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Abstract

Background: Thereis evidence that reward responsiveness and optimism are associated with mental and social functioning in
adolescence and adulthood, but it is unknown if this is also the case for young children. Part of the reason for this gap in the
literature is that the instruments that are used to assess reward responsiveness and optimism in adolescents and adults are usually
not suitable for young children.

Objective: Two behavioral tasks to assess reward learning, a questionnaire on reward responsiveness, and a questionnaire on
optimism/pessimism will be tested on their feasibility and reliability in children aged 6-7. Depending on their feasibility and
reliability, these instruments will also be used to investigate if reward responsiveness and optimism are associated with mental
and socia functioning in young children.

Methods: For this cross-sectional pilot study, we adapted a number of tasks and questionnaires to the needs of 6-7-year-old
children, by simplification of items, oral rather than written assessment, and reducing the number of conditions and items. We
will approach teachers and, with their help, aim to include 70 children aged 6-7 to assess the feasibility and reliability of the tasks
and questionnaires. Feasibility measures that will be reported are the proportion of children completing the task/questionnaire,
the proportion of children that were able to explain the instructions in their own words to the researcher, and the proportion of
children that correctly answered the control questions. The reliability of the scales will be assessed by computing Cronbach o
and item-total score correlations and the reliability of the tasks by correlations between different consecutive blocks of trials.
Ethics approva was obtained from the Ethics Committee of the Department of Pedagogy and Educational Sciences.

Results: Datacollection wasoriginaly planned in March and April 2020, but has been postponed due to Coronavirus regulations.
We expect to collect thedatain thefirst half of 2021. The findingswill be disseminated in preprints and peer-reviewed publications.

Conclusions: The development of feasible and reliable instruments for assessing reward responsiveness and optimism in young
children is expected to benefit future research on underlying mechanisms of mental and social functioning in young children. If
theinstruments assessed in this study are usable with young children, it would be particularly interesting to include them in cohort
studies because thiswould enabl e investigating not only concurrent associations, but al so prospective associations between reward
responsiveness and optimism early in lifeand mental and social functioning later inlife. If, aswe hypothesize, reward responsiveness
and optimism are not only associated with (prospective) mental and social functioning in adults and adolescents but also in young
children, this could provide away of identifying vulnerable children already at an early stage.
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Introduction

Background

Research suggests that reward responsiveness and optimism
are important for mental and socia functioning in adults and
adolescents [1-8]. Rewards play an important role in shaping
our behavior in everyday life [9,10]. Rewards can be very
diverse, for instance, monetary (eg, winning the lottery), winning
agame, eating one'sfavorite meal, and social rewards (eg, being
liked or receiving acompliment from afriend). Peoplein genera
adapt their behavior in the presence or prospect of a reward,
with the aim of maximizing the reward or increasing the chance
of futurerewards. That is, individua slearn from the conditions
in which they receive rewards and adapt their behavior
accordingly [11,12]. For example, if a certain strategy results
in gaining pointsin agame, being liked by others, or receiving
socia praise, individuals will start using this strategy more
often. This is a specific type of reward responsiveness,
commonly referred to as reward learning. Although people
generaly respond strongly to rewards, individual differences
can be observed with respect to the strength of the response.
These differences can be important as there is ample evidence
that low reward responsiveness is associated with current
depression [1,2,13] and prospectively predicts depression
[14-17]. Very high reward responsiveness is associated with
other types of mental health problems, for example, addiction
and criminal behavior [3,18]. There is also some evidence
suggesting that reward responsivenessis associated with social
functioning [17,19], that is, individuals with higher reward
responsiveness show higher levels of sociability and emotional
intelligence [19], and report higher friendship quality [17].

Not only reward responsiveness, but al so optimism isimportant
for mental and social functioning in adults and adolescents
[4,20,21]. Optimism refersto the general belief that thingswill
go well and that the future will turn out good rather than bad
[5]. Optimists, when confronted with a sethack, believe that this
is not indicative of a personal weakness and are motivated to
overcome the problem. Pessimists, by contrast, are more likely
to have negative expectations about themselves and the people
around them and are more likely to give up when faced with
challenges. Compared to pessimists, optimists report higher
levels of subjective well-being, better mental health, and are
more liked by other people [6,22]. A more optimistic attitude
toward life is, for example, associated with lower levels of
depressive symptoms [6,21] and optimists are more socialy
accepted than those who show a less optimistic view on life
[7,23]. More optimistic college freshmen experience more socia
support and report larger friendship networks [8]. However,
unrealistic optimism has been found to be related to harmful
risk-taking behavior [24].

Thereisevidence that reward responsiveness and optimism are
associated with mental and socia functioning in adolescence
and adulthood, but it isunknown if thisisalso the case for young
children. Part of the reason for this gap in the literature is that
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the assessment methods that are used for adolescents and adults
are usually not suitable for young children. Another gap in the
literature is the lack of knowledge about the relation between
reward responsiveness and optimism. It seems plausible that
high reward responsiveness extends to expectations about the
future in that positive rather than negative information may
primarily be used to form future expectations, which is
characteristic of an optimistic view on life. Optimists tend to
update their beliefs less based on negative experiences or
information that is more negative than expected and update their
beliefs more based on rewarding experiences or positive
information [24,25]. Optimism may also lead to higher attention
to rewards and lower attention to the negative aspects of life,
even in stressful or difficult situations. However, to our best
knowledge, associations between reward responsiveness and
optimism have not been investigated directly, let alonein young
children.

This Study

For this pilot study, we adapted a number of tasks and
guestionnaires to the needs of 6-7-year-old children, by
reformulating questionnaireitems, using oral rather than written
assessment, and reducing the number of experimental conditions
and questionnaireitems. The adapted instrumentswill be piloted
for feasihility, and will be used to investigate if reward
responsiveness and optimism are associated with mental and
socia functioning already in young children. Associations
between reward responsiveness and optimism will also be
investigated. Importantly, if the new instrumentswork for young
children, this could benefit many different types of future
studies. It would be particularly interesting to include the
instruments in cohort studies to facilitate investigating
prospective associations. This would mean that, in time, we
would be able to investigate whether reward responsiveness
and optimism at age 6-7 prospectively predict mental and social
functioning later inlife. Thisinformation may ultimately inform
preventive programs aimed at modifying reward responsiveness
and optimism in early to middle childhood.

Research Questions

1. Do 6-7-year-old children understand the tasks and
guestionnaires and is the length of the tasks and questionnaires
feasible for this young age group?

2. What is the reliability (ie, internal consistency) of the
instruments?

3. Are individual differences in aspects of reward learning
during the reward tasks associated with each other and with
self-report measures of reward responsiveness and optimismin
6-7-year-old children? Reward learning outcomes are, for
example, how fast children learn from the conditions in which
they receive areward and the extent to which they are willing
to take risks to earn areward.

4. Are individual differences in reward learning, reward
responsiveness, and optimism associated with mental
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functioning (teacher report) and social functioning (teacher and
classmate reports) in 6-7-year-old children?

Methods

Sample and Procedure

We aim to include 70 children aged 6-7. A linear regression
power analysis in G* Power 3.1 [26] showed that, with power
set to 0.80 and a to .05, aminimum of 55 participantsisrequired
to find a moderate effect. A similar number of participantsis
required for amoderate correlation. An additional 15 participants
will be recruited to compensate for possible drop out. Because
of the explorative nature of this pilot study, we will not correct
for multiple testing.

Complete school classeswill berecruited (group 3inthe Dutch
school system) via the teachers. Depending on the size of the
classes and the number of parents willing to give consent for
their children to participate in the study, we expect to include
4-7 school classes. Teachers will be approached by telephone,
email, and social media. They will receive aninformation letter
and aconsent form. After ateacher has signed the consent form,
the parents of the children in the class will be contacted. They
will aso receive an information letter and consent form. Only
when the teacher and parents of a child give consent, the child
will be included in the study. The child will be asked to give
informed consent orally on the day of the assessment and will
be assured that he/she can stop at any time during the
assessment. Ethics approval was obtained from the Ethics
Committee of the Department of Pedagogy and Educational
Sciences of the University of Groningen (ref. 04032020).

Child assessment consists of 2 computer tasks and 3 short
guestionnaires (18 items in total). Children will be assessed
individually in a separate room by a researcher who reads all
instructions and items to the child, checks if the child
understands them, and remains present during the entire
assessment. After thefinal task, the researcher will ask the child
what he or she liked and disiiked about the tasks and if
everything was clear. Additionally, for children who disclosed
bullying, the researcher will ask if the child already talked about
this with a parent, teacher, or other adult. If not, the child will
be encouraged to do so and the researcher will offer to help with
this. The estimated total duration of the child assessment is
30-40 minutes. Children will receive 3 stickers and a small
present.

Teachers will receive aweblink to answer questions about the
mental (8 items) and social functioning (9 items) of the
participating children in their classroom, with an expected
duration of 5-10 minutes per child. Teachers will receive a gift
card of €40 (US $47) for participating in the study to purchase
something for the class. Teacherswill be debriefed individually
by a researcher after all child assessments and online
guestionnaires are completed. Teachers of classes in which
bullying was disclosed will be encouraged to discuss bullying
in the classroom or with children individualy, if they have not
done so already. For privacy reasons, no information about
experiences of specific children will be shared with teachers.
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The tasks, questionnaires, and feasibility assessments will be
described in detail per task in the “Measures’ section.

Datawill be stored on institutional network driveswith security
firewallsand accessto the datawill belimited to the study team.
Data will be kept deidentified and a password-protected file
with identifiers will be stored separately from the data. Raw
data will not be shared publicly for reasons of privacy (ie, this
would enable coupling children with certain unique task scores
to teacher reports), but researchers interested in the data can
submit aresearch proposal to the first author (CV) of this study
protocol.

M easures

Reward Learning Tasks

Two tasks will be used to assess reward learning. Becauseit is
possible that experience with one of the tasks can influence
performance on the next task, half of the children in each class
will start with one task and the other half with the other task.
The second task will not be assessed directly after thefirst one,
but only after ablock of questions. Each child will be assessed
individually by a researcher, who will score whether the child
is able to explain the instructions in his’her own words to the
researcher, and whether the child correctly answers the control
guestions asked by the researcher.

Task 1: Probability L earning Task: Finding Gold Coins (PL
Gold Coin Task)

To assess reward learning, a computer task that has the
appearance of a computer game will be used. The child is
instructed to search for gold coins that have been hidden by an
elf under 1 out of 6 rocks. Children are instructed to click with
the mouse on the rock under which they think the gold coinis
hidden. After choosing arock, the child is shown if the coinis
hidden there, and, if not, is shown the correct location of the
coin. Every time the elf appears the child can search for a new
gold coin, 120 times in total. Unknown to the child, the gold
coins will be hidden under the same rock in 75% (90/120) of
the cases, there are 2 rocks under which the coin is hidden in
10% (12/120) of the case, 1 rock under which the coinishidden
in 5% (6/120) of the cases, and 1 rock under which the coinis
never hidden. The task assesses to what extent children adapt
their search strategy to the most frequent location of the coin.

Thetask was originally devel oped by Plate and colleagues[27],
who gave permission for its use and adaptation. The original
task consisted of 8 rocks, 200 trials, and the largest proportion
of gold coins under the same rock was 70%. The number of
trials was too high for 25% of the children between ages 4 and
11 and for these children the data could not be used [27].
Therefore, we shortened the task to 120 trials, decreased the
number of rocksfrom 8to 6, and increased the largest proportion
of gold coinsunder the samerock from 70% to 75%. We expect
that these changes will ensure that children learn faster from
therewardsthan in the original task and that our shorter version
of the task is still sufficient to assess individual differencesin
reward learning. A final adaptation to the original task is that
thelocation of therock with the largest proportion of gold coins
will be varied among children. In the original task, this rock
was alwaysin the same location, somewhere in the middle, and
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we want to prevent that choosing the middle rock more often
than the more peripheral rocks is unjustly interpreted as a
learning effect when it is actualy a preference for central
locationsthat isunrelated to reward learning. All of the changes
we madeto the original task were discussed with the researcher
who developed the task.

Thetask is programmed in E-Prime 2 and will be assessed on
a laptop. After 60 trials, the child is given a short break. The
estimated total duration of the task, including instruction and
break, is 12 minutes. After the instruction and before the actual
task starts, the researcher checkswhether the child understands
thetask by asking the child to explain thetask to the researcher.
If this is too difficult, the researcher asks the following more
specific questions: How do you search for gold coins?,What do
you see on the screen if you have found a gold coin under a
rock?, and What do you see on the screen if you picked the
wrong rock?

At the start of the task, the children are told that they get to
choose a present from 1 of 3 boxes after completing the task.
They are told they can choose a present from box 1 if they find
a small number of coins, a somewhat larger present from box
2 if they find more coins, and alarge present from box 3 if they
find a large number of coins. It is part of the task that the
children believe that the amount of gold coins they find
determines the size of the present they receive. Unknown to the
children, at the end of thetask all of them will betold that they
did agood job and can choose a present from box 3.

Task 2: The Balloon Emotional Learning Task (BELT)

In this task, a small colored balloon appears on the computer
screen. The children are instructed that they can pump up the
balloon by pressing the space bar. The more often they press
the space bar, the more the balloon inflates. The larger they
pump up the balloon, the more points the child earns, but no
pointsareearned if the balloon pops. The child istold that some
balloons are stronger than others and can be pumped up further
before they pop. After each successful pump, the child needs
to choose between pumping up the balloon further and pressing
enter to cash the points earned for that specific balloon. If the
balloon pops before the points are cashed, the child loses the
pointsfor that specific balloon. Thetests consist of 45 balloons
in total. Unknown to the children, the 3 different colors of the
balloons represent their strength: the orange balloon always
pops after 7 pumps, the pink balloon aways pops after 19
pumps, and the blue balloon has a variable strength, popping
after 7, 13, or 19 pumps. The task assesses how much risk the
child iswilling to take to obtain alarger reward and the extent
towhich the child learnsfrom feedback about the circumstances
(here, color of the balloon) under which risk taking results in
reward and the circumstances under which it does not [28].

This task was developed by Humphreys and colleagues [28]
and was used in children asyoung as 3 years of age. Theorigina
task consists of 29 balloons (trials), but the researchers
themselves suggested that it would be better to use alonger task
in future research [28]. We received permission to use the task
and increased the number of trials from 29 to 45.
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Thetask is programmed in E-Prime 2 and will be assessed on
a laptop. Stickers will be used to make it easier for young
children to remember the keys they need to use. That is, on the
space bar, they will see a sticker of a balloon and on the enter
key apicture of aprize meter, similar to the one they see on the
screen. The estimated total duration of the task, including
instruction, is 5 minutes. After the instruction and before the
actual task starts, the researcher checks whether the child
understands the task by asking the child to explain the task to
the researcher. If this is too difficult, the researcher asks the
following more specific questions: How do you pump up a
balloon? or What do you do if you want to stop pumping and
save the points you’ ve earned?

To motivate the children to do their best, they are told that if
they gain enough points they can choose 2 stickers at the end
of the task. Unknown to the children, at the end of the task all
of them will be told that they did a good job and can choose 2
stickers.

Child Questionnaire Measures

Similar to the tasks, each child will be assessed individually. A
researcher will ask questions about the child’'s emotional
responses to rewards, optimism/pessimism, and social
experiences in the classroom. All instructions and questions
will beread to the child and the researcher will enter the answers
in Qualtrics (Qualtrics Inc.).

Pleasure Scale to Assess Emotional Responsesto Rewar ds

To assess children’s emotional responsesto rewards, an adapted
and shortened version of the Children's Pleasure Scale by
Kazdin [29] will be used. We assess how happy a child feels if
situations occur that are commonly perceived as pleasurable
(eg, receiving a present, or a compliment). Children will be
asked to rate each situation on a 3-point Likert scaleand indicate
if the situation would make them (1) very happy, (2) happy, or
(3) it would not matter. A large card depicting 3 smileys (from
very happy to neutral) paired with the 3 response options will
be placed in front of the child and the child can either answer
by talking or by pointing to one of the smileys. Before beginning
the actual interview, the researcher checks if the child
understands the response options by presenting the 3 response
optionsto the child orally, in adifferent order than in the original
explanation, and asking the child to point a the picture
belonging to the specific response. If the child makes amistake
for one of theresponse options, all 3 are repeated until the child
shows the correct response for all options. The child is aso
asked to respond to an example item (ie, You get to eat a piece
of candy you like).

The original questionnaire has been used with 6-year-old
children[29], but was not validated specifically for ayoung age
group. Some questions seem rather complicated or not applicable
to our young age group (ie, You accidentally overhear your
teacher bragging to the principal about what a terrific student
you are). With 39 items, the original questionnaireis also very
long. Therefore, we simplified and shortened the original
guestionnaire and tranglated it into Dutch. In detail, our research
team, including aformer primary school teacher (AB) who has
experience with our specific age group, selected 10 items based
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on high item-total score correlations[29], relevance for our age
group, and low level of difficulty. These items were translated,
simplified (if necessary), and tested in a pilot. Five parents
trialed the revised items with their 6-7-year-old children and
reported that all of the children were ableto answer the questions
and indicated that the answers matched with what they would
have expected their child to answer. Finally, we selected the 8
most relevant items with the least overlap, while retaining all
3 pleasure domains from the origina questionnaire, that is, the
domains of physical pleasure (ie, eating afavorite meal), social
pleasure (ie, being told what a good friend you are), and other
types of pleasure (ie, winning a game). See Multimedia
Appendix 1 for the origina items and the (trandated)
reformulated items.

Optimism/Pessimism

Optimism/pessimism will be assessed with an adapted and
shortened version of the Youth Life Orientation Test (YLOT)
[30,31]. Children are presented with different statements and
are asked how often they think this: never, sometimes, often,
or al the time. Following the procedure of Bamford and
Lagattuta [31], a large card depicting 4 boxes ranging from
empty to full, paired with the 4 response options, will be placed
in front of the child. The child can answer by either talking or
pointing to one of the boxes. Before beginning the actual
interview, the researcher checks if the child understands all
response options. The child is also asked to respond to 2
example items (ie, | think fries are tasty and | like eating
worms).

The origina questionnaire has been validated only among
children aged 8 and older [30], consists of several questions
about the future that are likely too difficult for 6-7-year olds,
and was long (19 items). Based on a version adapted for and
used with 6-year olds [31], but which still contained several
difficult items (ie, I'm always hopeful about my future), we
created a further ssimplified and shortened Dutch version. We
followed a similar procedure as for the Children's Pleasure
Scale. We first selected 8 items based on high item-total score
correlations [30], relevance for the targeted age group and low
level of difficulty. These items were trandated and further
simplified if necessary. Five parentstrialed these questions with
their 6-7-year-old children. Four of them reported back to us
that their child had difficulties understanding the item Usually,
| don’t think good things will happen to me, therefore, thisitem
was excluded. Parents reported that their children were able to
answer the other questions and that the answers matched with
what they would expect their child to answer. Finally, we
selected the 6 most relevant items by dropping one more item
because of overlap with another item. See Multimedia A ppendix
1for theoriginal items and the (translated) reformulated items.

Social Experiences

To assess peer acceptance and rejection, children will be asked
to nominate the children in their classroom they like to play
with and the onesthey do not like to play with. Peer aggression
and peer victimization will also be assessed using peer
nominations. Because of the wide range of reading abilities at
ages 6 to 7, photographs are used to facilitate peer nomination
in this young age group [32-34]. Children will be presented
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with alist including the names and photographs of the children
intheir classroom whose parents have consented, and are asked
to either state the names or point to the pictures. The
photographs will only be used during the assessment and will
be destroyed directly afterward. For all peer nomination
measures, proportion scores will be calculated (number of
nominations/[number of participating childrenin the classroom
— 1]); this is the gold standard for assessing acceptance and
rejection [32].

The use of peer nominationswith children sometimesraisesthe
question of whether being assessed with these instruments may
have negative consequences for the children. However, studies
among children and their teachers suggest that children hardly
show negative emotional responses after the use of peer
nominations similar to the ones we will use, and also that
children are not treated differently in the classroom afterward
[35]. The youngest children in these studies were 8 years old,
only dlightly older than our sample, and we have no reasonsto
assume that results are different for our age group.

Teacher Questionnaireson Children’sMental and Social
Functioning

Mental Functioning

Mental functioning of the children will be assessed with the
Teacher’'s Checklist of Psychopathology (TCP). The TCPisa
shortened version of the Teacher’s Report Form [36] and was
developed for the TRacking Adolescents' Individual Lives
Survey (TRAILS) [37]. The TCP assesses 9 problem domains:
Withdrawal, Somatic complaints, Anxious/depressed symptoms,
Social problems, Thought problems, Attention problems,
Activity/impulsivity, Aggressive behavior, and Delinquent
behavior. The checklist includes descriptions of the
corresponding problem behavior for each of these domains.
Because we did not have a specific research interest in
associations between reward responsiveness/optimism and
somatic complaints, this domain (Somatic complaints) was
excluded. For the domain Delinquent behavior, we removed
parts of the description that were not age appropriate, for
example, pertaining to skipping classes and using alcohol or
drugs. (For the specific items, see Multimedia Appendix 2.)

Social Functioning

In addition to the classmates, teachers will also be asked about
the children’s social functioning. Whereas classmates can
observe their peers more subtle behaviors that may remain
hidden for parents and teachers, teachers can provide an accurate
general perspective on children’s social functioning that is
complementary to the perspective of classmates[35], and it has
been advised to combine the 2 complementary perspectives
[32]. Teacherswill complete aquestionnaire on peer aggression,
peer victimization, and acceptance (9 items), as used in the
Quebec Newborn Twin Study [38], for each of their students
participating in the study (see Multimedia Appendix 2).

Statistical Analysis Plan

The feasibility of the tasks and questionnaires for 6-7-year-old
children will be determined by calculating for each task and
guestionnaire the number of children that completed it, the
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number of children that were able to explain theinstructionsin
their own words to the researcher, and the number of children
that correctly answered the control questions of the researcher
prior to the assessment. The reliability of the scales assessing
emotional responses to reward and optimism/pessimism will
be determined by calculating Cronbach a. Item-total score
correlations will also be reported. The reliability of the tasks
will be assessed by calculating correlations between different
consecutive blocks. Split-half reliabilitieswill not be computed,
because we expect children to learn during the tasks and,
therefore, would not expect the first and second half of a task
to be highly correlated.

Although we aim to investigate relations between reward
responsiveness and optimism and mental and social functioning
in 6-7-year-old children, it depends on the feasibility and
reliability of the child questionnaires and tasksif statistical tests
of these associations are meaningful. In any case, we will report
descriptive statisticsfor all measures. For all scales, sum scores
will bereported. The following task outcomeswill be reported:
the number of points earned during the Probability Learning
(PL) Gold Coin Task and the Balloon Emational Learning Task
(BELT), and the number of pumps (general risk taking) [39]
and explosions (uncontrolled risk taking) during the BELT [39].
All BELT outcomes will be reported separately for the 3
different conditions (ie, colors). For both tasks, these outcomes
will be reported for the task in total, as well as separately for
the different blocks.

Results

Datacollection wasoriginaly plannedin March and April 2020,
but has been postponed due to Corona virus regulations. We
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expect to collect the datain the first half of 2021. Results will
be disseminated in deidentified and aggregated form in one or
more preprints and peer-reviewed publications. Main findings
of this study will be shared on socia media and teachers who
participate in the study will receive a report with the main
findings. Additionally, if thetasks and questionnaires are usable
for young children, they will be considered for inclusion in the
next wave of the large intergenerational cohort study TRAILS
Next [40].

Discussion

We will investigate the feasibility and reliability of tasks and
guestionnaires assessing reward learning, reward responsiveness,
and optimism specifically for 6-7-year-old children, an age
group often assessed in longitudinal birth-cohort studies. Our
findings could benefit many researchers interested in studying
reward responsiveness and optimism in young children. If the
instruments assessed in this study are usable with young
children, it would be particularly interesting to include themin
cohort studies because this would enable investigating
prospective associations between reward responsiveness and
optimism early in life and mental and social functioning later
in life, and may, ultimately, provide a way of identifying
vulnerable children already at an early stage. Because of the
exploratory nature of this pilot study, we do not correct for
multiple testing, thus any results we find about associations
between the different measures are tentative, awaiting replication
in adifferent sample.
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