative photographs) reduced brain activation related to this process (Perlstein et al., 2002). This result would suggest that the emotional valence may difficult the performance on working memory tasks. Various investigations addressed the interaction of working memory and irrelevant emotional context for the task. Performance in the spatial, but not verbal, working memory task was significantly affected, which can be explained by competition for limited resources of visual-spatial attention in the presence of threat (Lavric et al., 2003). By contrast, Gray (2001) found that spatial working memory performance improved during a negative mood, while verbal working memory performance improved during a positive mood (Gray, 2001). Shackman et al. used a similar procedure and demonstrate a reduction in the performance of spatial, but not verbal, working memory during the threat presented (Shackman et al., 2006).

On the other hand, inhibitory control implies the ability to ignore disturbance, remain concentrated, and avoid a dominant response to favor a more appropriate one based on context demands (Diamond, 2006). The interaction between inhibitory control and emotions was explored during child development. Children with better emotional competence tended to exhibit a better inhibitory control ability, greater solving problem capacity, and less impulsivity (Silkenbeumer et al., 2016; Zelazo et al., 2003, 2010). Additionally, inhibitory control can influence children’s emotions. For example, some studies found that children who had better inhibitory control ability (using Day/Night task), had the best performance of emotional competence (Fox et al., 2001; Fox & Calkins, 2003; Liew, 2012).

From a contextual perspective, socio-environmental conditions (i.e., conversation with parents) modulate children’s performance in learning and emotional memory tasks (Principe et al., 2017). For example, the memories of children with negative emotional valence situations (e.g., natural disasters, abuse episodes) improved their performance during a memory task (Haden et al., 2001). The mechanisms by which socio-environmental conditions can affect cognitive processes development include fundamentally maternal education (maximum number of years of schooling), parents’ mental health (depressive, anxiety, and social disorders), family stress, supportive social networks availability, quantity and quality of learning stimulation at home (Bradley & Corwyn, 2002; Gershoff et al., 2010; Hughes et al., 2009). Different investigations show that stressful situation response is one significant mediator of the environmental effect on cognitive development, as well as the opportunities to acquire learning from the preschool stage (Blair et al., 2011; Shonkoff et al., 2012).

Other studies analyze the performance in cognitive tasks of vulnerable populations. In particular, the stress caused by economic and social deprivation favors the appearance of negative emotional states and makes their regulation more difficult. This state of chronic stress could lead to parenting practices that are less receptive to the socioemotional needs of children, which could have an impact even at a cognitive level (Lacunza et al., 2009). In this sense, differences were found in sequential skills in 4- and 5-years-old children (Lacunza et al., 2010), and in a verbal working memory task in 8-years-old children (Ruiz & Del Río, 2012) based on poverty levels. For example, malnourished and non-malnourished children presented analogous sequential and simultaneous cognitive abilities. Meanwhile, 4- and 5-years-old with a lower level of poverty (characterized by parents with higher than primary schooling and stable, low-skilled occupations), handled information better serially and temporally, compared to their embedded peers in contexts of greater poverty (characterized by parents with a minimum educational level and unstable occupations or social plans) (Lacunza et al., 2010). In this sense, in a previous study, we compare the performance of an emotional memory task on preschoolers from different socio-environmental conditions (Ruetti et al., 2019). However, no differences were found between the groups by dividing them into favorable and unfavorable socio-environmental conditions. Taken together, these findings point to the need to further investigate the role of socio-environmental variations on the interaction between cognitive performance and emotions.

Despite the recent investigation on the study of the relationship between emotional memory, cognitive control processes, and socio-environmental conditions, developmental studies are not available to date. Therefore, the present study aimed to describe the associations between emotional memory with working memory, cognitive inhibition, and socio-environmental condition of the children’s home. Because the correlations evaluated may not be uniform during the preschool stage, the purpose is to describe the correlations between the variables above mentioned at two stages of development (i.e. 4 and 4.5 years of age). According to the information gathered, we can formulate some hypotheses. Our first hypothesis is that emotional memory will be positively correlated with working memory and inhibitory control at both ages. Our second hypothesis is that the socio-environmental conditions at home will be positively correlated with the three cognitive processes, also at both moments. Finally, we expect these correlations to be stronger at 4.5 than at 4 years of age.





Methods





Participants



An incidental sample of 34 children (15 girls) 4-years-old participated in the study. All children were native Spanish speakers and attended at a public kindergarten in the southern region of the Autonomous City of Buenos Aires (Argentina). The children participated in other tasks carried out by the researchers of this work. We controlled to spend enough time between tasks (one week of interval time) to avoid any possible effect on the performance. The children included in the sample had no developmental disorders in terms of their perinatal and postnatal health history.

Informed consent was obtained from parents/caregivers, and ethical approval was obtained from the Ethical Review Committee of Cemic (Directorate of Research. Av. Galván 4102, 1st Floor, C1431FWO, Autonomous City of Buenos Aires. Protocol N° 961), and by the Responsible Conduct Committee of the Faculty of Psychology of the University of Buenos Aires. The study was conducted according to American Psychological Association ethical standards (1992) and international and national children's rights laws respected by the Ethical Research Involving Children Project (Graham et al., 2015). Once the authorization was obtained from the school institutions where the activities were carried out, information meetings were organized for parents in which they had the opportunity to interact with the members of the research group, who informed them about the objectives and activities of the study, and then gave them a written informed consent with the same content. Consequently, they were invited to participate and to authorize the participation of their children, for which the signing of informed consent for each of the evaluations was a necessary condition.






Instruments




 Emotional memory. This task includes two components (Ruetti et al., 2019):


 Component A. Emotional Appraisal Task. This component assesses the attribution of emotional expressions to emotional images. The instrument consisted of two sets of stimuli. The first set was composed of 15 images with different valences (five negatives, five positives, and five neutrals) that were obtained from Development Affective Photographs System for children (DAPS; Cordon et al., 2013). All the images were in color, they had people (i.e., children, women), animals (i.e., dogs, cockroaches), objects (i.e., book, cup), or people performing actions (i.e., children playing with a ball, girl jumping the rope). These images were presented in counterbalanced order on a tablet or a notebook. The second set consisted of three images (in white and black) with emotional expressions (happy, sad, or neutral faces). Children observed the images of the first set and then had to chose one expression to show how they felt when they saw the images. The three images of the faces appeared on a sheet, which the children had available while they watched each image. Each photograph lasted on the screen until the children chose a face, and decided to move forward with the images, that is, the time varied among the children, but lasted approximately 2 seconds. The faces with emotional expressions were available all the time for the children to decide which one to choose. The participants did not have a time limit to decide. The choice was made by pointing with one finger, at one of the three faces with emotional expressions. Before beginning the task, the participants observed two example images. The variable of interest was children's appraisal response to images that had different valences (negative, positive, or neutral). This variable can be defined as the attribution of valence by each child to each visual stimuli with different emotional contents and could take values between 0 and 15.


 Component B. Emotional Memory Test. This second session was after a delay of 7-10 days, and children were requested to evoke those images observed in session 1. The first phase consisted of evaluating free recall and the second phase was the recognition one, where we asked the children to identify the 15 previously valued images from a set of 30 images. The variables of interest were (1) Free recall: number of images of each valence evoked after the 7-10 days. (2) Recognition: number of images recognized from the previous task. Each image evoked (free recall) or recognized (recognition) in session 2 was considered positive, negative, or neutral based on the valence given by the child in session 1 (Ruetti et al., 2019). The variables of interest were determined considering 0 as a minimum value and depending on the previous task’s maximum value, with a ceiling of 15. All variables were calculated as a proportion of the total recognized images of each valence.


 Corsi Blocks Task. This task was designed to evaluate visuospatial working memory (Fracchia et al., 2016; Pickering, 2001). During administration, the child must watch, remember, and reproduce a sequence of lights (from one to eight, lighting time = 1000 ms), which are turned on inside a series of boxes arranged randomly in the apparatus. Each child reproduces the sequence by pointing to the light-containing boxes. Each block included five trials; difficulty levels increased with the number of lights and ranged from one to eight possible lights. The criterion for finishing the assessment was three consecutive errors; for this reason, the number of performed trials for each child varied according to their performances. We scored 1 if the sequence was correct and did not add/remove any lights; and 0 if the sequence was not correct, added or removed lights, or the child did not respect the order to wait for the “now” command. The variable of interest was the correct/incorrect proportion.


 Day and Night Stroop Test for Children. This test requires inhibitory control ability, and the generation and memorization of two rules (Gerstadt et al., 1994). A set of 16 cards with two drawings is used for the test: (1) a yellow sun on a white background; and (2) a crescent moon and white stars on a dark gray background. The child had to say “day” each time he/she saw the drawing of the moon, and “night” each time he/she saw the sun. Two initial pre-test trials were administered, and then 16 trials in which they were successively and randomly shown the cards. If the child did the pre-test correctly, the test would begin. If he/she made a mistake, the pretest was repeated up to two more times, trying to make sure the child understood the instructions. The interval between trials was 30 seconds. The variable of interest was the number of correct answers, that could take values between 0 and 16.


 Characterization of socio-environmental conditions. The questionnaire informed about parents’ education and occupational levels, housing and overcrowding conditions, and unsatisfied basic needs indicators (Boltvinik, 1995). This information was obtained from the report of the families in individual interviews with the researchers. This scale was used in previous studies in Argentina (Lipina et al., 2004, 2005; Prats et al., 2017; Segretin et al., 2009, 2014). Scores were assigned directly to mothers and fathers for educational and occupational backgrounds; however, only the higher score was considered for the total scores. For housing conditions, scores were assigned based on the type of dwelling, floor, water, bathroom, ceiling, walls, and home property. The parental education and occupation subscales could take values between 0 and 12; the housing subscale had a range of 3-12 points, and the crowding subscale had a range of 0-9 points. The variable of interest was the total score and was obtained by the sum of the previous ones. Higher scores indicated better socio-environmental conditions at home.






Procedure



The evaluations were realized in four individual sessions (


Figure
1


), and each session lasted approximately 15 minutes. Before each session, an operator asked teachers to authorize children to leave the classroom. Once in the evaluation room, each child sat down with an operator, who showed the items to be used, to familiarize with them before starting. This process was repeated six months after the first evaluation. Hence, each child was assessed twice: the first time at 4-years-old, and the second time at 4.5-years-old. To estimate the age of the participants in each of the evaluations, scholar age was considered (depending on the scholar room they attended).
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Figure 1




Assessment sessions for children





















Data analysis



We performed descriptive analyses of variables of interest, which included mean, median, standard deviation, standard error, and sample size. Then, we evaluate the normality using the Shapiro-Wilk. However, we used non-parametric statistics since this assumption was not verified. To analyze the relationship between interest variables (free recall, recognition, Corsi scores, Stroop scores, socio-environmental scores), we performed Spearman correlations at the two moments of development (ages 4 and 4.5). Alpha value was settled at .05. Finally, considering the limited sample sizes, pos hoc power analyses were calculated. All analyses were performed using SPSS software (version 21.0).







Results


First, a descriptive analysis of the variables studied was carried out at 4 and 4.5 years. Sample sizes, medians, 25th and 75th percentiles, minimum and maximum values, and interquartile ranges were calculated for all variables (
Table 1
).




Table 1




Descriptive analysis of variables of interest at 4 and 4.5 years.
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Then, we analyze correlations between evocation in the emotional memory task, obtained through free recall and recognition, with the performance in the Corsi and Stroop tasks, and socio-environmental conditions at 4 and 4.5 years.




Correlations at 4 years of age



Only two correlations regarding free recall were statistically significant at this age. On the one hand, free recall of negative images was positively correlated with performance on Stroop task (rS = .373, p = .035, 1 - β = .57). On the other hand, free recall of neutral images showed a negative correlation with performance on the Corsi task (rS
 = -.507, p = .004, 1 - β = .84). None of the recognition variables was significantly correlated with any cognitive process o socio-environmental condition score at this age.
Table 2

shows the corresponding statistics of these correlations.






Correlations at 4.5 years of age



At this age, we found a few more correlations. First, Stroop performance was the only variable that correlated significantly with free image recall (negative images: rS
 = .395, p = .023, 1 - β = .64).

Regarding to recognition variables, we found positive correlations between recognition of negative (rS
= .381, p = .038, 1 - β = .56) and positive images (rS
 = .412, p = .024, 1 - β = .64) and Corsi performance. In addition, the recognition of the neutral images correlated significantly with the socio-environmental conditions score (rS
 = .472, p = .013, 1 - β = .72).




Table 2




Correlations between variables of interest 4 and 4.5 years.
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Discussion


This study analyzes the correlations between emotional memory (free recall and recognition), cognitive control processes (specifically, Corsi and Stroop tasks), and socio-environmental conditions of children at different moments (4- and 4.5-years-old). We established several hypotheses but they were only partially fulfilled. Our first hypothesis proposed the existence of a positive correlation between emotional memory variables and performance in tasks with cognitive demand at both ages. We consider this hypothesis partially fulfilled since we found significant correlations between free recall of negative images and Stroop performance, both at 4 and 4.5 years; free recall of neutral images and Corsi performance at 4 years; and negative and positive image recognition and Stroop performance at 4.5 years. The second hypothesis proposed a positive correlation between the variables of the cognitive processes evaluated and the socio-environmental conditions of the household, also at both ages. This hypothesis is fulfilled to a lesser extent since we only found that recognition of neutral images was correlated with socio-environmental conditions at 4.5 years. Finally, the third hypothesis proposed that the correlations found would be stronger at 4 than at 5 years of age. Although few significant correlations were found, a greater number of statistically significant correlations can be observed at 4.5 years than at 4 years. However, the only significant correlation that remained at both 4 and 4.5 years was the free recall of negative images with Stroop performance, and in this case, a slightly stronger correlation was observed at 4.5 years than at 4 years of age. Regarding performance in this cognitive task, at 4.5 years of age correlations were found that were not present at 4 years (i.e. with recognition of images with negative and positive valence). Finally, at the age of 4, a correlation was observed between the free recall of neutral images and the Corsi performance, which was not found at 4.5 years of age. Taking all these results together, we can consider that the third hypothesis was also only partially fulfilled.

Therefore, when analyzing the correlations between emotional memory and cognitive control processes, it could be observed that these associations vary between 4 and 4.5 years. A possible explanation for these variations would be related to the processing modality of each particular process (Moffitt et al., 2011). Specifically, the emotional memory task used in this study and the Corsi task allows us to analyze the relationship between both types of memory, despite the distinction of being a long-term memory in the first one, and a very short term in the second one. In this case, both types of memory share the visual information processing modality, hence it could be thought that the stimuli encoding is similar in both paradigms (Chamberlain et al., 2006; Kensinger & Corkin, 2003). However, associations between both showed only at the age of 4 for the free recall variable. This demonstrates that the development pathways between these two types of memories were linked only at that age and about evaluation form with higher cognitive demand.

The relationship between emotions and inhibitory control in children was analyzed in the literature through the study of emotional competence and its association with performance in executive functions (Kwok et al., 2015; Healy et al., 2018; Lantrip et al., 2015; Smith et al., 2014). However, the causal relationship between both processes is not clear yet (Li et al., 2020), due to the limited evidence from experimental studies on this topic. On the one hand, there are studies in which children's emotional competence involved different systems such as affective, attentional, and self-control (Zelazo & Carlson, 2012), and which indicate that children's emotional competence development requires the ability to inhibit internalization, and modifies the emotional action provoked (Silkenbeumer et al., 2016). On the other hand, inhibitory control can influence emotional competence, since children with better executive functions abilities perform better in emotional regulation strategies (García-Andres et al., 2010). In this regard, in the present study, the association found between children's performances could be understood by linking emotional competence involved in the emotional memory task and inhibitory control capacity present in the Stroop task. Additional studies are required to explore whether this relationship can be causal, as it is suggested (Li et al., 2020).

The association between memory and inhibitory control in preschoolers has already been addressed through other paradigms (Traverso et al., 2020). In this case, the associations between emotional memory and Stroop task at both 4 and 4.5 years, and the two types of evaluation, may be linked to the processing modality of visual information that both tasks share. However, the Stroop task requires participants to keep in mind solving rules to complete the task at their response time. So, variations in associations between performances of these tasks could be explained in terms of the cognitive requirements present in both development stages (Traverso et al., 2020).

On the other hand, preschoolers’ behavior can be associated with different aspects of home socio-environmental conditions (Coke & Moore, 2017). Among the factors that might relate to children’s emotional responses, we can mention talks on emotional aspects (Ornaghi et al., 2011; Rieffe & Wiefferink, 2017; Van Bergen & Salmon, 2010; Waters et al., 2019), maternal storytelling styles (Doan & Wang, 2010; Wang, 2019) and culture to which they belong (Wang, 2008, 2019; Waters et al., 2019). For example, differential patterns were found in children’s responses to the Stroop task according to the socio-economic level of the families, and selective associations were also found between socio-economic indicators and cognitive performance, evidencing maternal education and conditions of housing as the main predictors of Stroop task responses (Arán Filippetti et al., 2021).

Based on our results, socio-environmental conditions were associated with variations in the expression of emotional memory of preschoolers only in the recognition variable. An adverse environment was not found to affect the expression of emotional memory obtained through free recall. This could be due to the different cognitive demands of the evaluation phases, where a high demand would prevent the expression of variations in performance due to the floor effect evidenced in participants (Whyte et al., 2017). Similar to what occurs in the literature, the results of this work show associations between the family and home indicators, and performance in an emotional memory task (Arán Filippetti et al., 2021).

Different limitations are present in this work. On the one hand, the responses obtained through free recall present a floor effect that does not allow analyzing the associations between emotional memory performance (assessed in this way) and the performance obtained in the other tasks. On the other hand, this study presents a limited sample size, which leads to moderate power of analysis. Although there is no certainty in this regard, it is possible that by increasing the sample size, effects that were not detected in this study but are detailed in the literature can be observed. Finally, additional research is required to elucidate the mechanism underlying the associations explored in this work. This will require studies that compare the performance of the proposed tasks in groups of children of different ages.

In conclusion, the results of this investigation allow us to highlight the fundamental relationship between the variables studied in this age of life cycle, and that these processes are closely linked and need to be analyzed together to provide a greater understanding of their mutual influences throughout child development (Braver et al., 2010; Espinet et al., 2012; Obradovic & Boyce, 2009; Miyake & Friedman, 2012; Scruggs & Mastropieri, 2013; van Noordt & Segalowitz, 2012). These findings provide evidence for the need to address cognitive and emotional processing in an integrated manner during child development.
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Recognition

Negative 23038 073 089 1.00 100 027 30 017 060 083 1.00 1.00 0.40

Neutral 23033 073 086 1.00 1.00 027 30 0.17 0.69 100 1.00 1.00 0.31

Positive 23000 074 1.00 1.00 100 026 30 033 076 083 1.00 1.00 0.24
Other variables

Corsi 31000 042 1.00 1.67 300 125 33 000 117 160 167 3.33 0.50

Stroop 34 7 1700 19.00 2000 20 3.00 34 6 13.00 1600 18.75 20 5.75

Socio- 31 22 2500 31 3400 41 900 31 22 2500 31 34.00 41 9.00
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4-years-old

4.5-years-old
Free recall Recognition Free recall Recognition
Neg Neu Pos Neg Neu Pos Neg Neu Pos Neg Neu Pos
Corsi -.065 -507** 025 .035 .119 .186 .228 .075 .059 .086 .221 .316
Stroop 373% 195 280 .184 .135 .116 .395* .090 276 .381* .147 412*
Socio-environmental .189 -.021 .207 -.204 -.036 -.076 .084 .244 .013 .064 .472* .183

Note. * p<.05,**p<.01.***p<.001.





