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Summary

Emotional information benefits memory. This phenomenon of emotion-enhanced
memory (EEM) has been well established for item memory (i.e., memory for central infor-
mation) but poorly investigated for source memory (i.e., memory for the context of infor-
mation). Filling this research gap, | examined in the following dissertation whether ahunder
which conditions source memory is better for emotional (versus neutral) sources by focusing
on three potential influencing factors: Valence and arousal of sources, aging, and@ufing
instructions. In all three manuscripts, source stimuli were selected based on normative va-
lence and arousal ratings, thus ensuring an effective emotionality manipulation. Itemistuli
were neutral and unrelated to the source material. In all manuscripts, the methodological
approach followed the standard source-monitoring paradigm, and analyses of source-moni-
toring data were based on multinomial modeling.

Manuscript 1 revealed that there is no beneficial effect of source valence or source
arousal on source memory. Manuscript 2 indicated that only younger but not older adults
show enhanced source memory for emotional (i.e., positive and negative) compared to neu-
tral sources. Thus, Manuscript 2 showed a valence effect in source memauartyich, however,
was absent in Manuscript 1. Clarifying this inconsistent result pattern, Marscript 3 unveiled
that EEM effects in source memory depend on the encoding instructions: EEM effects robustly
occur if an affective orienting, item-focused task is used during item-source encodings(in
Manuscript 2) but do not occur if no such orienting task is used (as in Manuscript 1). In sum,
the overall results clearly indicate that emotional sources per se are not remembered better.
Instead, an affective item-source processing seems crucial for establishing EEM effects in
source memory. With this, my thesis identifies important boundary conditions that foster
versus hinder EEM effects and thus contributes to a better understanding of how emotion

influences episodic memory.






Manuscripts

This dissertation answers the question of whether and when emotional sources ben-
efit source memory by focusing on three different factors: Valence and arousal of sources
(Manuscript 1), aging (Manuscript 2), and encoding instructions (Manuscript 3). Manuscript
1 is published, Manuscript 2 is accepted for publication, and Manuscript 3 is submitted for
publication in Cognition and Emotion The research conducted in this dissertation has been
supported by the tetf”...S "fcoco% "'—' O —f—-<o—<..fZ ‘tiZse%o <o
funded by the Deutsche Forschungsgemeinschaft (DFG, German Research Foundation).

In the main text of this thesis, | provide a brief review of previous research on emo-
tional source memory, describe the methodological approach used in this dissertation, give
an overview of the three manuscripts, and concludéy discussing the strengths and weak-
nes<es of this research as well as potential future directions. For specifics about the experi-
mental procedures and statistical analyses used in the manuscripts, please refer to the origi-

nal manuscripts appended to this thesis.

Manuscript 1
Symeonidou, N., & Kuhimann, B. G. (2022). Better memory for emotional sources? A system-
atic evaluation of source valence and arousal in source memofgognition and Emo-
tion, 36(2), 300-316. https://doi.org/10.1080/02699931.2021.2008323

Manuscript 2
Symeonidou, N., Hassan, A., Porstein, I. & Kuhlmann, B. G. (in pré&sthere an emotionality
It - <o ‘211" fT—Z-«iAgihg-Neurbpsychology and Cognition

Manuscript 3
Symeonidou, N., & Kuhlmann, B. G. (202Bnhanced source memory for emotional sources:
Does an affective orienting task make the differendd&nuscript submitted for publi-

cation.
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1 Introduction

If you take a moment to remember the first time you drove a car or your last day at
school, you might be surprised by the vividness of your memory. Emotional memories are
almost like snapshots of previous live events, characterized by a high richness of details, viv-
idness, and accuracy (Kensinger, 2009; Kensinger & Schacter, 2008; Rimmele eRalll).
Their fascinating nature has stimulated a great bulk of research investigating how emotional
memories shape our autobiographic memory (Brown & Kulik, 1977), contribute to trama
development (Holmes & Bourne, 2008)bias eyewitness testimonies (Loftus et al., 1987in-
fluence false memories (Pesta et al., 2001) and many more Jystematically investigate the
basic mechanisms behind the phenomenon of emotion-enhanced memory (EEk)search-
ers have used emotional (versus neutral) items (e.g., words or pictures) in their studies@n
tested whether and why memory is enhanced for these emotional (versus neutral) items
(Kang et al., 2014; Libkuman et al., 2004; Phelps, 2004; Talmi & McGarry, 2Q12)cating
emotional stimuli on two emotionality dimensions, valence (negative versus positiveand
arousal (calming versus activating; see circumplex model by Russell, 198@ese studies
have identified important cognitive-behavioral and neural-affective mechanisms underlying
valence-based and arousal-baseEMeffects, respectively (see Kensinger & Schacter, 2008;
Mather, 2007; Talmi, 2013 for reviews).

Interestingly, this research has reliably established EEM effects in item memory, that
is, memory for centrally presented stimuli (Glisky et al., 1995%uch as pictures or words, but
neglected to investigate EEM effects in source memory in the same systematic manner.
Source memory refers to remembering the contextual details of an experienced event, for
example, its location, its time of day, other persons involved, and so on (Johnson et al., 1993;
Mitchell & Johnson, 2009). It is so far unclear whether such contextual features are remem-
bered better if they have an emotional value. Put differently, there has been no or ydittle
systematic research on whether and when source memory is enhanced for emotional (versus
neutral) source features (but see Bell & Buchner, 2012Jhis research gap is surprising con-
sidering that episodic memories are often marked by such emotional context features, for
example, when we remember receiving information from a likable or dislikable person or
when we remember walking home in a severe storm or spectacular suns&uch emotional
context features can determine the emotionality of the whole experience, thereby shaping
how the event is represented in episodic memory. Thus, a shift in research focus from item
emotionality to source emotionality would contribute to a more holistic understanding 6

how emotion influences episodic memory. Although some researchers have already begun to
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investigate memory for emotional source features (Bell & Buchner, 2012; May et al., 2005
Ventura-Bort et al., 2017), this research mostly lacks a common methodological ground and
has yielded inconsistent results.

Considering all this, the goal of this dissertation was to systematically investigate
whether and under which conditions source memory is enhanced for (inherentlyemotional
compared to neutral sourcesAll studies encompassed in this dissertation relied on the same
methodological approach, which was specifically tailored to the investigation of emotional
sources. | will first give a brief overview of the research conducted so far on emotionalignd
source memory before describing the methodological approachwill then turn to the central
findings of the three manuscripts and conclude by discussing their implications for future

research whilst considering the strength and limitations of this dissertation.
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2 Emotionality and Source Memory

If you again recall your memoryof your first car drive, you might realize that its high
vividness is the result of recollecting the small contextual details of this event (e.ghe time
of day, the color of the car, your driving instructor) The ability to remember all these (e.g.,
temporal, spatial social) details of an experience has been termed source memory (Johnson
et al., 1993) While previous research has established a robust emotion-enhanced memory
effect for item memory (i.e., memory for central information; e.g., Kensinge2007; Talmi,
2013), the research on emotion and source memory has been rather inconclusive. When re-
viewing this literature, it is important to differentiate between two lines of reseach (cf., Bell,
Buchner, Erdfelder et al., 2012):

1) Studies that investigated the effects admotional itemson source memory. These stud-
ies used neutral sources and manipulatedlem emotionality.
2) Studies that investigated the effects oémotional sourceson source memory. These

studies used neutral items and manipulatedource emotionality

In the following review, | will briefly summarize the findings on item emotionality (research
line 1) but mostly focus on source emotionality (research line 2), akis research mainly mo-

tivated the rationale of this dissertation.

2.1 Effects of tem Emotionality e Source Memory

Most of the research on emotionality and source memory can be classified under re-
search line 1, that is, it has focused on the effects of emotional (versus neutral) items on
source memory for neutral source featuresTaken together, the results of these studies sug-
gest that source memory is enhanced for intrinsic source features of emotional items (e.g.,
the font color of emotional word items Doerksen & Shimamura, 2001) versus reduced for
external source features of emotional items (e.g., frame color of emotional picture items
Boywitt, 2015; see Chiu et al., 2013 for a review of studies). This is in line with the padent
belief that emotional items draw focused attention. This attentioal bias leads to enhanced
memory for the emotional item and its central/intrinsic features (i.e., EEM effect) bueduced
memory for all other peripheral/external information (so-called emotion-induced memory
trade-off; see Kensinger, 2009; Levine & Edelstein, 2009; Mather, 200AJthough there are

still findings that are not in line with this influential central-peripheral trade-off account (see
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Chiu et al., 2013; Mather & Sutherland, 2011 for overviews), the question of how item emo-
tionality influences source memory (and associative memory more generally) has enjoyed a
continuous research interest, leading to comprehensive, nuanced, still twe-tested accounts
on emotion and memory, which go beyond the scope of this dissertation (e.g., Bisby & Bur-
gess, 2013; Mather & Sutherland, 21). In contrast and somewhat surprisingly, the research
on whether and how emotional sources influence source memory (research line 2) is rather

sparse and unsystematic.

2.2 Effects of Source Emotionality on Source Memory

The few studies that manipulated source emotionality considerably vary in their re-
search goals and thus in their methodological approach. When reviewing these studies, | will
first focus on whether they show anEEM effect in source memaryhat is, enhanced source
memory for emotional over neutral sources (also referred to asource emotionality effecin
the following). | will then highlight the main differences across these studies and thus derive
the rationale behind the three manuscripts which constitute this dissertation.

One of the first who studied emotional sources was the research group around Bell et
al. (starting with Buchner et al., 2009; see Bell & Buchner, 2012 for a revieWwhey investi-
gated whether source memory is enhanced for (contextual) behavioral information that sig-
nals cheating (versus trustworthy) behavior. For example, Bell and Buchner (2010) pre
sented neutral faces (=items) with descriptions of cheating versus trustworthy behaor
(=sources) to participants and instruced them to rate the likability of the face items during
encoding (i.e., affective orienting task). Across several studies (Bell & Buchner, 2010120
Bell, Buchner, Erdfelder et al., 2012; Buchner et al., 20Qfe authorsfound =S f — " f"—<... < foe—oi
source memory was enhanced for cheating (i.e., socially threatening) compared to trustwor-
thy sources Extending these results to descriptions of other negative (non-cheating) behav-
ior, the authors later argued that the negative valence of sources and expectancy violation
(instead of social threat specifically underlies these source-memory enhancements (Bell &
Buchner, 2010; Bell, Buchner, Kroneisen et al., 2012 owever, the unique contribution of
(negative) valence versus arousal to source emotionality effects remained an open question.

Emotional sources have also been examined in aging research. For example, focusing
on age-related changes in socio-emotional processing, May et al. (2005) and Rahhal et al.
(2002) showed that older adults benefit more from emotional sources compared to younger
adults. In these studies, the authors used neutral sources and, via instructions, relateése

neutral sources to the concept of threat (May et al., 2005) or falsehood (Rahhal et al.02pD
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For example, participants were told that food=items) presented left versus right (=source)
were safe versus dangerous (May et al., 2005) or that statements (=items) spoken by voice
versus voiceB (=source) were lies or true statements (Rahhal et al., 200ZResults suggested
that older adults isource memory was better if the source was tied to an emotional concept
(e.g.,<—F i < fwhileyounger adults dd not show such enhancements. In contragtsing
sentences (=items) spoken by voices with a neutral or emotional tongsources), Davidson
et al. (2006) showed that older adults benefitless(instead of more) from emotional sources
than younger adults Thus, results are overall inconclusive, and it remains unclear whether
and how source emotionality effects differ between older and younger adults.

Finally, emotional sources have been also used in neuropsychological studies to in-
vestigate the neural dynamics underlying memory for (neutral) items that occur in sincemo-
tional (versus neutral) contexts Interestingly, these studies often applied perceptual (instead
of conceptual) emotional material as sources. For example, Ventura-Bort, Léw, Wendt, Molté
et al. (2016) presented neutral objects superimposed on emotional (positive and neget)
or neutral scene pictures and instruceéd participants to imagine the objects as part of the
scene (i.e., mental imagery instructions)Results indicated that source memory was better
for emotional compared to neutral source pictures (see also Smith et al., 2004; Smith et al.,
2005, for similar procedures and results)In contrast, Schellhaas et al. (2020) presented neu-
tral faces (=items) in different background colors (=sources), which either signaled threat of
electric shock or safety. Although neural processes at retrieval differentiated between faces
encoded in a threatening versus safe context,f " —«< ... <’ fe—ei o —” 1 ofe'”5 ftct o= 77
tween threat-of-shock versus safe contexts (see also Arnold et al., 2021, for similar behavioral
results). Importantly , these neurological studies do not only differ in how source emotional-
ity was manipulated (i.e., emotional pictures versus threabf-shock instructions), but they
also differ in their encoding instructions. While Ventura-Bort, Léw, Wendt, Molté et al. (and
Smith et al., 2004) told participants to imagine a link between items and souwrs, no such
instructions were used in Schellhaas et al. (or Arnold et al., 2021). Notably, such vamais in
encoding instructions also occur in the above-reviewed behavioral research. For example,
Bell and Buchner have typically used an affective orienting task during encoding (g.kabil-
ity ratings, Bell & Buchner, 2010), while May et al. (2005) and Rahhal et al. (200@3ed in-
tentional item and source encoding instructionsAs encoding instructions can substantially
alter how items and sources are linked and stored in memory (e.g., Diana et al., 2)QBey

might also modulate source emotionality effects. Put simply, encoding instructions might be
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another important factor that needs to be considered to understand the inconclusive findings
on EEM effects in source memory.

This short review already shows the considerable variation across studies in the main
substantive focus (e.g., cognitive aging versus neural dynamics), in the magénised for the
source emotionality manipulation (e.g., conceptually versus perceptually emotional stimuli)
and in the instructions used for item-source encoding (e.g., affective orienting taskersus
mental imagery instructions). Building on this, this dissertation systematically tackled these
differences as they might explain the diverging results of previous studies. More specifically,

the three manuscripts answer the following questions:

Manuscript 1:1s source memory indeed enhanced for emotional sources? How do source va-
lence and source arousal contribute to such enhancement effects?

Manuscript 2:Do source emotionality effects differ between older versus younger adul®s
That is, do older adults profit more or less from emotional compared to neutral
sources?

Manuscript 3: Can encoding instructions influence source emotionality effects? That is, do

source emotionality effects occur only when certain types of instructions are used?

Of note, while both emotionality dimensions (source valence and arousal) were manipulated
in Manuscript 1, the research questions in the other two manuscripts required a focum
source valence only (holding source arousal constant); see section 4 for more detafarther
crucially, to exclude that variations in results are confounded with variations irmethod, it
was first important to set up a joint methodological approach, which was tailored to the in-
vestigation of emotional sources. More specifically, all studies relied on the standard experi-
mental paradigm to investigate source monitoring (Johnson et al., 1993; see next section).
Additionally, great care was taken to select stimuli for the source emotionality manipulation.

Details of this methodological approach are described next.
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3 General Methodological Approach

All studies included in this thesis share three main methodological aspects: First, the
experimental procedure followed the standard source-monitoring paradigm (Johnson et al.,
1993), which is specifically tailored to the investigation of source-monitoring processes. Sec-
ond, multinomial modeling (Bayen et al., 1996) was used to derive source memory (and item
memory) measures that are corrected for guessing bias. Third, perceptually emotional mate-
rial was used to manipulate source emotionality. The material was carefully selected based

on normative valence and arousal ratings.

3.1 The Standard Source-Monitoring Paradigm as General Procedure

Source monitoring encompasses all processes that are involved when we reconstruct
the source (i.e., origin) of an experience, including source memory (Johnson et al.93,9
Kuhlmann et al., 2021). That is, to make a source attribution, people do not only rely on the
actual recollection of source features but additionally use their general knowledge and be-
liefs. For example, if you recall your driving-memory again, you might remember regretting
that you put on your flip-flops that day. From this, you might then reconstructiat the driving
event must have taken placen a warm, sunny day.

These processes of source memory and reconstruction are also at play when we look
at source attributions in the experimental setting. In the standard source-monitoring pa-
digm, which was used in this dissertatiopparticipants first study multiple items that are pre-
sented with either one of two (or three) sources. For example, participants might study words
(=items) that are paired with one of three pictures (=sources), see Figure 1. Thenthre test
phase, all studied items plus some new items (i.e., distractors) are presented, and participgant
are asked to make a source judgment. For example, as can be seen in Figure 1, partitspa
have to decide whether the word was originally presented with the negative, positive, or neu-
tral picture or whether the word is new. Thus, in the standard paradigm, the item information
varies from trial to trial, while the sources repeat across trials, meaning that one source is
paired with several items (so-calledmany-to-few mappingof items to sources Glisky et al.,
2001; Kuhlmann et al., 2021). Crucially, a correct answer in the source-monitoring tesan
be based on actual recollection (i.e., source memory) or a lucky guess (i.e., source guessing).

To disentangle memory and guessing processes in this standard paradigm and thus
derive separate measures for source memory and source guessing, Bayen et al. (1996) for-

mulated and empirically validated the so-calledtwo-high-threshold multinomial model of
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source monitoring(2HTSM). Generally speaking, multinomial models are binary stochastic
models for discrete categorical data (Erdfelder et al., 2009). They are often applied in cogni-
tive psychology to dissociate different cognitive processes that lead to the same empirical
observation (e.g., correct assignment of an item to its source) by estimating the prdiliy

of each of these underlying processes. The 2HTSM builds on the assumption that item and
source memory are discrete (aller-none) processes (Bayen et al., 1996). This assumption is
opposed to the view that memory is a graded process and relies on a continuous strength
signal (Wixted, 2007). Notably, the discrete versus continuous account result in altermag
approaches to model item and source memory (e.g., 2HTSM versus [bivariate] signal detec-
tion model; DeCarlo, 2003) In fact, there is an ongoing debate on whether memory can be
best described asa discrete or continuous processHowever, the current state of evidence
suggests that source memory is a discrete, threshold-like process (Zhou et al., 2Q2#&)ereas
item memory relies on a continuous signal (Kellen et al., 2021; see also Yonelinas, 2002). As
the focus of my dissertation is on source memory, the 2HTSM was a reasonable choice for
modeling the source-monitoring data.

The 2HTSM assumes that source judgments in the standard source-monitoring para-
digm are driven by four processes: Item recognition (parameteD), source memory (param-
eter d), item old/new guessing (parameter b), and source guessing (parameteq). The
source-memory results reported in all three manuscripts refer to the source-memory param-
eter d. Note that the original model was designed for a paradigm that implements two sources
in the study phase (Bayen et al., 1996). As, however, in all studies of ttiigsis, three source
types were used, an extended version of this model was applied for data analysis (Keefe et
al., 2002). This extended version is illustrated in Figure 2. The software multiTréMoshagen,
2010) was used to estimate model parameters based on the aggregated observed response
frequencies in the source-monitoring test (aggregated across participants and items). Multi
Tree was also used to evaluate model fit via maximum likelihood estimation methods.

Further note that the 2HTSM formed the basis for conducting a priori power analyses
in all studies of this dissertation. More specifically, differences across source memory param-
etersd (e.g., the difference between source memory for emotional sourcésnotiona @aNd source
memory for neutral sourcesdneural) €ntered the power analysis as effects of interest. Thus,
the sample size in each experiment was a priori tailored to reliably detecting source memory
differences of a certain size (with= .05 and 1-= .80). Details on these power analyses can

be found in the original manuscripts.
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3.2 Selection of Emotional Stimuli

Normed emotional stimuli were used to manipulate source emotionality in all studies
of this dissertation. More specifically, building on the above-described neuropsychological
studies (e.g., Smith et al., 2004), we opted for perceptually emotional material (e.g., pies)
because it has been shown to be more emotionally charged compared to semantically emo-
tional material (e.g., words; Bayer & Schacht, 2014; Kensinger & Schacter, 2008ith this,
we provided a stronger source emotionality manipulation compared to most of the behav-
ioral studies on source emotionality, which typically applied semantically (e.g., Buchnerat,
2009) or conceptually emotional (e.g., May et al., 2005) material. The use of normed material
did not only ensureacertain effectiveness of the emotionality manipulation but also allowed
for a systematic variation and/or control of the two prevalent emotionality dimensims, va-
lence and arousal. For Experiment 1 of Manuscript 1, sounds were drawn from th&erna-
tional Affective Digitized SounddADS) database (Bradley & Lang, 2007) and used as source
stimuli (e.g., the sound o&siren, a train, or rock & roll music). For all remaining experiments,
pictures drawn from the Open Affective Standardized Image S&ASIS; Kurdi et al., 2017)
were used as sources (e.g., pictures of a garbage dump, a car race, or a lake; see Figure 1

Following the standard source-monitoring paradigm, only a small number of stimuli
(usually three stimuli) were selected to function as sources (see Experiment 2 of Manuscript
2 for an exception). For example, the negative source was operationalized via one or two neg-
ative pictures. These stimuli were selected based on their original norm ratings. Notabtp
ensure that the stimuli were indeed emotionally effectie, their original ratings were addi-
tionally checked in one of the two following ways: 1) Valence and arousal ratings for the used
source stimuli were either post-hoc collected at the end of the respective experiment (i.e.
manipulation check) or 2) a pre-study was conducted in which valence and arousal ratings
for a reasonable pre-selection of potentially suitable stimuli were collected. Then, based on
these pre-study ratings, the final source stimuli for the main study were chosen. Either way,
it was ensured that the source stimuli had the intended emotionality in all studies

Unlike the source material, items (pictures in Experiment 1 of Manuscript 1, words in
all remaining experiments) were neutral in valence and low in arousal. Further importantly,
sources and items were chosen in such a way that there was no inherent relation between
both (e.g., words as items and unrelated pictures as sources). Thus, sources were unlikely to
be processed as an intrinsic feature of the item. This ensured that items and sources were
clearly distinguishable and emotionality effects on item versus source memory could be sep-

arated. Note that this was not always the case in previous studies outlined above, which have



Methodological Approach] 10

often used highly relatable item-source material (e.g., faces [=items] with descriptions of
cheating behavior [=sources] can be processed as cheaters; Bell & Buchner, 2010), or in-
structed participants to process items and sources as a unit (e.g., imagine the object [=item]
as part of the scene image [=source]; Ventura-Bort, Léw, Wendt, Molto et al., 2016)./Soma-
terial and instructions blur the distinction between item and source (Diana et al2008) and
thus make it difficult to disentangle source versus item memory effects. Further importantly,
incidental source learning was applied in all studies of this dissertation. This means theaamp
—<... <" f «—ntionfwas jnot explicitly guided towards the sources, and thus EEM effects in
source memory could unfold rather spontaneously. Both the use of external (item-unrelated)
sources and the use of incidental source learning served the goal of investigating whether

emotional sourcesper se(independent of the item) influence source memory.

IStudy phase | Test phase
Which image?
paper
3
(1) (2) (3) Which image?
X New sock

. B

Figure 1. Schematic illustration of the standard source-monitoring paradigm with words use
as items and three pictures used as sourc@svo emotional and one neutral picture, drawn fron
the Open Affective Standardized Image &XASIS] Kurdi et al., 2017). Items vary from trial tc
trial whereas sources repeat across trials, resulting in a manyp-few mapping of items tc
sources. Note that this type of item material (i.e., words) and source material (i.e., pictures) \
used in Experiment 2 of Manuscript 1 and in both experiments of Manuscript 2 and 3.
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“Neutral” |

“Emotional 1" |

1- gemutionaLl

“Emotional 2” l

Item from
source i

l “Neutral” |

“Emotional 1" I

gemntionaf_ 1

“Emotional 2" I
i “New” I
™ New |
{ “Neutral” l

“Emotional 1” |

“Emotional 2” l

Figure 2. Graphical representation of thetwo-high-threshold multinomial model of sour«
monitoring (2HTSM; Bayen et al., 1996) for three sources, adapted from Keefe et al. (2(
i denotes the emotionality of the source with which the item was originally paired = prob-
ability of detecting an item as previously presented or not presentedy; = probability of cor-
rectly recalling the source of a recognized iten) = probability of guessing that an item we
previously presented; gneural = probability of guessing the neutral source for a detected
undetected item; gemotional 1 = Probability of guessing the first (versus second) emotion
source for a detected or undetected item when the neutral source was not guessed. Dep
ent on the research question, emotional sources varied within participants either in the
arousal (Manuscript 1) or their valence (Manuscript 2 and 3).
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4 ldentifying Influencing Factors of Emotional Source
Memory

In three manuscripts, we investigated whether and when source memory is enhanced
for emotional sources by focusing on the following factors: Valence and arousal of sources
(Manuscript 1), aging (Manuscript 2), and encoding instructions (Manuscript 3). All con-
ducted experiments rely on the above-described methodological approach. In the following,

™77 "<t 7> '——Z<ot Ff..S ivefoeus,.its"methbdolegigal-secifics, and its

main results.

4.1 Manuscript 1: Source Valence Versus Source Arousal

In the first manuscript, we investigated whether source memory is generally en-
hanced for perceptually (and thus inherently) emotional sources compared to neutral
sources and specifically looked at the contribution of valence and arousal to this effect. As
reviewed above, research is inconclusive on whether EEM effects occur in source memory, as
some studies find such effects (e.g., Bell & Buchner, 2012; Ventura-Bort, Léw, Wendt, Molté
et al., 2016) and others do not (e.g., Arnold et al., 2021; Bell et al., 2017). Notathe litera-
ture on EEM effects intem memoryemphasizes the importance to separate valence- from
arousal-based EEM effects as they seem to rely on different mechanisms (Dolcos et al., 2017;
Kensinger & Corkin, 2004). In general, this research suggests that both valence anduzal
contribute to EEM effects independently from each other. That igpsitive and especially neg-
ative items are remembered better compared to neutral items if matched on arousal; and
high-arousing items are remembered better than low-arousing items if matched on valee
(Kang et al., 2014). Importantly, howeverfindings additionally suggest that the arousal-
based EEM effect might be more robust because it relies on automat&source-independent
attentional processes (mediated viaan amygdala hippocampus network; Kang et al., 2014;
Kensinger & Corkin, 2004; Kern et al., 2005)n contrast, the valence-based EEM effect rather
draws on controlled, resource-dependent processes (mediated via a prefrontal-cortexhip-
pocampus network). As such, it seemed promising to consider and systematically manipulate
the valence and arousal of sources as potential factors that contribute to the previous incon-
clusive findings.

We conducted two experiments in Manuscript 1. In both experiments, we manipu-
lated valence between participants and arousal within participants. That is, wenplemented

two experimental groups: In the negative group, we used negative sources of high versus lo
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arousal, whereas, in the positive group, we used positive sources of high versus low arousal
to manipulate source emotionality. Neutral sources were additionally used in both groups as
the baseline. In both experiments, participants were told to learn the items onlyvithout any
(explicit) reference to the sources (i.e., incidental source learning). After &ree-minute re-
tention interval, participants were presented with all studied items plus some new items and
were asked to make a source-monitoring judgment. The two experiments mainly differed i
their item and source material: In Experiment 1, participants learnedeutral objects as items,
which were presented with a high-arousing, low-arousing, or neutral sound as the source.
Sounds were selected based on a pre-study conducted with a German student sample. In Ex-
periment 2, participants learned neutral words as items, which were superimposed on emo-
tional or neutral scenery pictures as sources. Crucially, two picture stimuli were used for dac
valence-arousal combination in this experimentThat is, one source type (e.g., hegative high-
arousing source) consisted of two pictures. Further crucially, in Experiment 2, we asked par-
ticipants to rate the valence and arousal of all source pictures at the end of the stuéiar a
more effective source emotionality manipulation, we included only those participants in our
main analysis who perceived the source pictures as intended in terms of valence and asali

Results were somewhat surprising: Across both experiments, we did not find any ben-
eficial effects of source valence or source arousal on source memory. That is, source memory
was not better for high-arousing (versudow-arousing) sources, and also not better for neg-
ative or positive (versus neutral) sources. Interestingly, source memory was reduced for neg-
ative high- (versuslow-) arousing sources in Experiment 1. This might support research
showing that high negative arousal has detrimental effects on hippocampus-dependent
memory binding and associative memory (Bisby & Burgess, 201,Qonsidering that source
memory is a special case of associative memory (Old & Naveh-Benjamin, 2008). However,
this detrimental effect of high negative arousal in Experiment 1 did not hold against Bonfer-
roni-Holm adjustment and did not occur in Experiment 2, even when we inspected a sub-
group of people with a particularly high rating difference between the high-arousing and low-
arousing negative pictures. This rather suggests that the detrimental arousal effect in Exper-
iment 1 was a false positive.

In total, these first two experiments provide conclusive evidence that source memory
is not per se enhanced for emotional compared to neutral sources. This suggests that the EEM
effects in source memory observed in other studies rely on (methodological) specifics fac-
tors other than valence and arousal. We thus focused on other factors in the next two manu-

scripts.
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4.2 Manuscript 2: Aging

The goal of the second manuscript of this thesis was to investigate whether source
emotionality effects differ between older and younger adults. Although the experiments of
manuscript 1 suggested no effects of source emotionality on source memory with a young
sample, such effects might more readily manifest in older adults (see May et al., 2005; Rahhal
et al., 2002) Notably, in this second manuscript, we systematically varied the valence of
sources within participants and kept arousal constant at a lowwe-medium level. We focused
on valence because the literature on emotionality effects in item memory has shown valeac
dependent differences between older and younger adults. That is, while younger adults tend
to show a negativity bias in item memory (i.e., better memory for negative than f@ositive
items; e.g., Gruihn et al., 2007; Spaniol et al., 2008; see Baumeister et ab.] 2for a review),
older adults show a positivity bias (i.e., better memory for positive than for negativeams)
or a reduced negativity bias relative to younger adults (i.e., memory enhancement foega-
tive compared to positive items is weaker in older versus younger adults; e.g., Changsal.,
2003; Kwon et al., 209). This phenomenon is called the age-relatgubsitivity effectand has
been robustly shown in attention and item memory (see Reed et al., 2014 for a meta-analy-
sis). This effect is theoretically underpinned by the influentiabocio-emotional selectivity the-
ory (SST) of Carstensen (Carstensen et al., 1999), which suggests, mtve age, our motiva-
tional priorities shift from future-oriented goals (e.g., knowledge acquisition) to present-ori-
ented goals (e.g., emotional satisfaction). From this perspective, it makes sense tblater
compared to younger adults more strongly prioritize positive over negative information to
maximize their goal of emotional satisfaction. As these effects rely on motivational (goal-re-
lated) processes, it is important to keep arousal at a low level because, as discussed above,
high-arousing material captures attention automatically and thus counteracts the unfolding
of motivational (controlled) processes (see also Kensinger, 2008). Notably, such considera-
tions were lacking in previous studies on source emotionality effects in older versusynger
adults, potentially contributing to their inconclusive results.

Across both experiments, the chosen material was similar to Experiment 2 of Manu-
script 1 (i.e., neutral words as items superimposed on either emotional or neutral scenery
pictures as sources). However, an important difference was that we implemented incidental
learning not only for the sources (as in Manuscript 1) but also for the items. This was moti-
vated by Reed et ali {2014) meta-analysis, which showed that incidental instructions boost

the age-related positivity effect, presumably because an incidental, unconstrained way of
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processingsupports‘ Zt 3”7 fet >'—e%ot” ft—2Z—ei <eSt "Fe— """ feece%o
ically, in both experiments, we implemented an affective, item-focused orienting task dugn
item-source encoding: We asked participants to rate the pleasantness of the neutradrt,
which was presented with either an emotional (positive or negative) or neutrasource. A sur-
prise source-monitoring test was administered after a three-minute retention iterval. In Ex-
periment 1, we applied the standard manyto-few mapping of items to sourcesNeutral items
were presented with either the positive, the negative, or the neutral source picturegsulting
in a repeated presentation of the three chosen source picture$o eliminate habituation ef-
fects, which might have occurred due to this repeated source presentation, we applied a one-
to-one mapping of items to sources in Experiment 2. That is, each item was presented with a
unique source picture (of either positive, negative, or neutral valence) duringem-source-
encoding, meaning that each picture was presented only once.

Results were highly consistent across both experiments: Younger and older partici-
pants incorporated source valence into their pleasantness ratings of the neutral items. ath
is, items paired with positive sources were rated more pleasant than items paired witteu-
tral sources, which in turn were rated more pleasant than items paired with negative sources
(i.e., positive > neutral > negative). Of note, an age-related positivity effeadditionally oc-
curred in these pleasantness ratings (see Figure 3): In Experiment 1, older adults ratéeins
paired with the negative source as less unpleasant compared to younger adults (i.e., reduced
negativity bias); in Experiment 2, older adults rated items more pleasant than younger adults
for all three source types. Importantly, this age-related positivity effect in the pleasantness
ratings did not transfer to source memory: While younger adults showed better source

memory for emotional (and especially positive) compared to neutral sources, indicating an

77— <o o7 f eFet" 4 “ZT T fry didhetediffet actossBourice types
(Figure 4). S«<e o — % %ofe—e —Sf— ‘Z1T+” f 1 didZnot benefit fromtemdtional
ot —7 . fed feo >'—e%t” fT—Zdid] suppettingithe fimdings of Davidson et al.

(2006), however contradicting those of May et al. (2005) and Rahhal et al. (2002)

Further notably, despite the common methodological ground across the first and sec-
ond manuscript, their results were somewhat inconsistent: While no valence-based EEM ef-
fects in source memory occurred in Manuscript 1, such effects occurred in Manuscript 2 (for
younger adults). However, one important methodological difference was that we used differ-
ent encoding instructions across manuscripts (i.e., participants were told to leare items

in Manuscript 1 versus to rate the pleasantness of the items in Manuscript.2)o further clar-

TETETE
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ify whether these inconsistent results can be explained by the variation in encodjrinstruc-
tions, we focused on the role of encoding instructions in source emotionality effects the

third manuscript.

Figure 34 Zt1” fet >'— «%plbasgninesd ratiiigs for neutral words during encoding i
Experiment 1 (left-hand plot) and Experiment 2 (right-hand plot) of Manuscript 2. Neutral word
were presented with either the positive, neutral or negative source. Error bars indicate one sta+
ard error of the mean. The pleasantness rating scale ranged from 1 = very unpleasantto 5 =
pleasant.

Figure 4. Older and younger adults' source memory for the positive, negative, and neutral sour
in Experiment 1 (left-hand plot) and Experiment 2 (right-hand plot) of Manuscript 2. Error bar
indicate one standard error of the estimate. Note thad = O denotes chance performance whild
= 1 means perfect source memory.
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4.3 Manuscript 3: Encoding Instructions

The goal of the third manuscript was to investigate whether the type of encoding in-
structions influences EEM effects in > —+ %0 3" f $ourde-mémory. With this, we not only
aimed at clarifying our own inconclusive results (see previous two manuscriptshut also at
clarifying the generally inconsistent findings on source emotionality effects reported ithe
literature (see Introduction section). Interestingly, many studies that repored rather robust
EEM effects in source memory applied an affective, item-focused orienting task during item-
source encoding (e.g., likeability ratings, see Bell & Buchner, 2012pmbined with theEEM
effect found in Manuscript 2 in which we similarly used an affective, item-focused orienting
task (i.e., pleasantness ratings), it seems that such instructions might foster MEeffects in
source memory. We initially deemed that integrative item-source processing might drive
these effects. More specifically, we hypothesized that affective judgments during encoding
potentially boost integrative item-source processing because participants can use the
sources to inform their judgment about the neutral item. An integrative item-soure pro-
cessing, in turn, benefits source memory, leading to the observed EEM effects. Notablys thi
idea is further in line with research showing that an EEM effect in source memory can also be
edablished with integrative (non-affective) encoding instructions (Smith et al. 2004; Ven-
tura-Bort, Low, Wendt, Molté et al., 2016). Before testing our proposition, we first wanted to
replicate the source emotionality effect found in Manuscript 2. Thus, in Experiment 1 of ka
uscript 3, we used emotional versus neutral pictures as sources (one per soutgpe), neutral
words as items, and an affective orienting task (i.e., pleasantness ratings) for an demntal
item-source encoding (cf., Manuscript 2 for more details). Wfound better source memory
for emotional compared to neutral sources, thus replicating the results of Manuscript 2 (for
younger adults). In Experiment 2, we aimed at systematically testing under which encoding
conditions EEM effects in source memory occur. More specifically, we used the same type of
material as in Experiment 1 (neutral words as items superimposed on emotional or neutral
pictures as sources), but encoding instructions differed across the four implemented condi-
tions: In the affective orienting task (OT) condition, participants judgedhe pleasantness of
the neutral items (cf., Experiment 1); in the integrative OT condition, p&cipants judged how
well the item fits to the source; in the non-integrative OT condition, partipants indicated
whether the item represents something living or something non-living; and finally, infte no-
OT condition, participants (intentionally) learned the items without any (expliat) reference
to the sources. Note that in theno-OT condition, we applied the same encoding instructions

(intentional item and incidental source learning) as in Manuscript 1. Furtheraote that across
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all four conditions, sources were encoded incidentally. Memory was tested in a standard
source-monitoring test briefly after encoding We expected to replicate the source emotion-
ality effect on source memory found in Experiment 1 (and Manuscript 2) in the affective OT
condition. Notably, based on the above reasoning, EEM effects should occur whenever an in-
tegrative item-source encoding is fostered. Thus, we also expected to find an EEM effect in
the integrative OT condition, which explicitly encouraged integrative processing. No EEA+
fects in source memory were expected in thean-integrative and no-OT conditions, as these
conditions fostered a rather segregated item-source encoding. Replicating our previous re-
sults, we found better source memory for the emotional (and especially positive) sources
compared to the neutral source in the affective OT condition (see Figure 5). Surprisinghy
EEM effects in source memory could be established in the integrative OT condition. Finally,
no EEM effects occurred in the non-integrative condition and the no-OT condition, as ex-
pected (see Figure 5). However, in the no-OT condition, source memory was higfier the
positive compared to the negative source (significantly) and neutral source (descriptively).
This was presumably because participants found it easier to relate the items to the positive
(compared to the negative and neutral) source, as their item-source-fit judgments from the
integrative OT condition indicated (seeGeneral Discussign

Taken together, across two experiments, we robustly found an EEM effect in source
memory when using an affective orienting task during item-source encoding. However, no
such effect occurred in the integrative OT condition, which explicitly encouragedtegrative
processing. This contradicts our idea that EEM effects in source memory occur whenever an
integrative item-source encoding is fostered. Instead, it seems that there is something special
about the affective orienting—f e+& ‘ee<, 7254 =St f " .. —<"f “"cFe—ce% —foe of T
more salient and meaningful during encoding, thus resulting in the observed EEM effect (see
General Discussiofor a more detailed discussion). In supManuscript 3 clearly shows that
EEM effects in source memory are fostered by an affective item-source encoding. With this,
our research contributes to a better understanding of the conditions that foster versus hiter

source emotionality effects.
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Figure 5. Source memory for the positive, negative, and neutral sources in the affective orierg
task (OT), integrative OT, non-integrative OT, and no-OT condition of Experimento? Manu-
script 3. Error bars indicate one standard error of estimate. Note thad = 0 denotes chance pe
formance whiled = 1 means perfect source memory.
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5 General Discussion

This dissertation aimed to systematically investigate whether and under which con-
ditions source memory is enhanced for emotional compared to neutral sources. By shifting
the research focus from emotional items to emotional sources, this thesis significantly ex-
tends the literature on emotion-enhanced memory EEM) and thus contributes to a broader
view on how emotion influences episodic memory. The developed research program care-
fully considered previous, inconclusive findings on EEM effects in source memory and, based
on this, identified three important factors that might have contributed to such result incon-
sistencies: valence and arousal of sources, aging, and encoding instructions. Using a joint ex-
perimental approach, these factors were systematically investigated in three manuscripts.

In the first manuscript, we investigated whether source memory was enhanced for
external, perceptually emotional sources and whether valence versus arousal of sources
would independently contribute to this (potential) memory benefit. To ensure a natural, un-
forced source processing, we applied incidental instructions for source learning but inten-
tional instructions for item learning. Somewhat surprisingly, no beneficial effects of source
valence or source arousal on source memory could be established across the two experi-
mentsd Stef “cofcoY%oe o —%o%ote— —S[f— Tyt P ffAeZ—G et frEEE G ——1°
and that additional factors might be necessary to promotEEMeffects.

In the second manuscript, we investigated whether EEM effects in source memory dif-
fer between younger and older adults (see May et al., 2005). We further tested whether older
adults specifically benefit from positive compared to negative sources, akin to the seemingly
robust age-related positivity effect found in item memory (Reed et al., 2014WWe used an
affective, item-focused orienting task (i.e., item-pleasantness ratings) to ensunecidental
item and source learning. Contrary to our expectations,Z T +” ft—Z—ei ' —”" ... f ote'”"s Tt
benefit from emotional (or specifically positive) sources. In contrast, younger adults showed
better source memory for emotional compared to neutral sources, indicating a valence-based
EEM effect in source memory. Combining the results of Manuscripts 1 and 2, it seghthat
the presence versus absence of EEM effects in source memory partially depeddn the type
of instructions used during item-source encoding. This idea was investigated in the tdi
manuscript.

In Manuscript 3, ™Mt “<7e— o — fee"—77> "t'Z<...f-t1t -St =
source memory observed in the second manuscript, thus verifying the robustness of this ef-
fect. In a second experiment, we systematically varied the type of item-source encoding b

either applying an affective orienting task (OT; asiManuscript 2), an integrative but non-
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affective OT (new), a non-integrativeOT (new), or intentional item encoding instructions (no-
OT condition; as in Manuscript 1). Source memory was enhanced for emotional compared to
neutral sources in the affective orienting task condition only, emphasizing the importance of
affective encoding instructions for source emotionality effects. Interestingly, in the n®T
condition, source memory was higher for the positive compared to the negative source, which
was presumably driven by the highe relatedness of the neutral items to the positive source.
Manuscript 3 illustrates that spontaneous EEM effects in source memory seem to occur only
when source emotionality is salient and meaningful during item-source processing.

Altogether, this thesis contributes to clarifying previous inconsistent results on EEM
effects in source memory by specifying conditions under which such EEM effects are present
versus absent. On a broader level, the thesis shows that source emotionality per se does not
benefit source memory. This implies that the robust EEM effect found for item memory g
not simply transfer to source memory, thus underpinning the theoretical distinction of (rec-
ollection-based) source memory from (familiarity-supported) item memory (Kuhlmann et
al., 2021; Mitchell & Johnson, 2009)

5.1 Strengths and Limitations

This dissertation stands out from previous research particularly due to its methodo-
logical soundness. In all studies, the standard source-monitoring paradigm and the two-high-
threshold multinomial model of source monitoring (2HTSM) were applied, thus following
well-established approach to investigate and measure source memory (Bayen et al., 1996)
Also, to achieve good statistical power, the sample size was always determined via a priori
power analyses. Estimates for the effect of interest (i.e., the difference in source memory pa-
rameters d of the 2HTSM) were carefully derived based on the current state of evidence. Fur-
ther crucially, perceptually emotional stimuli were used as sources to ensure an effective
emotionality manipulation. Additionally, great efforts were undertaken when selecting the
source material: Valence and arousal were systematically considered by either varying both
independent of each other (Manuscript 1) or by varying valence and keeping arougalnstant
(Manuscripts 2 and 3). Cruciallythe emotionality of the selected source material was addi-
tionally checked by collecting valence and arousal ratings either post-hoc (after tlexperi-
ment) or a priory (in a pre-study). To the best of my knowledge, no previous work has done
this in such a careful and thorough manner. Another shortcoming of previous studies was
that they used material or instructions which facilitated the processing of items and sources

as one joint unit (e.g., Bell & Buchner, 2010; Ventura-Bort, Low, Wendiplto et al., 2016)
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This considerably blurs the distinction between source and item memory. To avoid such a
confound, the sources used in this dissertation were external and unrelated to the items. In
addition, source learning was always incidental, and instructions never put focus ohe item-
source relation (with the exception of the integrative OT condition in Manuscrip8, which
was deliberate and aimed at investigating the impact of such relational item-source &vd-
ing). At large, the experimental approach used in this dissertation was specifically tailored t
the investigation of emotional source memory and future studies could continue to use this
approach to add to this research line.

Having said that, it is also important to acknowledge the limitations of this disserta-
tion. One limitation was that only a small number of stimuli were used for the source emo-
tionality manipulation. More specifically, following the standard approach of manye-few
mapping of items to sources (i.e., one source presents many iten@isky et al., 1995)each
source type (e.g., negative source) typically consisted of one stimulus (e.g., one neggpic-
ture). As this implied a repeated presentation of sources across study trials, participant
might have habituated to the emotional material. Another problem with using only a&stim-
ulus per source is the resulting confound between emotionality and the specific conteot
the respective stimulus. For example, in Experiment 1 of Manuscript 2, it is unclear whether
the enhanced source memory for the positive source picture was due to its positive valence
or due to its specific content (i.e., depicted lake). However, these problems were considered
and addressed within each manuscript. That is, in Manuscript 1, we used two pictures for
each sourcetype in Experiment 2 to reduce habituation and counteract stimulus-specific, id-
iosyncratic effects. Similarly, in Mauscript 2, we opted for a oneto-one mapping of items to
sources in Experiment 2, presenting each item with a different, unique source pice, thus
eliminating the risk of habituation and stimulus-specific effects. In Manuscript 3, we observed
EEM effects in source memory only when using an affective orienting task during encoding.
As habituation (or stimulus-specific) effects should havdeen similarly pronounced in all
conditions, they cannot sufficiently account for the observed condition-sensitive resultgt-
terns. To conclude although habituation effects and stimulus-specific effects are generally
valid concerns, such effectdo not constrain the findings and conclusions of this dissertation.
Future research on emotional source memory could consider to consistently useone-o-
one mapping of items to sources (i.e., pairing each item with a unique source), asstendard
many-to-few mapping approach comes with the risk of habituation effectdNote, however,
that having unique sources complicates the differentiation between what is the source and

what is the item, as a typical feature of sources is their recurring nature (Kuhlmann et al.
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2021). Thus,a one-to-one mapping might rather tap into itemo-item binding instead of
item-to-source binding, and emotionality effects potentially differ between these two binding
types (see next section)Another way to reduce habituation effects but keep a manig-few
mapping procedure is to use emotional source themes (e.g., pollution as the negative theme),
which contain several (e.g., two or three) stimuli per theme, as was done in Manugt 1,
Experiment 2. In this case, the source theme is recurring and thus not unique (tapgimto
item-source binding), but at the same time consists of several instead of only one stimulus

(reducing habituation effects).

5.2 Future Directions

While fostering the understanding of EEM effects in source memory, the findings of
this dissertation also prompt new questions and highlight potential future directions. In the
following, | will discuss some of these current research gaps, first with regard to source

arousal, and then with regard to source valence.

5.2.1 Source Arousal

Although effects of source arousal were investigated in both studies of Manuscript 1,
these studies did not use an affective orienting task during item-source-encoding butther
instructed participants to memorize the items only. For source valence, we now know that
such affective encoding instructions can foster EEM effects in source memory (see Manu-
script 3). Future studies could investigate whether high-arousing sources similarly affect
source memoryif an affective orienting task is used during encoding. It is noteworthy, how-
ever, that the investigation of arousal effects comes with two major challenges. From a theo-
retical perceptive, the empirical evidence on how arousal affects associative memory bindjng
including item-to-source binding (i.e., source memory), has been highly inconclusive (see
Bisby et al., 2016; Cook et al., 2007; Pierce & Kensinger, 2011, for detrimental effects; Do-
erksen & Shimamura, 2001; Guillet & Arndt, 2009; Nadarevic, 2017, for beneficial effeasd
Meyer et al., 2015; Naveh-Benjamin et al., 2012, for null-effects), prompting angming de-
bate and comprehensive accounts on this issue (e.g., Bisby & Burgess, 2017; Chiu et al., 2013;
Levine & Edelstein, 2009; Mather, 2007; Mather & Sutherland, 2011Jhese accounts mostly
rely on studies that have used high-arousing items (not sources) to investigate the impact of
arousal on associative binding, but some accounts also enable predictions for the effects of

high-arousing sourcesOne such account is the dual-representation theory by Bisby and col-
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leagues (Bisby et al., 2016; Bisby & Burgess, 2017). It suggests that (negative) arousakben
fits amygdala-dependent memory representations, such as memory for emotional items, but
disrupts hippocampally-dependent memory representations, such as memory for associa-
tions. As memory for item-source associations (i.e., source memory) has been shown to rely
on hippocampal activity (Mitchell & Johnson, 2009), this account would predict reduced (in-
stead of enhanced) source memory for (negative) high-arousing compared to low-arousing
sources. Although the studies of Manuscript 1 did not support this prediction, more research
is needed to identify potential boundary conditions for the occurrence of such disruptive ef-
fects. For example, Bisby et al. typically present two pictures (each being either enuotal or
neutral) and use associative imagery instructions during encoding, (e.g., askipgrticipants

to create a mental image that includes atb-be-bound elements; Bisby et al., 2018). Such in-
structions foster the binding of separate elements into a coherent memory representat.
Put differently, disruptive effects of arousal on the hippocampus and thus on associative
memory might become apparent only when binding process are explicitly encouraged via
instructions, which was not the case in Manuscript 1, as instructions focused only on them,
not on item-source binding.

Note, however, that such imagery instructions have also been successfully used to fa-
cilitate item-source-unitization (Diana et al., 2008; Murray & Kensinger, 2012), fostergqthe
representation of separate elements as one bound unit in memory (instead of distinctjaged
elements). Such bound units, in turn, have been shown to régsson the hippocampus (Diana
et al., 2007; Murray & Kensinger, 2013) and thus should be less affected by hippocampal dis-
ruptions caused by (negative) arousalConsidering this, the question arises why imagery in-
structions sometimes seem to foster hippocampus-dependent associative binding (as in
Bisby & Burgess, 2017) and sometimes lead to hippocampus-independent unitization (as in
Diana et al., 2008). This might partially depend on the type of binding. Wization might be
easier to induce for itemto-source (compared to itemto-item) associations because items
and sources are often perceptually or semantically linked in source-monitoring experiments
(e.g., font color [source] of words [items], Doerksen & Schimamura, 2001; loaati [source]
signals safety of food [item], May et al., 2005). Future experiments could test whether uniti-
zation difficulty and success systematically vary across item-source versus item-item associ-
ations by applying both behavioral (Murray & Kensinger, 2012) and neurological measures

(Diana et al., 2007) of unitization. In sum, future research on arousal and bindjmeeds to
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take into account that arousal effects might depend on the type of binding (item-source ver-
sus item-item), the type of encoding instructions (e.g., incidental versus meitimagery), or
an interaction between both.

Further notably, Bisby et al. (2016) do not specify whether hippocampal disruptions
rely on high arousal, negative valence, a combination of both (see also Bisby & Burgess,
2013). They use these terms interchangeably and typically contrast (associative) memory fo
negative high-arousing stimuli against neutral low-arousing stimuli in their studiesthus con-
founding the effects of high arousal and negative valence. This leads us to the second, meth-
odological challenge associated with investigating the effects of arousal on (associative)
memory. In many established normative databasesf perceptually emotional stimuli (e.g.,
International Affective Picture System [IAPS], Lang et al., 2008; IAD$adley & Lang, 2007;
Geneva affective picture database [GAPED], Dan-Glauser & Scherer, 2011), the relaten b
tween valence and arousal ratings typically follows an asymmetricd-shape (see also Kurdi
et al., 2017) Put simply, there are no (or very few) negative and positive stimuli with low
arousal levels and no (or very few) neutral stimuli with high arousal levels. This makes it
difficult to investigate arousal effects independent of valence. Although Russell (1980) as-
sumed independence of arousal and valence in his pioneering work of the circumplex model,
there are different views on what the relation between valence and arousal might look &k
In a comprehensive analysis, Kuppens et al. (2013) confied that the empirical relation
seems to follow an asymmetricaV-shape. However, as there are large individual differences

in the shape of this relation, the authors conclude that théshaped relation is weak and that
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arousal but highly positive or negative affect states do occur, although less frequent§(p.
933). Building on this, Kurdi et al. (2017) have stressed the need to add negative grasitive
low-arousing stimuli to emotional databases. Of note, such databases would also profit from
adding age norms as valence and arousal perception might vary between younger and older
adults (Grihn & Scheibe, 2008; Kurdi et al., 2017).

5.2.2 Source Valence

Manuscripts 2 and 3 substantially contribute to clarifying the effects of source valence
on source memory: Beneficial effects can be robustly established when an affective, item-fo-
cused orienting task (i.e., item-pleasantness ratings) is used during ftesource-encoding
suggesting that the valence effect is tied to the affective encoding instructions. Howevikie

exact mechanisms remain rather unclear. After careful consideration of the full result pattey
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we deem that the affective encoding instructions stand out from the other instructions used
in our experiments in two main ways. First, the pleasantness judgments made the valence of
the source more salient because pleasantness directly maps onto valence. Second, as the af-
fective task focused on the items only, it did not constrain participants to process the sources
in a certain way. Put differently, participants were free to pursue their goals and pferences
when processing the sources. They were thusiclined to process the emotional (over the
neutral) sources because emotional stimuli are, in general, more salient and goal-redew
than neutral stimuli (Levine & Edelstein, 2009; Mather & Sutherland, 2011Y his ultimately
resulted in the observed EEM effect. Put simply, the general dominance of emotional over
neutral sources more clearly comes through if the experimental instructions increase the sa-
lience of the e —” ... Fie fe'—c‘ofZc—> ,—— f— =St efed —cof '—— ococefZ .. "
"fe—ei ot —" . f "V teece%d Sce ..fe fZe' £§'Zfce ™S, s
tive OT condition. Here, participants were strongly constrained to engage an integrative
item-source-processing, thus increasing source memory for all three sources, not only for the
emotional ones. However, more research is needed to investigate whether salience of source
emotionality and experimental constraints on source processing indeed determine the un-
folding of EEM effects.

Relatedly, future studies could examine whether EEM effects in source memory occur
if sources are learned intentionally (rather than incidentally). Although intentional encoding
instructions prompt participants towards an integrative item-source-processing €f., integra-
tive OT condition), the occurrence of EEM effects might strongly depend on the strategies
participants use (or are instructed to use) during item-source-encoding. For example, EEM
effects might more readily manifest if participants use a mediator to connect items to emo-
tional versus neutral sources (e.g., a mental image that contains both item and sourseg

Ventura-Bort, LOw, Wendt, Molté et al., 2016). This could be investigated more systematically

(o T———"F e——tcte |5 efec’—Zf—co% ' f &g metfatordbiased VErSUS%o> —o 3
spontaneous; cf., Kuhlmann & Touron, 2012, during encoding)
‘—f,Z>4 o—...S e—"f—t%octe ...'—Z1 fZe" SFTZ’ <o Foe—f ZcoSce% f

source memory. To reiterate, in Manuscript 2, EEM effects in source memory manifested only
in younger but not in older adults. This was surprising because source valence affected older
f T — doerdipleasantness ratings in the expected way (i.e., age-related positivity effect); i
dicating that they not only considered the sources while processing the items, but they did it
in a way that matched their processing preferences. However, this was apparently insuffi-

cient to boost their source memory. As noted, we think that older adults potentially need an
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additional, explicit mediator during encoding (e.g., a sentence or image; see Kuhlmann &
Touron, 2012) that links the item to the source. In fact, May et al. (2005) as well as Rahhal et
al. (2002), who established EEM effectse ‘Z1t1” ft—Z—e«i «‘plovide such'dme-
diator by linking item and source via an emotional concept (i.e., source signéfgeat/safety

of the item in May et al.; and truth/falsehood in Rahhal et al.). Thus, strictly speaking, May et
al. manipulated the emotionality of the item-sourcdink, not the emotionality of the source
itself. Future studies could investigate™ St —-St” ‘Zt3” ft—Z—ei o'—" . f efe'”> ™
from perceptually emotional sources if participants are additionally provided with a media-
tor for the item-to-source link. Note, however, that such mediators (as used in May et al. and
Rahhal et al.) might foster the storage of the item-source pair as one unit (i.iéem-source-
unitization), which then blurs the distinction between item and source memory and their un
derlying processes (Diana et al., 2008). Thus, any observed emotionality effect or positivity
effect could then rely on (familiarity-supported) item memory processes (i.e., remembering
the emotional item-source-unit) instead of (recollection-based) source memory processes
(i.e., remembering the emotional source).

More generally, the literature on age-related emotionality effects in memory, and the
positivity effect, in particular, would profit from a more thorough investigation of he condi-
tions that favor or moderate such effects. The meta-analysis of Reed et al. (2014) identified
two important moderators of the age-related positivity effect in attention and item memory:
the experimental constraints imposed on encoding (the fewer, the stronger the effect) and
the age difference between the younger and older sample (the larger, the stronger the effect)
However, the studies included in this meta-analysis considerably vary across several other
(methodological) factors that might similarly moderate the age-related positivity effect. For
example, it is unclear whether the effect differs in size across different types of stimuli (e.g.,
social stimuli such as faces versus non-social stimuli such as pictures) or different types of
memory tests (e.g., recognition versus free recall). Our own review of the literature irchted
that the latter factor (i.e., type of memory test) might be a promising moderator. More specif-
ically, the positivity effect seems to manifest more robustly in studies applying free recall
test instead of a recognition test (e.g., Charles et al., 2003; Tomaszczyk eal08). As free
recall is more retrieval-demanding than recognition (Riefer & Rouder, 1992; Rouder &
Batchelder, 1998), this might suggest that the age-related positivity effect relies on anieval
rather than a storage advantageNote, however, that free recall and recognition also put dif-
ferent demands on recollection-based processes, with free recall being fully dependent on

recollection while recognition also relies on familiarity (Yonelinas et al., 2001). Yethe idea
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of a primarily recollection-based positivity effect is rather disprovedby Manuscript 2, as we
do not find such an effect in (recollection-dependent) source memory (see also Kapucu et al.,
2008). However, any conclusion about the underlying processes of the positivity effect would
be premature at this point. Future research should first establish whether the effect is indeed
moderated by the type of memory test before investigating underlying processes.

Another result pattern that merits further attention in future research is that in both
studies of Manuscript 2 and Manuscript 3, source memory for positive sources was slightly
but persistently higher than for negative (and neutral) sources. Interestingly, participants in
Experiment 2 of Manuscript 3 rated the item-source fit (integrative condition) higher for the
positive compared to the negative and neutral source. This indicates a higher relatedness be-
tween the neutral word items and the positive source picture, which potentially facilitagd
their binding and resulted in the observed higher source memory for the positive sourc®f
note, this pattern descriptively showed up across four experiments (Manuscript 2 and Man-
uscript 3). This suggests that the effect is tied to positive valence in general mat than the
specific positive picture because different pictures constituted the positive source across ex-
periments. In fact, Ventura-Bort, Léw, Wendt, Dolcos et al. (2016) similadgund that partic-
ipants reported higher success in imagining neutral objects as part of positivedksus nega-
tive or neutral) sceneries, again pointing to a higher relatedness. Future studies could inves-
tigate why there is a higher relatedness between neutral and positive stimulinad more sys-
tematically test howit affects source memory and associative memory.

Finally, it is worthwhile mentioning that all our studies investigated whether source
memory is enhanced for the general emotional tone of a source (e.g., was the source positive
negative, or neutral?). Thus, it remains unclear hospecificsource memory is for emotional
sources. That is, future studies could investigate whether people are better at discriminating
between three positive (or negative) sources than three neutral sources. A study by Bell,
Buchner, Erdfelder et al. (2012) suggests that source memory is only better for the general,
emotional category of the source (i.e., cheating versus trustworthy behavior) but nédr spe-
cific source details (i.e., specific behaviprHowever, it still remains unclear whether partici-
pants would be better at differentiating between negative (or positive) source categas
than between neutral source categories. Future studies could, for example, investigate this
by applying three negative sources in one condition versus three neutral sources in tbther
condition fet ... ‘o' f"F "f —<. < fe—ei o'—" f ogorditiorfs. f’émetionSrk. 1
Tt ,fe—e "3 .0 ZZ2% . —c'ed —Ste fr—c. fe—ei o' —" f efe'”s oS 71

are negative rather than neutral Of note, encoding instructions might again play a crucial role
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here, as they significantly shape how and to what extent participants engage in relational

item-source processing.

5.3 Conclusion

The goal of this thesis was to investigate whether and under which conditions emo-
tional sources are remembered better. Overall, the findings of this research clearly show that
the mere presence of emotional sources doe®t enhance source memory. Focusing on three
influencing factors (source valence and source arousal, aging, and encoding instructioris),
identified important boundary conditions that foster versus hinder EEM effects in source
memory. With this, my dissertation significantly contributes to clarifying previous inon-
sistent results and provides a fruitful basis for future research. When all is said and done, it

seems that emotion does not always benefit memory.
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Emotion-enhanced memory (EEM) describes the robust memory advantage of Received 2 September 2021
emotional over non-emotional stimuli. While extensively investigated with Revised 3 November 2021
emotional items, it is unclear whether the EEM @ct extends to source memory ~ Accepted 15 November 2021
for a neutral item's emotional context. In two pre-registered studies, we

systematically manipulated source valence (positive, negative) between g, e memory; emotion-
participants and source arousal (high, low, neutral-low) within participants. In  enhanced memory; valence;
Experiment 1 (lab studyN=80), we used emotional sound sources and presented arousal; multinomial

them together with neutral pictures as items. In Experiment 2 (online study= modelling

172), we used emotional background pictures with superimposed neutral item

words to similarly manipulate source emotionality. Multinomial model-based

analysis showed no general eects of valence or arousal on source memory across

both experiments. Source memory was impaired for the negative high-arousing

source in Experiment 1 but this did not replicate in Experiment 2. Altogether, we

conclude that there are no memory-enhancing eects of source emotionality

(valence, arousal, or any spea combination thereof) on source memory,

dissociating emotionality e ects between source and item memory. Additionally,

we propose that material-dependent inuences carry more weight if the used

emotional material is limited in number, as is the case in the standard source-

monitoring paradigm employing few sources only.

Do you remember the day you graduated from remembering “the conditions under which a
school? Typically our memory is better for emotional memory is acquired (Johnson et al.,1993 p. 3).
than non-emotional life events not only in terms of Thus, source memory includes, however is not
subjective vividness of the memory but also in its limited to, memory for the (temporal, spatial, or
objective accurateness (Kensinger & Corki2003 social) context of a central item. Studies that have
Kensinger & Schacter2006 Rimmele et al.,2012). investigated emotionality and source memory have
This phenomenon is called emotion-enhanced mostly focused on the e ects of central emotional
memory(EEM) and has been comprehensively investi-items on memory for emotionally neutral sources
gated and often replicated initem memory that is (for reviews, see Chiu et al2013 Dolcos et al.2020,
memory for central information, such as emotional Mather,2007. Mather & Sutherland2011), neglecting
words or pictures (Kensinger2009 Mather, 2007, that the source can be emotional by itself (Bell &
Talmi, 2013. However, it is less clear whether there Buchner, 2012). For instance, we might receive
is an EEM eect in source memorywhich refers to (neutral) information in a dangerous context and
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this might crucially in uence how we remember the detrimental e ects of emotionality on associative
whole episode. memory; and Guillet & Arndt,2009 Nadarevic,2017
The studies that have indeed manipulated source for bene cial e ects) cannot be satisfyingly explained
emotionality and investigated its e ects on source by the central-peripheral memory trade-o and have
memory have yielded mixed results, with some thus given rise to alternative accounts (e.g. dual-rep-
nding EEM in source memory (e.g. Bell & Buchneryesentation account by Bisby et al.2016, discussed
2012 Smith et al.,2005 Ventura-Bort et al.,2016) below), triggering an on-going debate on how emo-
but others not (e.g. Bell et al.,2017, May et al., tionality a ects memory binding and fostering
2005. However, those studies lack a systematicinsightful, comprehensive research (see Chiu et al.,
manipulation of the two most prevalent emotionality 2013for a review).
dimensions (Russelll980), that is, valence (i.e. plea-  Acknowledging this, a limitation of this previous
santness of a stimulus: positive vs. negative) andresearch is that it has only considered ects of item
arousal (i.e. activating nature of a stimulus: calming emotionality and has thus neglected the possibility
vs. activating). Furthermore, as explained later inthat the source per se can carry emotional value (i.e.
detail, the separate assessment of item and sourcesource emotionality Only recently, researchers have
memory was not ideal in many of these studies, begun to investigate memory for emotional sources.
leaving the question open of whether emotional In a series of studies, Bell and colleagues have found
sources per se are remembered better. Consideringa quite consistent enhancement of source memory
these limitations, the driving goal of our research was for socially threatening or unpleasant (e.g. cheating,
to systematically test if there is indeed a source disgusting) sources over pleasant or neutral sources
memory enhancement forinherently emotional, exter- (see Bell & Buchne012). In aging research employ-
nal sources and to investigate the inuence of source ing other emotional sources (e.g. safety/danger of a
valence versus source arousal using normed emotionalneutral food item; May et al.,2005), however, this
sounds (Experiment 1) and pictures (Experiment 2) asEEM eect in source memory was only found for

sources.

older but not younger adults (see also Rahhal et al.,
2002). While this may reect interesting age-related

changes in socio-emotional motivation (Carstensen
et al., 1999, this goes against a general emotionality

Most research on emotion and source memory has e ect in source memory. Similarly, Bell et al2Q17)

focused on how central, emotional items inuence
memory for non-central, neutral sources.

and Meyer et al. 2016) paired emotional items (i.e.

This snake pictures) with emotional source information

intense research has established that emotional (i.e. poisonousness vs. non-poisonousness) in their

(especially negative high-arousing) stimuli
focused attention, which leads to prioritised proces-
sing of (and better memory for) the emotional stimu-
lus along with its central/intrinsic aspects, at the
expense of all other peripheral/external information
(i.e. emotion-induced memory trade-o; see Ken-
singer,2009 Levine & Edelstein2009, Mather,2007).
This idea is shared by several imential frameworks
on emotion and memory (e.g. Kensinger,2009
Mather, 2007) and, despite its ill-dened concept of
centrality versus periphery, it has signcantly contrib-
uted to explaining the seemingly inconsistent results

draw studies and did not nd enhanced source memory

for the emotional source feature. Notably, in all
these studies the source material was conceptually
instead of inherently emotional (i.e. the source
implied meaning elicited the emotionality, not the
depicted source per se), which might engage
di erent (i.e. more elaborate) processes and brain
regions than the ones typically associated with
emotional memory (Dolcos et al.2017).

Interestingly, inherently emotional contexts (e.g.
emotional background pictures) have been used in
neuropsychological studies, but these studies often

in this research area. Related to this line of researchfocus on item memory only and do not test partici-

are studies that have investigated emotionality

e ects on associative memory and memory binding,

for example by manipulating the emotionality of the
cue or target item of a to-be-learnt (word or image)

pants source memory for these emotional contexts
(e.g. Jaeger & Rugg?012. Those that test source
memory tend to nd enhancement e ects (Smith
et al., 2004 Smith et al.,2005 Ventura-Bort et al.,

pair. The inconsistent results of these studies (see2016), but see Bisby and Burges2Q13) for detrimen-

e.g. Bisby et al.,2016 Touryan et al., 2007 for

tal e ects and Schellhaas et al2020) for null-e ects.
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However, most rely on source memory measures that negative items are remembered better than positive
are biased (cf., Bell & Buchne2010, but see Schell- items (so-called negativity bias, see Baumeister
haas et al.2020, Ventura-Bort et al.2020for bias-cor- et al., 2001 for an overview). Accordingly, we argue
rected measures). Further, they typically usethat a comprehensive investigation of EEM ects in
unitisation instructions during encoding (e.g. telling source memory requires a systematic dissociation of
participants to form an integrated mental image of both emotionality dimensions. For this purpose, we
item and source; Ventura-Bort et al.2016. When manipulated source arousal and source valence inde-
item and source are stored as a unit, it is dicult to pendent of each other in both of our experiments.
measure emotionality e ects on source memory inde-
pendent of item memory (cf. Diana et al.,2008).
Notably, this also applies to the socially pleasant/
threatening sources studied by Bell and colleagues The primary goal of our research was to systematically
(reviewed in Bell & Buchner2012), in which the investigate whether there is a source memory
emotional source is always informative of the item enhancement for emotional sources and whether
and could thus be embedded as its intrinsic feature source valence versus source arousal independently
(e.g. face with a cheating description = cheater). contribute to thise ect. Toe ciently cross both emo-
tionality dimensions in our experimental design, we
manipulated arousal within and valence between par-
ticipants in both experiments. Accordingly, one group
of participants was presented with negative high-
As evident in our review, the literature on emotional versus low-arousing sources and another group was
source memory has employed various derent presented with positive high- versus low-arousing
manipulations of (inherently) emotional sources. Con- sources. In each group, neutral low-arousing sources
sidering the mixed results, it seems promising to con- served as a baseline condition. To corroborate the
sider the valence and arousal of these emotional generality of our results, we used two dierent manip-
source manipulations as a common ground that ulations of source emotionality (Experiment 1: sounds;
may explain the inconsistent results. Among those Experiment 2: background pictures). The general pro-
(few) studies drawing on normed emotional stimuli cedure in both experiments followed the standard
as sources, most compared negative and positive source-monitoring paradigm. This allowed us to
high-arousing sources to neutral sources thus con- apply the two-high-threshold multinomial model of
founding valence with high arousal (Jaeger & Rugg, source monitoring (2HTSM; Bayen et all996) and
2012 Smith et al.,2005 Ventura-Bort et al..2016). derive bias-free measures for item, and crucially,
Some studies have demonstrated eects of source source memory. To further ensure the dissociation
valence when controlling for arousal (Erk et al., ofitem and source memory, we did not instruct inten-
2005, Pereira et al.2021), but source emotionality tional source encoding to avoid source-item
e ects could not be explained with valence alone unitisation.
(Bell & Buchner,2011). Further, to the best of our Based on the preliminary (albeit inconclusive)
knowledge, there is yet no study, in which arousal support of EEM in source memory and the robust
of sources was systematically varied while controlling EEM e ects in item memory outlined above, we gen-
for valence. Notably, studies on emotional item erally expected to nd better memory for emotional
memory typically emphasise the crucial and leading compared to neutral sources and tentatively hypoth-
role of arousal in EEM eects as it more reliably esised that both, high arousal and negative valence
leads to memory enhancing eects (Mather,2007, contribute to this e ect, independently from each
Mather & Sutherland, 2011). More specically, other. This prediction is in line with the idea that
studies have shown that high-arousing items are typi- people preferably focus their attention on emotional
cally remembered better compared to low-arousing information (here: emotional sources) over neutral
items of the same (positive/negative) valence (Kang information. Admittedly, there are other accounts on
et al., 2014 Kensinger & Corkin2003). However, the emotion and memory with di erent predictions,
same studies show that valence can additionally con- which however we became aware of only after con-
tribute to EEM e ects in item memory, independent ducting our rst experiment. Concretely, some
of arousal. Furthermore, research suggests thatresearchers have argued that high emotionality
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disrupts associative binding and underlying neural cir-

cuits (Bisby & Burges2017, Chiu etal.2013 Levine & The design of our experiment was a two x three-
Edelstein,2009). For example, in their dual-represen- mixed design with source valence (positive vs. nega-
tation account, Bisby and colleagues (Bisby et al.,tive) manipulated between participants and source

2016, Bisby & Burges2013) propose and empirically
show that negative high arousal has a benecial e ect
on amygdala-dependent memory representations,
fostering memory for emotional items, however a det-
rimental e ect on hippocampally-dependent memory
representations, disrupting memory for associations.
As the hippocampus supports memory for item-
source associations (Mitchell & Johnso2009), this
account would predict reduced source memory for
negative high-arousing sources due to their detrimen-
tal in uence on binding. Another prevalent account

arousal (high vs. low vs. neutral-low) manipulated
within participants. Based on an a priori power analy-
siswith =.05and1 =.80, we aimed at recruiting
38 eligible participants per valence group (i.e. 38 x 92
items =3496 observations) to allow detection of
di erences of .10 or larger between source-memory
parameters in the expected direction (see online sup-
plement for a more detailed description of the power
analysis; power analysis was performed using the soft-
ware multiTree Moshagen,2010).

In total, 84 students of the University of Mannheim

on emotional arousal is the arousal-biased compe- participated in our study. Four participants were
tition theory (Mather & Sutherland,2011), which excluded from data analysis because they did not
assumes that high arousal exacerbates the preferencemeet pre-de ned eligibility requirements (German
to process high priority stimuli (e.g. emotional or task- as native language [i.e. learned before age of six];
relevant stimuli) over low priority stimuli. Considering aged 18-30 years; no diagnosed depression and/or
that the sources in our experiment were emotional, anxiety disorder within the past 6 months). Thus,
however task-irrelevant (i.e. incidental), we cannot nal data analysis was based on 80 participants (66
derive clear predictions from this account. Rather, aswomen, M =21.91 yearsSD= 2.70 years), equally dis-
our study most closely resembled the studies on tributed across both valence groups.
emotional sources (i.e. manipulation of source emo-
tionality rather than item emotionality; e.g. Bell &
Buchner,2012), we oriented ourselves on the results
reported there at the time of planning and conduct- Standardised emotional sounds were drawn from the
ing Experiment 1 (see also preregistration). Crucially,International A ective Digitized SounddADS; Bradley
independent of the direction of e ect (i.e. memory & Lang,2007) and cut to three seconds such that
enhancing versus impairing), our experimental their main (emotional) character was preserved. To
design allows us to test whether arousal, negative ensure the validity of the arousal and valence
valence, or a combination of both contribute to any ratings of the three-seconds IADS sounds with a
observed emotionality e ect on source memory. German student population, as well as to exclude
unrecognisable or unrealistic sounds, we conducted
a pre-study with a separate sample of University of
Mannheim students N=10). Based on pre-study
In our rst experiment, we combined neutral pictures valence and arousal ratings, we carefully selected
as items with a neutral or emotional (high- or low- two negative sounds (high- {siren’] vs. low-arousing
arousing) sound as source. Depending on the exper-[“belch’]) for the Negative Group, and two positive
imental group, the emotional sounds were either of sounds (high- [RockNRo!] vs. low- arousing
positive valence (i.e.“Positive Groufl) or negative [‘applaus€]) for the Positive Group, as well as a
valence (i.e‘Negative Group). neutral (low-arousing ftrain”]) sound to use in both
groups. The valence extremity of the positive and
negative sounds as well as their high and low
arousal levels were matched, with the neutral
The experiment was approved by the ethics board of sounds arousal matched to low arousal.
the University of Mannheim and participants were Non-emotional scenery or object pictures were
informed about the potentially aversive nature of taken from the standardised picture-databas®©pen
the used study material upfront (same was true for A ective Standardized Image SEASIS; Kurdi et al.,
Experiment 2). 2017) to serve as items. Based on the original
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valence and arousal ratings (on a 7-point rating scale),study items to one of the three sources each and
we selected 96 pictures of neutral valence and low the remaining set served as distractors in the test
arousal. The pictures were grouped into four phase. This assignment was counterbalanced so
di erent sets in advance (3 sets for each of the 3that, across participants, each picture set was
sources, 1 set for the distractor items) to make sure equally often presented with the negative (positive)
that thematically related pictures did not appear in high-arousing, the negative (positive) low-arousing,
the same set (i.e. were not presented with the same the neutral source or as a distractor (see test phase).
source). Thus, each set contained 24 (pre-deed) pic- Additionally, pictures were presented in a random
tures in total. One picture of each set was randomly order, with the constraint of maximally three immedi-
assigned to the list of primacy items (i.e. four items ate repetitions of the same sound source. Each sound
in total), from which three actually served as was paired with 23 pictures, resulting in a total
primacy items in the study phase (again, randomly amount of 69 pictures in the study phase. In the
selected for each participant anew). Ultimately, 69 pic- beginning, three additional picture-sound pairs (one
tures (+ 3 primacy pictures) were used in the study picture per sound) served as primacy items (not

phase (23 per sound) and additionally 23 new pictures tested later).

in the test phase (92 in total). See online supplement
for further details on the selection of source and item
material.

All participants were tested in groups up to eight

people in laboratory rooms with separated computer
cubicles. First, participants provided written informed
consent. Based on the order they came to the lab,
they were then randomly assigned to the valence
groups. The experiment was administered via the pro-

gramming software OpenSesame (Mathot et al.,

2012). Except for the sound stimuli, the procedure
was the same for both groups.

After the study phase, participants performed a
ller task of verifying simple mathematical equations
for three minutes before turning to the test phase.
In the following standard source-monitoring test, all
69 target pictures from the study phase (23 per
source) and the 23 new pictures from the distractor
set (i.e. 92 pictures in total) were presented consecu-
tively on the top centre of the screen (picture size
reduced to 75% of the original size) in a randomised
order. Below, the labels of the sounds (e.dalarnt’,
“belch”, “train” for the Negative Group) and the
option “new” were printed, rhombically arranged
(the position of the sound labels were counterba-
lanced across participants, the option“new” was

The sounds were presented via headphones, whichalways printed at the centre bottom). Participants

participants wore throughout. The experiment started
with a volume-regulation procedure: Participants
were presented with the three sounds consecutively
(order counterbalanced between participants) at
medium volume. They could then adapt the volume
(between a minimum pre-set volume and the PC
sound cards maximum volume) for all three sounds
simultaneously to their personal preference.

For the study phase, participants were instructed
to memorise the neutral pictures for a later memory
test and informed that each picture would appear
together with one of three sounds. No explicit instruc-
tions on memorising the respective sounds of the pic-

task was to decide (self-paced) for each picture with
which of the three sounds it was previously presented
or whether it was not presented at all during the study
phase by pressing the corresponding keyD”, “Z" and
“K’ for the sources, space key for new items). For
exploratory reasons, we then administered a second
test, which included source reinstatement to better
tap into source storage specically (cf., Symeonidou
& Kuhlmann,2021). As preregistered, our main inter-
est and hypotheses pertained to the rst, standard
source-monitoring test only and we thus report ana-
lysesbased on this test here. Finally, participants pro-
vided demographic information, were debriefed in

tures were given (i.e. incidental source learning). Thedetail and compensated (course credit or payment).

pictures were presented centred on the screen in

their original, standardised size (500 x 400 pixels,

Kurdi et al.,2017). Each picture-sound combination
was presented for three seconds in total (with the
sound playing throughout), with each study trial initi-
alised by a 750 ms xation circle. Three of the four pre-

We set =.05 for all analyses. For our main analysis,
we applied the 2HTSM (Bayen et all996), extended
to three sources (Keefe et al.2002). The 2HTSM

de ned picture sets (see Materials) were assigned agnodels source-monitoring performance as jointly
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determined by memory and guessing processes, thusestimated parameters were very similar to these
disentangling these processes and provides a pureraggregated parameter estimates (however less
measure of item and source memory (we additionally precise) which speaks against a systematic bias due
report standard performance measures based on hit to participant heterogeneity (see online supplement).
and false alarm rates in the online supplement).  Expectedly, source memory for the neutral train
Applied to this experiment, the following model par- sound was comparable between both valence
ameters were estimated (see alsBigure 1): The prob- groups, G?%1)=0.03, p=.863. To test whether
ability of item memory (i.e. detecting a target or arousal had an eect on source memory, we set
distractor picture) is measured in parameterD dhgn (i.€. Source memory for high-arousing source)
(assumed to be equal across the sources/sounds). land dg, (i.e. source memory for low-arousing
a picture is recognised, the original source may also sound) equal within each valence group. This led to
be correctly remembered, estimated separately by a signi cantly worse model t in the Negative
the emotional properties of the sound sources with Group, G*(1)=4.99,0=.026, but not in the Positive
probabilities dhign, diow OF dneurar If the source Group, Gz(l):0.89,p:.344. As evident inTable 1,
cannot be remembered (e.g. 1 dhign), guessing pro- source memory was worse for the negative high-
cesses take place. Spedally, parameter gnign arousing compared to the negative low-arousing
measures the probability to guess the high-arousing source, violating our expectation. However, note this
source, whereas parameterge, mMmeasures the decrease in source memory was no longer sigréant
probability to guess low-arousing source (probability when evaluated against BonferroriHolm adjusted
1 gow for guessing the neutral source). As source =.025. Also note that the Bayesian-hierarchical analy-
memory for unrecognised items is at chance (Bell sis similarly suggests that the dierence betweendygn
et al., 2017), participants answers to unrecognised and d, is not credible (judged based on their over-
items (1 D) are solely modelled by guessing pro- lapping Bayesian credibility intervals, see online sup-
cesses: With probabilityb, participants guess that a plement). There was further no evidence for any
picture was previously presented in the study phase arousal e ect on source memory in the Positive
(i.e. is"old"), followed by guessing that the picture Group. Moreover, we compareddnign t0 Oneytral iN
was presented with the high-arousing dgnign), low- each valence group. Although the comparison of
arousing Qow) or neutral source (1 giow). With the  dhign t0 dneurrar iS @ambiguous in terms of the under-
complementary probability 1 b, participants guess lying dimension (arousal vs. valence), it can be still
that the picture is new. informative as it tests the combined e ect of negative
We estimated the model specied as described valence and high arousal, which usually proves to be
based on the (across participants and items) aggre-strongest. Nonetheless, equatinglhign t0 dneutrar did
gated observed response frequencies and evaluatednot result in a signi cant model t reduction in
model t via maximum likelihood (ML) estimation neither group, G*(1)=1.72p=.190 for the Negative
methods implemented in the software multiTree Group, G*(1)=0.12,p=.726 for the Positive Group.
(Moshagen,2010. Note that this deviates from our Thus, taken together, we conclude that there were
preregistered proposal to use the Bayesian-hierarchi-no clear e ects of arousal on source memory.
cal latent-trait approach (Klauer2010) for parameter To test for valence eects, we set memory par-
estimation. As, however, we are interested in group ameters of the same arousal level equal across both
rather than individual di erences, the aggregative valence groups, that iSOnegative_nigi= Apositive_nigh fOr
approach is preferable, because it estimates par-the high-arousing sources, and Onegative low=
ameters on the group-level more precisely and dgesiive_1owfOr the low-arousing sources. The only sig-
allows us to use clear-cut inferential statistics (Che-ni cant comparison suggested worse source
chile,2009). Table 1provides the parameter estimates memory for the negative compared to the positive
based on the aggregated data. The modelt the data  high-arousing  source, G*(1)=3.89, p=.049;
of both valence groups well,G*(5)=7.19,p=.207 in however, this was no longer signicant if tested
the Negative Group,G*(5) = 2.40p=.792 in the Posi- against BonferroniHolm adjusted =.025. There
tive Group. Note that this implies that there were no was no valence di erence between the low-arousing
item memory di erences across sources (i.e. itememotional sources, G*(1)=1.95,p=.163. Addition-
memory parameterD could be set equal across the ally, to comprehensively test for a valence ect, we
sources). Also note that the Bayesian-hierarchicalset dneyyrar €qual t0 dnegative_low @Nd 10 dyositive_tow
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Graphical representation of the two-high-threshold multinomial model of source monitoring (2HTSM) for three sources.

Note: The gure shows sub-model 5d of the 2HTSM (BayenI34.for target items (upper tree) and for new items (lower tree), extended to three sources.
denotes items from Souriceé  {High, Low, Neutral} with high and low referring to the arousal of the valenced sources. Boxes on the right represerit participants
answers in the source memory tBst.probability of detecting an item as previously presented or not presgrtguobability of correctly recalling the source

of a recognized itenl;= probability of guessing that an item was previously presepiggs probability of guessing that a detected or undetected item was
presented with the high-arousing sougkg; = probability of guessing that a detected or undetected item was presented with the low-arousing source. Adapted
from “Source monitoring deits for self generated stimuli in schizophrenia: multinomial modeling of data from threé&, spukessfe et al2Q02 p. 63).

respectively, within each valence group. None of these yielded a somewhat surprising detrimental eect of
restrictions led to a signi cant model t reduction, all source emotionality on source memory, which,
G?s(1) 0.76,ps .383. Taken together, there were however, was conned to negative high-arousing
no valence e ects on source memory. sources only (and not signicant when tested
against Bonferroni-Holm adjusted ). There were no
e ects of source arousal or valence per se. While
this nding is in contrast to the emotion enhance-
The systematic manipulation of source valence and ment typically found for item memory (and also
source arousal using IADS sounds in Experiment 1suggested for source memory; e.g. Bell & Buchner,
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Parameter estimates and modsbf the two-high-threshold multinomial model of source monitoring (2HTSM) extended to three
sources for both experiments.

Parameter estimates

Model t
Experiment GI’OUp GZ(S) D dﬁigh dlow dneutral b g1igh Glow
Experiment  Negative 7.19, .58 .16 31 .25 .38 .35 48
1 (n=40) p=.207 [.55; 61] [.07;.25] [.23;.39] [.16;.34] [.34;.41] [.32;.38] [.44;.51]
Positive 2.40, .59 .28 .22 .26 .39 .33 .52
(n=40) p=.792 [.56;.62] [.20;.37] [.13;.31] [.18;.34] [.35;.43] [.30;.35] [.48;.56]
Experiment  Negative 1.30, .52 .29 .28 .29 A7 .33 .52
2 (n=286) p=.934 [.50;.54] [.23;.36] [.21;.35] [.23;.36] [.45;.50] [.31;.35] [.49;.54]
Positive 7.36, .53 .30 .30 .32 A7 .33 .51
(n=86) p=.195 [.51;.56] [.24;.37] [.24;.37] [.25;.38] [.45;.50] [.31;.35] [.48;.54]

Notes: Brackets indicate 95% camce interval®= probability of detecting an item as previously presented (equal across sources) or not
presented;lh.gh,.ow,neut,m- probability of correctly recalling the (high- arou3|ng/low—arousmg/neutral) source of a recognisegitgm;
ability of guessing that an item was previously presegm.grd= probability of guessing that a detected or undetected item was presented
with the high-arousing sourag,,,= probability of guessing that a detected or undetected item was presented with the low-arousing
source. GroufNegativé= high- and low-arousing sources were negative in valence. ‘®amifive= high- and low-arousing sources
were positive in valence.

2012 Smith et al.,2009), it is in line with some possibility that the found e ect resulted from some
research on the impairing eect of emotionality on idiosyncratic features of the material used or was
associative binding (Bisby & Burges2017 Chiu simply a false positive (i.e. chance) ect rather
et al.,2013). than a true e ect of negative high arousal per se,

Alternatively, one might argue that the negative we considerably increased sample size (and thus sen-
high-arousing source drew focused attention, as orig- sitivity), and checked our source emotionality
inally assumed, however to an extent that any sur- manipulation by collecting valance and arousal
rounding information, including the item-source ratings, respectively.
connection was neglected, resulting in poorer
source memory. Regarding this, however, it is
notable that item memory was not poorer for items
paired with the negative high-arousing source
suggesting that aside this emotional source the item
was also focused on.

Further notably, the detrimental e ect of negative
high arousal on source memory might simply be a
false positive. Indeed, this eect did not hold up
robustly against a BonferronriHolm adjustment for
the multiple tests, suggesting a mere chance ect.
At the same time, our study was potentially not sensi-
tive enough to reliably detect small di erences in Building on the results from our rst study, we
source memory via thed parameters. Indeed, a post updated our hypotheses and tentatively predicted to
hoc sensitivity power analysis using the observed par- nd lower source memory for negative high-arousing
ameter estimates, the total number of observations sources compared to low-arousing sources. In contrast,
(Nops= 7360 across valence groups) and a stricterwe did not expect an e ect of high arousal on source
power criterion ( = =.05) indicated that Experiment memory paired with positive valence and also no
1 was sensitive to medium-sized source memory e ects of negative valence per se on source memory.

Availing ourselves of previous research (Pereira et al.,
2021, Smith et al.,2005, Ventura-Bort et al.2020), we
used emotional background pictures to induce
source emotionality and presented neutral words as
items superimposed on these pictures. Similar to
Experiment 1, we systematically varied valence
versus arousal of the source (i.e. background pictures)
between versus within participants, respectively, to
disentangle their (potential) e ects on source memory.

di erences only (d=.23 for the arousal comparison,
d=.22 for the valence comparison).

Additionally, we improved this experiment to
address potential shortcomings of Experiment 1. For

Thus, before further engaging in any discussion one, we used two di erent (instead of only one)

on the underlying mechanisms of the found eect,

stimuli per valence-arousal-combination (e.g. two

we deemed it crucial to test the robustness of our di erent pictures for the negative high-arousing
results. We therefore conducted a second experiment source) to counter habituation to the emotional
with a di erent manipulation of source emotionality sources. Further, we collected participarityalence
and di erent study material. To exclude the and arousal ratings of the source stimuli at the end
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of the experiment and included only those partici- two negative (high- and low-arousing) source cat-

pants in the data analysis, who perceived the egories, which is why we changed the material in

sources as intended based on the norms. our second recruitment. The reported sample charac-
teristics refer to this second Negative Group, included
in the main analysis.

The design replicated that of Experiment 1, a two x Pictures to serve as emotional background sources
three-mixed design with source valence (positive vs. were taken from the OASIS database (Kurdi et al.,
negative) manipulated between participants and 2017). To ensure that the arousal and valence
source arousal (high vs. low vs. neutral-low) manipu-ratings of the OASIS norming sample generalise to
lated within participants. A crucial dierence of this Proli ¢ participants and to cluster pictures to superor-
experiment from the rstis that we used background dinate source categories, we pre-selected 10 cat-
pictures as sources with each source (of a speci egories (alcohol, car race, destruction, dogs,re,
valence x arousal) made up of two pictures and reworks, owers, garbage, injury, lakes; based on
ensured that the valence and arousal ratings for the Kurdi et al's categorisation) and seven pictures per
source pictures were as intended for all participants category to conduct a pre-study =43, via Prolic).
included in the analysis. Based on participants valence and arousal ratings
We conducted a step-wise a priori power analysis (on a 7-point rating scale, with 1: negative/low-arous-
on the comparison of dnign, versusdi, (i.€. source- ing and 7: positive/high-arousing, for valence and
memory parameter from the 2HTSM) within the Nega- arousal, respectively) and category assignments in
tive Group: Population parameter values wererst the pre-study, we selected two negative (high- vs.
assumed as observed in Experiment 1 and thenlow-arousing; categories:* re” vs. “garbag€’), two
adapted to the new material based on the rst positive (high- vs. low-arousing; categories:
recruited 64 eligible data sets (i.e. 32 eligible data“ reworks’ vs. “ owers’), and one neutral category
sets per group; see online supplement for further (“alcohol’) for the main study, each consisting of
details). The nal power analysis with =.05 and 1 two pictures (i.e. overall 10 pictures). Thus, within
=.80 yielded a total number of 7517 required each valence group, six pictures a three categories
observations to detect the di erence of .15 between (two pictures per category) alternated with a total of
dhigh versus diy in the expected direction @hgn< 11 presentations per picture. The high and low
diow) as observed in the Negative Group of Experiment arousal of the negative and positive pictures was
1. Thus, we aimed at recruiting 86 eligible participants matched. For the neutral source, we used the same
per valence group (i.e. 86*88 items=7568 obser-pictures (neutral valence, arousal matched to the
vations). Given the Covid-19 pandemic, this exper-low-arousing negative and positive pictures) in both
iment had to be conducted online. In total, we groups. A total of 91 (3 primacy buers, 66 study
recruited 172 eligible participantsii = 86 in the Nega- words, 22 distractors) neutral words as items to be
tive Group and n=86 in the Positive Group; 53 superimposed on the pictures were taken from
women, M=24.81 yearsSD=3.77 years in the Nega- Janschewitz 2008). Words were randomly assigned
tive Group; 49 women, 1 otherM=24.21 yearsSD= to serve as study items (equally split between
3.78 in the Positive Group) via the online recruitment sources) versus distractor items for each participant
platform Proli ¢ (https://www.proli c.col). Based on anew. Details on the selection of source and item
our preregistered eligibility criteria, we excluded 113 material are described in the online supplement.
additionally recruited, however non-eligible partici-
pants from data analysis (see online supplement for
details; the reported results do not change if all par- The experiment was built in lab.js (Henninger et al.,
ticipants are considered). Note that assignment of 2021) and hosted on the server application OpenLab
participants to valence groups was not random (https://open-lab.online/). Participants needed a PC
because we had to rerun the Negative Group after or laptop to work on the study (completing the
the rst data collection due to a substantial model study with a smartphone or tablet was technically
mis t (see online supplement). This mig was pre- not possible). Participants received a description of
sumably caused by semantic similarities across thethe study and its requirements on Prolic and, after
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deciding to participate, were redirected to OpenLab decide (self-paced) for each word with which of the
to conduct the actual experiment. They were then three source categories it was previously presented
randomly assigned to the valence groups by using or whether it was not presented at all during the
OpenLabs function “customize parameters study phase (option new). Participants used the key-
After providing informed consent, participants had board to indicate their responses “@U” [left], “2”
to perform a scaling task in order to adapt the size of [middle] and “3” [right] for the source categories,
the background pictures to participants screen size. assignment randomised for each participant anew at
This ensured that the source pictures covered athe start of the test, and space key for new items
large part of participants screen (providing their con- [ xed assignment]).
textual nature) and, at the same time, had the same  Following this, participants rated all pictures in
physical size across a certain range of dirent terms of valence (rst) and arousal (second) after an
screen sizes (i.e. heights of 12 cm versus 15 cnexplanation of both terms. Finally, participants pro-
versus 20 cm [and width 1.25* thereof] for estimated vided demographic information (age, gender, years
browser window heights [in cm] of [13, 17] versus of education, and highest level of education) and
[17, 22] versus 22, respectively). Participants with a were asked about any problems with legibility of
browser window height smaller than 13 cm (in full instructions and stimuli and could provide other feed-
screen) were precluded from further participation. back in an open eld. Reimbursement of 2.5 GBP for
After passing the scaling task, participants started 30 minutes was awarded via Prolt.
with the actual source-monitoring task, consisting of
a study phase, a ller task and a test phase. In the
study phase, participants were presented with
neutral words shown in a black-framed, white box We set =.05 for all analyses. As in Experiment 1, we
and superimposed on emotional (negative/positive, used the same sub-model of the 2HTSM (Bayen et al.,
high-arousing/low-arousing) or  non-emotional 1996 Keefe et al.2002) for our main analysis and esti-
(neutral, low-arousing) source pictures. To additionally mated the parameters based on the aggregated
strengthen the contextual nature of the pictures, each observed response frequencies (see online sup-
picture was rst presented on its own for 750 ms, then plement for performance measures and Bayesian-
with the word superimposed on it for 3000 ms and hierarchical estimates). The modelt the data well
nally again presented on its own for another 750 in both groups, G*(5) = 1.30,p=.934 in the Negative
ms (without the word) before the next trial began. In  Group, G¥(5) = 7.36,p=.195 in the Positive Group.
total, 66 words were presented in the study phase in Note again that this implies that, similar to Experiment
a random order (maximum three same-category 1, there were no item memory dierences across
words in direct succession), equally split between the sources. Parameter estimates are listed Trable 1
three source categories (i.e. 22 words per source cat- Expectedly, source memory for the neutral picture
egory, thus 11 words per picture). Further, three category was comparable between both groups,
additional word-picture-pairs (one word per picture  G?*(1) =0.22,p=.636. To test for arousal eects, we
category; picture per category was randomly drawn compared source memory for the high-arousing
for each participant anew) served as primacy items versus low-arousing source (i.@&lnign = diow) and also
in the beginning of the study phase and thus were tested for the combined emotionality e ect of nega-
not included in the data analysis. After the study tive/positive high arousal (i.e.dnigh = Oneura) Within
phase, and the ller task (as in Experiment 1), partici- each valence group. None of these comparisons
pants continued with the test phase. In this standard turned out signi cant, all G?s(1) 0.10,ps .755. In
source-monitoring test, all 66 words from the study other words, source memory for high- versus low-
phase (22 per source) and additionally 22 new words arousing sources was equal within each valence
from the remaining word pool (i.e. 88 words in total) group. Thus, the eect of reduced source memory
were presented at the centre of the screen in a ran- for negative high- (versus low-) arousing sources
domised order. Below, the three source category found in Experiment 1 did not replicate.
labels (e.g.” reworks’) were printed side by side on To test for valence eects, we compared source
the screen. Beneath these labels, there was a horizon-memory between groups for sources of the same
tal black line and the option“new” was printed at the arousal level. More spectcally, we equated
centre bottom underneath. ParticipantStask was to  dnegative_high 10 positive_nigh for the high-arousing
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arousal on source memory, further strengthening

arousing sources. Additionally, to comprehensively the conclusion, that there is no eect of arousal

test for valence e ects, we setd,eura €qual to
Ohegative_tow @Nd 10 dgositive_low re€spectively, within

per se on source memory.
Clearly, and like Experiment 1, there was no evi-

each valence group. None of these restrictions led dence for an emotion-enhancement eect in source

to a signi cant model t reduction, all G’s(1)
0.23,ps .633, suggesting that negative (or positive)
valence per se did not have any eects on source
memory.

As preregistered, we additionally performed a sub-
group analysis by selecting a subgroup of participants
who had a particularly high rating-di erence between
the high- and low-arousing categories in the Negative

memory, in contrast to its typical manifestation in

item memory. As in Experiment 1, the current results
suggest that there were no eects of arousal or

valence per se on source memory.

The primary goal of our research was to systematically

Group and the Positive Group, respectively. Again, ininvestigate whether there is a source memory advan-

both valence groups, source memory for the high-
arousing source did not di er from source memory
for the low-arousing source, G*1) 1.39,p .238
(see online supplement for parameter estimates).
Thus, even when the perceived arousal derence of
both sources was particularly high, there was no
e ect of negative high arousal on source memory,

tage for emotional sources akin to the EEM ect in
item memory (Talmi & McGarrny2012) and suggested
in some previous studies on emotional source
memory (Bell & Buchner2010, 2012 Smith et al.,
2005, but see Arnold et al.202Z; Bell et al.,2017). In
two experiments, we manipulated source arousal
within and source valence between participants to

again failing to replicate the observed detrimental
e ectin Experiment 1.

disentangle their potential e ects on source
memory. Multinomial model-based estimates of
source memory revealed no (robust) eects of
source emotionality (valence and/or arousal) on
source memory. Somewhat surprisingly, in Exper-
Using emotional pictures as sources and ensuringiment 1, in which we used emotional sounds as
that they were perceived as intended by the included sources and neutral pictures as items, we found a det-
participants, Experiment 2 did not replicate the eect rimental e ect of negative high arousal on source
of reduced source memory for negative high-arous- memory. However, this eect was not signi cant
ing sources found in Experiment 1 with emotional when tested against BonferroriHolm adjusted
sounds. There was no evidence for a sourceand did not replicate in Experiment 2, in which we
memory reduction for negative high-arousing used emotional background pictures as sources with
sources, even in a subgroup of participants who per- neutral words superimposed as items. There further
ceived a particular high arousal dierence between were no e ects of positive high- and low-arousing
the pictures selected for the high- versus low-arous- sources on source memory across both experiments.
ing negative (or positive) source. This casts further Altogether, we conclude that there are no robust
doubt that the e ect observed in Experiment 1 was e ects and clearly no memory-enhancing eects of
driven by negative high arousal per se rather than source emotionality (valence and/or arousal) on
being an idiosyncratic e ect of the operationalising source memory. That is, emotional valence, emotional
sound or simply a false positive. To check ourarousal or a combination of both do not per se
study’s sensitivity to arousal eects, we again con- improve source memory.

ducted a post hoc sensitivity power analysis using

the observed parameter estimates and the total

number of observations Nyps=15136 across

valence groups) and applying a stricter power cri-

terion ( = =.05). This analysis indicated, that our Why do some studies nd an EEM eect for emotional
study was sensitive enough to detect smaller-sized sources and others (including ours) do not? We would
di erences of .18 betweendygn and diow. Thus, we like to highlight two methodological aspects that
can be condent that Experiment 2 was well- mighthelp clarifying such inconsistencies. First, as dis-
powered to nd even small eects of source cussed in the introduction, many studies nding EEM
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e ects in source memory have used emotional source sound in Experiment 1 might have had a specg, idio-

features that inherently quali ed the item (e.g. person
[= item] who is cheating [= source]; Bell & Buchner,
2012 or instructions that facilitated integrating item
and source (e.g. imagining the item as part of the
source; Ventura-Bort et al.2016). This fosters the
storage of the item-source pair as oné‘emotional
unit” which then might pro t from similar EEM
e ects as those typically found for emotional items
(see Chiu et al.2013 Dolcos et al.,2017, Murray &
Kensinger, 2013 for a similar reasoning). However
such unitised representations also blur the distinction
between item and source and their associated

memory and neural processes (e.g. hippocampus-

reliance; Diana et al., 2008 Murray & Kensinger,
2013. Thus, in our experiments, we deliberately
opted for incidental source instructions and a clear
distinction between items and sources as we
wanted to investigate whether emotional sources
per se, independent of the item, are remembered
better, which does not seem to be the case.

The second aspect that we deem to be critical for
EEM eects in source memory is the number of
emotional stimuli used. As we followed the standard
source-monitoring paradigm, its typical many-to-few
mapping (cf. Chalfonte & Johnson1996) involved

repeating the emotional sources (23 times in Exper-

syncratic in uence on source memory. As we unfortu-
nately did not assess participantyvalence and arousal
ratings for the sounds in Experiment 1, we cannot
directly compare them to the picture stimuli in Exper-
iment 2. However, as we ensured to only include
participants who perceived the source pictures as
intended in Experiment 2, we are condent that
there was no e ect of source valence or arousal per
se. One may object that the sounds elicited higher
(negative) arousal than the pictures but we deem
this unlikely. It has been repeatedly shown that
emotional pictorial material successfully induces
emotional responses in respective face expressions
and physiological parameters (Lang et al.1993.
Emotional pictures are considered to be powerful
tools to manipulate emotion and have been success-
fully applied as such in hundreds of studies (March-
ewka et al.,2014). Furthermore, participants in our
subgroup analysis of Experiment 2 perceived a very
strong arousal dierence (spanning almost the
entire scale), yet showed no source memory dér-
ence. One might further emphasise the modality
di erence between the source manipulations of the
two experiments. Perhaps participants were able to
ignore the emotional picture sources in Experiment
2 but not the emotional sound sources in Experiment

iment 1 and 11 times in Experiment 2) across severall. However, we carefully designed the procedure of

items. In contrast, other studies on emotional source
memory used multiple emotional sources, imple-
menting a less typical one-to-one mapping of items

Experiment 2 to ensure attention to the source pic-
tures (i.e. picture covered most of the screen and
was presented alone rst; word [item] was superim-

and sources. Based on our experience with emotional posed on picture so picture is attended when focus-

stimuli in experiments, we think that emotionality
e ects are quite dependent on the specic material

ing on the word) and source memory was well
above chance and comparable to that in Experiment

in use and such material dependencies carry more 1. Therefore, we do not believe that the modality

weight if the used emotional material is limited in
number as in the traditional many-to-one mapping
in source monitoring. Put simply, in studies with
many emotional stimuli it is less important whether
a certain stimulus elicits the intended level of

valence and arousal because other stimuli may com-

pensate for it. Apart from potentially explaining why
other studies on emotional sources with one-to-one
mapping found an enhancement eect in source
memory (e.g. Bell & Buchne2010), this would also
explain why valence and arousal eect are more

di erence of sources across experiments can satisfy-
ingly explain their diverging results or that the
e ect in Experiment 1 describes a general ect of
(a specic level of) negative arousal. Rather, we
believe that the observed e ect in Experiment 1 idio-
syncratically depends on the specic sound selected
or was simply a chance eect, as it did not withstand

a stricter test against an adjusted level. Extending
our research, future studies could combine our
approach of systematically and independently
varying source valence and source arousal with a

robust in item memory research which necessarily one-to-one mapping of sources and items to study

employs multiple emotional items.

the in uence of source valence versus source

Crucially, such material dependencies might also arousal. From a theoretical perspective, however, a

account for the inconsistent results across our two
experiments. That is, the negative high-arousing

one-to-one mapping of sources to items may chal-
lenge the perception of what is source (= context)



and what is item (= central information; cf., Glisky
et al., 2001, and might thus rather tap into item-to-
item binding instead of item-to-source binding. As
explained next, emotionality eects might di er
between these binding types.

Currently, the evidence on emotionality eects on
item-to-item binding is mixed (see Bisby et al2016
Pierce & Kensinge2011; Touryan et al.2007for det-
rimental e ects and Guillet & Arndt2009, Nadarevic,
2017for enhancement e ects). To resolve such incon-
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several aspects (i.e. item-to-source vs. item-to-item
binding; incidental vs. intentional source encoding;
few vs. many emotional stimuli) and did not originally
aim at testing this account, we refrain from drawing
conclusions on this account.

Finally, although our studies suggest that there is
no e ect of source emotionality on source memory
assessed shortly after study (or the ect is weak at
best), this pattern might change with an extended
retention interval (Pierce & Kensinge2011). Research

sistencies, more recent accounts have emphasised theon EEM suggests that emotionality eects on memory
importance to consider neural processes and systemsbecome more pronounced with a longer retention

involved in forming memory representations of
emotional events (Bisby & Burges2017, Chiu et al.,
2013. For example, Bisby and Burges2Ql7) state
in their dual-representation account that negative
emotion disrupts only hippocampus-dependent

interval, presumably due to an amygdala-related
modulation of consolidation processes (McGaugh,
2000, Talmi, 2013). This is especially true for high
arousing material (McGaugh2006). Thus, it might
be worthwhile to investigate whether the e ects of

memories (such as associative memory) by down-reg-source valence and especially arousal are stronger

ulating hippocampal activity. They provide empirical
support for their idea by showing impaired memory
for item-item associations for pairs containing nega-

tive items (i.e. neutral-negative pairs and negative-

negative pairs) compared to neutral-only pairs.
Given that the hippocampus also supports item-to-

(or even reverse, see Pierce & Kensing2011) with
a longer retention interval.

In sum, we think that future studies on emotional-
ity and associative memory/memory binding need to
further re ne the concept of binding by di erentiat-
ing between item-to-item binding versus item-to-

source binding (Mitchell & Johnson,2009), this source binding (Chiu et al.,2013. Similarly, the
account would make the same predictions for item- e ects of emotion on associative memory might
to-source binding. Note however that associative depend on how the association is represented in
memory (including source memory) becomes less memory (i.e. as bound unit or as associated, but dis-
reliant on the hippocampus with unitisation (Diana tinct events) and on the length of the retention inter-
et al., 2008. Crucially, di culty of unitisation might val. The use of unitisation instructions (e.g. integrated
systematically vary across item-item versus item-mental image) and self-reports to measure unitisation
source associations (e.g. emotional sources are oftersuccess, as well as the systematic manipulation of
informative about the item, such as its safety, natu- retention interval length might help to investigate
rally facilitating unitisation), making them more or these boundary conditions (Murray & Kensinger,
less hippocampus-dependent. This might also 2012).

explain why negative emotion sometimes disrupts Crucially, as suggested by others (Chiu et &013
associative memory even if unitisation instructions Dolcos et al.,2017), we think that future research
are used (e.g. Bisby et al.2018. Future studies should more thoroughly consider the neural systems
could try to measure unitisation success (e.g. viaand brain regions that are involved in forming and

self-reports, see Murray & Kensinger2012) to
account for such potential di erences.

Notably, we acknowledge that the observed detri-
mental e ect of the negative high-arousing sound on
source memory in Experiment 1 might be a true eect
in line with the dual-representation account. But it is
di cultto reconcile why there was no such detrimen-
tal e ect in Experiment 2, which ensured perceived
high negative source emotionality (high arousal and
valence) in included participants. Admittedly,
however, as our studies dier from the original
studies on the dual-representation account on

retrieving emotional (bound) representations when
investigating emotionality e ects on associative
memory including source memory.

A major strength that distinguishes our research from
previous studies is that we used normed emotional
material for the source manipulation and took great
e ort to match it in terms of valence (within groups)

and arousal (between groups), which allows us to dis-
entangle their e ects. Also, in Experiment 2, we
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ensured that the included participants perceived
valence and arousal of the sources as intended
based on the norms. A further strength of both exper-
iments is that we avoided confounding item and
source memory by using external sources not natu-
rally related to the items and keeping source learning

To conclude, the goal of our research was to systema-
tically investigate whether there is a source memory
advantage for emotional sources (akin to the EEM
e ects found for item memory) by independently

varying source valence and source arousal using

incidental. Furthermore, we modelled our data with . . .
. . . normed emotional sounds (Experiment 1) and pictures
the 2HTSM model, which dissociates memory pro- . .
(Experiment 2) as sources. Both of our studies clearly

cesses from guessing bias and thus provides unbiased. . . .
. : indicate that there is no bene cial e ect of source
measures for item and source memory. Finally, we . .
. .~ valence or arousal (or their combination) on source
ensured reasonable power to detect emotionality

. o memory, meaning that the EEM eects for item
e ects on source memory via a priori power analyses.memor 4o ot simplv transfer to source memorv. If
Having said that, we also acknowledge that our y Py .

. s anything, Experiment 1 showed that source memory
research comes along with certain limitations. " .
o . may be even reduced under conditions of negative
Although we conducted an a priori power analysis | . . )
_ high arousal (Experiment 1). However, as we did not
to ensure a reasonable power (1 =.80) for . - . .
. . . replicate the detrimental e ect of negative high-
detecting emotionality e ects on source memory, . . :
. o . arousing sources on source memory in Experiment 2,
a post hoc sensitivity analysis with a stricter power . .
o _ 4 . - . we cannot straight-forwardly conclude that this
criterion (1  =.95) in Experiment 1 indicated satis- . . . .
L - e ect is clearly ascribable to negative high arousal.
factory sensitivity only to d parameter di erences . . .
. Rather we believe that the eect in Experiment 1
that were considerably larger than the ones } -
. o . . _was simply a chance eect or emerged due to idiosyn-
assumed in our a priori power analysis (see online . . :
. cratic properties of the sound used for the operationa-
supplement). Thus, Experiment 1 was perhaps not

. . - : lisation of this source. Such material-dependent
reliably sensitive to smaller-sized parameter di er- . . .
. . . - in uences might weigh more when only a small
ences. However, this was derent in Experiment . Lo .
. . number of emotional stimuli is used as typically
2. There, we conducted a step-wise a priori power . o .
. . i . _done in the standard source-monitoring paradigm.
analysis, which allowed us to take sensitivity-critical

. Building on our research, future studies should con-
factors (e.g. the level of item memory performance) . .
. - tinue to systematically examine source valence and
into account based on the rst half of eligible par-

- . . arousal but employ multiple emotional sources in a
ticipants. Thus, even when applying a stricter . .
o e less typical one-to-one mapping of sources and

power criterion in the post hoc sensitivity power . . ; o

. " ._items and systematically vary item-source unitisation
analysis compared to our a priori power analysis . o . :

_ . - . via learning instructions (Chiu et al.2013 Murray &
(1  =.95 instead of .80), our study was still sensi- . -
. . Kensinger,2012) as a promising moderator of source
tive enough to detect d parameter di erences of

.18, which are smaller than the ones typically emotionality e ects.
observed in source emotionality studies (e.g. Bell &
Buchner,2012).

Admittedly, as our second experiment needed to
be conducted online there were more factors produ-
cing random noise (e.g. variations in screen size
sources of distraction etc.) compared to lab settings.
However, there are many comforting indications
that participants complied well with our instructions
and honestly worked on our online experiment such . . -
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Abstract

The goal of our research was to investigate whether older adults show a source
memory enhancement for emotionally valenced sources. Additionally, building on research
on the socioemotional selectivity theory and the age-related positivity effect (Carstensen et
al., 1999), we tested whether older adults show a larger enhancement for positive compared
to negative (and neutral) sources than younger adults. In Experimert=125, nyoung= 27),
we used one positive, one negative, and one neutral picture to manipulate source valence
(many{o-one mapping of items to sources), whereas, in Experimeni2Z 62, Nyoung= 62),
we used multiple pictures per source valence categorytfemee mapping of items to
sources) to counteract potential habituation effects. In both experiments, sources had medium
and matching arousal levels. Items were neutral words superimposed on the source pictures.
To support an implicit, natural information processing, participants rated the words in terms
of pleasantness. We analyzed memory data with a multinomial processing tree model to
disentangle memory processes from guessing bias. Across both experiments, an age-related
SRVLWLYLW\ HITHFW RFFXUUHG LQ SDUWLFLSDQWVY SOHDV|
FDUU\ RYHU W Bour® i@amhoryDTGaX i©, Wi $olirce memory, we found a general
emotionality effect for younger but not for older adults and no age-related positivity effect.
‘H SURSRVH WKDW GXH WR ROGHU DGXOWVYT SURQRXQFHG (
sourcdink (i.e., associative deficit), even a greater focus on an inherently emotional source
might be insufficient to boost source memory.

Keywords source memory, aging, emotion, positivity effect, multinomial modeling
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Is There an Emotionality Effect in Older A G X CBduxc§ Memory?

Memory gets worse as we aga widespread assumption among laypeople that found
steady empirical support over the last decades: Research has confirmed that, indeed, aging
comes along with several cognitive deficits such as impaired attention control, reduced
working memory capacity, and worse episodic memory (Carstensen & Mikels, 2005; Milham
et al., 2002; Nilsson, 2003; Salthouse, 1994). One of the most profound age-related declines
concerns source memory, that is, memory for the (spatial, temporal, social, or emotional)
context of information (Johnson et al., 1993). Many studies have shown that older adults
compared to younger adults have more difficulties in remembering the speaker, spatial
context, or peripheral features (e.g., color or font) of an information (Chalfonte & Johnson,
1996; Kuhlmann & Boywitt, 2016) due to a reduced ability to bind the item information to its
source features (Naveh-Benjamin, 2000; Old & Naveh-Benjamin, 2008). These behavioral
observations are further corroborated by neurological findings that show a substantial age-
related volume shrinkage in brain regions that are crucially involved in the formation of
associations and bound memory representations (i.e., hippocampus and prefrontal cortex;
Driscoll et al., 2003; Shing et al., 2011), such as source memory (see Mitchell & Johnson,
2009).

Having said that, there is also evidence suggesting that age-related deficits in memory
(or other cognitive functions) are partially driven by differences in processing priorities (i.e.,
motivational differences) between older and younger adults, making these deficits malleable
WR D FHUWDLQ GHJUHH 7KLV Lss¢ioemdtichBl BefectiviyyiredryW R & DUV
(SST), which suggests that older compared to younger adults prioritize present-related (as
opposed to future-related) goals due to their greater awareness of the finite nature of life
(Carstensen et al., 1999; Carstensen, 2006). Consequently, older adults are more motivated to

elaborate on emotionally meaningful and especially on positive information, which in turn
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improves their memory for such information. This emotionality effect (and positivity effect in
particular) has been well established for item memory (i.e., memory for central information;
see Reed et al., 2014 for a meta-analysis). Two studies suggest that older adults also
remember presumably emotional sources, but these studies did not use normed emotional
stimuli and did not distinguish between positive and negative valence (May et al., 2005;
Rahhal et al., 2002).

Thus, the goal of our research was to investigate whether there is an emotionality
HITHFW DQG D SRVLWLYLW\ HIIH®&W¢elm@ms2 bh\hothFokadlD U L Q RO
experiments, we systematically manipulated source valence by using background pictures of
either positive, negative, or neutral valence as sources, keeping arousal constant at a medium
level. This allowed us to specifically test whether older adults show prioritized processing
and, consequently, better memory for positively valenced compared to negatively (and
neutrally) valenced sources, as predicted by the socioemotional selectivity theory reviewed
next.

The Socioemotional 8lectivity Theory and the Positivity Effect in Memory

Thesocioemotional selectivity theo(@ST; Carstensen et al., 1999) assumes that age-
related differences in cognition are partially driven by differences in motivational priorities.
More specifically, SST suggests that motivational priorities change over time as a function of
SHUFHLYHG WLPH XQWLOe® ddpcaived askoimenvended, Rnowledge-wW L P
related goals are prioritized. In contrast, when time is perceived as limited, emotional goals
DVVXPH SULPDF\" &DUVWHQVHQ HW DO S $V DJH
are interrelated, the theory predicts that (healthy) younger adults rather focus on optimizing
future outcomes (e.g., by acquiring knowledge), whereas older adults rather pursue present-
oriented goals (e.g., maximizing emotional meaning and satisfaction). Importantly, this age-

related shift in the goal hierarchy goes along with a shift in processing preferences: Younger
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adults put more emphasis on information seeking and knowledge gain. In contrast, older

adults rather elaborate on emotionally meaningful information. Since its proposition, the SST

has motivated many studies and gained steady empirical support from different psychological

areas, including social, differential, and cognitive psychology (Carstensen et al., 1999). For

instance, research on emotional item memory has shown that younger and older adults both

preferably process emotional over neutral items (e.g., pictures or words), but diffetyipethe

of emotional material on which they focus (Carstensen, 2006). More specifically, studies

have shown that younger adults typically show a negativity bias in item memory (i.e., better

memory for negative items), whereas older adults seem to preferably process and memorize

positive items (i.e., positivity bias) or put less emphasis on negative items (i.e., reduced

negativity bias; Reed et al., 2014). This phenomenon, in both manifestations, is termed

positivity effec{Mather & Carstensen, 2005) and, in short, describes older compared to

\RXQJHU DGXOWVY UHODWLYH SitkeHhféttddddagpFH I1RU SRVLWLYH F
The positivity effect has been well investigated for item memory (see meta-analysis

by Reed et al., 2014) but not for source memory. This is surprising given that the age-related

VRXUFH PHPRU\ GHILFLW PLJKW Eedsihghh@iErerndesfobdamBtomalHU D G X

(and especially positive) material (see SST) extends to emotional sources. There is some

LQLWLDO HYLGHQFH VKRZLQJ WKDW ROGHU DGXOW-VY VRXU

relevant) instead of perceptual (i.e., goal-irrelevant) source information. May and colleagues

(2005) presented food items at different screen positions (i.e., left vs. right) to younger and

ROGHU DGXOWYV 3DUWLFLSDQWY ZHUH HLWKHU WROG WKDYV

serving temperature (i.e., hot vs. cold) or of its safety (i.e., spoiled vs. not spoiled). In the

subsequent source memory test, dependent on their assigned test group, participants had to

indicate the original screen position (perceptual source) versus serving temperature

(conceptual, non-emotional source) versus safety (conceptual, emotional source) of the food
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item, RU WR LQGLFDWH WKDW WKH LWHP ZDV QHZ 5HVXOWYV \I
memory was comparably high across all types of sourc€&HbU DGXOWVY VRXUFH PHF
substantially enhanced for the emotionally meaningful source cues (i.e., safety of the food
LWHP DQG HYHQ UHDFKHG WKH OHYHO RI \RaXlkaldid. DGXOW YV
(2002 UHSRUW WKDW ROGHU DGXOWVY VRXUFH PHPRU\ EHQHI
LWHPTV WUXWK VWDWXV RU ViR&Xwitk érptorfakniz&hing Méteddl d Q G WK
VLPSO\ SHUFHSWXDO L H VRXUFHYV YRLFH ,Q FRQWUDVYV
EHQHILW $JDLQ WKH LQFUHDVH LQ ROGHU DGXOWVY VRXU
leveled their performance to those of younger adults.

These two studies impressively illustrate the crucial role of motivational factors in
source memory and challenge the deterministic idea that the pronounced age differences in
source memory are solely the result of age-related structural and neuronal changes in critical
brain areas such as the hippocampus (Mitchell & Johnson, 2009). Note, however, that May et
al. (2005) and Rahhal et al. (2002) did not differentiate between positive and negative sources
when reporting source memory and speak of general source memory enhancements for
emotional sources in their studies. Considering the previously outlined research on the age-
related positivity effect in item memory, a differentiation between positive and negative
sources is advisable and would generally promote a more fine-grained insight into the
LQIOXHQFH RI VRXUFH YDODQFH RQ ROGHWMap&H.OWVY VRXUI
(2005) and Rahhal et al. (2002) both used conceptually emotional source cues (e.g., source
VLIQDOV LWHP V), YhDd iHaNipuMating @ele@dtidnality of the item-soduirde
not the inherent emotionality of the source per se. Notably, in an experiment by Davidson et
al. (2006),XVLQJ LQKHUHQWO\ HPRWLRQDO VRXUFHV L H YRLF
saurce memory did not benefit as much from source emotionality as younger

DGXOWVY +RZHYHU DV 'DYLGVRQ HW DO RQO\ XVHG QHJDW
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reduced negativity bias, and for inherently positive sources, older adults may show a
particular boost in source memory, in line with a positivity effect.
The Current Research

We aimed at testing whether there is a general emotionality effect in source memory
for older adults, that is, whether older adults remember inherently emotional (i.e., negative
and positive) sources better compared to neutral sources. Furthermore, we wanted to
investigate whether this emotionality effect in older adults was more pronounced for
inherently positive compared to inherently negative sources, which would indicate a
positivity bias in source memory. For a more comprehensive test of the positivity effect in
older adults, we also recruited a comparison group of younger adults. This allowed us to test
ZKHWKHU ROGHU DGXOWVY VRXUFH PHPRU\ SURILWY UHODW
VRXUFHVY FRPSDUHG WR \RXQJHU DGXOWVY VRXUFH PHPRU\

In both experiments, we carefully selected our source material in terms of valence and
arousal (see below for more detailed information). We systematically differentiated between
positive versus negative sources to test for a positivity effect, and we kept arousal level
constant across sources to exclude # pastential confound in any occurring emotionality
effects. Moreover, we created experimental conditions that favored the unfolding of
motivational effects. We kept arousal as low as possible to ensure that top-down motivational
processes were not overshadowed by bottom-up attentional processes (cf., Kensinger, 2008).
This is well in line with the broader finding that an experimentally directed information
processing counteracts the motivation-based positivity effect because it works against the
inherently motivated way of processing (cf., SST; Reed et al., 2014). Relatedly, we chose
incidental instead of intentional learning instructions in both experiments to ensure a more

natural way of information processing. More specifically, we asked participants to rate the
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pleasantness of (neutral) words that were presented as central items together with an
emotional versus neutral source in the study phase.

Considering the sparse evidence, we were cautious in formulating strict hypotheses
regarding source memory. In general, we expected to find better source memory for
emotional (i.e., negative and positive) sources compared to neutral sources in both older and
younger adults. We further deemed it plausible to find a positivity effect in source memory
for older adults, that is, an age-related relative preference to focus on (and better memorize)
positive over negative source information. As in item memory (Reed et al., 2014), this
positivity effect might manifest in two possible ways: Older adults might show enhanced
source memory for positive sources compared to negative sources (i.e., positivity bias). Or, if
there is a negativity bias, such that source memory for positive sources is poorer than that for
the negative sources, this difference might be less pronounced in older compared to younger
adults (i.e., reduced negativity bias). Either way, to establish a positivity effect, it is necessary
to contrast memory for positive versus memory for negative source information (Reed et al.,
2014). Note, however, that it is important to first test whether there are general emotionality
effects, that is, whether memory for the positive or negative source differs from memaory for
the neutral source, as the latter provides a baseline memory level. Put differently, the
reduction or absence of differences between positive and negative sources only then indicates
a positivity effect if memory for the neutral source is still lower than memory for either
emotional (positive or negative) source. Otherwise, the pattern (negative = positive = neutral)
would suggest a null effect of emotionality.

JXUWKHUPRUH ZH UHDVRQHG WKDW WKH HIITHFWV Rl VR
pleasantness ratings would parallel those on source memory. More specifically, we expected

higher versus lower scores for words presented with a positive versus negative source. In
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RWKHU ZRUGV WKH LQIOXHQFH RI VRXUFH YDOHQFH RQ SD
measure for their attention to and processing of sodrces.
Experiment 1

Experiment 1 followed the standard source-monitoring paradigm, using three pictures
(one positive, one negative, one neutral) as sources in the study phase, with each source
presenting several items (i.enanyto-onemapping, cf. Glisky et al., 2001; Schacter et al.,
1994). Instructions, layout (words superimposed on images), the number of study items, and
the encoding time were motivated by a pilot study, which we had conducted with older adults
only. We uploaded a detailed description of this study and its results on the Open Science
Framework (OSF) repository at

https://osf.io/9suqgj/?view only=fe02f43d968e4ccc9f2e8938682chcch.

Method
Design

We used three different pictures (negative, positive, neutral) to manipulate source
valence (see Appendix, Table Al). The experiment followed a 2 (age group: older adults vs.
younger adults) x 3 (source valence: positive, negative, neutral) mixed design with age group
manipulated between and source valence manipulated within participants. Our main
dependent variable was source memory as measured by paradietes 2HTSM.
$GGLWLRQDOO\ ZH H[DPLQHG SDUWLFLSDQWVY PHDQ SOHD

study phase.

12ULJLQDOO\ ZH DOVR K\SRWKHVL]HG WKDW VRXUFH YDOHC
times for providing the pleasantness ratings. However, we had to implement a rather long

initial fixed presentation time to ensure above-chance memory. Therefore, response time after

this long processing was little informative of processing preferences that likely unfolded

earlier and did not vary with valence in either age group.
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Participants

Using the software G*Power (Faul et al., 2007), we conducted an a priori power
DQDO\VLV ZLWK . DR@GDQ H[SHFWHG55bhasedI VL]IH RI
HQVLQJHUTV H[SHULPHQW -r2lktedpositiv@yyeifectinlitdd WH G W K H
memory (with a repeated measures design). More specifically, we drew on the therein
UHSRUWHG GLIIHUHQFH EHWZHHQ ROGHU DGXOWV®f FRUUHF
Assuming a repeated measures correlation of .40 (based on Reed et al., 2014), the resulting
required sample size for our study wes 22 (per age group). To ensure that our four
counterbalancing conditions were equally sized, we aimed at recnitir®y participants
per age group (i.en = 6 per counterbalancing condition; actual distribution negligibly
ranged from 6 to 8 participants) thNs= 48 participants in total.

Ultimately, 33 older adults (>= 50 years old) and 28 younger adults (18-30 years old)
participated in our online study recruited via snowballing and university courses for senior
citizens. Eight older participants were excluded from data analysis because they did not meet
pre-defined eligibility requirements (German as native language [i.e., learned before the age
of six]; age: 50+ years old for older adults, 18-30 years old for younger adults; no diagnosed
depression disorder within the past 6 months; no history of heart attack, stroke, pneumonia or
&23'" VHYHUH KHDG EUDLQ LQMXU\ RU DGGLFWLRQ WR DOF
untreated [i.e., drug-controlled] hypertension; no dementia; no previous or current treatment
with chemotherapy; no recent [i.e., past month] intake of benzodiazepines). One younger
SDUWLFLSDQW ZDV H[FOXGHG EHFDXVH WKH\ QHYHU UHVSR
Thus, the final data analysis was based on 52 participants (25 older aduli$ a6&d76

years,SD=5.99 years, and 27 younger adults aged 21.96 yearsSD = 2.39 years). At the

2 As the positiveQHIJIDWLYH GLIIHUHQFH LQ .HQVLQJHUTYV VW X
pronounced than the positive-neutral difference, we drew on the latter to derive a more
conservative effect size estimate.
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time of testing, older adults had completed slightly more total years of eduddtmig.38,
SD=5.07) than the younger adulM € 15.37,SD= 2.63),t(50) = 3.62p <.001,d = 1.00.

To characterize our online sample more comprehensively, we additionally measured
performance on a pattern comparison task (Salthouse, 1996) and a vocabulary task (Riegel,
1967, see below for more details) in both age groups. Older adults classified fewer patterns
correctly M= 30.00 out of 60 patternSD = 8.46) compared to younger adults £ 45.00
out of 60,SD = 8.26), showing that, as expected, younger adults had faster processing speed
compared to older adult§49) = 6.42p < .001,d = 1.8F. Both younger and older adults
completed slightly more patterns correctly in this online computerized assessment of the
pattern comparison task than our previous lab samples on the paper-based task (e.g.,
Kuhlmann & Touron, 2016) but the age difference was comparably pronounced. In reverse,
older adults outperformed younger adults on the vocabularyNbsk75% correct answers
(SD= 11%) versudl = 65% correct answerSD = 10%) for older and younger adults,
respectively}(50) = 3.57p < .001,d = 0.99, again as expected. Vocabulary performance and
the age difference therein was comparable to that of lab samples of younger and older adults,
which we previously assessed with the same computerized task (Kuhlmann & Undorf, 2018).
Materials

Three emotional pictures were taken from the standardized picture dafgiese
Affective Standardized Image $OASIS; Kurdi et al., 2017) and were intended to serve as
emotional source information. All pictures depicted sceneries to support their background

character. We ensured that the positive and negative pictures matched in terms of absolute

3 Responses on the pattern comparison task were missing for one participant, presumably due
to some idiosyncratic browser-task incompatibilities or because the person took a short break
after the study phase. However,ithretention interval was approximately three minutes long

and thus comparable to the pre-defined retention interval (of three minutes) for the remaining
participants.
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valence, and all pictures were matched in terms of arousal such that they all had low arousal
levels (see Appendix, Table Al).

Neutral words, superimposed on the pictures, served as items. There were drawn from
theBerlin Affective Word List ReloadéBAWL-R; V0 et al., 2009), a database with German
words that are normed for valence, arousal, and imageability (among other criteria). One
hundred twenty words of neutral valence (]1.5; 1.5[ on a rating scale rating from -3 [negative]
to +3 [positive]) ORZ D UR XV D @oirit ratindRsQal® with higher values indicating
higher arousal levels), and moderate imageability (> 3 on a 7-point rating scale, with higher
values indicating higher imageability) were chosen for the experiment. From tleese, w
randomly selected 60 words and distributed them on four lists (& 15 words each), matched on
mean valence, arousal, and imageability. The assignment of the item lists to the target sets
versus the distractor set was counterbalanced between participants so that across participants,
each list was (approximately) equally often presented with the negative versus positive versus
neutral source picture or as a distractor in the test phase.

Procedure

The study was approved by the ethics board of the University of Mannheim (the same

applies to the second study). The experiment was built in lab.js (Henninger et al., 2021) and

hosted on the server application OpenLab (https://open-lab.online/). Personal information for

the reimbursement was collected on SoSci Survey (https://www.soscisurvey.de/) (Leiner,

2019) after the experiment. Participants were randomly assigned to one of the four
FRXQWHUEDODQFLQJ FRQGLWLRQV XVLQJ 2SHQ/DEYV XUQ I
consent, participants performed a scaling task to adapt the size of the background source
SLFWXUHV WR SDUWLFL S D evaufedviatthtrscuroé lpidtures indhg W K LV

VWXG\ SKDVH FRYHUHG D ODUJH SDUW RI SDUWLFLSDQWVY
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character. To ensure good visibility of the context pictures, we required participants to have a
minimum screen size of 13 inches, which the scaling task also checked.

In the subsequent study phase, participants were presented with 45 neutral words (see
Material section for counterbalancing of word-set assignment to sources). Each word was
shown in a black-framed, white box and superimposed on the (negative, positive, or neutral)
source picture. The 45 words were equally split between the three pictures (i.e., 15 words per
picture) and presented in random order with the constraint of maximum four successive
same-picture repetitions. For each word, participants were asked to provide a self-paced
pleasantness rating (on a 5-point scale, ranging from 1: very unpleasant to 5: very pleasant).
There was no explicit reference to an upcoming memory test or the source pictures. To set a
lower bound for presentation (i.e., processing) time, we showed the picture on its own for 750
ms before pairing it with a superimposed word for another 3000 ms. After the 3000 ms, the
rating scale for the self-paced pleasantness ratings appeared underneath the word-picture pair,
and participants were asked to judge how pleasant/unpleasant they perceived the word at that
SUHVHQW PRPHQW 3:LH XQDQJHQHKP RGHU DQJHQHKP ILQG
ORPHQW"" URXJKO\ WUDQVODWHYV WR 3+RZ SOHDMRZREQW RU X
SUHVHQW PRPHQW"’ 7KLV ZDV LQWHQGHG WR SURYLGH SD
the contextual pictures when judging the pleasantness of the words. Immediately after the
response, the next trial was initiateddy00 ms fixation cross.

After the study phase, participants completed a pattern-comparison task for three
minutes. This did not only function as a distractor task to eliminate the recency effect but also
served as an assessment of processing speed (Salthouse, 1996) for sample characterization. In
this task, participants were presented with two patterns of lineggisiele and had to decide
whether the patterns were the same (by pressing key 1) or different (by pressing key 0) as fast

as possible. Participants completed two blocks of 30 seconds, which corresponded to the two
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pages of the original paper-based pattern comparison task. Each block ended automatically
after 30 seconds. If participants completed both blocks, including instructions, in less than 3
minutes, the remaining items of the previous two blocks were presented and if there was still
time remaining, already completed patterns may have repeated. This was only for filling the
retention interval and not scored. Directly afterward, participants were given instructions on
the test phase, which consisted of a standard source-monitoring test: All 45 words from the
study phase plus 15 new distractor words were presented individually in random order at the
top center of the screen. Below, the three source pictures (left, center, right; screen position
was counterbalanced across participants) were presentdolyssitée on the screen. The
opWLRQ 3QHZ" zDV SULQWHG DW WKH FHQWHU ERWWRP 3DU
which of the three pictures (negative, positive, neutral) it was previously presented or
whether it was not presented at all during the study phase (new). Participants used the
NH\ERDUG WR LQGLFDWH  WIQHA & "UIHRWS, Rtd Vidhi/ddfu @ VEirace

key for new) in the self-paced memory test.

Following the test phase, participants rated the valence and arousal levels of the three
used source pictures, which served as a manipulation check for the emotionality
manipulation. Each picture was first presented for 3000 ms (order of presentation was
random). After the picture disappeared, participants provided self-paced valence ratings
(first) and arousal ratings (second) on a 7-point rating scale (ranging from 1: very negative to
7: very positive for valence, and 1: very low to 7: very high for arousal). We used the
instructions provided by Kurdi et al. (2017) for the OASIS (translated into German) for a
detailed explanation of both emotionality dimensions. Then, participants received instructions
RQ D FRPSXWHUL]JHG Y HU \otaRuarRribsk, wHidhsmnfay to the patiern
comparison tasktserved to characterize our online sample. Participants were presented with

20 words consecutively. Each word was printed at the top of the screen with five response
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options (other words or short phrases) beneath (labeled 1-5). Participants had to decide which
of the five options matched best to the meaning of the target word by pressing the
corresponding number. They were instructed to guess if they did not know (or were unsure
about) the correct answer. The vocabulary task was self-paced.

Finally, participants provided demographic and health information. They were
additionally asked whether they could work on the study focused and without disruptions and
indicated whether all instructions and stimuli were legible (and, if not, they were asked to
specify the exact problem in an open text field). Further crucially, they were asked whether
they used any tools to artificially boost their memory performance (e.g., taking screenshots or
the like). None of the responses here indicated any serious issues or cheating. Lastly, they had
the chance to give optional feedback/notes in an open text field, which again did not reveal
any problems.

They were then debriefed about our research intention and redirected to the SoSci
survey website to provide their e-mail address (which was saved separately from their
responses in the experiment) for monetary compensation and for information on our study
results if desired.

Results and Discussion

Alpha levelwas ftH G WR . IRU DOO DQDO\VHYV
Pleasantness Ratings

Mean pleasantness ratings are displayed in Figure 1 (left-hand plot) and were
submitted to a 2 (age group) x 3 (source valence) mixed ANOVA. There was a main effect of
source valencd;(1.52, 75.82) = 72.64 p B.59, a main effect of agé(1, 50) =

6.04,p p ®.11, and a source valence x age interaction eff€tt52, 75.82) = 6.81,
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p » B.12% Follow-up simple main effect analyses indicated significant valence
effects in both age groups(2, 49) = 11.66p p .32 for the older adult§;(2, 49)
=40.82p p .63 for the younger adults. Bonferroni-Holm adjusted pairwise
comparisons revealed that, in both age groups, words paired with the positive source were
rated more pleasant compared to words paired with the neutral 2¢b0¢e; 4.50p < .001,
d = 1.14, for older adults, ari(b0) = 7.59p < .001,d = 1.26, for younger adults, and also
more pleasant compared to words paired with the negative st{B@es 4.60p <.001,d =
1.12, for older adults, art@b0) = 9.03p < .001,d = 1.52, for younger adults (see also Figure
1, left-hand plot). Also, words paired with the neutral source were rated more pleasant than
words paired with the negative sourt{®0) =5.74p < .001,d = 1.10, in the younger group,
andt(50) = 2.29p = .026,d = 0.46, in the older group. Comparing both age groups on each
level of source valence further revealed that older adults rated words paired with the negative
source less unpleasant than younger adii8) = 3.36p = .002,d = 0.93, whereas the age
groups did not differ in their neutral and positive pleasantness ratings of words paired with
the other respective source pictut€¢s)) = 1.65p = .105, and(50) = -1.02p = .312, for
words paired with the neutral and positive source, respectively. This suggests that older
participants showed a less pronounced negativity bias in their pleasantness ratings compared
to younger adults, which is in line with previous research on the positivity effect sometimes
manifesting as a reduced negativity bias (Reed et al., 2014).

[Figure 1 near here]

Taken together, these results suggest that both younger and older adults attended to
the source pictures and incorporated their valence in their pleasantness ratings. Thus, source

valencehadan PSDFW RQ SDUWLFLSDQWVY SURFHVVLQJ 1RWDEQC

4 Due to violation of the sphericity assumption for the three-level within-subjects factor
source valence in both experiments, the Greenhouse-Geisser correction was applied for all
ANOVA tests involving this factor.
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influenced by the negative pictures compared to younger adults, which points towards a
UHGXFHG QHJDWLYLW\ ELDV L H SRVLWLYLW\ HIITHFW LQ
Source Memory

We used the 2HTSM (Bayen et al., 1996), extended to three sources (Keefe et al.,
2002) to obtain measures for item memory and, crucially, source memory. The 2HTSM rests
on the assumption that memory performance in acgguonitoring task is jointly
determined by item memory (parame®r source memory (paramet; and guessing
processes (item old/new guessing, paranigteource guessing, paramegesee Figure 2).
Thereby, the memory parameters of the model provide separate measures for item and source
memory that are further corrected for response biases. Considering our research question as
well as previous research on the statistical identifiability of sub-models of the 2HTSM
(Bayen et al., 1996), we freely estimated the following model-specific parameters from the
current source-monitoring test responses: The probability of item memory (i.e., detecting a
target or distractor word), represented by paraniz{@nd assumed to be equal across the
source pictures); the probability of source memory, separately for the positive, negative and
neutral sources pictures, which was measured by parard@t@i§ de9aive gnddreural
respectively; in the case of a source memory failurd) (1he probability of guessing the
positive sourceg’°s™9 or, when the positive source was not guessef¥t'9, the
probability of guessing the negative sourg€¥™"9 versus the neutral source (9™9;
and, finally, the probability of guessing that an item is b)dsérsus new (D), if item
memory fails.

[Figure 2 near here]

We estimated the parameters of this model version based on the aggregated observed
response frequencies and evaluated model fit via maximum likelihood (ML) estimation

methods using the softwaneultiTree(Moshagen, 2010). To test for the presence of
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emotionality effects, we estimated the 2HTSM model separately in each age group and
performed pairwise comparisons of the parameters (%"¢versusd"®92™"9 within each
age group.

The model fit the data welG¥5) = 7.53,p = .184 for younger adultandG%5) =
8.72,p = .121 for older adults. The resulting parameter estimates for each age group are listed
in Table 1; the observed source memory pattern is additionally visualized in Figure 3 (left-
hand plot). Note again that the memory parameters of the 2HTSM)(aad allds) are
already corrected by guessing bias. Therefore, 0 denotes chance performance. As apparent
from Table 1, all memory parameter estimates were substantially above 0 (i.e., did not
include 0 in their confidence intervals), indicating above-chance item and source memory
performance.

We first tested for general emotionality effects by comparing source memory for
emotional sources (i.e., positive and negative) to source memory for the neutral source in
both age groups. More specifically, we set the respective source memory parameters equal
(i.e., dpositive= gneutral gpggnegative— gneutral and compared the fit of these models to the fit of
RXU EDVHOLQH PRGHO E\ PHDQV RI $0 GLVWULEXWHG GLIIH

[Table 1 near here]

[Figure 3 near here]

For the younger group, these difference tests revealed that source memory for the
SRVLWLYH VRXUFH ZzDV EHWWHU FRPSDUHGGAR=VRUFH PHF
p = .005. Although the descriptive pattern was the same for the negative-neutral comparison
(negative > neutral; see Figure 3, left-hand plot), this difference was not statistically reliable,
0G¥1) = 2.18,p = .140. Furthermore, source memory for negative and positive sources did
QRW GGi{1)HL.94p=.163. For a more powerful test of emotionality effects, we set

drositive gnddnesativeequal (i.e.d"@2e®9, providing a more reliable estimate of source memory
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for emotionally valenced sources because twice as many data points fed the estimation of
dvaanced Contrasting the joint estimati¥?'a°¢dagainsd™ '@ led to a significant model fit
UHG X FBHLR=®.0a)p = .014, speaking for a general emotionality effect in younger
DGXOWVY VRXUFH PHPRU\ L H EHWWHU V®Rxdes)H PHPRU\ IR

In contrast, for the older group, the imposed parameter restrictions did not worsen
PRGHO ILW VX&YW Q@ P 288, @idPofive= d™ua D QG3(1= 0.02,p =
879, fordesatve= gneutral indicating that older aduls VRXUFH PHPRU\ IRU WKH HPR
sources did not differ significantly from their source memory for the neutral source (see
Figure 3, left-hand plot). Thus, there was no evidence for a general emotionality effect in
ROGHU DGXOWVY VR X UafpkiteRtidp&sithity Biss Moke Epacifially, we also
equalizedP*s'™ve andd"®9a™eand tested this restriction against the baseline model. Again, this
GLG QRW OHDG WR D VLJQLILFDQW PRGHO I1IGA1)FB.GIXFWLRQ
p 7TKXV WKHUH ZDV QR HYLGHQFH IRU D SRVLWLYLW\ E
For a more powerful test of emotionality effects, wedg&tVe andd™9%veequal (i.e.,
d"@anceq and contrasted this joint estimate agadi&t™. Note that this additionally served as
areplication attempt for the findings of May et al. (2005) and Rahhal et al. (2002), who
similarly compared source memory for emotional versus neutral sources. Again, this
comparison ofl"@acedyith dneut@ did not lead to a significant model fit reduction, suggesting
that there were no general effects of source valence on source memory in the older group,
(G%(1) = 0.02,p = .902.

Finally, to test for age-group differences in source memory, we equdlized
parameters of the same valence across age groupsl{&dve vA= dnegative_y). Replicating
previous studies on the age-related source memory deficit (Old & Naveh-Benjamin, 2008),
ZH IRXQG WKDW VRXUFH PHPRU\ ZDV RYHUDOO @WR3IHU LQ R

= 13.05,p =.005. Somewhat surprisingly, however (and contrary to the results of May et al.,
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2005; Rahhal et al., 2002)WKLV GHILFLW ZDV GULYHQ E\ ROGHU FRPS
poorer source me@ U\ |RU SRV LW3I(Y)H /& X4).602.\Souice memory for the

negative source also tended to be lower in older compared to younger adults, but not
VLJQLILEEDW2®S5p4.110. Source memory for the neutral source did not differ
acrossDJH JURSXB ¥ 0.@0,p=.770.

Overall, contrary to our expectations, we did not find a positivity effect nor a general
HPRWLRQDOLW\ HITHFW LQ VRXUFH PHPRU\ IRU ROGHU DG X(
memory pattern suggested a general emotionality effect. Note, however, that although
\RXQJHU DGXOWVY VRXUFH PHPRU\ IRU WKH QHJDWLYH VRX
neutral source, this pairwise comparison was not significant. This might have been a low-
power issue, as a post-haHQVLWLYLW\ SRZHU DQBDO\VLVLQGWRKDWHG [
that our study was sensitive to detect source-memory differendies=0f23, thus detecting
the positive-neutral differenceld =.21) but not the smaller positive-negative differenae (
=.13). We considered this issue when designing our second experiment. Crucially note that
while specific tests comparing the effects of positive versus negative valence were
XQGHUSRZHUHG KHUH WKH WHVW IRU ILQG In@dhoty SRVLWLYL
(i.e., drositves greutra \yas sufficiently powesd More specifically, we computed the post-hoc
SRZHU IRU ILQGLQJ D SRVLWLYLW\ HITHFW LQ ROGHU DGXO\
FRPSDUDEOH VL]H DV WKH RQH | R (ileQid\R XIPWitH theD G X O W V
given sample size (i.e, DQG . 7KH DQDO\VLV \LHOGHG D VDW
.83 to find a comparable emotionality effe€d( LQ ROGHU DGXOWVY VRXUFFE
rendering low power a rather unlikely explanation for the observed null effect.

Valence and Arousal Ratings
To check whether our source valence manipulation was successful, we analyzed

SDUWLFLSDQWYV f$avaiags. @s-the sb@rce dirtuesiwere selected such that they
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varied in terms of valence but not in terms of arousal, we expected a main effect of source
YDOHQFH RQ SDUWLFLSDQWVY YDOHQFH UDWLQJV DQG QR }
groups.

5HIDUGLQJ SDUWLFLSDQWYVfmeatu@sANPMA tkiddldd@JV D UHS
main effect of source valende(1.46, 72.98) = 360.26, p ©.88, a main effect of
age,F(1, 50) = 4.76p p ©.09, and no source valence x age interack{h46,
72.98) = 1.88p = .169. Bonferroni-Holm adjusted pairwise comparisons of the source
valence level revealed that, as expected, the positive picture was rated more positively
compared to the neutral pictutég0) = 13.92p < .001,d = 1.90, and compared to the
negative picturet(50) = 41.08p < .001,d = 5.57; and the neutral picture was rated more
positively than the negative ort€50) = 10.02p < .001,d = 1.40. Also, the means show that,
across age groups, the positive, neutral, and negative pictures were perceived as positive,
neutral, and negative, respectively, corroborating our manipulation. As to the main effect of
DJH WKH PHDQ YDOHQFH UDWLQJY DFURVVY DOO HPRWLRQD
were overall more positive thanyQuUIHU DGXOWV Y UDW L-lated pgskiviyH VW L QJ |
HITHFW LQ WKH SHUFHSWLRQ R GNhK & Ssith; 2008URe&0y eY&.OHQFH
2017). Descriptively, this was particularly the case for the negative and neutral pictures,
though the source valence x age interaction was not significant.

With regard to the arousal ratings, the pattern was more complicated. There was a
main effect of source valende(2, 100) = 5.69p p ©.10, and a source valence x
age interactionk-(2, 100) = 3.39p p .06, but no main effect of age(l, 50) =
1.21,p = .277. Follow-up simple main effect analysis indicated significant valence effects
only for younger adult€;(2, 49) = 10.95p p ©.31, but not for older adults(2,
49) = 1.18p = .315. Bonferroni-Holm adjusted pairwise comparisons further revealed that

younger adults judged the negative picture to be more arousing than the neutraltfb€ure,
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=4.36,p <.001,d = 0.89 and the positive picturg50) = 3.05p = .007,d = 0.56. There was
however no difference between the positive and neutral pit¢tire,

Overall, these results suggest that we manipulated source valence as intended in both
age groups. However, we were less successful in keeping source arousal constant across all
three sources in the younger sample because younger adults tended to perceive the negative
source as more arousing relative to the positive source. Note, however, that this variation in
arousal cannot sufficientp FFRXQW IRU WKH REVHUYHG VRXUFH YDOHOC
source memory: If arousal (rather than valence) was the driving factor behind the effect,
\RXQJHU DGXOWVY VRXUFH PHPRU\ VKR3a&nH eyddiveE HHQ EHW
compared to the (lower-arousing) positive source. Yet our results yielded the opposite
memory pattern (descriptivetpositve> desaivegngd significantlydPsive> greuta gespite
comparable arousal). In contrast, older adults perceived the positive and negative (and
neutral) sources as comparably low arousing, as intended. As such, these ratings suggest
RSWLPDO SUHFRQGLWLRQV IRU HPRWLRQDOLW\ HITHFWV RQ
absence of such effects on source memory particularly noteworthy.

Taken together, the results of Experiment 1 show that both younger and older adults
LQFRUSRUDWHG VRXUFH YDOHQFH LQ WKHLU SOHDVDQWQH'
ratings varied symmetrically with source valence and even showed typical age-related
patterns (i.e., positivity effect). Importantly, this impact on the pleasantness ratings translated
into a source memory benefit for emotionally valanced sources only in younger, but not in
o0OGHU DGXOWV 3XW GLITHUHQWO\ DOWKRXJK ROGHU DGXO
valanced sources in an expected direction, this impact did not translate into source memory
benefits.

Notably, the results of Experiment 1 are constrained by the drawback that we used

only one picture per source category, which possibly compromised the effectiveness of our
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emotionality manipulation. Although this maiy-one mapping procedure is the standard
method to investigate source memory, this procedure seems suboptimal for emotional
sources. For one, it bears the risk that participants habituate to the emotional material, thus
reducing its potential effects. Yet, habituation effects should have been similarly pronounced
across both age groups in our experiment and thus cannot fully explain our age- and source-
valence-sensitive result pattern for both pleasantness ratings and source memory.
Alternatively, one might argue that the three pictures were simply unsuitable for inducing
emotionality effects in oldeD G XOWV { VR X U F HhdavdveiRunNkely Kdcaude V
SLFWXUH YDOHQFH LQIOXHQFHG ROGHU DGXOWVY SOHDVDQ
ratingsat the end of our study suggest that our valence manipulation was successful, even
after the repeated exposure during the study. But we admit that these ratings might have been
biased by demand characteristics as each picture was rated in the context of only two other
pictures, making the demanded valence rather obvious. Finally, another disadvantage of using
one picture per source is that this procedure confounds picture content with its valence. That
is, the absence of emotionality effects in older adults could have been due to source valence
or due to idiosyncratic features of the used pictures. Likewise, the presence of emotionality
effects in younger adults is potentially confountdgddiosyncrasies of the chosen pictures.
To counter these constraints, we conducted a second experiment, in which we used several
pictures per source valence category.
Experiment 2

The main goal of our second experiment was to corroborate the results of Experiment
1 using many pictures (instead of only one) per source valence category. More specifically,
each item was paired with a unique (negative, positive, or neutral) picture, resulting in a one-
to-one mapping (instead of many-one mapping) of items to sources (Glisky et al., 2001).

We selected pictures based on their OASIS norm ratings. As we used several pictures for
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each valence category, idiosyncratic deli&@ QV R1 D SLFWXUHYV SHUFHLYHG H
norm ratings have relatively little influence because other pictures of that category can
compensate for it. Thus, we refrained from collecting valence and arousal ratings for each
picture at the end of the experiment, which would have been rather lengthy given the
increased number of source pictures, and as discussed in Experiment 1, such ratings at the
end of the study may be biased by demand characteristics and habituation effects (although
not repeated at study, source pictures were repeatedly presented in the source-monitoring
test).

Furthermore, based on a tailored a priori power analysis, we considerably increased
our sample sizen(= 62 per age group) to ensure sensitivity even for small differences in
source memory parameters (i.éd =.15; see description below). Finally, we applied a
stricter age criterion for both younger and older adults to maximize the age difference
between both groups, which has been shown to boost the positivity effect (Reed et al., 2014).
Method
Design

Our design was again a 2 (age group: older adults vs. younger adults) x 3 (source
valence: positive, negative, neutral) mixed design with age group manipulated between and
source valence manipulated within participants. Pleasantness ratings and source memory
were our main dependent variables.

Participants

Based on an a priori power analysis, we aimedhfoi62 participants per age group
(N =124 in total, which corresponds to 124*60 trials = 7440 total observations) to detect .15
differences between source memory parameters with power 1- DQG . SRZHU
calculations were conducted with multiTree, Moshagen, 2010). This a priori power analysis

was based on the parameter estimates of Experiment 1, in which differences between
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emotional and neutral source memory ranged from .13 (negative-neutral comparison) to .21
(positive-neutral comparison). Population parameter values, which are required for the power
analysis, were fixed to the empirically observed parameter values of the older adults in
Experiment 1 as we especially wanted to maximize the chance to find emotionality effects for
the older group (i.eD = .73;b = .15;gPosiVe = 27:gnegatve= 5 gnevtral = 39: grositive gng

dnegative= gneutral 4 15 = 54). In other words, this tailored power-analysis ensured that
Experiment 2 was sensitive to even small effects of source valence on source memory.
Ultimately, 62 eligible older adults (agdi= 63.76 yearsSD = 5.99 years) and 62 eligible
younger adults (aged = 21.96 yearsSD = 2.39 years) participated in our online study,
recruited via the platform Prolific (https://www.prolific.ce/All participants were English

native speakers with US residence and met our pre-defined eligibility requirements (same as
listed for Experiment 1, except English [not German] as native language [i.e., learned before
the age of six]; age: 60+ years old for older adults, 18-25 years old for younger adults).

At the time of testing, older adults had completed slightly more total years of
education M = 15.71,SD = 3.32) than the younger adultd € 14.74, SD= 2.79), but the
difference was not significart(;122) = 1.74p = .084. We again measured performance on
the pattern comparison ta@ee Experiment 1) and a computerized version of the English
vocabulary task (part B) by Ekstrom et al. (1979) in both age groups. Similar to Experiment
1, younger adults performed better in the pattern comparisonMaskd6.26 correct out of
60 patternsSD = 7.30) than older adultd/(= 34.23 correct out of 60 patter@) = 7.74),

t(122) =8.91p <.001,d = 1.60, however, worse on the vocabulary tdk; 41% SD=
15%) for younger adults, versi¥b= 65% SD = 20%),t(122) = -6.64p < .001,d = 1.58. The

observed age differences are comparable to previous lab research with US samples of

®> We first piloted 30 participants to make sure that the experiment is properly working and
SDUWLFLSDQWVYT PHPRU\ OHYHO ZDV QRW DW IORRU :H GLCc
these data and did not include it into the final sample.
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younger and older adults employing these tasks (Kuhlmann & Touron, 2016). We
DGGLWLRQDOO\ PHDVXUHG SDUWLFLSDQWVY SHUFMLYHG QF
= 2.35,SD= 1.17 for older adult$yl = 2.15,SD = 1.14 for younger adults on a 5-point
ratings scale) and surprisingly did not differ across age graj22) = 1.01p = .316.
Materials
Forty-five scenery pictures (15 per valence category) were taken from the

standardized picture-database OASIS (Kurdi et al., 2017). As previously, we controlled for
arousal and absolute valence level: We made sure that all three source valence categories
were, on average, matched on a low arousal level and that the positive and negative
categories additionally matched on average absolute valence (see Appendix, Table Al).
Words to serve as items were drawn fromAlffective Norms for English WordNEW;
Bradley & Lang, 2017), which contains English words that are normed for valence and
arousal. Sixty nouns of neutral valence (]4.5; 5.5[ on a rating scale rating from 1 [negative] to

>SRVLWLYH@ D QG O RodinbratiRgswdeQwitti higheRv@ués indicating
higher arousal levels), were chosen for this study. These words were distributed on four lists
(& 15 words each), matched in mean valence, arousal, and imageasititythe R package
3D QW L(Papentdany’ & Klau, 2020). The lists were randomly assigned to serve as target
sets versus the distractor set in the experiment.
Procedure

The procedure was the same as in Experiment 1 with the following exceptions: We

XV HG 3UR Oib kcregningHikets@Vepproach our eligibility criteria. However, we
additionally checked our specific exclusion criteria in a self-report demographic survey at the

beginning of the experiment. If a participant was not eligible, the program terminated, and

6 As the ANEW does not contain imageability ratings, we obtained these from Brysbaert et
al. (2014).
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participants received partial reimbursement for their time spent on the screening questions.

In the study phase, participants were presented with 45 neutral words and 45 pictures (15
negative, 15 positive, 15 neutral). To better control for encoding time, the word-picture pair
disappeared after 3000 ms, and the pleasantness-rating scale was presented on its own. The
rating question was the same as in Experiment 1 but worded in the past tense, as the to-be-
rated word was no longer visible on the screen.

The test looked the same as in Experiment 1. That is, one positive, one neutral, and
one negative picture were presented as response options (alongside the new option). To
realize this here, despite the many source pictures employed, we proceeded as follows: For
target trials (i.e., old items), one of the three pictures was the one originally paired with the
item, whereas the other two were pictures (from the remaining two valence categories)
originally paired with other items. For distractor trials (i.e., new items), all three pictures
were originally paired with other items in the study phase. Thus, each of the 45 pictures from
the study phase appeared four times in the test phase: once as the correct source option, twice
as the incorrect source option, and once with a distractor item.

As in Experiment 1, participants completed a vocabulary test after the source-
monitoring test. Given the English-speaking sample, this test was changed from the 20-item
German SASKA to the 18-item English vocabulary test (part B) by Ekstrom et al. (1979).

The display of target items and the five response options was as in Experiment 1 but in
addition,D VL[WK RSWLRQ 3V NL S wWtKetbrigivaHdzk. Eubther Jalldwirg D

WKH RULJLQDO WDVN LQVWUXFWLRQV SDUWLFLSDQWVY WL
clock showing the elapsed time was displayed at the top of the vocabulary test screen. In

addition to answering the questions on display/legibility problems and use of memory aids

(the other two questions from Experiment 1 were dropped), participants indicated their

DIJUHHPHQW ZLWK WKH VWDWHPHQW 3, KDYH WUHrg, IHHOLQJ \
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2000, p. 162) on a 5-point rating scale ranging from strongly disagree (1) to strongly agree
(5). With this,ZH DLPHG DW PHDVXULQJ SDUWLFLSDQWYY WLPH KF
underlies age-related changes in socio-emotional processing. Participants were then debriefed
and reimbursed via Prolific.
Results and Discussion

$OSKD OHYHO ZDV IL[HG WR . IRU DOO DQDO\VHYV
Pleasantness Ratings

Mean pleasantness ratings are displayed in Figure 1 (right-hand plot). Pleasantness
ratings were submitted to a 2 (age group) x 3 (source valence) mixed ANOVA. There was a
main effect of agdr (1, 122) = 19.22p p ®.14, and a main effect of source valence,
F(1.19, 145.50) = 239.79, p ©.66, but no age x source valence interaction effect,
F(1.19, 145.50) = 1.1 = .291. As evident in Figure 1 (right-hand plot), older adults rated
word pleasantness overall higher compared to younger adults, independent of source valence,
in line with an age-related positivity effect. Bonferroni-Holm adjusted pairwise comparisons
for the source valence levels revealed that words paired with the positive source were rated
more pleasant compared to words paired with the neutral so{122) = 13.81p <.001,d=
1.24, and also more pleasant compared to words paired with the negativet§b22¢e;
16.24,p < .001,d = 1.46, and words paired with the neutral source were rated more pleasant
than words paired with the negative sout(E22) = 14.80p < .001,d = 1.33, again
suggesting that both, younger and older adults incorporated source valence in their
pleasantness ratings.

Overall, these results mostly replicate the findings of Experiment 1, with the only
difference that in Experiment 1, we found an age-related positivity effect only when
comparing pleasantness ratings for the negative source (source valence x age interaction),

whereas, in Experiment 2, we found a more general positivity effect (though descriptively,
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the effect seemed to be more pronounced for neutral and negative sources, see Figure 1). This
stronger effect might be due to the use of multiple pictures per source valence, which
presumably reduced habituation effects that might have occurred in Experiment 1.
Source Memory

We used the same sub-model of the 2HTSM for three sources (Keefe et al., 2002) as
in Experiment 1 to obtain measures for item and source memory. Parameter estimation,
evaluation of fit, and parameter difference tests were performed with the software multiTree
(Moshagen, 2010). We again estimated the 2HTSM model separately in each age group and
performed pairwise comparisons of the parameters %" ¢ versusd"®92™"9 within each
age group.

The model fit the data welG¥5) = 5.22,p = .390 for younger adults, ali&k5) =
5.02,p = .414 for older adults. The resulting parameter estimates for each age group are listed
in Table 1; the observed source memory pattern is additionally visualized in Figure 3 (right-
hand plot). As evident from the 95% Cls presented in Table 1, all memory parameters were
well above chance (i.e., Cl not including 0) in both age groups. We first tested for the
presence of general emotionality effects within each age group. For the younger group,
source memory for the positive sources was again better compared to source memory for the
QHXWUDOGYB Xud5lp ¥ .016. The descriptive pattern was the same for the
negative-neutral comparison (negative > neutral; see Figure 3, right-hand plot), however not
VLJIQLINLFDG W70,4=.193. Furthermore, source memory for negative and positive
VRXUFHV GLGGQRW.1Gh+ 1278l Far a more powerful test of emotionality
effects, we again sef*s™eandd%@Veequal (i.e.d'¥2"°®y and compared this joint estimate
againstd™"@ This revealed that source memory was better for emotional compared to

QHXWUDOGYRB X U67ip ¥ .03L.
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In contrast, for the older group, there was no difference between source memory for
WKH SRVLWLYH YHUWBXY =0Q.82pW 8&1 Cand Roxdliféréhbe batween
VRXUFH PHPRU\ IRU WKH QHJD WsEY)H 0Y2Blp)V65Y. Thislagihu DO VR X
VSHDNV DJDLQVW D JHQHUDO HPRWLRQDOLW\ HIITHFW LQ RC
source memory for emotional over neutral sources). Similarly, there was no difference
EHWZHHQ WKH SRVLWLY 6D)@ G.0QHJTHEY iulhbl oMt R Kddifvityy  (
bias. For a more powerful test of emotionality effects, welS&te andd"e%"eequal (i.e.,
d"@anced and compared this joint estimate agadi§t'. Again, there was no difference
EHWZHHQ SDGIDEB.Wp+).¥39.0n total, we neither found any evidence for
emotionality effects nor a positivity bias in source memory for older adults, fully replicating
the results of Experiment 1.

To test for the typical age-related source memory deficit, we compared source
memory across age groups by equalizifgprameters of the same valence across groups
(e.g.,0negative_yA= Onegative_Y). AS expected, source memory was significantly lower in the
older compared to theR X Q JH U B¥3 X &.28p < .001. Different from Experiment 1,
the deficit manifested for all three types of sourte® WKLV H[S HEUPHQWpsDOO 0
<.001.

Overall, the results for source memory fully replicate the findings of Experiment 1 for
both age groups: We again did not find a positivity effect nor a general emotionality effect in
ROGHU DGXOWVY VRXUFH PHPRU\ WKLV WLPH UXOLQJ RXW
adults, we again found enhanced source memory for positive compared to neutral sources for
the pairwise comparison and a general emotionality effect when estimating source memory
jointly for the negative and positive sources. Interestingly, similar to Experiment 1, the
pairwise comparison between source memory for negative versus neutral sources was not

significant, though descriptively present. The observed numerical differédee(9) was,
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however, smaller than in Experiment dd(=.13), on which we based our power analysis.
Our study was thus not a priori tailored to find such a small effect. Albeit not significant, the
persistent (descriptive) pattern (positive > negative > neutral) across experiments speaks for
acertain consistency and raises the question of why the emotional source memory benefit is
higher for positive than for negative sources in younger adults. Notably, previous research
has shown that positive emotion (in contrast to negative emotion) generally benefits
associative memory in an associative cued-recall paradigm (i.e., item-item binding; Madan et
al., 2019). This effect might be due to the broader attentional and cognitive scope associated
with a positive emotional state (Fredrickson & Branigan, 2005). However, more research is
needed to corroborate that positive emotion not only benefits item-item-binding but also
item-source-binding, at least in younger adults (but see Symeonidou & Kuhimann, 2022 for a
null-effect of positive sources on source memory).
General Discussion

The general aim of our research was twofold. First, we wanted to investigate whether
ROGHU DGXOWVY VRXUFH PHPRU\ LV EHWWHU IRU LQKHUHC
VRXUFHV )XUWKHUPRUH ZH ZDQWHG WR H[DPLQH ZKHWKHL
positive over negative stimuli, which translates into a positivity effect in item memory,
generalizes to source memory. In two experiments, we used emotional pictures drawn from
the OASIS database to manipulate source valence (while matching arousal levels). In
Experiment 1, we applied the standard mamgne-mapping procedure of source
monitoring, using one source picture per valence category. In Experiment 2, to counteract
potential habituation effects and strengthen the effectiveness of our emotionality
manipulation, we applied a one-one-mapping procedure, using several source pictures per
valence category (thus pairing each item with a unique source picture). Across both

experiments, we didot ILQG HYLGHQFH IRU DQ\ HPRWLRQDOLW\ HIIHF
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memory. Also, there was no evidence of a specific age-related positivity bias or positivity

HITHFW LQ VRXUFH PHPRU\ 7KLV ZDV WUXH GHVSLWH HYLGH

pleasantness ratings and the same source material eliciting an emotionality effect in younger

adultsf VRXUFH PHPRU\ HVSHFLDOO\ IRU WKH SRVLWLYH VRXL
Before discussing potential explanations for the absence of an emotionality effect, and

VSHFLILFDOO\ D SRVLWLYLW\ HIIHEFWe fir& @ui toGsidiél DGXOWYV | \

whether there indeed is no such effect or whether limitations in our study design confounded

the results. One potential objection might be that the item-related orienting task during

HQFRGLQJ ZDV WRR GLUHFWLYH DQG WKXWehRdesXQ 1&dj UDFW H C

the meta-analysis of Reed et al. (2014) suggests that experimentally imposed constraints on

information processing, even incidental learning instructions, might reduce the positivity

effect. In our experiments, the pleasantness ratings put primary focus on the neutral items. To

ensure a certain focus on the sources as well, we worded the pleasantness questions such that

it directed participants to consider the whole screen (including the source) when providing

their rating, not only the item. This was motivated by our pilot study (see OSF link), in which

we had phrased the pleasantness question neutrally and found that participants focused only

on the items and did not attend to the sources resulting in floor/chance-level source memory.

Indeed, this change was successful as results on the pleasantness ratings across both

experiments suggest that older and younger adults not only attended to the source pictures

and considered their emotionality for their ratings, but they did this in a way that seemed to

match their processing priorities (i.e., greater influence of the negative sources on younger

relative to older adults in Experiment 1; generally higher pleasantness ratings given by older

relative to younger adults in Experiment 2). This shows that, although our instructions were

to a certain degree directive, participants still had enough freedom to follow their encoding
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SUHIHUHQFHY 'HVSLWH WKLV GLUHFWHG SURFHVVLQJ RI
preferences, older adults did not show corresponding source memory benefits.

Another potential objection might be that our source valence manipulation was not
effective. We relied on previous norms in selecting the source material (Kurdi et al., 2017),
but the selected pictures may have been perceived differently in the present paradigm and/or
in the recruited samples. This problem particularly pertains to Experiment 1, where only one
picture was used per source: Source emotionality was fully dependent on the perceived
emotionality of the picture constituting the source. Thus, individual deviations from the
norms had a greater impact on the success of the emotionality manipulation. Although we
checked (and confirmed) manipulation success by collecting valence and arousal ratings in
Experiment 1, we admit that these ratings could have been biased by demand characteristics
and habituation effects due to the small number of used pictures. Thus, to make the success of
the emotionality manipulation less dependent on one specific picture, we used several
pictures per source valence in Experiment 2. This made sure that individual norm deviations
for one specific picture of a source category are negligible because the other pictures of this
category can compensate for it. Further, the use of several emotional pictures considerably
reduces the risk of habituation effects, making the emotionality induction stronger. Yet, even
under these improved condit@vV ZH GLG QRW ILQG HPRWLRQDOLW\ HIIH
memory, replicating the results of Experiment 1.

One might further argue that our older adults were relatively young (especially in
Experiment 1) and healthy (all older participants in Experiment 1 and 82% in Experiment 2
indicated their health to be good or excellent), making their time horizon still quite broad.
7KLV ZDV FRUURERUDWHG E\ SDibwdathlr&iogQ WExfleimei M HFWLY F
which were relatively low and did not differ across age groups. This could have undermined a

positivity effect because, according to SST, the effect is based on a reduced time horizon
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rather than age per se (though both are naturally correlated; Carstensen, 2006). Considering,
however, the subjective nature of these ratings and the fact that a positivity effect was present

LQ SDUWLFLSDQWVY SOHDYV DiQd¥ahteslivate DsWoul@rioVbeWKHVH QHD
overemphasized. Further note that our recruited samples are comparable in terms of mean age
and healthiness to the majority of previous studies on the age-related positivity effect (Reed

et al., 2014). As such, despite comparable sample characteristics, an age-related positivity

effect seems to arise in item memory (Kensinger, 2008; Reed et al., 2014) but not in source
memory, suggesting that the effect is at best weaker (if at all present) for source compared to

item memory.

Taken together, the employed experimental material proved effective in inducing a
SRVLWLYLW\ ELDV ([SHULPHQW DQG HIIHFW ([SHULPHQW
JXUWKHU WKH PDWHULDO FRQ VL Wgstaal\wo0rte DnenhbA VWPl Eed\ R X Q J |
in this context, our experiments seem to provide specific evidence against a positivity (or a
JHQHUDO HPRWLRQDOLW\ HIIHFW LQ ROGHU DGXOWVY VRXI
Explanations for the Absent Positivity Effect in Older AG X CBauxt§ Memory

K\ GLGQ 1 Weldidd iHodtivity effect for the pleasantness ratings translate to
LPSURYHG VRXUFH PHPRU\" :H WKLQN WKDW GXH WR ROGHLU
binding (Naveh-Benjamin, 2000; Old & Naveh-Benjamin, 2008), even a greater elaboration
on the positive source might be insufficient to boost source memory. Put differently, even if
older adults focused more on the positive source picture(s), they still might have had
difficulties encoding the itens-sourceassociation(i.e., binding problem), which ultimately
is crucial for intact source memory. In line with this explanation, Nashiro and Mather (2011)
found emotional arousal to improve only yound2G XOWVY EXW QRW ROGHU DGX(
binding for picture pairs. Likewise, although Davidson et al. (2006) found that negative

HPRWLRQDOLW\ LPSURYHG ROGHU DGXOWVY VRXUFH PHPRU
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compared to that seen in younger adults, again suggesting that emotion is less beneficial in
LPSURYLQJ ROGHU DGXOWVY ELQGLQJ 1RMWEeEMNgYWKLYV H[SC
stark contrast of our results with the results of May et al. (2005) and Rahhal et al. (2002),

ZKR IRXQG HPRWLRQDO VRXUFH LQIRUPDWLRQ WR PRUH VW
source memory: In both studies, the authors used neutral sources (e.g., location of a food item

in May et al., voice of a spoken statement in Rahhal et al.) but manipulated the emotionality

of thelink between the (neutral) source and (neutral) item via instructions (i.e., source

indicated safety of the presented food item in May et al., or trustworthiness of the presented
statement in Rahhal et al.). Put differently, the source feature carried affective information

about the item (i.e., safety in May et al.; trustworthiness in Rahhal et al.), which potentially

made it easier for older adults to remember the tesource link. Indeed, it has been shown

that older adults source memory can benefit from encoding strategies providing a mediator to

link the item to the source (Kuhlmann & Touron, 2012); more generally, such mediators can
LPSURYH ROGHU DG X O WDuffloBkY & Reftzdy,\2A0Y)Hin R FufRiIR study,

one could test whether combining an emotional mediator for thetitesource link with an

additionally inherently emotional source leads to even further enhancements than the
improvements observed for the inherently neutral source in May et al. (2005) and Rahhal et

al. (2002) 7KXV WKHUH PD\ EH VRPH DGYDQWDJH LQ ROGHU DG
emotional sources, but only if they receive sufficient aid in encoding these source-item
associations. It should, however, be considered that such a conceptual emotionabsource-

item mediator, as implied by May et al. (2005) and Rahhal et al. (2002), may induce

participants to encode the source as an intrinsic feature of the item (i.e., item-source-

unitization; Bastin et al., 2013). If so, the observed emotionality effect may rather be on
familiarity-based item memory as opposed to recollection-based source memory (cf. Diana et

al., 2008).
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The current results thus show that although prior studies found improved memory for
emotional sources in older adults (May et al., 2005; Rahhal et al., 2002), this effect seems to
be bound by specifics about the emotional source manipulations employed in these studies.
Neither of these previous studies used standardized emotional source stimuli drawn from a
picture database normed for valence and arousal. Employing such standardized emotional
VRXUFH VWLPXOL QR V\VWHPDWLF LQIOXHQFH RI LQKHUHQ
memory could be established. Further crucial, there is to date no evidence specifically for a
positivity effectinolddJ DG XOWV | V.RakerFtehekhkerrPitsékns that older adults are
not well able to benefit from emotionality for enhancing recollection-based source memory.
Conclusion

This research aimed at investigating age-related emotionality effects, and in particular
the positivity effect, in source memory by using inherently emotional sources and applying
more advanced statistical tools to measure source memory separately from item memory and
guessing biases. AlthoughanagegH ODWHG SRVLWLYLW\ HIITHFW RFFXUUHC
(i.e., pleasantness ratings) in both experiments, this effect did not transfer to source memory
for older adults. That is, across both experiments, our results suggest better source memory
for emotional compared to neutral sources only in youngendiun older adults. Although
the absence of emotionality effects and especially a positivity effect in older adults was
somewhat surprising, we believe that our experiments, using standardized emotional stimuli
as sources, point out the need to re-evaluate the specific source valence manipulations in
previous studies (May et al., 2005; Rahhal et al., 2002), which found enhanced emotional
source memory in older adults. It seems likely that the specific emotional source
manipulations of those studies facilitated encoding of the itesource association and that
source emotionality benefits can only arise with such encoding facilitation, given older

adultsf SURQRXQFHG GLIILFXOWLHY ZLWK EXLOGLQJ DVVRFLD!'
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Table 1

Parameter Estimates and Model Fit of the Two-High-Threshold Multinomial Model of Source

Monitoring (2HTSM) for Experiment 1 and Experiment 2

Model Fit Parameter estimates
Age Group G2(5) D dpositive dnegative dneutral b gpositive gnegative
Experiment 1
8.72, .73 .38 37 .39 .15 27 .50
OA
p=.121 [.70;.77] [.28;.48] [.26;.48] [.28;.50] [.09;.22] [.22;.32] [.44;.56]
7.53, .81 57 .49 .36 .38 22 .39
YA
p=.184 [.78;.84] [.50;.65] [.40;.58] [.23;.49] [.29;.47] [.18;.26] [.32;.45]
Experiment 2
5.02, .53 .40 43 .39 .50 .32 .52
OA
p=.414 [50;.56] [.31;.50] [.33;.52] [.30;.49] [.47;.54] [.29;.35] [.48;.55]
5.22, 49 .82 .75 .66 .56 .32 .49
YA
p=.390 [.46;.52] [.72;.92] [.65;.85] [.55;.76] [.53;.59] [.28;.35] [.45;.53]

Note.Brackets indicate 95% confidence intervélsz probability of detecting a word as previously

presented (equated across the positive, negative, and neutral source) or not potseptedability

of correctly recalling thé = positive, negative, or neutral source of a recognized vbordyrobability

of guessing that a word was previously preserg®d®e= probability of guessing the positive source

for a detected or undetected word (.33 if unbiasg’§¥2"®= probability of guessing the negative (vs.

neutral source) for a detected or undetected word if the positive source was not guessed (.50 if

unbiased). OA = older adults; YA = younger adults.



EMOTIONALITY EFFECTS ,1 2/'(5 $'8/769 6285 &NMARY 46

Figure 1

Pleasantness Ratings of Older and Younger Adults for Words Presented with the Positive, Neu

Negative Source in Both Experiments

Note.Depicted are the mean pleasantness ratings of older and younger adults in Experiment 1
plot) and Experiment 2 (right-hand plot) for the neutral words shown with the positive, neutral, ¢
negative sources, respectively. Error bars indicagsstamdard error of the mean. Pleasantness sce
ranged from 1 = very unpleasant to 5 = very pleasant. In Experiment 1, a significant main effec
group (older adults > younger adults), a main effect of source valence (positive > neutral > neg.
ard an age group x source valence interaction (for negative sources: older adults > younger ad
the other sources see main effect) occurred in pleasantness ratings. In Experiment 2, a signific
effect of age group (older adults > younger adults) and a main effect of source valence (positive

neutral > negative) occurred in pleasantness ratings.
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Figure 2
Graphical Representation of the Two-High-Threshold Multinomial Model of Source

Monitoring (2HTSM) for Three Sources

Note.The figure shows sub-model 5d of the 2HTSM (Bayen et al., 1996arfget words (upper tree) and

new words (lower tree), extended to three soulicdsnotevalence of the source the item was originally

paired withi BPASRVLWLYH QHJIJDWLYH QHXWUDO ' %R[BVZRIQWK®

memory testD = probability of detecting a word as previously presented or nsépredd = probability of
correctly recalling the source of a recognized wbrd;probability of guessing that a word was previousl
presentedgPesitve= probability of guessing the positive source for a detected otestdd wordgeoative=

probability of guessing the negative (vs. neutral) source for a detmctedlietected word if the positive

source was not guessesilGDSWHG IURP 36 RXUFH PsRIifQgensrRedis@lichHILFLWYV IRU

schizophrenia: MKOWLQRPLDO PRGHOLQJ RI GDWD IURP VWKUHH VRX

a7
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Figure 3

Older and Younger Adults' Source Memory for the Positive, Negative, and Neutral Sources in Bo

Experiments

Note.The figure shows source memory performance of older and younger adults in Experimet
hand plot) and Experiment 2 (right-hand plot), separately for the positive, negative, and neutre
valence categories. Source memory was measured by pardroétee 2HTSM (Bayen et al., 199¢
(UURU EDUV LQGLFDWH RQH VWDQGDUG HUURU RI HVWLI
PHPRU\ GLG QRW GLIIHU GHSHQGHQW RQ VRXUFH YDOHQ

enhanced for emotional (especially positive) compared to neutral sources.
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Appendix: Pictures for the Source Manipulation
Table A1

OASIS Norm Ratings for Valence and Arousal for the Source Pictures of Each Experiment

Emotionality Picture Label Valence Arousal

Experiment 1

5.96 3.22
Positive 3/DNH

(0.93) (2.97)

2.06 3.15
Negative 3*DUEDJH GXPS

(1.12) (1.84)

4.39 3.21
Neutral 3&DU UDFH

2.17) (1.83)
Experiment 2
3:HGGLQJ ~ 3)ORZHUV ~ 3% ULG.

" 3)RRG ~ 36XQVHW ~ 36XQVH 590 3.77

Positive
" 3:HGGLQJ ~ 32%HDFK ~ 3/DNH ° (2.03) 2.77)
" 35DLQERZ ~ 3)ORZHUV
3*DUEDJH GXPS =~ 3HVWUXFW
S'"HVWUXFWLRQ " 3-DLO ~ 3*DUEI 2.06 3.86
Negative
" 3)ORRG ~ 3&DU DFFLGHQW ~ 33 (0.99) (1.89)
" 3'HVWUXFWLRQ ~ 3)LUH -~ 3&l
36XQ 7 3/LIKWQLQJ ~ 35HVHDUFK
" 37TKXQGHUVWRUP “ 36ROGL 4.18 3.77
Neutral

" 3*UDYH\DUG ~ 2&ROG ~ 'HVHL (1.27) (1.71)

" 3$OFRKRO ~ 3$0OFRKRO

Note.Standard deviation in brackets. Pictures were drawn from the Open Affective Standardized
Image Set (OASIS; Kurdi et al., 2017). Valence and arousal scales ranged from 1 = very
negative/very low to 7 = very positive/very high (with 4 = neutral/neither low nor.hglhthree
picture-sets within an experiment were matched on arousal. The positive and negative pgture-set
were additionally matched on absolute valence.
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Abstract

Previous research on whether source memory is enhanced for emotional sources
yielded inconclusive results. To identify potential boundary conditions, we tested whether
encoding instructions that promote integrative versus segregated item-source-processing
foster versus hamper source-emotionality effects. In both experiments, we used neutral words
as items superimposed on emotional (negative or positive) or neutral pictures as sources.
Source pictures were selected based on valence and arousal ratings collected in a pre-study,
and source memory was measured with a multinomial model. In Experiment 1, we applied
affective, item-focused orienting task (OT,; i.e., word-pleasantness ratings) during item-
source encoding and found enhanced source memory for emotional (positive and negative)
compared to neutral sources. In Experiment@systematically manipulated encoding
instructions and again found enhanced source memory for emotional sources with an
affectiveOT, but no such effects with an integrat®d (item-source-fit judgments).
Similarly, no effects appeared when participants were oriented towards the items only
(living-non-living judgments) or instructed to learn the items only@19- Source memory
was surprisingly better for positive than negative sources with intentional item encoding. We
conclude that source-emotionality effects might unfold only if affective item processing takes

place.

Keywords:source memory, emotion-enhanced memory, orienting task, multinomial

modelling
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Enhanced Source Memory for Emotional Sources:

Does an Affective Orienting Task Make the Difference?

A great bulk of research shows that our memory is more accurate for emotional
compared to non-emotional information (see Kensinger, 2009; Mather, 2007; Talmi, 2013 for
reviews). This emotion-enhanced memory (EEM) effect has been typically shown for
emotional item (i.e., central) information. Results are, however, mixed with regard to EEM
effects in source memory, that is, memory for the context of central information: When
neutral items (e.g., words or objects) are paired with emotional versus neutral sources (e.g.,
background pF W XUHYV  SDUW Lsein&im€3 \dhovlis & héReRt by the emotional
compared to neutral sources (e.g., Bell & Buchner, 2012; Ventura-Bort, Low, Wendt, Molté
et al., 2016) but sometimes does not show such a benefit (e.g., Arnold et al., 2021;
Symeonidou & Kuhlmann, 2021). Upon closer examination, it appears that most of the
studies reporting EEM effects in source memory used (affective) encoding instructions/tasks
that fostered integrative item-source processing, whereas those not findidylaaffect in
source memory did not use such instructions/tasks. Building on this, the goal of the herein-
reported research was to investigate the role of encoding instructions for EEM effects in
source memory.

When Is Source Memory Enhanced for Emotional Sources?

In contrast to the robust emotion-enhanced memory (EEM) effects for emotional
items, findings regarding EEM for emotional sources are rather mixed. Buchner et al. (2009)
report enhanced source memory for socially threatening compared to neutral (or trustworthy)
sources across several experiments (see Bell & Buchner, 2012 for a review) when pairing
neutral faces (=items) with socially threatening versus trustworthy versus neutral behavioural
descriptions (=sources). Similarly, using sentences (=items) spoken by voices (=sources) with

an emotional versus neutral tone, Davidson et al. (2006; Experiment 3) also esdailish
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EEM effect in source memory. FurthermareyYentura-Bort, Léw, Wendt, Molto et al.

(2016), participants viewed neutral item objects superimposed on positive versus negative
versus neutral scenery pictures as inherently emotional sources and also showed better source
memory for the emotional (positive/negative) compared to the neutral sources (see also Smith
et al., 2005 for a similar procedure and results). In contrast, Arnold et al) (2024

neutral faces as items with threat of shock (vs. safety vs. neutral) colour contexts as

emotional sources and did not find EEM effects in source memory. Also, other studies that
applied conceptual manipulations of source emotionality (e.g., safety/danger [= emotional
source feature] of a neutral food itellay et al., 2005) show an EEM effect in source

memory only for older, but not for younger adults (see also Rahhal et al., 2002).

Examined more closely, it appears that most of the studies that report EEM effects in
source memory used material or instructions that fostered integrative item-source processing.
For example, Bell et al. typically applied an affective orienting task in their studies (e.g.,
attractiveness or likability judgmentell & Buchner, 2011; Buchner et al., 2009) and
additionally used sources whose interpretation could be easily integrated with the items (e.g.,
faces [=items] with descriptions of cheating behaviour [=sources] can be processed as
cheaters). Similarly, Davidson et al. (2006) applied affective encoding instructions
(emotionality judgments during encoding) and etasittegrate item-source material
(sentences [=items] spoken by voices [=sources] in different emotional tones) and equally
observed an EEM effect in source memory. In these studies, EEM effects might rely on
integrative processing (elicited via the highly relatable item-source-material) or on affective
processing specificallyof on both). Considering other studies, however, the integrative
component appears to be already sufficient to establish EEM effects in source memory: For
example, Ventura-Bort, Low, Wendt, Molté et al. (2016) and Smith et al. (2005) did not

apply an affective encoding task but rather expligitbtructed participants to engage in
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integrative item-source processing (e.g., asking participants to imagine the neutral item as
part of the source), finding an EEM effect in source memory. However, there are also results
contradicting the idea that an integrative item-source processing (without an affective
component) suffices to induce EEM effects: Similar to Bell and Buchner (2011), May et al.
(2005), and Rahhal et al. (2002) also used highly relatable item-source material (dangerous
vs. safe food items in May et al.; dishonest vs. honest persons in Rahhal et al.), thus fostering
integrative processing, bt LG QRW ILQG DQ\ HYLGHQFH IRU DQ ((0 HIIF
source memory. Unlike Bell and Buchner (2011), however, these authors did not use
affective encoding instructions, which might explain their null results. The role of affective
processing is further emphasized in two studies from our own lab (Symeonidou et al., in
press): Using unrelated item and source material (neutral words [= items] superimposed on
emotional vs. neutral pictures [= sources]) and an affective orienting task during encoding
(i.e., asking participants to judge the pleasantness of the neutral words), we observed better
source memory for the emotional compared to the neutral sources in younger adults. This
might suggest that the effect is specifically tied to affective encoding but note that an
integrative explanation still cannot be ruled out: The affective orienting task in our study
HQFRXUDJHG SDUWL F leBd@iqnalitytosfarnXtieit padaithgdd fddgvhent
of the neutral item. This in turn again fogeéan integrative item-source processing. Thus, a
more systematic manipulation of instructions (within one experiment) is necessary to
dissociate the affective and integrative component and derive a clear conclusion on this
matter.

In contrast, null effects of source emotionality seem to appear when items and sources
are unrelated and instructions do not encourage integrative processing. For example, in two
other experiments from our research group (Symeonidou & Kuhlmann, 2021), we instructed

participants to learn the items only (intentional item & incidental source learning) instead of
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using an affective orienting task (or integrative instructions) and did not find EEM effects in
source memory (Symeonidou & Kuhlmann, 2021). Similarly, Arnold et al. (2021) instructed
participants to passively view face items along with their (shock vs. safety) source contexts
and equally report null effects of source emotionality.

Overall, there seems to be good evidence for an EEM effect in source memory with an
affective orienting task but also some evidence for an EEM effect with integrative encoding
instructions, whereas unguided encoding does not seem to result in EEM. In conceiving the
current experiments, we thus assumed that any (affective or non-affective) orienting task that
prompts participants to relate the source to the item and thus facilitates an integrative item-
source encoding should induce EEM effects. In other words, we predicted that EEM effects
in source memory occur whenever people consider and integrate the emotional source while
processing its item.

The Current Research

The main goal of our research was to systematically investigate whether the EEM
effect in source memory depends on the type of orienting task or encoding instructions used
for item-source processing. In a first step (Experiment 1), we wanted to test whether the use
of an affective orienting task robustly leads to EEM effects in source memory, replicating our
previous research. Then, after establishing the EEM effect with an affective orienting task,
we conducted a second (preregistered) experiment to test our assumptionElk thiée ct
in source memory is not tied to an affective orienting task but rather occurs for any orienting
task that fosters an integrative item-source encoding. More specifically, we implemented four
conditions in Experiment 2: three conditions with differing orienting tasks (affective,
integrative but non-affective, or non-integrative), and additionally a control condition without

an orienting task (but intentional item learning).
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Both experiments were conducted online via the recruitment platform Prolific
(https://www.prolific.co/).In both experiments, we used neutral words as items and
superimposed them on one of three background (scenery) pictures of varying valence (i.e.,
negative, positive, neutral) as sources. We carefully selected the three source pictures based
on valence and arousal ratings, which were collected in a pre-study (with the same
participants). Further, to measure source memory independent of guessing bias, we applied
the two-high-threshold multinomial model of source monitoring (2HTSM; Bayen et al.,

1996).
Experiment 1

We used pleasantness ratings as affective orienting task in this experiment, that is,
participants judged the pleasantness of neutral words (=items) presented with emotional or
neutral background pictures (=sources). We hypothesized that participants would incorporate
the emotionality of the source into thpleasantness judgment of the neutral items, thus
facilitating an (affective) integrative item-source processing. More specifically, we predicted
that words paired with negative (positive) source pictures should receive lower (higher)
pleasantness ratings compared to words paired with neutral sources. Thus, the pleasantness
ratings provided a proxy for the integrative item-source processing. This affective integrative
processing, in turn, should lead to EEM effects in source memory, that is, better source
memory for negative/positive compared to neutral sources.

Method
Design

We used one negative, one positive, and one neutral background picture aihmediu

(matched) arousal as sources, resulting in a simple one-factorial design (source emotionality

manipulated within participants). Our dependent variables were partiddans OHDVD QW QH V'
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UDWLQJV GXULQJ HQFRGLQJ DQG SDUWLFLSDQWVYdVRXUFH
of the 2HTSM (Bayen et al., 1996).
Participants

Based on an a priori power analysis conducted with the softwalt& ree
(Moshagen, 2010), we aimedNt 70 to find source memory differences of .15 between
emotioral (positive, negative) and neutral source memory parameters of the 2HTSM with a
power of 1- =.80 and. = .05. This was a conservative estimate of the EEM effect in the
source memory parameters based on our previous study, which observed differences of .13 to
.21 (Symeonidou et al., in press, ExperimeniTd conduct the power analysis, we estimated
theePRWLR QDO LW =H1prkdVgopllatibn parameter values based on this previous
study, in which we similarly had used pleasantness ratings as an affective orienting task (i.e.,
D = .81;b = .38;gpositive = -22;Onegative= -39; theutral = .36; Upositive@Nd thegative= Oneutral+ .15 =
.51). Specifically, the power analysis yielded that 4145 observations were necessary to detect
adifference of .15 between source memory for the negative or positive source versus neutral
VRXUFH ZLWK D SRZHUhIR torresdor@désl td = 70 participants (i.e., 70 x 60
Trials = 4200 observations). Eighty-four participants were invited to the main experiment
(see section Procedure), of whom 76 actually particip@ethese, 8 were excluded because
they did not fulfil pre-defined demographic eligibility criteria (i.e., German as native
language [i.e., learned before the age of six]; age: 18-30 years old; student status [i.e.,
enrolled at a university]; no diagnosed depression and/or anxiety disorder within the past 6
months), resulting in 68 eligible participants (44 female, 1 non-binary;Mge@2.71,SD=
3.21).
Material

We used pictures from the standardized picture-databpsea Affective Standardized

Image Se(OASIS; Kurdi et al., 2017) to manipulate source emotionality. To ensure the
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effectiveness of our emotionality manipulation, we first conducted a pre-study on Prolific, in
which we collected valence and arousal ratings for a reasonable pre-selection of potentially
suitable pictures for our source manipulation (for more details on the selection of these 45
pictures, see preregistration of Experiment 2). More specifically, we asked participants to rate
45 pictures (15 negative, 15 positive, 15 neutral) in terms of valence and arousal on a 7-point
rating scale, using the OASIS rating instructions provided by Kurdi et al. (2017), translated
into German. Based on these ratings, we selected one negative, one positive, and one neutral
picture as sources for the main study, such that, as evident in Table 1, the negative and
positive pictures were matched on absolute valence (controlling for valence strength) and all
three pictures had comparable medium arousal levels (to avoid potential detrimental effects
of high arousal on source memory, cf. Mather, 2007). We then invited these pre-study
participantgo our main experiment, thus ensuring that the source material used in the main
study was tailored to the recruited sample in terms of emotionality.

For the item material in the main experiment, we used neutral words drawn from the
Berlin Affective Word List ReloadéBAWL-R; V0 et al., 2009). We chose 60 words of
neutral valence (]1.5; 1.5[ on a rating scale ranging from -3 [negative] to +3 [positive]), low
DURXVDO ’point Rt(pgBcale, with higher values indicating higher arousal levels),
and moderate imageability (> 3 on a 7-point rating scale, with higher values indicating higher
imageability). Using th® packageanticlust(Papenberg & Klau, 2020), we divided the
words into four lists (a 15 words) such that they matched on mean valence, mean arousal, and
mean imageability. The lists were randomly assigned to be presented with the negative,
positive, or neutral source in the learning phase or to serve as distractor set in the test phase

of the experiment.
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Procedure

The experiment was approved by the ethics board of the University of Mannheim (the
same applies to Experiment 2). The study was advertised as a two-part study (first part: pre-
study with ratings, second part: main study with the source-memory task) on Prolific. We
used Prolific pre-screening filters (age: 18-30; German as native language; student status; no
diagnosed, ongoing mental health/ illness/ condition) to approach our eligibility criteria but
additionally checked these at the beginning of the pre-study.

Both the pre-study and the main study were buildimjs (Henninger et al., 2021) and
hosted on the server applicati@penLab(https://open-lab.online/). In the pre-study (first
part), participants provided informed consent and answered our specific demographic and
health questions to ensure full eligibility. If a participant was not eligible, they were excluded
from further participation and received partial reimbursement for their time spent on the
screening survey. Participants then performed a scaling task to adapt the size of the later
presented OASIS pictures to their screen. More specifically, the scaling task allowed us to
estimate paW LFLSDQW VY SK\VLFDO, ivtard, MAVHRQ DVANEK VIMQ SHA- WDXQUGH V
that they covered a large part of the screen, thus emphasizing their background nature (see
preregistration for details). After the scaling task, participants rated 45 pictures (15 negative,
15 positive, and 15 neutral) in terms of valence and arousal. Each picture was first presented
for 3750 ms and then replaced by a valence rating scale (ranging from 1: very negative to 7:
very positive) which remained on the screen until the participant provided an answer. After
S D U W IsivalénbeQ@atirty, the arousal rating scale appeared (ranging from 1: very low to 7:
very high) and remained until the participant answered. Finally, participants were asked
whether there were any problems regarding the presentation of pictures and instructions (and
if yes, to specify the exact problem in an open text field) and gave general feedback in an

open text field if they wished.
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All eligible participants were then invited to the main study (i.e., the second session).
Before starting with the memory task, participants first performed the above-described
scaling task again. Then, they received instructions to judge 45 words in terms of their
pleasantness (i.e., affective orienting task; incidental learning). Each trial started with a 500
ms fixation cross. Afterward, one of the three source pictures (negative, positive, neutral) was
presented on its own for 750 ms before a neutral word in a black-framed, white-background
box was superimposed on the picture for another 3000 ms. Then, a 5-point rating scale
appeared below the word-picture pair, and participants were asked to judge (self-paced) how
pleasant/unpleasant they perceived the word at the present moment (1: very unjpi&asant
very pleasant). The 45 words were equally divided between the three pictures (i.e., 15 words
per picture) and presented in random order with the constraint of maximally four successive
same-picture repetitions. After the study phase, participants of all four conditions completed a
pattern-comparison task (Salthouse, 1996) for three minutes. In the subsequent test phase,
participants were presented with all 45 words from the study phase plus 15 new distractor
words. Below, the three source pictures were presented next to each other on the screen (left,
centre, right; screen position was assigned randomly for each participant anew), and the

RSWLRQ 2QHZ  ZDdénvekbBtioQ. Eokeakth Mvetd, participants decided self-paced
with which of the three pictures (negative, positive, neutral) the word was previously paired
or whether it was not presented at all during the study phase (option new) by using their

NH\ERDUG 3~ 3 7~ D @e6ireandiiht pitdreYpace key for new items).

Finally, participants were asked whether there were any problems regarding the
presentation of pictures and instructions (and if yes, to specify the exact problem in an open
text field) and whether they had used any aids during the task (and if yes, to specify the used
tools). They gave general feedback in an open text field, if they wished, and were debriefed

about the research aim of the study.



EMOTIONAL SOURCE ENCODING 12

Results and Discussion

TheaOSKD OHYHO ZDV IL[HG WR . IRU DOO DQDO\VHYV
Pleasantness Ratings

A within-participants analysis of variance (ANOVA) indicated a main effect of source
emotionality on participants pleasantness ratiR{t,69, 113.52) = 79.13, p ©.54
(Greenhouse-Geisser corrected). Bonferroni-Holm adjusted pairwise comparisons revealed
that, as expected, participants rated words paired with the positive source as more pleasant
compared to words paired with the neutral souéd,) = 6.47p < .001,d = 0.78, and more
pleasant compared to words paired with the negative sa(6¢= 10.65p <.001,d=1.29
(see also Figure 1, left-hand plot). Similarly, words paired with the neutral source were rated
more pleasant than words paired with the negative sai$@@,= 7.73p < .001,d = 0.94.
This pattern suggests that participants usedMitRX UFHV HPRWLRQDOLW\ WR LQI
pleasantness rating, indicating that they incorporated the source when processing the item.
Source Memory

For analysing source memory, we used the 2ZHTSM (Bayen et al., 1996), extended to
three sources (Keefe et al., 2002; see Figure 2). The 2HTSM assumes that memory
performance in source-monitoring tasks relies upon item recognition, source memory, and
guessing processes. The model can disentangle these processes by estimating different
probabilities for each process which are expressed via parameters. The probability of item
memory (i.e., memory for the words) is measured in pararDefiee., Dnegative Dpositive and
Dneutras, fOr items presented with the negative, positive, and neutral source, respectively). In
case of a successful item recognition, the original source can also be remembered with
probability dnegativefor the negative sourcégositive for the positive source, @keutral for the
neutral source. If the source cannot be remembered (@lggathd, guessing processes take

place, which are captured by th@arameters, that igqpeutra fOr the probability to guess the
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neutral source. If the neutral source was not guessed (with probataliéw:d), guessing
between the two emotional sources is captureah&yive for the probability to guess the
positive source and, complementarya gsitive for the probability to guess the negative
source. In case of failed item recognitdhD SDUWLFLSDQWVY DQVZHUV DUH
processes only: If they guess that a word was previously presented in the study phase
(expressed via probability), they also need to guess whether it was presented with either the
neutral § neutra) OF, conditional on not guessing the neutral souragdd), the positive
(gpositive OF the negative source @hositivd. With the complementary probabilityt, -
participants guess that the word is new. Relying on our previous research (Symeonidou &
Kuhlmann, 2021), we assumed that item memory would be equal across sources and that
source guessing does not differ for recognized versus unrecognized items. We estimated
model fit via maximum likelihood estimation methods (with the software multiTree;
Moshagen, 2010). Somewhat surprisingly, this submodel did not fit theG¥aa= 18.74,p
= .002. This was because participants showed differing source guessing biases for recognized
versus unrecognized items ¢ g), such that for recognized items, participants preferred to
guess the neutral (compared to the negative and positive) source, whereas there was no such
source guessing bias for unrecognized items (i.e., the probability for guessing one of the
sources was even). Thus, we used the submodel with separadg parameters as baseline
model,G¥3) = 6.61,p = .09. Note that this does not compromise our analysis of source
memory, as parametdrs estimated independently of guessing in the 2HTSM. Parameter
estimates are listed in Table 2.

To test for EEM effects in source memory, we set source memory parameters equal
and tested whether these equality restrictions worsen model fit significantly, which would

indicate substantial source memory differences. As expected, source memory was higher for



EMOTIONAL SOURCE ENCODING 14

positive and negative sources compared to the neutral sai@&d) = 24.76p < .00 for

the positiveQ HXW U D O F B®R1$ H16 2&FRQ00Lfor the negative-neutral

comparison, whereas the difference between the negative and positive source was not
significant (see also Figure 1, right-hand plot). This pattern indicates an EEM effect in source
memory, as expected.

All'in all, Experiment 1 showed that, when using an affective orienting task during
item-source encoding, source memory was enhanced for emotional compared to neutral
sources. This replicates our previous research (Symeonidou et al., in press) and conceptually
replicates Buchner et al. (2009; see also Bell & Buchner, 2011). However, as noted above,
the affective orienting task not only engages affective processing but also engages integrating
the item and the source because the source can be used to inform the affective item rating.
We deemed it plausible that the latter type of integrative processing without the affective
component already suffices to foster an EEM in source memory (see Ventura-Bort, Low,
Wendt, Molté et al., 2016). To specifically test what type of item-source processing fosters
the EEM effect in source memory, a systematic variation of encoding instructions is needed.
Thus, in Experiment 2, we manipulated item-source encoding by applying different learning
instructions and orienting tasks.

Experiment 2

To test more systematically which type of item-source processing results in an EEM
effect in source memorwe implemergd four experimental conditions (varied between
participants), which diffexdin their learning instructions and item-source encoding: The
affective orienting task (OT) conditioaplicated Experiment 1. In thetegrative OT

condition,participants judged how well neutral words fit to the background pictures, thus

L All reportedp-values for the pairwise comparisons of MPT-model parameters in both
experiments are Bonferroni-Holm adjusted.
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explicitly fostering integrative item-source processing. Inihie-integrative OT condition,
participants judged whether the presented word rather described something living or
something non-living, thus promotirgather segregated item-source learning. Finally, in the
no-orienting-task conditiono-OT condition), we told participants to study the words only,
without explicitly referring to the emotional sources. Similar to the non-integrative OT
condition, the no-OT condition fostered segregated item-source processing, but it additionally
tested whether the presence of an orienting task per se might already induce EEM effects in
source memory.

As to our hypotheses regardi® DUWLFLSDQWVY UDWLQJV LQ WKH 27
expected to replicate the effect of source emotionality on particiffal @8O HDVDQWQHVYV UD!'
the affective OT condition (see Experiment 1). But we did not expect any impact of source
emotionality RQ S D U W L Fis@ E&finjiudfimemshhRhe integrative OT condition or on
their living-non-living judgments in the non-integrative OT condition. Put differently, item-
source-fit andL W HitAngfhon-living status should be rated equally for negative, positive,
and neutral sources. Concerning source memory, we expected to replicate the EEM effect in
the affective OT condition (see Experiment 1). Assuming that this EEM effect is driven by
relational item-source encoding, we also predicted the effect in the integrative OT condition.
We did not expect to find any effect of source emotionality on source memory in the non-
integrative OT and n®T conditions, which promoted a segregated item-source encoding.
More specifically, we predicted better source memory for negative and positive sources
compared to neutral sources in the affective OT and the integrative OT conditions and no

source memory differences in the non-integrative OT an@heaeonditions.
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Method
Design

Participants were randomly assigned to either the affective OT, the integrative OT, the
non-integrative OT, or the n@T condition, which in turn determined the item-source
learning instructions. In each condition, we used one negative, one positive, and one neutral
background picture of medium (matched) arousal as sources (pictures were the same across
conditions). This resulted in a four x three-mixed design with type of instructions (affective
OT vs. integrative OT vs. non-integrative OT ue-OT) manipulated between participants
and source emotionality (negative vs. positive vs. neutral) manipulated within participants.
Participants

We aimed ah = 54 per condition (i.eN = 216 in total) to detect .25 differences
between the source memory parameters with a power ef B0 and. = .05 (power
analysis was conducted with multiTré¢oshagen, 2010). Our estimate for the emotionality
effect (i.e., id = .25) was based on Experiment 1. To derive reasonable estimates for
population parameter values for the remaining three conditions (i.e., integrative OT, non-
integrative OT, nd@T), we piloted 10 participants per condition (these data were not used in
our main analysjs The following parameter values entered the power analysis:62;b =
44; aneutral = .54; positive = .49; Oneutral = .29; Gpositive = .44;dneutra= .13 (See preregistration for
more details).The power analysis yielded a maximum of 3230 observations to detect a
difference of .25 between source memory for the negative or positive source versus neutral
VRXUFH ZLWK D SRZHU RI D QrG: 54 participah® (.&l,B¥ QG LQJ W
Trials = 3240 observations) per condition. Two hundred sixty-five participants were invited
to the main experiment (see section Procedure), of whom 222 actually participated. From
these, 6 were excluded because they did not fulfil two of our preregistered criteria (i.e., had

either more than 15% missing trials in the study phase [i.e., ratings] or did not use all four of
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the test response options at least once in the test phase), resulting in 216 eligible participants
(54 female, 61 male, 1 non-binary, 1 unspecified; &ded24.46,SD= 3.64), that is 54 per
condition, as preregistered. All participants were German native speakers and met our pre-
defined demographic and health requirements (German as native language [i.e., learned
before the age of six]; age: 18-30 years old; no diagnosed depression and/or anxiety disorder
within the past 6 montRs
Material

To select our source pictures, we again conducted a pre-study using the same pre-
VHOHFWHG 2$6,6 SLFWXUHV DV LQ ([SHULPHQW %DVHG
ratings, we selected one negative, one positive, and one neutral picture, with the negative and
positive pictures matching on absolute valence and all three pictures matching on (medium)
arousal level (see Table 1). All (eligible) pre-study participants were invited to our main
experiment For the item material in the main experiment, the same neutral words (drawn
from the BAWL-R; V0 et al., 2009) were used as in Experiment 1.
Procedure

The procedure was similar to Experiment 1 with the following exceptions. In the pre-

study (first session), we made the presentation of pictures self-paced to approach the original

2 We dropped student status (enrolled at university) as eligibility criterion because it
considerably reduced the already sparse number of German native speakers on Prolific. With
the student status criterion, we originally aimed at maximizing demographic similarity to our
previous (lab) studies, but do not perceive this criterion as crucial for the research question at
hand.

3As the time interval for two-part studies on Prolific is limited to three weeks and recruitment
for part 1 was rather slow in our case (due to the German sample), we had to undertake two
recruitment waves to achieve our desikedn the first wave, 117 (eligible) participants

completed both parts, and in the second wave 99 participants. Notably, we selected the source
pictures based on the first wave of participants and used these pictures for the second wave as
well. However, we first carefully inspected whether the second wave of participants rated the
three source pictures comparable to the first wave in terms of valence and arousal, which was
the case. Also, as apparent from Table 1, the selected sources continue to fully meet our
valence and arousal criteria in the final sample.
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procedure of Kurdi et al. (2017) for the OASIS ratings. More specifically, each picture was
first presented for 750 ms to ensure a minimum presentation time. Directly afterward, the
valence rating scale (same 7-point scale as in Experiment 1) appeared below the picture and,
along with the picture, remained on the screen until the participant provided an answer. After
S D U W LsivalébeQatinty, the 7-point arousal rating scale (again as in Experiment 1)
appeared and remaid along with the picture, until the participant answered.
In the main study (second session), participants received differing learning

instructions dependent on the assigned condition. In the study phase of the affective OT
condition, participants were asked to judge how pleasant/unpleasant they perceived the word
at the present moment, as in Experiment 1. In the integrative OT condition, participants
judged how well the word fit the background picture on a 5-point rating scale, ranging from 1

GRHVQYW ILW DW D Opthewdh-inteditative/OY ebbiditianHp@ar@cipants rated
on a 5-point scale whether the word described something non-living (rating 1) or something
living (rating 5). To match the presentation time of the word-picture pairing in the OT
conditions to the study time in the @F condition (described below), we had to pace
SDUWLFL S DUh¥Y ¢, aftarbhe/doQrdeVpicture was presented on its own for 750 ms (as
in Experiment 1), the word was superimposed on the picture, and, unlike Experiment 1, the
rating scale appeared simultaneously below the word-picture pair. Participants had 5 seconds
to make their judgment by pressing a number from 1 to 5. If they needed less than 5 seconds
for their response, the selected number turned blue to indicate that their answer was logged.
The next trial then began after the 5 seconds had elapsed. In @Ecuwndition, participants
were instructed to memorize the neutral words for a later memory test. No explicit
instructions on memorizing the word-picture pairing were given (i.e., incidental source
learning). The procedure and study screen were the same as in the other three conditions,

except that there was no rating scale. Thus, the presentation time for the picture-word pairing
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was fixed to 5 seconds in all conditions. The remainder of the procedure was identical to
Experiment 1.
Results and Discussion
Ratings in the Orienting-Task Conditions
The mean OT responses by source valence and OT task condition are displayed in
Figure 3. Given the different meanings of these ratings, we analysed them separately by OT
condition in a simple repeated-measures analysis with source valence (positive, negative,
neutral) as the only factor.
In the affective OT condition, a main effect of source emotionality on particifiants
pleasantness ratings occurrel.53, 81.06) = 36.62 p 9.41 (Greenhouse-
Geisser corrected). Replicating the results of Experiment 1, Bonferroni-Holm adjusted
pairwise comparisons showed that words paired with the positive source were rated more
pleasant compared to words paired with the neutral sas&3,= 6.19p < .001,d = 0.84,
and more pleasant compared to words paired with the negative 2(e@)e; 6.82p < .001,
d =0.93, whereas words paired with the neutral source were rated more pleasant than words
paired with the negative sourdfq3) = 3.87p < .001,d = 0.53. Again, this pattern suggests
that participants incorporated the emotionality of the source into their pleasantness ratings.
In the integrative OT condition, an unexpected main effect of source emotionality on
SDUWLF L Sdoupce/fi¥ ficduinedir@.68, 88.89) = 9.0( p .15 (Greenhouse-
Geisser corrected). Bonferroni-Holm adjusted pairwise comparisons revealed that item-
source fit was rated higher for the positive source compared to the neutral €6Gjce,
3.17,p = .005,d = 0.43, and compared to the negative sou(e8) = 4.44p < .001,d =
0.60, whereas there was no difference between negative and nedatrahis suggests that,
contrary to our expectation, it was easier for participants to see an item-source connection

with the positive source.
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An unexpected main effect of source emotionality also occurred in the non-integrative
OT condition,F(2, 106) = 3.59p p ©.06. However, Bonferroni-Holm adjusted
pairwise comparisons did not reveal any differences in participfinhg-non-living
judgments between the positive and negative sot(&3),= 1.27p = .238, and between the
negative and neutral sourd¢éqh3) = 1.58p = .238, but there was a small descriptive (non-
significant) difference between the positive and neutral sot{f33,= 2.37p = .065.
However, numerically, average living-non-living ratings were comparable across sddirces (
= 2.49,SD= 0.39 for positiveM = 2.43,SD= 0.38 for negativayl = 2.35,SD= 0.36 for
neutral), suggesting that the repeated-measures ANOVA was potentially overpowered due to
the large sample and thus sensitive to already small (but substantively meaningless) rating
differences. To foreshadow, source memory (reported next) was at floor-level in this
condition, indicating that participants did not attend to the sources in this condition, further
suggesting that the effect on the pleasantness rating is probably meaningless. Thus, we do not
further interpret these differences.
Memory Performance

We again used the 2HTSM to measure item memory and, crucially, source memory.
This time, the most parsimonious submodel for our research question with both, the item
memory restrictionMnegative= Dpositive= Dneutral = Dnew) @and the source guessing restrictian (
= g) showed good fit in all condition§%5) = 1.67,p = .892 for the affective OT condition,
G45) = 6.34,p = .274 for the integrative OT conditioB45) = 6.07,p = .299 for the non-
integrative OT condition, an@%5) = 6.71,p = .243 for the ndT condition, respectively.
Thus, we used this model version as the baseline model for all difference tests. Parameter
estimates are listed in Table 2. We first report results on item memory before turning to

source memaory.
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Item memory.ltem memory in the affective OT and in the non-integrative OT
condition was higher compared to item memory in the integrative condition, which in turn
was higher than in the @7 condition D G®(1} ° ps < .001. The affective and
integrative OT condition, however, did not diffeilG3(1) = 1.11,p = .292. Although we did
not have specific predictions on item memory, the observed pattern across conditions seems
plausible: Item memory benefited from orienting tasks that specifically focused on the item
(i.e., affective OT and non-integrative OT) rather than the item-source relation (i.e.,
integrative OT condition). Also, incidental orienting-task instructions that promote deep
processing (as used in our experiment; see also Craik & Tulving, 1975) seem to better
support item recognition compared to intentional learning instruction®{hoendition),
which is in line with previous research (e.g., Postman & Kruesi, 1977).

Source memoryMean source memory parameter estimates by source valence are
plotted separately for each encoding condition in Figure 4. We first compared overall source
memory levels between conditions by simultaneously equalizing thedipa@ameters of the
same source emotionality across conditions (Enghative_affective= Onegative_integrativé
positive_affective= Opositive_integrative® Oneutral_affective= Oneutral_integrativg. 1 NiS yielded that source
memory was overall highest in the integrative OT condition, followed by th@Tho-
condition, then the affective OT condition, and lastly the non-integrative OT condition, all
0G%(3) - pV 7 . Again, despite na priori predictions, this pattern seems
plausible, as the condition with the highest item focus (i.e., non-integrative OT condition) had
the lowest source memory, whereas the condition with the highest source focus (i.e.,
integrative OT) had the highest source memory. Interestingly, the affective and@ie no-
condition both shoedintermediate levels of source memory, which is in line with
Experiment 1 (for the affective OT condition) and a previous study reported in Symeonidou

and Kuhlmann (2021, for the @7 condition). In the affective OT condition, this again
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suggests that, although the pleasantness ratings referred to the items, participants were
inclined to additionally consider the sources, presumably due to their informative value for

the pleasantness judgment. In the@b<€ondition, the medium source-memory levels might
suggest that the strategies participants used to encode the item left enough time and resources
to attendo (and encode) the sources as well.

To test our hypotheses whether EEM effects in source memory depend on the type of
item-source processing, we compared source memory parameters within each condition. In
the affective OT condition, source memory was higher for the positive source compared to
WKH QHXWGBY=\IR¥K|JE BO1ISimilarly, source memory for the negative
source was descriptively higher than for the neutral source. However, this difference was not
VLJIQLILFDSG W64,p=.104. Thus, as expected, source memory was lower for the
neutral source compared to the positive source (significantly) and also descriptively lower
compared to the negative source, mostly replicating the pattern observed in Experiment 1.
Different from Experiment 1, source memory for the positive source was also descriptively
higher compared to the negative source, but this was not significant againstlavél5
0G¥1) = 4.90,p = .054. Thus, an EEM effect in source memory again occurred with an
affective orienting task and seemed most pronounced for the positive source.

Turning to the integrative OT condition, our analysis revealed no differences in source
memory across source emotionality level&3(1) = 1.22,p = .538 for the positive-neutral
FRP S D UG¥IR-0.28,p = .628 for the negative-neutral comparison, a@¥1) = 2.89,

p = .267 for the positive-negative comparison. That is, contrary to our expectation, source
memory for the positive and negative source was not higher compared to source memory for
the neutral source, suggesting that an integrative (but non-affetéirre3ource encoding

does not foster EEM effects in source memory.
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In the non-integrative OT condition, source memory was at floor dgaltameters
included 0 in their confidence interval (see Table 2). Accordingly, there were no differences
in source memory across source emotionalitydi Y HOGAS(IPO O (pV - This
suggests that the item-focus induced by the living-non-living judgments was too high, leading
to general neglect of the sources. We originally intended this condition as a control condition
to ensure that EEM effects in source memory do not generally emerge with any OT. This,
however, can already be ruled out given that no EEM effects occurred in the integrative OT
condition. All in all, even if the item-focus in this intended control OT was too strong, the
pattern of results clearly shows that the EEM effect in source memory does not occur with
any OT but rather seems specifically tied to an affective OT.

Finally, in the no©T condition, as expected, there were no EEM effects in source
memory. That is, source memory for the negative and positive source was not higher
compared to the neutral sourcd331) = 3.28,p = .140 for the positive-neutral comparison,
0G¥1) = 2.23,p = .140 for the negative-neutral comparison. Source memory again tended to
be higher for the positive source, and this difference was significant when tested against
source memory for the negative sourc&41) = 13.29,p = .001.

Taken together, we observed EEM effects in source memory only in the affective OT
condition but not in the integrative OT condition, contradicting the idea that EEM effects are
fostered by integrative item-source processing. Interestingly, across all conditions (except the
failed non-integrative OT condition), source memory was descriptively enhanced for positive
compared to the negative sources, and this difference was significant in@¥eaomdition.

In fact, this pattern matches the item-source-fit judgments from our integrative OT
conditions: Apparently, it was easier for participants to see a connection between the item
and the positive source picture. This might have facilitated the binding of the items to the

positive source, leading tospecifically enhanced source memory for this source in the
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affective and no-OT conditions. Note, however, that it is unclear whether this effect is due to
the positive valence of the source picture or due to the specific depicted picture theme, as
both were confounded in our study (see also General Discussion).
General Discussion

The goal of our research was to investigate whether emotionality effects in source
memory depend on the type of orienting task and instructions used during encoding. In two
experiments, we used neutral words as items, which were superimposed on a negative,
positive, or neutral picture as sources. In Experiment 1, we implemented an affective
orienting task during item-source encoding, that is, we asked participants to rate the
pleasantness of neutral items which were presented with emotional or neutral sources. Result
indicated that participants incorporated t¥dR X Uenitibnality into their item-pleasantness
rating and showed enhanced source memory for the positive and negative compared to the
neutral source, suggesting an EEM effect in source memory. In Experiment 2, we wanted to
test whether EEM effects in source memory more generally occur whenever integrative item-
source processing is encouraged and are thus not tied to an affective orienting task. For this,
we implemented an affective OT condition (see Experiment 1), an integrative OT condition
(item-source-fit ratings), a non-integrative OT condition (living-non-living ratings for the
item), and a n@T condition (no orienting task, intentional item and incidental source
learning). Replicatingxperiment 1, participants in the affective OT condition incorporated
the V R X Uelnbtinality into their pleasantness ratings and showed EEM effects in source
memory(significant for the positive source and descriptive for the negative source).
Surprisingly, however, participants in the integrative OT condition rated item-source fit
higher for the positive compared to the negative and neutral source and did not show EEM
effects in source memory. In the non-integrative OT condition, source memory was at floor.

In the no©OT condition, no EEM effects occurred in source memory, as predicted, but,
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somewhat surprisingly, source memory was enhanced for the positive compared to the
negative source. Overall, the pattern of results suggests that an affective OT fosters EEM
effects in source memory. Non-affective OTs, on the other hand, hinder EEM effects, even
when they foster the integration of item and source. These results prompt the question of
which potential mechanisms drive the effect in the affective OT condition, if not integrative
item-source processing.
Explanations for the EEM Effect in the Affective OT Condition

Across both experiments and in our previous research (Symeonidou et al., in press),
the EEM effect in source memory consistently occurred with an affective OT (also in line
with Bell & Buchner, 2011). Whereas pleasantness (or likeability in Bell & Burhner
judgments allow integration of the source into the OT response, the comparisons to other OTs
in Experiment 2 suggest that the affective nature of the OT is what drives the EEM effect in
source memory. We think that the affective encoding instructions stand out from the other
instructions in two main ways:

1) The affective task did not force participants to process and integrate the sources
because the judgment referred to the items only. Participants had thus the freedom to
follow their own preferences when processing the sources.

2) The pleasantness judgmenisde the emotionality (i.e., valence) of the source more
salient because pleasantness directly maps onto valence. This is underpinned by
SDUWLFLSDQWVYT SOHDVDQWH NRX WHHMNVQYNO AREMHKLWYKR
their rating of the item. Put simply, the affective orienting question led particifgants
process the items in an emotional way.

Note that this can also explain the observed result patterns in the other conditions. In
the integrative OT condition, the explicit integrative instructions strongly encouraged

participants to engage in an integrative item-source-processing for all three sources (also the
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neutral source). This, in turn, led to an overall boost in source memory for all three sources.
Put simply, the integrative instructions were potentially too directive and may have rather
distracted attention from the emotionality of the source, thus counteracting source
emotionality effects. In contrast, in the non-integrative OT condition, participants were
strongly directed towards processing the items only (as the sources were irrelevant for the
judgment), which resulted in poor (chance-level) source memory performance. Interestingly,
source memory was atmedium level in the n®T condition. This suggests that, although

the intentional item learning instructions focused on the items, participants had enough
freedom to volitionally direct their attention to their preferred sources.

Overall, our results indicate that an emotional item processing specifically might
promote the unfolding of source emotionality effects. Admittedly, however, not all previous
studies that found EEM effects in source memory used such affective encoding instructions
(see introduction for a review). For example, source emotionality effects were also
established in studies with unitization instructions (e.g., imagining the item as part of the
source Ventura-Bort, Low, Wendt, Molté et al., 2016), which are not per se affective. Note,
however, that item-source-unitization blurs the distinction between item and source, thus
substantially altering the cognitive processes that underlie a source judgment (Diana et al.,
2008). As item and source become a unit, the item might adopt the emotionality of the
source, making it difficult to disentangle emotionality effects on source versus item memory
(see also Symeonidou & Kuhlmann, 2021 for a discu¥sidus, the emotionality effects
reported in these studies most likely rely on different processes than the effects observed
here. Having said that, we still deem it important that future studies investigate whether
unitization instructions foster EEM effects in source (and item) memory, as, to the best of our

knowledge, this has not been systematically tested to date.
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Why Is Source Memory Higher for Positive Compared to Negative Sources?

What merits further discussion is the observed higher source memory for positive
compared to negative sources in the affective OT condition of Experiment 2. In fact, in that
condition, the EEM effect in source memory (emotional > neutral) was only significant for
the positive source, and only descriptively present for the negative source. Note that the
observed negativé®d HXW U D O G ldH HUwhQdohsideiakly smaller than our (based on
Experiment )HVWLPDWHG ((d=kRbl WhidlVwR had used for power analysis.

Thus, Experiment 2 was underpowered to detect this smaller effect (i.e., post-hoc power to
GHWHFW D Gd#lLHWdasQIF H R.IBiit even considering that, this implies that the
EEM effect might be reliably stronger for the positive compared to the negative source. Of
note, this pattern of higher source memory for positive compared to negative sources did not
only show in the affective OT (descriptively) but also in the integrative OT (descriptively)

and the ndT condition (significantly). Interestingly, the fit judgments in the integrative OT
condition give a hint towards an explanation for this seemingly better memorability of the
positive source in Experiment 2: Item-fit ratings were higher for the positive compared to the
negative and neutral sources. This suggests that participants could more readily create an
item-source connection for the positive source, boosting binding processes and thus source
memory. This relatedness explanation would also account for the finding that the bias
towards the positive source was less pronounced (i.e., non-significant) in the integrative OT
condition than in the n®T (and affective OT) condition: In the integrative condition, we
generally encouraged participants to create an item-source-connection for all sources, thus
counteracting the a priori relatedness-benefit for the positive source, whereas irQthe no-
condition this benefit could unfold more fully. However, it is unclear whether positive

material is generally easier relatable than negative and neutral material or whether the higher

relatedness observed in Experiment 2 arose from some idiosyncratic features of the picture
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used as the positive source. In fact, we did not find such a bias towards the positive source in
Experiment 1, in which source memory for positive versus negative sources did not differ.
Note, however, using several (instead of one) positive, negative, and neutral sources in
Symeonidou et al. (in press; Experiment 2) and thus ruling out idiosyncratic effects of a
specific picture, we equally observed descriptively higher source memory for the positive
compared to the negative source. Furthermore, Ventura-Bort, Low, Wendt, Dolcos et al.
(2016) similarly report higher relatedness for positive mataifalen asking participants to
imagine neutral objects as part of emotional or neutral scenery pictures and querying whether
or not they were successful in doing so, the authors found higher reported success for positive
compared to negative pictures (but no difference to the neutral pictures). Taken together, the
evidence is rather in favour of the idea that positive material is generally easier relatable, at
least to neutral items as used in our research (and in Ventura-Bort, Low, Wendt, Dolcos et al.,
2016).

Of note, this higher relatedness of the positive sources is potentially not a general
characteristic of positive material but rather results fier® U W L Emn&ibnal\atateinduced
by the positive material. More specifically, previous studies have shown that a positive
emotional state broadens the attentional and cognitive scope, thus fostering a more global (vs.
local) processing and facilitating creative and integrative thinking (see Fredrickson &
Branigan, 2005). With regard to our study, the positive sources presumably induced a
positive emotional state, leading to a more global and integrative processing. This, in turn,
resulted in higher item-source-fit judgments for positive sources and, more importantly, in
higher source memory for positive sources in the affective and t@& rm@ndition, in which
SDUWLFLSDQWVYT DWWHQWLRQ ZDV QRW VWURQJO\ FRQVWU
is some evidence suggesting that positive emotion fosters associative memory. Madan et al.

(20199 VKRZHG WKDW SDUWLFLSDQWVY DVVRFLDWLYH PHPRU\
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recall test) was enhanced if words were both positive rather than purely neutral or mixed.
Note, however, that in two other studies from our own lab (Symeonidou & Kuhlmann, 2021),
we did not find enhanced source memory for positive sources (using intentional item and
incidental source instructions as in the@®-condition). Similarly, a study by von Hecker
and Meiser (2005) suggests that people with a low positive trait effect (i.e., high
depressiveness) do not show worse source memory than their healthy counterparts (and even
better source memory for irrelevant source information). Thus, the empirical evidence on
whether associative memory and source memory, in particular, is enhanced by positive
HPRWLRQV LV UDWKHU PL[HG )XWXUH VWXGLHV FRXOG PRU
emotional state by applying mood-induction procedures, as typically done in this research
area (Fredrickson & Branigan, 2005).
Limitations

As noted above, in both experiments, we followed the standard approach of a many-
to-few mapping of items to sources (i.e., many items are paired with the same source; Glisky
et al., 2001), thus using only one source per emotionality type (three sources in total). This
confounds source emotionality with the specific picture content, meaning that the observed
EEM effects might be driven by the specific picture content, not its valence (see also
Symeonidou & Kuhimann, 2021 for a discussion of this issue). However, such idiosyncratic
effects are rather unlikely because we used different source pictures in Experiment 1 and
Experiment 2 yet observed similar EEM effects in source memory when applying affective
encoding instructions. This systematic dependence of EEM effects on the type of instructions
cannot be sufficiently explained by idiosyncratic (picture-specific) effects. Furthermore, in a
previous study (Symeonidou et al., in press), we used several pictures per emotionality type
(oneto-one mapping of items to sources) and equally found EEM effects in source memory

with affective encoding instructions. As the maoyfew-mapping (vs. on&-one-mapping)
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procedure more readily taps into item-source binding (vs. titeitem binding) and did not
compromise the EEM effect in our previous research, we deliberately opted for this standard
procedure in the herein reported research.

2QH PLIJKW IXUWKHU FULWLFL]H WKDW ZH GLG QRW PHD
experimental mood. RQVLGHULQJ WKDW SDU\ah bhilemxQtiéey § HPRWLRQ/
cognitive-attentional scope (Fredrickson & Branigan, 2005), a priori differences in
SDUWLFLSDQWVY PRRG DFURYV \buFdhsgGddwfleRQMthBugh¥®/ KDY H E
cannot entirely rule out this possibility, we deem that such systematic biases are rather
unlikely: As the assignment of participants to conditions was ran@®@BUWLFLSDQWVYT SUEL
experimental mood should have been (on average) comparable across conditions. We agree,
however, that future studies should measure and control for mood or, as noted above, even
PDQLSXODW H esational ktete ® BtQdwitg §ffects on associative memory, including
source memory. If a positive emotional state indeed fosters source memory, then a direct
manipulation could potentially amplify the effect of positive emotion and thus make it easier
to find memory differences between positive and negative emotion. In our studies, the
negative-positive difference in source memory was small and not significaefi(exthe
no-OT condition), as our studies had only limited power to detect such small differences in
source memory parameters, despite their decent sample size. Future studies could thus aim
for a stronger manipulation of emotion.

Another point of criticism might pertain to the online nature of our studies because
the experimental setting cannot be fully controlled in online studies (e.g., quiet/loud
environment, used device, used aids, etc.), thus introducing the risk of systematic biases.
Note, however, that we implemented different checks throughout the entire experiment (e.g.,
FKHENV IRU EURZVHU ZLQGRZ FKDQJHV )Fwhitk&tldast HDFK WD\

ensured that participants were continuously working on the experiment without interruptions.
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The above-chance (source and item) memory performance further indicates that participants
complied with our instructions. Also note thasgjng similar online control measures in a
previous study (Symeonidou & Kuhlmann, 2021), we obtained comparable memory patterns
in a lab and in an online setting.
Conclusion

Across two experiments, we showed that emotionality effects in source memory
depend on encoding instructions: EEM effects emerged reliably when participants were
oriented towards an affective item-source processingitutad occur when participants
engagedn non-affective relational item-source encodingvere instructed to focus attention
on the (neutral) items only. This, in part, explains the mixed findings regarding EEM effects
in source memory in previous research and once more corroborates that the mere presence of
emotional sources is not sufficient to induce EEM effects in source memory. Crucially, our
studies stand out against previous research in that we carefully selected the source pictures in
terms of valence and arousal by conducting a pre-study, thus ensuring the effectiveness of the
source emotionality manipulation. Furthermore, we used statistical modelling to measure
source memory free from guessing bias. Overall, our research considerably contributes to
identifying important boundary conditions under which source emotionality has versus does
not have beneficial effects on source memory. But it also highlights open questions and
potential future directions. For example, it is yet unclear whether unitization instructions
(which lead to item-source unitization) can similarly moderate EEM effects in source
memory and whether these effects are then rather driven by enhanced familiarity versus
enhanced recollection of emotional compared to neutral sources. Future studies could
investigate this question by varying unitization instructions and applying a Remember/Know

procedure to tap into familiarity versus recollection.
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Table 1
Pre-Study Ratings for Valence and Arousal of the Source Pictures Chosen for the Main Study

of Experiment 1 and Experiment 2

Experiment Emotionality Picture Label Valence Arousal
Positive L ake 4’ 5.93 (0.94) 4.31 (1.69)
Experiment
Negative Pestruction 10 2.31 (0.80) 4.22 (1.43)
1
Neutral %/olcano 1 4.15 (1.12) 4.35 (1.16)
Positive Bridge 1° 5.65 (0.91) 3.89 (1.56)
Experiment
Negative 3I*DUEDJHL'GX 2.28(0.94) 3.72 (1.45)
2
Neutral 3& DU UDFH  3.89(1.17) 3.74 (1.56)

Note.Standard deviation in brackets. Pictures were originally drawn fro@ke Affective
Standardized Image SEASIS; Kurdi et al., 2017). Pictures were selected such that the
negative and positive pictures matched on absolute valence, and all three pictures matched on
arousal level. The reported mean ratings refer to the final sample (i.e., to the eligible
participants who participated in the pre-study and the main study of the respective

experiment).
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Table 2
Model Fit and Parameter Estimates of the Two-High-Threshold Multinomial Model of Source Monitoring (2HTSM) for Experiment 1 and Each

Condition of Experiment 2

Orienting Task/ Parameter estimates

Model Fit
Condition D positive Ohegative Oheutral b Aneutral Apositive Oneutral Opositive
Gq3) Experiment 1
Affective 6.61,p=.086 .78[.76;.80] .44[.39;.50] .39[.34;.45] .13[.01;.25] .40[.35;.45] .54[.49;.59] .49[.43;.55] .29[.19;.38] .44[.32;.56]
G¥5) Experiment 2
Affective 1.67,p=.892 .77[.75;.80] .44[.38;.50] .33[.26;.40] .23[.13;.32] .43[.37;.49] - - 44 [.40; .47] .47 [.42; .51]
Integrative 6.07,p=.299 .79[.76;.81] .04 [-.04;.11] .02[-.05;.09] .05[-.03;.13] .58[.53; .64] - - .37 [.34; .40] .50 [.47; .54]
Non-Integrative 6.34p=.274 .71[.68;.73] .75[.70;,.81] .68[.61;.75] .70[.63;.78] .33[.28;.38] - - 41 [.36; .45] .38[.32; .44]
None 6.7, p=.243 .59 [.56;.62] .55[.47;.63] .33[.23;.42] .43[.34;.53] .38[.34;.43] - - .40 [.36; .43] .46 [.41; .51]

Note.Brackets indicate 95% confidence intervélls: probability of detecting a word as previously presented (equated Huqgsssitive, negative, and neutral source) or
not presented; = probability of correctly recalling thie= positive, negative, or neutral source of a recognized viordhrobability of guessing that a word was previously
presenteda/gneutral = probability of guessing the neutral sourcedaletected/undetected word (equated and estimated as one pagasei@r Experiment 2)a/gpositive =
probability of guessing the positive (vs. negative) sourca fietected/undetected wafdhe neutral source was not guessed (equated and estimated as one pgyameter
in Experiment 2)
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Figure 1

Pleasantness Ratings and Source Memory for Negative, Neutral, and Positive Source

Experiment 1

Note.Left-hand plot: Depicted are mean pleasantness ratings as a function of source
emotionality. Error bars indicate one standard error of the mean. Pleasantness scale
from 1 = very unpleasant to 5 = very pleasant. Right-hand plot: Depicted is source me
for the negative, neutral, and positive source. Source memory was measured by pdra

of the 2HTSM (Bayen et al., 1996). Error bars indicate one standard error of estimate
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Figure 2
Graphical Representation of the Two-High-Threshold Multinomial Model of Sourc

Monitoring (2HTSM) for Three Sources

Note.The figure shows submodel 5d of the 2HTSM (Bayen et al., 199&rfpet words (upper tree) and
new words (lower tree), extended to three souiicdsnotes the emotionality of the source with which th
item was originally paired B{negative, neutral, positve % R[HV RQ WKH ULJKW UHSUHVHQW SDUWLFLS
answers in the source memory t&t: probability of detecting a word as previously presented or not
presenteddi = probability of remembering the source of a recognized wWordprobability of guessing tha
a word was previously presentedgneutral = probability of guessing the neutral sourcedor
detected/undetected word (equated and estimated as one pagaseién Experiment 2)a/gpositive =
probability of guessing the positive (vs. negative) source adetexted/undetected word if the neutral
source was not guessed (equated and estimated as one paggsaetén Experiment 2)Adapted from

36 RXUFH PRQLW R BelfQehe@ated IstiulMrvsdiizbphrenia: Multinomial modeling of data fi
WKUHH VRXUFHV™ E\ .HHIH HW DO S
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Figure 3

Orienting Task Ratings as a Function of Source Emotionality in Experiment 2

Note.The figure shows mean pleasantness ratings (affective orienting task [OT]; hight
more pleasant), mean item-source-fit ratings (integrative OT; higher = higher fit), and
living-non-living ratings (non-integrative OT; higher = living) as a function of source

emotionality. Error bars indicate one standard error of the mean. The rating scale ran

1to 5in all three OTs.
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Figure 4

Source Memory for Negative, Neutral, and Positive Sources in Each Condition of Expel

Note.Depicted is source memory for negative, neutral, and positive sources in the affe
orienting task (OT), integrative OT, non-integrative OT, and no-OT condition of Exper
2. Source memory was measured by parandetéthe 2HTSM (Bayen et al., 1996). Error

bars indicate one standard error of estimate.
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