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Introduction: The first year of the COVID-19 pandemic presented a series of stressors that could relate to psychological difficulties in children and adolescents. Executive functioning (EF) supports goal achievement and is associated with life success, and better outcomes following early life adversity. EF is also strongly related to processing speed, another predictor of life outcomes.

Methods: This longitudinal study examined 149 youths’ pre-pandemic EF and processing speed abilities as predictors of self-reported emotional, cognitive, and social experiences during the first year of the COVID-19 pandemic. EF and processing speed were measured with a total of 11 behavioral tasks. The COVID-era data was collected during two timepoints, during early (May-July 2020) and mid- (January-March of 2021) pandemic.

Results: Better pre-pandemic EF skills and processing speed abilities predicted more mid-COVID-19 pandemic emotional and cognitive difficulties. On the other hand, better switching (a subcomponent of EF) and processing speed abilities predicted more mid-pandemic social interactions. EF and processing speed abilities did not relate to the well-being reports from the initial months of the pandemic. Our EF - but not processing speed - results were largely maintained when controlling for pre-pandemic mental health burden, socioeconomic status (SES), and gender.

Discussion: Better cognitive abilities may have contributed to worse mid-pandemic functioning by supporting the meta-cognition needed for attending to the chaotic and ever-changing pandemic news and advice, leading to higher stress-induced worry and rumination. Our study highlights a potential downside of higher EF – often largely viewed as a protective factor - in youth.
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Introduction

The first year of the COVID-19 pandemic was marked by significant changes in everyone’s lives, but this was especially true for young people. The pandemic initially disrupted school routines, limited social and leisure activities, created family financial instability, and elevated global uncertainty about the virus’s spread and the future (Fegert et al., 2020). Early studies have linked lower emotional distress during the early parts of the COVID-19 pandemic with protective factors, including positive coping methods, resilience, and feelings of social connectedness (Domínguez-Álvarez et al., 2020; Magson et al., 2020; Zhang et al., 2020). Later, however, as knowledge grew with regard to COVID-19, variants came and went, and advice changed (e.g., isolation recommendations), the experienced impact of the pandemic also changed. Studies have found different patterns of change in youth internalizing problems throughout the progress of the pandemic (cf. Liang et al., 2021 finds a decrease in anxiety symptoms over time; Weissman et al., 2021 finds an increase in internalizing problems). The persistence of COVID-19 variants, and the pandemic’s extended duration, could contribute to change in well-being of youth that differs in patterns of impact and severity from the more universal initial stressor of the first pandemic shut-down, and thus interact differently with initially protective factors.

Several studies have identified emotional distress among children and adolescents during the COVID-19 pandemic - including symptoms of anxiety, depression, and stress - and a series of risk and protective factors associated with this distress (Duan et al., 2020; Racine et al., 2021; Tang et al., 2021). Longitudinal studies beginning before and continuing during the pandemic are important for contextualizing differences in individuals across the pandemic. For instance, Porter et al. (2021) found, through a longitudinal approach, that higher pre-pandemic ADHD symptom burden, predicted children and adolescents’ higher cognitive and emotional problems during the earliest months of the pandemic. Beyond pre-existing mental health difficulties, pre-pandemic cognitive abilities could also serve as protective or risk factors with regard to one’s functioning in the COVID-19 pandemic, and any impact could potentially vary at different points in the extended timeframe (Chahal et al., 2021).

Executive function (EF) could be an important set of cognitive abilities that support individual responses during the COVID-19 pandemic. EF refers to a collection of mental tools necessary to regulate one’s thoughts and actions, and is considered essential for the completion of goal-driven behavior (Engelhardt et al., 2019). According to the “unity and diversity” theory of EF, there is both a common EF factor across different EF skills, as well as a series of related sub-domains of EF (Friedman and Miyake, 2017). Three commonly studied sub-domains of EF are updating, which refers to adding new information or changing information in one’s working memory as needed; inhibition, referring to the suppression of a prepotent response; and switching, being flexible when alternating between different activities (Friedman and Miyake, 2017; Karr et al., 2018; Engelhardt et al., 2019). Common EF consists of the general common factor that unites these different EF abilities (Friedman and Miyake, 2017).

EF plays a role in many aspects of one’s life, including academic success and physical and mental health. Better EF abilities have been linked to higher happiness (Sung and Choi, 2021), health behaviors (Hall et al., 2008; Allan et al., 2016), emotional regulation (Groves et al., 2021), mind-wandering (Kane et al., 2007; Unsworth and Robison, 2016), resilience (Zhang et al., 2019), academic achievement (Ahmed et al., 2019), and social competence (Fong and Iarocci, 2020). Therefore, there has been evidence that higher EF abilities relate to higher well-being in youth. On the other hand, deficits in EF abilities have been associated with most psychopathologies, including major depression, conduct disorder, oppositional defiant disorder, substance use disorder, obsessive–compulsive disorder (OCD), schizophrenia, post-traumatic disorder (PTSD), and attention-deficit/hyperactivity disorder (ADHD; see Snyder et al., 2015 for review). Overall, EF consists of several mental abilities (e.g., planning, switching, inhibiting) that play a fundamental role in a person’s psychological and physical health throughout the lifespan and, consequently, could play an influential role in the well-being of young people during the COVID-19 pandemic.

Processing speed is another cognitive tool strongly related to EF (Fry and Hale, 1996). It refers to the length of time necessary to process information, formulate an appropriate reaction to it, and execute this reaction (Foong et al., 2018). Similar to EF, it is a predictor of real-world positive functioning (Puig et al., 2012), academic performance (Forchelli et al., 2021), mental health (Nigg et al., 2017; Márquez-Caraveo et al., 2021), and processing speed improves throughout the lifespan (Kail, 1991; Kail and Ferrer, 2007). Some researchers argue that it is a separate, more primitive cognitive process that aids or hinders the performance of EF, (Salthouse, 1996), while others consider it an additional EF domain (e.g., Brown et al., 2011). Thus, in addition to common EF and three EF subcomponents (inhibition, switching, and updating), we separately tested pre-pandemic measures of processing speed in relation to pandemic response.

There is a well-established link between adverse childhood experiences (ACEs) and future EF deficits (see Lund et al., 2020 for a review). ACEs refer to a wide range of negative childhood events, including household dysfunction and psychological, physical, or sexual abuse (Felitti et al., 1998). Prior research focused on EF as the mediator of later functioning among those who experienced early adversity (Kopetz et al., 2019), with higher EF abilities often serving a protective role (Tsai et al., 2020; Trossman et al., 2021). However, the direction of this relationship - whether cognitive abilities would act as protective or as risk factors to later well-being - is not clear with COVID-19 as a stressor. Early studies looking at the beginning of the COVID-19 pandemic found that higher coherence in EF-related brain networks were associated with fewer internalized symptoms (Chahal et al., 2021), and better self-reported EF abilities were associated with healthier behaviors (Appelhans et al., 2021). Subsequently, studies of mid-pandemic adults found that self-reported better attentional control abilities had a protective effect as a moderator between higher levels of COVID-19-related stress and increased anxiety (Bardeen et al., 2021), while inhibition-related prefrontal control activity predicted reduced COVID-19 distress (Monninger et al., 2022). On the other hand, better EF has also been associated with heightened worry in youth in contexts unrelated to the pandemic (Muris et al., 2002; Songco et al., 2020), so better cognitive abilities could be associated with worse pandemic functioning.

This study assessed the relationship between pre-pandemic EF and processing speed abilities, and youths’ self-reported emotional, cognitive, and social experiences during the pandemic at two different timepoints: months 3–5 and months 10–12 of year 1 of the COVID-19 pandemic (March 2020–March 2021). We hypothesized that better pre-pandemic EF and processing speed abilities (i.e., better performance in these tasks) would predict fewer emotional and cognitive difficulties, along with more social interactions during the first year of the COVID-19 pandemic (including both the early and mid-pandemic timepoints). Exploratory analyses examined change over time in those with both COVID-19 pandemic surveys, and the potential interactions of any main effects with gender, socioeconomic status, and pre-pandemic mental health.



Methods

We analyzed data from 149 unique participants drawn from a larger sample already enrolled in an annual longitudinal study of EF abilities in youth with and without mental health difficulties (Nugiel et al., 2020). Analyzed participants had 1–4 yearly pre-pandemic data collection timepoints (in-lab) and also had provided responses to 1 or 2 online COVID-19 surveys. The pre-pandemic data points were collected between November, 2016 to March, 2020, while the first COVID-19 survey spanned May to July, 2020, and the second survey spanned January to March, 2021. The average time interval between the most recent in-lab EF visit to the first COVID-19 survey was about 13 months (M = 1.11 years, range = 0.20–3.68 years), and was about 21 months for the second COVID-19 survey time point (M = 1.76 years, range = 0.88–4.28 years).


Participants

The 1st pandemic survey sub-sample included 135 participants (Mage = 15.2 years, SD = 3.05, range = 9.45–22.1), with 61 identifying as female, 70 as male, 3 as non-binary, and 1 ‘preferred not to say’. The sub-sample for the second COVID-19 timepoint included 107 participants (Mage = 15.7 years, SD = 3.02, range = 10.1–21.7), of which 52 identified as females, 51 as males, 2 as non-binary, and 2 ‘preferred not to say’. There were 93 overlapping participants between the two COVID-19 sub-samples. Participants who identified as non-binary or preferred not to report gender were removed from the gender-related subanalysis for early- (yielding n = 131) and mid-pandemic (yielding n = 103) timepoints.

Across all samples, the majority identified as white, and a substantial number of participants had a mental health diagnosis, with ADHD (with and without comorbidity) being the most common. See Supplementary Table S1 for the complete demographic information for each subsample, including race/ethnicity, income, diagnosis, and medication use.

All data collection was reviewed and approved by the University of Texas at Austin Institutional Review Board. Parents of children younger than 18 years of age provided informed consent while children provided assent before each data collection time point. Adult participants provided informed consent before each data collection time point. After the completion of each session, both the parent (if present due to the child being <18 years) and youth participant received financial compensation.



Measures and procedures


Pre-pandemic data collection

The annual pre-pandemic EF study data was collected through a 3-hour in-person lab session that included the EF and processing speed tasks. Participants and their parent/legal guardian completed a series of questionnaires, in addition to the youth participant completing the behavioral data collection.

We administered 8 EF and 3 processing speed tasks, adapted from (Engelhardt et al., 2015). See Supplementary Table S2 for task description and scoring, and Engelhardt et al. (2015) for reliability and factor analysis of the tasks. All task scores were z-scored among the whole (n = 149) sample’s most-recent pre-pandemic data. Task data were excluded if the participant was greater than 3.5 standard deviations from the average, which excluded 1 Cognitive Flexibility score and 2 N-Back scores. All eligible EF task scores were averaged within each putative EF domain to compose their respective scores (see Supplementary Table S2). Common EF was calculated as a composite score of the mean of the inhibition, updating, and switching variables. Processing speed was calculated as the mean of the three processing speed tasks, similarly z-scored. One participant’s score was greater than 3.5 standard deviations and removed. No participant was removed from the sample.

Pre-pandemic mental health burden was measured with the parent-reported Child Behavior Checklist (CBCL; Achenbach and Rescorla, 2001) among those under 18 years old, and self-reported ASR (Achenbach and Rescorla, 2003) for those older than 18 (n = 16). The two measures were converted to percent-of-max score (POMS) - the participant score minus the measure’s minimum possible score, all divided by the measure’s maximum score minus the minimum score in order to combine across the two measures.



COVID-19 mental wellbeing assessment

The data collected during the COVID-19 pandemic occurred via online survey. The participants and their parents (if younger than 18) were contacted through email, phone call, and/or text message. If interested, participants were compensated with a $5 Amazon card for each survey completed. Youth experiences during the pandemic were measured with the COVID-19 Adolescent Symptom and Psychological Experience Questionnaire (CASPE); this analysis just included questions about emotional, cognitive, and social experiences during the pandemic (Ladouceur, 2020). For instance, participants were asked to rate how ‘stressful’ they perceived the pandemic’s uncertainty through a five-point Likert scale ranging from “very slightly or not at all” to “extremely.” This data set was coded as in Porter et al. (2021), so that a higher score on the emotional and cognitive variables represented more difficulties in these dimensions, while a higher score on the social variable represented more frequent online social interactions. The points from each question were summed to compose the emotional, social, and cognitive variables scores. Subsequently, the three variable scores were converted to POMS and z-scored. Porter et al. (2021) calculated the early-pandemic Cronbach’s alpha for the CASPE, while the mid-pandemic Chronbach’s alpha can be found at Supplementary Table S3.



Demographic characteristics

Participant date of birth was used to calculate age during the EF in-person sessions and COVID-19 survey completions. Gender was collected in the first COVID-19 survey but not in the second one. Therefore, this study included the most recent reported gender from the first COVID-19 timepoint and, if not available, the first EF data timepoint. Data collection from the first EF data timepoint included race and ethnicity, while each annual visit collected diagnoses, medication status, income, and parental education information. The socioeconomic status measure used in this analysis was a composite measure of z-scored income and parental (including both parental figure’s) education.




Statistical analysis

Data were analyzed with R-4.1.1 (R Core Team, 2021). Unless noted otherwise, age at the respective COVID-19 time point was added as a covariate, and all value of ps were adjusted using the False Discovery Rate (FDR) correction (Benjamini and Hochberg, 1995).


Pre-pandemic cognitive abilities as COVID-19-era predictors

Multiple linear regressions were conducted using common EF, a single EF subcomponent (inhibition, updating, and switching were separately tested), or processing speed scores as a predictor variable and one of the COVID-19 social, cognitive, and emotional experience scores as the outcome variable (3 tests per predictor variable). All analyses were separately performed for each COVID-19 timepoint, first (May–July 2020) and second (January–March 2021). We subsequently controlled for family ties within our sample by bootstrapping a random individual per family (n = 68 at COVID timepoint 2) one-thousand times and obtained the subgroup mean p-value of the primary significant whole group models.



Additional exploratory analyses

Pre-pandemic mental health symptom burden, gender, socioeconomic composite measures, and the time interval between the respective pre-pandemic EF collection and COVID survey data were added to the regression models to see whether they affected the significant EF and processing speed results. These covariates were examined separately as predictors of COVID-era functioning, along with age, if not previously examined by Porter et al. (2021). Data from participants with both COVID-19 timepoints (n = 93) were tested to explore whether the two timepoints’ emotional, cognitive, and social variables differed within-person across the pandemic via within-subject t-tests.





Results


Pre-pandemic EF and processing speed abilities as a COVID-19-era predictor

We hypothesized that better EF and processing speed abilities would predict better functioning in both timepoints. We first tested whether common EF, and its subdomains of inhibition, updating, and switching, were predictors of early pandemic (May–July 2020) emotional, cognitive, and social functioning in youths. Counter to the hypothesis, there was no relationship between any EF or processing speed variables and any aspect of early pandemic functioning (Supplementary Table S4).

We next assessed whether common EF or any of its three subdomains predicted social, cognitive, and emotional experiences in youths mid-pandemic (January–March 2021). We found significant relations with EF and processing speed and pandemic self-reports at this time point, but they were not in the predicted direction (Figure 1). Pre-pandemic common EF (β = 0.53, p = 0.009, R2 = 0.17, Adjusted R2 = 0.15), updating (β = 0.34, p = 0.015, R2 = 0.16, Adjusted R2 = 0.14), switching (β = 0.37, p = 0.01, R2 = 0.16, Adjusted R2 = 0.15), and processing speed (β = −0.28, p = 0.04, R2 = 0.13, Adjusted R2 = 0.11) abilities were moderate-to-strongly related to mid-pandemic emotional difficulties, such that better cognitive abilities predicted more emotional difficulties. Better pre-pandemic common EF (β = 0.52, p = 0.009, R2 = 0.11, Adjusted R2 = 0.089), updating (β = 0.38, p = 0.015, R2 = 0.11, Adjusted R2 = 0.092), switching (β = 0.44, p = 0.006, R2 = 0.12, Adjusted R2 = 0.11), and processing speed (β = −0.36, p = 0.03, R2 = 0.098, Adjusted R2 = 0.81) abilities were also moderate-to-strongly significant predictors of more mid-pandemic cognitive difficulties. Processing speed (β = −0.32, p = 0.04, R2 = 0.058, Adjusted R2 = 0.039) and switching (β = 0.28, p = 0.051, R2 = 0.052, Adjusted R2 = 0.034, marginal), were the only weak significant predictors of social interaction, such that better cognitive abilities predicted more frequent online interactions. Common EF and updating were not predictors of social interactions. Inhibition was not related to any CASPE emotional, cognitive, and social functioning (Figure 1). See Supplementary Table S4 for non-significant results.
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FIGURE 1
 EF and processing speed as predictors of mid-pandemic functioning. Common EF, and subdomains of inhibition, updating, and switching as predictors of higher social, and worse cognitive and emotional experiences at the COVID-19 pandemic second time point survey (January–March 2021). The relationships are displayed without age regression, while all reported statistics had age as a covariate. Higher processing speed scores reflect slower speeds. The y-axis labels (e.g., updating) refer to the predictor measures across the entire respective row, while the x-axis labels (e.g., Emotional Difficulties) apply the outcomes for all graphs in that respective column. **p < 0.01, *p < 0.05, all FDR corrected.


As several families had multiple children included in the full mid-pandemic sample (n = 68 unique families, with n = 107 data points), we explored whether using single data points from families altered the relationship between EF and processing speed with mid-pandemic functioning. When generating a mean value of p from bootstrapping a random individual per family (n = 68) one-thousand times, within the mid-pandemic subsample, common EF still marginally predicted emotional functioning, but not cognitive and social functioning. Updating remained a significant predictor of mid-pandemic emotional and cognitive difficulties. However, switching and processing speed became non-significant predictors of mid-pandemic cognitive and social functioning. See Supplementary Table S5 for these results.



Additional exploratory analyses


COVID-19 timepoint-to-timepoint change

For participants who completed both COVID-19 timepoint surveys, a within-subjects t-test was used to evaluate whether early- and mid-pandemic social, cognitive, and emotional experience differed (n = 93). As shown in Figure 2, there were no significant mean differences between early and mid-pandemic emotional (t(92) = 0.88, p = 0.57), cognitive (t(92) = 1.22, p = 0.57), and social (t(92) = −0.52, p = 0.60) functioning, although there was great variability across individuals.
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FIGURE 2
 Early and Mid-COVID-19-Era experience change. Individual change in CASPE scores between early and mid-pandemic collection timepoints (n = 93). (A) Emotional difficulties, (B) Cognitive difficulties, and (C) Social interactions. Points represent individual participants, with thin lines connecting each participant’s early and mid-pandemic experiences. Bolded horizontal lines indicate group mean within each timepoint. Means were not significantly different, but this masked considerable individual variability. The x-axis (timepoint) is the same across all three graphs.




Gender

We first tested whether there were gender differences in the pandemic survey responses about early- and mid-pandemic social, cognitive, and emotional functioning. There was a significant gender difference in emotional experience at both the first (t(129) = 4.07, p = 0.00025) and second (t(101) = 2.60, p = 0.032) survey time points after FDR-correction, such that males reported better emotional functioning than females during both time points. There were no significant gender differences in cognitive and social functioning within either time point (Supplementary Table S6).

Next, we controlled for gender in our main results. In general, controlling for gender did not alter relations between pre-pandemic EF abilities and mid-pandemic emotional and cognitive functioning (Supplementary Table S6). However, after adding the control for gender, switching (β = 0.21, p = 0.15, R2 = 0.058, Adjusted R2 = 0.029) became a non-significant predictor of mid-pandemic social interactions. Similarly, once gender was added, processing speed became a non-significant predictor of emotional difficulties (β = −0.22, p = 0.11, R2 = 0.19, Adjusted R2 = 0.16) and social interactions (β = −0.26, p = 0.10, R2 = 0.061, Adjusted R2 = 0.032), while marginally predicting cognitive functioning, β = −0.33, p = 0.053, R2 = 0.095, Adjusted R2 = 0.067.



Socioeconomic status

As for gender, we first tested whether the most recent pre-pandemic socioeconomic composite measure was a predictor of youth experiences during the two COVID-19 surveys. Pre-pandemic socioeconomic status did not predict youth early- or mid-pandemic emotional, cognitive, and social functioning (see Supplementary Table S6). Next, controlling for age and socioeconomic status did not alter the original results between common EF, updating, switching, or processing speed, and mid-COVID-19 pandemic functioning (see Supplementary Table S7 for complete results).



Mental health burden

Pre-pandemic mental health burden of youth, as rated by parents, did not predict emotional, cognitive, and social functioning in early pandemic (as found in Porter et al., 2021), nor mid-pandemic (Supplementary Table S6). Controlling for age and mental health burden did not alter in direction or magnitude the common EF, updating, switching, and processing speed main results (Supplementary Table S7).



Time interval

The time interval between youth pre-pandemic and COVID-era assessments did not predict emotional, cognitive, and social functioning in either early pandemic or mid-pandemic (Supplementary Table S6). Controlling for age and time period did not alter in direction or magnitude the common EF, updating, switching, and processing speed main results (Supplementary Table S7).





Discussion


Mid-pandemic outcomes worsened with higher cognitive abilities

It was hypothesized that better pre-pandemic EF and processing speed abilities would have a protective effect against emotional and cognitive difficulties during the two COVID-19 timepoints. However, instead we found no effect on early COVID-19 experiences, and we found that better cognitive abilities actually predicted worse mid-pandemic functioning. More specifically, stronger common EF, updating, switching, and processing speed abilities significantly predicted worse youth emotional and cognitive functioning in early 2021. We consider these findings in the context of existing literature on rumination, worry, and pre-pandemic quality of life.

Our findings suggest a potential relationship between more advanced cognitive development and more severe pandemic worry in youth. Perica and colleagues found that higher pre-pandemic hippocampal-prefrontal connectivity predicted higher mid-pandemic anxiety among 10-19-year-old individuals (Perica et al., 2021). These brain networks have been associated with memory formation, emotional processing, and high-order cognitive processing, including decision-making and planning abilities (Calabro et al., 2019). Based on these results, the authors hypothesized that adult-like cognitive abilities support future thinking that promotes stress-induced worry (Perica et al., 2021). EFs are higher-order mental processes that support this type of cognitive activity (Kopetz et al., 2019). Additionally, Muris et al. (2002) found a positive association between cognitive maturity (as assessed by Piaget conservation tasks) and worry among youth. These cognitive abilities are hypothesized to promote and enable thinking about future events and anticipating adverse outcomes, especially among older children and adolescents (Muris et al., 2002; Songco et al., 2020). Therefore, more mature cognitive abilities could have worsened mid-pandemic cognitive and emotional functioning through heightened worry by supporting planning, meta-cognition, and future-focused thinking.

The relationship between better cognitive abilities and worse emotional and cognitive functioning are also consistent with the biocognitive vulnerability-stress model. This model describes how normative adolescent brain and EF development are necessary to have the negative cognitive style (i.e., negatively interpreting life events) often seen in those with depression (Alloy and Abramson, 2007). Two processes could mediate the association between cognitive development and negative affect: First, cognitive resources would be required to evaluate hypothetical undesirable consequences of current stressful events, leading to the feeling of hopelessness; Second, updating is hypothesized to be especially fundamental for the development of rumination and self-regulation due to its role in keeping information in one’s mind (Alloy and Abramson, 2007; Altamirano et al., 2010; Zetsche and Joormann, 2011; Wagner et al., 2014). Our study’s findings are remarkably consistent with this model: the subdomain of updating played a major role in the relationship between EF and mid-COVID-19 functioning. Thus, we propose that better cognitive abilities could have acted as prerequisites for rumination and negative interpretations of the stress-inducing pandemic, and, consequently, related to worse mid-COVID-19 pandemic emotional and cognitive experiences.

Alternatively, these findings could be reflecting better pre-pandemic overall quality of life in those with better cognitive skills. Better EF and processing speed has been associated with higher extraversion (Campbell et al., 2011), optimal school performance (Duncan et al., 2007; Mulder et al., 2010) and quality of life (Brown and Landgraf, 2010; Ojeda et al., 2012; Zhang et al., 2021). Therefore, individuals with better pre-pandemic EF could have experienced more enjoyment out of social and academic experiences that were largely still unavailable mid-pandemic in our sample, including in-person peer interaction, school engagement, and quality time at school. The loss of these experiences could have contributed to worse mid-pandemic emotional and cognitive functioning, as that survey was collected halfway through the unusual school year of 2020–2021.

There was strong agreement between EF and processing speed results. Processing speed is highly correlated with EF abilities, and, consequently, better processing speed could relate to worse pandemic emotional and cognitive functioning through similar mechanisms as discussed above. These findings are consistent with previous literature describing the strong link between EF and processing speed (Fry and Hale, 1996). Processing speed and EF are not always collected within the same datasets, and thus our study presented an important opportunity to examine them both within the same individuals. The similar, if weaker, impact of processing speed on mid-pandemic results indicate that overall better cognitive functioning may relate to worse mid-pandemic cognitive and emotional outcomes.


Higher cognitive abilities increased online social interactions

Processing speed and switching (marginally) showed a protective role on mid-pandemic social functioning, as better cognitive abilities predicted more frequent online social interactions. Previous studies have shown a similar protective effect of processing speed (Bachman et al., 2011) and switching (Bock et al., 2014) within social interactions among adolescents. The first year of the COVID-19 pandemic was marked by social distancing guidelines, which may have limited children and adolescents’ in-person opportunities for social interaction. Within this context, our results suggest that better switching and processing speed could facilitate adaptation from this shift from in-person to online means of interacting with others. Both switching and processing speed have been previously associated with adaptability (Bertollo et al., 2019; Thornton et al., 2021). Therefore, better processing speed - and switching, although not as strongly - could relate to better mid-pandemic social functioning through more optimal adaptation.



We found no early pandemic effects

It is noteworthy that we found no relationship between pre-pandemic EF, EF subdomains (updating, switching, and inhibition), or processing speed with early COVID-19 functioning. Our results underscore the importance of timing in pandemic surveys, suggesting distinctions between the early and mid-pandemic periods. The initial months of the pandemic – including May to July of 2020 – were marked by global uncertainty and fear about COVID-19. On the other hand, the pandemic’s health, safety, and social distancing guidelines had changed up and down for several months by the second COVID-19 survey timepoint (January–March, 2021). It is possible that the early months of the pandemic - times of more universal uncertainty and consistent shutdown - provided a context where differences related to cognitive abilities were minimized, because impact was more similar. Subsequently, however, cognitive abilities could have been more critical when there was more information available about the COVID-19 as a virus, more discussion of mixed or negative future projections, and there was more variation in pandemic response at different levels (e.g., city, school, family). The information needed for future-oriented thinking could have contributed to more worry and rumination among those with better cognitive abilities at this later timepoint, consistent with the large variability seen across individuals between survey timepoints.

Metacognition (i.e., awareness of self-cognitive processes) could also explain timepoint differences in self-reported emotional and cognitive experience. A portion of the CASPE emotional and cognitive difficulties questions inquired about individuals’ mental states in comparison to before the COVID-19 pandemic (e.g., “Compared to before the COVID-19 outbreak”) instead of at the current week (e.g., “In the past 7 days”; Ladouceur, 2020). Better long-term recollection of cognitive state has been associated with better metacognition, and also with stronger cognitive abilities (see Roebers, 2017, for a review). Therefore, the association between better cognitive abilities and self-reported worse emotional and cognitive experience could be mediated by metacognition abilities. These metacognition abilities would be more strongly needed for mid-pandemic retrieval compared to early-pandemic, due to the longer time interval between the pre-COVID-19 period and survey completion. This additional cognitive demand could also have mediated EF and processing speed as better predictors of mid-pandemic functioning instead of early pandemic functioning.



Gender related to pandemic emotional response and social interactions

Girls were found to experience worse emotional functioning than boys early- and mid-pandemic. These findings are consistent with other studies that found higher rates of internalized symptoms among female youth than males during early (Duan et al., 2020; Zhou et al., 2020) and mid-pandemic periods (Perica et al., 2021). This pattern could reflect increased stress vulnerability among females (Natsuaki et al., 2009) or normative higher depression and anxiety rates among girls outside of the context of the pandemic (e.g., Alloy and Abramson, 2007). However, these results were independent of our EF results, suggesting a somewhat separate phenomenon impacting reports of pandemic well-being, and an effect limited to emotional responses, rather than cognitive responses.

When controlling for gender, processing speed’s relationship with emotional and social functioning became non-significant. Similarly, the relationship between switching and social interactions weakened when controlling for gender. These results indicate a potential gender difference within EF subdomains and processing speed as predictors of mid-pandemic COVID-era functioning, particularly in the social aspect, despite no overall gender difference in processing speed or switching.



Pre-pandemic mental health, socioeconomic status, and assessment time interval did not impact results

Common EF, updating, switching, and processing speed results remained largely unaltered when separately controlling for pre-pandemic mental health burden, socioeconomic status, and the time interval between assessments. These results indicate that cognitive ability predicted pandemic emotional and cognitive functioning across important differences in individual experience. Controlling for these variables was particularly important considering previous evidence of the relationship between EF and processing speed with socioeconomic status (Hackman et al., 2015; Madhushanthi et al., 2018), mental health burden (Robson et al., 2020), and most psychopathologies (Snyder et al., 2015; Gur et al., 2019). Also, these pre-pandemic covariates were particularly important to examine in this sample, as 54% of participants had at least one mental health diagnosis, with ADHD being the most common diagnosis (80% of diagnosed). Despite considerable variability in the timing between our pre-pandemic assessment and the COVID surveys, our results suggest that the results were robust to this variability.




Strengths and limitations

The collection of multiple EF and processing speed measures within a relatively large sample of adolescents is a strength of the current study, compensating for possible noise within each task. In addition, the two COVID-19 timepoints allowed for a more complete picture of the first year of the COVID-19 pandemic, which is especially important as COVID-19 has been a fast-changing global event. Also, the richness of the pre-pandemic data collection, with the inclusion of several pre-pandemic measures, allowed exploration of important covariates such as socioeconomic status and mental health, and highlighted the consistency of the present results. Further, including both diagnosed and undiagnosed youth longitudinally broadens the impact of our results across more children’s experiences.

The present study also has several limitations. The cognitive ability measures (EF and processing speed) were only administered before the COVID-19 pandemic, not during. Administering a self-reported EF measure such as the questionnaire Behavior Rating Inventory of Executive Function (BRIEF; Gioia et al., 2000) during the pandemic could have been one way to test the association between simultaneous EF and COVID-19 well-being, although previous studies have shown limited agreement between questionnaire-based and performance-based EF (Toplak et al., 2012). Although we controlled for age within all models, our findings should be interpreted with caution as our sample had a large age range (from 9.45–22.1 years old), and thus there may be important variations in pandemic response by age that are important to consider in a larger sample. Similarly, direct comparisons of social, cognitive, and emotional variables before and during the COVID-19 pandemic were not possible as in-person collection was not possible during these periods of the pandemic, and the CASPE was created because of the COVID-19 pandemic (Ladouceur, 2020). However, a different pre-pandemic mental health burden measure was included and explored as a covariate (i.e., the CBCL; Achenbach and Rescorla, 2001), and did not impact our results.

Further, a substantial portion of the youth in our study sample had at least one mental health diagnosis, and this is an important point to consider regarding the generalizability of our findings. It is also important to note that up to 1 in 5 children experience a mental health diagnosis and mental health difficulties (Child Mental Health | CDC, 2020). Therefore, by including children with and without mental health difficulties, we may be increasing the applicability or utility of our results, at least in the context of mental health.

Unfortunately, our EF and processing speed results were not fully robust to the power hit of reducing data points to one child per family (from n = 107 to n = 68). The shared variance by family members thus may have contributed to our effects, and family-level dynamics are worthy of future exploration. Lastly, the social functioning measure evaluated only the frequency of online social interactions, which might not directly reflect other important qualitative and quantitative aspects of these social interactions.




Conclusion

These findings indicate that stronger pre-pandemic cognitive abilities – assessed via aspects of EF and processing speed - predicted more emotional and cognitive difficulties mid-pandemic, but not during the first few months of the COVID-19 pandemic. These findings suggest that stronger pre-pandemic cognitive abilities could have promoted greater stress-induced rumination and worry among youth during lingering aspects of this global, constantly shifting, pandemic experience. Processing speed and switching abilities were also shown to have a beneficial role in more frequent mid-pandemic social interaction. Our findings could help to identify and aid youth at risk for negative outcomes associated with the long-lasting and unpredictable COVID-19 pandemic.

Future research could benefit from exploring elements that mediate the association between EF and mental health. For instance, it could be the case that higher exposure to negative information results in higher anxiety among youth with higher EF and processing speed abilities, or it could be the uncertainty from mixed messaging by societal leaders, or the sensitivity to stress of adults in the child’s environment. Similarly, researchers could explore further coping strategies to attenuate negative affective and cognitive difficulties among youth with higher cognitive abilities.

Our findings bring attention to the potential downside of higher EF and cognitive skills in youth - greater awareness of the world can have its negatives during times of prolonged upheaval and mixed messaging. Youth with higher cognitive abilities, often viewed as at lower risk for emotional and cognitive distress, are possibly in need of specific treatment and support when in a prolonged and unpredictable pandemic context. Support could include helping youth interpret media messaging, helping them understand how to evaluate and contextualize their own circumstances relative to bigger national or international issues, and helping them to gather information or avoid disinformation as events unfold and change over time.
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