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Abstract

Adolescence is a sensitive period for categorical self-concept development, which affects the
ability to take others’ perspectives, which might differ from one’s own, and how self-related
information is memorized. Little is known about whether these two processes are related

in adolescence. The current study recruited 97 male participants aged 11-35 years. Using a
self-referential memory task, we found that younger participants were less prone to recognize
previously seen town-related adjectives, compared to self-related adjectives. However, this age-
related reduction in recognition bias was unrelated to accurate memory performance. Using the
Director task to assess perspective taking, we found an age-related decrease in egocentric biases in
perspective taking from adolescence to early adulthood (i.e., perspective taking abilities improved
with age). However, there was no evidence that these two processes were related. Overall, our
findings suggest that male adolescents display parallel but independent age-related changes in
self-referential biases in memory and perspective taking.
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Introduction

Adolescence starts with the onset of puberty and ends when the individual achieves a
stable and independent role in society, roughly corresponding to 10-24 years (Dahl, 2004;
Sawyer et al., 2018). This transformative period of life is characterized by significant
changes in social cognitive behavior and in self-concept domains (Crone & Fuligni,

2020; Erikson, 1968; Sebastian et al., 2008). Defined as how an individual perceives and
describes oneself (e.g., “l am athletic”), the categorical self-concept is known to become
less concrete and more abstract with increasing age (Cole et al., 2001; Harter, 1990). For
example, Montemayor and Eisen (1975) asked individuals aged 9 to 18 years to provide
self-descriptions (by answering the question “Who am 1?”") and found that children aged
9-11 years were more likely to describe themselves with concrete object labels, such as their
home address or possessions, whereas adolescents aged 12-18 years were more likely to
describe themselves with more abstract and differentiated trait labels, such as “curious” or
“ambitious”.

To explore this shift towards a more abstract categorical self-concept, research has focused
on the effect of self-referential memory. It has been proposed that self-related information
is processed more deeply and efficiently — therefore leading to higher levels of recall — than
other types of information (Craik et al., 1999; Kelley et al., 2002; Klein & Kihlstrom, 1986;
Rogers et al., 1977). A typical self-referential memory paradigm presents participants with
trait adjectives and asks them to judge the descriptiveness of the adjectives in reference

to themselves (e.g., “Does this word describe me?”), in reference to a non-related but
familiar other (e.g., “Does this word describe Harry Potter?”) and a control condition

(e.g., “How many syllables does this word have?”). A subsequent surprise memory task is
then used to assess whether adjectives that have been evaluated in relation to the self are
better remembered (i.e., increased memory sensitivity and faster memory recall). Indeed,
several studies in children (aged 5-10 years; Cunningham et al., 2014; Halpin et al., 1984;
Sui & Zhu, 2005), adolescents (aged 11-18 years; Dégeilh et al., 2015; Henderson et al.,
2009; Moses-Payne et al., 2022), and adults (aged 21-82 years; D’ Argembeau et al., 2007;
Gutchess et al., 2007; Mitchell et al., 2006) suggest that this is generally the case. Behavioral
studies have shown that this self-referential memory effect emerges at around four years
(Cunningham et al., 2014) and continues to increase from childhood to adolescence, in line
with categorical self-concept development (Harter, 1990; Ray et al., 2009). However, the
developmental trajectory of this effect beyond adolescence is less well understood.

Age-related changes in self-referential processing may be related to age-related changes in
perspective taking. Perspective taking is the ability to take someone else’s perspective and
it often involves a trade-off between one’s own perspective (the self-evaluative perspective)
and the other’s perspective. Furthermore, perspective taking is a component of the ability to
infer other people’s mental states, which is known as “mentalizing” or “theory of mind”
(Frith & Frith, 2003; Gallagher & Frith, 2003). While common theory of mind tasks

are usually passed by the age of five (Frith & Frith, 2003), the ability to take another
person’s perspective in order to guide behavior continues to develop well beyond childhood
(Dumontheil et al., 2010; Dumontheil et al., 2012; Symeonidou et al., 2016). This has

been shown using the Director task (Dumontheil et al., 2010). In this task, a “director”
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instructs participants to move objects around a set of shelves. There are two conditions:
participants either take account of the director’s perspective (Director condition) or they
follow a simple rule without having to take into consideration the director’s perspective (No
Director condition). In both conditions, an initial improvement in accuracy was observed
between childhood (aged 7-11 years) and mid-adolescence (aged 11-13 years; Dumontheil
et al., 2010). Beyond mid-adolescence (aged 14-17 years), no further improvement in
accuracy was observed in the No-Director condition, whereas in the Director condition,
accuracy continued to improve between adolescence and early adulthood (aged 19-27
years; Dumontheil et al., 2010). These results provide evidence for continued age-related
improvements in perspective taking abilities in late adolescence (replicated in Symeonidou
etal., 2016).

Self- and other-oriented thinking are suggested to be intertwined developmental processes
(Crone & Fuligni, 2020). Simulation and self-projection theories of social cognition have
posited that self-knowledge can be used to infer others’ mental states and perspectives.
First, Tamir and Mitchell (2010) argued that, in order to take someone else’s perspective,
perceivers first use their own introspection as a self-generated “anchor” value to then serially
adjust (in a process called “anchoring-and-adjustment”). This account is complimented by
research showing that individuals frequently attribute (and sometimes over-attribute) their
own thoughts, preferences and perspectives to others (Dinulescu et al., 2021; Sweatman
etal., 2022; Todd et al., 2011). In addition, self-referential processing has been proposed
to play a role in memory (Dinulescu et al., 2021) and perspective taking, given that

both processes involve projecting the self to a different time (in the case of memory) or
perspective (Spreng et al., 2009).

Second, research on the looking-glass self (Cooley, 1983) suggests that an individual’s
understanding of what they “are like” as a person (i.e., their categorical self-concept)
becomes progressively informed by their beliefs about how they are seen by others. Third,
autistic adults (autism is a developmental condition that in some people involves difficulties
in mentalizing; (Baron-Cohen et al., 1985)) showed an absent (Toichi et al., 2002) or
diminished self-referential memory effect (Lombardo et al., 2007).

Together, previous research suggests that self- and other-oriented processes may be
connected. Therefore, the goal of the current study was to assess age-related changes in, and
the relationship between, self-referential memory (using the self-referential memory task)
and perspective taking (using the Director task) in typically developing male adolescents and
young adults.

In addition, this study aimed to corroborate the age trend of the self-referential memory
effect within the framework of signal detection theory (SDT) (Locke & Robinson, 2021).
One of the advantages of SDT is that it enabled us to differentiate between sensitivity

and bias. Sensitivity refers to a cognitive system’s ability to correctly differentiate between

Iwe acknowledge ongoing disagreements among professionals (including researchers) and people with autism around the most
appropriate and preferred language use when referring to autistic individuals. In this manuscript, we use identity-first language as the
latest findings suggest that this formulation is the most common terminology preferred by the autistic community (Taboas, Doepke, &
Zimmerman, 2022).
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signal and noise, such as a tone from background noise, or a new memory trace from older
memory traces. Bias refers to decision-related processes that can also affect performance but
can be independent of sensitivity. For example, in a memory task in which participants are
required to discriminate between previously seen and novel items, two equally insensitive/
poor-performing participants might err in opposite directions: one might frequently fail to
recognize a previously seen item, displaying many false negatives (i.e., a conservative bias),
while the other might frequently report remembering an item that they had actually not seen,
displaying many false positives (i.e., a liberal bias). Previous work on the developmental
trajectories of self-referential memory effects have adopted the SDT framework (Henderson
et al., 2009), but have focused on sensitivity, rather than potential biases. Given that
sensitivity and biases refer to different cognitive mechanisms that can vary independently
(Rosenstreich & Ruderman, 2016; Wylie et al., 2021), we aimed to fill this gap, with no
directional hypotheses.

We examined three hypotheses. First, we investigated self-referential memory across
adolescence and adulthood in males. Across age, we expected to find enhanced and

faster memory performance (i.e., sensitivity) for self-related (vs. town-related) adjectives
(hypothesis 1). Given that the developmental trajectory of the self-referential memory effect
is less understood beyond adolescence, we had no prior age-related predictions. In addition,
little is known about the development of response biases. Hence, this analysis was treated as
exploratory with no directional predictions. Second, we aimed to replicate previous findings
demonstrating age-related changes in perspective taking abilities. Participants completed
the Director task (adapted from Dumontheil et al., 2010) and we expected adolescents to
commit more egocentric errors (ignoring the director’s perspective) than adults (hypothesis
2). Finally, we explored the relationship between self-referential memory and perspective
taking abilities. However, given scarce empirical evidence, this analysis was also treated as
exploratory with no directional predictions (hypothesis 3). Additionally, we used response
times analyses to address whether changes in self-referential processing and perspective
taking might be attributed to changes in efficiency or might involve potential speed-accuracy
tradeoffs. However, we had no a priori hypotheses.

Method

Participants

One hundred and ten males (53 adolescents aged 11.2-17.5 years and 57 adults aged
22.2-35.6 years) took part in this experiment. Previous studies in adolescents and adults
using variants of the tasks have found robust group differences with sample sizes of 20-30
participants per age group (Sui & Zhu, 2005; Symeonidou et al., 2016). As we did not know
the size of our hypothesized effects, we aimed for a sample size of at least 45 adolescent
participants and 45 adult participants, for a total of 90 participants. However, to avoid any
arbitrary age-related grouping criteria, all analyses employed age as a continuous variable.
Longitudinal research with adolescents, investigating gender differences in perspective
taking development, has demonstrated higher levels of perspective taking abilities in 13-18-
year-old girls compared with age-matched boys (Van der Graaff et al., 2014). Consequently,
we recruited only male participants to test for within-group variation (Keulers et al.,
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2010; Maccoby, 1998). Data from 12 participants were excluded from all analyses due

to parent-reported diagnoses of developmental disorders (two adolescents) and a technical
error (one adolescent and nine adults). One additional adult participant was excluded for
self-referential memory task performance below chance, leaving a total sample size of N
=97 (50 adolescents aged 11.2-17.5 years and 47 adults aged 22.2-35.6 years) for all
subsequent analyses. A greater proportion of adolescents self-reported as White (82%)
compared to adults (19%), and a lower proportion of adolescents self-reported as Black
(0%) and Asian (6%) compared to adults (Black 11%; Asian 64%) (see Table S1 in the
supplementary information for detailed participant information).

Adolescents were recruited through social media and from three schools within the Greater
London area. Adults were recruited using the university Psychology Department participant
database. Testing was either conducted in a laboratory setting at the university or in
schools. All included participants spoke English fluently and had no history of psychiatric,
developmental, or neurological disorders. Adult participants, and the primary caregiver

of the adolescent participants, gave informed consent. The study was approved by the
university ethics committee (Project ID Number: 3453/001). Following the completion of
the study, participants were debriefed, given the opportunity to ask any questions, and
compensated £10 for their time.

Design and Procedure

The experiment included three main stages. First, participants completed the first part of
the self-referential memory task (learning phase), which was followed by the Director task
(adapted from Dumontheil et al., 2010). Next, participants completed the second part of the
self-referential memory task (recall phase).

Self-Referential Memory Task—The self-referential memory task was split into a
learning phase and a recall phase (see Figure 1 A-B). At the beginning of each phase
participants had the opportunity to ask questions after reading a short introduction. In

both phases there were two conditions: self and town. During the learning phase (see
Figure 1a), participants had to judge how descriptive a set of self-related adjectives (e.g.,
“calm”) were of themselves (Self condition: “does this word describe yourself?””) and how
descriptive a different set of town-related adjectives (e.g., “adventurous™) were of London
(Town condition: “Does this word describe London?”). These questions were presented for
1500 ms before the target adjective was presented for 1000 ms. Participants then indicated
how well the adjectives described themselves or London on an 11-point rating scale (0: “not
very well at all”, 10: “very well”). This rating was self-paced and used to allow for more
nuanced descriptiveness ratings. The task was programmed in Gorilla (https://gorilla.sc/;
Anwyl-Irvine et al., 2020) and was presented on 13-inch laptops.

Forty adjectives (20 town-related and 20 self-related) were presented in a randomized order,
and it took participants approximately 5 mins to complete this part of the task. All adjectives
used in this task were drawn from previous likableness ratings of trait adjectives (Anderson,
1968) and were of positive valence. In addition, self- and town-related words were matched
for word length and level of difficulty. The words were piloted with five 10- to 13-year-old
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males, who were presented with all adjectives and asked to define their meaning. This was to
ensure that the youngest participants would understand each word. Based on their responses,
16 adjectives were replaced because they were considered inappropriate or too difficult to
understand. A list of all adjectives used in the self-referential memory task can be found in
the supplementary information (see Table S2).

During the recall phase (see Figure 1B), which was completed after the Director task

(see next section), participants were presented with 120 adjectives comprising all 40 target
adjectives from the learning phase and an additional 80 distractor adjectives (40 self-related,
40 town-related), which they had not seen before. Participants were asked whether they
remembered seeing the word during the learning phase by indicating how confident they
were in their answer on a five-point rating scale (1: “definitely not seen it”, 5: “definitely
seen it”). This rating was self-paced and used to isolate variability in confidence judgments.
All 120 adjectives were presented in a randomized order. This recall phase took 12-15 mins
to complete.

Although both phases had no time restrictions to provide a rating, participants were
encouraged to respond as fast as possible, while also thinking carefully about each adjective.
Before participants could start one of the phases, they first had to complete two practice
trials (one for each condition) to demonstrate that they had understood the instructions.

Director Task—Task design and stimuli were taken from the computerized task used in
Dumontheil et al. (2010; see Figure 1C-D). The stimuli (48 in total) consisted of sets of

4 x 4 shelves with objects located in half of the 16 slots. Five of the slots had an opaque
grey background, which occluded the view of the “director” who stood on the other side of
the shelves (i.e., he viewed the shelves from behind). The director gave verbal instructions
to move one of the eight objects to a different slot in the shelves. Before completing the
task, participants were presented with standardized instructions and example stimuli on a
PowerPoint presentation. The instructions required participants to use the director’s visual
perspective to determine which objects he could and could not see, and thereby select and
move the most appropriate object. To ensure that all instructions were understood correctly,
each participant had to point out one object that only he but not the director could see (i.e.,
any object in occluded slots) and one object that was visible to both director and participant
(i.e., objects in clear slots). All participants gave correct responses, indicating that they
understood the instructions and were able to describe which objects the director could and
could not see. Participants then completed one practice block with three trials. Again, all
participants performed this correctly, demonstrating that they understood what was required
of them. Similar to the procedure by Dumontheil et al. (2010), they were not given further
feedback regarding the requirement to take into account the director’s perspective. The
instructions were presented via headphones and participants used the computer mouse to
move the object they thought the director was referring to into the appropriate slot on the
shelves.

During experimental trials (eight in total), a relevant object could be seen by the participant
but not the director (see Figure 1C). Participants were instructed to, for example, “move the
large jar right”. They were informed that the director would be referring to the participant’s

Cogn Dev. Author manuscript; available in PMC 2023 November 06.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Scheuplein et al.

Page 7

right or left. A correct response would consider the director’s perspective, and thus the

red jar (target object) would be selected and moved to the appropriate slot (i.e., the right
slot). An incorrect response would ignore the director’s perspective and thereby move the
bottom-most jar (distractor object), which is not visible to the director. In the control trials
(eight in total), the object-shelf configurations were identical to that in the experimental
trials, except that all relevant objects could be seen by both the participant and the director
(see Figure 1D). It was therefore not necessary to consider the director’s perspective to
select the correct answer in these trials. During filler trials (32 in total), instructions only
referred to objects in clear slots. For example, in Figure 1C the director could ask to “move
the knife left”. The order of the experimental, control and filler trials was counterbalanced
between participants.

Eight different object-shelf configurations were used, each presented once with an occluded
distractor object (experimental trial) and once with an irrelevant object (control trial). In
total, this resulted in 16 test blocks of different object-shelf configurations, which were

all counterbalanced across participants. Stimuli were presented for 2 s before the first
auditory instruction was given. Three auditory instructions were given per stimulus (i.e., one
instruction per trial) and each lasted 2.2 s. For example, in Figure 1C the experimental trial
would start with the director instructing participants to “move the small jar down”. Within
the same shelf-object configuration the director would ask the participant to then “move the
scissors up” before finally asking them to “move the large jar right”. After each auditory
instruction the participant had 3.6 s to make their response. The task was programmed using
E-prime version 2.0 (Psychology Software Tools, Inc.), presented on 13-inch laptops and
took approximately 6 mins to complete.

Statistical Analysis

Self-Referential Memory Task—The primary aim of this study was to determine
whether self-referential memory and perspective taking were associated with age, and
whether they were related. To assess age-related changes in the self-referential memory
task, recall phase ratings on the five-point confidence scale (in response to the question
“Do you remember seeing this word during Part 1?””) were binarized. Responses above 3
(coded as 1) indicated high confidence that the adjective had been seen during the learning
phase, while responses made below 3 (coded as 0) indicated high confidence that the
adjective had not been seen. Ratings equal to 3 indicated that participants did not know
whether they had seen the presented adjective or not. These ratings were excluded from the
analyses (this was the least common response option across participants (6%)). In addition,
based on previous literature suggesting that accuracy and meta-cognition (e.g., confidence)
are correlated but dissociable constructs (Forsberg et al., 2021; Renner & Renner, 2001),
we analyzed how the learning- and recall phase ratings and reaction times changed as

a function of age and condition (see supplementary information). Due to poor internet
connection, self-referential memory data from one adolescent and two adult participants
could not be collected, leaving a total sample size of /=94 for the memory analyses.
These analyses employed a signal detection theory framework (Anderson, 2015), which
typically includes two measures: d-prime (&) and response biases. d”was computed by
calculating the difference between the z-transformed probabilities of hits (i.e., the number of
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target adjectives correctly remembered) and false alarms (FAs; i.e., the number of distractor
adjectives falsely thought to be remembered) (&’ = z(hits) — z(FAS)), separately for each
condition (self and town) and each participant. This allowed us to discriminate between

the decision signal (hits) and noise (FAs; Stanislaw & Todorov, 1999). The larger the
difference between the hit rate and FA rate, the better the participant’s memory sensitivity.
That is, the better their ability to correctly discriminate between (target) adjectives that have
been previously presented and (distractor) adjectives that had not. In other words, memory
sensitivity increases if the hit rate increases and/or FA rate decreases. Additionally, even in
the absence of age differences in memory sensitivity, it could still be the case that younger
participants are biased toward using one response more often than an alternative response.
To test this possibility, we computed a commonly used measure of response bias, ¢, which

is typically unaffected by changes in @’ (Anderson, 2015). The response bias was estimated
from the probabilities of hit and FA rates, ¢ = -[z(hits) + z(FAS)]/2. An increase in hit and FA
rates would reflect a liberal criterion (¢ < 0), meaning participants are more likely to report
an adjective as present during the learning phase, independently of whether this adjective
had actually been seen or not. In contrast, a more conservative criterion (¢> 0) would
indicate that participants were less likely to report an adjective as present during the learning
phase, resulting in less FAs, but more misses. The absolute value of ¢ provides an indication
of the strength of a participant’s bias. That is, the responder’s subjective strategy to indicate
that an adjective had previously been seen or not. Further, median reaction times (RTs)

were calculated from correctly recalled target adjectives (i.e., a confidence rating above three
during the recall phase) for each participant. To better approximate a normal distribution,
trial-level RTs were modelled on the log scale. Please see Table S3.1 in the supplementary
information for descriptive statistics of all self-referential memory measures.

Autistic traits have been suggested to moderate the self-reference effect (Lombardo et al.,
2007; Toichi et al., 2002). To control for autistic traits, we used the Autism Quotient (AQ)
questionnaire (Baron-Cohen et al., 2001), which was completed before the learning phase of
the self-referential memory task. There were no significant differences between adolescents
and adults in the current study on the AQ (495) = -1.19, p= .24, see Table S7 in the
supplementary information) and all results held after controlling for autistic traits (see our
supplementary information Tables XA to XG).

Director Task—To assess age-related changes in the Director task, filler trials (not
designed to test participants perspective taking abilities) were excluded from the analyses
(Dumontheil et al., 2010). Due to a task specific technical error, perspective taking accuracy
data from two adolescent participants could not be analyzed, leaving a total sample size

of V=95 for the analyses of perspective taking accuracy. First, accuracy was modelled at
the trial level using the binominal distribution (i.e., logistic regression). For each trial type
(experimental and control), accuracy measures were obtained by coding correct responses
as “1s” and incorrect responses as “0s”. Second, median RTs were calculated from correct
trials (experimental and control). Please see Table S3.2 in the supplementary information for
descriptive statistics of all perspective taking measures.
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Relationship between Self-Referential Memory and Perspective Taking—Only
participants with complete data sets (i.e., self-referential memory task data and Director

task data) were included in the analyses of the relation between self-referential memory

and perspective taking, leaving a total sample size of /= 93. For those analyses,

we computed self-referential difference scores for each participant by subtracting self-
referential performance measures (i.e., memory sensitivity and response bias) for self-related
target adjectives from performance measures for town-related target adjectives. Larger
self-referential difference scores indicate a stronger bias towards self-referentially encoded
adjectives as compared to town-referentially encoded adjectives.

Age-Related Analysis—For each dependent variable we assessed any association with
age, the independent variable of interest. This was used as a continuous variable and
standardized. We started each analysis by assessing whether, relative to the linear trend

of age alone, the quadratic and cubic trends of age provided a better fit to the data (Luna

et al., 2004). Polynomials were orthogonalized to avoid multicollinearity. Afterwards, the
model with the lowest AIC value — which indicates better model fit — was selected (Akaike,
1974). Model fits were further compared with likelihood ratio tests. If the difference was
not statistically significant (p < .05), the more parsimonious model was retained (see Table
S5 in the supplementary information for a summary of all model specifications and Table
S6 for a summary of model fit indices). Across both comparison methods, the best fitting
model always involved only the linear function of age. Moreover, a condition term (self

vs. town) was used in the self-referential memory task for memory sensitivity and response
bias, while a trial type term (experimental vs. control) was used in the Director task.
Self-referential memory reaction times analyses also included a category term (target vs.
distractor). Each of these terms were allowed to interact with one another. All data was
modelled using mixed-effect models (“Ime4” package version 1.1-21; Bates et al., 2018)

in R version 3.6.3 (R Core Team, 2016). The resulting coefficients are unstandardized.
Subject-level random intercepts were included for all models (Baayen et al., 2008). To
determine the random effects structures of our mixed-effects models, we began with the
maximal model in order to minimize Type | error (Barr, 2013). When the maximal model
gave convergence errors, we removed correlations between random slopes and random
intercepts, and, finally, removed random slopes for interaction effects. The resulting random
effect structures are available in the supplementary information (Table S5). Main effects and
interactions of the best fitting models were inspected using omnibus Type 111 Ftests with
Satterthwaite approximations for degrees of freedom for linear models and Wald XZ tests
for generalized models. Significant main effects and interactions were further inspected with
planned comparisons and Bonferroni-corrected post-hoc comparisons using the emmeans
package version 1.4.4 (Lenth & Lenth, 2018). The same package was used to convert ~
values of significant main effects and interactions to estimated effect sizes of npz (partial
eta-squared; confidence interval = 95%). For full details about the fixed- and random-effects
structure of all models see “Full Model Specification and Results” in the supplementary
information. Also, see Table S4 in the supplementary information for descriptive statistics
and correlations between age, perspective taking accuracy and self-referential difference
Scores.
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Results

Self-Referential Memory

Memory Sensitivity—First, we examined the relation between age and memory
sensitivity (i.e., the ability to discriminate between target adjectives and distractor
adjectives) in the self-referential memory task (see Figure 3A below; hypothesis 1).

To examine how participants’ memory sensitivity () changed as a function of age
(continuous) and condition (self vs. town), we ran a linear mixed-effects model. Contrary
to our predictions, we did not find any main effects or interactions (ps > .32; see Model A
and Table A1-2 in the supplementary information). This suggests that we did not observe a
significant egocentric memory bias towards self-related adjectives, nor did we observe that
memory sensitivity for self- and town-related adjectives was significantly modulated by age
in our sample.

Memory Response Bias—To leverage the full signal detection theory framework
(Anderson, 2015), we also examined the relation between age and response bias (i.e., the
responder’s subjective decision strategy to indicate whether an adjective had previously
been seen or not) in the self-referential memory task. An exploratory linear mixed-effects
model on response biases (¢) revealed a small Age x Condition interaction effect, Xz 1)
=473, p=.03, T]p2 = .05 (see Figure 3B below as well as Model B and Table B in the
supplementary information). The magnitude of a conservative response bias decreased with
age only for town-related adjectives (slopeigwn = -0.02, SE = .005, pgons > .001), and not
for self-related adjectives (Ogons > .22). This finding indicates that participants of all ages
used a similar decision criterion when recalling self-related adjectives. In contrast, compared
to older participants, younger participants were more likely to use a conservative decision
criterion when recalling town-related adjectives. That is, younger participants were more
likely to respond that town-related adjectives had not previously been presented during the
learning phase, independently of whether or not they had actually been seen.

Reaction Times—To examine how participants’ reaction times changed as a function

of age (continuous), condition (self vs. town), and category (target vs. distractor), we ran

a linear mixed-effects model. This model revealed a medium to large Age x Condition x
Category interaction, x? (1) = 14.10, p< .001, n,? = .13 (also see Figure S1, Model C,
and Table C in the supplementary information; hypothesis 1). Post-hoc contrasts suggested
that this was driven by RTs for town-related target adjectives becoming overall faster

with age compared to RTs for self-related target adjectives, contrastiown(target) - self(target)
=-0.01, SE =.002, p=.02. In contrast, RTs for town-related distractor adjectives became
overall slower with increasing age compared to RTs for self-related distractor adjectives,
contrastiown(distractor) — self(distractor) = 0.01, SE =.002, p=.001.

Perspective Taking

Accuracy—The generalized linear mixed-effects model on perspective taking accuracy in
the Director task showed a large significant main effect of the experimental treatment (X2
(1) =122.84, p< .001, np2 = .67, see Figure 4 below as well as Model D and Table D in
the supplementary information; hypothesis 2). Planned contrasts showed that this was due
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to lower accuracy in the experimental condition relative to the control condition (contrast
control — experimental = 3-35, SE = .30, p<.001). In addition, this effect was modulated by a
small Age x Trial type interaction effect, Xz (1) =8.54, p=.003, np2 =.08. In line with

our predictions, post-hoc analysis suggested that perspective taking accuracy in experimental
trials increased with age (SIope experimental = 0.07, SE = .02, pgonf = .01), while this was not
the case in control trials (tgons = -55). Thus, younger participants were less likely than older
participants to account for the Director’s perspective when making decisions.

Reaction Times—To examine how RTs in the Director task changed as a function of
age and trial type, we ran a linear mixed-effects model (see Model E and Table E in the
supplementary information; hypothesis 2). We observed no main effect of Age, XZ Q)=
.57, p= .45, a small significant main effect of Trial type whereby RTs in the experimental
condition were faster than in the control condition Xz (1) =21.83, p<.001, npz =.19, and
no significant Age x Trial type interaction, XZ (1) = .04, p=.84.

Interrelation between Self-Referential Memory and Perspective Taking—After
demonstrating age-related changes in both self-referential memory and perspective taking,
we turned to another central question of interest: do participants across our age range

show a link between their ability to process self-related adjectives and their ability to infer
other people’s perspectives (hypothesis 3)? To address this question, we ran exploratory
linear regression analyses to investigate how age and perspective taking accuracy (i.e.,

mean percentage errors on experimental trials in the Director task) related to self-referential
difference scores (memory sensitivity difference scores and response bias difference scores).
Both linear regressions showed no significant main or interaction effects (see Models F-G,
Tables F-G in the supplementary information), indicating that age-related differences in
self-referential memory were unrelated to differences in perspective taking. Furthermore,

to examine how participants’ memory sensitivity (¢’ and response bias (¢) changed as a
function of condition (self vs. town) and perspective taking accuracy, we ran two exploratory
linear mixed-effect models. In line with our linear regression findings, both models did not
reveal a significant Condition x Accuracy interaction (p > .35). Please refer to Table H.1
and Table H.2 in the supplementary information for the model output. Also, Table S4 in

the supplementary information summarizes descriptive statistics and correlations for age,
perspective taking accuracy, and self-referential difference scores.

Summary—We examined three hypotheses. First, we investigated self-referential memory
across adolescence and adulthood. Contrary to our predictions, we observed no significant
differences in memory sensitivity for self- vs. town-related adjectives, nor did we observe
any age effects in our sample, or interactions between age and self- vs. town-related memory
(hypothesis 1). However, an exploratory analysis revealed that adolescents were more likely
than adults to display a conservative response bias against town-related adjectives but not
self-related adjectives. A similar interaction between age and condition (self vs. town) was
observed in RTs, suggesting that the response bias was accompanied by faster RTs for town-
vs. self-related adjectives during adolescence. Second, we replicated previous Director task
findings by showing that younger participants made more egocentric errors in perspective
taking than did older participants (hypothesis 2). Participants of all ages took less time to
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respond correctly to experimental trials relative to control trials, but this condition effect
was not modulated by age. Third, we investigated the relationship between self-referential
memory and perspective taking abilities but did not observe any association (hypothesis 3).

Discussion

In the current study, we found age-related changes in self-referential memory and
perspective taking during male adolescence. With regard to self-referential memory, we
observed no association between age and memory sensitivity for self- and town-related
adjectives (hypothesis 1). However, we found age-related changes in memory response
biases, which were weaker for self- than town-related adjectives. This was driven by a
decrease in memory biases for town-related adjectives, in that young adolescents used

a more conservative decision strategy when recalling town-related adjectives, compared

to self-related adjectives. Second, we found a continued age-related improvement in
perspective taking abilities between adolescence and early adulthood (hypothesis 2). Finally,
measures of the memory domain of self-referential processing (memory sensitivity and
response bias) were not significantly related to perspective taking (hypothesis 3). Overall,
our findings in male adolescents and young adults show an age-related decrease in memory
biases for town- compared with self-related adjectives as well as an age-related decrease in
egocentric biases in perspective taking. We found no evidence that these two processes are
related.

The self-referential memory effect has been well replicated and is thought to be robust
(D’Argembeau et al., 2007; Gutchess et al., 2007; Mitchell et al., 2006; Symons & Johnson,
1997). It is therefore surprising that, in the current study, participants did not show a
difference in memory sensitivity between self- and town-related adjectives. We speculate
that no egocentric bias was observed because we employed a reduced number of stimuli
(target adjectives), which was a consequence of time constraints associated with testing in
school settings. Previous studies, for example Dégeilh et al. (2015), used a greater number
of stimuli (target adjectives) and observed greater memory for self-related items. We do not
expect our sample size to have impacted the self-reference effect, given that previous studies
with similar (e.g., Cunningham et al., 2014) or smaller samples (D’Argembeau et al., 2007)
reported robust effects.

Contrary to our predictions, adolescents and adults showed no significant differences in
memory sensitivity (i.e., the difference between the proportion of hits and false alarms) for
self- vs. town-related information in the self-referential memory task. However, exploratory
analyses revealed age-related differences in response biases (i.e., the magnitude of a
conservative response bias decreased with age only for town-related adjectives). The
discrepancy between the subjective confidence in the accuracy of the memory (i.e., response
bias) and the actual memory performance (i.e., memory sensitivity) could be explained by
the differential effect of emations on both types of functioning. Several studies have shown
that emotional valence of stimuli impact more on the subjective sense of recollection than
on objective memory performance (Dougal & Rotello, 2007; Phelps & Sharot, 2008; Rotello
& Macmillan, 2007; Sharot et al., 2004; Talarico & Rubin, 2003). In other words, even
though emotional stimuli intensify the (subjective) recollective experience, response biases
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may not be a reliable indicator of the (objective) accurate recollection of details. Further
support for this argument comes from neuroimaging studies, which have found that the
quality of a memory, and the confidence with which a memory is held, rely on dissociable
neural mechanisms (see Eichenbaum et al., 2007 for a review; Sharot et al., 2004). For
example, Sharot and colleagues (2004) found that, in adults (aged 20-35 years), recalling
“neutral” stimuli was related to enhanced activity in the parahippocampal cortex, whereas
recalling “emotional” stimuli was associated with enhanced activity in the amygdala. Our
results align with this notion, namely, that confidence in one’s memory and actual memory
performance might be subserved by partly distinct cognitive processes. Interestingly, the
conservative response bias against town-related words was accompanied by reduced reaction
times specifically for this category of words. Speculatively, this suggests that adolescents’
tendency to deny remembering town-related words might involve a less effortful recall
strategy for town- vs. self-related stimuli.

During adolescence, feedback from the social environment is a valuable and salient source
of information (Blakemore & Mills, 2014) used to gain knowledge about the self (Harter,
2012; Moses-Payne et al., 2022; Sebastian et al., 2008; Van der Aar et al., 2018). We
speculate that the memory-related findings could be driven by age-related differences in
the emotional salience of self-related information (Blakemore & Mills, 2014), possibly
coupled with age-related changes in emotion regulation (Silvers et al., 2012). Previous
work in young adults demonstrated that emotionally arousing words (vs. less arousing
words) are associated with a more liberal response bias (Dougal & Rotello, 2007), thus
favoring self-related adjectives. However, in adolescents, heightened emotional arousal of
presented adjectives could also result in a conservative bias against less arousing words.
For example, given that adolescents are poorer at regulating their emaotions in the presence
of emotionally salient stimuli (Silvers et al., 2012), they might be less efficient at dividing
their attention between self- (more emotionally salient) and town-related (less emotionally
salient) information, resulting in prioritizing self-over town-related information. It remains
unclear why age should have modulated a conservative bias against town-related adjectives,
rather than a liberal bias towards self-related adjectives. We speculate that self-related
information might act as a potential “social-emotional” disruptor, by reorienting attention
away from information not related to the self. In line with this interpretation, a neuroimaging
study by Magis-Weinberg et al. (2017) found heightened right anterior insula activity, a
brain region involved in self-regulatory and reward seeking behaviors, during non-social
compared to social relational reasoning in adolescents, relative to adults. Furthermore, a
behavioral study by Andrews et al. (2019) showed greater self-reported enjoyment of social
compared to non-social photographs in adolescents, relative to adults. Conversely, adults
self-reported greater enjoyment of non-social than social photographs and chose to spend
more time looking at non-social (compared with social) photographs, suggesting that the
value of non-social relative to social stimuli increases with age. To test our social-emotional
disruptor hypothesis, future studies should investigate whether young adolescents continue
to display a conservative bias against town-related adjectives once such potential social-
emotional disruptors are removed (e.g., by omitting self-related adjectives).

The results from the Director task in the current sample of male participants replicate
previous findings from female samples demonstrating age-related differences in perspective
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taking abilities (Dumontheil et al., 2010; Dumontheil et al., 2012). In our male sample,

we found age-related increases in task accuracy in experimental trials (i.e., trials requiring
participants to use information about the director’s perspective) (hypothesis 2). Hence, our
results show that the ability to account for someone else’s perspective in order to guide
behavior continues to improve throughout adolescence: not only in females, but also in
males. Whilst age-related changes in reaction times were not a key measure of interest

in the Director task (Humphrey & Dumontheil, 2016), we found that, regardless of age,
participants responded more quickly during experimental (vs. control) trials. This is in line
with previous findings by Tamnes et al. (2018). We observed no evidence of age-related
differences in reaction times. This suggests that age-related improvements in perspective
taking are not the result of adults taking more time to respond than adolescents (e.g., adults
favoring accuracy over speed).

Together, our findings demonstrate a linear age-related decrease in memory biases for town-
related adjectives compared to self-related adjectives, as well as an age-related increase in
perspective taking accuracy. However, these tendencies do not seem to be driven by the same
processes, insofar as they are not significantly correlated (hypothesis 3). Previous studies
have suggested that self- and other-oriented thinking are intertwined deveopmental processes
(Cooley, 1983; Crone & Fuligni, 2020) and that self-knowledge can be used to inform
others’ mental states and perspectives (Tamir & Mitchell, 2010). Furthermore, these claims
were partially supported by studies investigating this relationship in autistic individuals
(Lombardo et al., 2007; Toichi et al., 2002). However, the current results indicate no
relationship between self-referential memory and perspective taking in typically developing
adolescents and young adults. It is possible that memory biases and egocentric biases in
perspective taking, as measured here, rely on distinct processes. For example, they might
differentially involve executive functions. In line with this, previous work by (Cunningham
et al., 2014) showed that executive abilities were not related to an individual’s tendency

to preferentially recall self-related information, whereas executive abilities were found to
interact with perspective taking in the Director task (Dumontheil et al., 2010).

The cross-sectional findings reported here should be considered in the context of certain
limitations. First, we cannot draw any conclusions about causality from this study. Several
hypothetical causal mechanisms could underlie the co-development of perspective taking
abilities and the self-reference effect. For example, the development of categorical self-
concept during adolescence could simultaneously modulate self-referential memory and
perspective taking. On the other hand, developing perspective taking abilities could support
the formation of a more differentiated self-concept. Alternatively, or in addition, a third
construct could causally influence both self-referential memory and perspective taking
during development. Future studies are required to disentangle potential causal pathways.
Second, we introduced a modified paradigm to investigate self-referential memory by
presenting participants with positively valenced adjectives in reference to themselves
(social information) and London (non-social information). Previous work suggests that
self-reference effects are larger for positively valenced words (Moses-Payne et al., 2022).
However, given that we assessed only one domain of social processing (the self-referential
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domain), it is unclear whether the observed age-related changes in response bias are specific
to self-related information or apply to social information (of both positive and negative
valence) more generally. Furthermore, the goal of the current study was to assess age-related
changes related to the categorical self-concept. Hence, different developmental trajectories
may be revealed by parsing other aspects of the self (e.g., agentic self or bodily self).

While this was beyond the scope of the current study, future work could examine how the
current findings related to distinct facets of the self. Lastly, we recruited exclusively male
participants to test for within-group variation, removing variance that could be accounted
for by gender differences in perspective taking development during adolescence (Keulers

et al., 2010; Maccoby, 1998; Van der Graaff et al., 2014). Future (ideally longitudinal)
self-referential memory studies should continue to leverage the signal detection theory
framework, use a larger number of positively and negatively valenced social (e.g., self and
other) and non-social stimuli (e.g., town), investigate different self-concept domains, and
recruit across genders.

The current findings show that the impact of biases in self-referential memory

and perspective taking decreases with age between adolescence and early adulthood.
Adolescents were less prone to recognize previously seen town-related adjectives, compared
to self-related adjectives. However, this age-related decrease in recognition biases was
unrelated to participants’ ability to correctly recall previously seen adjectives (signal) and
avoid false recall of new adjectives (noise). In parallel, we found age-related decreases in
egocentric biases in perspective taking from adolescence to early adulthood (i.e., perspective
taking abilities improved with age). However, these two processes were not related to each
other, and therefore might be mediated by different cognitive processes.
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Refer to Web version on PubMed Central for supplementary material.
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Highlights
. Age-related decrease in recognition biases for town vs. self-related adjectives.
. Age-related decrease in egocentric biases in perspective taking.
. Biases in self-referential memory and perspective taking were not related.
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Self-reference task

A. Learning phase
Question (1500 ms)

Stimulus (7000 ms)

Does this word describe yourself? Rating (self paced)

Does this word describe yourself?
Young
Young

Not very 5]
— J—
well at all Very well

© 9

B. Recall phase

Judge new self-related adjectives

(self paced)
Do you remember seeing this word Judge o(lgetla;;,g::ea;)]ectlves
during Part 1? L
SRS B 5 — » Judge new town-related adjectives
0 you remember seeing this wor self pace
Calm during Part 1? ( paced)
Do you remember seeing this word
Young during Part 1?
Definitely 0 Definitely Hidyert
notseenit O seen it venturous
1 ®) Definitely Q  Definitely
| e— — :
not seen it seen it
(1) ()] Definitely 9 Definitely
' e — -
not seen it seen it
(1) (5)

Director task

D. Control trial

C. Experimental trial

“Move the “Move the
o large jar = large jar
3 right! 3 right
’ Target , Target
Distractor 4 Irrelevant object
VA ,J SR |

Figure 1. Tasks

Note. The self-referential memory task (A-B). (A) Learning phase: participants had to
decide whether randomly presented adjectives (20 self-related and 20 town-related) were
good descriptions of either themselves (Self condition: “Does this word describe yourself?”)
or London (Town condition: “Does this word describe London?”). Responses were given

on an 11-point rating scale. (B) Recall phase: participants had to judge whether they have
already seen one of the randomly presented adjectives (40 target adjectives, 80 distractor
adjectives) during the learning phase or not. Responses were given on a 5-point rating
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scale. The Director task (C-D). In this example, participants were verbally instructed by the
director to “move the large jar right”. (C) During experimental trials, an error would be
committed when ignoring the director’s perspective and incorrectly moving the distractor
object, which is not visible to the director. In contrast, a correct response would be to move
the target object, which is visible to both director and participant. (D) During control trials,
distractor objects were replaced with irrelevant objects (e.g., the duck).
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A. Memory Sensitivity (d’) B. Response Bias (c)
3.0 0.50
)
; g 0.25
3 25 g
= =
E -
$ 2 0.00
g 2.0 §'
E &
(7] -0.25
= - -
Condition Condition
== Town-related adjectives == Town-related adjectives
1.5{ == Self-related adjectives -0.50{ == Self-related adjectives
10 15 20 25 30 35 10 15 20 25 30 35
Age Age

Figure 3. Effect of Age on Memory Sensitivity and Response Bias in the Self-Referential Memory
Task

Note. (A) Effect of age on memory sensitivity. Mean ¢’ (y-axis) is plotted as a function of
age (x-axis) for each condition. There was no significant change with age in the efficiency
of processing self (vs. town) related adjectives. (B) Effect of age on response bias. Mean

¢ (y-axis) is plotted as a function of age (x-axis) for each condition. With increasing

age, participants demonstrated a reduction in “conservative” response bias for town-related
adjectives, which indicates that participants became more likely to report town-related
adjectives as present during the learning phase (slopeiown = -0.02, SE =.005, pgons > .001).
All colored lines and shaded .95 confidence intervals (Cls of the fixed effects) show the
linear trends as estimated by the linear mixed-effects models (A & B). *** pggns < .001.

Cogn Dev. Author manuscript; available in PMC 2023 November 06.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Scheuplein et al.

1001

Page 24
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Figure 4. Effect of Age on Perspective Taking Accuracy in the Director Task
Note. Mean percentage correct (y-axis) is plotted as a function of age (x-axis) for each trial

type. During experimental trials, participants had to consider the director’s perspective to
select the correct answer, while this was not necessary to correctly answer in control trials.
With increasing age, participants demonstrated a greater ability to take account of another
person’s perspective (slope experimental = 0.07, SE = .02, pgonf = .01). All colored lines
and shaded .95 Cls show the linear trends as estimated by the trial-level generalized linear
mixed-effects model. ** pgons < .01.
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