Heliyon 9 (2023) e20241

Contents lists available at ScienceDirect

Heliyon

journal homepage: www.cell.com/heliyon

Aging attenuates the memory advantage for unexpected objects in
real-world scenes

Lena Klever >, Jasmin Islam ?, Melissa Le-Hoa V6 ¢, Jutta Billino "

@ Experimental Psychology, Justus Liebig University Giessen, Germany
Y Center for Mind, Brain, And Behavior (CMBB), University of Marburg and Justus Liebig University Giessen, Germany
¢ Department of Psychology, Goethe University Frankfurt, Frankfurt am Main, Germany

ARTICLE INFO ABSTRACT
Keywords: Across the adult lifespan memory processes are subject to pronounced changes. Prior knowledge
Aging and expectations might critically shape functional differences; however, corresponding findings

Prior knowledge
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Object memory
Scene perception

have remained ambiguous so far. Here, we chose a tailored approach to scrutinize how schema
(in-)congruencies affect older and younger adults’ memory for objects embedded in real-world
scenes, a scenario close to everyday life memory demands. A sample of 23 older (52-81 years)
and 23 younger adults (18-38 years) freely viewed 60 photographs of scenes in which target
objects were included that were either congruent or incongruent with the given context infor-
mation. After a delay, recognition performance for those objects was determined. In addition,
recognized objects had to be matched to the scene context in which they were previously pre-
sented. While we found schema violations beneficial for object recognition across age groups, the
advantage was significantly less pronounced in older adults. We moreover observed an age-
related congruency bias for matching objects to their original scene context. Our findings sup-
port a critical role of predictive processes for age-related memory differences and indicate
enhanced weighting of predictions with age. We suggest that recent predictive processing theories
provide a particularly useful framework to elaborate on age-related functional vulnerabilities as
well as stability.

1. Introduction

We continuously accumulate knowledge about the world. From repeated experiences we learn that our environment follows
compositional rules. For instance, objects underlie physical constraints (a toothbrush does not float in space) and are usually found
within a certain context (a toothbrush belongs in the bathroom). By abstracting and storing these regularities as schemata, our brains
can predict future encounters with similar environments and objects [1]. This prior knowledge of scene structure is particularly useful
for object identification, when searching for specific objects or guiding attention towards goal-relevant information [2-4]. Schemata
do not only support perception, but are also key for memory processes [5-7]. Given pronounced age-related changes in memory
capacities, the functional role of schemata for age effects on object memory might be critical. However, so far studies have rarely
addressed how prior knowledge and expectations affect older adults’ memory for context-embedded objects.
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While many cognitive functions, such as processing speed, memory capacities, and inhibitory control are subject to age-related
decline, world knowledge remains stable or even improves [8]. An amplified impact of prior knowledge has been suggested to
contribute to older adults’ decline and stability in memory performance [9]. Increased reliance on predictions could serve as a
compensatory mechanism to optimize memory decisions. However, this advantage might fail and even turn to a disadvantage when
predictions are violated and an overreliance on them becomes detrimental. Although our environment is generally predictable, de-
viations from expectations are essential for knowledge updating and adjusting behaviour appropriately [10]. A specific disadvantage
for processing unexpected information would critically limit adaptivity to changing environments and affordances.

Several studies have been concerned with the role of schema expectations for object memory in older and younger adults, however,
quite heterogenous result patterns have been reported. In order to provide an overview of the pervious findings, it is important to
clarify that the generic use of the term congruency effect should be avoided since it can refer to contrary effect directions. The term
subsumes performance benefits from schema-congruency as well as from schema-incongruency. This ambiguity can be resolved by
distinguishing between a congruency advantage, i.e., a memory advantage for objects presented in congruent scene contexts, and an
incongruency advantage, i.e., a memory advantage for objects presented in incongruent scene contexts. Whether an object memory
advantage arises from schema congruency or schema incongruency, respectively, has been found to substantially depend on in-
structions during encoding. Notably, studies consistently provided evidence for only minor overall age-related differences in object
memory, indicating robust resources in healthy aging [11-17]. However, memory advantages that emerged from object-scene (in)
congruencies were subject to specific age effects.

When explicit instructions drawing attention to possible object-scene (in)congruencies were provided, observers consistently, i.e.,
older and younger adults, showed a memory advantage for objects that are congruent with schema-based expectations about a given
scene [11-13]. Importantly, this congruency advantage was found to be more pronounced in older adults. The age-related benefit was
observed in absolute object recognition performance as well as in memory for object details. These findings suggest an enhanced
schema bias in older adults. While boosting recognition performance, though, the overreliance on prior knowledge could induce
increased false alarm rates, qualifying a putative age-specific advantage.

In contrast to evidence for congruency advantages, memory studies that refrained from giving explicit instructions about object-
scene (in-)congruencies yielded a reversed result pattern. Here, memory advantages were observed for objects that are incongruent
with schema-based expectations about a given scene, i.e., incongruency advantages [14-17]. Performance benefits were robustly
present across age groups, however, age effects on the magnitude of these incongruency advantages have remained ambiguous. In a
paradigm using schematic line drawings of scenes, older adults showed more pronounced advantages than younger adults [16]. In
contrast, studies focusing on objects embedded in real-world scenes yielded similar benefits across age groups [18] or even an opposite
trend, i.e., less pronounced incongruency advantages in older than in younger adults [14,15,17]. In summary, the latter studies
provided evidence that object memory can reliably benefit from object-scene incongruencies across the adult lifespan, but the
advantage seems limited in older adults, indicating that prioritized processing of incongruent objects might be weakened.

We here aimed to specifically focus on naturalistic scenarios in which memory for objects might be required in everyday life. We
particularly considered three criteria for the memory task to be close to real-world affordances that have not been combined in the
previous studies described above. First, we presented objects naturally embedded in real-world scenes in contrast to a detached
presentation [11-13,16]. In addition, photographs were supposed to ensure a standardized and controlled presentation of scenes,
refraining from real-world settings [14,15,18]. Second, we presented the scenes in a free-viewing paradigm without additional task, e.
g., a search task or an explicit object memory task [13,16,17]. Tasks per se affect how context information in scenes is processed [3,19]
and might confound age effects [20,21]. Finally, we did not provide explicit instructions on possible object-scene inconsistencies
[11-13], avoiding strategic processes that are especially vulnerable during ageing [22]. This tailored approach allows us to scrutinize
how prior knowledge and expectations shape age effects on object memory in real-world scenes under free-viewing conditions.

2. Methods
2.1. Participants

A total of 23 older (11 males, age [years]: M = 69.3, SD = 8.0) and 23 younger adults (11 males, age [years]: M = 26.8, SD = 6.1)
participated in this study. Older adults were part of our local database and screened for cognitive impairment using the MoCA [23].
Younger adults were recruited by calls for participation and matched in terms of educational background and reported gender. Older
adults reported slightly fewer years of school education than younger adults, 11.7 years (SD = 1.7) and 12.7 years (SD = 0.9),
respectively. Overall our sample is characterized by a bias towards higher educational levels with 52.2% of our participants having
completed a higher academic degree. Neurologic or psychiatric disorders were screened out by self-report. Procedures and methods
conformed to the Declaration of Helsinki [24] and were approved by the local ethics committee at Justus Liebig University Giessen
(LEK 2017-0025). All participants provided informed written consent prior to the experiment.

2.2. Setup

Data was collected via an online platform (https://www.testable.org/). Participants carried out the experiment using their own
stationary computers. Given the online setting of our study, we had to tolerate variance in the actual setups our participants used.
However, basic technical parameters were logged and we were able to confirm that there were no systematic setup differences between
our both age groups. With regard to operating systems, equivalent proportions of older and younger adults run macOS (13.0% vs.
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26.1%) or Windows (87.0% vs. 73.9%), indicating similar distributions, )(2(1, N = 46) = 1.24, p = .265. Screen resolution varied in
width between 810 px and 2560 px, in height between 614 px and 1440 px, and in the diagonal between 1249 px and 1809 px. Most
importantly, we observed for neither parameter significant differences between both age groups (all two-sample t-tests yielded ps >
.08).

Stimulus size was standardized by a calibration procedure so that stimuli scaled with the screen resolution of the participants’
screens. At the start of the experiment, participants were asked to match the length of a line shown on their screens to the length of a
bank card. General instructions ensured undisturbed, quite conditions and a fixed viewing distance from the screen, i.e., a distance
approximately equal to the length of an arm (~60 cm).

2.3. Stimuli

We used indoor scenes photographs taken from the SCEGRAM database [25]. Based on the consistency ratings for every
object-scene condition that are provided with the database, we derived two groups of object-scene combinations with which we
maximized the difference between scenes with regard to supposed violated expectations. Given the above described calibration
procedure, scenes were displayed at an approximate size of 18.9° x 14.3°. The scenes gave context information by six different room
types (e.g., kitchen, bathroom). Target objects were naturally embedded in these scenes and were either congruent or incongruent with
the given context (see Fig. 1A for examples). Target objects without scene context and distractor objects, taken from another database
[26], were used for recognition. For recognition individual objects were displayed at an approximate size of 12.0° x 7.4°. Distractor
objects were carefully chosen to match the target objects with regard to actual size, color, and semantical congruency with the given six
room types. In addition, scenes without target objects were presented for matching recognized objects to their remembered context. A
choice of three different scenes next to each other was presented, each with an approximate size of 8.6° x 6.5°.

2.4. Procedure

Participants first freely viewed 60 scenes, of which half contained target objects congruent or incongruent with the context,
respectively. Participants saw each object and each scene, respectively, only once. There were no repetitions. Instructions called for
memorizing the scenes in general and did not point to objects. The scenes were presented in randomized order, 3000 ms each with an
ISI of 800 ms. Subsequently, participants filled out some unrelated questionnaires, introducing a delay of M = 14 + 1 min. Finally,
participants were presented with the 60 target and 60 distractor objects after one another in randomized order. They had to label each
object as old or new, i.e. whether they have seen it in the scenes or not. If labelled as old, objects had to be matched to the scene
presented in previously. Three alternative scenes were offered, one scene giving a congruent, two scenes giving an incongruent context
(see Fig. 1B). This configuration was chosen according to similar procedures in previous work [11], focusing in particular on con-
gruency biases in scene associations for objects encoded in an incongruent context. When the valid incongruent scene context is
erroneously not selected, participants either opt for the second incongruent scene or the congruent scene. Given these two options the

(A) Encoding scenes (B) Recognition task

New or:old? — In which scene was the object previously presented?

/ | N\

Congruent Incongruent Incongruent

Congruent

Fig. 1. Illustration of encoding and recognition procedures. (A) Scenes for encoding contained naturally embedded objects that were either
congruent or incongruent with the given context. (B) Recognition procedure for a congruent target (upper row) and an incongruent target object
(lower row). Note: Colored frames and labels are here used for illustration and were not used in the actual procedures.
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congruency bias in associative scene memory can be evaluated. Responses were entered via the keyboard. All participants were
familiarized with the procedure by two preceding demonstration trials based on additional scenes and objects, not included in the main
experiment.

2.5. Data analyses

All measures we used for evaluation of memory performance were calculated for each individual participant and were than
submitted to statistical analyses. Recognition performance was assessed in terms of the well-established d prime index (d’) [27]. D'is a
measure of discriminability based on signal detection theory that is unaffected by response biases. It is given by the difference between
the z-transformed standardized proportions of correct detections and false alarms, characterizing the ability to discriminate targets
from distractors. In our memory task, higher d’ values indicate better recognition performance. To evaluate how well participants
remembered the scene context of objects, we calculated the proportion of scene selection errors relative to the overall number of
correctly recognized objects. Data were analyzed using mixed ANOVAs with the between-subject factor age group (older vs. younger)
and the within-subject factor context (congruent vs. incongruent). In order to explore whether scene selection errors for incongruent
objects were driven by a congruency bias, i.e., a bias to associate those objects erroneously with congruent scene contexts, we
additionally calculated which proportion of these errors were made in favor of the congruent scene. Response times for old and new
decisions were explored using median values. Since response times tend to be skewed and are prone to outlier data, median values
provide a more robust measure than mean values. Data were submitted to a two-factorial ANOVA with the between-subject factor age
group (older vs. younger) and the within-subject factor object type (distractor, congruent, incongruent). If appropriate, main analyses
were followed by post hoc paired comparisons with Bonferroni-Holm correction. Significance level was set to « = .05 in all statistical
analyses. If not stated otherwise, descriptive values are given as means + SEMs.

3. Results
3.1. Object memory

We first determined whether object memory systematically varies between the two context conditions and two age groups (Fig. 2).
We submitted d’ values to a two-factorial ANOVA with age group as between-subjects factor and repeated measures on the factor
context. The analysis yielded significant main effects of age group, F(1, 44) = 11.47,p = .001, Tl% =0.21, and context, F(1, 44) = 134.11,
p<.001, ng = 0.75. However, these main effects were qualified by a significant interaction effect, F(1, 44) = 13.43,p < .001, ng =0.23.
Follow-up t-tests showed that memory for objects encoded in an incongruent context was better than those encoded in a congruent
context both in older and younger adults (¢(22) = 7.57, p < .01, d = 1.58, and t(22) = 8.94, p < .01, d = 1.87, respectively). Notably,
this memory advantage was less pronounced in older adults: While object memory was comparable between both age groups in the
congruent context condition, t(44) = 0.87, p = .388, d = 0.25, older adults’ memory performance was lower in the incongruent context
condition, t(44) = 4.32,p < .01,d = 1.28.

Older adults
3 - -~ Younger adults

dl

Congruent Incongruent

Fig. 2. Effects of age group and encoding context, i.e., congruent and incongruent, on object memory. Filled dots show the mean across observers
and semi-transparent lines provide individual data. Older adults are plotted in orange, younger adults in blue. Error bars give 95% confi-
dence intervals.
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3.2. Scene memory

Participants’ ability to remember the correct scene context of target objects was evaluated by the error rates in matching correctly
recognized objects to corresponding scenes (Fig. 3). We ran a two-factorial ANOVA with age group as between-subject factor and
repeated measures on the factor context. The main effects for age group, F(1, 44) = 10.48, p = .002, nf, = 0.19, and context, F(1, 44) =
69.24, p < .001, n;‘; = 0.61, reached significance, but were qualified by a significant interaction effect, F(1, 44) = 9.12, p =.004, nf‘; =
0.17. Follow-up t-tests indicated that older and younger adults made considerably more errors assigning incongruent than congruent
objects to the correct scenes (t(22) = 6.95, p < .01, d = 1.45, and t(22) = 4.59, p < .01, d = 0.96, respectively). However, the increase in
error rates was more pronounced in older adults. Whereas error rates of both age groups did not differ for congruent target objects, t
(44) = 0.25, p = .804, d = 0.07, older adults were especially prone to errors when assigning incongruent objects to their corresponding
scenes, t(44) = 3.99,p < .01,d = 1.18.

3.3. Response times

We analyzed how response times in the object recognition task varied across age groups and object types, i.e., distractor, congruent,
and incongruent objects. Median response times were submitted to a mixed ANOVA with the between-subject factor age group and the
within-subject factor object type (Fig. 4). We determined a significant main effect for age group, indicating age-related slowing, F(1, 44)
=25.99,p <.001, ng = 0.37. The main effect for object type was also significant, F(2, 88) = 10.45, p < .001, ng = 0.19. There was no
interaction between both main effects, F(2, 88) = 0.50, p = .607, ng = 0.01, suggesting that response times were similarly affected
across age groups. The main effect of object type was followed up by paired comparisons. Responses were faster for distractors than for
congruent objects, t(45) = 4.54, p < .01, d = 0.67, and incongruent objects, t(45) = 3.50, p < .01, d = 0.52), target objects. Response
times for congruent and incongruent target objects did not differ, t(45) = 0.67, p = .502, d = 0.10.

4. Discussion

Prior knowledge has been suggested to be a key factor in understanding older adults’ memory performance [9]. However, it is not
well understood how violations of expectations affect memory for context-embedded objects — especially under naturalistic viewing
conditions. Object-scene inconsistencies challenge prior knowledge and provide substantial informational gain which could aid
memory [28]. This benefit might be attenuated in older adults. Using well-controlled photographs of real-world indoor scenes con-
taining object-scene (in)consistencies, we addressed the question whether violations of scene context expectations affect memory for
embedded objects differentially in older and younger adults.

We found that schema violations are overall beneficial for object memory in older and younger adults. As target objects were
embedded in a rich, natural environment, we suggest that object-scene relationships were automatically processed, requiring minimal
processing resources [29,30]. This might have facilitated to observe robust memory benefits in older adults although they face reduced
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Fig. 3. Effects of age group and encoding context, i.e., congruent and incongruent, on error rates during scene selection. Filled dots show the mean
across observers and semi-transparent lines provide individual data. Older adults are plotted in orange, younger adults in blue. Error bars give 95%
confidence intervals. Exploration of scene selections for incongruent objects showed that older adults erroneously favored the congruent scene in
72% of the time, whereas younger adults showed a rate of 37%. These rates support a more pronounced congruency bias in older adults.
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Fig. 4. Mean response times as a function of age group and object type, i.e., distractor, congruent, incongruent. Error bars correspond to 95%
confidence intervals.

processing capacities and processing speed [31,32]. In addition, associative demands, being especially challenging in old age [33],
were minimized. However, we determined an age-related reduction of the incongruency advantage. This finding corroborates previous
results showing less pronounced incongruency advantages in older than in younger adults [14,15,17]. In addition, older adults’
memory representations of scene context were biased towards congruent information. This was reflected in a greater number of
schema-congruent errors when participants were asked to match correctly recognized objects encoded in an incongruent context [see
also [11,12]]. Older adults tended to erroneously associate a congruent scene context. Such a congruency bias has been observed for
memory of object locations in scenes [17], but here we showed that it is of even broader relevance, affecting memory for the whole
scene context. Analysis of response times overall corroborated age-related slowing. Retrieval processes, though, were similarly shaped
in both age groups — with faster responses for distractors and no difference for objects encoded in a congruent or incongruent context.

Our findings are consistent with recent models on how prior knowledge shapes perception [10]. Information processing is supposed
to be first biased towards prior knowledge. But when an event is greatly unexpected, it elicits surprise, which, in turn, could signal the
necessity to update existing knowledge, leading to enhanced processing. Although rooted in perception, this model may be applied to
memory and is in principle compatible with previous accounts [5,28]. Our data indicate that older and younger adults weigh unex-
pected information differently, but we can only speculate at which memory stages, i.e., encoding or retrieval, age-related differences
emerge. In addition, it remains to be explored whether predictive processing might be specifically hampered by age-related general
slowing of information processing [32].

Given the crucial role of active vision for memory [34], age-related differences in encoding could explain why the memory
advantage for incongruent objects is attenuated in older adults. It is well documented that younger adults fixate incongruent objects
earlier, longer, and more frequently [e.g., 35, 36], while processing of congruent objects is reduced [37]. We suppose that this fixation
pattern also holds for older adults, leading to an overall augmented encoding of incongruent information. However, it might be less
pronounced due to greater viewing of congruent regions [17] and possibly a reduced motivation for exploring novel information [38].
Alternatively, retrieval processes might be biased toward congruent information due to age-related vulnerabilities in critical functional
neural networks, involving in particular the ventromedial prefrontal cortex and the medial temporal lobes [5,7].

Our findings provide novel insights into the role of expectations for object memory in naturalistic scenarios and age-related vul-
nerabilities. We have shown that incongruent context efficiently boosts object memory across the adult lifespan and that the principle
mechanisms are quite similar in older and younger adults. Schema violations can be beneficial for stabilizing memory performance in
older age. However, the advantage is significantly attenuated and qualified by an overall congruency bias in older adults. We suggest
that our memory data reflects critical age-related changes that can be related to recent predictive processing theories [compare [10,
371]. These have put forward that functional efficiency of predictions crucially depends on the precision of the information input.
While high precision is supposed to go along with a particularly high sensitivity to unexpected information, low precision is supposed
to bias processing towards predictions. Given reduced sensory precision with increasing age, it appears consistent that, although
violations of expectations remain a powerful way to enhance information processing, this mechanism is weakened. At the same time,
an increased bias towards predictions, e.g., a more pronounced congruency bias, can be expected. To conclude, predictive processing
theories seem well suited to contribute to our understanding of age-related functional changes and allow to consider vulnerabilities as
well as stability within a coherent framework.
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