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A B S T R A C T

We deconstruct continuous streams of action into smaller, meaningful events. Research has shown that the
ability to segment continuous activity into such events and remember their contents declines with age; however,
knowledge improves with age. We investigated how young and older adults use knowledge to more efficiently
encode and later remember information from everyday events by having participants view a series of self-paced
slideshows depicting everyday activities. For some activities, older adults produce more normative scripts than
do young adults (older adult activities) and for other activities, young adults produce more normative scripts than
do older adults (young adult activities). Overall, participants viewed event boundaries longer than within events
(i.e., the event boundary advantage) replicating prior research (e.g., Hard, Recchia, & Tversky, 2011).
Importantly, older adults demonstrated the boundary advantage for the older adult activities but not the young
adult activities, and they also had better recognition memory for the older adult activities than the young adult
activities. We also found that the magnitude of a participant's boundary advantage was associated with better
memory, but only for the less knowledgeable activities. Results indicate that older adults use their intact
knowledge to better encode and remember everyday activities, but that knowledge and event segmentation may
have independent influences on event memory.

1. Introduction

A common complaint among the elderly is difficulty with re-
membering recently experienced events (Commissaris, Ponds, & Jolles,
1998). They often report forgetting appointments, where they placed
familiar items such as their keys, and recently learned names (Cutler &
Grams, 1988; Gilewski, Zelinski, & Schaie, 1990). Subjective memory
complaints align with older adults' performance on a variety of la-
boratory tasks that include features that approximate memory in ev-
eryday situations. In comparison to young adults, older adults tend to
have poorer memory for the items placed on a grocery list (West, Crook,
& Barron, 1992), for information on medicine labels (Park, Morrell,
Frieske, & Kincaid, 1992) and for activities they have recently per-
formed (Kausler, Lichty, & Freund, 1985). These deficits may partially
be due to older adults' inability to inhibit task irrelevant information
(Hasher & Zacks, 1988), slower processing speed (Salthouse, 1992) and
inefficient use of memory strategies (Bailey, Dunlosky, & Hertzog,
2009; Dunlosky & Hertzog, 2001).

Despite age-related decline (e.g., Kramer, Bherer, Colcombe, Dong,
& Greenough, 2004), knowledge structures remain intact and may even
improve with age (Cornelius & Caspi, 1987; Park et al., 2002). For in-
stance, adults expand their vocabularies with age and can correctly
remember more facts about the world (Botwinick & Storandt, 1980;
Park et al., 2002). Further, past work has typically observed little to no
age-related differences in situation model processing during language
comprehension (Magliano, Kopp, McNerney, Radvansky, & Zacks,
2012; Radvansky & Dijkstra, 2007). Important for the current study,
older adults' ability to remember the steps associated with routine daily
activities (i.e., script knowledge) remains intact (Light & Anderson,
1983). Previous research has addressed how semantic knowledge may
influence performance on laboratory memory tasks (e.g., learning word
or picture lists) (West et al., 1992) though most of this work has often
focused on how prior knowledge can lead to memory errors. For in-
stance, older adults generate more stereotypic inferences when reading
(Radvansky, Copeland, & von Hippel, 2010) and are more likely to
falsely recall words in a list they did not encounter (Norman & Schacter,
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1997).
To date, no one has investigated how the use of knowledge accrued

across the lifespan may improve both encoding and subsequent memory
for naturalistic dynamic activities; however, several separate lines of
research speak to it. Older adults are better able to retrieve information
when the to-be-remembered information is consistent with their prior
experiences (Castel, 2005) and when they can use their intact verbal
knowledge (Matzen & Benjamin, 2013). Knowledge may also support
older adults' ability to encode new information (Miller, Cohen, &
Wingfield, 2006). To offset failures in perception, episodic, and working
memory, older adults may rely more on their intact crystalized
knowledge when encoding and retrieving information from dynamic
everyday activities.

1.1. Segmentation of events

Every day we encounter a continuous stream of activity, and while
the sensory input is continuous, perception of the activity is not.
Behavioral and physiological evidence indicate that we encode and
comprehend continuous information presented over time, in part, by
segmenting it into discrete events (i.e., event segmentation) based upon
prior experiences and knowledge for the actions occurring in the ac-
tivity (Zacks, Speer, Swallow, Braver, & Reynolds, 2007; Zacks,
Tversky, & Iyer, 2001). Events are moments in time that correspond to
recurring actions that have a clear beginning and end. Event boundaries
are moments between two events when both perceptual and conceptual
changes occur and when new information needs to be processed (Huff,
Meitz, & Papenmeier, 2014; Newtson, Engquist, & Bois, 1977; Zacks,
2004).

There are important individual and age-related differences in peo-
ple's ability to identify event boundaries. That is, young adults segment
more normatively than do cognitively healthy older adults (Kurby &
Zacks, 2011) who, in turn, segment more normatively than older adults
with mild dementia (Bailey, Kurby, Giovannetti, & Zacks, 2013). Such
effects are especially important because those who segment more nor-
matively also have better episodic memory for the activity, even after
accounting for other measures of cognitive ability (i.e., working
memory capacity, perceptual speed, general knowledge) (Sargent et al.,
2013; Zacks, Speer, Vettel, & Jacoby, 2006). Importantly, older adults
who segment more normatively also have better episodic memory,
which suggests that age-related declines in episodic memory are, in
part, due to older adults' struggle to effectively segment activity into
meaningful events (Kurby & Zacks, 2019). Thus, memory for everyday
activities could potentially be improved by improving one's segmenta-
tion ability (Gold, Zacks, & Flores, 2017; Richmond, Gold, & Zacks,
2017).

1.2. Boundaries are special

Event boundaries are thought to be of greater information value as
they are locations when a lot of change occurs and event models are
updated (Huff et al., 2014). Because there is high inter- and in-
traindividual agreement in where boundaries are perceived (Speer,
Zacks, & Reynolds, 2007) attending to these moments is important for
comprehension of the activity (Schwan, Garsoffky, & Hesse, 2000). In
fact, prior work using a covert measure of event segmentation (e.g.,
viewing time) has shown that when observers view self-paced slide-
shows depicting an action, they view slides depicting event boundaries
longer than slides within an event, the boundary viewing time advantage
(Hard, Recchia, & Tversky, 2011; Kosie & Baldwin, 2019a, 2019b).
Presumably, this effect occurs because processing time is facilitated
during an ongoing event when the incoming information aligns with
our current understanding of the event. However, processing time is
slowed at event boundaries when the incoming information is not co-
herent (Gernsbacher, 1990) or predictable (Zacks, Kurby, Eisenberg, &
Haroutunian, 2011) and, thus, the event model must be updated. This

additional processing time at event boundaries may occur as the ob-
server perceives the completion of one action and constructs an event
model for the new action (Gernsbacher, 1990).

Given that people differentially process event boundaries, it should
be no surprise that event boundary content is privileged in memory.
People remember information at event boundaries better than they
remember within event content (Newtson & Engquist, 1976; Silva,
Baldassano, & Fuentemilla, 2019; Swallow, Zacks, & Abrams, 2009).
Further, removing event boundaries in a film impairs event memory
(Schwan & Garsoffky, 2004), whereas making them more salient by
either stopping a narrative at an event boundary or by cueing partici-
pants to event boundaries improves it in both young and older adults
(Boltz, 1995; Gold et al., 2017; see however, Thompson & Radvansky,
2016).

1.3. Bottom-up vs. top-down influences on event segmentation

According to Event Segmentation Theory (EST), information from
our current environment is represented in an event model in working
memory, which is heavily influenced by perceptual factors. For ex-
ample, event boundary perception coincides with changes in motion,
actor body position, and changes in luminance (Cutting, Brunik, &
Candan, 2012; Newtson et al., 1977). EST also proposes that event
models are influenced by semantic knowledge (Zacks et al., 2007) and
there is a growing body of evidence to support this notion (dance ex-
pertise Blasing, 2015; figure skating expertise Levine, Hirsh-Pasek,
Pace, & Michnick Golinkoff, 2017; context and perspective Newberry &
Bailey, 2019).

Though the aforementioned studies provide evidence that segmen-
tation can be influenced by conceptual factors, the effects appear to be
small and inconsistent, depending on the way in which semantic
knowledge is operationalized. For example, top-down manipulations in
the form of attitudes and novelty have had little effect on event per-
ception (Huff et al., 2017). Perhaps even more surprisingly, segmen-
tation behavior does not change when a film is watched either forward
or backward (Hard, Tversky, & Lang, 2006) and participants still de-
monstrate the boundary advantage (i.e., people spend longer viewing
event boundaries) whether slides are presented in a chronological or
scrambled order (Hard et al., 2011). Such results indicate that event
segmentation may be largely driven by perceptual bottom-up changes
(Cutting et al., 2012), rather than one's knowledge. Further, Sargent
et al. (2013), using structural equation modeling, found that event
knowledge improves memory but does not exert a direct influence on
the moment-to-moment perceptual processing associated with event
segmentation.

Alternatively, it is possible that segmentation is influenced by con-
ceptual factors, but methodological constraints in the prior work pre-
vented such an effect from being observed. For instance, the top-down
manipulations (i.e., fan attitude, scrambled order) may not have been
strong enough or may not have removed enough contextual informa-
tion to alter event segmentation processes. Moreover, Sargent et al.
(2013) assessed general event knowledge rather than knowledge for the
specific activities for which segmentation and memory were measured.
It is possible that semantic memory may influence event encoding in a
domain-specific fashion. That is, having a well-formed script for one
activity (e.g., going out to eat) may not influence event perception for a
video about a different activity (e.g., grocery shopping). Work in the
expertise literature aligns with this claim: experts typically show do-
main specific effects of knowledge on segmentation (Newberry, Feller,
& Bailey, submitted; Blasing, 2015; Levine et al., 2017) and memory
(for review see Ericsson & Smith, 1991). If one does not have the re-
levant knowledge to aid in the understanding of an activity, then sen-
sitivity to event structure may be impaired.

Taking these ideas together, semantic knowledge may influence
segmentation behavior when relevant knowledge is available. This is
particularly important for older adults, who demonstrate a decline in
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their perceptual/cognitive abilities (e.g., Kramer et al., 2004) but not in
semantic knowledge (Cornelius & Caspi, 1987; Park et al., 2002). Thus,
older adults may rely more on their prior knowledge than young adults
when encoding an activity.

1.4. Hypotheses

The main goal of the current experiment was to evaluate how re-
levant semantic knowledge influences the encoding of everyday activ-
ities, and how these processes differ by age. Due to the perceptual-
cognitive declines observed with age, older adults may rely on their
well-formed event schemas more so than young adults when encoding
and retrieving novel information (Castel, 2005; Light & Anderson,
1983; Umanath & Marsh, 2014). Most important for the current study,
if older adults can activate relevant schema and scripts when viewing
an everyday activity, then perhaps they can use this information to
guide their understanding and offset age-related declines in segmenta-
tion ability. Alternatively, the segmentation and encoding of everyday
events may be largely driven by perceptual changes and thus may be
unaffected by conceptual manipulations (Cutting et al., 2012; Hard
et al., 2006; Huff et al., 2017).

In the current study, participants viewed two slideshows depicting
activities for which older adults have more normative scripts compared
to young adults (e.g., gardening and balancing a checkbook) and two
slideshows depicting activities for which young adults have more nor-
mative scripts compared to older adults (e.g., grocery shopping and
getting ready for work). We chose the viewing time procedure because
it is a reliable covert measure of event segmentation (Hard et al., 2011).
This procedure has at least two advantages over the standard overt
segmentation task, particularly for our aging sample. First, the viewing
time task puts very low demand on working memory relative to the
segmentation task, which involves the dual task of encoding the activity
and maintaining the goal of pressing a button for each event boundary.
Second, the viewing time task does not explicitly draw participants'
attention to the event structure in the videos. As such, it can be used as
a covert measure of event segmentation.

Because event boundaries are moments of change and, thus, the
most informative moments in an activity stream, we hypothesized that
participants–including older adults––would view slides depicting event
boundaries longer than non-boundary slides (i.e., the boundary ad-
vantage; Hard et al., 2011; Kosie & Baldwin, 2019a, 2019b). Because
older adults segment more idiosyncratically in comparison to young
adults (Kurby & Zacks, 2011, 2019; Sargent et al., 2013) they may not
demonstrate the boundary advantage or may show it to a lesser degree
than young adults. However, these prior studies that observed age-re-
lated declines in segmentation ability all used the overt segmentation
task. Thus, with the use of the covert viewing time task, it is also pos-
sible that older adults would demonstrate the boundary advantage to
the same degree as young adults, given their preserved ability to pro-
cess information at the event model level (e.g., Radvansky & Dijkstra,
2007). Importantly, we predicted that relevant semantic knowledge
would increase the size of the boundary advantage for both young and
older adults.

We also predicted that participants would have better memory for
activities for which they were more knowledgeable (Chi, Glaser, & Farr,
2014). Finally, to the extent that relevant knowledge improves event
encoding, it may also result in better long-term memory for the activ-
ities. If this is the case, we expected to observe that more effective
encoding (i.e., larger boundary advantage) would result in better epi-
sodic memory. Alternatively, prior research indicates that knowledge
influences memory for everyday activities independent of segmentation
ability (Newberry et al., submitted; Sargent et al., 2013). That is, people
may rely on semantic knowledge structures, such as schemas and
scripts, to help them retrieve information (Anderson & Pichert, 1978;
Hasher & Griffin, 1978) rather than the event models created during
encoding. If this is the case, we expected to observe that knowledge

would improve long-term memory independent of how effectively in-
formation is encoded.

2. Method

2.1. Participants

Twenty-one young adults (M age= 20.38, SE age=0.82) were
recruited from Kansas State University's Department of Psychological
Sciences research pool and received course credit for their participa-
tion. Twenty healthy older adult participants (M age= 73.74, SE
age= 1.07) were recruited from the local Manhattan community. Older
adults received $10 cash payment per hour for their participation plus
an extra $5 for traveling to participate in the experiment. To screen for
cognitive impairment, older adults completed the AD8 screening in-
terview (Galvin et al., 2005) and the Blessed dementia scale for phy-
sical, mental, and neurological health over the phone prior to coming to
the lab (Katzman et al., 1983). Although no prior studies have directly
evaluated the effects of script knowledge on viewing times, related
studies have evaluated the effects of schema on memory (Bransford &
Johnson, 1972– Experiment 2: Cohen's d= 0.77; Experiment 3:
d= 0.97) and also the effect of event boundaries on viewing time (Hard
et al., 2011: d=1.48). Using the most conservative estimate of effect
size from Bransford and Johnson (1972) (d=0.77), we conducted a
power analysis in G*Power 3.1.7. Based on a two-tailed hypothesis,
with the effect size of d=0.77, alpha=0.05 and power of 0.80,
G*Power indicated that a total sample size of 16 would be needed (Faul,
Erdfelder, Lang, & Buchner, 2007). Thus, a sample size of 40 (n=20
per age group) should be more than sufficient to detect our effects of
interest.

The experiment lasted for two sessions. The first session lasted for
two and a half hours and the second lasted approximately an hour. Data
from the second session for one young adult participant was removed
because the participant failed to return to the lab on the second day. All
participants began the first session by completing the Mini Mental State
Exam (MMSE) (Folstein, Robins, & Helzer, 1983) and all had scores
above the minimal requirement (> 27). Informed consent was obtained
from each participant prior to participating in accordance with Kansas
State University's Institutional Review Board. All the data and materials
are available on the OSF project page associated with this manuscript
(https://osf.io/dx4th/) (Smith et al., 2019).

2.2. Materials and tasks

2.2.1. Slideshows
The viewing time task was adopted from Hard et al. (2011). Four

videos of everyday activities were shot at a rate of 25 fps and depicted
activities that young and older adults were more or less knowledgeable
of (see Fig. 1). College students served as actors in each of the four
videos. Some activities were Older Adult activities: planting a pot of
flowers (Gardening: duration= 297 s) and balancing a checkbook
(Checkbook: duration=258 s). Other activities were Young adult ac-
tivities: grocery shopping (Grocery: duration= 195 s) and getting ready
for school/work (Getting ready: 213 s). We classified these activities
according to the scripts provided from young and older adults in pre-
vious research (Rosen, Caplan, Sheesley, Rodriguez, & Grafman, 2003).
Rosen et al. (2003) had young and older adults list the steps, from
beginning to end, involved in various everyday activities. For several
activities, young adults produced more normative steps than older
adults, who tended to produce more idiosyncratic steps. We chose two
of the activities for which Rosen et al. (2003) found the largest age-
related differences in script knowledge: Grocery shopping and getting
ready for work.

2.2.1.1. Determining the older adult activities. Using similar methods, our
lab identified activities for which older adults produced more
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normative steps than did young adults. We had an independent sample
of 20 older adults (M age=68.65, SE age= 1.25) and 20 young adults
(M age=18.65, SE age= 0.25) list the sequence of steps associated
with a variety of different activities: Ironing a shirt, setting up a record
player, planting a garden, balancing a checkbook, going to the dentist.
Following the instructions outlined by Rosen et al. (2003), we identified
the 18 most common unique steps participants mentioned for each
activity. For the grocery shopping and getting ready for work activities,
we used the scripts provided in Rosen et al. (2003) as the norm. After
identifying the steps of each activity, two independent coders, coded
the participant responses. The age group of the participant was
unknown to one of the coders. Coders agreed on 90.4% of cases,
(interrater Kappa=0.81). Disagreements were resolved through
thoughtful discussion to determine the final coding. Participants
received a point for each of the normative steps that they included in
their descriptions. The means we provide correspond to the proportion
of steps participants within the age group successfully produced. We
conducted four logistic mixed effects models to analyze differences
between scripts written by older and young adults. Participant was
treated as a random effect.

Consistent with Rosen et al. (2003), the quality of older adults'
scripts for Grocery shopping (Older adults: M=0.46, SE=0.03; Young
adults:M=0.55, SE=0.03), β=0.39, z=1.72, p=0.08, and Getting
ready for work/school (Older adults: M=0.41, SE=0.03; Young
adults: M=0.48, SE=0.03, β=0.30, z=1.93, p=0.05) were mar-
ginally poorer than those produced by young adults. Older adults
produced better scripts for Balancing a checkbook (Older adults:
M=0.43, SE=0.03; Young adults: M=0.18, SE=0.03), β=−0.63,
z=−3.13, p=0.002, and Planting a pot of flowers (Older adults:
M=0.43, SE=0.03; Young adults: M=0.34, SE=0.03), β=−0.36,
z=−2.84, p=0.03. Importantly, while participants may be familiar
with each of these activities, to some extent, we categorized them into
the Older or Young adult activities based on the difference in the quality
of the scripts that each age group produced. Lastly, we used the nor-
mative scripts when filming the videos, from which our slideshows
were created.

Slideshows were created from each video by extracting a single
frame every 1 s (Hard et al., 2011). They ranged in length from 193 to
298 slides. A 150ms neutral gray screen was interleaved between slides
to reduce apparent motion. Slideshows were self-paced. Participants

advanced through them by pressing the spacebar on the computer's
keyboard. Participants could not return to previously viewed slides.
Participants were told to spend as much time on each slide as they
wished because they would be asked to remember the actions from the
slideshow later in the experiment. Viewing time was calculated as the
latency between the onset of each slide and the click of the spacebar.
Order of each slideshow was counterbalanced across participants using
a 4× 4 Williams Latin Square.

2.2.2. Event memory tests
Participants completed three long-term event memory tests for each

slideshow after completing a psychometric test that served as a filler
task after each slideshow. Measures included free recall, recognition,
and temporal order memory, in that order. The order of each memory
test was the same across participants and slideshows.

2.2.2.1. Recall test. Participants were given 5min to recall what
happened in the slideshow they just viewed in as much detail as
possible in the order in which the actions in the slideshow occurred.
Participants typed their recall into a text box. To score the free recall
data, we first constructed a list of the basic actions performed by the
actor in the slideshow using the action coding system (ACS) described
by Schwartz, Reed, Montgomery, Palmer, and Mayer (1991). The ACS
constructs goal hierarchies of action sequences (Schwartz et al., 1991)
in which A1 units are the basic actions involved in completing a higher-
level goal (i.e., pick up wallet, open it, and take the debit card out) and
A2 units are higher-level sub-goals that encompass many A1s (i.e., pay
for food). There were 84 A1 and 27 A2 units in Checkbook, 94 A1 and
12 A2 units in Gardening, 84 A1 and 19 A2 units in Getting Ready, and
74 A1 units and 14 A2 units in the Grocery slideshows. Two coders
blind to the age group of the participant coded data from ten
participants for each video (interrater Kappa= 0.79, p < 0.001 for
A1 units and interrater Kappa=0.93, p < 0.001 for A2 units). They
compared their ratings and resolved any discrepancies. One of the two
coders coded the remaining participant recall responses. The number of
correctly recalled actions was the dependent measure. Recall data from
participants were removed if the participant either did not report the
contents of the slideshow or reported the activities from the wrong
slideshow. This resulted in the removal of 6 observations from 5
participants. Three older adults reported the contents of the wrong

Fig. 1. Sample slides taken from each of the four slideshows. Top row are the older adult activities: planting flowers & balancing a checkbook. Bottom row are the
young adult activities: getting ready for work/school and grocery shopping.
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slideshow when asked to report the contents of Grocery Shopping, and
one older adult failed to recall anything from the Grocery slideshow.
One young adult failed to report anything from the Getting Ready
slideshow and one older adult reported the contents from the wrong
slideshow when asked about Getting Ready.

2.2.2.2. Recognition test. Recognition memory was assessed using a
two-alternative forced choice test. There were 20 total trials that each
contained a target image and a distractor image. Distractor items were
chosen from videos of the same actor in the same setting performing the
same activity in a different order. For instance, in the gardening video,
the actor entered the shot with the flowerpot. In the foil video, the actor
entered the shot with the potting soil. Image pairs were presented side-
by-side on the computer screen, and participants responded by selecting
with the computer's mouse the slide they viewed in the slideshow.
Order of presentation of the pair of images was randomized for each
participant and placement of the correct answer was counterbalanced
(left and right).

2.2.2.3. Order memory test. Order memory was also assessed using a
two-alternative forced choice procedure. In this task, pairs of A1 action
units from the slideshows were presented side by side and participants'
task was to indicate which action occurred first.

2.2.3. Segmentation task
During the second session, participants viewed and segmented the

film versions of the four activities, presented in the same order as the
slideshows in the first session using the overt segmentation task.
Participants were instructed to press the spacebar on a keyboard
whenever they felt that “one meaningful unit of activity ends, and an-
other begins” (Newtson, 1973). Participants were not given any addi-
tional information on how to segment the activity but instead were told
that the researchers were interested in how they understood the ac-
tivity. They began by segmenting the practice video. If they identified
fewer than 6 meaningful boundaries (this value was unknown to the
participants), then they were told that participants typically identify
more units than what they did, and they were asked to redo the task by
re-watching the video again until at least 6 event boundaries were
identified. After successfully segmenting the practice video, partici-
pants segmented the 4 experimental videos.

2.2.4. Self-report knowledge ratings
At the very end of the experiment, participants were asked of their

subjective familiarity with each of the activities. On each trial, parti-
cipants were shown descriptions of two activities on the computer
screen. Participants were asked to select the activity (either the one on
the left or the one on the right) from the two descriptions they were
more familiar doing. After making their selection, participants were
asked to rate on a scale from 1 to 7 how much more familiar they were

doing the activity they chose over the opposing activity. To test whe-
ther older adults reported that they were more familiar with the older
adult than the young adult activities, we ran a mixed effects logistic
regression. Participant was treated at its intercept as a random effect. If
an older adult activity was selected, then the response was coded as a 1
and a 0 if a young adult activity was selected. Older adults (M=0.17,
SE=0.02) were significantly more likely than young adults (M=0.04,
SE=0.05) to report that they were familiar performing the older adult
activities, β=1.22, z=−2.22, p=0.03.

2.3. Design

The experiment was a 2 (Age group: Young vs. Older)× 2 (Activity:
Young vs. Older)× 2 (Boundary Type: Boundary vs. Non-boundary)
mixed design. Age was a between-subject variable, and Activity and
Boundary Type were both within-subject variables.

2.4. Procedure

Testing took place in two sessions, separated by 1week. Participants
entered the lab one at a time. The first session lasted for approximately
150min and the second was approximately 60min. To screen for cog-
nitive impairment, participants began the first session by completing
the Mini Mental State Exam (MMSE). After completing the exam, par-
ticipants practiced the viewing time task by viewing a slideshow of a
man building a boat from toy blocks. Participants progressed through
the slideshow at their own pace and viewing time on each slide was
recorded (see Fig. 2). After practicing the viewing time procedure,
participants practiced the three memory measures. Feedback was given
on practice trials. After each participant completed the practice trials,
they viewed a slideshow. After each slideshow, they completed a psy-
chometric measure that served as a filler task during a 5-minute dis-
traction interval. Psychometric measures included tests of participants'
working memory capacity, general semantic knowledge, and processing
speed. Descriptive statistics for each of these psychometric measures for
older and young participants are provided in Table 1 in the Supple-
mentary materials. After a filler task, participants completed the three
event memory measures for the activities in the slideshow. On the
second day, participants entered the lab, segmented the video versions
of the slideshows, and completed the reading span and the Trail Making
tasks.

3. Results

We will first describe results from the encoding measures, then the
results from the event memory measures. Finally, we will discuss the
relationship between the encoding and event memory measures. All
analyses were conducted using R statistical software (version 3.1.1)
with the lme4 library (Bates, Mächler, Bolker, & Walker, 2014). All
significant interactions were probed using the multcomp library and p
values for linear mixed effects models were estimated using the afex
library (Bretz, Hothorn, & Westfall, 2002; Singmann, Bolker, Westfall,
Højsgaard, & Fox, 2015).

3.1. Viewing time

Given that prior work has shown a boundary advantage such that
observers spend more time looking at event boundaries than non-
boundaries (Hard et al., 2011), we hypothesized that participants'
viewing time would be longer for boundary slides compared to non-
boundary slides. Further, we extended the original effect by examining
whether older adults demonstrate the boundary advantage. Finally, we
hypothesized that event knowledge would influence viewing time such
that the boundary advantage should be larger for familiar than the
unfamiliar activities. To evaluate these hypotheses, a generalized mixed
effects model was used to predict the effects of type of Activity, Age

Fig. 2. Example slideshow.
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group, and Boundary type (boundary vs. non-boundary) on viewing
time. To analyze the effects of event perception on viewing time, we
used locations where the participants themselves perceived event
boundaries. Given that response latency data has a positive skew, the
model specified a Gamma distribution (Lo & Andrews, 2015; Van Zandt,
2000; Young & Crumer, 2018). A log link function was used to linearize
parameters. The Gamma regression model contained the fixed effects of
Boundary type [coded as Boundary=1 and Non-boundary=−1], Age
group [Older= 1, Young=−1], and the Activity [Older adult ac-
tivity= 1, Young adult activity=−1]. Participant and image were
treated at their intercept as random effects. All means are reported in
milliseconds.

We used the participants' own boundaries as a predictor of slide
viewing time. Remember, that the slideshows consisted of every 25th
frame from the video; thus, not all frames were represented in the sli-
deshow. We categorized the closest frame in the slideshow to the frame
number where the participant made the segmentation response as the
event boundary. All other slides in the slideshows were categorized as
non-boundaries. We found a significant boundary advantage whereby
participants spent more time viewing event boundaries (M=1677,
SE=31) than non-boundaries (M=1506, SE=10), β=0.03,
t=5.69, p < 0.001. This effect replicates previous findings (Hard
et al., 2011; Kosie & Baldwin, 2019a, 2019b) and supports the hy-
pothesis that processing demands increase at event boundaries. Further,
both older and young adults demonstrated the boundary advantage to
the same extent as evident from a nonsignificant Age
group×Boundary type interaction, β=−0.005, t=−0.79, p=0.43.
To our knowledge, this is the first experiment to demonstrate the
boundary advantage effect in older adults, who, on average, spent more
time viewing slides (M=2112, SE=49) than younger adults
(M=901, SE=8), β=0.42, t=5.79, p < 0.001.

Most importantly, we observed a significant three-way interaction
between Boundary type, Age group, and type of Activity (see Fig. 3),
β=0.02, t=3.70, p < 0.001. We performed a series of planned
comparisons to assess the extent to which both older and young adults
demonstrated the boundary advantage within each activity. Using a
Bonferroni correction, we adjust alpha to (0.05/4=0.0125) to prevent
inflation of Type I error. Older adults demonstrated the boundary ad-
vantage for the older adult activities [Boundaries: (M=2277,
SE=64); Non-boundaries: (M=2002, SE=20)], β=0.13, z=5.75,
p < 0.001, but not for the young adult activities [Boundaries:
(M=2239, SE=74); Non-boundaries: (M=2315, SE=31)],

β=−0.01, z=−0.63, p=0.78. Likewise, young adults demonstrated
the boundary advantage for the young adult activities [Boundaries:
(M=978, SE=43); Non-boundaries: (M=896, SE=10)], β=0.10,
z=3.98, p < 0.001, but not for the older adult activities [Boundaries:
(M=963, SE=34); Non-boundaries: (M=893, SE=14)], β=0.05,
z=2.26, p=0.05. Both groups were more sensitive to the event
structure in the activities for which they had relevant prior knowledge.1

3.2. Event memory

3.2.1. Recall
Event recall scores were the number of correctly recalled actions.

Two different analyses were conducted. We first assessed the effect of
knowledge on the number of A1 actions correctly recalled and then its
effect on the number of A2 actions correctly recalled. Because the de-
pendent measure is count data, we ran a mixed effects Poisson regres-
sion with the random intercept of participant and slideshow. Age group,
Activity, and the interaction between Age group and Activity were
treated as fixed effects. Older adults (M=15.24, SE=0.84) recalled
significantly fewer A1 units than young adults (M=19.82, SE=0.84),
β=−0.13, z=−2.75, p=0.006, replicating previous findings
(Sargent et al., 2013). Participants recalled the same number of A1
units in both older (M=15.57, SE=0.83) and young adult activities
(M=19.82, SE=0.86), β=−0.14, z=−1.18, p=0.24. Even
though older adults more efficiently encoded the actions in the older
adult activities compared to the young adult activities (see Fig. 3), they
recalled the same number of A1 units in both activities, which is evident
from a nonsignificant Age group by Activity interaction, β=0.02,
z=1.03, p=0.30.

For A2 units, older adults (M=9.13, SE=0.47) recalled sig-
nificantly fewer units than young adults (M=11.94, SE=0.40),
β=−0.14 z=−3.66, p < 0.0001. Again, neither the fixed effect of
Activity [Older adult activities: (M=10.99, SE=0.52); Young adult
activities: (M=10.18, SE=0.38)], β=0.03, z=0.31, p=0.76, nor
the Age group×Activity interaction was significant, β=0.002,
z=0.09, p=0.93.

3.2.2. Recognition
Cronbach's alpha for recognition performance across the four videos

was 0.70. We analyzed recognition accuracy using a logistic mixed ef-
fects model (Agresti, 2007; Jaeger, 2008). The participant and the
image were treated at their intercepts as random effects. The dependent
variable was probability of correctly identification and age group
[coded as Older= 1 and Young adult=−1] and activity [Older adult
activities= 1, Young adult activities=−1] were predictors. Recogni-
tion performance did not differ by activity [Older adult activities:
(M=0.71, SE=0.01); Young adult activities: (M=0.67, SE=0.01)],
β=0.18, z=1.93, p=0.23. Interestingly, recognition performance
did not differ by age group [Older adults: (M=0.67, SE=0.01); Young
adults: (M=0.70, SE=0.01)], β=−0.10, z=−1.47, p=0.14. Im-
portantly, we observed a significant Age group×Activity interaction,
β=0.17, z=4.02, p < 0.001. Older adults had significantly better
recognition memory for the older adult activities (M=0.72, SE=0.02)
than for the young adult activities (M=0.62, SE=0.02), β=0.70,
z=2.27, p=0.04, but young adults' recognition memory did not differ
between activities [Older adult activities: (M=0.70, SE=0.02);
Young adult activities: (M=0.71, SE=0.02)], β=−0.008,
z=−0.03, p=0.99 (see Fig. 4). Older adults can utilize their intact
knowledge structures when remembering content from novel, but re-
levant activities.

Fig. 3. Estimated viewing time as a function of age, boundary type, and ac-
tivity. Event boundaries are self-identified. Asterisks above pairs of bars re-
present significant effects using an alpha level of 0.05. Error bars represent 95%
confidence intervals to the estimated means.

1 We conducted an analogous analysis using the normative boundaries de-
termined from an independent sample of older adult participants. The results
were similar (see Fig. 1 of the Supplementary materials).
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3.2.3. Order memory
Unfortunately, the reliability of the order memory measure was

unacceptable (α=0.19). Given this poor reliability, order memory
performance was removed from further analyses; however, the data is
available to download at https://osf.io/dx4th/.

3.3. Effects of viewing time on memory

3.3.1. Recall
To evaluate the influence of effective encoding on event memory,

we examined whether the size of one's boundary advantage predicted

recall performance. Two analogous linear mixed effects models were
conducted to explore how the boundary advantage predicted the
number of A1 and A2 units participants successfully recalled. Age
group, Activity, Boundary advantage, and all their interactions were
included as fixed effects, and slideshow and participant were treated at
their intercept as random effects. Prior to entry into the model, the
boundary advantage was centered at its mean to remove nonessential
multicollinearity between predictors. The boundary advantage did not
predict either the number of correctly recalled A1 units, β=0.0004,
t=0.49, p=0.63, or A2 units, β=0.0005, t=1.14, p=0.26. None of
the other observed effects were statistically significant.

3.3.2. Recognition
Similar analyses were run to evaluate whether one's boundary ad-

vantage predicted recognition performance. Results indicated that
those who demonstrated a larger boundary advantage had better re-
cognition memory for the activities, β=0.0004, t=2.04, p=0.04.
Importantly, we also observed a significant three-way interaction be-
tween the Age group, Activity, and Boundary advantage,
β=−0.00005, t=−2.83, p=0.005. If knowledge influences memory
by improving how the information is encoded, then the boundary ad-
vantage should predict memory better in activities for which partici-
pants have more normative knowledge (i.e., the slope between
boundary advantage and recognition memory would be steeper for the
knowledgeable activities). However, we found the boundary advantage
only predicted recognition memory for the unfamiliar activity, for both
age groups (see Fig. 5). For older adults, the boundary advantage pre-
dicted recognition memory in the young adult activities but not for
older adult activities. Conversely for young adults, the boundary ad-
vantage only predicted recognition memory in the older adult activities.
These results suggest that event encoding and knowledge have in-
dependent influences on event memory.

4. Discussion

Even though segmentation ability declines with age, knowledge
increases across the lifespan (Umanath & Marsh, 2014). The accumu-
lation and use of such knowledge may become increasingly important
as we age. Older adults may rely more upon the use of prior experiences
when encoding novel information, especially as their sensory/percep-
tual abilities begin to decline and retrieval from episodic long-term

Fig. 4. Estimated recognition memory performance as a function of age and
activity. Chance performance in the two-alternative forced choice task was
50%. Error bars represent 95% confidence intervals around the estimated
means.

Fig. 5. Recognition performance as a function of age group, activity, and the boundary advantage. Points in the scatterplot represent the proportion correct
recognition memory for each of the four activities. Lines were graphed from the line of best fit from the regression model.
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memory becomes less reliable. Past research suggests that knowledge
influences encoding (Amoruso et al., 2014) and episodic memory (Chi
et al., 2014); however, less is known about how knowledge affects
moment-to-moment encoding processes and whether these relation-
ships change as we age.

In the current study, we examined the influence of semantic
knowledge on event encoding and long-term memory for everyday
events by having young and older adults view a series of self-paced
slideshows depicting activities that were more versus less familiar to
older and younger adults as evident from the quality of scripts that
young and older adults produced for these activities. Consistent with
prior research (Hard et al., 2011; Kosie & Baldwin, 2019a, 2019b),
participants viewed slides depicting event boundaries longer than those
depicting ongoing events (i.e., boundary advantage). Event boundaries
correspond to moments when event models must be updated to reflect
the perceptual and conceptual changes occurring in the activity. Pre-
sumably, viewing time increases because there is more information to
process at boundaries than within events.

Extending prior research, we also observed that older adults de-
monstrate the boundary advantage, and they do so to the same degree
as young adults. The lack of an age difference was quite surprising
because previous research has found that older adults segment less
normatively in comparison to young adults (Kurby & Zacks, 2011;
Sargent et al., 2013) though neither of these studies manipulated the
type of activity participants viewed. This finding is however consistent
with research from the discourse comprehension literature, which
suggests that processing at the event level is unaffected by aging
(Magliano et al., 2012; Radvansky, 1999; Radvansky & Dijkstra, 2007)
perhaps because they can rely upon schemas and the generation and use
of inferences.

As mentioned previously, there are important differences between
our study and studies that have found that segmentation ability declines
with age. Older adults have more difficulty with goal maintenance in
the face of secondary tasks than young adults and thus may struggle
with the dual task nature of the segmentation task (McGatlin,
Newberry, & Bailey, 2018). This could result in either poor segmenta-
tion performance (anecdotally, older adult participants sometimes re-
ported they forgot to make a segmentation response while watching the
videos), poor comprehension of the activity, or both. Thus, age related
declines in segmentation ability may in part be due to an age-related
deficit in dual task performance on the overt segmentation task.

4.1. Does knowledge affect event encoding?

Importantly, when relevant knowledge was available, both young
and older adults demonstrated more effective patterns of encoding (i.e.,
larger boundary advantage). In fact, when participants had the pre-
requisite knowledge for the activity in the slideshow they spent an es-
timated 297ms (Boundary= 1539ms, Non-boundary=1241ms)
longer viewing important event boundary images than images from the
middle of an event, which is almost a 30% increase in viewing time.2

This suggests that people may be able to rely on prior knowledge and
experiences to more efficiently encode events (Umanath & Marsh,
2014), which is particularly important for older adults who may
struggle with perceptual/cognitive declines. Interestingly, when parti-
cipants did not have the prerequisite knowledge, they spent a similar
amount of time viewing boundary and non-boundary images, showing
little to no discrimination of the activity's event structure. Such an effect
supports EST's claim that knowledge helps to guide future predictions.
By enabling more accurate predictions, participants may have been
more sensitive to the actors' goals. However, when viewing an un-
familiar activity, the characters' goals cannot be as readily inferred,

which should impair the quality of perceptual predictions and prevent
people from effectively identifying, and slowing down to encode, im-
portant event boundaries.

These results are in opposition to arguments that event model up-
dating is primarily driven by bottom-up perceptual changes alone.
Using top-down manipulations, previous researchers have failed to find
evidence that conceptual factors influence event perception (Cutting
et al., 2012;Hard et al., 2006; Huff et al., 2017). A major difference
however in those studies and the current research is the nature of the
task. Prior research has examined how the conceptual manipulations
affect performance on the overt segmentation task (Hard et al., 2006;
Huff et al., 2017), whereas in the current experiment, we used a covert
measure of event perception. Viewing time may be a more sensitive
measure of event encoding, particularly for detecting the effects of
conceptual manipulations on event encoding. A second important dif-
ference is in the sample of participants used here. Prior work has only
included young adults, whereas the current work included both young
and older adults. Because older adults have degraded perceptual/cog-
nitive abilities compared to young adults, they may rely more on prior
knowledge and experiences (Umanath & Marsh, 2014). On the other
hand, young adults tend to have better perceptual/cognitive abilities
and thus may segment an activity from changes in the perceptual
stream regardless of conceptual top-down influences. Future research
should address these possibilities.

Our results suggest that participants may rely on their previous
experience to identify important moments of change in self-paced sli-
deshows. These results provide insights for designing interventions that
may help improve older adults' ability to encode novel information
(Richmond et al., 2017). Rather than training an ability that declines
with age (i.e., processing speed, working memory capacity, attentional
abilities) future interventions could be developed to help older adults
utilize their intact abilities to offset those that are impaired. It remains
unknown; however, how many repeated exposures would be necessary
to find effects of knowledge on event encoding in older adults.
Sebastian, Ghose, and Huff (2018) found that two exposures to an ac-
tivity facilitated memory for coarse, but not fine event, information.
Future research should address this important question in older adults.

4.2. Does knowledge improve event memory indirectly by improving event
encoding?

Previous research found that encoding efficiency (i.e., segmentation
ability) predicts event memory (Kurby & Zacks, 2011; Sargent et al.,
2013; Zacks et al., 2006) and we observed a similar effect: those who
demonstrated the boundary advantage had better recognition memory.
Because event encoding uniquely predicts event memory (Sargent et al.,
2013), knowledge may improve memory by improving how well the
information was encoded. Despite our observation that participants
encoded the knowledgeable activities more efficiently, the viewing
time-memory relationship was not observed for these activities. Instead,
the boundary advantage only predicted memory when the activities
depicted in the slideshow were less familiar to viewers.

Our results seem to indicate that knowledge influences memory
independently of event encoding strategies. This result may appear
surprising because it is commonly assumed that knowledge improves
memory by improving how information is encoded (Anderson &
Pichert, 1978; Hasher & Griffin, 1978); however, our finding is con-
sistent with Sargent et al. (2013) who found that general measures of
event knowledge and segmentation ability independently predicted
event memory. From our results and those of Sargent et al. (2013), we
can speculate that when one has relevant knowledge of a depicted ac-
tion, they rely upon those knowledge structures (schemas, scripts, etc.)
to reconstruct the event. However, when one has little knowledge to
rely upon, the only retrieval cues available are those represented in the
event models created during encoding. Similar results have been re-
ported in another study that used an expert-novice paradigm to

2 These values were estimated from the regression analysis by setting all
predictors other than the boundary type predictor equal to zero.
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evaluate the effects of knowledge on segmentation and memory
(Newberry et al., under review). Such speculations are based upon
correlational data; thus, future experimental research should experi-
mentally test this possibility.

A possible limitation with our stimuli is the use of college actors in
all the videos (i.e., own-age bias; Anastasi & Rhodes, 2005). Prior work
has shown that older adults more accurately infer emotions of faces
closer in age to themselves and remember own-age faces better than
other-age faces (Anastasi & Rhodes, 2006). Thus, it is possible that older
adults would more successfully track the actions of actors closer in age
to themselves than the actors in the slideshows used in the current
study. However, we do not believe this was a major concern because the
older adults effectively encoded (i.e., demonstrated the boundary ad-
vantage) and remembered information from the older adult activities
despite the age of the actor.

4.3. Conclusion

Even though the world as it is presented to us is continuous and
fleeting, perception of actions in an activity is not. The perceptual
system chunks the activity in the perceptual stream to enable more
efficient encoding (Zacks et al., 2007). This study demonstrated that
knowledge affects how well continuous information is chunked into
multiple events. Furthermore, older adults, who have previously de-
monstrated age-related declines in event perception, may rely on
knowledge acquired across the lifespan to enable more efficient en-
coding and memory of dynamic, everyday activities.
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