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ABSTRACT

This preregistered research examined whether younger and older adults robustly
show enhanced source memory for socio-emotional versus neutral sources in a
lab- and online-based experimental setting. The Lab Experiment (N=138) was
conducted in a lab room with German-speaking younger and older adults, while
the Online Experiment (N = 136) was run on Prolific with English-speaking younger
and older samples. In both experiments, neutral faces (= items) were shown on
positive, negative, or neutral scenes (= sources) and participants rated at encoding
how (un)pleased the face appeared. All stimuli were selected based on valence
and arousal norms, ensuring their intended socio-emotional character. Memory
was measured with a multinomial model. Across experiments, participants rated
faces as least pleased when paired with negative scenes, moderately pleased with
neutral scenes, and most pleased with positive scenes. Lab-recruited older adults
additionally exhibited a positivity bias, which, however, was absent online. Source
memory results revealed that younger adults in both experiments did not benefit
from emotional sources. In contrast, lab-recruited older adults showed better
source memory for emotional, especially positive, sources; this benefit was,
however, absent online. Lower compliance and distractibility in the Online
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Experiment are discussed as explanations for the diverging results.

Aging comes along with worse episodic memory and
particularly with worse source memory, that is,
memory for the origin or context of information
(e.g. temporal, spatial or social features; Johnson
et al., 1993). For example, many studies have shown
that older compared to younger adults have greater
difficulty in remembering the speaker or spatial
context of information while their memory for the
central information per se (= item memory) is less
affected (see Old & Naveh-Benjamin, 2008, for a
meta-analysis). Although this age-related source
memory deficit seems to rely on brain changes (Mitch-
ell & Johnson, 2009), research has also shown that it is
partially reducible. For example, older adults’ source
memory seems to improve with emotionally

meaningful compared to neutral sources (May et al.,
2005; Rahhal et al., 2002). However, results in this
matter are inconsistent: Some studies show that the
emotional benefit is more pronounced in older than
in younger adults (May et al., 2005), while other
studies (with better-controlled emotional material)
show that older adults benefit less (Davidson et al.,
2006) or not at all from emotional sources (Symeoni-
dou et al, 2022). In two experiments, the present
research reinvestigated age effects in emotional
source memory by extending prior work through inte-
grating key methodological strengths — specifically,
by using normed emotional material and socially rel-
evant item-source pairs. One experiment was con-
ducted in the lab with a German-speaking sample.
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Using the same material and procedure, another
experiment was conducted in an online environment
with English-speaking participants. This not only
aimed to provide a valuable robustness check, but
also to address persistent concerns about lower data
quality in online experimental research (Chmielewski
& Kucker, 2020; but see Uittenhove et al., 2023). More-
over, given that direct lab-online comparisons using
identical paradigms are relatively rare in aging
research, this paper offers a useful addition to the
existing literature.

Aging and emotional memory

Several studies have shown that aging worsens episo-
dic memory, presumably due to an age-related associ-
ative deficit (Naveh-Benjamin, 2000). That is, older
adults have specific difficulties in binding different
event features into a coherent unit. Age-related
memory differences are thus larger in tasks measuring
associative and source memory than item memory
because performance in these tasks depends on suc-
cessful binding of information (see Old & Naveh-Ben-
jamin, 2008, for a meta-analysis). Consequently,
research has explored ways to reduce this associative
deficit, with promising results. For example, instruct-
ing older adults to focus on the item-source relation-
ship (Glisky et al., 2001) or to use mediators that
combine item and source (e.g. a sentence or image;
Kuhlmann & Touron, 2017) considerably attenuates
their source-memory deficit. Notably, using emotion-
ally meaningful instead of neutral source material
has also been shown to eliminate age effects in
source memory (May et al., 2005). This latter finding
is particularly intriguing because it does not require
additional (experimenter-given) instructions. It also
aligns with the socioemotional selectivity theory
(SST; Carstensen, 2006), an influential life-span
theory on emotion and motivation. The SST suggests
that, as we age, our priorities shift from knowledge-
oriented goals to emotion-oriented goals. More
specifically, the theory assumes that the shortened
time horizon in older age leads to an increased aware-
ness of our mortality. This, in turn, makes emotionally
meaningful pursuits more salient and important.
Accordingly, the SST predicts that older compared
to younger adults prioritise and therefore better
remember emotionally meaningful and especially
positive information (so-called age-related positivity
effect, see Reed et al, 2014, for a meta-analysis).
Most research on these emotion-based benefits in

older adults’ memory has exclusively focused on
item memory, which is surprising given that their
main deficit concerns associative memory, including
source memory. May and colleagues (2005) were
among the first to investigate whether emotional
material also benefits older adults’ source memory
(see also Rahhal et al., 2002). In their first experiment,
the authors drew on a social cover story (i.e. food
served at a wedding) and presented participants
with food (= items) on the left or right screen location
(= source). Foods’' location indicated its safety
(emotional source condition) or its temperature
(non-emotional source condition). Results showed
that older adults’ source memory improved signifi-
cantly for emotionally meaningful sources (food
safety) while younger adults’ source memory was
unaffected by source emotionality. Notably, this
emotion-based benefit in older adults was strong
enough to overcome the otherwise present age-
related source memory deficit. That is, while the
deficit occurred for the neutral source feature (i.e.
temperature), it was absent for the emotionally mean-
ingful source feature (i.e. safety).

However, later studies struggled to replicate these
findings. For example, Davidson et al. (2006) used sen-
tences (=items) spoken by voices with a neutral or
emotional tone (=sources) in their study and found
that older adults benefited less from emotional
sources compared to younger adults. Even studies
that, like May et al. (2005), specifically used threaten-
ing sources to manipulate source emotionality failed
to replicate the finding that older compared to
younger adults benefit more from emotional sources
(Bell et al., 2013). Instead emotion-enhanced source
memory occurred in younger adults at least to a
similar extent, aligning with previous research focus-
ing on younger adults only (Bell & Buchner, 2010;
Smith et al.,, 2005; Symeonidou & Kuhlmann, 2024;
but see Bisby & Burgess, 2013; Symeonidou & Kuhl-
mann, 2022 for opposing findings). Notably, inconsis-
tencies in prior findings may be partially attributable
to variations in item and especially source material,
particularly with respect to their emotional character-
istics. In our previous work (Symeonidou et al., 2022),
we specifically addressed these methodological short-
comings by refining stimulus selection, allowing for
tighter control over the two key emotionality dimen-
sions — valence and arousal (Russell, 1980). This
enhanced methodological rigour provided a more
reliable basis for interpreting source emotionality
effects across age groups. More specifically, instead



of relying on un-normed emotional manipulations (as
in e.g. May et al,, 2005), we used normed negative,
neutral, and positive background images as sources
and unrelated (neutral) words as items. This created
a clear distinction between items and sources and
additionally allowed distinguishing between effects
of positive versus negative sources. The results of
this previous work suggested an emotional benefit
only in younger adults’ but not in older adults’
source memory, again contradicting May et al.
(2005). This challenges the idea of a general
emotion-based effect as well as a specific positivity
effect in older adults’ source memory, diverging
from previous findings on item memory (Reed et al.,
2014). Crucially, however, in our previous work
(Symeonidou et al., 2022), we had employed a rela-
tively artificial encoding situation compared to other
researchers. That is, the item-source-pairing (words
with scene images) lacked socio-emotional relevance
or meaning. Considering that the SST emphasizes the
age-related shift in emotional and social priorities, this
social aspect might be critical to demonstrate
emotion-based benefits in older adults. It is thus
worthwhile to re-investigate this question with
socially relevant and more naturalistic material while
retaining the methodological strengths of our pre-
vious research (e.g. matching arousal levels, clear
item-source-distinction, bias-free memory measures).

Current research

As reviewed, previous studies have typically either (a)
used socio-emotional material with limited control
over their emotional properties or (b) used emotion-
ally normed stimuli without social relevance. The
present research integrated both: Source information
consisted of normed negative, neutral, and positive
scenes (following Symeonidou et al, 2022), while
items consisted of faces as social cues (following Bell
et al.,, 2013). Through their pairing with a face, the
source contexts gained social relevance. Additionally,
participants were instructed to imagine encountering
the neutral faces within the respective scenes, further
enhancing the social relevance of the sources.
Participants then rated whether the depicted face
felt rather pleased or rather unpleased (pleased-
unpleased ratings). Previous research has shown
that such an affective encoding task encourages par-
ticipants to consider sources’ valence at encoding and
thus facilitates emotionality effects in source memory
(see Symeonidou & Kuhlmann, 2024, for a systematic
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investigation). Note that while such ratings might also
promote valence transfer from source to item, similar
to evaluative conditioning (EC; Hofmann et al., 2010),
the procedure used here is not well-suited for EC to
occur effectively, which is why EC is not further dis-
cussed in the following (but see Symeonidou & Kuhl-
mann, 2024, for a detailed discussion).

Retaining the methodological strengths of our pre-
vious work, the present research likewise systemati-
cally varied the valence of the source sceneries,
while holding arousal constant at medium levels.
Valence was chosen as a key variable for two main
reasons: First, previous studies on emotional source
memory primarily relied on valence to explain emo-
tionality effects, often without systematically measur-
ing or controlling for arousal (e.g. Arnold et al., 2021;
Bell & Buchner, 2010; Davidson et al., 2006). Thus, it
remains unclear in many studies whether observed
effects stem from extreme valence, high arousal, or
an interaction of both. By carefully matching arousal
levels across conditions, the present study eliminates
this valence-arousal confound, allowing for a clearer
interpretation of valence effects (see also Symeonidou
& Kuhlmann, 2022, 2024). Second, and more critically,
age-related differences in emotional memory - such
as the positivity bias - manifest more clearly with
valenced, low-arousal stimuli. This is because these
effects are thought to be driven by top-down motiva-
tional processes, which can be overshadowed by the
bottom-up attentional capture associated with high-
arousal stimuli (Kensinger, 2008). By keeping arousal
levels as low as possible, the study maximised the like-
lihood of detecting age-related shifts in motivational
processing.

Finally, considering the growing popularity of online
behavioural research, the paradigm was administered
to younger and older adults both in the lab (referred
to as “Lab Experiment”) and online (referred to as
“Online Experiment”). This aimed to confirm robustness
of results across experimental settings and examine
whether the setting influences core results.

In sum, the combination of carefully-selected
emotional source material, socio-emotional item-
source pairs, and a direct comparison across lab and
online setting reflects the methodological strengths
of this research and sets it apart from previous work.

Hypotheses

Hypotheses on the pleased-unpleased ratings and on
source memory were based on previous studies with
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comparable procedures (e.g. Bell & Buchner, 2010;
Symeonidou et al., 2022). That is, both younger and
older adults were expected to perceive faces (=
items) in positive sceneries (= sources) as most
pleased, followed by faces in the neutral sceneries,
and finally followed by faces in the negative sceneries.
Additionally, older adults were expected to exhibit a
positivity effect in their ratings, which could express
itself in two possible ways (Reed et al., 2014): Older
adults would either rate all faces more positively (=
positivity bias) compared to younger adults; or they
would rate faces paired with negative sources less
negatively (= reduced negativity bias; see Symeoni-
dou et al,, 2022).

As to source memory, previous research often found
better source memory for emotional compared to
neutral sources in younger adults when using
affective encoding instructions (Bell & Buchner, 2010;
Smith et al,, 2005; Symeonidou & Kuhlmann, 2024).
Thus, an emotion-based source-memory benefit was
expected in the younger samples. For older adults,
the evidence is overall mixed; however, source-
memory benefits seem to more readily emerge with
socio-emotional material (Davidson et al.,, 2006; May
et al., 2005). Given that the herein used face-scene pair-
ings created a socio-emotional context, an emotion-
based benefit was likewise expected for older adults.
Regarding the occurrence of an age-related positivity
effect in source memory, existing evidence is limited,
making clear predictions challenging. Note, however,
that testing for emotion-based benefits inherently
involves examining positivity effects as well.

The Lab and Online Experiment contained the same
material and procedure with the only difference that the
former employed German-speaking participants in the
lab while the latter employed English-speaking partici-
pants online. Considering that source and item material
consisted of images rather than text, language-specific
effects are unlikely. Further, since emotion-based
benefits in source memory have been previously
reported both in the lab (e.g. Bell & Buchner, 2010)
and online (e.g. Symeonidou et al., 2022), results were
expected to replicate across experiments.

Crucially note that memory data were analysed
with the two-high-threshold multinomial model of
source monitoring (2HTSM; Bayen et al, 1996),
extended to three sources (Keefe et al, 2002). The
memory parameters are thus corrected for guessing
bias, providing a clear advantage over traditionally
used empirical memory measures, such as conditional
source identification measures (CSIMs; Broder &

Meiser, 2007; Murnane & Bayen, 1996). Analysis with
CSIMs was also conducted - vyielding virtually the
same results for both experiments — and is reported
in the online supplement for comparison.

This research was preregistered and the data from
both studies are openly available on the Open Science
Framework (OSF) repository (see Data Availability
Statement).

Lab experiment
Method

Participants and design

Recruitment periods of both the Lab and Online Exper-
iment overlapped for efficiency, and thus, the a priori
power-analysis was optimised for both studies. To
conduct an a priori power analysis with the 2HTSM
(Bayen et al.,, 1996; Keefe et al., 2002) specific assump-
tions about the parameter values of the model are
required. These assumptions were based on a pilot
study, which was conducted with older adults (N = 25)
in an online setting. This approach ensured a rather con-
servative estimation of the required N for two reasons:
(1) Online studies tend to have greater variability, requir-
ing a larger sample size to detect effects reliably (Segen
etal., 2021). (2) Older (compared to younger) adults typi-
cally exhibit lower item memory, which, for a given a
and 3, requires more observations to detect the same
difference in source memory (because source memory
is conditional on item memory in the 2HTSM). Put
simply, the power analysis was specifically optimised
for online-recruited older adults, for whom source-
memory effects are generally harder to detect. This
guaranteed an overall high power for both Lab and
Online Experiment.

The assumed parameter values based on the pilot
data were D= .40, Gneutrat=-39; Gpositive =62, b=.58,
neutral = -64. The effect of interest referred to the
difference between source memory for the emotional
(negative & positive) sources versus the neutral
sources (emotionality effect). A (minimum) difference
of .25 was assumed based on our previous exper-
iments (Symeonidou et al., 2022), and thus dpositive =
dnegative = -89 entered the power analysis. The analysis
yielded a desired sample size of n=68 participants
per age group with a=.05 and power of 1-3=.80,
that is, N=136 (i.e. 2*68) in total per experiment.

Ultimately, 80 younger and 84 older adults partici-
pated in the Lab Experiment. From these, 10 younger
and 16 older adults had to be excluded for the



Table 1. Sample characteristics.
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Lab experiment

Online experiment

Measure Younger adults Older adults Younger adults Older adults
Mean age 21.61 (2.43) 73.06 (6.80) 22.37 (1.71) 68.91 (3.26)
Range age 18-29 60-91 19-25 65-79

Pattern comparison 0.78 (0.11) 0.43 (0.14) 0.80 (0.10) 0.60 (0.12)
Vocabulary 0.67 (0.12) 0.84 (0.11) 0.41 (0.14) 0.67 (0.20)
Subjective nearness to death 1.54 (0.96) 2.26 (1.25) 1.79 (0.99) 237 (1.12)

Note. Standard deviation in brackets. Performance in the pattern comparison task (Salthouse, 1996) and vocabulary task (from Riegel, 1967, for
the German sample in the Lab Experiment; from Ekstrom et al., 1979, for the English sample in the Online Experiment) refers to the pro-
portion of correct responses among all responses. Subjective nearness to death was rated on a 5-point Likert scale (1: strongly disagree
to 5: strongly agree). Age criteria were a priori set to be narrower in the online (YA: 18-25; OA: 65+) compared to the lab study (YA: 18-

30; OA: 60+), see Appendix.

following, preregistered reasons: demographic or
health-related criteria (8 younger and 7 older adults),
16%' or more missing responses in the pleased-
unpleased ratings (1 younger and 7 older adults), use
of only three (or less) response options in the source-
monitoring test (1 younger and 2 older adults). The
demographic and health-related questions are listed
in the Appendix. The final lab sample consisted of 70
eligible younger adults® aged M=21.61 years old
(range =18-29, SD=243) and 68 older adults aged
M =73.06 years old (range =60-91, SD = 6.80).

For a more comprehensive sample characterisation,
participants’ processing speed was assessed by a
pattern-comparison task (by Salthouse, 1996), and voca-
bulary skills were measured with the German SASKA
(Riegel, 1967). Mean performance across tasks and age
groups is summarised in Table 1. Compared to
younger adults, older adults showed lower processing
speed (classifying less patterns correctly), t(136)=
—15.85, p<.001, d=2.70, but better vocabulary skills,
t(136) =8.35, p<.001, d=1.42. Further, older adults
felt closer to death compared to younger adults,
t(136) =3.81, p<.001, d=0.65, in line with the SST.
Thus, for all measures, age differences were as expected.

All participants were tested in laboratory rooms.
Three types of scene images (see below) were used
to manipulate source emotionality (negative,
neutral, positive). This results in a two x three mixed
design, with age (younger vs. older) varying
between participants and source emotionality (nega-
tive vs. neutral vs. positive) manipulated within
participants.

Material

Faces as items
Thirty-six faces were drawn from the FACES database
(Ebner et al., 2010). Taking the own-age-bias into

account (Rhodes & Anastasi, 2012), both younger
and older faces (half male, half female) were selected
(see Bell et al, 2013, for a similar procedure). To
ensure face neutrality, only faces that were accu-
rately categorised as neutral by at least 80% of par-
ticipants were considered. Additional criteria were
mean distinctiveness ratings (taken from Ebner
et al, 2018) of at least 30 (on a scale from 0="not
distinctive at all” to 100 =“very distinctive”), as well
as a mean trust ratings (taken from Pehlivanoglu
et al, 2023) of 45-70 (on a scale from 0="not at
all trustworthy” to 100 = “extremely trustworthy”).?
Since the database includes two pictures of the
same person (Set A and Set B), the one with the
higher accuracy rating was selected if both pictures
met the above criteria. If accuracy was identical,
the picture with the higher distinctiveness rating
was selected. This yielded 89 eligible face pictures.
Older faces had lower attractiveness ratings than
younger ones, so older faces rated least attractive
(6 female, 7 male) and younger faces rated most
attractive (13 female, 17 male) were excluded. This
resulted in a final selection of 12 faces per age-
gender category (see Table 2 for the mean ratings).
Using the R package anticlust (Papenberg & Klau,
2021), four sets of 12 faces were created, balanced
by accuracy, distinctiveness, trustworthiness, and
attractiveness. Each set was randomly assigned
across participants to the negative, positive, or
neutral scenes in the study phase or served as a dis-
tractor in the test phase.

Scene images as sources

Scene images were drawn from the Socio-Moral Image
Database (SMID; Crone et al., 2018) a recent, large
databases with overall 2,941 images. The database
contains ratings on a 5-point ratings scale for (inter
alia) valence (1=unpleasant/negative to 5=
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Table 2. Mean ratings of the normed faces per age-gender category.

Age-gender category Perceived age Accuracy Attractiveness Distinctiveness Trustworthiness
Older female 68.83 (6.19) 87.67 (30.90) 39.90 (21.71) 39.04 (22.73) 57.48 (20.30)
Older male 68.52 (6.40) 87.31 (39.47) 39.47 (20.61) 36.60 (21.73) 55.03 (20.14)
Younger female 26.41 (5.24) 93.17 (49.93) 49.93 (23.59) 39.28 (23.49) 61.56 (18.36)
Younger male 29.02 (5.34) 93.58 (43.21) 43.21 (21.78) 36.61 (22.73) 53.94 (19.02)

Note. Standard deviation in brackets. Each age-gender set consisted of 12 face pictures. Face pictures were drawn from the database FACES
(Ebner et al., 2010). Ratings (for each face stimulus) for perceived age and accuracy were drawn from Ebner et al. (2010); ratings for attrac-
tiveness and distinctiveness were drawn from Ebner et al. (2018); ratings for trustworthiness were drawn from Pehlivanoglu et al. (2023).

pleasant/positive), arousal (1=calming to 5= excit-
ing), and morality (1 =immoral/blameworthy to 5=
moral/praiseworthy). Overall, six images were
selected per valence category (i.e. 6 negative, 6
neutral, 6 positive) such that all three sets matched
in terms of mean arousal and had as low arousal
levels as possible (see Symeonidou et al., 2022, for a
similar procedure); the negative and positive sets
matched in terms of their mean absolute valence,
ensuring a comparable valence strength. All sets
matched on low-level features (checked post-hoc).
Images with a focal face (of a person or animal)
were excluded as this could interfere with the face
pictures. As noted above, the social relevance of the
sources was ensured by pairing them with the face
items. Since all scenes were paired with faces in the
same way, socio-emotional relevance was well-
matched across all three source types. Mean valence
and arousal ratings are listed in Table 3. Details on
the selection procedure and on low-level features
are reported in the online supplement.

Procedure

The experiment was built in lab.js (Henninger et al.,
2022). Participants were tested in laboratory
rooms at the University of Mannheim in age-group-
homogeneous groups. Younger adults were
recruited from the university’s student population
via the electronic SONA system. Older adults were

invited from our lab-internal database via phone
calls. Demographic and health-related eligibility cri-
teria (see Appendix) were checked in a self-report
demographic survey at the end of the experiment.
Non-eligible participants were excluded and
replaced post-hoc after completing the experiment.
After providing informed consent, participants
started the encoding task (Figure 1, left side). Each
trial began with a 500 ms fixation cross, followed
by one of the 18 scene images (6 negative, 6
neutral, 6 positive) for 750 ms. Afterwards, one of
the 36 faces (18 younger- and 18 older-looking
faces) was superimposed on the scene and pre-
sented with a 5-point ratings scale underneath for
6 seconds. Participants were instructed to imagine
encountering each face in the respective scene and
indicated how pleased the person feels using the
5-point rating scale (1: very unpleased to 5: very
pleased). If they needed less than 6 seconds for
their response, the pressed number turned blue to
indicate that their answer was logged. Thus, the
presentation time for the face-scene pairing was
fixed at 6 seconds. Each scene was presented twice,
once with an older- and once with a younger-
looking face. The presentation order was random
with the constraint of maximum three successive
same-valence sceneries (e.g. maximum 3 negative
sceneries in a row). Across all trials, each participant
was presented with an equal number of young and

Table 3. Means and standard deviations of valence and arousal ratings per valence category.

Absolute
Emotionality Scene images Valence Valence Arousal
Negative “b13_p223_5", “b2_p23_19", “b4_p49_8", “b11_p164_14", "b999_p492_14", 142 (0.69) 1.58 (0.69) 3.11(1.24)
“b999_p497_1"
Positive “b10_p140_20", “b14_p256_17", “b10_p146_10", “b15_p295_13", “b11_p171_14", 457 (0.63) 157 (0.63) 2.95 (1.43)
“h13_p236_8"
Neutral “b14_p255_12", "b13_p221_7", "b999_p482_3", “b6_p89_4", “b999_p493_10", 3.00 (0.90) 0.00 (0.90) 2.89 (1.21)

“b1_p3_11"

Note. Standard deviation in brackets. Images were drawn from the Socio-Moral Image Database (SMID; Crone et al., 2018). The labels of the
images are reported under column “Scene images”. Images were selected such that the negative and positive images matched on absolute
valence, and all three image categories matched on arousal level. Absolute valence refers to the strength of valence, independent of direction
(i.e. negative vs. positive), and is computed by subtracting the scale midpoint (3) from the valence rating.



old faces (as well as male and female faces), control-
ling for own-age (and own-gender) bias. Participants
were not informed about any upcoming memory
test; thus, item and source learning were incidental.
After the study phase, participants completed a
pattern-comparison task (Salthouse, 1996) for three
minutes, deciding if two patterns of lines presented
side-by-side were the same (key 1) or different (key
0) as quickly as possible. This task consisted of two
30-second blocks, corresponding to the paper-
based version. These blocks were scored for proces-
sing speed. If participants finished in less than three
minutes, a third block repeated items from the pre-
ceding blocks to fill the time but was not scored. In
the subsequent test phase (Figure 1, right side), all
36 studied faces plus 12 new distractor faces were
presented. Below the faces, one negative, one
neutral and one positive scene were presented
side-by-side with a “new” option printed at the
centre bottom. The mapping of valence category
(negative, neutral, positive) to screen position (left,
centre, right) was randomly determined for each par-
ticipant anew and kept constant across test trials. For
old faces, one of the three sceneries was correct,
whereas the other two were sceneries from the
remaining two valence categories, which belonged
to other faces. For new faces, all three sceneries
were sceneries that belonged to other studied

| Study phase
I
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faces. Thus, each scene appeared 8 times in the
test phase: twice as the correct source option (once
with an older- and once with a younger-looking
face), four times as the incorrect source option
(twice with an older- and twice with a younger-
looking face), and twice with a distractor face (once
with an older- and once with a younger-looking dis-
tractor face). For each face, participants self-paced
chose one of the three sceneries (negative, neutral,
positive) or decided that the face was new using
their keyboard. They then completed the 20-item
German vocabulary task SASKA (Riegel, 1967). Each
item was presented consecutively with five response
options below, labelled 1-5. These options consisted
of words or brief phrases, and participants selected
the option that best matched the meaning of the
target word by pressing the corresponding number
key. The task was self-paced and ended once all 20
items had been addressed. Afterward, participants
answered demographic and health questions and
reported any issues with stimulus presentation or
instructions, as well as whether they used any assist-
ance during the task. They also rated their agree-
ment with the statement “I have the feeling that
my time is coming to an end” (Lang, 2000, p. 162)
on a 5-point rating scale ranging from (1) strongly
disagree to (5) strongly agree, which measured
their time horizon. Finally, participants provided

| Test phase
T

500 ms

750 ms

6000 ms

k

Until keypress

| 6000 ms Which scene?

—response time

unpleased Neither

m

Very

unpleased

2

Not shown before

J

() B @ ©
Very

Neither pleased

Rating question:

How pleased or unpleased do you think this
person feels? Please press the corresponding

number key.

(1: very unpleased, 2: unpleased, 3: neither
unpleased nor pleased, 4: pleased, 5: very pleased)

Figure 1. lllustration of the experimental flow (study & test phase).

Note. lllustrated is one trial of the study phase and one trial of the test phase. The procedure was the same in the Lab and Online Experiment with the rating scale
phrased in German versus English, respectively. In both experiments, the study and test phase were separated by a three-minute interval, which was filled with a

pattern-comparison task (not depicted here).
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general feedback if desired and were debriefed
about the study’s research aim.

Results and discussion

Alpha level was set to a=.05 for all analyses.

Pleased-unpleased ratings

Figure 2 (left side) shows the mean pleased-unpleased
ratings of participants dependent on source emotion-
ality. A 2 (age group) x 3 (source emotionality) mixed
ANOVA revealed a main effect of age, F(1, 136) =7.48,
p=.007, 77,2, =.05: Older adults overall rated the faces
as more pleased compared to younger adults, which
replicated the positivity bias observed in previous
experiments (Symeonidou et al.,, 2022). Furthermore,
a main effect of source emotionality® occurred,
F(1.32, 180.08)=137.05, p<.001, 77,2, =.50, but no
age group X source emotionality interaction, F(1.32,
180.08) =0.55, p=.509. Following up on the main
effect of source emotionality, Bonferroni-Holm
adjusted pairwise comparisons showed that, as
expected, faces in the positive scenes were rated as
more pleased compared to faces in the neutral
scenes, t(136)=9.11, p<.001, d=0.63, and faces in
the negative scenes, t(136) =12.62, p <.001, d=1.41.
Similarly, faces in the neutral scenes, were rated as
more pleased than faces in the negative scenes,
t(136) =11.51, p<.001, d=0.79. This indicates that
both, younger and older adults, considered scene’s
emotionality when rating the neutral faces, replicat-
ing previous research (Bell & Buchner, 2010; Symeoni-
dou et al., 2022).

Lab Experiment

Source memory

As mentioned above, the 2HTSM (Bayen et al., 1996),
extended to three sources (Keefe et al., 2002), was
used to analyse memory data (see Figure 3) and
derive bias-free memory measures. The 2HTSM
assumes that three general processes contribute to
performance in source-monitoring tasks: item recog-
nition (parameter D), source memory (parameter d),
and guessing processes (item old/new guessing, par-
ameter b; source guessing, parameter a/g). Thus, it
allows disentangling the contribution of memory pro-
cesses versus guessing bias to the observed
responses,  providing  bias-corrected  memory
measures. More specifically, the following parameters
were estimated for each age group: Parameter D
measures the probability of item memory, that is,
memory for the faces (assumed to be equal across
each source-valence category/ type of scene). Par-
ameter d measures the probability of source
memory, that is, correctly remembering the original
source (i.e. scene) of the recognised face (dpegative fOr
the negative sources, dpositive for the positive
sources, and dp..a for the neutral sources). If the
source cannot be remembered (e.g. 1-dnegative), gUES-
sing processes come into play. Specifically, parameter
Jpositive Measures the probability to guess the positive
source. If 1-gpositive (POSItive source is not guessed),
parameter gnegaive Measures the probability to
guess the negative source and probability 1-ghegative
the probability to guess the neutral source. If item
memory fails (1-D), participants’ answers are entirely
based on guessing processes: With probability b, par-
ticipants guess that a face was previously presented in
the study phase (i.e. is “old"), followed by guessing the

Online Experiment

/

Pleased-unpleased ratings
w
1

Age group

-~ Older adults
Younger adults

o

T T T
Negative Neutral Positive

T
Negative

T T
Neutral Positive

Source emotionality

Figure 2. Pleased-unpleased ratings for the lab experiment and online experiment.

Note. Mean pleased-unpleased ratings for younger and older adults in the Lab (left-hand plot) and Online Experiment (right-hand plot) as a function of source
emotionality. Error bars indicate one standard error of the mean. The scale ranged from 1: very unpleased to 5: very pleased.
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Figure 3. Graphical representation of the two-high-threshold multinomial model of source monitoring (2HTSM) for three sources.

Note. The figure shows submodel 5d of the 2HTSM for studied faces (upper tree) and for new faces (lower tree), extended to three sources. i denotes the emotion-
ality of the source with which the item was originally paired, i € {negative, neutral, positive}. Boxes on the right represent participants’ responses in the source-
memory test. D = probability of recognising a previously presented face as old (equated across the negative, neutral, and positive sources) or new; d; = probability
of correctly recalling the source of a recognised face; b = probability of guessing that a face was previously presented; g,ositive = Probability of guessing the positive
source for a recognised or unrecognised face (.33 if unbiased); gnegarive = Probability of guessing the negative (vs. neutral source) for a recognised or unrecognised
face if the positive source was not guessed (.50 if unbiased). Adapted from “Source monitoring deficits for self-generated stimuli in schizophrenia: Multinomial

modelling of data from three sources”, by Keefe et al. (2002, p. 63).

associated source as either the positive (gpositive) OF
negative (gpegarive) OF Neutral source (1-gpegarive). With
the complementary probability 1-b, participants
guess that the face is new. Parameters were estimated
based on the aggregated observed response frequen-
cies and model fit was assessed using maximum like-
lihood (ML) estimation methods, as implemented in
the software multiTree (Moshagen, 2010). Model fit
and parameter estimates for both age groups and
both experiments are reported in Table 4. Parameters

were also estimated based on a Bayesian-hierarchical
approach (latent-trait approach, Klauer, 2010; using
the R package TreeBUGS, Heck et al, 2018). This
method provides person-specific parameters and
enables exploring their association with covariates,
though it is less suited for between-group compari-
sons (cf, Chechile, 2009). These estimates, which
closely matched those from the aggregated
approach, are reported in the online supplement
along with correlations between memory parameters
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Table 4. Parameter estimates and model fit of the two-high-threshold multinomial model of source monitoring, extended to three sources for
both age groups and experiments.

Parameter estimates

Model Fit
Age GTOUp GZ(S) D dnegarive dneutral dposirive b gposirive gnegarive
Lab Experiment
Older adults 490, p=.429 35[31;.39] .52[37;.67] .35[22;.49] .55[41;.70] .49 [46;.52] .34[31;.37] .55[51;.59]
Younger adults  4.21, p=.520 .53 [50; .57] .61 [.52;.70] .65 [.56;.74] .67 [.58;.76] .38 [.34; 411 .33 [.29;.36] .50 [45; .55]
Online Experiment
Older adults 498, p=.418 37 [34 411 35[22;49] .20[.07;.33] .21[07;.35] .49[46;.52] .36[.33;.39] .53 [49; .57]
Younger adults  4.97, p=.420 .36 [.32; .40] .50 [.36; .65] .52 [.38;.66] .53 [.39;.68] .52[49;.54] .32[.29;.35] .52 [48;.56]

Note. Brackets indicate 95% confidence intervals. D = probability of recognising a previously presented face as old (equated across the nega-
tive, neutral, and positive sources) or new; d; = probability of correctly recalling the i = negative, neutral, or positive source of a recognised
face; b = probability of guessing that a face was previously presented; gpositive = probability of guessing the positive source for a recognised or
unrecognised face (.33 if unbiased); gnegarive = Probability of guessing the negative (vs. neutral source) for a recognised or unrecognised face

if the positive source was not guessed (.50 if unbiased).

and participants’ pleased-unpleased ratings (and
other covariates).

Note that within the MPT model framework, differ-
ences between parameters are tested by model fit
comparisons; thus, conducting a classical ANOVA is
not possible. More specifically, to test whether
source memory is enhanced for emotional compared
to neutral sources, the respective source memory par-
ameters are equated (dnegative= neutral aNd dpositive=
dpeutran fOr each age group). If source memory is
better for the emotional compared to neutral
sources, the equality restrictions lead to a significant
drop in model fit. The same logic was applied to all
other difference tests reported below.

As evident in Figure 4, left plot, younger adults’
source memory did not differ dependent on source
emotionality, AG%(1) = 0.07, p =.788, for the positive-
neutral comparison, AG2(1)=0.40, p=.527, for the
negative-neutral comparison, and AG%(1)=0.82, p

Lab Experiment

=.365, for the positive-negative comparison. Thus,
different than hypothesised, younger adults’ source
memory was not enhanced for emotional compared
to neutral sources in the lab study. In contrast, an
emotion-based benefit occurred in older adults:
Both, positive and negative sources were descriptively
better remembered compared to neutral sources but
this benefit was only statistically significant for the
positive sources, AG*(1) = 3.84, p=.050, not for the
negative sources, AG%(1) =242, p=.120. The posi-
tive-negative difference was also not significant,
AG*(1)=0.11, p=.738. Put simply, older adults
remembered the positive sources best and the
neutral sources least, with the negative sources
falling in between. To more directly test for emotion-
ality effects, dpegative aNd dposicive Were equated, provid-
ing a joint estimate of source memory for the
emotionally valenced sources (demotionar ; S€€ Symeo-
nidou et al., 2022, for a similar procedure). This new

Online Experiment
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Figure 4. Source memory for negative, neutral, and positive sources for both age groups and experiments.

Note. The figure shows source memory (measured by parameter d of the 2HTSM; Keefe et al., 2002) for negative, neutral, and positive sources, separate for younger
and older adults in the Lab (left-hand plot) and Online Experiment (right-hand plot), respectively. Error bars indicate one standard error of estimate.



parameter was then contrasted against source
memory for neutral sources (dpeurrar), @gain yielding
a significant difference, AG(1) =4.39, p =.036.
Thus, older adults’ source memory was overall
enhanced for the emotional compared to the
neutral sources.

Next, to test for age effects in source memory, d
parameters of the same source emotionality were
equalised across age groups (i.e. dhagative = dosgative
dréutral = dneutral ; dpositive = dgositive)- These comparisons
revealed that the age-related source memory deficit
occurred only for the neutral but not for the
emotional sources: While younger adults outper-
formed older adults in remembering neutral
sources, AG%(1)=12.37, p <.001, their performance
did not differ significantly for positive sources,
AG?(1)=1.73, p =.188, and negative sources, AG*(1)
=1.03, p=.310, respectively. Put simply, the age-
related source memory deficit was considerably
mitigated for the emotional sources. In fact, this
replicates the results reported in May et al. (2005)
and contradicts our past findings (Symeonidou et al.,
2022).

Furthermore, the model-based analysis was sup-
ported by the traditional CSIM analysis, reported in
the online supplement, where result patterns largely
replicate for both experiments with only a few excep-
tions. This underscores the overall robustness of the
findings.

Item memory

Note that the above-described model version of the
2HTSM assumes equal item memory (i.e. recognition
of the neutral faces) across the three source types.
The good fit of this model to the data thus implies
that item memory did not differ across sources, that
is, faces paired with negative, neutral, and positive
sources were recognised equally well (see Bell &
Buchner, 2010; Symeonidou & Kuhlmann, 2024, for
similar results). Hence, there was only one D par-
ameter per age group.

As the focus of this research was on source
memory, no specific hypotheses about age effects in
item memory were preregistered. There is however
good evidence of an age-related deficit in item
memory, albeit smaller in size compared to the
deficit in source memory (see Old & Naveh-Benjamin,
2008). Indeed, age-group comparisons revealed that
older adults had worse item memory compared to
younger adults, AG%(1) =54.05, p <.001, in line with
previous research.
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To summarise, results on the pleased-unpleased
ratings revealed that both younger and older adults
incorporated sources’ valence into their ratings of
the neutral faces. Older adults additionally exhibited
a positivity bias, rating all faces as more pleased com-
pared to younger adults. Importantly, this emotional-
ity effect also showed in older adults’ source memory,
such that emotional (and especially positive) sources
were remembered better than neutral ones. In con-
trast, however, younger adults did not benefit from
the emotional sources.

Online experiment

To check whether findings replicate in an online-
based setting with an English-speaking sample, the
same experiment was conducted via the online
recruitment platform Prolific. Prolific was chosen as
preferred crowdsourcing platform due to its demon-
strated superiority over other platforms (e.g. MTurk)
in terms of data quality and participants’ naivety
(Peer et al., 2022). Reliance on an English-speaking
sample was unavoidable, as there are very few (i.e.
less than 25) German-speaking older adults available
for recruitment on Prolific. However, since all to-be-
encoded material consisted of images rather than
text, language-specific effects were unlikely. The
online setting also allowed testing and demonstrating
that online studies are a valid alternative to lab
studies. Due to its convenience, time, and cost-
efficiency, online behavioural research has consider-
ably grown in popularity over the past few decades,
even for complex cognitive experiments (Uittenhove
et al, 2023), including those involving emotional
material and older adults (e.g. Prete et al, 2024) .
The development of user-friendly online program-
ming software (e.g. Gorilla, Anwyl-Irvine et al., 2020;
lab.js, Henninger et al., 2022) and crowdsourcing plat-
forms (e.g. MTurk and Prolific) accelerated this trend.
However, despite systematic investigations affirming
their reliability and validity (Peer et al., 2022), concerns
remain about lower data quality (Finley & Pennin-
groth, 2015) and higher risks of self-selection bias,
especially in older populations (i.e. non-representative
“super agers” with high technical literacy; Dennis
et al, 2021). It is thus important to promote the
direct replication of studies across experimental
environments, as done in the present research. This
approach was planned a priori and methodological
differences across experiments were minimised to
ensure robust and comparable results.
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Method

Participants and design

The desired sample size was n=68 participants per
age group, thus N=136 (i.e. 2*68) in total (see Lab
Experiment). From the 140 online participations (69
younger, 71 older), one younger participant was
excluded due to health-related issues, one older par-
ticipant due to missing responses in the ratings and
another two older adults due to not using all four
response options in the source-monitoring test. The
final sample thus consisted of 68 eligible younger
adults aged M =22.37 years old (range =19-25, SD
=1.71) and 68 older adults aged M =68.91 years old
(range =65-79, SD=3.26). Participants’ processing
speed was again measured with the pattern-compari-
son task of Salthouse (1996) and vocabulary skills
were assessed with an English vocabulary task
(Ekstrom et al., 1979). As expected, older adults
showed lower processing speed, t(134)=-10.48, p
<.001, d=1.80, and better vocabulary skills, t(134) =
8.86, p <.001, d =1.52, compared to younger adults,
indicating that the online samples produced valid,
age-appropriate data. Note that the absolute vocabu-
lary scores are not comparable across experiments
because different tasks were used for the German-
(Riegel, 1967) versus English-speaking sample
(Ekstrom et al., 1979). However, the mean scores are
fairly comparable to other German- versus English-
speaking samples of the same age from previous
research (e.g. Symeonidou et al, 2022). Finally,
similar to the Lab Experiment, older adults felt closer
to death than younger adults, t(134)=3.17, p=.002,
d=0.54. A comparison of these sample characteristics
across experiments is reported in the online
supplement.

Material, design, and procedure

The same faces (=items) and scene images (=sources)
were used as in the Lab Experiment. Source emotion-
ality was again manipulated within participants,
resulting in a two (age: younger vs. older) x three
(source emotionality: negative vs. neutral vs. positive)
mixed design. The same procedure was implemented
as in the lab with the following exceptions: All
participants were recruited via Prolific. The same
demographic and health-related eligibility criteria
were applied as in the lab study with the main excep-
tion that English (not German) as native language was
required (and a residency in the UK or USA). For other
minor differences in eligibility screening between

both experiments please refer to the Appendix. Fur-
thermore, participants were screened in the begin-
ning of the study with Prolific’s built-in filters and
with a self-report demographic survey to ensure full eli-
gibility. Non-eligible participants were automatically
excluded by the programme and thus could not con-
tinue with the remaining tasks. The experiment was
hosted on the server application OpenLab (https://
open-lab.online/; Shevchenko, 2022). Before starting
with the actual encoding task, participants performed
a scaling task to adapt the size of the scene and face
pictures to their screen size and ensure that their
screen was large enough to participate (i.e. browser
window height of at least 14 cm = 5.51 inches). Encod-
ing, distractor and test phase were the same as in the
Lab Experiment (Figure 1). Given the English-speaking
sample, an English 18-item vocabulary task (part B of
Ekstrom et al., 1979) was administered. The display of
items and response options was as in the lab,
however, an additional sixth option labelled “skip the
item” was included (following Ekstrom et al.). Also,
different from the German SASKA, this vocabulary
task was paced and ended automatically after
4 minutes (or earlier if participants responded to all
18 items in less time). A timer and a counter on the
screen showed the time already spent and the
number of already answered items, respectively. The
remaining procedure was as in the Lab Experiment.

Results and discussion

Of note, a direct comparison of older and younger
samples across experiments is reported in the online
supplement. Some key findings from this analysis
are highlighted below to provide a more comprehen-
sive understanding of the overall result pattern.

Pleased-unpleased ratings

A 2 (age group)x3 (source emotionality) mixed
ANOVA revealed only a main effect of source emo-
tionality, F(1.31, 175)=60.65, p<.001, n2=.31, but
no main effect of age, F(1, 134)=0.30, p =.587, and
no interaction, F(1.31, 175)=0.77, p =.415. Bonfer-
roni-Holm adjusted pairwise comparisons of the
source emotionality levels indicated that faces with
positive scenes were rated overall as feeling more
pleased compared to faces in neutral scenes, t(134)
=5.39, p<.001, d=034, and faces in negative
scenes, t(134) =8.31, p <.001, d = 0.94, while faces in
neutral scenes, were rated as more pleased than
faces in negative scenes, t(134)=8.19, p<.001, d=


https://open-lab.online/
https://open-lab.online/

0.58. Thus, contrary to the Lab Experiment, online-
recruited older adults did not show a positivity bias.
Instead, their ratings resembled those of younger
adults (see Figure 2, right plot). Indeed, comparing
older adults across settings (see online supplement)
revealed that lab- versus online-recruited older
adults gave higher ratings to faces paired with posi-
tive sources, and also higher ratings to faces paired
with neutral sources. Further notably, across age
groups, participants provided their ratings signifi-
cantly faster online than in the lab.

Source memory

The 2HTSM (Bayen et al., 1996) was again used to
analyse memory data and the same set of parameter
comparisons were conducted (for the CSIM analysis,
see online supplement). Replicating lab-based
results, younger adults did not differ in their source
memory dependent on source emotionality, AG3(1)
=0.02, p=.895, for the positive-neutral comparison,
AG2(1)=0.02, p =.882, for the negative-neutral com-
parison, and AG3(1) =0.08, p =.782, for the positive-
negative comparison (see Figure 4, right plot).
However, different from the Lab Experiment, older
adults’ source memory also did not benefit from
emotional sources, AG3(1)=0.01, p=.907, for the
positive-neutral comparison, AG2(1) =2.39, p=.122,
for the negative-neutral comparison, and AG?(1) =
1.79, p=.181, for the positive-negative comparison.
Descriptively, source memory was somewhat
enhanced for the negative sources but as reported,
this difference was not statistically reliable. Thus, the
emotion-based benefit (demotional > dneutral) Observed
for older adults in the Lab Experiment was absent in
the Online Experiment. To check whether the online
study had enough power to detect the originally
assumed emotion-based source memory difference
of .25 (with a=.05), a post-hoc power analysis was
conducted. The analysis yielded a power of .70 for
the difference, which, admittedly, is lower than
intended, but not critically low.

Regarding age effects, the age-group comparisons
revealed that, this time, the age-related source
memory deficit occurred not only for the neutral
sources, AG%(1) = 10.82, p=.001, but also for the posi-
tive sources, AG2(1) =9.93, p =.002. Interestingly, the
deficit did not hold for the negative sources, AG3(1)
=2.21, p=.137. Put differently, younger adults out-
performed older adults not only in remembering
neutral sources — as in the Lab Experiment - but
also in remembering positive sources. Thus, when
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comparing older adults across experiments (see
online supplement), they primarily deviated in their
source memory for positive sources: While these
sources enhanced source memory in the lab, they
did not produce the same effect online. In fact, this
aligns with the above-reported divergent results on
the pleased-unpleased ratings, where lab-recruited
older adults showed a positivity bias whereas those
online did not.

Item memory

Again, the good model fit (see Table 4) implied that
item memory did not differ across sources, resulting
in one D parameter per age group. The age-group
comparisons revealed that older and younger adults
did not differ in item memory, AG%(1)=0.27, p
=.602, again contradicting the pattern observed in
the lab. Notably, comparing age groups across exper-
iments revealed that younger adults recruited online
had lower item memory than those in the lab, while
older adults performed at a comparable level across
settings. Further interestingly, explorative analysis®
showed that younger adults’ item memory correlated
with their pleased-unpleased rating times in both
experiments: the faster the rating, the lower their
item memory (see online supplement). As discussed
below, fast rating responses might indicate
inattentiveness.

General discussion

The present research aimed to investigate whether
older adults’ source memory benefits from socio-
emotional versus neutral sources, and whether
findings are robust across experimental settings.
Normed material was carefully selected based on pre-
registered criteria. Thus, different to previous research
(e.g. Davidson et al., 2006; May et al., 2005), it was
ensured that the item-source pairs had the intended
(socio-) emotional character. Older and younger par-
ticipants in the lab and online rated neutral faces
superimposed on negative, neutral, and positive
scenes by indicating how (un)pleased the face
appeared. Memory data were analysed with the
two-high-threshold multinomial model of source
monitoring (Bayen et al., 1996; Keefe et al., 2002), con-
trolling for guessing biases. In both the Lab and
Online Experiment, pleased-unpleased ratings indi-
cated that younger and older participants integrated
scene valence into their face judgments: faces
paired with positive scenes were rated most
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pleased, followed by neutral and positive scenes.
Additionally, in the Lab Experiment, older adults
exhibited a positivity bias in their face ratings,
which, however, was absent in the Online Experiment.
Regarding source memory, younger adults in both
experiments did not benefit from emotional sources,
somewhat contradicting previous findings (Bell &
Buchner, 2010; Symeonidou & Kuhlmann, 2024; but
see Bisby & Burgess, 2013; Symeonidou & Kuhlmann,
2022). In contrast, older adults demonstrated
enhanced source memory for emotional, particularly
positive, sources in the Lab Experiment, mitigating
their typical deficit in source memory (see May et al.,
2005, for comparable results). However, this
emotional source memory benefit did not replicate
in the Online Experiment, primarily due to a lacking
memory-enhancing effect of positive sources. Thus,
across experiments, older adults particularly differed
in how they processed and remembered positive
sources: Lab-recruited older adults exhibited a positiv-
ity bias that was absent among those recruited online.
Finally, regarding item memory, lab-recruited
younger adults outperformed their older counter-
parts. However, no age differences in item memory
occurred online. This was because younger adults
underperformed in item memory in the Online
Experiment.

Emotion-based benefits for older versus
younger adults

The emotion-based benefit observed in older adults
in the Lab Experiment aligns with previous studies
using socio-emotional material (Davidson et al.,
2006; May et al., 2005), but contrasts with studies
that did not incorporate such material (Symeonidou
et al., 2022). This might imply that emotion-based
benefits in older adults’ source memory depend on
the social relevance of emotional information. In
the present research, socio-emotional relevance of
sources was primarily induced via their pairing with
face stimuli. The scenes per se did not contain any
social cues. Such explicit social cues (e.g. facial
expressions or gestures), however, could reinforce
or alter emotionality effect in item versus source
memory (cf, Stewardson et al, 2023). Future
studies could thus systematically vary the presence
of such social cues in emotional and non-emotional
sources to test whether it is indeed the social com-
ponent that makes the difference. The socio-
emotional sources did not benefit older adults’

source memory in the Online Experiment but note
that other factors might have obscured the effect,
as discussed below in detail.

More broadly, future research could more directly
test whether older adults perceive socio-emotional
material as more meaningful than younger adults
do. This is particularly relevant given that age-
related differences in emotion-enhanced memory -
such as the positivity effect — are believed to stem
from differences in how emotional material is
appraised for its meaningfulness (Carstensen, 2006).
Notably, perceived meaningfulness may be shaped
not only by valence (cf,, positivity effect) but also by
more specific emotional features, such as safety or
threat cues. In fact, adopting a more nuanced, discrete
perspective on emotion, rather than relying solely on
a dimensional approach, could help integrate and
reconcile some of the inconsistencies in this field.

Unlike older adults, younger adults did not benefit
from emotional sources in both experiments. This
result somewhat deviates from previous research
showing emotion-enhanced source memory in
younger adults (Bell & Buchner, 2010; Smith et al.,
2005), but note that findings in this area have not
always been consistent (e.g. see Arnold et al., 2021;
Symeonidou & Kuhlmann, 2022, for null-results). Our
own research with younger adults showed that estab-
lishing emotion-enhanced source memory typically
requires highlighting sources’ emotional content
during encoding (Symeonidou & Kuhlmann, 2024).
Thus, an affective orienting task (pleased-unpleased
ratings) was incorporated in the present experiments
to emphasize sources’ emotional character, but still
no emotion-based benefits emerged for younger
adults. A potential reason might be that, in addition
to the affective orienting task, participants were
instructed to imagine encountering the person in
the respective scene. This potentially enhanced
item-source integration across all scene types, not
just emotional ones. In fact, in our past research
with younger adults, we could show that such integra-
tive instructions can overshadow emotion-based
effects because they direct participants’ attention to
the item-source relationships rather than sources’
(socio-)emotional character (Symeonidou & Kuhl-
mann, 2024).

More broadly, it is important to highlight that the
emotional source scenes used in this study had low-
to-moderate arousal levels - a choice intended to
maximise the likelihood of observing age-related
differences in emotional memory (Kensinger, 2008).



However, high arousal is often highlighted as a key
factor in emotion-based memory effects in younger
adults (Mather, 2007). That said, previous research
has also demonstrated that high-arousal stimuli can
produce inconsistent - and sometimes even detri-
mental - effects on associative memory, including
source memory (see Chiu et al.,, 2013; Mather, 2007;
Pereira et al.,, 2023, for reviews). Despite influential
theoretical frameworks such as Mather’s ABC theory
(Mather & Sutherland, 2011), these inconsistencies
remain unresolved. Isolating the effects of arousal
from those of valence in source memory remains a
methodological challenge, and future studies should
address this gap (see Symeonidou & Kuhlmann,
2024, for a relevant discussion).

Consistent and inconsistent results across
experiments

To test robustness of results and examine whether the
experimental setting influences core findings, the
same study, implementing identical materials and
procedures, was conducted with an English-speaking
sample in an online environment. Different than
expected results across experiments were consistent
only regarding basic cognitive measures but not
regarding memory measures. More specifically, the
basic measures of processing speed, vocabulary
skills, and subjective nearness to death showed
typical age patterns in both experiments: Younger
compared to older adults showed faster processing
speed, had lower vocabulary skills, and felt less close
to death. This generally supports the validity of the
online-collected data.

However, for the more complex (memory)
measures, results did not replicate fully across exper-
iments with two main discrepancies: Older adults pri-
marily differed in source memory patterns while
younger adults differed in item memory patterns
across experiments. More specifically, for older
adults, an emotion-based benefit in source memory
was present in the Lab Experiment but not in the
Online Experiment. For younger adults, an age-
related benefit in item memory showed in the lab
but not online. Of note, the experiments systemati-
cally differed not only in the test environment (lab
vs. online), but also in participants’ language
(German vs. English). Thus, the observed discrepan-
cies may reflect either language- and culture-related
factors, or setting-related influences, such as vari-
ations in distractibility or compliance. Based on the
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former, one might argue that the emotional source
material elicited a weaker (or even no) emotional reac-
tion in the English-speaking versus German-speaking
sample due to cultural or language-specific differ-
ences. This could explain the absence of an emotion-
based benefit in the English-speaking older adults in
the online study. This explanation, however, is unlikely
because the source material was originally normed
with an English-speaking online sample (MTurk
workers with US residence and Melbourne under-
graduate students; see Crone et al., 2018). Therefore,
if anything, the original scene ratings should be
rather valid for the English sample in the Online Exper-
iment than the German sample in the Lab Experiment.
Furthermore, since the source material consisted of
images, language-sensitive or language-specific
effects are improbable. Finally, language differences
cannot explain the discrepancies in younger adults’
item memory across experiments.

In contrast, setting-related influences can more
comprehensively account for the divergent results.
Online environments are often associated with
higher distractibility and lower compliance compared
to lab environments (Uittenhove et al., 2023), which
can negatively impact participants’ attention and
memory. This presumably manifested in participants’
pleased-unpleased ratings during encoding: The
effect of the sources on participants’ ratings was
overall smaller in the Online Experiment (77,2,:-31)
compared to the Lab Experiment (nf,:.SO),
suggesting that participants attended less to the
sources in the online setting. This lacking attention,
in turn, potentially hampered emotion-based effects
in source memory. Because the emotional benefit
was observed only for older adults in the Lab Exper-
iment, the discrepancy across experiments was par-
ticularly  noticeable in this group. Lower
attentiveness might also explain why younger adults
showed considerably poorer item memory online
compared to the lab. Additional analyses of partici-
pants’ response times for the pleased-unpleased
judgments, serving as an indicator of attentiveness
during encoding, revealed two important result pat-
terns: First, response times for pleased-unpleased
judgments were positively correlated with younger
adults’ item memory. That is, those who took longer
to make their judgments demonstrated higher item
memory. Notably, this relationship did not emerge
in older adults. Second, online-recruited participants
of both age groups provided their judgments signifi-
cantly faster than lab-recruited participants. Given
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that faster responses resulted in lower item memory
for younger adults, this may explain the overall
lower item memory performance in the online-
recruited younger sample.

Thus, overall, attentiveness was presumably lower
in the online setting, particularly in younger adults.
This aligns with the notion that younger participants
may be less attentive in online than in lab settings
(Finley & Penningroth, 2015). Such reduced attentive-
ness can result from lower compliance and motiv-
ation, or from a noisier and more distracting
environment, which is more likely to occur in a
weakly controlled online environment than a highly
controlled lab setting (Finley & Penningroth, 2015).

That said, discrepancies across settings, particularly
the failure to replicate the emotionality effect in
online-recruited older adults, can also be the result
of reduced power. Despite a well-conceived a priori
power analysis, the post-hoc power for the Online
Experiment was lower than intended, though not cri-
tically low. To enhance reliability, future studies exam-
ining emotionality effects in online samples could
consider increasing sample sizes.

To conclude, result discrepancies across exper-
iments may stem from specific characteristics of the
testing environment, with lower compliance and/or
higher distractibility in the Online (vs. Lab) Experiment
contributing to the observed differences, especially in
younger adults. However, more targeted empirical
investigations are needed to isolate the specific
factors underlying such performance differences in
future research. For older adults, the present
findings challenge the notion that online-recruited
samples are exceptionally capable (“super-agers”;
Dennis et al,, 2021). Instead, the absent age differ-
ences reported in previous online studies are more
likely explained by younger adults underperforming
rather than older adults overperforming.

Conclusion

The goal of this research was to investigate whether
older adults’ source memory is enhanced for socio-
emotional versus neutral sources and whether
findings are robust across experimental settings.
Neutral faces were used as social items and arousal-
matched negative, neutral, and positive scenes as
sources, in both a lab and online setting. Regarding
the two key research questions, this research offers
the following answers:

(1) Do older adults benefit from socio-emotional
sources?

Yes, results demonstrate that older adults show an
advantage in remembering socio-emotional source
information - to an extent that considerably reduced
the otherwise present age-related source memory
deficit.
robust

(2) Are results across

environments?

experimental

No, they are not: Results differ between the lab and
online study, despite identical materials and pro-
cedures — possibly due to greater distractibility and
lower compliance in the online (vs. lab) setting. This
highlights the need to acknowledge the qualities
associated with different experimental settings. The
environmental heterogeneity in online studies
cannot match the uniformity of a highly controlled
lab study. In research involving complex cognitive
and emotional processing, a lab setting may therefore
be more suitable. Future researchers should more
deliberately consider the suitability of the experimen-
tal setting for their specific research question.

Notes

1. The original preregistered criterion was 15% of missing
values. However, because some older adults did not
immediately understand that they needed to use the key-
board (instead of mouse) to respond and because the
threshold for outliers (2.5 SD * average number of missing
responses) was 20%, the increase to 16% was reasonable.

2. The slight oversampling in lab-recruited younger adults
resulted from simultaneous recruitment of participants
and the post-hoc checking of eligibility.

3. Distinctiveness ratings were computed manually by
averaging across male and female younger and older
raters (as the authors only provided mean ratings separ-
ately for male and female younger and older partici-
pants; see Ebner et al., 2018).

4. Mauchly’s Test indicated a violation of the sphericity
assumption for the source emotionality factor in both
the Lab and the Online Experiment. Thus, the Green-
house-Geisser correction was applied for all ANOVA
tests involving this factor.

5. Post-hoc power analysis based on the observed effect
size of .20 in the Lab Experiment yielded a power of
.52 (with a=.05). Note that because the Lab and
Online Experiments were conducted in parallel, the
smaller-than-expected effect in the lab could not be
used a priori to power the online study.

6. | thank an anonymous reviewer for suggesting this
insightful analysis.
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Appendix. Demographic and health questionnaire used in the lab and the online

experiment.

Table A1.
experiment.

English and German wording of the demographic and health-related questions used in the lab experiment versus online

General Topic

Wording of questions in German (Lab
Experiment)

Wording of questions in English (Online
Experiment)

Eligibility criterium

1. Age

2. Native
Language

3. Biological Sex
4. Subjective Health

5. Head Injury

6. Respiratory
disease
7. Heart issues

8. Mental health

9. Dementia

10. Alcohol use

11. Antidepressants

12. Diabetes
13. Hypertension

14. Stroke
15. Parkinson
16. Chemotherapy

Bitte tragen Sie lhr Alter ein (in Jahren):

Ist Deutsch lhre Muttersprache? (Translates
into: Is German your native language?)

Was ist Ihr biologisches Geschlecht?

Wie wiirden Sie Ihre derzeitige Gesundheit
einstufen?

Hatten Sie jemals eine Kopfverletzung, die dazu
gefiihrt hat, dass Sie bewusstlos wurden
(z. B. durch einen Sturz, Schlag auf den Kopf,
Verkehrsunfall)?

Leiden Sie an einer chronischen
Atemwegserkrankung?

(Translates into: Do you suffer from a
chronic respiratory disease?)

Wurden lhnen jemals von einem Arzt/ einer
Arztin mit Herzversagen diagnostiziert?

Wurde bei lhnen innerhalb der letzten 6
Monate eine Depression, Angststérung
oder eine andere psychische Erkrankung
diagnostiziert oder waren Sie innerhalb
der letzten 6 Monate deswegen in
Behandlung?

(Translates into: Have you been diagnosed
with depression, anxiety disorder, or any
other mental health condition, or have you
received treatment for them in the last 6
months?)

Wurde bei lhnen durch einen Arzt eine
Demenzerkrankung (z. B. vaskuldre Demenz,
Alzheimer Krankheit) diagnostiziert?

Question not used because it is covered by the
broader question listed last (on addiction)

Nehmen Sie derzeit Medikamente zur
Behandlung von Symptomen wie
Depressionen, Angst oder
Niedergeschlagenheit ein (z.B. SSRIs)?

Haben Sie Diabetes?

Haben Sie Bluthochdruck (>140mmHg
systolisch)?

Hatten Sie jemals einen Schlaganfall?

Haben Sie die Parkinsonsche Krankheit?

Wurde Sie schon einmal mit einer
Chemotherapie behandelt (z.B. aufgrund einer
Krebserkrankung)?

What is your current age in years?

What is your first language?*

What is your biological sex?
Please indicate your current health status.

Have you ever had an injury to the head
that’s caused you to be knocked out for a
period of time (E.g. from a fall, blow to
the head, road traffic accident)?*

Do you suffer from any respiratory
diseases, such as asthma or chronic
obstructive pulmonary disease
(COPD)?*

Have you ever been diagnosed with heart
failure by a medical doctor?*

Do you have - or have you had - a
diagnosed, on-going mental health/
illness/condition?*

Have you ever been diagnosed with mild
cognitive impairment or dementia?*

Have you previously been in individual
therapy for alcohol use?*

Are you currently taking any medication to
treat symptoms of depression, anxiety or
low-mood (e.g. SSRIs)?*

Do you have diabetes?

Do you have a hypertension (high blood
pressure; > 140mmHg systolic)?

Did you ever have a stroke?

Do you have Parkinson disease?

Have you ever been treated with
chemotherapy (e.g. due to cancer)?

YA lab: 18-30
YA online: 18-25
OA lab: 60+
OA online: 65+
Lab: Yes; No, but |
learned it before
the age of 6
Online: English

Lab: —
Online: No

Lab: No; Yes, | have
Asthma Online: No

No

No

No

Lab: —
Online: No
No

Yes, but | control it
with medication; No
No
No
No

(Continued)
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Table A1. Continued.

Wording of questions in German (Lab Wording of questions in English (Online
General Topic Experiment) Experiment) Eligibility criterium
17. Benzodiazepines  Haben Sie im letzten Monat Benzodiazepine (z.B. Have you taken benzodiazepines (e.g. No
Lorazepam/ Tavor®, Diazepam/Valium®, Lorazepam/Tavor®, Diazepam/Valium®,
Oxazepam/Adumbran®, 0.4.) eingenommen? Oxazepam/Adumbran®, or similar) within
the last month?
18. Addiction Sind oder waren Sie jemals abhdngig von Do you or did you ever suffer from No
Alkohol, Medikamenten oder Drogen? addiction to alcohol, medication, or
drugs?

Note. OA = older adults, YA = younger adults. All questions were part of the self-report survey administered either at the end (lab) or at the
beginning (online) of the study. If not otherwise noted, the English questions were literally translated into German. Bold-faced are questions
which slightly differed in their wording or eligibility answer across experiments. With asterisk are questions that were also used as screening
filters on Prolific (built-in filters) — note that these questions had to be identical in wording to the Prolific questions, because only then a
mismatch in participants’ answers (between this survey and Prolific’s registers) clearly justified participants’ exclusion. Before recruitment
began, the age criterion for older adults in the online study was adjusted from the preregistered 60+ to 65+ using Prolific's screening
filters. This ensured that age means per sample were better matched across settings. As younger adults on Prolific tend to be older (25—
30) than typical lab-recruited students, and older adults aged 60-65 occupy study slots more quickly, these age ranges (YA: 25-30; OA:
60-65) were deliberately excluded in the Online Experiment. The head injury question was removed as eligibility question in the lab
study because it was worded too broadly, including mild injuries irrelevant to cognitive aging. Notably, serious head injuries were screened
separately via phone with a more diagnostic question, and affected participants were screened out, ensuring that all participants met the
study’s inclusion criteria.
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