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Keywords: Although cross-cultural research identifies cognitive differences when comparing across individuals, few studies
Culture have examined how acculturation, or cultural change over time within individuals, affects cognition. To address
Acculturation this gap, we investigated how acculturation and change in self-construal for Chinese students in the US impacts
;Zg;ll::rl;n the self-reference effect in memory over two timepoints. Participants completed a self-referencing memory task
Self and a set of questionnaires assessing acculturation orientation and self-construal over two time points, on
Identity average 16 months apart. As individuals’ orientation towards host culture and independence increased over the

two time points, they exhibited a larger self-reference effect (self vs. other) in memory and a smaller other-
reference (other vs. control) effect. These patterns indicated that as Chinese students became more accultur-
ated to US culture, they exhibited more US-like patterns of behavior in memory. In contrast, between-participant

variability in acculturation orientation and independence were not related to self- or other-referencing.

Cognitive strategies and information processing styles vary across
cultures (Han et al., 2013; Ji, Peng, & Nisbett, 2000; Kitayama, Duffy,
Kawamura, & Larsen, 2003; Masuda & Nisbett, 2001; Wang & Conway,
2004). However, past cross-cultural cognitive research has typically
compared Easterners and Westerners without considering change in
individuals or the effects of exposure to new cultures. With increased
globalization and cross-cultural interaction, understanding how cultural
exposure and change influence cognition is crucial. Acculturation, cul-
ture change in individuals through continuous contact between distinct
cultural groups, allows one to investigate within-person cultural dif-
ferences while measuring potential explanatory factors, rather than
comparing distinct groups that may differ in various ways. To address
this gap in the literature, our study explores how acculturation and
change in self-related cultural values impact the use of self-referencing
memory strategies among Chinese students as they acculturate to the
US over time.

The self-reference effect refers to a pattern wherein information
related to oneself is remembered better than information related to
others, even close others like a mother (Gutchess, Kensinger, Yoon, &
Schacter, 2007; Klein & Kihlstrom, 1986; Symons & Johnson, 1997;
Rogers, Kuiper, & Kirker, 1977). This effect is less pronounced in East
Asian cultures, for which memory benefits from self-referencing are
reduced compared to Western cultures (Ng & Lai, 2009; Sui, Zhu, &

Chiu, 2007; Wagar & Cohen, 2003; Zhang et al., 2020; Zhu, Zhang, Fan,
& Han, 2007). This difference is thought to reflect the independent self-
construal of Westerners, focused on one’s own needs, and the interde-
pendent self-construal of Easterners, focused on one’s relationships with
others (Markus & Kitayama, 1991; Singelis, 1994). This work provides
evidence for reduced distinctions between self and close other for East
Asians as compared to North Americans. For example, Asian-Canadians
take longer than Euro-Canadians to recognize traits associated with the
self as compared to those associated with a best friend (Wagar & Cohen,
2003). Although most research on this cognitive strategy has focused on
the reduced benefits for self memory for East Asians compared to
Westerners, some work suggests that for Chinese participants, thinking
about one’s mother is just as effective of a memory strategy as thinking
about oneself (Sui et al., 2007; Zhu et al., 2007). This suggests that close
other memory can be enhanced for some East Asians relative to West-
erners. To better understand these memory strategy differences, they
need to be explored using more nuanced contrasts. The current study
will do so by examining the self-reference effect (comparing self and close
other memory conditions) alongside the other-reference effect
(comparing close other and control memory conditions).

Previous research has largely examined cultural effects on self-
referencing in memory at the group level, at one time point (e.g.,
Wagar & Cohen, 2003; Zhang, Hung, Jackson, Tai, Goh, & Gutchess,
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2019; Zhu et al., 2007). Our previous study (Gilliam and Gutchess,
2024) extended research by investigating variation between individuals
who had recently relocated to the US from China. However, measures of
acculturation or self-construal were not related to the level of self-
referencing or other-referencing in memory at one time point. By
measuring change in acculturation and self-construal over time, one can
gain more sensitivity and precision to detect relationships among these
factors.

There are many processes associated with acculturation, spanning
language use and proficiency, media use, social-interaction, identity,
and values; these processes may also vary depending on if they are
evaluated in public versus private contexts (Arends-Toth & Van de
Vijver, 2004; Berry, 1992; Matsudaira, 2006; Redfield, Linton, & Her-
skovits, 1936; Schrauf, 2002). A major focus for our study was change in
self-concept with immigration and cultural contact (Liebkind, 2006),
suggesting that exposure to and experiences in the West may alter
memory patterns for Easterners. Results of group comparisons at one
time point have been interpreted to suggest that exposure to differing
perspectives may influence cognition. For example, younger adults may
exhibit less culturally traditional memory patterns (i.e., young adult East
Asians demonstrating more Western memory patterns; Zhang et al.,
2020) compared to older adults, possibly due to increased engagement
with Western media and thought patterns. However, direct measures to
confirm this interpretation are lacking, and there are many alternative
explanations to account for why cultural effects could vary across age
groups, including unrelated cohort effects.

Research with bicultural individuals, who can hold multiple cultural
identities and perspectives, is one approach to examine multiple iden-
tities. Using priming, these studies bring to consciousness one cultural
identity or another (e.g., for a Chinese American, their Chinese or
American identity), demonstrating that bicultural individuals can
switch frames of mind based on the cultural context that is primed
through the presentation of cultural icons (e.g., Great Wall of China;
Disneyland; Benet-Martinez, Leu, Lee, & Morris, 2002; Hong, Morris,
Chiu, & Benet-Martinez, 2000) or the language used for the task (e.g.,
Wang & Ross, 2005; Wang, Shao, & Li, 2010). Some bicultural studies
have shown that variation in level of acculturation can impact auto-
biographical memory patterns when comparing individuals on more
indirect measures (age of immigration, immigrant vs non-immigrant
coding; Wang, Song, & Kim Koh, 2017; Wang, 2013). Research also
shows that more direct measures of acculturation (host and heritage
culture affiliation) vary with context and priming (Lechuga, 2008), and
that bicultural parents may socialize their children to acquire multiple
cultural identities and perspectives (Wang, Koh and Song, 2015).
Together, these findings exemplify the contextual malleability of cul-
tural perspectives and cognitive strategies in individuals who have
already acquired multiple cultural identities.

Although research has begun to probe the ways in which macro-level
cultures can change over time (Varnum & Grossmann, 2017), less
research has focused on within-person change over time, particularly in
terms of the effects on cognition. Previous social and self-related
cognitive research suggests that acculturation is a dynamic process.
Acculturation, like much research on culture more generally, is usually
studied at one time point between subjects. However, some researchers
argue it should be studied across time within-subjects (Murray et al.,
2014; Schrauf, 2002). Previous work has identified variation in re-
lationships between acculturation and health behaviors (i.e., identifi-
cation with Asian and US culture and alcohol consumption)
longitudinally that were not apparent through comparisons across sub-
jects at one time point (Murray et al., 2014). Similarly, others have
demonstrated neural divergence over time among immigrants who
change in self-construal to become “less like Easterners” or “more like
Easterners” (Chen, Wagner, Kelley, & Heatherton, 2015). This demon-
strates the importance of measuring acculturation and its impact on
outcomes of interest over time.

In the present study we extended past research by explicitly
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examining how change in one aspect of acculturative experience,
orientation towards host relative to home culture, impacts mnemonic
strategy benefits in memory. Acculturation orientation captures one’s
desire to engage with host and home culture friends, traditions, char-
acteristics, and habits, making it a richer and more direct measure than
previous metrics (e.g., length of time since immigration, age of immi-
gration). As in our prior study (Gilliam and Gutchess, 2024), we use a
continuous measure of acculturation orientation in order to maximize
power as this is the first study to examine the impact of acculturation on
self-referencing in memory over time. However, we were influenced by
Berry’s (1992) model that often categorizes individuals into various
forms of acculturation styles (e.g., integration, assimilation, marginali-
zation, separation). It should also be noted that there are many other
aspects and measures of acculturation (e.g., language use, media usage)
that were not feasible to include in this initial study. Additionally, we
examined the impact of self-construal on memory patterns over time,
given its suggested role in cultural and self-referencing effects (Huff,
Yoon, Lee, Mandadi, & Gutchess, 2013; Sui et al., 2007; Wagar & Cohen,
2003).

1. Predictions

We hypothesized that acculturation orientation (i.e., one’s affiliation
to their native home culture versus their new host culture) and cultural
values, specifically independent versus interdependent self-construal,
would influence the memory strategies used by Chinese immigrants to
the US over time. Focusing on the effects of acculturation as a process
that unfolds over time, we tested whether change in acculturation or
cultural values is associated with change in cognitive strategies. Hy-
pothesis one (H1) predicted that over time, an increase in orientation
towards the host culture will predict an increase in the self-reference
effect in memory. Similarly, hypothesis two (H2) predicted that over
time, an increase in independence will predict an increase in the self-
reference effect in memory. Hypothesis three (H3) predicted that over
time, an increase in orientation towards the host culture will predict a
decrease in the other-reference effect in memory. Lastly, hypothesis four
(H4) predicted that an increase in independence will predict a decrease
in the other-reference effect in memory.

2. Methods
2.1. Ethics approval

This study was approved by the Brandeis University Institutional
Review Board (protocol reference number 12063R). All procedures
performed in this study involving human participants were in accor-
dance with the ethical standards of the institutional research committee
and with the 1964 Helsinki Declaration and its later amendments or
comparable ethical standards.

2.2. Participants

This study is a follow-up to a previous study (Gilliam and Gutchess,
2024) of 92 Chinese participants. Sample size was based on an a priori
power analysis conducted for time point one, which suggested that to
test our hypotheses at time point one using linear regressions with a
power of 0.8 and assuming a medium effect size, we would need a
sample of at least 76 participants at time point one. We sampled to the
end of the semester once we reached this initial sample size in order to
collect data from at least that many participants, account for the pos-
sibility of some unusable data, and to account for attrition that could
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affect our planned second time point of data collection.

Participants were contacted to return for a second time point of data
collection. Those who opted to return did so between 11.54 months and
39.18 months after their initial session with a mean of 16.19 months (SD
= 5.58 months, Mdn = 14.93 months). Participants were Chinese stu-
dents who were non-native speakers of English studying at Brandeis
University. At their initial time point, they had lived in the US for fewer
than five years and were between the ages of 18 and 26. All international
students at Brandeis University are required to have a TOEFL score of at
least 100 (advanced level English).

For the second time point of data collection, a total of 40 participants
returned. However, four participants were excluded due to completely
missing recognition task responses or missing survey data for primary
variables in models. Missing responses reflected technical difficulties
exacerbated by online data collection for the second session (e.g.,
interruption due to internet connection issues, using their computers’
disabled Numlock keys, etc.). One additional participant was excluded
due to overall memory performance below chance, as this suggested a
lack of task engagement or failure to understand instructions. Analyses
focus on the remaining sample of 35 returning participants. Details of
participants’ demographics (e.g., age, gender,” education) and session
administration (e.g., current country of residence; whether they were
online or in-person at time 1, reflecting adjustments in the protocol due
to COVID-19) are summarized in Table 1.

2.3. Materials

This study used a self-referencing memory task, which involved the
presentation of trait words. Words were selected from adjectives from
Anderson (1968), such as “wealthy” or “nasty”, that had had been
translated into Mandarin and used in Chinese samples previously (Chen,
Wagner, Kelley, Powers, & Heatherton, 2013; Wang, 2005). The posi-
tivity of adjective word items was controlled for by sorting words into
‘bad’, ‘good’, and ‘neutral’ categories based on likability ratings from
American subjects by Anderson (1968) and East Asian subjects by Wang
(2005). These words were then divided into four counterbalanced lists
with equivalent likability ratings. The lists were assigned to the four
different conditions (three “old” conditions, and “new” words presented
only at retrieval) in a counterbalanced manner so that the words were
assigned to each condition across participants. Thus, new items were
trait words from the same source and were equally balanced on valence
in the same way as old items. Word lists were also then split into two
groups (A, B) to avoid participants seeing the same items at time one and
two. The order of these lists between sessions were assigned to partici-
pants in a counterbalanced manner (A time one and B time two versus B
time one and A time two).®

All experimental materials were presented in simplified Mandarin to
avoid priming American values through the English language, thus
avoiding potential exaggeration of any acculturative or self-construal-
related effects (see Kemmelmeier & Cheng, 2004; Dixon, 2007 for ex-
amples of language-culture priming effects). Two native Taiwanese who
were fluent in simplified and traditional Mandarin and English and two
native mainland Chinese who were fluent in simplified Mandarin and

1 Despite this variation, when adding time (number of months) between
sessions one and two into models as a covariate, there was no change to our
model results.

2 There is a mixed literature on the relationship between gender and cultural
values (see Watkins et al., 2003). Despite our sample being heavily female,
when gender was added to the models as an additional covariate there was no
change in model results and no effect of gender on outcomes of interest.

3 Based on Welch two sample t-test results, wordlists did not vary signifi-
cantly in terms of memory performance (hits-minus-false alarms) for either self
(t(45.97) = —1.29, p = 0.20) or close other conditions (t(42.11) = —1.50, p =
0.14).
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Table 1
Demographic Table for Returning Participants.
Demographic Variable N=35
Age
Time point 1 19.80 (1.81)
Gender
Female 80 %
Male 17.1 %
Other 2.9 %
Race
Asian 100 %
Education
Time point 1
High school graduate 143 %
Some college 62.9 %
2-year degree 0%
4-year degree 229 %
Professional degree 0%
Proportion of Chinese Close Friends
Time point 1
A few of them 2.9 %
About half of them 2.9 %
Most of them 65.7 %
All of them 28.5%
Time point 2
A few of them 0%
About half of them 29%
Most of them 68.6 %
All of them 28.5 %
In Person or Online
Time point 1
In person 45.7 %
Online 54.3 %
Time point 2
In person 0%
Online 100 %
Current Country of Residence
Time point 1
China 17.1 %
USA 82.9 %
Time point 2
China 20 %
USA 80 %
Mean Months b/w Time Points 16.19 (5.58)

Range: [11.54-39.18]

English provided collaborative translations of all English and traditional
Mandarin materials into simplified Mandarin and edited wordings
identified by pilot participants as inaccurate or awkward simplified
Mandarin translations. Task instructions were translated to simplified
Mandarin from English. For questionnaires, some materials had pre-
existing simplified Mandarin translations that were evaluated for accu-
racy while others were traditional Mandarin translations that were
translated to simplified Mandarin. Translators reviewed each other’s
translations for accuracy until consensus was reached that no further
changes were needed.

2.4. Procedure

For both timepoint 1 and timepoint 2, the entire experimental pro-
cedure, including the memory task and questionnaires, took approxi-
mately 45 min to complete. The second session was administered
entirely online. Participants first signed an informed consent form, then
they were redirected in their browser to begin the main self-referencing
memory experiment. Participants completed encoding and retrieval
tasks. Prior to encoding, participants were asked to choose a “close
other” (one person) and “farm animal” (one category like “pigs” or
“cows” in general) to think of throughout the duration of the experiment
(as in Zhang et al., 2020 and Gilliam & Gutchess, 2024). Instructions
were provided in the initial email with study links, at the end of the
initial form where they provided informed consent, and at the start of
the experiment in Pavlovia to ensure appropriate engagement with the
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task. During encoding, participants studied 54 to 55 trait-based words
(depending on word lists), presented in Simplified Mandarin on a
computer screen. Across trials, participants responded as to whether the
words describe either themselves, a close other, or a farm animal, used
as a control condition, by pressing 1 for “yes” or 2 for “no”. Word items
were presented in subject-specific random order for a maximum of 7 s
each at encoding with 250 millisecond intervals between targets.
Encoding trials continued when participants responded with a keypress
before 7 s had passed.

Next was a 10-min retention interval during which time there was a
break. The task was programmed so that instructions would not progress
until 10 min had passed (with a visual countdown clock on the screen
the entire period) so that sessions were easily completed without ex-
perimenters being present. During the recognition task, participants
then decided whether adjectives were “old” (previously studied) or
“new” (not studied previously). The task was self-paced; once partici-
pants responded with a keypress, a blank screen appeared for 250 msec
before the program advanced to the next trial. Participants performed
the retrieval task for a total of 73 adjectives: 18—19 new words not
studied previously and 54—55 old words that were previously studied,
with 18—19 words per reference condition (self, close other, and farm
animal).

Participants were then redirected a final time to complete a Qualtrics
survey. This survey included general demographics measures presented
in Simplified Mandarin that allowed the samples to be characterized (see
Table 1), and to be compared between-subjects and within-subject over
the two time points on individual difference variables of interest. Pri-
mary predictors of memory performance from survey measures were 1)
the acculturation orientation scale (AOS; Demes & Geeraert, 2014) to
assess individuals’ relationships to their culture of origin and their
culture of contact, and 2) the Singelis Self-Construal Scale (SCS; Singelis,
1994) to measure independence and interdependence. Both of these
scales used 1—7 bidimensional Likert scales to indicate disagreement to
agreement. Sample reliability for the AOS and Singelis Self-Construal
subscales were found in our previous study to be adequate at time
point 1 (Gilliam and Gutchess, 2024) and were also adequate at time
point 2 (independence a = 0.65, interdependence a = 0.69, AOS home a
= 0.84, AOS host a = 0.81). In the current study, test-retest reliability
was acceptable for adjusted host score (r = 0.71, p < 0.001) and good for
adjusted independence (r = 0.82, p < 0.001).

Depressive symptoms could impact self-referencing, memory, or
level of engagement within a new cultural environment, so we included
the Center for Epidemiologic Studies Depression Scale in our question-
naires and as a model covariate (CES-D; Zhang et al., 2011). The CES-D
has a 1—4 (from rarely to most or all of the time) Likert scale and total
scores range from 20 to 80. See Table 2 for descriptive information and
correlations among questionnaires.

In terms of who participants chose for their close other, at time point
two 28.57 % of participants chose a best friend, 42.86 % chose a mother,
25.71 % chose a romantic partner, and 2.86 % chose a sibling. Choices

Table 2
Descriptives and Correlations for Model Predictors & Covariate at Time Point
Two.

Variable: time point 2 Mean 1. 2. 3. 4. 5.
(SD)

1. Independence 4.60 -0.21 0.10 —-0.11 -0.22
(0.61)

2. Interdependence 4.58 —-0.01 0.17 0.20
(0.63)

3. AOS Host orientation ~ 4.61 0.25 0.31
(0.95)

4. AOS Home 4.84 —0.09

orientation (1.16)
5. Depressive 37.54

Symptoms (CES-D) (11.71)

Notes: * p < 0.05. ** p < 0.01. *** p < 0.001.
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for close other were similar between time points, although the question
was added partway through data collection for time point one. In
addition to this, we asked participants at time point two if they chose the
same close other in both sessions. 26 participants remembered their
choices, half of which self-reported that they chose the same close other
at both sessions.

2.5. Scoring and data analysis

All results presented will be for returning participants only. Overall
memory performance across conditions was scored as hits, or the pro-
portion of correct responses to old items, minus false alarms, the number
of new items mistakenly remembered as being seen before. The false
alarm (FA) rate was the same for all conditions.

For all linear regressions, memory performance was quantified using
only the hit rate for each reference condition. This is because the false
alarm rate was the same for each condition (i.e., there was only one pool
of “new” items rather than being specific to each condition), and thus
does not add additional information. Difference scores were calculated
for self minus close other at both time points, and difference scores were
calculated for close minus farm animal at both time points. These were
then used to create a time-differenced measure of change in self-
referencing between time one and time two to test hypotheses one and
three and a measure of change in other-referencing between time one
and time two to test hypotheses two and four.

Difference scores were also calculated for predictors of interest, such
that self-construal was operationalized as independence minus inter-
dependence” (Adjusted Independence Score), as has been done in prior
studies (Gilliam & Gutchess, 2024; Kraus et al., 2021; Yu et al., 2021).
Similarly, acculturation orientation was operationalized as host minus
home (Adjusted Host Acculturation Score). Using difference scores
allowed for a relative measure of an individual’s tendency towards one
style or another, collapsing scores for related constructs into a single
measure and minimizing the influence of response bias that could
impact the interpretation of scores across individuals. Time-differenced
measures were then created by subtracting adjusted host acculturation
score at time two from time one and doing the same for adjusted inde-
pendence score.

3. Results
3.1. Tests for sampling bias, potential confounds, and collinearity

To ensure there was no sampling bias that could influence our re-
sults, the returning sample and non-returning sample were tested for
differences in terms of memory (i.e., average hits and overall false
alarms), predictors of interest (i.e., acculturation orientation and self-
construal), or the control variable used in models (i.e., depressive
symptoms) at time one using Welch two-sample t-tests. These tests found
no significant differences between attritors and returning participants,
indicating that there does not seem to have been any attrition-related
bias in our sample. See supplement A for details of these t-tests and
see supplement B for results of an outlier analysis among primary var-
iables of interest.

Paired t-tests were also used to evaluate if overall memory perfor-
mance or number of depressive symptoms changed between time points
for the returning sample as each could act as potential confounds. There
was no change in average number of hits (t(34) = 0.75, p = 0.46) or false
alarms (t(34) = —0.05, p = 0.96), but there was a significant increase in
depressive symptoms from time one to time two (t(34) = —3.27, p <
0.01). Thus, the measure of depressive symptoms was included as a

4 See supplemental material G for a follow-up analysis exploring the indi-
vidual contributions of change in unadjusted independence and interdepen-
dence on change in memory performance.
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covariate in models of change (results reported in supplement D).

In order to assess potential issues of collinearity, correlations were
run at time point 1 and time point 2 separately to see if the outcomes,
predictors of interest, and the control variable were associated with one
another. Correlations were also run for the same variables when time-
differenced to examine if change in one might be associated with
change in another. Resulting correlation matrices can be found in sup-
plement C. Primary predictor variables of interest were not highly
correlated with each other, and thus were included in separate models.

3.2. ANOVA results: Self-reference effect at both time points

A repeated measures two-way ANOVA was run, comparing corrected
memory performance (hits minus false alarms) by reference condition
and time of experiment as well as the interaction between the two. This
allowed us to test if self significantly differed from close other at both
time points, thus indicating a self-reference effect regardless of time. See
Fig. 1 for a bar graph displaying corrected memory performance by
reference and time of experiment. Results suggested that there was a
significant main effect of reference condition on memory performance (F
(2, 68) = 44.10, p < 0.001, np? = 0.57), but that there was no significant
main effect of time of experiment (F(1, 34) = 1.56,p = 0.22, np2 =0.04).
There was no significant interaction between reference condition and
time of experiment (F(1.66, 56.31) = 0.10, p = 0.87, r]p2 = 0.003). To
break down the main effect of reference condition using post-hoc t-tests
with p-values adjusted using Bonferroni corrections, when collapsing
across time there was a significant difference between self and close
other conditions (t(69) = 4.59, p < 0.001), between self and farm con-
ditions (t(69) = 9.17, p < 0.001), and between close other and farm
conditions (t(69) = 5.77, p < 0.001).

3.3. Regression model results: Change between time points

Linear regressions were then run to examine within-subject change
over a period of 16 months in acculturation and memory patterns using
time-differenced variables. The models were:

Outcome : T2-T1 Self minus close hits

M1.Y; =« + pT2-T1AdjustedHost; + M2 Y; = « + pT2-T1AdjustedIndependence; +
€ €

Outcome : T2-T1 Close minus farm hits

M3. Y; = a + pT2-T1AdjustedHost; M4. Y; = a + pT2-T1AdjustedIndependence;
+€ +€

See Fig. 2 for scatterplots presenting the model results.

First, we tested whether an increase in orientation towards US host
culture (i.e., greater acculturation to the US) would predict an increase
in the size of the self-reference effect in memory over the 16-month

1.00

0.751

501

0.25 1

Hits-minus-False Alarms
o

0.00
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period (H1). Results demonstrate that change in adjusted host score
significantly predicts change in self minus close hits, such that an in-
crease in host culture orientation is associated with a larger self-
reference effect in memory, defined as an enhancement in memory for
self as compared to close other (5 = 0.41, t(33) = 2.60, p = 0.01). This is
a medium effect size with a Bayes factor (BF) suggesting moderate ev-
idence for the alternative hypothesis (BF = 3.95). To further charac-
terize this effect, if one were to experience an increase in adjusted host
score of one standard deviation (1.45 units on a measure with a sample
range of —2.75 to 1.75), they would have an associated increase of 0.41
standard deviation in the self-reference effect in memory (a change of
0.06 units on a measure that ranged from —0.38 to 0.34, i.e. a change
equal to 12 % of the sample’s range).

We also tested the relationship between self-construal and memory
outcomes. Specifically, we tested whether an increase in independent
self-construal over time would predict an increase in the size of the self-
reference effect over time (H2). Change in adjusted independence did
not significantly predict change in self minus close hits (8 = 0.12, t(33)
= 0.71, p = 0.48). The Bayes factor suggested that there was anecdotal
evidence for the null (BF = 0.40).

We then assessed whether increased orientation towards US host
culture would predict a decreased other-reference effect in memory over
time (H3). Change in adjusted host score did not significantly predict
change in close minus farm hits but there was a trend in the expected
direction (f = —0.32, t(33) = —1.95, p = 0.06). Although the stan-
dardized coefficient value suggested a medium effect size, the Bayes
factor suggested there was only anecdotal evidence for the alternative
hypothesis (BF = 1.37).

Lastly, we tested whether an increase in independent self-construal
over time would predict a decrease in the size of the other-reference
effect over time (H4). Change in adjusted independence significantly
predicted change in close minus farm hits, such that an increase in in-
dependence is associated with a smaller other reference effect, that is,
similar memory performance on the close other and farm animal con-
ditions (f = —0.36, t(33) = —2.24, p = 0.03). The standard coefficient
suggested a medium effect size and the Bayes factor suggested that there
was anecdotal evidence for the alternative hypothesis (BF = 2.13). To
further interpret this effect, if one were to experience a one standard
deviation increase in adjusted independence (0.57 units on a measure
with a sample’s range of —1.20 to 1.13), there would be an associated
decrease of 0.36 standard deviation in the other-reference effect in
memory (0.25 units on a measure with a sample’s range of —0.42 to
0.78; i.e. a change of 21 % of the sample’s range).

All model results reported here remained significant when adding
number of depressive symptoms to models as a covariate (see supple-
ment D). Additionally, we ran models with a focus on the influence of
individual differences in predictors of interest to test whether the
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Fig. 1. Bar Graph of Memory Performance by Reference Condition by Time Point.
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Fig. 2. Linear Regression Results for Change in Memory and Acculturation Over Time.
Note: * indicates significance at p < 0.05 and ‘.” indicates a non-significant trend in the data (0.05 < p < 0.10).

pattern of results at the initial time point (reported in (Gilliam and
Gutchess, 2024)) replicated at the 2nd time point. Results did replicate
in our subsample of returning participants (see supplement E).

3.4. Exploratory replication of our findings in larger combined study
sample

To address concerns about the study’s sample size (n = 35), we
combined our sample with that of another study of ours using the same
design. This allowed us to demonstrate that effects were robust. Separate
groups of participants completed each study. This second study was
conducted with a focus on neural analysis and thus there were a few
differences: 1) Study 2 had a smaller sample size (n = 29), powered to
detect neural rather than behavioral effects; 2) Study 2 employed a
shorter time frame between time points one and two (average of ~7.5
months, rather than ~16 months); 3) Study 2 took place about two years
after study 1 had ended and after the end of the closures and disruption
related to the COVID-19 pandemic (participants were recruited between
February 2023 and February 2024, rather than between December 2019
and January 2021); 4) Participants in study 2 had higher levels of
depressive symptoms compared to those in study 1 (see details of t-tests
comparing samples used in supplement H).

After combining the behavioral data from the two studies, the total
combined sample size was 64 participants, reaching the required power
for change over time analyses (see supplement H for power analysis de-
tails). Each participant had two time points of data. These follow-up
analyses were pre-registered on OSF. It should be noted that the
shorter time frame between sessions (~ half a year rather than ~ a year
and a half) for study 2 may diminish effects. It is also possible that some
effects may be more impactful at earlier time periods and less impactful

at later time periods. However, effects are reported here pooling across
studies in order to test for replication of our findings in a larger sample.

Regression analysis utilized the same models as the original analysis
with the addition of appropriate control variables to account for study
differences. Specifically, in addition to change in depressive symptoms
(CES-D), study identifier (dummy coded for study 1 and 2), and time in
the United States at initial participation were included in models.
Change in depressive symptoms (CES-D) was included as a control
variable to mirror supplemental D as well as due to differences in
depressive symptoms between samples. Time in the United States and
study identifier were both included as additional covariates due to the
differences between samples in number of weeks between time points
and to control for any potential variation in time in the United States
prior to time point 1 (for example, due to COVID restrictions in study 1
versus study 2). Note that there was a high correlation (r = — 0.70)
between the number of weeks between sessions and study identifier, so
the former was not included in models.

Outcome : T2-T1 Self minus close hits
M1.Y; = a + pT2-T1AdjustedHost; +
pStudyID; + PUSTime; + BCESD;
+ €
Outcome : T2-T1 Close minus farm hits
M3. Y; = o + pT2-T1AdjustedHost;
+ pStudyID; + pUSTime; +
BCESD; + &

M2Y; =« + fT2-T1AdjustedIndependence; +
pStudyID; + pUSTime; + BCESD; + €

M4. Y; = a + pT2-T1AdjustedIndependence;
+ pStudyID; + pUSTime; + BCESD; + &

Effects found for self-referencing were replicated in our combined
analysis. Results from the combined analysis replicated the effect of
change in adjusted host score on change self-minus-close hits (H1), such
that an increase in host culture orientation is associated with a larger
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self-reference effect in memory (f = 0.26, t(59) = 2.04, p = 0.046). This
is a small effect size with a Bayes factor (BF) suggesting anecdotal evi-
dence for the alternative hypothesis (BF = 1.33). Results from the
combined analysis replicated a lack of effect of adjusted independence
on self-referencing (H2) (8 = 0.13, t(59) = 1.00, p = 0.32, BF = 0.35).

Effects found for close other-referencing were replicated in our
combined analysis. Results from the combined analysis demonstrate a
significant effect in the same direction as the trend originally found in
favor of H3, such that an increase in host culture orientation is associ-
ated with a smaller other-reference effect in memory (8 = —0.34, t(59)
= —2.82, p = 0.006). This is a medium effect size with a Bayes factor
suggesting moderate evidence for the alternative hypothesis (BF =
5.22). Results from the combined analysis also replicated a significant
effect of change in adjusted independence on change in other-
referencing, such that greater independence is associated with more
similar memory performance on the close other and farm animal con-
ditions (8 = —0.26, t(59) = —2.17, p = 0.03). This is a small effect size
with a Bayes factor suggesting anecdotal evidence for the alternative
hypothesis (BF = 1.07).

Additionally, dummy-coded study identifier was a significant pre-
dictor of change in close-referencing both in models that included
adjusted host score (f = —0.29, t(59) = —2.26, p = 0.03, BF = 0.86) and
that included adjusted independence (f = —0.32, t(59) = —2.36, p =
0.02, BF = 0.86), meaning participants in study 2 displayed greater
change in close-referencing than study 1.

4. Discussion

Results provide support that acculturative changes within in-
dividuals over time, as people adjust to a new cultural milieu, relate to
changes in memory that reflect the use of mnemonic strategies. Both
self- and other-referencing were associated with acculturation. Change
in adjusted host culture orientation predicted change in self-referencing,
supporting hypothesis one (H1). Change in adjusted independence
significantly predicted change in close other-referencing, supporting
hypothesis four (H4). There was a non-significant trend in the predicted
direction of hypothesis three as adjusted host culture orientation pre-
dicted change in close other-referencing (H3), indicating that further
research with a larger, more varied sample may be warranted. However,
hypothesis two was not supported; change in adjusted independence did
not significantly predict change in self-referencing (H2). Results were
robust and will be discussed in terms of potential implications.

Our findings suggest that as individuals acculturate to a new context,
their memory strategies change in tandem with their acculturation and
self-construal. Generally, discussions of self-referencing have focused
more on the self and less on close others, with one possible mechanism
being that an independent self-construal leads to more of a benefit for
the self in memory (Lee & Heo, 2016; Mattavelli, Richetin, Gallucci, &
Perugini, 2017; Zhang et al., 2020). However, our findings suggest that
both memory for the self and close others change with acculturation.
Specifically, an increase in orientation towards one’s host culture
(relative to one’s home culture) over time was associated with a larger
self-reference effect in memory. In other words, as Chinese students
became more oriented towards American culture, they demonstrated
more American-like cognitive strategies in their memory. This sup-
ported H1. There was also a complementary non-significant trend in line
with H3, such that as Chinese students became more oriented towards
American culture, they demonstrated less Chinese-like cognitive stra-
tegies in their memory (i.e., less of a memory boost when referencing
close others).

Few studies have examined the impact of acculturation on the self,
but findings thus far are mixed (Mesquita, De Leersnyder, & Jasini,
2019; Walker, Deng, & Dieser, 2001; Yilmaz, Phalet, & De Leersnyder,
2024). Considering the lack of correlation between acculturation
orientation and self-construal, and their differential effects on memory
strategies, the effect of acculturation orientation appears to be distinct.
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Our pattern of findings for change in other-referencing and change in
adjusted independence contributes to the literature on this topic.
However, it does not appear that changes in self-construal are the most
likely mechanism for acculturative change in cognitive strategies iden-
tified in our study.

The acculturation orientation measure emphasizes desire to engage
with one’s host and home culture and to embrace its typical behaviors
and values; thus, our results would suggest that one’s intention to
engage with a culture may impact whether one engages in information
processing strategies preferred by the host culture, including memory
strategies. Future research will need to assess aspects of actual cultural
engagement and use richer measures than a single questionnaire to
further tease apart this relationship, however. To our knowledge, only
one study thus far has demonstrated evidence for the relationship be-
tween host culture engagement and fit with host culture patterns of the
self, for example measuring direct social contact, proportion of life spent
in the host context, language use, and communicative proficiency
(Yilmaz et al., 2024).

Acculturative effects seem the most compelling for change in
acculturation orientation over time, although we found similar patterns
for independence. However, counter to previous assumptions, change in
self-construal (independence) is actually only related to change in
memory for close others. Specifically, an increase in independence
(relative to interdependence) was associated with a reduction in the
benefits from referencing close others in memory as compared to a
control condition, supporting H4. This means that as someone became
more American-like in their self-construal values (i.e., more indepen-
dent, and less attuned to close others), they demonstrated more
American-like cognitive strategies in their memory. In fact, in our sup-
plemental analysis examining the unadjusted subscales, it is change in
interdependence, not independence, that is predictive of memory
strategy change (see supplemental material G).

Although most research investigates how self-referencing enhances
memory for one cultural group more than another cross-sectionally, our
results go beyond this approach by investigating change related to
acculturation within an individual over time. This approach allows us to
identify specific mechanisms that could account for cultural differences,
such as the extent to which one feels in alignment with the host culture
or conceptualizes the self as independent. No other study that we are
aware of has investigated the influence of these acculturative changes on
cognition.

The results also highlight the potential in focusing on the close other
and how it changes over time. Some literature suggests that certain close
others — mothers and fathers - can lead to memory boosts similar to that
of the self for East Asians (Sui et al., 2007; Zhu et al., 2007). To claim
that changes in the effectiveness of the close other condition reflect
changes in the effectiveness of close other referencing as a mnemonic
strategy for Chinese students acculturating to American culture, it is
necessary to rule out other explanations. For example, it could be the
case that Chinese students’ relationships with close others changed due
to relocation (e.g., who they select for their close other, how close they
feel to that individual, how physically distant they are). Exploratory
analyses suggest that similar close others were referenced across testing
sessions, though these are based on small samples and lacking rich
measures about the relationship. Specifically, there were no memory
performance differences between types of close others chosen by par-
ticipants, no differences in the effectiveness of self- and other-
referencing between individuals who chose the same close others as
compared to those who chose different close others across time 1 and
time 2, or between individuals living in China as compared to those
living in the US at time of testing (see supplement F). Future research
should also explore if the type of culturally-fair distant others used as a
control or comparison condition (e.g., farm animal) might impact ef-
fects. Future studies should further replicate and probe these aspects of
the relationship with the close other using larger sample sizes. Regard-
less of whom participants choose as their reference, we speculate that
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the effectiveness of the self and close other as mnemonic strategies may be
changing over time.

In contrast to the effects of acculturation orientation and indepen-
dence that emerged within subjects over time, we did not find any sig-
nificant effects of acculturation or self-construal on memory strategies
when comparing between subjects at the later time point (supplement
E), replicating our prior findings based on the full sample at the initial
time point (Gilliam and Gutchess, 2024). Rather than focusing on the
variability between participants, the present study is one of very few
memory studies to explicitly examine the impact of acculturation, using
a longitudinal approach that assesses change within individuals over
time. To our knowledge, this is the first study to demonstrate change in a
cognitive strategy that is associated with change in an aspect of accul-
turation. This further reinforces the importance of thinking of accul-
turation as a dynamic process that occurs over time and can fluctuate
depending on context.

Our results suggest that memory researchers should consider the
influence of acculturation on cognitive strategies. Adjusted accultura-
tion orientation is a potentially useful measure for memory researchers
to include in their studies, especially when examining bicultural in-
dividuals. This measure appears particularly useful in studies with
multiple time points, as researchers can examine how trajectories for
immigrant groups change over time as they engage with American
culture and values to varying degrees. What cognitive strategy someone
finds most beneficial or appropriate could change with cross-cultural
engagement, which could have important implications for educational
settings. Moreover, these results could have applications for older
adults, as interventions for age-related memory decline may not be
equally effective for people from different cultures. Assessing accultur-
ation orientation may be helpful to better understand for whom a
memory strategy will be more or less effective and guide use of
culturally-sensitive memory strategies and interventions throughout an
individual’s lifetime.

It is important to note that the relationship between acculturation
and cognition will likely vary across samples. Our current sample is
limited due to its homogeneity and thus is not representative of all East
Asian samples or even all Chinese samples. Future research should
explore the effects of acculturation on memory with more heteroge-
neous samples (e.g., more variation in terms of age, national/regional
origin, socioeconomic status, social network composition in terms of
race or nationality, or circumstances of immigration such as whether it is
voluntary or necessitated by conflict or natural disaster). Furthermore,
future research can better understand the time course over which
acculturation influences memory strategies. Our sample had been in the
United States for an average of 1 year at the time of the first session and
completed the second session an average of 16 months later. Whether
effects are pronounced over initial time spent in a new culture or unfold
slowly as well as whether there are sensitive periods during develop-
ment most prone to acculturative change are intriguing questions to be
addressed by future studies. Previous work (e.g., Caparos et al., 2012;
Cheung, Chudek, & Heine, 2011; Chudek, Cheung, & Heine, 2015;
Cramer, Dusko, & Rensink, 2016; Heine & Lehman, 2004) provides
mixed evidence and none of these studies investigate mnemonic stra-
tegies. In the present study, there were no effects of time spent in the
United States in our study when it was added to models as a covariate.
Measures of acculturation also may need to be adapted for specific
cultural contexts. Extending research to assess how acculturation in-
fluences other domains of cognition and in additional cultural groups (e.
g., Latin Americans; Kitayama & Salvador, 2017) are important di-
rections for future research. Future work may also benefit from teasing
apart differential memory strategy outcomes for individuals who
endorse various forms of acculturation orientations (e.g., integration,
assimilation, marginalization, separation, see Berry, 1992).

In conclusion, change in acculturation can influence memory and
effectiveness of cognitive strategies in as little as 16 months. Further
research is needed to better understand these finding’s implications and
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the broader impact of acculturation on memory and cognitive patterns.
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