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Abstract

development during adolescence.

Background: Adolescence is a time of considerable social, cognitive, and physiological development. It reflects a
period of heightened risk for the onset of mental health problems, as well as heightened opportunity for
flourishing and resilience. The CogBIAS Longitudinal Study (CogBIAS-L-S) aims to investigate psychological

Methods: We present the cohort profile of the sample (N =504) across three waves of data collection, when
participants were approximately 13, 14.5, and 16 years of age. Further, we present descriptive statistics for all of the
psychological variables assessed including (a) the self-report mood measures, (b) the other self-report measures, and (c)
the behavioural measures. Differential and normative stability were investigated for each variable, in order to assess (i)
measurement reliability (internal consistency), (ii) the stability of individual differences (intra-class correlations), and (iii)
whether any adolescent-typical developmental changes occurred (multilevel growth curve models).

Results: Measurement reliability was good for the self-report measures (> .70), but lower for the behavioural measures
(between .00 and .78). Differential stability was substantial, as individual differences were largely maintained across
waves. Although, stability was lower for the behavioural measures. Some adolescent-typical normative changes were
observed, reflected by (i) worsening mood, (i) increasing impulsivity, and (iii) improvements in executive functions.

Conclusions: The stability of individual differences was substantial across most variables, supporting classical test
theory. Some normative changes were observed that reflected adolescent-typical development. Although, normative
changes were relatively small compared to the stability of individual differences. The development of stable
psychological characteristics during this period highlights a potential intervention window in early adolescence.
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Background

Adolescence is a period that entails significant social, cog-
nitive, and physiological development. It reflects a period
of protracted neurodevelopment, contributing to sensitiv-
ity towards the development of mental health problems,
as well as adaptive and resilient outcomes [1, 2]. Many
mental health problems, including anxiety, depression and
substance use disorders, have their onset in adolescence,
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with prevalence rates steadily increasing throughout this
period [3]. In 2017, it was estimated that 14% of UK sec-
ondary school children (aged 11 to 16) were living with a
diagnosable mental health condition [4], which reflected
an increase from previous reports [5]. Less research has
investigated resilient outcomes in adolescence, despite
that many individuals appear to maintain a good level of
psychological wellbeing during this period. More longitu-
dinal research is needed to track mental health develop-
ment in normative adolescent samples, in order to identify
early risk and protective factors for mental health prob-
lems and to define markers of resilience and wellbeing.
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The CogBIAS Longitudinal Study (CogBIAS-L-S) col-
lected psychological data from a normative UK sample of
adolescents (N =504), at three time points across second-
ary school. The current paper is descriptive in nature, pre-
senting the cohort profile and descriptive statistics for all
of the psychological variables assessed. Predictive associa-
tions between specific variables will be addressed in future
papers.

Theories of adolescent development are rooted within a
biopsychosocial framework. The brain undergoes protracted
development during adolescence, reflected by cortical thin-
ning and myelin synthesis throughout many regions [6].
Neurodevelopmental changes are thought to occur non-
linearly, with particular protracted maturation of prefrontal
regions, in comparison to subcortical limbic systems [2].
This dual-systems developmental model has been linked to
adolescent-typical behaviour, such as increasing levels of im-
pulsivity and risk-taking [7, 8]. Changes in the limbic system
have been linked to altered decision-making, heightened
emotional responding and increased risk-taking, while pro-
tracted myelin synthesis in the pre-frontal cortex has been
linked to improvements in executive functions [9]. Executive
functions, such as attention control, cognitive flexibility, and
information processing, show considerable improvement
throughout childhood and adolescence, peaking at around
15 years of age [10, 11]. Adolescence is also characterised by
changes in environmental processing, as adolescents become
more susceptible to social input [12]. For example, early ad-
olescents (aged 12 to 14 years) have been shown to be more
socially influenced by their peers than by adults [13]. This
effect is not typically found in any other age group, including
older adolescents (aged 15 to 18years), suggesting that
young adolescents are particularly influenced by their peers.
These factors contribute to the understanding of adoles-
cence as a period of increased prosocial, as well as antisocial
behaviour [14].

Adolescence also reflects a period of substantial emo-
tional development. Adolescents are at increased risk for
developing mood disorders, which has been linked to
heightened levels of emotional reactivity and stress [15].
Many social, cognitive, and physiological changes that take
place during the secondary school period may contribute to
this increased risk. More longitudinal research is needed
during this period of development, to provide a better un-
derstanding of early risk and protective factors. Environ-
mental risk factors have previously been implicated, such as
peer victimisation, family discord, and stressful life events
[16—18]. There are also likely to be multiple genes contrib-
uting to the onset of mood disorders, which are thought to
interact with environmental factors to increase risk [19].
Recent theories of adolescent mood disorder have impli-
cated certain cognitive styles and information processing
biases as mediating mechanisms in this risk model [20, 21].
Cognitive factors, such as worry, rumination, self-esteem,
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and information-processing biases in attention, interpret-
ation and memory have been suggested as important fac-
tors [22-24]. Most of these factors can be described as
continuous bi-polar constructs, providing either risk or pro-
tective mechanisms at either end of the continuum. These
factors are also regarded as transdiagnostic, as they have
been shown to predict both anxiety and depression out-
comes [20]. While previous studies have shed light on risk
and protective factors, more research is needed using longi-
tudinal designs, in order to provide a better understanding
of how these mechanisms develop and work together to in-
fluence mental health during adolescence.

The primary aim of CogBIAS-L-S is to investigate
risk and protective factors underlying emotional vul-
nerability and resilience in adolescence. A wide range
of self-report and complementary behavioural mea-
sures were assessed at three time points. Many mood-
related variables were assessed, including symptoms of
anxiety and depression, worry and rumination, as well
as information-processing biases in attention, inter-
pretation, and memory. A secondary aim is to investi-
gate the development of executive functions and
impulsivity-related behaviour, including risk-taking
and overeating, in order to provide a more compre-
hensive understanding of how these behaviours de-
velop during adolescence. Sensitivity to food cues has
been used to test cognitive models of reward process-
ing, therefore bias to approach food was investigated,
together with relevant self-report measures [25, 26]. A
tertiary aim is to investigate the role of cognitive
biases in the development of pain-related distress.
Chronic pain impacts a quarter of young people [27],
follows a similar developmental trajectory as anxiety,
and cognitive biases have been implicated in its devel-
opment [28].

A three-wave longitudinal design was used, in order to
provide a model for testing individual and sample level
developmental change. Over 500 adolescents were re-
cruited from UK secondary schools and completed the
same battery of measures at each wave. Participants were
first assessed near the beginning of starting secondary
school and were followed for 4 years, completing the
same measures every 12 to 18 months. This design was
based on feasibility, in order to provide enough data to
examine longitudinal stability and change across this de-
velopmental period. Saliva samples were collected at
baseline and genome-wide analysis was conducted, al-
though will be reported elsewhere. The in-depth assess-
ment of mood and impulsivity-related variables across
three waves, together with genome-wide data, provides a
rich and unique dataset for examining risk and protect-
ive pathways in adolescence.

In this paper, we present the cohort profile and prelim-
inary data on stability and change in the psychological
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variables assessed. Our aims were threefold: (i) to assess
the reliability of the battery of measures, (ii) to assess the
stability of each variable across waves, and (iii) to assess
whether any adolescent-typical change was observed for
each variable. Descriptive statistics are presented across
the sample for: (a) the self-report mood measures, (b) the
other self-report measures, and (c) the behavioural mea-
sures. Stability and change in the variables was investi-
gated with multiple methods. Measurement reliability was
assessed by checking internal consistency, in order to pro-
vide support for any evidence of stability and change ob-
served. Differential (or rank-order) stability refers to
whether individual differences are maintained over time,
which was assessed using inter-wave reliability estimates
[29]. Normative stability refers to whether change occurs
at the sample level, which was assessed using multilevel
growth curve analyses [29, 30]. Together, these methods
provide a comprehensive investigation into stability and
change.

We expected to observe substantial differential stabil-
ity, such that individual differences would be maintained
across waves. This is in line with classical test theory,
which posits that psychological characteristics are stable
across time, assuming high levels of measurement reli-
ability [31]. However, we are investigating a particularly
transient developmental period, therefore we expected
to observe some adolescent-typical changes across the
sample. In particular, we anticipated to observe worsen-
ing mood outcomes, increasing levels of impulsivity-
related behaviour, as well as improvements in executive
functions. Overall, we expected that differential stability
would supersede normative stability, reflecting the rela-
tive strength of stability in individual differences over
time.

Method
Participants
Participants were 504 secondary school children, sam-
pled from nine different schools in the South of England.
There were 10 different cohorts in the sample, as one
school entered two consecutive year groups into the
study. Twenty percent of the schools that were con-
tacted agreed to participate. Students from an entire year
group, near the beginning of their secondary school edu-
cation (Years 7-9), were invited to take part. The range
in school years was due to the different school types, as
some started secondary school later, which is common
in private schools in the UK. Parental consent and ado-
lescent assent was received for all participants. Partici-
pants were followed up over 4 years, completing testing
on three separate occasions, spaced approximately 12 to
18 months apart.

For the total sample at Wave 1, mean age was 13.4
(SD=0.7), 55% were female, and 75% were Caucasian.
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We observed an 11% drop-out rate at Wave 2 (N =
450), and a 19% drop-out rate at Wave 3 (N =411). For
the participants retained at Wave 2, mean age was 14.5
(SD =0.6), 56% were female, and 76% were Caucasian.
For the participants retained at Wave 3, mean age was
15.7 (SD = 0.6), 58% were female, and 76% were Cauca-
sian. We inferred level of Socio-economic Status (SES)
from an average score for their parent’s highest level of
education (1 =“Secondary school”, 2=“Vocational/
technical school”, 3 =“Some college”, 4 =“Bachelor’s
degree”, 5="“Master’s degree”, 6 =“Doctoral degree”).
Parental education has been shown to be a reliable indi-
cator of SES, as education affects both income and oc-
cupation, whilst also being a source of parent’s values
and communicative styles [32, 33]. Across the sample,
the median level of parental education was 4 (Inter-
quartile Range = 2). Table 1 presents the sample demo-
graphics by each wave and testing cohort. Differences
between the sample retained and lost were explored
with independent samples t-tests at Wave 1 and Wave
3. Age, SES, cohort and ethnicity had no effect on
whether participants were retained or lost. Gender did
have an effect, ¢ (502) = — 2.86, p =.004, d = .25, as more
female participants were retained..

Measures

Self-report mood measures

Anxiety and Depression was measured with the Revised
Child Anxiety and Depression Scale short form (RCADS-
SF) [34]. The scale consists of 25 items of internalising
symptoms. Respondents are asked to indicate how often
each item happens to them using a 4-point scale ranging
from 0 (“Never”) to 3 (“Always”). Depression was assessed
with 10 items (e.g., “I feel sad or empty”, “Nothing is much
fun anymore”) and Anxiety was assessed with 15 items
(e.g., “I feel scared if I have to sleep on my own”, “I worry
that something bad will happen to me”). Anxiety can be
further broken down using subscales for Social Anxiety,
Separation Anxiety, General Anxiety, Panic Disorder and
Obsessive Compulsive Disorder (OCD), which are each
assessed with 3 items. Item responses were summed for
Anxiety and Depression, with high scores reflecting
greater internalising symptoms. For the Anxiety subscales,
item responses were mean score averaged, with high num-
bers reflecting greater anxiety symptoms.

Resilience was measured with the Connor-Davidson Re-
silience Scale short form (CDR-SF) [35]. The scale consists of
10 items designed to measure trait resilience (e.g., “I believe
I can achieve my goals even if there are obstacles”). Respon-
dents are asked to think back over the past month and indi-
cate whether each item applies to them, using a 5-point
scale ranging from 0 (“Not true at all”) to 4 (“True nearly all
the time”). Items responses were summed, with high scores
indicating greater Resilience.
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Table 1 Sample demographics by each cohort group and wave
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Wave 1
Cohort Total X1 X2 X3
N 504 15 30 62
Mean Age (SD) 134 (7)  126(4) 11.7(3) 134(3)
Year group 7-9 7-8 7 8
Gender (% Female) 55% 40% 50% 100%
Ethnicity (% Caucasian) — 75% 60% 87% 68%
SES (Median, IQR) 42 42 3(2) 40
Wave 2
Cohort Total X1 X2 X3
N 450 9 25 60
Mean Age (SD) 145(6)  140(4) 133(3) 145(3)
Year group 8-10 8-9 9 9
Gender (% Female) 56% 56% 52% 100%
Ethnicity (% Caucasian) — 75% 56% 84% 67%
SES (Median, IQR) 4(2) 4(2) 3 4
Wave 3
Cohort Total X1 X2 X3
N 411 8 22 62
Mean Age (SD) 157 (6) 153(4) 148(3) 159(3)
Year group 9-11 10-11 10 11
Gender (% Female) 58% 50% 46% 100%
Ethnicity (% Caucasian) — 76% 63% 86% 68%
SES (Median, IQR) 42 42 302 42

X4 X5 X6 X7 X8 X9 X10

47 13 34 119 104 54 26
134(3)  122(4  128(3) 140(4 131(3) 143(3) 132(3)
8 7-8 8 9 8 9 8
100% 100% 47% 0% 100% 0% 58%
72% 69% 59% 86% 69% 76% 85%
3 4Q) 22 4(1) 40 40 32
X4 X5 X6 X7 X8 X9 X10

40 6 26 109 101 50 24
148(3)  135(2) 140(3) 151(4) 141(3) 154(3) 143(3)
10 8-9 9 10 9 10 9
100% 100% 42% 0% 100% 0% 58%
73% 67% 65% 86% 69% 74% 42%
3 4Q) 2(2) 4(1) 40 40 3
X4 X5 X6 X7 X8 X9 X10

37 12 12 92 92 50 24
158(3)  145(4) 150(3) 160(4) 154(3) 161(3) 153(3)
1 9-10 1 Al 1 1 10
100% 100% 67% 0% 100% 0% 58%
73% 75% 75% 85% 70% 74% 88%
30 4Q) 22 4(1) 40 40 3

Note: Update from the protocol paper (Booth et al,, 2017); age has now been coded to two decimal places, and SES (Socio-Economic Status) is the median of
both mother and father education level; SD Standard Deviation; IQR Interquartile Range; 11% attrition at Wave 2 and 19% attrition by Wave 3

Wellbeing was measured with the Mental Health
Continuum short form (MHC-SF) [36]. Respondents are
asked to indicate how often they have experienced each
of 14 different items over the past month (e.g., “happy”,
“interested in life”), using a 6-point scale ranging from 0
(“Never”) to (“Every day”). Wellbeing can be further
broken down using emotional, social and psychological
subscales, although these are not reported in the present
analyses. Item responses were summed, with high scores
indicating greater Wellbeing.

Self-esteem was measured with the Rosenberg Self-
Esteem scale (RSE) [37]. The scale consists of 10 items
measuring self-worth and acceptance (e.g., “I feel that I
have a number of good qualities”, “On the whole I am
satisfied with myself”). Respondents are asked to indicate
how much they agree with each item using a 4-point
scale ranging from 0 (“Strongly disagree”) to 3 (“Strongly
agree”). Item responses were averaged, with high scores
indicating better Self-esteem.

Worry was measured with the Penn State Worry
Questionnaire for Children (PSWQ-C) [38]. The scale
consists of 14 items designed to measure the tendency

to worry in children aged 6 to 18 years old. Respondents
are asked to indicate how true each item is for them
(e.g., “My worries really worry me”, “I know I shouldn’t
worry, but I just can’t help it”), using a 4-point scale ran-
ging from 0 (“Never true”) to 3 (“Always true”). Item re-
sponses were averaged, with high scores reflecting a
greater tendency to Worry.

Rumination was measured with the Children’s Re-
sponse Style Scales (CRSS) [39]. This scale measures
both Rumination (negative) and Distraction (positive),
which are cognitive styles that present in response to
adverse experiences. The Rumination scale consists of
10 items (e.g., “When I feel sad, I think back to other
times I have felt this way”) and the Distraction scale
also consists of 10 items (e.g., “When I feel sad, I
think about something I did a little while ago that
was a lot of fun”). Respondents are asked to indicate
how true each item is for them using an 11-point
scale ranging from 0 (“Never”) to 10 (“Always”). Item
responses for each scale were averaged, with high
scores reflecting a greater tendency towards Rumin-
ation and Distraction respectively.
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Other self-report measures

Life events were measured with the Child Adolescent Sur-
vey of Experiences (CASE) [40]. The survey consists of 38
life events, relevant to children and adolescents (e.g., “My
parents split up”, “I went on a special holiday”). Respon-
dents are asked to indicate whether each particular event
happened to them during the past 12 months, and if so,
they are asked to rate the event using a 6-point scale
(1 ="“Really bad”, 2 = “Quite bad”, 3 = “A little bad”, 4 = “A
little good”, 5 = “Quite good”, 6 = “Really good”). They are
also given the option to include a further two life events,
which they are asked to rate using the same scale. A score
for Positive Life Events was computed as the number of
events experienced and rated as either really good, quite
good, or a little good by the respondent. A score for Nega-
tive Life Events was computed as the number of events ex-
perienced and rated as really bad, quite bad, or a little bad
by the respondent.

Victimisation was measured with the Multidimen-
sional Peer Victimisation Scale (MPVS) [41]. The scale
consists of 16 items relating to bullying perpetrated by
peers (e.g., “Beat me up”, “Swore at me”, “Tried to make
friends turn against me”). Respondents are asked to in-
dicate how often each item happened to them in the
past 12 months using a 3-point scale (0 = “Not at all”,
1="“Once”, 2 = “More than once”). Subscales can be
calculated referring to physical, verbal, social and prop-
erty vandalism, although for the current paper, only the
total score was examined. Item responses were summed
to create the total score, with high scores indicating
greater levels of Victimisation.

Impulsivity was measured with the UPPS Revised Child
version (UPPS-R-C) [42]. It is a 32-item questionnaire
measuring Lack of Premeditation (e.g., “I tend to blurt
things out without thinking”), Negative Urgency (e.g.,
“When I feel bad, I often do things I later regret in order
to feel better now”), Sensation Seeking (e.g., “I would
enjoy water skiing”) and Lack of Perseverance (e.g., “I tend
to get things done on time”- reverse scored”). Respondents
are asked to indicate how much each item describes them
personally using a 4-point scale ranging from 1 (“Not at
all like me”) to 4 (“Very much like me”). Items corre-
sponding to each subscale were averaged, with high num-
bers reflecting greater impulsivity.

Behavioural Inhibition and Activation (BIS/BAS)
was measured with the BIS/BAS Scales for Children [43].
The scale consists of 20 items in total, corresponding to
BIS (e.g., “I feel pretty upset when I think that someone is
angry with me”), BAS-Drive (e.g., “I do everything to get
the things that I want”), BAS-Reward Responsiveness (RR:
e.g., “When I am doing well at something, I like to keep
doing it”) and BAS-Fun Seeking (Fun: e.g., “I often do
things for no other reason that they might be fun”). Re-
spondents are asked to indicate how much they agree or
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disagree with each item using a 4-point scale (0=“Not
true”, 1="Somewhat true”, 2 ="“True’, 3 =“Very true”).
Items corresponding to each component were averaged,
with high numbers reflecting greater agreement.

Risk behaviour was measured with a modified version
of the Risk Involvement and Perception Scales (RIPS)
[44]. We used 14 of the original 23 risky behaviours,
which were deemed to be suitable for our younger UK
sample, as the original scale was used in older American
adolescents. Respondents were asked whether, during
the past 12 months, they engaged in each of the risky be-
haviours (e.g., riding in a car without a seatbelt, drinking
alcohol, skipping school). They were then asked to rate
how bad they consider the consequences of each behav-
iour to be, followed by rating how good they consider
the benefits of each behaviour to be, using a 9-point
scale from 0 (“Not bad/good at all”) to 8 (“Really bad/
good”). A score for Risk Involvement was computed as
the sum of the frequency ratings. A score for Risk Per-
ception and Benefit Perception was computed as the
average of the item responses for these scales
respectively.

Overeating was measured with the Three-Factor Eat-
ing Questionnaire (TFEQ-18) [45]. The scale consists of
18 items designed to measure three eating styles, which
are Cognitive Restraint (e.g., “I consciously hold back at
meals in order not to gain weight”), Uncontrolled Eating
(e.g., “Sometimes when I start eating, I just can’t seem to
stop”) and Emotional Eating (e.g., “When I feel blue, I
often overeat”). Respondents are asked to rate how true
each item is of them using a 4-point scale (0 = “Defin-
itely false”, 1 = “Mostly false”, 2 = “Mostly true”, 3 = “Def-
initely true”). Scores for each subscale were computed
by summing the relevant items, so that high scores indi-
cated greater overeating.

Pain Catastrophising was measured with the Pain
Catastrophising Scale for Children (PCS-C) [46]. The
scale consists of 13 items designed to measure cogni-
tions associated with the experience of pain (e.g., “When
I'm in pain, I become afraid that the pain will get worse”,
“When I'm in pain, I become afraid that the pain will get
worse”). Respondents are asked to indicate how likely
they are to have these thoughts when they are experien-
cing pain, using a 5-point scale ranging from 0 (“Not at
all”) to 4 (“All the time”). Subscales can be computed for
rumination, magnification and helplessness, although the
current analyses were conducted on the total score. Item
responses were summed, with high scores reflecting
greater levels of Pain Catastrophising.

Behavioural measures

Memory bias was assessed with a Self-Referential
Encoding Task (SRET). The task consisted of three
phases: an encoding phase, a distraction phase, and a
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surprise recall phase. In the encoding phase, partici-
pants were shown 22 positive (e.g., “cheerful”, “attract-
ive”, “funny”) and 22 negative (e.g., “scared”,
“unhappy”, “boring”) self-referent adjectives one at a
time, in a random order, and asked to indicate
whether each word described them, by pressing the
“Y” or “N” keys on the keyboard. The 44-item word
list had been matched for length and recognisability in
adolescents in a previous study [47]. In the distraction
phase, participants were asked to complete three
maths equations (e.g., “What is 2 x 3?”), one at a time,
in a fixed order. Responses did not have to be correct
and answers were not given. In the surprise recall
phase, a large answer box was displayed on the screen
and participants were asked to type as many words as
they could remember, both good and bad, from the
‘Describes me?’ task. The phase ended after 3 mins. A
score was computed for the number of negative words
endorsed and recalled (Negative Recall), number of
positive words endorsed and recalled (Positive Recall),
as well as the total number of words endorsed and
recalled (Total). Memory Bias was computed as:
((Negative Recall — Positive Recall) / Total). This cre-
ated a score whereby O indicated no bias, negative
scores indicated a more positive bias, and positive
scores indicated a more negative bias. The bias score
was computed in this way so that high numbers indi-
cated increased risk for psychopathology.
Interpretation bias was measured with the Adolescent
Interpretation and Belief Questionnaire (AIBQ) [48]. In
this task, participants are asked to imagine themselves in
10 different ambiguous scenarios and following each one
are asked to indicate how likely each of three possible
interpretations would be to pop into their mind. Five
scenarios are social and five are non-social in nature. An
example of a social scenario is “You've invited a group of
classmates to your birthday party, but a few have not yet
said if they are coming”. Participants then rate how likely
a negative (i.e., “They don’t want to come because they
don’t like me”), positive (i.e., “They’re definitely coming;
they don’t need to tell me that”) and neutral (i.e., “They
don’t know if they can come or not”) interpretation is to
pop into their mind using a 5-point scale (1 = “Doesn’t
pop up in my mind”, 3 = Might pop up in my mind”, 5 =
“Definitely pops up in my mind”). A forced choice ques-
tion is shown following these ratings, asking which the
most believable interpretation is, although this question
is generally not used for analysis. A score for Positive
Social, Negative Social, Positive Non-Social and Negative
Non-Social was computed as the average of the respect-
ive items. Scores ranged from 1 to 5. A Social Interpret-
ation Bias score (Negative Social — Positive Social) and a
Non-Social Interpretation Bias score (Negative Non-
Social — Positive Non-Social) was then computed in

Page 6 of 20

order to create a bias score, whereby higher scores indi-
cated greater negative interpretations for social and non-
social situations respectively.

Attention bias was measured with a pictorial Dot-
Probe task [49]. The task consisted of three blocks, cor-
responding to the assessment of attentional biases to: (i)
threat (i.e., angry faces), (ii) pain (i.e., pain faces), and
(¢ii) positivity (i.e., happy faces). The faces were chosen
from the STOIC faces database [50], which are images
of faces presented in greyscale with no hair or jawline
showing. Seven actors were used, eight times within each
block. Pictures were 230 x 230 pixels in size, presented
approximately 10 degrees visual angle apart. Each block
consisted of 56 trials, whereby an emotional face was
paired with a neutral face (of the same actor), displayed
for 500 ms. This was followed by a probe, in the centre
of the space previously occupied by one of the faces.
Probes were letters “Z’ and ‘M’, and were displayed for
3000 ms, or until a response was made. Participants were
instructed to respond to the probe as fast and accurately
as possible, pressing the respective “Z’ or ‘M’ key on the
keyboard. There was an inter-trial interval of 500 ms,
followed by a fixation cross for 500 ms, indicating the
start of a new trial. An error message was shown follow-
ing an incorrect response or following no response (i.e.,
slower than 3000 ms). Block order was counterbalanced
and trials within each block were randomised. A rest
period of 30,000 ms was given between blocks, which
was indicated by a countdown timer. Practice blocks
were given first responding to only the probes (8 trials),
then responding to the probes behind neutral-neutral
face pairings (16 trials). In experimental trials, congruent
trials refer to when the probe appears behind an emo-
tional face, and incongruent trials refer to when the
probe appears behind a neutral face. There were equal
numbers of congruent and incongruent trials. As stand-
ard, a bias score was computed by subtracting mean RT
for congruent trials from mean RT for incongruent tri-
als. Positive bias scores are thought to indicate emo-
tional vigilance and negative scores are thought to
reflect emotional avoidance. Incorrect trials, fast (<200
ms), slow (>3000ms), and extreme responses (3 SDs
from each participant’s mean RT for each trial type/
emotion category respectively) were not analysed. Partic-
ipants who made more than 30% errors overall were ex-
cluded. Indices were calculated for Angry Bias, Pain Bias
and Happy Bias from the respective blocks.

Risk-taking was assessed with the Balloon Analogue
Risk Task for Youth (BART-Y) [51]. The script was a
modified version of the BART-Y downloaded from the
Inquisit Test Library, as less trials were shown. In this
task, participants are instructed to pump a computer-
generated red balloon using a button displayed below
the balloon, and to ‘bank’ the points gained from each
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pump, using a different button displayed below a points
meter. Each balloon press gains one point and the aim
of the task is to bank as many points as possible. Partici-
pants were instructed that balloons can burst at any
point and that they should bank their points before they
think the balloon will burst. Responses were made with
the left mouse button. The balloon pump button caused
the balloon to either increase in size or to burst, and the
points meter button caused the points meter to increase.
If a balloon burst, then no points were won on that trial
and a new trial started. Twenty trials were completed,
which was less than the original study, due to time con-
straints of our study design. For each trial, the average
bursting point was 60 pumps, which ranged from 10 to
111 pumps. The average number of pumps on the bal-
loons that did not burst was used as an index of risk-
taking.

Cognitive interference was assessed with a Flanker
Task [52]. The script was a modified version of the
‘Child Flanker Test (with fish) downloaded from the
Inquisit Test Library. The task differs from the adult ver-
sion, as pictures of fish are used instead of arrows. Stim-
uli were yellow fish embedded with a faint black arrow
(150 x 230 pixels). Participants are instructed to indicate
whether a fish displayed in the centre of the screen is
pointing either left or right, whilst ignoring two flanker
fish on either side of the target fish. Flankers either point
in the same direction as the target fish (i.e., congruent
trials), or point in the opposite direction as the target
fish (ie., incongruent trials), which cause interference.
Four trial types: target point left (congruent); target
point right (congruent); target point left (incongruent);
target point right (incongruent); were displayed 29 times
each in random order. A rest period of 30,000 ms was
given halfway through the task, which was indicated by a
countdown timer. Participants were instructed to re-
spond to the target as fast and accurately as possible. In-
correct trials, fast (<200ms), slow (>3000ms), or
extreme responses (3 SDs from each participant’s mean
RT for each condition) were not analysed. Flanker Inter-
ference was computed by subtracting mean RT for con-
gruent trials from mean RT for incongruent trials. High
scores indicate more interference, therefore poor atten-
tion control.

Food Approach bias was assessed with a Stimulus-
Response Compatibility task [26]. The script was a
modified version of the ‘Manikin Task’ downloaded from
the Inquisit Test Library. The task consisted of two
blocks: (i) a food approach/non-food avoid block, and
(i) a food avoid/non-food approach block — which were
counterbalanced in order of presentation. Participants
were instructed to either approach or avoid each stimu-
lus type at the beginning of the block. A trial began with
a fixation cross in the centre of the screen (1000 ms),
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replaced by a stimulus (food or non-food picture) in the
centre of the screen with a manikin (15 mm high) posi-
tioned 40 mm above or below the picture. There was a
brief inter-trial interval (500 ms). The task consisted of
112 experimental trials (approach food, avoid food, ap-
proach non-food, and avoid non-food trials in equal
number). Approach and avoidance responses were made
by pressing the up or down arrow keys. Responding
caused the manikin to become animated and move in
the direction of the arrow press. Each trial was com-
pleted when the participant had made three responses
and the manikin had either reached the picture (ap-
proach trials) or reached the top/bottom of the screen
(avoid trials). Only the initial RT was used for data ana-
lysis. Pictures were chosen from the food-pics database
[53], which contains over 800 images of food and non-
food items, rated on perceptual characteristics and
affective ratings. We chose 8 sweet snack food pictures
(e.g., donut, ice-cream, grapes and blueberries) and 8
non-food miscellaneous household pictures (e.g., cush-
ion, key, book and umbrella) that were matched for
complexity, familiarity and valence. Incorrect responses,
fast (<200 ms), slow (> 3000 ms), and extreme responses
(3 SDs from each participant’s mean RT by block) were
not analysed. Further, participants who committed more
than 40% errors were excluded. A food bias score was
calculated by subtracting the mean RT in the food ap-
proach/non-food avoid block, from the mean RT in the
food avoid/non-food approach block, so that high scores
indicated a stronger Food Approach Bias.

Body-mass index (BMI)

Body-Mass Index (BMI) was calculated (BMIL: kg/ m?)
from measuring participant’s height (meters) and weight
(kilograms) at each of the three waves using a Seca port-
able height measure and Salter portable weight scales.

Further measures added in wave 2

Attention control was measured with the Attentional
Control Scale (ACS) [54]. The scale consists of 20 items
related to the ability to focus and shift attentional re-
sources (e.g., “It is hard for me to concentrate of a diffi-
cult task when there are noises around” - reverse
scored, “I can quickly shift from one task to another”).
Respondents are asked to indicate how each item relates
to them using a 4-point scale (1=“Almost never”,
2 = “Sometimes”, 3 = “Often”, 4 = “Always”). A score was
computed by averaging the items, with high scores
reflecting good attention control.

Sensory-Processing Sensitivity (SPS) was measured
with the Highly Sensitive Child Scale (HSCS) [55]. The
scale consists of 12 items (e.g., “Loud noises make me
feel uncomfortable”, “Some music can make me really
happy”). Respondents are asked to indicate how they feel
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personally about each item using a 7-point scale from 1
(“Not at all”) to 7 (“Extremely”). A score was computed
by averaging all of the items, with high scores reflecting
high SPS.

Binge eating was assessed in line with previous stud-
ies [56]. Participants were asked whether they had expe-
rienced an eating binge during the past month
(0 =“Never”, 1 = “Less than once a month”, 2 = “1 to 3
times a month”, 3 = “Once a week”, 4 = “More than
once a week”). They were then asked five more ques-
tions about whether they felt out of control during these
episodes, as if they could not stop eating even if they
wanted to, using a 3-point scale (0=“No”, 1="“Some-
times”, 2 = “Always”). Binge eating was coded as positive
if they scored above 1 on both of these questions. This
measured thus reflected a categorical outcome.

Working memory was assessed with the Corsi-Block
Tapping Task (CBTT) [57]. Both the forward and back-
ward CBTT were assessed. The scripts were downloaded
from the Inquisit Test Library. In this task, nine blue
squares are displayed on the screen (black background)
in a pseudorandom position. The squares light up
(change to yellow for 1 sec) in different sequences. In
the forward task, participants are instructed to recall the
sequence and click on the squares in the order they lit
up. In the backward task, participants are instructed to
recall the sequence backwards and click on the squares
in the reverse order they lit up. The squares also change
to yellow when participants recall the sequence by click-
ing on the square. Participants were instructed to click
the button labelled ‘Done” when they had finished recal-
ling the sequence, or press the ‘Reset’ button if they
made a mistake. The sequence length started at 2 and
increased by 1 every time two sequences were recalled
correctly. The task ended when participants recalled
twice incorrectly. The maximum sequence length was 9.
As standard, a score was computed by multiplying the
highest achieved block span with the number of cor-
rectly recalled sequences. High scores indicate better
working memory.

Procedure

Schools were recruited by sending emails to head
teachers or heads of psychology departments. Following
this, an initial meeting with teachers was arranged,
whereby the study commitment was explained in more
detail and testing procedures were arranged. Parental
consent forms were sent out to entire year groups of
students either in paper format, or electronically, de-
pending on the school’s preference. Parents were asked
to read the information sheet and return the completed
consent form and family demographic questionnaire, ei-
ther to the school or directly to the research team. Test
sessions were arranged during school hours, usually in
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computer rooms at the school, although two nearby
schools came into the University of Oxford computer
labs for testing. Adolescent assent forms were completed
just before the initial test session, after they had read the
adolescent information sheet and the study procedure
had been verbally explained to them.

Test sessions lasted 2 hrs. This was either com-
pleted all at once, or on different days, as the sessions
were split into shorter one-hour sessions. Each test
session involved completing some behavioural tasks,
programmed and delivered through Inquisit [58],
followed by completing a batch of questionnaires,
programmed and delivered through Limesurvey [59].
Testing was completed in groups, which ranged in
size from 6 to up to 50 participants, depending on
the size of the cohort and the available testing space.
Participants were asked to read and follow the in-
structions for each task and questionnaire on the
computer screen. At least two trained research assis-
tants were always present to answer any questions.
Participants were instructed to work in exam condi-
tions throughout the session, which meant not talking
or looking at their peers computer screen. Teachers
from the school were also present to support test ses-
sions. At the end of each wave of data collection, par-
ticipants were thanked, debriefed and given a £10
Amazon voucher.

Data analysis

The data was stored and preliminary analyses were con-
ducted in SPSS [60]. We report descriptive statistics for
each variable by their Mean (M) and Standard Deviation
(SD). Internal consistency was calculated using coeffi-
cient omega for self-report variables and using split-half
estimates for behavioural Reaction-Time (RT) based
measures. We refer to internal consistency estimates >
.70 as showing a high level of reliability. Coefficient
omega has been described as a superior alternative to
the widely used coefficient alpha, which holds highly
stringent assumptions [61]. Omega was calculated using
the free software JASP [62]. For RT variables, we report
permutation based Spearman-Brown corrected split-half
reliability, which was conducted using the ‘splithalf
package [63] in R [64]. This procedure splits the data
into two random halves (following the data reduction
steps described above), calculating the difference score
(i.e., bias score; incongruent minus congruent trials), and
calculating the correlation between both halves (cor-
rected with the Spearman-Brown prophecy formula).
This procedure was repeated across 5000 permutations
and we report the mean split-half reliability across all
splits. This procedure is more robust than taking a single
split (e.g., comparing first and last halves of trials, or
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comparing odd and even trials) to estimate internal
consistency.

In order to assess differential stability, we examined
inter-wave variability. The third form of the Intraclass
Correlation Coefficient (ICCj), as described by Shrout
and Fleiss [65], was calculated for each variable, estimat-
ing the correlation of measures across waves. The ICC
was modelled by a two-way mixed effects model; ran-
dom participant effects and fixed sessions effects, with
absolute agreement. Higher values indicate higher stabil-
ity across waves. We refer to ICC estimates > .70 as
reaching a high level of stability [66].

To assess normative stability, we tested linear growth
curve models using the ‘nlme’ package [67], in R [64],
with Full Maximum Likelihood Estimation (FIML).
Growth models were only tested if variables showed high
stability across three waves. Missing data was treated as
‘missing at random’, so that participants who only took
part only at Wave 1 could still contribute to the model
estimates. A Multi-Level Model (MLM) framework was
applied, as longitudinal data is considered nested (or
dependent) on multiple assessments per each individual.
Level-1 refers to the repeated measures of data nested in
individuals and level-2 refers to the individual. Waves
were coded as 0, 1 and 2, to set a baseline for the inter-
cept [68]. The ratio of between-cluster variance to the
total variance in each variable was assessed using the
ICC from the intercept only model. Levels of ICC > .10
suggest that substantial clustering is taking place, which
justifies using MLM over normal regression techniques
[30]. After running an intercepts only model, a fixed
slopes model was run, whereby the effect of wave was
included. After this, a random slopes model was run,
allowing intercepts and slopes to vary by individual. De-
viance statistics were tested to compare model fit be-
tween the intercept only, fixed slopes, and random
slopes models, using log-likelihood statistics. The aver-
age slope estimate (y;o) from the best fitting model indi-
cated whether any significant change occurred across
the sample. We used an adjusted significance level of p
< .005, to correct for the large number of models tested.
We did not include any time constant or time varying
covariates to the models, as we aimed to focus purely on
stability and change within each variable.

Results

Internal consistency

Internal consistency was first examined, using the omega
coefficient (Mcdonald’s w) for self-report measures and
split-half estimates for the RT measures. Results are pre-
sented in Table 2. Bold indicates that the measure
reached a high level of internal consistency. All of the
mood and other self-report measures reached a high
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level of internal consistency, with the exception of the
Separation Anxiety subscale from RCADS-SF. None of
the behavioural measures reached a high level of internal
consistency, apart from the Negative Social subscale
from the AIBQ. Internal consistency was extremely low
for the Dot-Probe variables (i.e., Angry, Happy, and Pain
Bias), as these variables mostly did not reach statistical
significance. However, internal consistency for the Dot-
Probe variables did increase by wave, with the highest
estimate reaching .27 for Angry Bias at Wave 3.

Differential stability

Differential stability was assessed by examining inter-wave
variability (ICC;;). Parameter estimates with lower and
upper Confidence Intervals (CI) are presented in Table 2.
Bold indicates whether each variable showed high stability.
Most of the mood and other self-report measures showed
high levels of differential stability. However, there were
some exceptions, including Distraction, BIS, BAS-RR,
Positive Life Events, and Pain Catastrophising. In terms of
the behavioural measures, high levels of stability were ob-
served for Memory Bias, Non-Social Interpretation Bias,
and Social Interpretation Bias. None of the other behav-
ioural measures showed high stability. In particular, the
Dot-Probe variables (i.e., Angry, Happy, and Pain Bias)
showed no stability (i.e., non-significant) across waves.

Normative stability

Growth curve models were conducted to examine norma-
tive stability, i.e., whether any change occurred across the
sample. Only variables that showed high stability were tested
and subscales were not examined, to reduce the number of
models tested. For the self-report mood measures these in-
cluded: Anxiety, Depression, Rumination, Resilience, Self-
esteem, Wellbeing, and Worry. For the other self-report
measures these included: BAS Drive, BAS Fun, Cognitive
Restraint, Emotional Eating, Uncontrolled Eating, Lack of
Perseverance, Lack of Premeditation, Negative Urgency,
Sensation Seeking, Negative Life Events, Risk Involvement,
and Victimisation. For the behavioural measures these in-
cluded: Memory Bias, Non-Social Interpretation Bias, and
Social Interpretation Bias. To assess model fit, we compared
the log-likelihood deviance (-2LL) between the intercept
only, fixed slopes, and random slopes models. Parameter es-
timates are shown in Table 3, with the best fitting model
shown in bold. The intercept (yqo) is the average score for
the sample at baseline. Although, the intercept only model
does not include the effect of wave, therefore yy here is the
average score across all waves. The slope (y;0), or fixed ef-
fects, represent the average change in each variable, per each
assessment wave. Due to the large number of models tested,
we used an adjusted level of significance (at p < .005), to in-
dicate significant change. Random effects are also depicted
in Table 3, represented by (i) the intercept variance (tq), (if)
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the slope variance (t1;), and (iii) their covariance (to;). All
models show intercept variance, but only the random slopes
model shows slope variance and covariance. Positive covari-
ance suggests that a high score at baseline predicts an in-
creasing score over time. Negative covariance suggests that
a high score at baseline predicts a decreasing score over
time.

Anxiety was best described by the random slopes
model and there was no change in average scores
across waves, Yoo = 13.56, p <.001, y;0=0.21, p =.283.
Depression was best described by the random slopes
model and there was an increase in scores from base-
line, yoo=8.31, p<.001, y;0=0.94, p<.001. Rumin-
ation was best described by the random slopes model
and there was an increase in scores from baseline,
Yoo =5.75, p<.001, y10=0.39, p<.001. Resilience was
best described by the fixed slopes model and there was
no change observed across waves, yoo = 24.25, p <.001,
Yi0=-0.36, p=.048. Self-esteem was best described
by the random slopes model and there was a decrease
in scores from baseline, yoo = 1.83, p<.001, y;0=-
0.05, p<.001. Wellbeing was best described by the
random slopes model and there was no change in
scores across waves, Yoo =41.58, p<.001, y;0=0.45,
p=.218. Worry was best described by the random
slopes model and there was a marginal increase in
scores from baseline, yoo=1.57, p<.001, y;o=0.04,
p=.007. In sum, for the self-report mood variables
that showed change, this was reflected by mood wors-
ening across waves.

BAS Drive was best described by the fixed slopes
model and there was an increase in average scores from
baseline, ygo = 1.15, p<.001, y;0=0.05 p=.001. BAS
Fun was best described by the intercept only model,
therefore no fixed or random effects were observed.
Cognitive restraint was best described by the random
slopes model and there was no change observed across
waves, Yoo = 13.44, p<.001, y;0=0.01, p=.933. Emo-
tional eating was best described by the random slopes
model and there was an increase in scores from baseline,
Yoo = 5.41, p <.001, y;9 = 0.45, p <.001. Uncontrolled eat-
ing was best described by the random slopes model and
there was an increase in scores from baseline, yoo =
19.82, p <.001, y;0=0.76, p <.001. Lack of perseverance
was best described by the fixed slopes model and there
was a decrease in scores from baseline, yoo = 2.15,
p <.001, y;0=-0.05, p<.001. Lack of premeditation was
best described by the fixed slopes model and there was a
decrease in scores from baseline, yoo = 2.29, p <.001,
Yi0=-0.07, p<.001. Negative urgency was best de-
scribed by the random slopes model and there was an
increase in scores from baseline, yoo = 2.48, p<.001,
Y10 = 0.05, p =.003. Sensation seeking was best described
by the random slopes model and there was no change
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observed across waves, Yoo = 2.98, p <.001, y;o=-0.02,
p =.172. Negative life events was best described by the
random slopes model and there was no change observed
across waves, Yoo = 5.53, p <.001, y10=-0.22, p=.030.
Risk involvement was best described by the random
slopes model and there was an increase in scores from
baseline, Yoo = 2.93, p <.001, y10=0.68, p <.001. Victim-
isation was best described by the random slopes model
and there was no change observed across waves, Yoo =
10.16, p <.001, y10 = - 0.24, p = .199.

Memory bias was best described by the random slopes
model and there was an increase in average scores from
baseline, Yoo = — 0.48, p <.001, y10=0.10, p <.001, reflect-
ing an increase in negative bias across waves. Non-social
interpretation bias was best described by the fixed slopes
model and there was a decrease in scores from baseline,
Yoo = — 0.34, p <.001, y10 = — 0.08, p <.001, reflecting a de-
crease in negative bias across waves. Social interpretation
bias was best described by the random slopes model and
there was no change in scores across waves, Yoo = 0.68,
p<.001, y10=-0.07, p=.023.

Discussion

The current paper presents the CogBIAS-L-S cohort
profile and examines stability and change in a wide
range of psychological variables that were assessed
across three waves of data collection. This study is one
of the largest to track cognitive and emotional develop-
ment across early to middle adolescence. Over 500 UK
secondary school students participated in the study and
completed repeated assessments at three waves, spaced
approximately 12 to 18 months apart. A large propor-
tion of the sample was retained, as none of the schools
dropped out of the study. In total, we observed a 19%
drop-out rate by Wave 3. The small amount of attrition
was related to pupils either leaving the school, or being
absent on the day of testing. Slightly more female par-
ticipants were retained in the final sample. We ob-
served substantial differential stability in our measures,
as individual differences were largely maintained over
time. Differential stability was greater for the self-
report, compared to the behavioural measures, which
could partly be explained by low measurement reliabil-
ity reflected in some of the behavioural measures. We
also  observed adolescent-typical  developmental
changes, which were in line with our expectations,
reflected by: (i) worsening mood outcomes, (ii) increas-
ing impulsivity-related behaviour, and (iii) improve-
ments in executive functions.

Reliability was assessed by examining the internal
consistency of the measures, as lack of differential
stability across waves could simply reflect poor meas-
urement reliability. Across the self-report mood and
other measures, internal consistency was very good.
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Only the Separation Anxiety subscale from the
RCADS-SF [34] did not reach a high level. This was
likely due to the fact that the scale was designed to
assess anxiety as a total score, therefore the subscales
may not contain enough items to reflect good levels
of internal consistency. For the behavioural measures,
internal consistency could only be examined for the
Interpretation Bias variables (using McDonald’s ),
and the RT based measures, using split-half estimates.
Unfortunately, internal consistency could not be ex-
amined for the count based measures, such as the
BART and the Memory Bias task. Overall, internal
consistency for the behavioural measures was low, as
only the Negative Social variable from the AIBQ
reached a high level. The Dot-Probe variables showed
the lowest level of internal consistency, as estimates
were non-significant in most cases. However, there
was a trend for improvements in internal consistency
across waves, which may have reflected improvements
in attention control, which is characteristic of this
period of development [11].

Differential stability in the measures was examined in
order to assess the stability of individual differences
across waves. High levels of stability were observed for
all but one of the self-report mood measures. The Dis-
traction subscale from the CRSS [39] did not show high
stability across waves, suggesting that this particular
construct is not stable across early to middle adoles-
cence. The other self-report measures showed less stabil-
ity than the mood measures, although individual
differences were still largely maintained over time, as
only four of the variables did not reach a high level. The
variables that did not reach a high level of stability were:
BIS, BAS-RR, Positive Life Events, and Pain Catastro-
phising. We did not expect Positive Life Events to be
particularly stable, as it is a measure of life experiences,
which are somewhat independent from individuals [69].
However, Negative Life Events did show high stability
across waves, suggesting that individuals who experi-
enced negative life events were likely to experience simi-
lar levels of negative life events in subsequent years. This
could be explained by the experience of harsh and vola-
tile family relationships, which would be likely to persist
throughout adolescence.

For the behavioural measures, less stability was ob-
served, as only Memory bias and the Interpretation bias
variables reached a high level. The measures that were not
stable included the BART (risk-taking), the Dot-Probe
variables, Flanker Interference, and Food Approach Bias.
In sum, we observed substantial differential stability in the
self-report measures and less stability in the behavioural
measures. It could be argued that the self-report variables
are more trait based measures, while the behavioural vari-
ables are more state based, which could partly explain the
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lower stability observed for the behavioural measures. The
instability of the behavioural measures could also have
been more pronounced due to adolescent-typical develop-
mental changes in the brain affecting cognitive functions,
such as attention control and processing speed [2, 9, 10].
However, the RT based measures also showed poor in-
ternal consistency, calling into question the reliability of
these tasks for assessing individual differences [31]. The
Dot-probe variables showed no internal consistency and
no differential stability, therefore future research should
be very cautious about making inferences from this data.

In order to explore the data further, normative stability
was examined with linear growth curve models for all
continuous variables that showed high differential stabil-
ity across three waves. For the self-report mood mea-
sures, we found that Depression, Rumination, and
Worry increased across waves. Therefore, across the
sample, these mood variables showed a worsening effect
over time. We also found that Self-esteem decreased
across waves, which reflected the same pattern of wors-
ening mood over time. Although, Anxiety, Resilience
and Wellbeing showed no significant change across
waves. The decrease in mood that was observed sup-
ports previous research, as depression onset has been
shown to peak at around 15 years of age [70]. While pre-
vious research suggests that anxiety onset typically oc-
curs much earlier, in childhood and early adolescence
[3]. This could explain why we did not observe any in-
crease in anxiety, as our sample were around 13 years of
age at Wave 1, therefore anxiety onset may have already
peaked. Our results suggest that early adolescence may
be a critical period for the delivery of mood interven-
tions, which focus on decreasing depression, rumination
and worry, as well as increasing self-esteem. The random
slopes model provided the best fit to the data in most
cases, showing that individual variability in change was
substantial. Future research should attempt to explore
this random growth, by conducting growth mixture
models, which can identify different classes of individ-
uals based on individual growth trajectories [30].

For the other self-report variables, we found a decrease in
Lack of Perseverance and Lack of Premeditation across
waves. We also found an increase in BAS Drive across
waves. This could have been explained by the development
of better executive functions, such as planning and goal-
setting, which is typical during adolescence [10]. Yet, we
found an increase in levels of impulsive behaviour, including
Negative urgency, Emotional eating, Uncontrolled eating,
and Risk involvement. This also reflects adolescent-typical
behaviour, such as the dual-systems model, which proposes
that protracted neural development in the prefrontal cortex
contributes to increasing levels of risk-taking during adoles-
cence [7-9]. Substantial individual variability in change was
observed, as most variables were best explained by the
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random slopes model, which could justify further growth
mixture analyses. However, Lack of Premeditation, Lack of
Perseverance, and BAS Drive, were best explained by the
fixed slopes model, suggesting that most of the sample chan-
ged in the same direction for these variables.

For the behavioural measures, we found an increase in
Memory Bias, as participants developed more of a nega-
tive memory bias across waves. This reflected the same
pattern as the self-report mood measures, which showed
a worsening mood effect over time. However, we found
a decrease in Non-social Interpretation Bias, as partici-
pants developed less of a negative bias over time. We
found no significant change in Social Interpretation Bias
across waves. To our knowledge, no previous studies
have examined the longitudinal development of cogni-
tive biases in normative adolescent samples. Yet, previ-
ous research has suggested that memory bias is a
construct that is particularly relevant to depression,
while interpretation bias is relevant to both anxiety and
depression [71]. This could partly explain why we found
an increase in memory bias, but not for interpretation
bias. Although beyond the scope of the current paper,
these findings could be explored further, by examining
the co-development of cognitive biases and symptoms of
anxiety and depression, to understand these pathways
better.

Strengths and limitations

To our knowledge, CogBIAS-L-S is the largest study of
its kind, investigating the development of cognitive
biases in relation to emotional vulnerability and resili-
ence in a normative adolescent sample. A wide range of
measures were assessed, capturing multiple aspects of
psychological functioning, with a primary focus on mood
variables. The study did not rely solely on self-report
measures, as a range of behavioural measures were also
assessed, which could highlight potential mechanisms
underlying mental health outcomes. We tested and
retained a large sample across three waves and found
substantial variability in the measures, which will allow
for further analyses on the complex interplay between
measures over time. For example, much variability in
anxiety and depressive symptoms was observed, with a
substantial proportion (around 20%) of the sample
reaching clinical levels, based on previous cut-off scores
[72]. Therefore, CogBIAS-L-S provides a rich source of
data, which has the potential to advance current know-
ledge of adolescent psychological development, particu-
larly that of cognitive biases.

Some limitations of the study should be noted. While
the inclusion of behavioural measures was a strength of
the study, unfortunately many of these showed low reli-
ability. For example, the Dot-probe variables showed no
internal consistency (ie., non-significant), as well no
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differential stability, which was likely due to lack of
measurement reliability. Therefore, making inferences
about attentional biases will be problematic in future
studies. This finding has been reported in the literature
recently, therefore future researchers should consider
using alternative measures of attentional bias, or find
ways to improve the reliability of the Dot-probe task
[73]. We advocate the reporting of reliability in all stud-
ies using behavioural measures, in the same way that re-
liability is reported for self-report measures, as this will
advance and improve measures going forward [74]. The
other behavioural measures did show some degree of in-
ternal consistency and differential stability, albeit less
than the self-report measures. Consistent reporting of
behavioural task reliability in future studies will allow re-
searchers to develop criteria for judging adequate levels
of reliability, which may not be comparable to self-
report measures.

Data was collected in a group setting, which may have
led to distraction or even demand characteristics, due to
participants sitting next to their peers. Although, mea-
sures were taken to reduce this possibility. Sessions were
conducted in exam conditions and participants were
instructed not to talk or look at their peer’s computer
screens. The test sessions were quite long and included
a lot of measures, therefore fatigue may have been expe-
rienced by some participants. Not all participants were
able to finish the test battery for this reason. We also ex-
perienced some IT issues, which resulted in missing data
at various stages of the assessment battery, although at-
tempts were made to recover as much missing data as
possible.

Conclusions

CogBIAS-L-S represents a three-wave longitudinal study in-
vestigating psychological development across early to middle
adolescence. A wide range of psychological variables were
assessed, including many mood and impulsivity-related self-
report and cognitive behavioural measures. Substantial dif-
ferential stability was observed, as individual differences
were largely maintained across waves, in line with classical
test theory. This was especially true for the self-report mea-
sures, in comparison to the behavioural measures, which
showed lower stability across waves. The substantial differ-
ential stability observed suggests that many mood and
impulsivity-related behaviours show onset in early adoles-
cence. This highlights a potential intervention window at
the beginning of secondary school, before psychological
characteristics become particularly stable. Some sample level
normative changes were observed across waves. We found a
pattern reflecting worsening mood (e.g., increasing levels of
depression and rumination), increasing impulsivity-related
behaviour (e.g, risk-taking and uncontrolled eating), as well
as improvements in executive functions (e.g.,, planning and
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control). Future studies will investigate predictive associa-
tions between the variables, as well as combining analyses
with the genome-wide data that has been collected. It is
hoped that our results will advance the literature on risk and
protective pathways during adolescence. Beyond that, it has
the potential to contribute to the development of new inter-
ventions designed to improve mood and impulsivity-related
outcomes for adolescents.
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