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Coping styles mediate the relation
between mindset and academic
resilience in adolescents

during the COVID-19 pandemic:

a randomized controlled trial

T.W. P. Janssen®™ & N. van Atteveldt

The COVID-19 pandemic negatively impacted adolescent mental health on a global scale. However,
many students were resilient during this crisis, despite exposure to COVID-related stressors. We
aimed to study the protective effects of growth mindset on school-related resilience during the
COVID-19 pandemic, and the mediating effects of coping styles. The two-year follow-up of an ongoing
Randomized Controlled Trial, involving a growth mindset and control intervention, took place during
the pandemic. We measured growth mindset, school burnout symptoms, COVID-19-specific stressor
exposure, coping styles, and calculated a resilience score (corrected for pre-pandemic school burnout
symptoms). Mediation analyses were performed in the total sample (N=261), and exploratory in

the intervention subsamples, to test whether the associations between mindset and resilience were
mediated by coping styles. Growth-mindset students were more resilient during the pandemic and
used less maladaptive and more adaptive (acceptance) coping styles. Coping mediated the relation
between mindset and resilience in the total sample (both coping styles), and growth mindset
intervention subsample (maladaptive coping). We found unique evidence for the beneficial effects of
growth mindset on school-related resilience during the pandemic, and the mediating effect of coping
styles as explanatory mechanism. This work contributes to a growing literature that shows positive
effects of growth mindset on mental health.

The COVID-19 pandemic impacted adolescent mental health on a global scale'. Closures of schools and other
learning spaces have impacted 94 per cent of the world’s student population?, resulting in increased social
isolation®, and more challenging learning conditions*. The negative consequences of social isolation may have
a greater impact on adolescents and young adults>®, as social interactions with peers are important for identity
development and support”®. This is particularly worrisome, considering that the peak onset of mental health
disorders is during adolescence (~14 years)°®, with potential lifetime vulnerabilities for mental health problems'.
In the Netherlands, schools first closed down on March 16th 2020 for eleven weeks, followed by a period of partial
re-opening, and another full closure for 11 weeks between December 15th 2020 and March 3rd 2021, followed
again by partial re-opening. The Netherlands Youth Institute (NJi) and the Dutch Inspectorate of Education
published worrying reports about the damaging effects on mental health, motivation for learning, socioemotional
development'"!? and academic performance'?, in line with international research’.

However, a considerable subgroup of students did relatively well despite the pandemic'>'*!>. Whether or
not students were resilient during this crisis—maintaining mental health despite stressor exposure'®—seems
to be influenced by well-known risk and protective factors, such as socioeconomic status, social support and
coping skills'. Especially interesting from a prevention perspective, are a special kind of protective factors called
‘resilience factors’; these are relatively stable predispositions that increase the likelihood of resilient responses
to stressors, such as emotion regulation capacity, communication ability and positive appraisal style'®!”. One
potential resilience factor—growth mindset—is especially relevant in an educational context'®-?! and suitable
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as a preventive target to reduce the impact of future virus variants or pandemics on adolescents’ school-related
mental health.

Mindset theory* posits that students hold varying implicit beliefs about the malleability of personal attributes,
such as intelligence or math ability. These beliefs range on a continuum, with some students holding entity beliefs
(or a fixed mindset), believing that intelligence is relatively stable, while others holding incremental beliefs (or
a growth mindset), believing that intelligence can be improved through their own efforts. These beliefs in turn
affect self-regulation, academic achievement and motivation. Generally, students with a growth mindset exhibit
adaptive self-regulation skills, in which they set learning goals (rather than performance goals), adopt mastery-
oriented strategies when encountering setbacks (rather than helpless-oriented strategies), and focus on future
expectations of success (rather than negative emotions)*. These adaptive self-regulation skills are conducive for
more resilient responses during challenging times'®". Therefore, we predict that students with a growth mindset
maintain better school-related mental health in the current pandemic.

Recently, there has been a growing interest in the association between mindset and mental health. In their
meta-analysis, Burnette et al.?* found that growth mindset was related to less distress, more active coping and
higher value placed on treatment. In a subset of eight studies where mindset was experimentally manipulated,
more encouraging effect sizes were observed for mental health outcomes when compared to academic outcomes®.
Mindset has also been associated with school-related mental health. Cross-sectional evidence demonstrated a
negative relation between growth mindset and school burnout symptoms®. School burnout symptoms, defined
as school-related exhaustion, cynicism, and sense of inadequacy®®, may be important indicators of mental health
problems in vulnerable students. Two other cross-sectional studies explored how mindset was related to school-
related mental health during COVID-19. Zhao et al.”’ found that the positive relation between growth mindset
and learning engagement in undergraduates, was mediated by reduced perceived COVID-19 strength and per-
ceived stress. In line with these results, Mosanya et al.”® found a negative association between growth mindset
and academic stress during the pandemic. Interestingly, Yeager et al.'® reported reduced generalized anxiety
symptoms during the pandemic, only for students with negative prior mindsets (interpreting stressful events
and responses as harmful/uncontrollable) who received a synergistic mindset intervention before the pandemic.

Based on the discussed literature, students with a growth mindset may employ more adaptive coping styles
(e.g., active coping) and less maladaptive coping styles (e.g., behavioural disengagement) to deal with COVID-
19-related challenges, and therefore are more resilient in the school context. Coping is defined as cognitive and
behavioural strategies that individuals apply to manage demands evaluated as taxing®’, with theories of coping
being classified according to orientation (situational versus dispositional) and approach (macro or microana-
lytic)*®. One of the most frequently used questionnaires to measure coping is the brief COPE (Coping Orientation
to Problems Experienced)®, which has a microanalytic approach with 14 subscales. Depending on its framing,
it can be used to measure either situational or dispositional coping. Theoretically, the brief COPE was based
on problem-focused, emotion-focused and less useful coping strategies’. However, a recent review of 85 studies
revealed highly inconsistent ‘macro-analytic’ factor structures, ranging between 2 and 15 factors (with a mode of
2 factors)*. Dichotomies such as approach/avoidant, adaptive/maladaptive and active/disengaged were frequently
reported, while among all studies, disengaged/active/social support coping were most consistently identified.
Various factor structures have also been used for the brief COPE during the COVID-19 pandemic®*-*.

The current literature has several limitations that need to be addressed. First, most COVID-19-related
research, for understandable reasons, lack a pre-pandemic assessment of (school-related) mental health, limit-
ing the potential to isolate COVID-specific effects (for notable exceptions, see®!®). Second, even more rare are
studies that manipulate resilience factors before the pandemic, such as growth mindset, with a randomized
controlled (RCT) design and follow-up during the pandemic. This could provide even more compelling causal
evidence. Third, most resilience research does not take into account the actual exposure to adversity, but rather
rely on resilience questionnaires® that are conducted before any adversity has occurred'®. When considering
resilience as an outcome—maintaining mental health despite stressor exposure—it follows that adversity needs
to occur and be measured as well. Fourth, few studies have focused on school-related mental health, while this
can have important consequences for learning outcomes and later societal opportunities.

By coincidence, our research group was conducting an RCT study into a growth mindset intervention for
high-school students and just finished the one-year follow-up measurement, when the pandemic hit (see Fig. 1
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Figure 1. Timeline of the study in relation to the COVID-19 pandemic. Note. This timeline shows the timing
of the study (grey) in relation to the COVID-19 pandemic (orange; dark orange depicts full school closures,
while light orange depicts partial school closures). Schools first closed down on March 16th 2020. T0 (baseline),
RCT (randomized controlled trial; adolescents either received a growth mindset intervention or control
intervention), T1 (direct-post), T2 (1-year follow-up; pre-pandemic) and T3 (2-year follow-up; peri-pandemic).
Dark grey depicts the mean date questionnaires were received, light grey depicts the entire time period in which
questionnaires were received. Resilience, coping and mindset were measured at T3. Resilience was defined as
residuals of the regression between school burnout symptoms and COVID-related stress exposure, controlled
for burnout at T2 (normative modelling method). Coping was measured based on ‘the last year, since the
pandemic started’
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for the timeline). Given this unique situation, we decided to make several amendments to the two-year follow-up,
with the aim to study how mindset relates to school-related resilience during the COVID-19 pandemic, and to
investigate the mediating role of coping styles. An additional aim was to explore the effects of the growth mindset
intervention on this mediation. Because we were interested in resilience as an outcome—maintaining mental
health despite stressor exposure—we needed to measure both school-related mental health (school burnout symp-
toms) and exposure to stressors specific for the COVID-19 crisis'’. One would expect that students with higher
exposure, also report more burnout symptoms. A more resilient student, however, will report lower burnout
symptoms than expected, given the stressor exposure. We quantified this as a residual onto the regression curve
between exposure and burnout symptoms™. The pre-pandemic measure of school burnout allowed us to correct
for differences that were unrelated to the pandemic. Finally, we added the brief COPE*! to measure situational
coping styles that students have used since the beginning of the pandemic. Given that the COVID-19 pandemic
has different characteristics than disasters that are usually studied in coping research®, and the inconsistency
about higher-order coping styles in past research, we used a data-driven approach to determine higher-order
coping styles in the current study. Growth mindset is expected to be related to active coping®, in accordance with
more adaptive self-regulation strategies that are characteristic for growth-minded students®. In contrast, fixed
mindset is expected to be related to maladaptive coping styles, in accordance with helpless-oriented strategies
that are characteristic for fixed-minded students®.

Based on previous research showing that differences between fixed and growth mindset are amplified by set-
backs? and challenging transitions®’, we hypothesized that (1a) students with a growth mindset would be more
resilient during the pandemic, and (1b) report more adaptive and less maladaptive coping styles, (2) the relation
between mindset and resilience would be mediated by coping styles, where students with a growth mindset would
employ more adaptive/less maladaptive coping styles, which in turn would relate to higher resilience, and (3)
exploratively, we repeated the mediation analyses separately for those who received either a growth mindset or
control intervention one year before the pandemic started.

Methods

Trial design. The reporting of this study follows the CONSORT-SPI 2018 guidelines for social and psy-
chological interventions with cluster extension™, see Supplementary Table S1 online. This study is part of a
larger parallel cluster randomized controlled trial (RCT), stratified for school (n=2) and educational track in
the Dutch secondary school system (n=>5: ranging from vocational to pre-university). With an allocation ratio
of 1/1, twenty 7th grade classes were randomized to either the experimental growth mindset intervention or
control intervention. Outcomes were evaluated before (T0), directly after as manipulation check (T1), 1 year
later (T2) and 2 years later (T3). The main results of this RCT are reported elsewhere®, which focus on inter-
vention-related improvements in growth mindset and academic achievement between T0-T2. The current study,
however, focuses only on T2 (pre-pandemic) and T3 (during the pandemic: i.e., peri-pandemic) data, to test the
COVID-related hypotheses.

This trial was preregistered at the Dutch Trial Register (04/03/2019, Trial NL7562), approved by the local eth-
ics committee (Vaste Commissie Wetenschap en Ethiek; VCWE-S-18-00149) and conducted in accordance with
the Declaration of Helsinki. We made a few unforeseen changes following trial commencement. The COVID-19
pandemic started in between T2 and T3. We added two new questionnaires (T3) with the aim to investigate the
relation between mindset and resilience during COVID-19, and the mediating role of coping mechanisms: brief
Cope?!, COVID-related stress Exposure!”. For these additional questionnaires, an amendment was approved by
the local ethics committee (VCWE-S-21-00041).

Randomization. Randomization of classes (cluster allocation) was realized using the RANDARRAY func-
tion in excel, which generated random numbers between 0 and 1, with 15 decimal places. For each of the two
schools, a random number array was generated for the participating classes within each school (n=8, n=12).
Because we used stratification for both school and educational track, with the additional restriction of even fre-
quencies within each educational track, we could make duo’s of two classes within the same educational track of
the same school. The class with the highest random number was allocated to the growth mindset intervention,
while the class with lowest random number was allocated to the control intervention. All participants within
each class were invited to participate, see Participants.

The following order of events was implemented in this RCT: enrollment of schools, enrollment of classes,
consent of individual students, random allocation, start interventions. Allocation was concealed throughout the
RCT for participating students, parents and class mentors, but not the researchers. Although we did not explicitly
mention the allocation, it was possible for participants to identify the allocated intervention, based on the partici-
pant information they received during enrollment. However, this information only described the interventions
as ‘two different courses about the brain’ focusing either on ‘Opportunities and myths’ (control intervention) or
‘Plasticity’ (growth mindset intervention), concealing the actual aims of the experimental intervention (stimulat-
ing a growth mindset). The lead investigator, T.W.P. Janssen, generated the random allocation sequence, enrolled
the classes and assigned clusters to the interventions.

Participants. Two urban schools in the West of the Netherlands participated in this study with a total of 20
classes. All students in these 20 classes were asked to participate in the study (n=553), with no exclusion criteria
to allow stronger generalizability of findings. Parents of eligible students received a flyer and additional infor-
mation about the study. A sample of 439 students (79%) decided to participate, with both parents and students
giving active informed consent, of which 426 students returned the TO questionnaire.
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T3 data were available for 289 students (68% of N=426 at T0), while complete data for both T2 and T3 were
available for 271 students (64%). Ten participants filled in the T2 questionnaire after schools first closed down
on March 16th 2020, which therefore had to be excluded as T2 was a pre-pandemic measure, resulting in a final
sample of 261 students (61%; T2 completed between January and March 16th 2020). T3 questionnaires were
returned between 11-02-2021 and 03-05-2021, with a mean of 09-03-2021 and a median of 17-03-2021, see Fig. 1.
We performed an attrition analysis to explore whether this sample (N=261) is comparable to those from the
T0 sample who could not be included (N=178) on several group characteristics at TO. There were no statistical
differences in age, F(1,424) =1.63, p=0.203, socio-economic status, F(1,434) =0.05, p=0.825, growth mindset,
F(1,424)=0.82, p=0.367, and gender, XZ =0.29 (1), p=0.593, indicating comparability.

Interventions. The following paragraphs contain brief descriptions of both intervention conditions, but
see the published results™ and the archived data for all intervention materials translated in English (stored
at DataverseNL). The control and growth mindset intervention conditions were matched on duration (4 les-
sons x 50 min) and frequency (1 per week). While both intervention conditions were about exploring your own
brain, the key difference was that only the growth mindset intervention focused on brain plasticity and control-
lability, mindset, and their interrelatedness.

Control intervention. ~Students learned about brain anatomy (lesson I), brain illusions (lesson 2), brain imaging
techniques (lesson 3) and brain myths and opportunities (lesson 4). Most exercises involved active participation,
such as making a brain-hat (lesson 1), discussing various visual illusions, including ones in real-life (lesson 2),
seeing, but not influencing, their own brain waves measured with mobile EEG (lesson 3), and participating in a
neuromyth quiz and mailing a postcard to their future selves (lesson 4).

Growth mindset intervention. Students learned about brain plasticity (lesson 1), growth-mindset (lesson 2),
experienced influence over their own brain activity using mobile EEG-based neurofeedback (lesson 3), and
learned how lesson 1-3 were related to their own school career (lesson 4). Most exercises involved active par-
ticipation, such as performing a mirror-drawing task (lesson 1), reflecting on former fixed and growth-mindset
reactions to challenging events at school (lesson 2), influencing a brain correlate of focused attention (theta/beta
index) with mobile EEG neurofeedback (NFB; lesson 3) and formulating SMART goals (Specific, Measurable,
Achievable, Relevant, and Time-Bound) to implement a growth-mindset in school and mailing a postcard to
their future selves (lesson 4).

All lessons were provided by researchers: eight undergraduates with a (research) master in developmental
(neuro)psychology or neuroscience, between 28-01-2019 and 22-02-2019 (school 1) and between 11-03-2019
and 05-04-2019 (school 2), during regular mentor hours. Pairs of undergraduates jointly gave both the con-
trol and growth mindset interventions, to eliminate potential teacher biases. Undergraduates were trained and
supervised by the lead investigator of this study, T.W.P. Janssen, and followed a detailed protocol for teaching
each lesson. There were no statistical differences in registered attendance of participating students between the
growth mindset and control groups (means: 3.61 and 3.66 out of four lessons), F(1,437) =0.398, p=0.528. Across
all participants, 76.8% attended all 4 lessons, and 94.6% attended 3 or 4 lessons.

Outcomes. The current study addresses the dynamic interplay between mindset, resilience and coping
during the pandemic (T3). Because previous literature indicated a relationship between mindset and mental
health?, we controlled for pre-pandemic (T2) school burnout symptoms, to isolate mental health effects specifi-
cally related to the pandemic.

Mindset (T3). Mindset was measured using the revised self-theory scale designed by De Castella and Byrne,
translated to Dutch?*2. This questionnaire consists of eight items. Each item was scored on a Likert scale from 1
(strongly disagree) to 6 (strongly agree). The scores on the four fixed mindset items were reversed and added to
the scores of the four growth mindset items to create one mindset scale*"*?, ranging between 8 and 48. Higher
scores reflected greater growth mindset endorsement. An example item for fixed mindset is: “I don’t think I per-
sonally can do much to increase my intelligence”. An example item for growth mindset is: “I believe I can always
substantially improve on my intelligence”. Internal consistency was good (a=0.896).

School burnout symptoms (T2 and T3). 'The nine-item School Burnout Inventory®® (SBI; translated to Dutch)
was used to measure students’ school burnout symptoms, including three scales: (1) exhaustion at school (four
items), (2) cynicism towards the meaning of school (three items) and (3) sense of inadequacy at school (two
items). Examples of items for each subscale are respectively “I feel overwhelmed by my schoolwork”, “I feel that I'm
losing interest in my schoolwork”, and “I often have feelings of inadequacy in my schoolwork”. The extent to which
students agreed with the statements were indicated on a six-point Likert scale (1 = Totally disagree to 6 = Totally
agree). A total score?® was computed (ranging between 9 and 54), in which a higher score indicated that students
experienced more school burnout symptoms. Internal consistency was good (T2, a=0.839; T3, a=0.880).

Coping styles (T3). Coping was measured using the brief COPE* (translated to Dutch), consisting of 28 items.
The brief COPE has been successfully used in adolescents in previous studies**. We excluded two substance
use items, based on very low percentages of moderate or high use (~3%), indicating low suitability for this age
group. Students received the following instruction to measure situational coping: “The following questions ask
how you have tried to cope with the COVID pandemic. Read the statements and indicate how much you have been

Scientific Reports |

(2023) 13:6060 | https://doi.org/10.1038/s41598-023-33392-9 nature portfolio



www.nature.com/scientificreports/

using each coping style the last year, since the pandemic started”. Each item was scored on a Likert scale from 1
(strongly disagree) to 4 (strongly agree).

We applied Principal Component Analysis (PCA) in SPSS 26.0 to extract higher-order coping factors. The
sample was considered adequate®, with a Kaiser-Meyer-Olkin (KMO) of 0.824 and a significant Bartlett’s test
(<0.001). Components with Eigenvalues of over 1 were retained as components. We used oblique rotation
(direct oblimin), allowing correlations between factors, which is plausible between coping styles. Any coeflicients
below 0.4 were excluded. Extraction suggested that 25 items loaded on 6 factors (1 item did not load on any
factor), accounting for 59.6% of variance, which is a common amount in humanities (50-60%)>'. Examination
of the scree plot confirmed this solution, with no cross-loadings according to the Pattern Matrix table. After
examination of the items loading on the 6 factors, we calculated sum scores for each of the following factors
to use in subsequent analyses: (1) Maladaptive (5 items; a=0.804), (2) Active (8 items; a=0.803), (3) Social
support (4 items; a=0.847), (4) Religion (2 items; a=0.783), (5) Acceptance (4 items; a=0.686), (6) Humor (2
items; a=0.622). See Supplementary Tables S2 and S3 online for the factor loadings, the scale questions ordered
according to the 6 factors, the corresponding original brief COPE scales, and the rationale for the interpretation
and naming of each factor.

COVID-related stress exposure.  This questionnaire was developed by Veer et al.'” (translated to Dutch) to assess
the exposure to stressors specific for the COVID-19 crisis. As discussed, most resilience research neglects meas-
uring actual exposure to adversity, while this is central to the definition of resilience: maintaining mental health
despite stressor exposure. Of the 29 original items, we selected 22 that were relevant for adolescents. Students
received the following instruction: “Following are some situations that people may experience as a result of the
current COVID-19 pandemic. Please indicate whether you are currently experiencing the following situations, or
have experienced them in the past year, in connection with the COVID-19 pandemic, and how burdensome they
are/were for you”. Each item was scored on a Likert scale from 0 (did not take place) to 5 (very burdensome).
Examples are: “Having COVID-19 symptoms, or symptoms that could be related to COVID-19”, “Family, friends,
or loved ones being at increased risk for a serious course of the disease in case of an infection (they belong to a so-
called risk group’)” and “Loss of social contact”. We collapsed the scores into counts'”, with an answer between 1
and 5 indicating the presence of a particular exposure, and an answer of 0 indicating the absence, leading to a
sum score between 0 and 22, with higher scores indicating more COVID-related stress exposure. We chose this
scoring scheme to arrive at a more objective measure of exposure, by coding only presence versus absence of
exposures (discarding the information about burdensomeness), with minimal appraisal'’.

Analytical methods. All analyses were performed with SPSS 26.0°2. First, we will explain how the resil-
ience variable was calculated, which we used as dependent variable in the subsequent analyses. This is followed
by explaining the (1) correlational analyses to test hypothesis 1a and 1b (students with a growth mindset during
the pandemic display more resilience, and report more adaptive and less maladaptive coping styles during the pan-
demic), and (2) mediation analyses to test hypothesis 2 (the relation between mindset and resilience is mediated by
coping styles, where students with a growth mindset employ more adaptive and less maladaptive coping styles, which
in turn relates to higher resilience), and (3) exploratory mediation analyses separately for those who received
either a growth mindset or control intervention two years earlier. We used a p-value of<0.05 as indicator of
significance for all analyses.

Calculation of resilience variable. A hierarchical multiple regression was conducted with school burn-
out symptoms at T3 (during the pandemic) as dependent variable (Y). We first included school burnout symp-
toms at T2 (pre-pandemic) as independent control variable (Model 1), and then also included COVID-related
stress exposure (Model 2). The residuals of Model 2 (observed minus predicted value) were used in further
analyses as resilience variable, based on'®, with negative values indicating more resilient outcomes (fewer school
burnout symptoms than expected given stress exposure) and positive values indicating less resilient outcomes
(more school burnout symptoms than expected given stress exposure). This is a normative modelling method, as
it inherently corrects for individual differences in stressor exposure'”. See Fig. 2 for a visual explanation.

Correlation and mediation analyses.  We first calculated Pearson correlations between mindset, coping
styles (based on PCA), and resilience (resilience variable as explained above). In the case of significant relations
between X (mindset at T3) and the mediator M (coping styles at T3), and between M and Y (resilience at T3,
controlled for T2), we decided to proceed with mediation analyses53.

Mediation analyses were performed with the PROCESS (version 3.5.3) plugin for SPSS**. Mindset was the
independent variable (X), coping style the mediator variable (M), and resilience was the dependent variable (Y).
Mediation analyses were performed separately for each coping style that was significantly related to both mindset
and resilience. Indirect effects were evaluated based on 95% confidence intervals constructed using a bootstrap-
ping procedure with 5000 samples, where a confidence interval entirely above or below zero demonstrates a
significant effect. Unstandardized regression coefficients (b) are reported. Based on power analyses conducted
by Fritz & MacKinnon®?, a sample size of 162 is required to find a significant mediation effect with a power of
0.80, using the percentile bootstrap method, and both a path and b path effect sizes between small and medium.
With a sample of 261, it is therefore possible to demonstrate small-medium effects. In a next exploratory step,
the mediation analyses were performed separately for the control intervention (n=130) and growth mindset
intervention (n=131) groups. Based on power analyses conducted by Fritz & MacKinnon®, a sample size of 126
is required to find a significant mediation effect with a power of 0.80, using the percentile bootstrap method,
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Figure 2. Explanation of resilience variable. Note. Resilience is defined as residuals of the regression between
school burnout symptoms and COVID-related stress exposure (observed [dots]—predicted value [regression
line]), depicted here as the distance between the regression line and observed values. This is a normative
modelling method, as it inherently corrects for individual differences in stressor exposure'’, which is
demonstrated with examples 1 and 2 that have identical residuals. Negative values (open circles) are resilient
students, as they maintain better school-related mental health (lower school burnout symptoms) than one

would predict based on their level of COVID-related stress exposure.

with one of the a or b paths having an effect size of small-medium and the other medium. With the subsamples,
it is therefore possible to demonstrate small-medium and medium effects.

Results

Descriptive Statistics.

N=261

Mean (SD) | Minimum | Maximum
Demographic data
Age T3 (years) 14.82 (0.47) | 13.09 16.21
Gender (M/F) 134/127
Questionnaires
Growth mindset T3 35.08 (6.61) |12.00 48.00
School burnout T2 30.73(8.20) | 12.00 53.00
School burnout T3 32.41(8.92) 9.00 54.00
COVID exposure T3 13.16 (3.89) 0.00 21.00
Coping styles (PCA)
Maladaptive (5 items) 8.29 (3.23) 5.00 18.00
Active (8 items) 17.60 (4.60) 8.00 29.00
Social support (4 items) 7.91 (2.98) 4.00 16.00
Religion (2 items) 2.78 (1.45) 2.00 8.00
Acceptance (4 items) 13.75 (2.25) 6.00 16.00
Humor (2 items) 3.93(1.53) 2.00 8.00

For means, SD and minimal and maximum scores, see Table 1. To test the hypoth-
eses, results will be presented in the following order: (1) calculation of the resilience variable, (2) correlations
between mindset, coping styles (based on PCA, see Methods and Supplementary Tables S2 and S3 online), and
resilience, (3) mediation analyses.

Table 1. Participant characteristics. T2 = pre-pandemic. T3 = during pandemic. M = male. F =female.
SD =standard deviation.
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Calculation of resilience variable. Model 2 in Table 2 shows a significant relationship between school
burnout symptoms and COVID-related stress exposure during the pandemic, while controlling for pre-pan-
demic school burnout symptoms, t=2.35, p=0.020. The residuals of Model 2 (observed minus predicted value)
were used in further analyses as resilience variable (ranging between -23.40 and 21.05), with negative values
indicating more resilient outcomes and positive values indicating less resilient outcomes (controlled for pre-
pandemic school burnout symptoms), see Fig. 2 for a visual explanation.

Correlations. First we calculated correlations (hypothesis 1a and 1b) between mindset, coping styles and
resilience, see Table 3. Results showed that students who more strongly endorsed a growth mindset, reported less
maladaptive coping, less humor coping, and more acceptance coping. Students with higher resilience, reported
less maladaptive coping, less humor coping, and more acceptance coping. Finally, growth mindset correlated
negatively with resilience, 7(259) =—0.126, p=0.041 (note that the resilience variable is reversed), meaning that
students who more strongly endorsed a growth mindset, also demonstrated higher resilience. Based on these
correlational results, we proceeded with mediation models including growth mindset (X) and resilience (Y),
separately for the three coping styles that demonstrated significant correlations with X and Y (M; maladaptive,
acceptance, humor).

Mediationanalyses. Maladaptive copingand acceptance coping significantly mediated the relation between
growth mindset and resilience, see Fig. 3 (hypothesis 2). For maladaptive coping, there was a significant path
a, 1(259)=-4.16, p<0.001, a significant path b, #(258)=6.27, p<0.001, and a significant path ¢, #(259) =-2.05,
p=0.041. There was a significant indirect effect (path a*b) of growth mindset on resilience through maladap-
tive coping, b=-0.099, Bootstrap Cly;[—0.162, —0.048], meaning that students who endorsed a growth mindset
reported less maladaptive coping, which was in turn related to higher resilience during the pandemic. This is a
complete mediation, as the direct relationship (path ¢’) between growth mindset and resilience was not signifi-
cant, #(258) =-0.56, p=0.579.

For acceptance coping, there was a significant path a, #(259) =4.58, p<0.001, a significant path b,
#(258) =-2.57, p=0.011, and a significant path ¢, #(259) =—-2.05, p=0.041. There was a significant indirect effect
(path a*b) of growth mindset on resilience through acceptance coping, b=-0.048, Bootstrap Clys[-0.098,
—0.005], meaning that students who endorsed a growth mindset reported more acceptance coping, which was
in turn related to higher resilience during the pandemic. This is a complete mediation, as the direct relationship
(path ¢’) between growth mindset and resilience was not significant, #(258) =-1.29, p=0.199.

Intervention effects. Maladaptive coping significantly mediated the relation between growth mindset and
resilience, only for the growth mindset intervention group, but not the control intervention group, see Fig. 4
(exploratory hypothesis 3). For those who received the growth mindset intervention two years prior, there was
a significant path g, #(129) =—-4.00, p<0.001, a significant path b, #(128)=4.15, p<0.001, but not a significant
path ¢, £(129) =—1.30, p=0.196. There was a significant indirect effect (path a*b) of growth mindset on resilience
through maladaptive coping, b=-0.135, Bootstrap Cly;[—0.248, —0.050], meaning that students who endorsed
a growth mindset reported less maladaptive coping, which was in turn related to higher resilience during the

pandemic.
Model 1 Model 2

Variable B B SE B B SE
Constant 12.22 1.72 9.78 1.99
School Burnout T2 661%% 604 .05 6200% .57 .06
COVID exposure T3 .28* 12 12
R? .36 .37
AR? .01*

Table 2. Hierarchical multiple regression results. N=261. * p <.05. *** p <.001. We examined the relation
between school burnout symptoms and COVID-related stress exposure (T3: during the pandemic), while
controlling for pre-pandemic school burnout symptoms (T2). The residuals of Model 2 were used as resilience

variable.
N=261 Maladaptive | Active | Social support | Religion | Acceptance | Humor
Growth mindset —.250%** .077 —-.043 .050 2740 —.2430*
Resilience 381 .032 .067 .013 —.185%%* 122%

Table 3. Pearson correlations between mindset and resilience, with 6 coping subscales based on PCA. Note
that the resilience variable is reversed, meaning that higher resilience is related to less maladaptive, less humor,
and more acceptance coping styles. * p <.05, **<.01, *** <.001.
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MALADAPTIVE
COPING (M)
'~12*** o b 82***
c(c’)
GROWTH MINDSET RESILIENCE (Y)
(X) -13* (-.04)

Significant indirect effect (complete mediation): -.099, 95%ClI[-.162,-.048]

ACCEPTANCE
COPING (M)
09*** I\ -51*
c(c’)
GROWTH MINDSET RESILIENCE (Y)
(X) -.13* (-.09)

Significant indirect effect (complete mediation): -.048, 95%CI[-.098,-.005]

Figure 3. Mediation results: total sample. Note. N=261. X =independent variable. Y = dependent variable.

M =mediator. Note, growth mindset and coping styles were measured during the pandemic (T3). The resilience
variable was defined as residuals of the regression between school burnout symptoms and COVID-related stress
exposure (at T3), controlling for pre-pandemic school burnout symptoms (T2). Note that the resilience variable
is reversed. * p<.05, **<.01, ¥** <.001; path ¢’ =direct effect; numbers are beta values.

Discussion

The COVID-19 pandemic impacted adolescent mental health on a global scale'. At the same time, many students
were resilient during this crisis, despite exposure to COVID-related stressors. These students may be protected
against school-related mental health consequences, due to predispositions (‘resilience factors’) that make resilient
responding to a stressor more likely'®!7. We aimed to study the protective effect of growth mindset on school-
related resilience during the COVID-19 pandemic, and the mediating effects of coping styles. We addressed
several limitations of previous studies, by (1) including a measure of school-related mental health (school burnout
symptoms) before and during the pandemic, (2) manipulating growth mindset before the pandemic with an RCT
design and follow-up during the pandemic, (3) operationalizing school-related resilience as an outcome, in line
with the definition of ‘maintaining mental health despite stressor exposure) taking into account the actual expo-
sure to COVID-19-related adversity, (4) investigating the role of coping styles, which can provide a mechanistic
understanding of how mindset affects school-related resilience.

First, we hypothesized that students with a growth mindset would (1a) demonstrate more school-related
resilience and, (1b) use more adaptive coping strategies. To test the resilience hypothesis (1a), we first needed to
regress mental health (school burnout) on stressor exposure, while correcting for pre-pandemic mental health. In
line with national and international research»®!2, students who were exposed to more COVID-related stressors,
reported deteriorated school-related mental health in the current study. Subsequently, we quantified resilience
as the residuals onto this regression curve—i.e., a more resilient student would report better mental health than
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Control intervention

MALADAPTIVE
COPING (M)
-.08 / P -84%**
c(c’)
GROWTHXMINDSET RESILIENCE (Y)
(X) -.16 (-.09)

No significant indirect effect: -.07, 95%Cl[-.151,.002]

Growth mindset intervention

MALADAPTIVE
COPING (M)
_.16*** a b .86***
c(c’)
GROWTH MINDSET RESILIENCE (Y)
(X) -.13(.01)

Significant indirect effect: -.13, 95%Cl[-.248,-.050]

Figure 4. Mediation results: separately for control and growth mindset intervention groups. Note. N

(control intervention group) =130. N (growth mindset intervention group) = 131. X =independent variable.

Y =dependent variable. M = mediator. The control and growth mindset interventions took place one year before
the pandemic started (two years before the peri-pandemic measures). Note, growth mindset and maladaptive
coping were measured during the pandemic (T3). The resilience variable was defined as residuals of the
regression between school burnout symptoms and COVID-related stress exposure (at T3), controlling for
pre-pandemic school burnout symptoms (T2). Note that the resilience variable is reversed. * p <.05, **<.01,

**#* <.001; path ¢’ =direct effect; numbers are beta values.

expected, given the stressor exposure, and thus have a negative residual. In line with our hypothesis, students
who more strongly endorsed a growth mindset were more resilient during the pandemic.

To test the coping hypothesis (1b), we first identified six higher-order coping styles with principal component
analysis: maladaptive (behavioral disengagement, self-blame, venting), active (active coping, planning, positive
reframing, self-distraction), social support, religion, acceptance and humor. Although the literature is inconclusive
with regards to the categorization of coping styles®’, most items in our maladaptive coping factor are consist-
ent with the literature (either named maladaptive coping, avoidance coping, or evasive coping)®, and in line
with the originally theorized ‘less useful’ coping™. The maladaptive nature of our factor was also confirmed by
our findings, as it was related to less resilience. Our active coping factor includes items previously categorized
as approach, adaptive or active coping (in line with theorized problem-focused coping®), while other items
were part of emotion-focused coping®. Surprisingly, this factor was not related to resilience according to our
findings. The acceptance factor in our study may also be seen as adaptive, considering previous research®, and
its relation with higher resilience in our study. The social support scale has been categorized as adaptive and
socially supported coping in previous studies®. The religion and humor scales were identical to the original
brief COPE scales®!. The humor scale has been inconsistently considered as avoidance coping, positive coping,
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and emotion-focused coping?, but in our study it seems to be a maladaptive/avoidance form of humor, as it
was related to less resilience. Finally, mostly in line with our hypotheses, students who more strongly endorsed
a growth mindset, reported less maladaptive coping and more adaptive coping (acceptance factor). In addition,
they reported less coping with humor.

Second, we hypothesized that the positive association between growth mindset and resilience would be medi-
ated by coping styles. We confirmed this hypothesis. Students who endorsed a growth mindset reported less
maladaptive coping/more adaptive (acceptance) coping, which were in turn related to higher resilience during the
pandemic. Third, when we further explored the intervention subsamples, the mediation of maladaptive coping
was only present for students who had received the growth mindset intervention two years earlier, but not for
those who received the control intervention. Overall, our findings fit with theoretical predictions of how beliefs
form a framework for assigning meaning to events, especially when facing adversity?, such as the COVID-19
pandemic, and corroborate evidence of protective effects of growth mindset on mental health during'®?"* and
before?*?* the pandemic.

In this study we confirmed that growth mindset is a resilience factor, but importantly, also one that can be
trained. We addressed an important gap in the literature, which was identified by Burnette et al.2% studies that
investigated links between mindsets and coping rarely, if ever, manipulated mindsets. Maladaptive coping medi-
ated the relation between mindset and resilience, only in the growth mindset intervention group. As we hypoth-
esized that coping is the mechanism that explains how mindset affects mental health in schools, the mediation
suggests that this mechanism may only have been activated in students who had received the growth mindset
intervention before the pandemic. Interestingly, the results of the one-year follow-up of our growth mindset
intervention study did not show beneficial effects on school burnout symptoms?®®, while the current two-year
follow-up demonstrated this mediation. This discrepancy may be explained by the important role of set-backs
in amplifying differences between growth and fixed mindset®. Only the two-year follow-up was characterized
by such a massive setback, in the form of COVID-19.

Active coping was not related to mindset and resilience. A possible reason may be sought in the type of
stressor that COVID-19 represented. Although students could control to a certain level how strictly they fol-
lowed lockdown rules and the risk for infection, to a large extent there were external consequences at play outside
students’ control, including lockdown measures that disproportionally affected schools. In turn, this may have
induced an external locus of control, in which active coping strategies were less applicable. This seems to be
supported by the fact that acceptance coping was related to mindset and resilience, which involved ‘accepting
the reality’ of the pandemic. In addition, developmental changes in coping during adolescence® may explain
why we could not demonstrate effects for active coping. Adolescents use cognitive coping styles to a lesser extent
than adults®, and younger adolescents use less active coping styles (e.g., planful problem solving; reappraisal)
compared to older adolescents®.

A few limitations of the current study should be considered. First, previous work shows that the strength of
associations between mindset and psychological distress and coping are dependent on mindset domain, with
stronger effects for emotion-based mindsets, and smaller but significant effects for intelligence-based mindsets®.
The current study focused on the latter, which is more common in the school context, and maybe more relevant
in combination with school burnout symptoms as outcome measure. However, it remains unknown whether
emotion-based mindsets would have been a better or additional predictor of coping and school burnout symp-
toms. Related to that, these results cannot be generalized outside the school context. Second, although they were
obtained simultaneously, the questionnaires referred to the last year (COVID-related stress exposure and coping),
or the time period was not specified (school burnout symptoms, mindset), which reduces the temporal specific-
ity/alignment of the results. Third, it remains unknown whether growth mindset is a unique resilience factor, and
how it relates to other resilience factors, such as positive appraisal style!”. Related to this, other ‘adaptive systems’
that support students resilience, such as social connections and community services, are promising avenues to
further explore®, in addition to potential interactions with personality characteristics®®®'. Fourth, the separate
mediation analyses for the control and growth mindset intervention groups were exploratory, as they were not
originally planned when we designed and registered this RCT. Lastly, most effects were small to moderate, and
discussions about what constitutes a meaningful effect size®* are applicable here as well.

The present work also has considerable strengths. Due to its unique and coincidental timing, we could control
for pre-pandemic school burnout symptoms, which contributes to the specificity of our findings concerning
school-related resilience during COVID. In addition, the RCT design allowed us to explore whether a growth
mindset intervention influenced associations between mindset, coping and resilience two years later, indicating
tentative causal evidence. In addition, we considered resilience as an outcome measure—maintaining mental
health despite stressor exposure—which we operationalized based on individuals’ residuals onto the regression
curve between mental health (school burnout symptoms) and stress exposure (based on*), while correcting for
pre-pandemic mental health. We used a scoring scheme to arrive at a more objective measure of exposure!’,
with minimal appraisal.

In conclusion, we presented unique evidence for the beneficial effects of growth mindset on school-related
resilience during the COVID-19 pandemic, and the mediating effects of coping styles as explanatory mechanism.
This work contributes to a growing literature that shows positive effects of growth mindset on mental health!®%,
and adds to the resilience literature, by identifying a promising resilience factor that may be considered in futures
studies.

Data availability

This study’s primary design and hypotheses were preregistered; see https://www.trialregister.nl/trial/7562. Materi-
als have been made publicly available at DataverseNL and can be accessed at https://doi.org/10.34894/EULELM.
Data and analysis code for this study are available by emailing the corresponding author.

Scientific Reports |

(2023) 13:6060 | https://doi.org/10.1038/s41598-023-33392-9 nature portfolio


https://www.trialregister.nl/trial/7562
https://doi.org/10.34894/EULELM

www.nature.com/scientificreports/

Received: 10 October 2022; Accepted: 12 April 2023
Published online: 13 April 2023

References

1.

Jones, E. A. K., Mitra, A. K. & Bhuiyan, A. R. Impact of COVID-19 on mental health in adolescents: A systematic review. Int. J.
Environ. Res. Public Health 18, 2470 (2021).

2. United Nations. Policy brief: Education during COVID-19 and beyond. UN Policy Briefs https://doi.org/10.24215/18509959.26.
el2 (2020).

3. Loades, M. E. et al. Rapid systematic review: The impact of social isolation and loneliness on the mental health of children and
adolescents in the context of COVID-19. J. Am. Acad. Child Adolesc. Psychiatry 59, 1218-1239.e3 (2020).

4. Betthduser, B. A., Bach-Mortensen, A. M. & Engzell, P. A systematic review and meta-analysis of the evidence on learning during
the COVID-19 pandemic. Nat. Hum. Behav. https://doi.org/10.1038/s41562-022-01506-4 (2023).

5. Romeo, A., Benfante, A., Castelli, L. & Di Tella, M. Psychological distress among italian university students compared to general
workers during the covid-19 pandemic. Int. J. Environ. Res. Public Health 18, 1-9 (2021).

6. De France, K., Hancock, G. R,, Stack, D. M., Serbin, L. A. & Hollenstein, T. The mental health implications of COVID-19 for
adolescents: Follow-Up of a four-wave longitudinal study during the pandemic. Am. Psychol. 77, 85-99 (2021).

7. Branje, S. Adolescent identity development in context. Curr. Opin. Psychol. 45, 101286 (2022).

8. Giiroglu, B. Adolescent brain in a social world: Unravelling the positive power of peers from a neurobehavioral perspective. Eur.
J. Dev. Psychol. 18, 471-493 (2021).

9. Kessler, R. C. et al. Lifetime prevalence and age-of-onset distributions of. Arch Gen Psychiatry 62, 593-602 (2005).

10. Paus, T., Keshavan, M. & Giedd, J. N. Why do many psychiatric disorders emerge during adolescence?. Nat. Rev. Neurosci. 9,
947-957 (2008).

11. Dutch Inspectorate of Education. Technisch rapport voortgezet onderwijs: bovensectoraal themaonderzoek 16 maanden corona-
crisis. (2021). https://www.onderwijsinspectie.nl/onderwerpen/corona-onderzoeken/documenten/rapporten/2021/10/12/techn
isch-rapport-voortgezet-onderwijs-16-maanden-corona.

12. NIJi. Effect van corona op jeugd , gezin en jeugdveld Hoe gaat het met de jeugd in coronatijd ? (2021).

13. Dutch Inspectorate of Education. COVID-19-monitor meting 3: hoger onderwijs. November 24th (2020). https://www.onderwijsi
nspectie.nl/onderwerpen/corona-onderzoeken/documenten/publicaties/2020/11/24/covid-19-monitor-vo-derde-meting.

14. Cost, K. T. et al. Mostly worse, occasionally better: Impact of COVID-19 pandemic on the mental health of Canadian children
and adolescents. Eur. Child Adolesc. Psychiatry https://doi.org/10.1007/s00787-021-01744-3 (2021).

15. Salmela-Aro, K., Upadyaya, K., Vinni-Laakso, ]. & Hietajirvi, L. Adolescents’ longitudinal school engagement and burnout before
and during COVID-19—The role of socio-emotional skills. J. Res. Adolesc. 31, 796-807 (2021).

16. Kalisch, R. et al. The resilience framework as a strategy to combat stress-related disorders. Nat. Hum. Behav. https://doi.org/10.
1038/541562-017-0200-8 (2017).

17. Veer, I. M. et al. Psycho-social factors associated with mental resilience in the Corona lockdown. Transl. Psychiatry 11, 67 (2021).

18. Yeager, D. S. et al. A synergistic mindsets intervention protects adolescents from stress. Nature 607, 512-520 (2022).

19. Yeager, D. S. & Dweck, C. S. Mindsets that promote resilience: When students believe that personal characteristics can be developed.
Educ. Psychol. 47, 302-314 (2012).

20. Burnette, J. L., Knouse, L. E., Vavra, D. T., O’Boyle, E. & Brooks, M. A. Growth mindsets and psychological distress: A meta-analysis.
Clin. Psychol. Rev. 77, 101816 (2020).

21. Benneker, I. M. B,, Lee, N. C. & van Atteveldt, N. Mindset and perceived parental support of autonomy safeguard adolescents’
autonomous motivation during COVID-19 home-based learning. NPJ Sci. Learn. 8, 4 (2023).

22. Dweck, C. S. Self-theories: Their Role in Motivation, Personality, and Development. (Psychology Press, 2000).

23. Burnette, J. L., O’'Boyle, E. H., VanEpps, E. M., Pollack, J. M. & Finkel, E. ]. Mind-sets matter: A meta-analytic review of implicit
theories and self-regulation. Psychol. Bull. 139, 655-701 (2013).

24. Sisk, V. E, Burgoyne, A. P, Sun, J., Butler, J. L. & Macnamara, B. N. To what extent and under which circumstances are growth
mind-sets important to academic achievement? Two Meta-Analyses. Psychol. Sci. 29, 549-571 (2018).

25. Kim, K. T. A Structural relationship among growth mindset, academic grit, and academic burnout as perceived by Korean high
school students. Univers. J. Educ. Res. 8, 4009-4018 (2020).

26. Salmela-Aro, K., Kiuru, N., Leskinen, E. & Nurmi, J. E. School burnout inventory (SBI) reliability and validity. Eur. J. Psychol.
Assess. 25, 48-57 (2009).

27. Zhao, H,, Xiong, J., Zhang, Z. & Qi, C. Growth mindset and college students’ learning engagement during the COVID-19 pandemic:
A serial mediation model. Front. Psychol. 12, 1-10 (2021).

28. Mosanya, M. Buffering academic stress during the COVID-19 pandemic related social isolation: Grit and growth mindset as
protective factors against the impact of loneliness. Int. J. Appl. Posit. Psychol. 6, 159-174 (2021).

29. Lazarus, R. S. & Folkman, S. Stress, Appraisal, and Coping. (Springer Publishing Company, 1984).

30. Solberg, M. A,, Gridley, M. K. & Peters, R. M. The factor structure of the brief cope: A systematic review. West. J. Nurs. Res. 44,
612-627 (2022).

31. Carver, C. S. You want to measure coping but your protocol’s too long: Consider the brief COPE. Int. J. Behav. Med. 4, 92-100
(1997).

32. Hanfstingl, B. ef al. The Dimensionality of the Brief COPE Before and During the COVID-19 Pandemic. Assessment
107319112110524 (2021). https://doi.org/10.1177/10731911211052483

33. Rettie, H. & Daniels, J. Coping and tolerance of uncertainty: Predictors and mediators of mental health during the COVID-19
pandemic. Am. Psychol. 76, 427-437 (2021).

34. Fluharty, M. & Fancourt, D. How have people been coping during the COVID-19 pandemic? Patterns and predictors of coping
strategies amongst 26,016 UK adults. BMC Psychol. 9, 1-12 (2021).

35. Burns, R. A. & Anstey, K. J. The Connor-Davidson Resilience Scale (CD-RISC): Testing the invariance of a uni-dimensional
resilience measure that is independent of positive and negative affect. Pers. Individ. Dif. 48, 527-531 (2010).

36. Van Harmelen, A. L. et al. Adolescent friendships predict later resilient functioning across psychosocial domains in a healthy
community cohort. Psychol. Med. 47, 2312-2322 (2017).

37. Blackwell, L. S., Trzesniewski, K. H. & Dweck, C. S. Implicit theories of intelligence predict achievement across an adolescent
transition: A longitudinal study and an intervention. Child Dev. 78, 246-263 (2007).

38. Grant, S. et al. CONSORT-SPI 2018 Explanation and Elaboration: Guidance for reporting social and psychological intervention
trials. Trials 19, 406 (2018).

39. Janssen, T. W. P. & van Atteveldt, N. Explore your brain: A randomized controlled trial into the effectiveness of a growth mindset
intervention with psychosocial and psychophysiological components. Br. J. Educ. Psychol. 1, 1-23. https://doi.org/10.1111/bjep.
12572 (2022).

40. De Castella, K. & Byrne, D. My intelligence may be more malleable than yours: The implicit theories self-form is a better predictor
of achievement and motivation. Eur. J. Psychol. Educ. 30, 1-28 (2015).

Scientific Reports | (2023) 13:6060 | https://doi.org/10.1038/s41598-023-33392-9 nature portfolio


https://doi.org/10.24215/18509959.26.e12
https://doi.org/10.24215/18509959.26.e12
https://doi.org/10.1038/s41562-022-01506-4
https://www.onderwijsinspectie.nl/onderwerpen/corona-onderzoeken/documenten/rapporten/2021/10/12/technisch-rapport-voortgezet-onderwijs-16-maanden-corona
https://www.onderwijsinspectie.nl/onderwerpen/corona-onderzoeken/documenten/rapporten/2021/10/12/technisch-rapport-voortgezet-onderwijs-16-maanden-corona
https://www.onderwijsinspectie.nl/onderwerpen/corona-onderzoeken/documenten/publicaties/2020/11/24/covid-19-monitor-vo-derde-meting
https://www.onderwijsinspectie.nl/onderwerpen/corona-onderzoeken/documenten/publicaties/2020/11/24/covid-19-monitor-vo-derde-meting
https://doi.org/10.1007/s00787-021-01744-3
https://doi.org/10.1038/s41562-017-0200-8
https://doi.org/10.1038/s41562-017-0200-8
https://doi.org/10.1177/10731911211052483
https://doi.org/10.1111/bjep.12572
https://doi.org/10.1111/bjep.12572

www.nature.com/scientificreports/

41. van Aalderen-Smeets, S. I, van der Molen, J. H. & Xenidou-Dervou, I. Implicit STEM ability beliefs predict secondary school
students’ STEM self-efficacy beliefs and their intention to opt for a STEM field career. J. Res. Sci. Teach. 56, 465-485 (2019).

42. Janssen, T. W. P. et al. Mindset and choice behavior during a self-adapted arithmetic task: Variable- and person-oriented approaches.
Learn. Motiv. 80, 101840 (2022).

43. Phelps, S. B. & Jarvis, P. A. Coping in adolescence: Empirical evidence for a theoretically based approach to assessing coping. J.
Youth Adolesc. 23, 359-371 (1994).

44. Wilson, G. S., Pritchard, M. E. & Revalee, B. Individual differences in adolescent health symptoms: The effects of gender and cop-
ing. J. Adolesc. 28, 369-379 (2005).

45. Horwitz, A. G., Hill, R. M. & King, C. A. Specific coping behaviors in relation to adolescent depression and suicidal ideation. J.
Adolesc. 34,1077-1085 (2011).

46. M.Saiful, B. The Validity of the Malay Brief Cope in Identifying. Int. Med. J. (2011).

47. Mcloughlin, L. T. Understanding and measuring coping with cyberbullying in adolescents : exploratory factor analysis of the brief
coping orientation to problems experienced inventory. 4300-4310 (2021).

48. Yuan, W, Zhang, L. E. & Li, B. Adapting the brief COPE for chinese adolescents with visual impairments. J. Vis. Impair. Blind. 111,
20-32 (2017).

49. Oswald Townsend, C. Perceived stress, coping and dietary fat intake in rural adolescents: gender and ethnic differences. Virginia
Commonwealth University (2002).

50. Hutcheson, G. D. & Sofroniou, N. The Multivariate Social Scientist: Introductory Statistics Using Generalized Linear Models. (Sage,
1999).

51. Taherdoost, H., Sahibuddin, S. & Jalaliyoon, N. Exploratory factor analysis; concepts and theory to cite this version : HAL Id :
hal-02557344 exploratory factor analysis; concepts and theory. Math. Comput. Sci. Eng. Ser. 1, 375-382 (2014).

52. IBM Corp. IBM SPSS Statistics for Windows. (2019).

53. Fritz, M. S. & MacKinnon, D. P. Required sample size to detect the mediated effect. Psychol. Sci. 18, 233-239 (2007).

54. Hayes, A. F. Introduction to Mediation, Moderation, and Conditional Process Analysis. (The Guilford Press, 2018).

55. Carver, C. S., Scheier, M. F. & Weintraub, J. K. Assessing coping strategies: A theoretically based approach. J. Pers. Soc. Psychol. 56,
267 (1989).

56. Zimmer-Gembeck, M. J. & Skinner, E. A. The development of coping across childhood and adolescence: An integrative review
and critique of research. Int. J. Behav. Dev. 35, 1-17 (2011).

57. Garnefski, N., Legerstee, J., Kraaij, V., Van Den Kommer, T. & Teerds, ]. Cognitive coping strategies and symptoms of depression
and anxiety: A comparison between adolescents and adults. J. Adolesc. 25, 603-611 (2002).

58. Williams, K. & De Lisi, A. M. G. Coping strategies in adolescents. J. Appl. Dev. Psychol. 20, 537-549 (1999).

59. Herbers, J. E., Hayes, K. R. & Cutuli, J. J. Adaptive systems for student resilience in the context of COVID-19. Sch. Psychol. 36,
422-426 (2021).

60. Karimzade, A. & Besharat, M. A. An investigation of the Relationship Between Personality Dimensions and Stress Coping Styles.
Procedia Soc. Behav. Sci. 30, 797-802 (2011).

61. Leandro, P. G. & Castillo, M. D. Coping with stress and its relationship with personality dimensions, anxiety, and depression.
Procedia - Soc. Behav. Sci. 5, 1562-1573 (2010).

62. Miller, D. I. When Do Growth Mindset Interventions Work?. Trends Cogn. Sci. 23, 910-912 (2019).

Acknowledgements

This work was supported by a European Research Council (ERC) Starting Grant 716736 (BRAINBELIEFS). We
are grateful for the contributions to this research by the following undergraduate students, Reine Ramaekers,
Evy Sens, Fleurie Reeuwijk, Jamie Hoefakker, Lisanne Berends, Lodewike de Groot, Jikke Boelen Keun, Paul
Bethlehem, Patricia Dreier Gligoor, Alfa Sanoveriana, Roos de Jong, Iris Koning, Hiilya Yilmaz, Chaimae el
Hassouni, biology teacher Anna Tuenter, PhD students Smiddy Nieuwenhuis and Sibel Altikulag, the main con-
tact persons in the participating schools Annette van Oosten and Astrid Kwakernaak, and all the participating
students. Special thanks go to Creative Learning Lab (Waag Society, Amsterdam): Taco van Dijk, Marloeke van
der Vlugt, Thomas Asscheman and Karien Vermeulen.

Author contributions

T.W.P. was involved in Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Project
administration, Supervision, Validation, Visualization, Writing original draft and Writing of review & editing.
N.V.A. was involved in Conceptualization, Funding Acquisition, Methodology, Project administration, Supervi-
sion, and Writing of review & editing.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/
10.1038/541598-023-33392-9.

Correspondence and requests for materials should be addressed to T.W.P.J.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Scientific Reports |

(2023) 13:6060 | https://doi.org/10.1038/s41598-023-33392-9 nature portfolio


https://doi.org/10.1038/s41598-023-33392-9
https://doi.org/10.1038/s41598-023-33392-9
www.nature.com/reprints

www.nature.com/scientificreports/

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023

Scientific Reports|  (2023) 13:6060 | https://doi.org/10.1038/s41598-023-33392-9 nature portfolio


http://creativecommons.org/licenses/by/4.0/

	Coping styles mediate the relation between mindset and academic resilience in adolescents during the COVID-19 pandemic: a randomized controlled trial
	Methods
	Trial design. 
	Randomization. 
	Participants. 
	Interventions. 
	Control intervention. 
	Growth mindset intervention. 

	Outcomes. 
	Mindset (T3). 
	School burnout symptoms (T2 and T3). 
	Coping styles (T3). 
	COVID-related stress exposure. 

	Analytical methods. 
	Calculation of resilience variable. 
	Correlation and mediation analyses. 

	Results
	Descriptive Statistics. 
	Calculation of resilience variable. 
	Correlations. 
	Mediation analyses. 
	Intervention effects. 

	Discussion
	References
	Acknowledgements


