£} Routledge

-1 Taylor &Francis Group

Memory

EDITORS: MARK L. HOWE AND HENRY OTGAAR

ISSN: 0965-8211 (Print) 1464-0686 (Online) Journal homepage: www.tandfonline.com/journals/pmem20

Birthday memories: an experimental think-aloud
study on autobiographical remembering in the
digital age

Fabian Hutmacher, Cosima Einhellig & Stefanie Klink

To cite this article: Fabian Hutmacher, Cosima Einhellig & Stefanie Klink (2026) Birthday
memories: an experimental think-aloud study on autobiographical remembering in the digital
age, Memory, 34:2, 180-190, DOI: 10.1080/09658211.2025.2602077

To link to this article: https://doi.org/10.1080/09658211.2025.2602077

© 2025 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group

@ Published online: 16 Dec 2025.

\J
C;/ Submit your article to this journal &

||I| Article views: 411

A
& View related articles &'

(&) View Crossmark data &'

ssMark

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=pmem20


https://www.tandfonline.com/journals/pmem20?src=pdf
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/09658211.2025.2602077
https://doi.org/10.1080/09658211.2025.2602077
https://www.tandfonline.com/action/authorSubmission?journalCode=pmem20&show=instructions&src=pdf
https://www.tandfonline.com/action/authorSubmission?journalCode=pmem20&show=instructions&src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/09658211.2025.2602077?src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/09658211.2025.2602077?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.1080/09658211.2025.2602077&domain=pdf&date_stamp=16%20Dec%202025
http://crossmark.crossref.org/dialog/?doi=10.1080/09658211.2025.2602077&domain=pdf&date_stamp=16%20Dec%202025
https://www.tandfonline.com/action/journalInformation?journalCode=pmem20

MEMORY
2026, VOL. 34, NO. 2, 180-190
https://doi.org/10.1080/09658211.2025.2602077

£} Routledge

a Taylor & Francis Group

8 OPEN ACCESS

Birthday memories: an experimental think-aloud study on autobiographical

remembering in the digital age

Fabian Hutmacher

, Cosima Einhellig and Stefanie Klink

Human-Computer-Media Institute, Julius-Maximilians-Universitdt Wirzburg, Wiirzburg, Germany

ABSTRACT

In today’s digital world, people are documenting their lives more extensively than ever before.
To investigate how this pervasive (digitall documentation shapes the way individuals
reconstruct and recall personally relevant events, we conducted a preregistered
experimental think-aloud study in which participants (N = 40; German sample) were asked to
remember their birthdays from 2019 and 2024 in as much detail as possible. Participants
completed the study in their usual home environments and were allowed to consult any
external resources that they wanted to consult. The results demonstrate that participants
almost exclusively used digital external resources. Moreover, participants relied more heavily
on external resources when recalling the more distant birthday. Importantly, the use of
external resources was an overall adaptive strategy, insofar as it helped participants gain
new insights that went beyond what they could recall from internal memory alone. This
provides further evidence that integrating information stored in one’s mind and information
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stored in the environment is a potentially beneficial and symbiotic process.

In today’s digital world, people are documenting their lives
more extensively than ever before. Consider the countless
photos taken with smartphones, the stream of emails and
WhatsApp messages that individuals send, the updates
shared on platforms like BeReal, Instagram, or Snapchat,
as well as the quantitative data automatically collected
through fitness trackers and wearable devices (e.g., Cho
et al., 2023). This ongoing stream of information from
various digital sources has resulted in an increased
density of recorded life episodes (Hutmacher et al., 20243;
see also Heersmink & Carter, 2020; Kalnikaité & Whittaker,
2012). Although it seems reasonable to believe that this
heightened level of documentation influences how we
recall and piece together our personal histories, scholarly
investigation into how digital technology is transforming
autobiographical memory remains in its early stages (for
some recent empirical evidence, see, e.g., Armstrong et
al., 2023; Barnwell et al., 2023; Camia & Wang, 2025; Hut-
macher et al, 2023; Joanroy et al, 2025; Johnson &
Morley, 2021; Jungselius & Weilenmann, 2023; Martin et
al.,, 2022; Vasquez et al., 2025).

To synthesise current findings and offer a comprehen-
sive framework to guide future investigation, we recently
introduced a model for Autobiographical Memory in the
Digital Age (AMEDIA-Model; Hutmacher et al, 2024a,
2024b). Importantly, the model builds upon prior research

into the extended mind and the influence of technology
on memory (e.g., Clark & Chalmers, 1998; Eliseev &
Marsh, 2021; Finley & Naaz, 2023; Finley et al., 2018; Heers-
mink, 2022; Marsh & Rajaram, 2019; Schonpflug & Esser,
1995; Sutton, 2010; Yamashiro & Roediger, 2019), as well
as concepts such as transactive memory systems
(Huebner, 2016; Peltokorpi, 2008; Wegner et al., 1985)
and digital memory aids (Clowes, 2013; Bell & Gemmell,
2009). In short, the AMEDIA-Model conceptualises autobio-
graphical remembering as an interactive process involving
both information stored in one’s mind (such as personal
memories of a birthday celebration) and information
stored in external resources (such as photographs, mess-
ages, videos, or diary entries related to the event).
Central to the AMEDIA-Model is the view that the relation-
ship between internal processes and external resources is
not static or one-way. Instead, it unfolds dynamically and
recursively. For example, someone might consult their
phone to confirm whether a particular friend attended a
party. Upon finding visual evidence of the friend’s pres-
ence, they might also notice other details on the respective
photos, which then triggers memories about the food, the
guests’ reactions, or subsequent conversations. In other
words, the combination of information stored in one’s
mind and information stored in one’s environment is con-
sidered to be an - at least potentially — symbiotic process.
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In addition, the AMEDIA-Model also assumes that digital
external resources are especially significant for autobiogra-
phical remembering in our contemporary societies. This
claim is not self-evident, as using external resources for
remembering is not an invention of the digital age. To
begin with, individuals engage with others as collaborative
memory partners — asking friends, for instance, to help fill
in gaps in memory about shared experiences (see, e.g.,
Grysman et al., 2024; Nelson & Fivush, 2004; Pasupathi &
Wainryb, 2010; Welzer, 2010). In addition, humans have
long employed memory supports ranging from cave paint-
ings and oral traditions to books, monuments, and hand-
written diaries (e.g., Donald, 1991, 2001; Heersmink, in
press). Digital technologies differ significantly from these
more traditional, non-digital resources, insofar as they inte-
grate multiple forms of content (e.g., images, text, audio,
and even biometric data; see, e.g., Konrad et al., 2016),
offer expansive storage at almost no cost, and are accessi-
ble almost instantly and from virtually any location (Elsden
et al., 2016; Heersmink, 2022). At the same time, the use of
digital resources also comes with unique challenges such
as the fact that both file formats and applications that indi-
viduals use undergo frequent changes (e.g., Blum & Beyer,
2019; see also Petrelli & Whittaker, 2010; van den Hoven et
al.,, 2012; van House & Churchill, 2008).

In a recent study (Hutmacher et al., 2025), we empirically
tested and confirmed the two key assumptions underlying
the AMEDIA-Model described above, that is, the assumption
that autobiographical remembering (in the digital age)
involves the iterative combination of information stored in
one’s mind and information stored in external resources as
well as the assumption that digital external resources
would play a particularly prominent role in this context.
More specifically, we created an experimental setting using
the think-aloud method in which participants had to remem-
ber and reconstruct an important day and a random day
from approximately one year ago. This method enabled
the collection of detailed verbal data that closely reflected
participants’ real-time thought processes — offering richer
insights than self-report measures alone (see Baumeister et
al., 2007). Participants completed the task in their everyday
home environments, ensuring they had access to the same
external resources they would typically use. As the results
demonstrated, participants indeed repeatedly switched
between information stored in their minds and information
stored in external resources, with digital resources standing
out as especially influential. Moreover, the study highlighted
the adaptive nature of using external resources in the sense
that increased use of (digital) external resources was associ-
ated with greater information retrieval from these resources.
Overall, the results suggest that the integration of infor-
mation stored in one’s mind and information stored in the
environment in autobiographical remembering functions
as a potentially synergistic and complementary process.

Although the study provided important insights regard-
ing the interplay between memory and technology in the
digital age, many open questions remain. Using the same
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experimental setup as the previous study, the present
study was designed to address two important limitations.
First, the previous study compared remembering an
important day to remembering a random day. Although
including a random day can be considered to provide a
baseline against which one can compare the memories
for the important day, it is well known from the literature
that individuals do usually not strive to create external
records of everything that they experience (i.e., total
capture) but rather prefer to have the important
moments in their lives well-documented (i.e., situation-
specific capture; Sellen & Whittaker, 2010). In the present
study, we therefore focused on memories for important
events only. More specifically, we focused on the partici-
pants’ birthday memories. We chose the participants’
birthday as an exemplary case for an important day as
birthdays are usually an integral and positively valued
part of an individual's self-concept (e.g., Kesebir & Qishi,
2010), as they represent an important day that all individ-
uals share (e.g., in contrast to getting married or celebrat-
ing Christmas), and as an individual’s birthday occurs at a
clearly identifiable and predictable date, allowing good
experimental control. In addition, one might expect that
individuals possess at least some digital recordings of
their birthday that they can access if they choose to.

Second, the previous study compared two events that
happened about a year ago. Given that memories become
less detailed over time, however, one might expect that
external resources in general and digital tools in particular
become even more important when remembering events
from the more distant past. At the same time, finding infor-
mation in external resources may become more challenging
as the temporal distance increases. For instance, individuals
change their smartphone about every two to four years
(Knight, 2023) and do not necessarily migrate all their data
from their old to their new phones. In a similar vein, the
popularity of social media platforms shifts markedly over
time, and individuals may lose access to accounts they
once used. This creates a potential tension between a
greater dependency on external resources and their
reduced availability with increasing temporal distance.
Against this background, we decided to compare the partici-
pants’ memories for their birthdays in 2024 and in 2019, that
is, a relatively recent birthday and a more distant one. The
recent birthday was chosen to align with the previous
study. The selection of the more distant birthday was
guided by two considerations. First, we aimed to choose a
year preceding the COVID-19 pandemic to avoid potential
confounds. Second, since we planned to recruit a student
sample, we wanted to avoid selecting a birthday too far
back in participants’ childhood, when they may not have
had the same access to digital devices as they do today.
Taken together, the present study was designed to provide
additional insights into the interplay between information
stored in one’s mind and information stored in the environ-
ment in the context of autobiographical remembering in the
digital age.
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Method
Participants

As the present study followed in the footsteps of the pre-
vious study using the think-aloud method in the context of
autobiographical remembering in the digital age (Hutma-
cher et al., 2025), we aimed for the same sample size and
recruited a total of N=40 participants (19-29 years, M =
22.05, SD=2.69, 15 male, 25 female).! In terms of edu-
cational attainment, 36 participants had completed high-
school, and four participants had a bachelor’s degree.

Participants were recruited through the participant
recruitment system used by the University of Wirzburg
(Germany) and through personal contact. Participants
received course credit. The study was conducted between
April 23 and May 10, 2025. The study was conducted in
accordance with the Declaration of Helsinki and the ethical
guidelines of the German Psychological Society (DGPs).
Based on the regulations for conducting psychological
research in Germany, no formal IRB approval was required.
All participants provided written informed consent. The
study was preregistered (see https://aspredicted.org/2ry5-
s39b.pdf). For the reader’s convenience, the preregistered
research questions are listed in Table 1.

Design and procedure

Overall, the present study followed the protocol from the
previous think-aloud study (Hutmacher et al., 2025), with
the main difference being that the two days that partici-
pants had to reconstruct were tested in one combined
session instead of two separate sessions. The study was
conducted in the participants’ usual home environment
in which they have access to the external resources that

Table 1. List of research questions from the preregistration.

Number Research question

1 Does the number of changes between internal processes and
external resources differ between the two birthdays?

2 Does the time that it takes participants to consult an external
resource for the first time differ between the two birthdays?

3 Does the number of changes from an internal process to an

external resource change depending on the kind of event
(birthday 2024 vs. birthday 2019) and the reason for the
change (no internal memory vs. vague internal memory vs.
detailed internal memory)?

4 Does the number of changes from an external resource to an
internal resource vary as a function of the kind of event
(birthday 2024 vs. birthday 2019) and the reason for the end of
the consultation of the external resource (confirming previous
knowledge vs. new insights vs. unsuccessful consultation)?

5 What kind of external resources do participants use when
reconstructing the two birthdays?
6 Do the kind of event (birthday 2024 vs. birthday 2019) and the

kind of retrieval (internal retrieval vs. external retrieval)
influence the amount of retrieved information?

7 Is the number of different external resources that participants
use associated with the amount of information that
participants remember through external retrieval?

8 Does the time that participants spend on the task differ between
the two birthdays?

they also have access to in their daily lives. In order not
to intrude in the participants’ home environment, the
study was conducted using a videoconferencing tool.
After giving informed consent and completing a brief
demographic survey, participants carried out the main
task using the think-aloud method. Following established
guidelines (Ericsson & Simon, 1993; see also Eccles &
Arsal, 2017; Noushad et al., 2024), they were asked to ver-
balise every thought from the moment they received the
instructions until they finished the task - speaking as if
alone, without worrying about how their words sounded
or explaining them to the interviewer. The interviewer
stayed silent except to prompt participants to continue
thinking aloud if they paused. To practice, participants
first solved a simple math problem using the think-aloud
method (“What is 24 x36?") and then a question that
was related to autobiographical memory but unrelated
to the later experimental task (“When and with whom
did you last eat pizza?”).

Next, participants were informed that they would be
asked to remember and reconstruct two specific days in
as much detail as possible, without yet knowing which
days. They were told they would have up to 15 minutes
for each reconstruction. It was stressed that this time
limit existed solely to keep each session to a reasonable
length. In addition, it was emphasised that participants
should not feel forced to fill the entire period and that
they could stop as soon as they felt they had recalled
everything relevant. Participants were also told that they
didn’t have to monitor the time themselves and that the
interviewer would notify them once the 15 min were up,
allowing them to concentrate on the task. Participants
were told that they could use any digital or non-digital
resources, move around, or even leave the room to retrieve
information or consult someone else. They were encour-
aged to cover where they were, what happened, who
they were with, how they felt, and any thoughts that
arose when reconstructing the events. Participants were
also informed that if something felt too personal, they
could omit sensitive details or describe them more gener-
ally. If necessary, the interviewer answered questions
about the procedure before revealing the target days.

Then, participants completed the actual think-aloud
experiment. Participants were asked to remember and
reconstruct their birthdays in 2019 and in 2024. Whether
participants first remembered and reconstructed their
birthday in 2019 or their birthday in 2024 was counterba-
lanced across participants. Finally, the interviewer asked
follow-up questions as needed to clarify when participants
had changed between different resources, which
resources they had used, and from which resource they
had retrieved which piece of information.

Data analysis

The interviews were recorded and transcribed verbatim.
Transcripts were processed and analysed with MAXQDA
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2024 (VERBI software). We used the same codebook as in
the previous think-aloud study on autobiographical
memory in the digital age (Hutmacher et al., 2025). To
ensure the objectivity of the coding process, a subset of
the data was coded by two coders (CE and SK) indepen-
dently from one another. After completing the indepen-
dent coding, an interrater reliability was calculated
(Brennan & Prediger, 1981). Two coded segments of the
material were considered to match when the overlapping
rate of the two codes was 90% or higher.

After a first round of independent coding (10% of the
data, i.e., four participants), the interrater reliability was
fair (for the interpretation of Cohen’s kappa, see Landis &
Koch, 1977), k=0.31. Against this background, the two
coders and the first author discussed the discrepancies,
agreed upon a final solution and added some clarifying
remarks in the codebook. Another round of independent
coding (another 5% of the data, i.e.,, two participants)
showed an improved and moderate interrater reliability,
kK=0.49. Nevertheless, after an additional round of
discussions and adjustments, a third round of independent
coding was performed (another 5% of the data, i.e., two
participants), resulting in a substantial agreement, k = 0.79.

Given this substantial agreement, the remaining
material was split between the two coders. However, any
open questions or potentially ambiguous segments were
reviewed and discussed by the two coders in collaboration
with the first author. After the coding process was com-
pleted, the frequency of each code was calculated to
allow for quantitative analysis. In the following, we
provide a brief overview of the different variables that
were coded and used for the subsequent statistical ana-
lyses (for more detailed descriptions, see the final code-
book provided via the OSF).

Changes between internal processes and external
resources

Number of changes. The coding scheme captured the fre-
quency with which participants moved between internal
processes — defined as the mental activities occurring
within an individual's mind, such as thoughts, feelings,
recollections, and reflections — and external resources.
Three kinds of changes were distinguished: those in
which an internal thought or memory prompted consul-
tation of an external resource (changes from internal pro-
cesses to an external resource); those in which material
encountered in an external resource elicited an internal
reflection or recollection (changes from an external resource
to internal processes); and those in which one external
resource was used immediately after another without
any intervening internal processing (changes from one
external resource to another external resource).

To elucidate the mechanisms underlying each kind of
change, additional subcategories were used. Transitions
from internal processes to external resources were subdi-
vided into instances in which participants resorted to an
external source because they lacked any relevant internal
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memory (no internal memory); those in which an imprecise
memory existed and participants sought missing details
externally (vague internal memory); and those in which par-
ticipants possessed a detailed internal recollection but
consulted an external source to verify its accuracy (detailed
internal memory). Transitions from external resources back
to internal processes were first classified according to
whether the external consultation yielded useful infor-
mation; successful consultations were further differentiated
according to whether they merely confirmed prior knowl-
edge or generated new insights and/or evoked new
internal memories. Unsuccessful consultations were not
subdivided further.

Time to first change. In addition to coding the different
kinds of changes, we also determined how long it took
participants until they consulted an external resource for
the first time.

Kinds of external resources

External resources were categorised as social resources
(e.g., family members), non-digital resources (e.g., paper
diaries), or digital resources (e.g., smartphone photo
gallery, social media). Based on this, we calculated the
number of social, non-digital, and digital resources as
well as the total number of different external resources
that individuals used.

Retrieved information

Retrieved information was classified according to whether
it was based on an individual's mental representation
(internal retrieval) or solely on data stored in an external
resource (external retrieval). Because the think-aloud proto-
cols did not always provide sufficient evidence to deter-
mine definitively whether remembering was solely based
on an internal mental representation or was prompted
by an external resource, we grouped all such cases
under the overarching category of internal retrieval. That
is, internal retrieval encompassed both unaided internal
retrieval (i.e.,, instances in which participants spon-
taneously remembered details without consulting an
external resource) and aided internal retrieval, wherein
exposure to an external resource triggered internal mem-
ories (e.g., “Now that | see it in the photograph, | also recall
spending that evening in a restaurant”). In other words,
external retrieval only comprised those cases in which
the retrieved piece of information was clearly attributable
to the external resource (e.g., “l don’t remember it, but the
photograph clearly shows that | spent the evening in a
restaurant”).

Retrieved information was further classified as reflect-
ing either external characteristics (i.e., location details,
event specifics, presence of other individuals, conversa-
tional content) or internal states (thoughts and feelings).
Because the four external-characteristic subcategories
and the two internal-state subcategories differ both in
number and phenomenological content and can therefore
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not meaningfully be compared with one another, counts
of external characteristics and internal states were
summed up for the subsequent statistical analyses to
provide overall estimates of information obtained via
internal retrieval versus external retrieval. Nevertheless,
the more fine-grained descriptive statistics are reported
in Table 5. Each distinct piece of information was
counted only once even if it was mentioned multiple
times. Finally, we also determined the total duration of
each participant’s think-aloud procedure.

Results

All statistical analyses were performed using JASP (Version
0.19.3.0; JASP Team, 2024). When the sphericity assump-
tion was violated in one of the ANOVAs, the Green-
house-Geisser correction was applied.

Time spent on the think-aloud procedure

The time that participants spent on the task did not differ
significantly between the two events, that is, between
remembering the birthday 2019 (M =4.83 min, SD =2.61)
and remembering the birthday 2024 (M =4.85 min, SD =
2.79), t(39) =0.05, p=.960, d=0.01, 95% Cl [-0.30, 0.32].
This ensures that the results reported below are attribu-
table to a difference between the two conditions, rather
than to a difference in time spent on the task.

Changes between internal processes and external
resources

Number of changes and time to first change

Both when remembering their birthday in 2019 (M =2.93,
SD =1.98) and when remembering their birthday in 2024
(M=1.85, SD=2.23), participants repeatedly changed
between internal processes and external resources. Impor-
tantly, and as indicated by a t-test for dependent samples,
changes were more frequent when remembering their
birthday in 2019 compared to remembering their birthday
in 2024, t(39) =2.77, p=.009, d = 0.44, 95% Cl [0.11, 0.76].
Next, we compared how long it took participants until
they consulted an external resource for the first time. As
about half of the participants did not use an external
resource for at least one of the two events, the power
for the resulting t-test would have been relatively low.
Hence, we decided to impute the missing values.”

We used two estimates to do so: First, we replaced the
missing values with the group mean. The respective t-test
suggests that it took participants less time until they con-
sulted an external resource for the first time when remem-
bering their birthday in 2019 (M =0.73 min, SD=0.78)
compared to remembering their birthday in 2024 (M=
1.34 min, SD=1.61), t(39) =2.93, p=.006, d =0.46, 95% ClI
[0.13, 0.79]. Second, we replaced the missing values with
the total time that each participant spent on remembering
the respective events. Again, the results of the t-test

suggest that it took participants less time until they con-
sulted an external resource for the first time when remem-
bering their birthday in 2019 (M=1.24 min, SD=1.55)
compared to remembering their birthday in 2024 (M=
2.61 min, SD=2.60), t(39) =3.48, p=.001, d=0.55, 95% Cl
[0.21, 0.88]. The results for both the number of changes
and the time to the first change indicate that participants
relied more on external resources when remembering
their birthday in 2019 compared to remembering their
birthday in 2024.

Changes from an internal process to an external
resource
We ran a 2 X 3 repeated-measures ANOVA to determine
whether the number of changes from an internal process
to an external resource changed depending on the kind
of event (birthday 2019 vs. birthday 2024) and the reason
for the change (no internal memory vs. vague internal
memory vs. detailed internal memory). An overview of
the number and kind of changes between internal pro-
cesses and external resources is provided in Table 2.
There was a significant main effect for the kind of event,
F(1, 39)=5.27, p=.027, w,’=.039, a significant main
effect for the reason of the change, F(2, 78)=8.55, p
<.001, w,?=.103, but no significant interaction between
the two factors, F(1.46, 57.02) =2.18, p=.136, wp2: .019.
The significant main effect for the event indicates that
there were more changes from an internal process to an
external resource for the birthday in 2019 compared to
the birthday in 2024. To better understand the main
effect for the reason for the change, we additionally calcu-
lated post-hoc t-tests using a Bonferroni-Holm correction.
Changes from an internal process to an external resource
were more frequent when participants had no internal
memory compared to when they had a detailed
memory, t(39)=3.89, p=.001, d=0.59, 95% CI [0.18,
1.01], and more frequent when participants had a vague
memory than when they had a detailed memory, t(39) =
3.60, p=.002, d=0.49, 95% Cl [0.12, 0.85]. There was no
significant difference between the number of changes
from an internal process to an external resource when par-
ticipants had no internal memory and when they had a
vague internal memory, t(39)=0.63, p=.536, d=0.11,

Table 2. Number and kind of changes between internal processes and
external resources.

Birthday 2019 Birthday 2024

M sD M sD

Changes from Internal to External 1.35 0.89 0.90 1.1
No Internal Memory 0.68 0.62 0.35 0.58
Vague Internal Memory 0.55 0.75 0.35 0.74
Detailed Internal Memory 0.13 0.34 0.20 0.41
Changes from External to Internal 1.35 0.89 0.90 1.1
Successful: Confirming 0.03 0.16 0.05 0.22
Successful: New 0.98 0.83 0.60 0.90
Unsuccessful 0.35 0.48 0.25 0.54
Changes from External to External 0.23 0.48 0.05 0.22
Total Number of Changes 2.93 1.98 1.85 2.23




95% ClI [—-0.32, 0.53]. In sum, this suggests that participants
usually turned to an external resource when they had
either no internal memory or a vague internal memory,
irrespective of the kind of event.

Changes from an external resource to an internal
process

We ran a 2 x 3 repeated-measures ANOVA to determine
whether the number of changes from an external resource
to an internal resource varied as a function of the kind of
event (birthday 2019 vs. birthday 2024) and the reason
for the end of the consultation of the external resource
(confirming previous knowledge vs. new insights vs.
unsuccessful consultation; for descriptive statistics, see
Table 2). We found a significant main effect for the kind
of event, F(1, 39)=5.27, p=.027, w,’=.039 and a signifi-
cant main effect for the reason of the change, F(1.44,
56.27)=25.23, p<.001, wpzz .294. The interaction
between the two factors was marginally significant,
F(1.66, 64.87) =3.27, p = .053, w,”=.030.

Given that the interaction was marginally significant, we
decided to run additional post-hoc t-tests using a Bonfer-
roni-Holm correction.? Regarding the birthday in 2019, the
changes back to internal processes happened more fre-
quently after gaining new insights than after confirming
previous knowledge t(39) =6.86, p <.001, d=1.60, 95% Cl
[0.68, 2.53], or after an unsuccessful consultation of an exter-
nal resource, t(39)=3.93, p<.001, d=1.06, 95% Cl [0.14,
1.97]. In addition, the changes back to internal processes
happened more frequently after an unsuccessful consul-
tation of an external resource than after confirming pre-
vious knowledge, t(39)=3.91, p<.001, d=0.55, 95% ClI
[0.07, 1.03]. In sum, this suggests that consulting external
resources was an overall successful strategy. In addition,
when consulting an external resource was a successful strat-
egy, then it also led to new insights; at the same time, there
was also a significant number of cases in which consulting
an external resource remained unsuccessful.

Regarding the birthday in 2024, the changes back to
internal processes happened more frequently after
gaining new insights than after confirming previous
knowledge, t(40) =3.63, p=.002, d=0.93, 95% Cl [0.06,
1.80]. Neither the difference between gaining new insights
and unsuccessful consultations of external resources, (39)
=227, p=.058, d=0.59, 95% Cl [-0.25, 1.43], nor the
difference between confirming previous knowledge and
unsuccessful consultation of external resources were sig-
nificant, t(39)=2.08, p=.058, d=0.34, 95% Cl [-0.18,
0.86]. Again, this suggests that consulting external
resources led to new insights but also that there was a sig-
nificant number of cases in which it turned out to be
unsuccessful.

When comparing the number of changes from an exter-
nal resources to an internal process for the two events,
there was no significant difference regarding the number
of cases in which using an external resource confirmed
previous knowledge, t(39)=0.57, p=.570, d=0.04, 95%
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Table 3. Number of participants using the different external resources.
Birthday 2019 Birthday 2024

Digital Resources 31 20
Smartphone Photo Gallery 22 14
Digital Calendar 12 6
Instant Messaging 3 6
Snapchat 10 6
BeReal 0 1
E-Mails 0 1
Internet Search 1 0
Instagram 2 1
Local Hard Drive 0 1
Other 2 0

Non-Digital Resources 1 0
Printed Photo Album 1 0

Social Resources 1 0
Family 1 0

Note. The table displays the number of participants (N = 40) who used the
different social, non-digital, and digital resources. The numbers next to
the overarching categories (i.e., digital, non-digital, and social resources)
indicate the number of participants who used at least one resource from
this category.

Cl [-0.19, 0.27], and the number of cases in which it
remained unsuccessful, t(39)=1.00, p=.323, d=0.17,
95% ClI [-0.36, 0.70]. However, there were more changes
back to an internal process after gaining new insights for
the birthday in 2019 compared to the birthday in 2024,
t(39) =230, p=.027, d=0.63, 95% ClI [-0.26, 1.52]. This
suggests that consulting an external resource was a par-
ticularly successful strategy in the case of the more
distant birthday.

Kinds of external resources

The descriptive results for the kinds of external resources
that participants used are displayed in Tables 3 and 4.
While Table 3 depicts the different kinds of external
resources that participants used, Table 4 shows the
average number of different digital, non-digital, and
social resources that participants used. Importantly, par-
ticipants almost exclusively used digital resources. More
specifically, about three quarters of participants used at
least one digital resource when remembering their birth-
day in 2019 and half of the participants used at least one
digital resource when remembering their birthday in
2024. This difference is statistically significant: As indicated
by a t-test for dependent samples, participants used more
different digital resources when remembering their birth-
day in 2019 compared to remembering their birthday in
2024, t(39)=2.12, p=.041, d=0.34, 95% Cl [0.01, 0.65].

Table 4. Average number of different external resources used by
participants.

Birthday 2019 Birthday 2024

M SD M D
Digital Resources 1.30 0.97 0.90 1.08
Non-Digital Resources 0.03 0.16 0.00 0.00
Social Resources 0.03 0.16 0.00 0.00

Note. The table displays the average number of different external resources
that participants (N = 40) used when remembering the two events.
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Also note that the digital resources that were used most
frequently (i.e., smartphone photo gallery, digital calendar,
instant messaging, and Snapchat) were the same for both
events, suggesting that participants have preferred
resources they access regardless of the specific event.

Retrieved information

We ran a 2 x 2 repeated-measures ANOVA to determine
whether the kind of event (birthday 2019 vs. birthday
2024) and the kind of retrieval (internal retrieval vs. external
retrieval) influenced the amount of retrieved information.
As described above, the amount of retrieved information
was operationalised as the sum of the different types of
information (i.e., the different kinds of internal states and
external characteristics) that participants remembered. A
detailed overview of these different types of information
across the two events and the two types of retrieval is
reported in Table 5. There was a significant main effect
for the kind of event, F(1, 39) =18.28, p <.001, wp2= 077,
a significant main effect for the kind of retrieval, F(1, 39)
=72.62, p<.001, wp2=.497, and a significant interaction
between the two factors, F(1, 39)=16.38, p <.001, pr
=.104.

To understand the interaction better, we ran additional
post-hoc t-tests using a Bonferroni-Holm correction. Par-
ticipants retrieved more information through internal
retrieval when remembering their birthday in 2024 com-
pared to remembering their birthday in 2019, t(39) =
446, p<.001, d=0.88, 95% Cl [0.27, 1.50]. For external
retrieval, there was no significant difference between the
two events, t(39) =1.23, p=.226, d=0.10, 95% Cl [-0.13,
0.34]. In addition, participants retrieved more information
through internal retrieval than through external retrieval
both when remembering their birthday in 2019, t(39) =
6.80, p<.001, d=1.26, 95% Cl [0.61, 1.91], and when
remembering their birthday in 2024, t(39) =7.95, p <.001,
d=2.25,95% Cl [1.19, 3.31].

Digital resources and retrieved information

As an additional test to determine whether consulting
external resources is an effective strategy, we correlated
the total number of different digital resources that

participants used and the amount of information that
they remembered through external retrieval. There was a
significant positive correlation for both, the birthday in
2019, r=.54, p <.001, 95% Cl [0.27, 0.73], and the birthday
in 2024, r=.69, p <.001, 95% CI [0.48, 0.83]. The strength of
the two correlations was not significantly different, z=
1.05, p = .294.

Discussion

Building on the AMEDIA-Model (Hutmacher et al., 2024a,
2024b) and the experimental setup of a previous study
(Hutmacher et al., 2025), the present investigation was
designed to provide additional insights regarding the
interplay of memory and technology in the digital age,
especially with respect to personally relevant events.
More specifically, participants were asked to remember
and reconstruct their memories of their birthdays in 2019
and in 2024, using all external resources that they may
want to use.

To begin with, participants almost exclusively used
digital external resources for reconstructing the two
events. This demonstrates how easily available these
tools have become in people’s everyday lives. In contrast,
non-digital resources and social resources were consulted
hardly at all. Note, however, that the experimental setup
may have influenced the participants’ behaviour at least
to some extent (see also Hutmacher et al., 2025): For
instance, recording the study using a videoconferencing
tool may have made digital tools cognitively more avail-
able for participants. In a similar vein, restricting the dur-
ation of the experimental procedure may have kept
participants from trying to contact others (i.e, from
using social resources) to a greater degree. Although we
tried to minimise these effects by informing participants
that they are free to stand up, leave the room, or interact
with others, we therefore caution against overinterpreting
the relative frequency with which participants used digital,
non-digital, and social external resources, respectively.

Note also that there was a significant proportion of par-
ticipants who did not use external resources when remem-
bering their birthday. This indicates - relatively
unsurprisingly — that individuals have good internal mem-
ories of events in their lives that are dear and important to

Table 5. Type of retrieval for different types of information across both types of events.

Internal retrieval

External retrieval

Birthday 2019

Birthday 2024

Birthday 2019 Birthday 2024

M SD M SD M SD M SD

External Characteristics

Places 1.68 1.67 2.80 2.19 0.40 0.74 0.45 0.88

Events 5.23 3.96 7.78 4.45 1.30 1.57 0.93 1.80

Persons 2.80 1.73 3.58 2.32 0.60 0.81 0.23 0.66

Conversational Content 0.23 0.62 0.40 0.78 0.03 0.16 0.05 0.32
Internal States

Thoughts 0.15 0.43 0.30 1.14 0.00 0.00 0.00 0.00

Feelings 0.45 0.75 1.40 1.61 0.00 0.00 0.00 0.00
Total 10.53 7.03 16.25 10.16 233 2.76 1.65 291




them. Importantly, this observation does not indicate that
digital resources are irrelevant to these participants: They
may well have consulted their digital records on earlier
occasions, so they did not have to rely on them during
the think-aloud procedure. All in all, the present study
therefore provides another illustration that digital external
resources play a central role in how individuals recall per-
sonal memories in our present-day societies.

As one might expect, participants relied more on
(digital) external resources when remembering their birth-
day in 2019 compared to remembering their birthday in
2024. For instance, external resources were consulted
more frequently and earlier during the experimental pro-
cedure when participants tried to remember their birthday
in 2019. In addition, participants also used more different
(digital) external resources when remembering their birth-
day in 2019. Taken together, and assuming that internal
memories become less detailed and less available over
time, this suggests that using external resources in the
process of remembering autobiographical events is an
adaptive strategy that helps participants to compensate
for the weaknesses of their internal autobiographical
memory (see, e.g., Bell & Gemmell, 2009; Burkell, 2016;
Harvey et al., 2016).

This conclusion is further corroborated by the fact that
participants mostly turned to external resources when
they had either no internal memory or only a vague
internal memory, irrespective of the event. Interestingly,
there were hardly any changes directly from one external
resource to another external resource, indicating that con-
sulting an external resource usually goes — as predicted by
the AMEDIA-Model - hand in hand with thinking about
what one has found in these resources (i.e., internal pro-
cesses). Importantly, consulting an external resource was
an overall successful strategy in the sense that it often
led to new insights that participants would not have had
without the support of the external resource. Note,
however, that there was also a number of cases in which
consulting an external resource remained unsuccessful.

There are at least two potential reasons for an unsuc-
cessful consultation of an external resource: On the one
hand, it is possible that the information participants
were looking for was just not there (e.g., there was no
photo of them being in the restaurant with friends); on
the other hand, participants may simply have been
unable to find the respective piece of information (e.g.,
because the photo that they were looking for was
hidden among the thousands of other photos on their
phones). Although our data do not allow us to distinguish
between these two cases, it has often been emphasised in
the literature that individuals need to curate their data in
order to create a meaningful data reservoir that they can
draw from - and that this is something that individuals
often tend to neglect (Hutmacher et al,, 2024a; see also
Banks, 2011; Sas & Whittaker, 2013; van den Hoven et al.,,
2012; Whittaker et al., 2012). Put differently, the present
study provides at least some indirect evidence that
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maintaining well-organized and easily navigable digital
records can enhance the utility of external resources for
memory. In a similar vein, individuals may particularly
benefit from using digital tools if these tools are designed
in a way that supports efficient retrieval, contextual organ-
isation, and reflection on personal information (see, e.g.,
Sellen & Whittaker, 2010).

As noted above, participants more frequently turned to
(digital) external resources when remembering their birth-
day in 2019. Interestingly, there was no significant differ-
ence between the two events regarding the frequency of
unsuccessful consultations of an external resource or
regarding the frequency of consultations of an external
resource that merely confirmed previous knowledge. In
other words, the difference between the two events was
driven by the fact that consulting an external resource
more frequently led to new insights when remembering
the birthday in 2019 compared to remembering the birth-
day in 2024. As we see it, the most plausible explanation
for this finding is that there was simply more to be discov-
ered in the external resources that participants were not
able to retrieve based on their internal memory alone
when remembering the more distant birthday.

It is interesting to consider this finding in combination
with the findings regarding the amount of information
that participants retrieved through internal and external
retrieval, respectively. Overall, participants remembered
more information through internal retrieval for the more
recent birthday in 2024 compared to the more distant
birthday in 2019. Note that internal retrieval comprises
cases of unaided internal retrieval (i.e., remembering a
piece of information without having to consult an external
resource) and aided internal retrieval (i.e.,, remembering a
piece of information after consulting an external resource).
In short, while consulting external resources led to more
new insights in the case of the more distant birthday, it
did not completely erase the difference between the two
events: It still remains easier to remember more recent
than more distant events. Interestingly, however, the
amount of information that participants retrieved
through external retrieval, that is, the amount of infor-
mation that they could not remember but still identified
in external resources, did not differ between the two
events, suggesting that external resources indeed
provide a solid basis for reconstructing past events.

Overall, the findings suggest that integrating infor-
mation stored in one’s mind and information stored in
the environment is beneficial in the sense that it enhances
recall beyond what is possible through internal memory
alone. More specifically, the present study shows that
this pattern does not only apply to relatively recent
events (such as one’s birthday in 2024) but also to more
distant events (such as one’s birthday in 2019). This sup-
ports not only the core principles of the AMEDIA-Model
(Hutmacher et al., 2024a, 2024b) but also aligns with
similar theoretical approaches (Clark & Chalmers, 1998;
Eliseev & Marsh, 2021; Finley & Naaz, 2023; Finley et al,,
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2018; Heersmink, 2022) that all highlight that external
resources serve not merely as tools for offloading infor-
mation but play an important role in forming a broader,
extended memory system.

Nevertheless, we note four limitations that also provide
avenues for future research. First, the present study relied
on a sample of young adults who live in an affluent society
of the Global North (Germany), that is, a sample of individuals
who have grown up with digital technologies and who can
afford to buy the latest products and software. Although indi-
vidual researchers are not in a position to change the digital
divide across and within societies, it would nevertheless be
interesting and important to investigate how and to what
extent digital technologies affect autobiographical remem-
bering of individuals living in less privileged circumstances
(see, e.g., van Dijk, 2020). The same applies to the investi-
gation of different age groups. For instance, it has been
demonstrated that older adults have their own ways of navi-
gating the digital world (Hanninen & Tiihonen, 2025),
suggesting that the way they use digital tools for document-
ing and remembering autobiographical experiences may
differ from the strategies and the behaviour of younger
generations.

Second, the present study focused on the participants’
memories for their birthdays in 2019 and in 2024. As noted
in the introduction, we chose to focus on birthday memories
because birthdays are an example of a widely valued and
meaningful personal event and because birthdays occur on
a specific, predictable date, which makes them well-suited
for controlled experimental research. It goes without
saying, however, that there are many other events that
could be investigated using the same paradigm in order to
increase the generalizability of the findings. Moving
beyond events that occur at a predefined date, for instance,
one could focus on autobiographical key scenes that play a
particularly prominent role in one’s life story. One example
in this regard are high points (e.g., one’s wedding) and low
points (e.g., the death of a loved one) that are different
from other autobiographical memories because of their
greater goal-relevance, personal importance, emotional
intensity, and more frequent rehearsal (see, e.g., Camia et
al, 2024; Cox & McAdams, 2014; MclLean & Lilgendahl,
2008; Thomsen et al., 2012).

Third, participants in the present study were instructed
to reconstruct and remember the two autobiographical
events in as much detail as possible. Although this is some-
thing that individuals indeed may want to do in many situ-
ations of their lives (and especially with respect to events
that are dear and important to them), autobiographical
memories can be used for several other memory processes
as well (see Hutmacher et al., 2024a; Sellen & Whittaker,
2010). For instance, individuals can use their memories
as a starting point for reflecting upon past experiences
and for adjusting their future behaviour based on what
they are able to learn from them (see also Grysman et
al., 2024; Pasupathi & Wainryb, 2010). Note also that revisit-
ing information about one’s life that is stored in (digital)

external resources does not necessarily have to be a posi-
tive experience: To give but one example, one might be
confronted with past behaviour that one finds cringe or
embarrassing (e.g., an old Instagram post from ten years
ago). Undoubtedly, all these phenomena warrant closer
examination.

Fourth, an individual’s use of (digital) external resources
when reconstructing past events may crucially depend on
the specific setting in which the process of remembering
takes place. Instead of allowing participants to use all external
resources that they want to use as in the present study, one
could also manipulate which tools participants have access
to in order to see how this affects remembering. Alterna-
tively, one could also create a social setting in which partici-
pants have to remember certain events together with the
people they have experienced them with (e.g., partner,
family, friends). And while the present study already varied
the temporal distance of the events that participants had
to remember, considering both shorter time intervals (e.g.,
remembering events from one week or one month ago)
and even longer time intervals (e.g., remembering events
from a decade or more ago) seems like another line of
research worth pursuing.

Overall, the present study highlights the dynamic inter-
play between information stored in one’s mind and infor-
mation stored in external resources when remembering
autobiographical events. More specifically, the study
demonstrates that relying on (digital) external resources
in the process of reconstructing relatively recent as well
as more distant personally relevant experiences — such as
one’s birthday - is an adaptive strategy. Further exploring
how the rapid expansion of digital technologies has
altered and continues to alter the way individuals docu-
ment and remember their lives will be a key focus for
future research.

Notes

1. The sample size calculation in the previous study was based on
the premise that the primary focus was the comparison
between two events (a random day and an important day).
To have enough power (.80) to detect a medium-sized effect
(d=0.50) in a t-test with dependent samples (a=.05, two-
tailed), a minimum sample size of 34 participants was calcu-
lated using G*Power 3.1.9.7 (Faul et al., 2007). To account for
potential exclusions, the sample size was set to 40 participants.
Importantly, the empirically observed effect sizes met or
exceeded those assumed in the power analysis. On this
basis, we decided to collect a sample of equal size for the
present study.

2. As we did not anticipate the missing values, the imputation
was not preregistered. Note also that imputing missing
values always risks introducing bias or distorting relationships
in the data because the filled-in values are ultimately assump-
tions rather than observations. To limit this risk, we used two
different estimates for the missing data (i.e., the group mean
and the total time each participant spent remembering the
respective event). As described in the main text, the results
for both estimates point into the same direction, which
ensures that our interpretation does not depend on a single



imputation method. Nevertheless, we caution against overin-
terpreting results based on imputed values and recommend
viewing them as supportive rather than definitive.

3. Alternatively, one could have treated the interaction as non-
significant and interpreted the main effects directly. Note that
this would not change the main message of this part of the
analysis, namely that consulting external resources was gener-
ally a successful strategy for both the 2019 and 2024 birthdays,
although there were also a significant number of cases in which
consulting an external resource remained unsuccessful.
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