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Abstract

While age differences in episodic memory are well documented, the impact of age on the
structure of memories for real-world events has not been investigated in detail. Recent
research has shown that the continuous flow of information that constitutes daily life events
is compressed in episodic memory, such that the time needed to mentally replay an event is
shorter than the actual event duration. To examine whether this process of temporal
compression of prior experience in episodic memory is affected by aging, we asked young
and older adults to engage in a series of events that simulated daily life activities while their
experience was automatically recorded using a wearable camera. Subsequently, participants
were asked to mentally replay these events in as much detail as possible and then to
verbally report recalled contents and to rate the subjective qualities of their memories.
Results revealed that the rates of temporal compression of events during mental replay
were similar in young and older adults. In both age groups, rates of temporal compression
were predicted by the density of recalled moments of prior experience per unit of time of
the actual event duration. Interestingly, however, the number of recalled moments
predicted the subjective vividness of memories in young but not in older adults. Taken
together, these results suggest that the process of temporal compression of events in
episodic memory is unaffected by age but that the subjective experience of memory

vividness becomes less tied to recalled moments that represent the unfolding of events.
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Aging is associated with diminished episodic memory performance. Compared to young
adults, older adults remember past events in less detail and have particular difficulty in
reinstating the context of prior experiences (Old & Naveh-Benjamin, 2008; Spencer & Raz,
1995). Relatively little is known, however, about age effects on the temporal structure of
memories for real-life events—how the continuous flow of experience is summarized in
long-term memory. The main reason for this gap in knowledge is that previous studies on
age-related differences in episodic memory have mainly used discrete laboratory stimuli
(such as pictures or words) that are devoid of temporal dynamics. Recent research in young
adults suggest that episodic memories represent prior experience in a temporally
compressed form, such that remembering an event takes less time than the actual event
duration (Bonasia, Blommesteyn, & Moscovitch, 2016; Jeunehomme & D’Argembeau, 2019;
Michelmann, Staresina, Bowman, & Hanslmayr, 2019). The aim of the current study was to
examine whether this phenomenon of temporal compression of events in episodic memory

is affected in normal aging.

Temporal compression of events in episodic memory

Our daily life is made of a continuous flow of events and experiences. Episodic memory
retains traces of these events, allowing us to mentally re-experience the past (Tulving,
2002). However, memories are not literal records of past episodes but instead summary
representations of prior experience (Conway, 2009). Here, we focus on how the unfolding of
events is summarized in memory by investigating how event memories map onto the real
time it took for events to unfold (Jeunehomme & D’Argembeau, 2019; Wang & Gennari,
2019). We use the term “temporal compression” to refer to the fact that the representation

of the unfolding of events in memory often does not map onto the original event duration:



the time it takes to remember an event is typically shorter than the actual duration of this

event in the past.

Recent studies have capitalized on wearable camera technology to examine this
compression phenomenon when remembering real-world events (Jeunehomme &
D’Argembeau, in press, 2019; Jeunehomme, Folville, Stawarczyk, Van der Linden, &
D’Argembeau, 2018). In one study, young adults engaged in a series of daily-life activities
(e.g., buying a newspaper) and were later asked to mentally replay each event in as much
detail as possible (Jeunehomme & D’Argembeau, 2019). It was found that remembering an
event took less time than the actual event duration, showing that the unfolding of past
experience is temporally compressed in episodic memory (Arnold, laria, & Ekstrom, 2016;
Baldassano et al., 2017; Bonasia et al., 2016; Michelmann et al., 2019). Furthermore, verbal
reports on the content of memories suggested that this compression occurs, at least in part,
because events were represented as a succession of short-time slices of prior experience
that were separated by temporal gaps (i.e., some moments of prior experience were not
remembered; Jeunehomme et al., 2018; see also Michelmann et al., 2019). The density of
remembered moments of experience per unit of time of the actual event duration predicted
rates of temporal compression during mental replay. Importantly, however, rates of
temporal compression were not constant but varied according to the nature of remembered
events. Specifically, events involving actions (e.g., buying a drink at the cafeteria) were less
compressed than events involving spatial displacements (e.g., going from one place to
another with no particular action to perform other than walking) (Jeunehomme &

D’Argembeau, 2019; Jeunehomme et al., 2018).



Together, these studies show that episodic memories are not replicas of prior
experiences but represent the unfolding of events in a form that does not coincide with the
actual event duration. While the mechanisms underlying this temporal compression of
events in episodic memory remain to be investigated in detail, at least two factors may
determine compression rates. First, compression rates may depend on how events are
segmented and structured at encoding. According to event segmentation theory, the
continuous stream of experience is perceived by means of event models that represent the
ongoing situation (Kurby & Zacks, 2008; Zacks, Speer, Swallow, Braver, & Reynolds, 2007).
Event models are constantly updated following perceptual or conceptual changes in
experience (e.g., changes in location, character, object, goals, actions, and so forth),
resulting in the formation of event boundaries—the perception that an event has ended and
another event begins—that delimit distinct memory traces (Clewett & Davachi, 2017;
Radvansky & Zacks, 2017; Zacks et al., 2007). Thus, compression rates when representing
the unfolding of events may depend on the density of event segments per unit of time: the
more segments are perceived at encoding, the less events are compressed in memory
(Faber & Gennari, 2015; Jeunehomme & D’Argembeau, in press). Second, rates of temporal
compression may be flexibly modulated at retrieval according to task demands and
contextual factors (Wang & Gennari, 2019). For example, people may modulate the
granularity of event representations depending on whether they need to remember the gist
or details of previous action sequences. These two factors are not mutually exclusive but

their respective contributions to the temporal compression of events is still unclear.



Age-related changes in episodic memory

The impact of age on episodic memory is well documented, with many studies showing that
the ability to remember events declines with increasing age (for reviews, see Cabeza,
Nyberg, & Park, 2016; Koen & Yonelinas, 2014). This decline has been attributed to a
diminished capacity to retrieve associations between the different features constituting
events (Chalfonte & Johnson, 1996). Notably, laboratory studies have shown that older
adults have objectively less accurate episodic memories, as indexed by source memory
(Bastin et al., 2014; Duarte, Henson, & Graham, 2008; Duarte, Ranganath, Trujillo, & Knight,
2006) or free-recall (Norman & Schacter, 1997) tasks. Similarly, studies on memory for real-
life events have shown that older adults have impoverished memory representations
relative to young adults (Hashtroudi, Johnson, & Chrosniak, 1990; Madore, Gaesser, &
Schacter, 2014; Robin & Moscovitch, 2017; St-Jacques, Rubin, & Cabeza, 2012).
Interestingly, however, recent studies did not find any age difference in the richness of
recent memories (between two weeks and one year old) for real-life events (Aizpurua &

Koutstaal, 2015; Mair, Poirier, & Conway, 2017).

It is also worth noting that in some studies, the reduced level of detail observed in
older adults’ verbal reports of their memories contrasted with their subjective memory
ratings, which were either similar or even higher than the ratings of young adults (Folville et
al., 2019; Folville, D’Argembeau, & Bastin, in press; Hashtroudi et al., 1990; Robin &

Moscovitch, 2017; St-Jacques et al., 2012; St-Laurent, Abdi, Bondad, & Buchsbaum, 2014).

Although these studies provide important insights into the impact of aging on the
richness of episodic memories, they did not investigate the temporal structure of memories.

To the best of our knowledge, no study has investigated whether young and older adults



compress the continuous flow of experience in the same manner in episodic memory

representations.

Aging and event cognition

When segmenting videos depicting daily life activities, older adults have lower segmentation
agreement (i.e., the participant’s segmentation maps onto the segmentation pattern of the
whole sample to a reduced extent) and the segments they identify are less hierarchically
organized (i.e., fine-grained segmentation maps less well onto coarse-grained
segmentation) relative to young adults (Kurby & Zacks, 2011; Zacks, Speer, Vettel, & Jacoby,
2006). These results suggest that the stream of real-life events may be less well-structured
and less likely to be segmented into distinct units among older adults, which could in turn

impact the temporal compression of events in episodic memory.

However, other studies indicate that older adults do not necessarily have lower
segmentation abilities. For instance, studies of reading comprehension have shown that
reading speed decreases at event boundaries—because cognitive resources are allocated to
event model updating—in a similar way in young and older adults (Radvansky, Zwaan,
Curiel, & Copeland, 2001), and a recent study has shown that the neural correlates of event
segmentation do not differ between young and older adults (Kurby & Zacks, 2018b).
Furthermore, older adults can display similar rates of event segmentation as young adults,
for instance when they segment narrative texts or picture stories (Magliano, Kopp,
Mcnerney, Radvansky, & Zacks, 2012). The authors proposed that older adults rely on their
knowledge of events to adequately process relevant event features. As a matter of fact,
situation models (i.e., the understanding of the characters, physical environment, and

spatio-temporal framework of a narrative or a situation) are not affected by healthy aging



(Radvansky & Dijkstra, 2007). For example, in many studies, young and older adults did not
differ in their comprehension and memory for situation narratives (Radvansky & Curiel,
1998; Radvansky et al., 2001; Stine-Morrow, Soederberg Miller, & Leno, 2001). Together,
these findings suggest that older adults have preserved event cognition and that situation
models may help them segmenting the continuous stream of experience in a similar way as
young adults do. Therefore, it could be that, despite a general reduction in level of detail,
older adults’ episodic memories display a temporal structure that is comparable to young

adults’ memories, notably in terms of rates of event compression.

The current study

The aim of the current study was to examine the impact of age on the temporal
compression of daily-life events in episodic memory. To do so, we used an experimental
paradigm that capitalizes on wearable camera technology (Jeunehomme & D’Argembeau, in
press; 2019). Young and older adults engaged in a series of events that simulated daily-life
activities while wearing a camera that automatically recorded their experience from the first
person perspective (Chow & Rissman, 2017). They then had to mentally replay each event in
as much detail as possible and the temporal compression of the event in memory was
estimated as the ratio of the actual event duration to the duration of mental replay.
Following mental replay, participants were asked to verbally describe everything they
remembered during their mental replay, which allowed us to assess the density of recalled
segments of prior experience per unit of time of the actual event duration. We predicted
that the density of recalled moments of experience would predict temporal compression
rates (Jeunehomme & D’Argembeau, 2019) and examined whether this was the case in both

age groups.



Another goal of this study was to investigate whether variations in temporal
compression rates for different types of events are similar in young and older adults. In
young adults, rates of temporal compression have been found to be lower for events that
involve specific actions than for events that involve spatial displacements (Jeunehomme &
D’Argembeau, 2019; Jeunehomme et al., 2018). This was explained by the fact that
memories for actions contained a higher density of moments of experience per unit of time
than spatial displacements, so that the mental replay of the former events took
proportionally more time (and thus was less compressed) than the mental replay of the
latter events. Here we assessed whether this pattern of results would also be observed in

older adults.

The third aim of the current study was to examine the impact of age on the
subjective experience of remembering and its relation to the temporal structure of
memories. Jeunehomme and D’Argembeau (2019) found that the subjective sense of re-
experiencing an event during mental replay was predicted by the number of retrieved
moments of prior experience. Previous studies have shown that older adults provide similar
or even higher subjective vividness ratings than young adults when remembering real-life
events (Comblain, D’Argembeau, & Van Der Linden, 2005; St-laurent, Abdi, Burianova, &
Grady, 2011), even when they have a lower memory for the events (Gallo, Korthauer,
Mcdonough, Teshale, & Johnson, Elizabeth, 2011; Robin & Moscovitch, 2017; St-Jacques et
al., 2012) and less specific neural representations (Folville et al., 2019). Besides, a recent
study showed that older adults’ subjective vividness ratings are less tied to the amount of
retrieved episodic details (Folville et al., in press). Consequently, we hypothesized that the
subjective experience of remembering would be less tied to the objective number of

recalled moments of prior experience in older than young adults.



Method

Participants

Thirty-four young (mean age =22.85 years, SD = 2.96, range 19-29 years; 13 males) and 34
older (mean age = 68.32 years, SD = 4.19, range 61-76 years; 22 males) adults took part in
the study. This sample size was determined a priori using G*Power 3 (Faul, Erdfelder, Lang,
& Buchner, 2007) to achieve a statistical power of 80% to detect a significant within-group
difference in compression rates (comparing actions and spatial displacements), considering
an alpha of .05 and a medium effect size (Cohen’s d = 0.50). Furthermore, this sample size
provided a statistical power above 95% to detect age differences, considering an alpha of
.05 and the effect size reported by Madore, Gaesser and Schacter (2014) for the recall of
episodic details from real-life events (Cohen’s d = 1.46). Exclusion criteria were past/current
neurological or psychiatric disorders and any medication that could interfere with cognitive
functioning. Two participants were excluded and replaced by two other participants: one
young adult because he guessed that his memory would be tested and one older adult
because he voluntary terminated the testing session before the end. Groups did not differ in
terms of education, t(66)=-1.26, p =.211 (Myoung=14.15, SDyoung=1.94; Moider=15.09,
SDoider=3.88). Older adults’ general cognitive functioning was assessed with the Dementia
Rating Scale (DRS; Mattis, 1976) and all older participants performed within the age-
corrected norms of the DRS: M=139.59, SD=3.39 (Pedraza et al., 2010). On the Mill-Hill
vocabulary questionnaire (Deltour, 1993), scores indicated better performance in older than
in young adults, t(66)=-6.51, p <.001 (Myoung=24.09, SDyoung=4.49; Moider=29.76, SDolder=2.37).
All participants gave written informed consent and the study was approved by the Ethics

Committee of the Faculty of Psychology of the University of Liege, Belgium.



Materials and Procedure

The experimental procedure consisted of two phases: participants first experienced a series
of events that simulated daily life activities and then received a memory task in which they

had to mentally replay these events, to describe remembered information and to rate their

subjective experience while remembering.

Experienced events. Participants were instructed to perform different actions in a pre-
defined order in various locations around the main building of the university in the city
centre of Liege (Belgium), while the content and timing of their experience was recorded
using a wearable camera: the Autographer (OMG Life Ltd.). Participants were not aware that
their memory would be subsequently tested and it was explained that we were pre-testing a
new wearable camera for use in future studies aiming at investigating people’s experience
in their daily life. Participants received written instructions describing the walk, which they
had to remember. Before starting the walk, they were asked to recite all the steps to ensure
that they remembered and understood all actions and spatial displacements. During the
entire walk, participants wore the Autographer tied around their neck and the camera
automatically took pictures from a first-person perspective according to several parameters
(e.g. luminosity, body movements). In the current study, the camera was set to capture the

pictures at the maximum rate (around ten pictures per minute).

The walk was composed of two types of events: actions in which participants
interacted with people and objects (circles on Figure 1) and spatial displacements in which
participants walked from one place to another (lines on Figure 1). The order of the events

was the same for all participants and was as follows (see Figure 1): participants first left the



testing room and went downstairs to the main hall of the building (note that in the
subsequent memory task this part of the walk was used as a practice trial and was not
included in the analyses). When they arrived in the hall, participants were instructed to
choose a leaflet on the display stands. The leaflets depicted activities that could be done in
Liege and its area (e.g. museum visits or exhibitions) and participants were instructed to
choose the activity they would like to carry out in a near future. Next, participants left the
University building and went to a bookshop to buy a card (e.g., a postcard or greetings card).
After having bought the card, participants were asked to go to a cafe to purchase the
beverage of their choice that they were instructed to take away. Next, they went back to
the University building and went to the reception office to ask the closing time of the
building. Finally, they went back to the testing room. Before the walk, participants received
5 euros to purchase the card and the beverage.

< Figure 1 about here >
Memory task. Immediately after the walk, the real aim of the study was revealed to the
participants and they were asked whether they had guessed that their memory would be
tested. While participants filled in the Mill-Hill vocabulary test and read the memory task
instructions, the experimenter uploaded the pictures that had been taken by the camera on
the computer. The task was programmed using E-Prime 2.0 software (Psychology Software
Tools, Pittsburgh, PA). The task comprised eight trials (four actions and four spatial
displacements; see Figure 1) that were presented in a random order. Each trial began with
the presentation of two pictures and a label describing one segment of the walk (e.g., going
to the bookshop; see Figure 2). The left and right pictures corresponded respectively to the
beginning and end of an experienced event; the two pictures were separated by a black

arrow oriented to the right, indicating their chronological order. Once participants identified



the corresponding event, they were instructed to close their eyes and to mentally relive the
event as precisely as they could (i.e., everything that happened from the moment
represented by the picture on the left to the moment represented by the picture on the
right). Participants were instructed to press the space bar to indicate that they started their
mental replay and as soon as they had mentally re-experienced the event, they pressed the
space bar again to indicate the end of their mental replay. Next, they were presented with
six rating scales assessing the vividness of their memory, the sense of reliving the event, the
amount of visual details, spatial information, and thoughts, and memory for the order of the
event. Each Likert scale ranged from 0 (not vivid/vague) to 5 (very vivid/very clear) and scale
order was randomised for each trial. No time limit was imposed for making these ratings.
After the last rating scale, participants were asked to verbally describe in as much detail as
possible everything they remembered during their mental replay. Verbal reports were
recorded. Once participants finished their recall, they pressed the space bar to move to the
next trial.

Before starting the task, all participants performed a practice trial with the first part
of the walk (i.e. leaving the testing room and going downstairs) to familiarise them with the
procedure and the response buttons. During this practice trial, care was taken to ensure
that participants had correctly understood each part of the memory task.

After the memory task, participants received a video description task that was used
as a measure of their narrative style. They were presented with two videos and were
instructed to verbally describe each video while it was played on the computer screen. Each
video was filmed from a first-person perspective and participants were asked to describe
what was happening in the video as if they were experiencing the events. Their descriptions

were recorded. Videos represented events that happened in a different environment than



the main experiment to avoid possible interference from previously experienced events.
One video displayed someone doing shopping and the other video displayed someone
walking in the street. The order of video presentation was randomised. The video
descriptions were used to measure participants’ narrative style as it has been shown that
older adults tend to verbally report fewer details than young adults even when the task
does not involve any episodic memory component (Gaesser, Sacchetti, Addis, & Schacter,
2011).

Finally, participants filled in a questionnaire that assessed their familiarity with the
different locations they visited during the main experiment. Each segment of the walk was

rated using a Likert scale ranging from 1 (not familiar) to 7 (very familiar).

< Figure 2 about here >

Narrative coding

Verbal descriptions of memories and videos were transcribed and were scored using the
same procedure as previous studies investigating the temporal structure of episodic
memories (Jeunehomme et al., 2018; Jeunehomme & D’Argembeau, 2019). The verbal
descriptions of remembered events consisted of a succession of moments or slices of prior
experience (referred to as experience units) that typically represented the unfolding of
events in a chronological order. The identification of an experience unit was based on
transitions (e.g., linking words such as then or next) and breaks (moments of silence) in the
discourse of the participant. For instance, a typical recall protocol involved the following
succession of experience units: “I left the bookshop and turned right” (first experience unit),

“while walking, | saw a woman with an umbrella” (second experience unit), “then, | crossed



the pedestrian path” (third experience unit), “next, | walked along the organic shop” (fourth
experience unit), and so forth. Each of these experience units included one or several pieces
of information (referred to as unit components), which described various aspects of
experience that could involve the external environment, mental states, and actions. The
content of each experience unit was coded by categorizing unit components in eight
categories: person, object, thought, action with interaction, spatial movement, perceptual
detail, spatial detail, and comment (each category is described in detail in Table 1, along
with examples). These categories were mutually exclusive (i.e., a given component was
classified in only one category), but an experience unit could include multiple components
(e.g., a person, an object, and a perceptual detail). For instance, the experience unit “while
walking, | saw a woman with an umbrella” contains a spatial displacement component
(“while walking”), a person component (“a woman”), and an object component (“with an
umbrella”). Thanks to the pictures taken during the walk, we could verify the accuracy of the
majority of the reported episodic details to ensure that participants’ recall did not contain
any intrusion. However, some components could not be verified because they involved

elements outside the field of view of the camera.

< Table 1 about here >

The scoring of experience units and components was performed by the first author
and a second trained rater independently scored a randomly selected 20% of the data of
each group to assess scoring reliability. The identification of experience units showed an
excellent agreement between the two raters: ICC = .98 (Koo & Li, 2016). For unit
components, there was excellent agreement regarding persons, ICC = .90, and thoughts, ICC

=.93, and good agreement regarding objects, ICC =.79, actions with interaction, ICC = .75,



spatial movements, ICC = .77, perceptual details, ICC = .81, spatial details, ICC = .82 and

comments, ICC = .86.

Similar coding procedures for both experience units and unit components were
applied to video descriptions, with the exception that the thought category was not used
(no thought was described). Again, all the data were scored by the first author and the
second trained rater independently scored 20% of the data of each group. ICCs were
excellent regarding experience units, ICC = .92, persons, ICC = .91, objects, ICC = .92, spatial
movements, ICC = .93, perceptual details, ICC = .93, spatial details, ICC = .91 and comments,

ICC = .91, and were good regarding actions with interaction, ICC = .87 (Koo & Li, 2016).

Statistical analyses

The rate of temporal compression of an event during mental replay was measured as the
ratio of the actual duration of the event (measured as the time separating the shooting
moments of the two pictures depicting the beginning and end of the event) to the duration
of its mental replay. Because the distribution of this measure of temporal compression was
substantially skewed, we used robust statistical methods to analyse the data. Robust
statistical methods perform well in terms of type | error control and statistical power, even
when the normality and homoscedasticity assumptions are violated, and thus they increase
the likelihood of discovering genuine differences between groups and associations among
variables (Wilcox, 2012). More specifically, we conducted robust 2 x 2 mixed analyses of
variances (ANOVAs) to investigate the effects of age and type of events (i.e., actions vs.
spatial displacements) on temporal compression rates, recalled experience units, and

recalled components within units. These robust ANOVAs were conducted using the 20%



trimmed means (a robust measure of location that ignores the top and bottom 20% of data)
and 2000 bootstrap samples (as a way to deal with bias in standard errors by estimating the
shape of the sampling distribution by sampling with replacement from the data), as
recommended by Field and Wilcox (2017). Effect sizes were estimated using the explanatory
measure of effect size §; values of 0.10, 0.30, and 0.50 correspond to small, medium, and
large effect sizes (Mair & Wilcox, 2019). These analyses were performed using the functions
of Wilcox (2012) implemented in R (R Core Team, 2013).

To investigate whether temporal compression rates were predicted by the density of
recalled experience units, we conducted a robust multilevel regression analysis (two-level
random intercept model with events as level 1 units and participants as level 2 units) using
the robustlmm package in R (Koller, 2016). Compression rate was the outcome variable and
age group, density of recalled experience units, and their interaction were predictors.
Similar robust multilevel regression analyses were used to investigate the effects of recalled
information and age on the subjective experience of remembering.

The alpha level was set at .05 in all analyses. All descriptive statistics refer to the 20%
trimmed means and their 95% confidence intervals (Cls) calculated using the percentile

bootstrap method with 2000 bootstrap samples (Wilcox, 2012).

Results

Temporal compression of events during mental replay

The mean temporal compression of events involving actions and spatial displacements are
shown in Figure 3 for the two age groups. A robust 2 (age) x 2 (event type) mixed ANOVA

revealed a main effect of the type of events on compression rates, Fi(1, 41.65) =8.47, p =



.006, £ = 0.17, showing that actions were less compressed in memory than spatial
displacements. The main effect of age and the age by event type interaction were not
significant, Fis< 11. These results could not be simply explained by the influence of event

duration on compression rates (see Supplementary material).

< Figure 3 about here >

Density and components of recalled experience units

Verbal descriptions of remembered events consisted of a succession of moments of prior
experience (experience units). To assess the density of recalled experience units during
mental replay, we computed the number of reported experience units per unit of time of
the actual event duration. The mean density of experience units (i.e., the number of recalled
units per minute of the actual event duration) for actions and spatial displacements are
shown in Figure 4 for the two age groups. A robust 2 (age) x 2 (event type) mixed ANOVA
revealed a main effect of the type of events, Fi(1, 41.96)=99.22, p <.001, £ = 0.79, showing
that participants recalled a higher density of experience units for actions than spatial
displacements. Young adults recalled slightly more experience units than older adults, but
the effect was not statistically significant, F:(1, 41.93) = 3.31, p=.076, £ = 0.30. The age by

type of event interaction was not significant, F: < 1.

< Figure 4 about here >

To investigate the impact of age and type of events on the number of components

within experience units, a robust 2 (age) x 2 (event type) mixed ANOVA on the total number

! Note that similar results were obtained when analysing the ratio of memory duration to
actual event duration.



of components reported per experience unit was conducted (all types of components were
summed for this analysis, except comments). It revealed a main effect of event type, Fi(1,
40.01)=33.15, p <.001, £ = 0.55, showing that actions contained more components than
spatial displacements. Neither the main effect of age, F:(1, 37.29)=0.01, p = .98, £ = 0.02,
nor the age x event type interaction, F(1, 37.29) = 0.05, p = .81, were significant. Separate
analyses conducted on each type of component can be found in the Supplementary
material.

Relationship between temporal compression rates and recalled experience units

The preceding analyses indicated that the rates of temporal compression of events in
episodic memory and the density of recalled experience units were similar in young and
older adults. Next, we sought to replicate previous findings that temporal compression rates
were predicted by the density of recalled experience units (Jeunehomme & D’Argembeau,
2019) and further examined whether this relationship was similar in young and older adults.
We conducted a robust multilevel regression analysis with compression rate as dependent
variable and with the density of recalled experience units and age group as first- and
second-level predictors; the density of experience units by age group cross-level interaction
was also entered as predictor to investigate potential age differences in the relationship
between temporal compression rates and the density of recalled experience units. This
analysis revealed that the density of recalled experience units significantly predicted
temporal compression rates, p =-0.162, SE =0.019, t =-8.14, p < .001, indicating that
memories that included a higher density of experience units were less compressed. The
effects of age, p = 0.003, SE = 0.069, t = 0.06, and the density of experience units by age

group interaction, B =-0.015, SE = 0.028, t = -0.56, were not significant.



Subjective experience of remembering

Another goal of this study was to examine the impact of age on subjective memory
judgements and to determine whether these judgements were predicted by recalled
experience units. We conducted a robust multilevel regression analysis with vividness
ratings as outcome variable and with the number of recalled experience units and age group
as first- and second-level predictors; the number of recalled units by age group cross-level
interaction was also entered as predictor in the model to examine potential age differences
in the relationship between subjective vividness and the number of retrieved experience
units. Finally, the total number of components recalled within experience units was also
entered in the model to examine its potential contribution to subjective vividness. We found
that the subjective vividness of memories was significantly predicted by the number of
recalled experience units and by age, with older adults providing higher vividness
judgements than young adults (see Table 2). The cross-level interaction was also significant
and follow-up analyses ran on each age-group separately revealed that the number of
recalled experience units predicted vividness ratings in young adults, p = 0.164, SE = 0.061, t
=3.13, p<.01, but not in older adults, B = 0.022, SE =0.058, t = 0.37. The number of

components within experience units did not significantly predict vividness ratings (Table 2).

A similar analysis was conducted with the subjective sense of reliving as outcome
variable. The effects of the number of experience units and age group were significant (see
Table 2). However, the cross-level interaction was not significant, meaning that the number
of recalled experience units predicted the subjective experience of reliving to a similar

extent in young and older adults. Again, the number of components within experience units



did not significantly predict subjective memory. Similar results were found for ratings of

visual details, spatial information, and thoughts (see Supplementary material).

< Table 2 about here >

Video descriptions and familiarity with the walk environment

Analyses concerning the descriptions of the videos revealed that the density of experience
units (i.e., the number of experience units described per minute of video) did not differ
between age groups, Mgir= 0.668, 95% ClI [-0.84, 2.18], Yt(33.45) = 0.85, p= .37%2,£=0.18
(20% trimmed means: Moiger=9.55; Myoung=10.22). Familiarity ratings with the walk
environment differed between young and older adults for the “buying the beverage” event
(p=.006), while no age-difference was found for the remaining events (all ps >.13). To
ensure that differences in the familiarity of the “buying the beverage” event did not
influence the results, all the analyses presented above were re-conducted while controlling

for this difference. The pattern of results remained unchanged.

Discussion

This study is the first to examine the impact of age on the temporal structure of memories
for complex, real-world events. Young and older adults engaged in a series of events that
simulated daily life activities while their experience was automatically recorded using a
wearable camera. They were then asked to mentally replay each event in as much detail as
possible, to evaluate their subjective experience of remembering, and to verbally describe

the content of recalled information. We found that the rate of temporal compression of

2 Video descriptions of one older participant were unavailable due to recording malfunction.



events during mental replay did not differ between age groups but was lower for actions
than spatial displacements. The density and components of recalled experience units also
did not significantly differ between age groups. Critically, the density of recalled experience
units predicted temporal compression rates to the same extent in both age groups.
However, subjective ratings of memory vividness were higher in older than young adults,
and the number of recalled experience units predicted vividness ratings in young but not in

older adults.

The temporal compression of events in episodic memory

The main finding of the current study is that the rate of temporal compression of events in
episodic memory (i.e., how fast events are mentally replayed relative to the actual event
duration) did not differ significantly between age groups. Remembering an event typically
takes less time than the initial experience, suggesting that the unfolding of prior experience
is compacted in memory (Baldassano et al., 2017; Chen et al., 2017; Jeunehomme &
d’Argembeau, 2019; Michelmann et al., 2019). While the exact nature of this compression
mechanism remains to be investigated, previous studies suggest that memory compression
occurs, at least in part, because of temporal discontinuities in the mental representation of
the unfolding of events (Jeunehomme et al., 2018; Jeunehomme & D’Argembeau, 2019).
Specifically, event memories are not replicas of the continuous stream of prior experience
but represent the dynamic unfolding of events as a succession of discrete moments of
experience (here referred to as experience units) that are separated by temporal gaps (i.e.,
some moments of prior experience are not remembered, such that people mentally jump
from one moment to another without representing what happened in between). The

magnitude of temporal compression may depend on the length of these temporal gaps



during mental replay or, reciprocally, on the density of remembered experience units per
unit of time of the actual event duration (Jeunehomme & D’Argembeau, 2019). In line with
this view, the present results replicated previous findings that rates of temporal
compression were predicted by the density of recalled experience units (Jeunehomme &
D’Argembeau, 2019) and further showed this was the case in both age groups, suggesting
that older adults compress the continuous flow of their experience in episodic memory in

the same way as young adults do.

Event segmentation processes play a key role in the formation of the experience
units that constitute episodic memories. According to event segmentation theory (Kurby &
Zacks, 2008; Zacks et al., 2007), the segmentation of the continuous stream of experience
into distinct events follows perceptual or conceptual changes in ongoing experience, which
are interpreted as event boundaries. Thus, the rate of event segmentation is modulated by
the characteristics and structure of events (Kurby & Zacks, 2011), which in turn determine
the rate of compression during subsequent episodic remembering (Faber & Gennari, 2015;
Jeunehomme & D’Argembeau, in press). Some previous studies have found that older adults
have lower event segmentation agreement than young adults, and that the event segments
they identify are less hierarchically organized (Kurby & Zacks, 2011; Magliano et al., 2012;
Zacks et al., 2006). At the same time, aging does not necessarily lead to lower segmentation
rates (Magliano et al., 2012) and the processing of situation models is largely preserved with
increasing age (Radvansky & Dijkstra, 2007). Knowledge about situation models may thus
compensate for older adults’ reduced capacity to detect perceptual changes in the stream
of conscious experience, thereby helping them to identify event boundaries as efficiently as
young adults (Magliano et al., 2012). In a recent study, both young and older adults were

found to have lower memory for the object they were currently carrying when they walked



through a door than when they moved within the same room (Radvansky, Pettijohn, & Kim,
2015). Because moving from a room to another requires the updating of event models,
which in turn causes memory interference (Radvansky, Krawietz, & Tamplin, 2011), the
authors concluded that the finding that young and older adults were equally sensitive to
door passing is congruent with the idea that event cognition is preserved with increasing

age (Radvansky et al., 2015).

Together, these studies suggest that older adults segment the continuous stream of
their experience into distinct and meaningful experience units just as young adults do.
These preserved segmentation abilities may thus explain the present results that the
temporal structure and compression of episodic memories was similar in young and older
adults. This interpretation is tentative, however, and further studies directly linking event
segmentation and rates of temporal compression are needed to investigate the exact
contribution of event segmentation processes to episodic memory compression in older

adults.

While on average the unfolding of events is mentally replayed at a faster rate than
the actual event duration, the experience units that compose memories (i.e., the slices of
prior experience that are remembered) may in fact be replayed at the same speed as the
original experience (see Michelmann et al., 2019), although they may sometimes be
replayed faster or slower. Thus, the speed of mental replay of experience units within
memories and its possible modulation remain to be investigated in detail. Besides, it is likely
that rates of event compression depend on retrieval conditions. In particular, it would be
interesting to investigate the extent to which the speed of mental replay can be controlled

and adaptively modulated according to task demands and the context in which



remembering takes place. For instance, events may be mentally replayed more or less
quickly depending on whether one needs to remember minute details or the general
structure of prior experience. Rates of temporal compression may thus be influenced by
task instructions: in the current study, participants were asked to mentally relive events as
precisely as they could, but asking participants to remember the general structure of events
or asking them to recreate the original timing of experience might lead to different
compression rates.3 Temporal compression rates may also be sensitive to context and state-
dependent effects, as well as event dimensions such as their emotionality and personal
significance. The extent to which these variables influence young and older adults’ episodic

memory compression to a similar extent should be investigated in future studies.

Richness of experience units within memories

When examining the level of detail of recalled experience units, we found no age
difference in the number of components constituting experience units, which suggests that
the moments of experience remembered by older adults were as detailed as those recalled
by young adults. This results is somewhat surprising given the plethora of previous studies
(using either laboratory stimuli or real-life events) showing lower context memory or lower
episodic recall in aging (Duarte et al., 2008; Gallo et al., 2011; Levine, Svoboda, Hay,
Winocur, & Moscovitch, 2002; St-Jacques et al., 2012; St-laurent et al., 2011). However,
some methodological factors are important to take into account when considering our

results.

3 Interestingly, however, it seems that events are temporally compressed even when people are asked to
recreate their original timing. Indeed, a recent study of Wang and Gennari (2019) showed that participants
mentally replayed the unfolding of visual animations more quickly than their actual clock duration (at least for
animations that lasted longer than 5-6 seconds), although they were asked to mentally replay the animations
exactly as they occurred in their original time course.



First, we used a very short delay between encoding and retrieval (i.e., 10 minutes),
whereas most studies examining age differences in memory for real-world events used
much longer delays. Interestingly, Mair et al. (2017) recently found that young and older
adults did not differ in the amount and richness of episodic details when remembering
recent (two-weeks old) real-life events. It could be that age differences in our paradigm
would appear if longer retention intervals were used (see Jeunehomme et al., 2018, for data

on memory for real-life events after different delays in young adults).

Second, it could be that the picture cues provided for each event helped older
participants to reinstate detailed memory representations, notably because these retrieval
cues may place less demand on older adults’ declining executive function capacities for
retrieving information from episodic memory (see Allé et al., 2017; Silva, Pinho, Macedo, &
Moulin, 2018, for evidence that pictures taken with life logging camera provide particularly
powerful cues to aid episodic memory retrieval). Thus, it remains possible that age-related
differences in episodic details would appear if more abstract (verbal) cues were used to elicit

memories.

Third, it deserves mention that there is a large heterogeneity in cognitive aging
(Cabeza, Anderson, Locantore, & Mcintosh, 2002), and older adults with higher executive
function capacities can perform as well as young adults in recollection tasks (Davidson &
Glisky, 2002). Thus, it could be that by chance or due to an unintentional sampling bias, the
older adults participating in the present study were mainly high functioning individuals. The
current study did not include a detailed neuropsychological assessment of participants’
executive functions and replicating the current findings while controlling for individual

differences in cognitive functioning would strengthen our conclusions.



Influence of types of events on memory compression rates

Of interest is the finding that actions were associated with lower temporal compression
rates (and a higher density of experience units) in episodic memory than spatial
displacements, which replicates previous findings (Jeunehomme & D’Argembeau, in press,
2019; Jeunehomme et al., 2018). Relative to spatial displacements, actions are more likely
to be segmented in fine-grained subevents (Hard, Recchia, & Tversky, 2011), leading to the
formation of more experience units in episodic memory (Jeunehomme & D’Argembeau, in
press). Thus, the mental replay of actions may take more time than the mental replay of
spatial displacements because there are more moments of experience to reinstate in the
former than in the latter. Our finding that the difference in memory compression between
these two kinds of events was similar in young and older adults provides further support to

the view that the temporal structure of episodic memories is largely preserved in aging.

These results can also be interpreted from a functional perspective. According to
Conway (2009), one of the main functions of episodic memories is to represent knowledge
about specific actions and action outcomes, which provides a mean to check on recent
progress with current goals and plans. Therefore, events may be retained in episodic
memory as a function of the goal structure of an experience, such that memories would be
less compressed when they involve goal-directed actions. On this view, the present results
may indicate that the role of short-term goals in the selection of aspects of experience that
are maintained in episodic memory is preserved in normal aging. Yet, recent evidence
suggests that aging decreases the ability to perceive the goal structure of events (Kurby &
Zacks, 2018a). More precisely, Kurby and Zacks (2018a) showed that the segmentation of an

event was related to the associated goal hierarchy (with for instance the coarse-grained



segmentation being related to higher-level goals) and that this relation was reduced in older
participants. In that study, however, participants segmented videos of other people
performing actions (e.g., pitching a tent), so it remains unclear whether these findings

extend to personally experienced events.

Subjective experience of remembering

The last aim of the current study was to shed some light on the impact of age on the
subjective experience accompanying mental replay. We found that older adults assigned
higher subjective ratings to their memories than young adults, in line with previous evidence
that older adults often provide similar or higher subjective memory ratings than young
adults (Comblain, D’Argembeau, & Van Der Linden, 2005; De Brigard et al., 2016; Hashtroudi
et al., 1990; Robin & Moscovitch, 2017; St-Laurent et al., 2014). While in some of these
studies, intact subjective ratings contrasted with impaired objective memory recall (Robin &
Moscovitch, 2017; St-Jacques et al., 2012; Folville et al., in press), older adults retrieved
similar numbers of moments of prior experience as young adults in the current study.
Interestingly, however, the number of recalled experience units predicted subjective
vividness ratings in young but not in older adults, which suggests that older adults did not
necessarily rely on the recall of experience units to assess the vividness of their memories.
Nevertheless, in both age groups, the number of experience units significantly predicted the
subjective sense of reliving the event and subjective memory for visual details, spatial
information, and thoughts. It is possible that the kind of information vividness refers to is
interpreted differently in older adults, so that they monitor retrieved details differently than
young adults to make their vividness judgements (see Folville et al., in press and Mitchell &

Hill, 2019, for further discussion on this point). Finally, it is also worth noting that, in both



age groups, subjective memory judgments were unrelated to the number of components
retrieved within experience units, which replicates previous observations (Jeunehomme &
D’Argembeau, 2019). These findings suggest that, at least for complex real-life events, the
subjective sense of re-experiencing the past depends on the quantity of moments that
represent the unfolding of events rather than the amount of episodic details represented

within these moments.

Conclusion

The present study shows that the temporal compression of daily life events in episodic
memory is largely spared in aging. When mentally replaying the unfolding events, the
density of recalled moments of prior experience did not differ between age groups and this
density predicted memory compression rates to a similar extent in young and older adults.
Furthermore, differences in compression rates as a function of the type of remembered
events (actions vs. spatial displacements) were also comparable in the two age groups. On
the other hand, some aspects of the subjective experience of remembering differed
between age groups, with vividness ratings being less calibrated to objective recall in older
than younger adults. Taken together, these results suggest that the mechanism of temporal
compression of the flow of events in episodic memory is not affected by aging, but that the
subjective vividness of memories become less tied to the objective amount of information

that represents the unfolding of events.
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Figures captions

Figure 1. Overview of experienced events. Participants had to go to different locations to
perform specific actions. On the map, actions are represented by circles and spatial
displacements are symbolised by lines. An example of a picture taken by the wearable

camera is presented for each event.

Figure 2. Schematic representation of a trial of the memory task. Each trial began with the
presentation of two pictures and one title describing the corresponding event. Participants
first had to mentally relive the event as precisely as they could and the duration of their
mental replay was measured. Then, participants were presented with six rating scales
assessing several subjective memory dimensions. Finally, participants verbally described
everything they remembered during their mental replay and their verbal reports were
recorded.

Figure 3. Rates of temporal compression as a function of age and type of events. Bars
represent the 20% trimmed means and error-bars represent 95% robust confidence

intervals.

Figure 4. Density of recalled experience units as a function of age and type of events. Bars
represent the 20% trimmed means and error-bars represent 95% robust confidence

intervals.
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Table 1. Descriptions and examples of the different categories of components constituting experience

units.

Component categories

Descriptions and examples

Person

Object

Thought

Action with interaction

Spatial movement

Perceptual detail

Description of one or more person(s) with no
description of interacting with this/these
person(s).

“I saw a woman”

“There was a group of students”

Description of an object or aspect of the external
environment, with no description of interacting
with this object (if an interaction was described,
the component was classified as “action with
interaction”).

“I saw a car”

“The sun was shining”

Description of a thought, mental state or
judgement.

“l was lost in my thoughts”

“She seemed upset”

Description of an action performed by the
participant involving a direct interaction with a
person or an object.

“l opened the door”

“she gave me the coffee”

Description of a movement of the body in the
environment.

“I turned right”

“I walked to the office”

Description of a sensory detail (i.e. colour, texture,
shape...) about a person or an object, or of an
internal sensation.

“She wore black sunglasses”

“I had a stomach ache”



Spatial detail Description of a detail replacing a person or an
object in the spatial context.
“A man walked in front of me”
“The leaflets were on my left”

Comment Explanation or clarification that does not in itself
describes the past experience.
“I never put sugar in my coffee”

Note: In each example that is provided, the corresponding component is highlighted in bold
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Table 2. Multilevel regression analyses assessing the effects of age and recalled experience units on the subjective experience of remembering.

Outcome Number of experience units Age-group Number of experience units Components within
variable x Age-group interaction experience units

B SE t B SE t B SE t B SE t
Vividness 0.161 0.046 3.51* 0.705 0.147 4.79* -0.154 0.073 -2.09* -0.020 0.035 -0.57
Reliving 0.123 0.030 4.03* 0.774 0.169 4.58* -0.068 0.049 -1.36 -0.040 0.023 -1.71

Note. Significant predictors (p < .05) are indicated by an asterisk. All components within experience units except comments were entered in the model.
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Event duration

We conducted a robust 2 (age) x 2 (event type) mixed ANOVA on event durations. It
revealed neither a main effect of event type, Fi(1, 41.58)=1.19, p = .28, £ = 0.18, nor a main
effect of age, F(1, 41.12)=0.84, p = .36, £ = 0.19, but the age x event type interaction was
significant, F¢(1, 41.58)=6.05, p = .02 (see Table S1 for mean event durations according to
event type and age group). Follow-up comparisons using robust t-test revealed that event
duration did not differ between young and older adults for actions, Muditf= 36.72, 95% Cl [-
56.34, 129.79], Y+(41.91) = 0.79, p = .43, £ = 0.14, but was significantly higher in older than
young adults for spatial displacements, Mdiff = 84.36, 95% Cl [42.05, 126.67], Yt(41.91) =
4.02, p <.001, € =0.63. These results indicate that young and older participants took the
same time to perform the requested actions at a given location but that older participants
took more time to go from one place to another, probably because they walked more slowly

than young adults.

Table S1. 20% trimmed means and 95% Cl of event duration (in seconds) as a function of age

and type of events.

Event type
Age group Action Spatial displacement
Young 449.72 [387.81, 516.63] 416.09 [387.72, 449.72]

Older 413 [355.82, 478-82] 500.45 [470.09, 539.90]
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Relationship between event duration and temporal compression

Next, we examined whether rates of temporal compression vary with event duration. We
conducted a robust multilevel regression analysis with temporal compression rate as
dependent variable and event duration as first-level predictor. This analysis revealed that
temporal compression rates increased with event duration, B = 250, SE =0.011, t = 22.39, p
<.001 (see Figure S1). Because spatial displacements were longer for older than young
adults, we further examined the effect of age on temporal compression while controlling for
event duration. We conducted a robust multilevel regression analysis with temporal
compression rate as dependent variable and with event duration and age group as first- and
second-level predictors, respectively. A cross-level interaction (duration x age) was also
modelled to examine potential age differences in the relationship between event duration
and temporal compression. This analysis was conducted for spatial displacements only
because no age difference in event duration was found for actions (see above).* This
analysis revealed that event duration predicted temporal compression rates, B = 0.220, SE =
0.027,t=8.20, p <.001, but the effect of age, B =-0.003, SE = 0.080, t =-0.049, and the
event duration by age interaction, B = 0.036, SE = 0.031, t = 1.14, were not significant. The
absence of interaction indicates that event duration influenced temporal compression in a

similar way for young and older participants.

41t should also be noted that actions and spatial displacements had a comparable duration in young adults,
Mairr = 33.63, 95% ClI [-35.02, 102.29], Yt (21) = 1.02, p = .32, §{ = 0.18, such that the observed difference in
temporal compression rates between the two types of events cannot be attributed to a difference in event
duration.
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Figure S1. Relationship between temporal compression and event duration as modelled in

the multilevel model.
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Components of recalled experience units

Robust 2 (age) x 2 (event type) mixed ANOVAs were conducted for each component
category: person, object, thought, action with interaction, spatial movement, perceptual
detail, spatial detail, and comment (see Figure S2 and Table S2). The main effect of age was
significant for the comment category (indicating that older adults made more comments

than young adults), but was not significant for the remaining components. There was a main
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effect of event type for the object, action with interaction, spatial movement, and comment
categories; for object and spatial movement categories, the number of components was
higher for spatial displacements than actions, whereas for action with interaction and
comment categories, the number of components was higher for actions than spatial

displacements. There was no age by event type interaction in any of the ANOVAs.

Figure S2. Mean number of components within experience units as a function of types of
events and age groups. Bars represent the 20% trimmed means and error-bars represent

95% robust confidence intervals.
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Table S2. Results of the robust 2 (age) x 2 (event type) mixed ANOVAs.

Component . .
category Age Event-type Age x Event-type interaction
Ft p & Ft p & Ft p
Person (1, 38.06) = 2.94 .095 0.31 (1, 40.95) =0.97 331 0.11 (1,40.95)=3.72 .065
Object (1, 31.60) =1.07 .308 0.22 (1, 35.92) = 44.83 <.001 0.59 (1, 35.92)=0.19 .663
Thought (1, 41.56) = 0.07 .797 0.06 (1,38.27)=0.21 .646 0.03 (1,38.27)=1.95 .170
Action with
. . (1,41.94)=0.15 .704 0.10 (1, 40.87) = 393.85 .001 0.98 (1, 40.87)=2.36 131
interaction
Spatial
(1,38.79) =3.63 .064 0.31 (1, 41.96) = 979.95 .001 0.99 (1,41.96) = 2.09 .150
movement
Pe;‘z:;"e (1,41.99)=0.01  .979  0.01 (1,41.93)=037 543  0.06 (1,41.93)=0.53  .469
Spatial detail (1, 39.67) =0.55 459 0.14 (1,41.99)=0.71 403 0.10 (1,41.99) = 0.07 .785
Comment (1, 31.02) = 23.70 <.001 0.73 (1,37.67)=25.13 <.001 0.42 (1,37.67)=0.22 .639

52
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Subjective remembering

We examined the impact of age on subjective memory judgements and investigated
whether these judgements were predicted by recalled experience units. For each subjective
judgment, we conducted a robust multilevel regression analysis with the ratings of interest
as outcome variable and with the number of recalled experience units and age group as
first- and second-level predictors; the number of recalled units by age group cross-level
interaction was also entered as predictor in the model to examine potential age differences
in the relationship between the number of retrieved experience units and the associated
subjective memory experience (see Table S3). Finally, the number of components recalled
within experience units corresponding to each subjective memory scale (e.g., for the visual
detail scale, all categories of recalled components that comprised visual details were
summed: person, object, action with interaction, spatial movement, perceptual detail and
spatial detail) was also entered in the model to examine their potential contribution to the

subjective experience of remembering.

For all dimensions, the effects of the number of experience units and age group were
significant (except the effect of number of experience units for order judgments; see Table
S3). These effects indicated that ratings increased with the number of recalled experience
units and that older adults provided higher ratings than young adults. The cross-level
interaction was not significant, meaning that the number of recalled experience units
predicted subjective experience to a similar extent in young and older adults. The number of
components within experience units did not significantly predict subjective memory

judgments.
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Table S3. Multilevel regression analyses assessing the effects of age and recalled experience units on the subjective experience of remembering.

Outcome  Number of experience units Age-group Number of experience units Components within
variable x Age-group interaction experience units
B SE t B SE t B SE t B SE t
Visual 0.201 0.047 4.31% 0.723 0.158 4.57* -0.053 0.075 -0.71 0.041 0.036 1.14
details
Spatial 0.199 0.049 4.03* 0.603 0.140 4.30* -0.116 0.040 -1.45 0.011 0.036 0.29
information
Thought 0.118 0.042 2.78* 0.505 0.150 3.35% -0.047 0.068 -0.68 0.046 0.033 1.42
Order -0.001 0.035 -0.01 0.514 0.175 2.93* -0.001 0.056 -0.01 -0.030 0.026 -1.14

Note. Significant predictors (p < .05) are indicated by an asterisk. For the thought variable, all components except comments within experience units were entered in the
model. For the visual details variable analysis, all components except thoughts and comments were entered in the model. For the spatial information and thought variable

analyses, Spatial and Thought components were entered in the model, respectively.
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