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Abstract 

 Human activity is structured by goals and subgoals. To understand an everyday 

activity, a viewer must perceive its goal structure, and viewers may segment activity into 

units that correspond to perceived goals. In this study, we examined age differences in the 

ability to perceive hierarchical goal structure in ongoing activity. A group of younger and 

older adults viewed short movies of an actor doing everyday activities, segmented them 

into events, and described the events as they segmented. We investigated how 

participants’ event descriptions were related to the hierarchical goal structure, and 

whether participants’ event segmentation was related to moment-by-moment changes in 

actor goals. We found that both coarse and fine event segmentation behavior was related 

to changes in the goal hierarchy. Participants descriptions of coarse-grained events were 

more likely to contain information regarding higher-level goals, and their descriptions of 

fine-grained evens were more likely to mention lower-level goals. Critically, in both 

segmentation behavior and event descriptions, younger adults showed these effects more 

strongly than older adults. These results show that event segmentation recovers the 

hierarchical goal structure of events, and that older adults may have difficulty perceiving 

that structure.  

 

Keywords: Cognitive Aging; Event Segmentation; Goal Structure; Event Hierarchy  
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Age differences in the Perception of Goal Structure in Everyday Activity 

Suppose you are at a dinner party and are helping a friend wash the dishes. 

Although this is a mundane activity, to accomplish it you need to plan and coordinate a 

goal-subgoal action hierarchy. The dishes and silverware need to be collected, then 

rinsed, then placed in the dishwasher. To accomplish these goals, you need to complete 

their subgoals. For example, collecting the dishes is accomplished by moving around the 

table and picking up each item. Collecting the dishes is not complete until the final dish is 

picked up. Rinsing the dishes is accomplished only after each dish is scraped and held 

under the water, and so on. People generate such hierarchical event representations when 

engaging in everyday activity (Cooper & Shallice, 2000; Schwartz, 2006), and also when 

watching the activity of others (Kurby & Zacks, 2011; J. M. Zacks & Tversky, 2001; J. 

M. Zacks, Tversky, & Iyer, 2001). The segmentation of activities into their constituent 

event-subevent structures is a natural concomitant of ongoing visual perception (J. M. 

Zacks, Braver, et al., 2001), and is important to the comprehension, execution, and 

memory for experience (Bailey, Zacks, et al., 2013; Bailey, Kurby, Giovannetti, & Zacks, 

2013; Flores, Bailey, Eisenberg, & Zacks, 2017; Gold, Zacks, & Flores, 2017; Kurby, 

Asiala, & Mills, 2013; Kurby & Zacks, 2012; Sargent et al., 2013). This process critically 

relies on systems related to attentional control, episodic memory, and working memory, 

which are systems that tend to decrease in functioning with age (Balota, Dolan, & 

Duchek, 2000; Hasher & Zacks, 1988; Richmond, Gold, & Zacks, 2017; Sargent et al., 

2013; J. M. Zacks & Sargent, 2010; J. M. Zacks, Speer, Swallow, Braver, & Reynolds, 

2007; R. T. Zacks, Hasher, & Li, 2000). Accompanying this age-difference in cognitive 

functioning, older adults tend to perform worse on event segmentation tasks (Bailey, 
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Zacks, et al., 2013; Kurby & Zacks, 2011; J. M. Zacks & Sargent, 2010; J. M. Zacks et 

al., 2007; J. M. Zacks, Speer, Vettel, & Jacoby, 2006). Less effective event processing 

may also impact the ability to perceive hierarchical structure in events. In this study, we 

investigated the nature of these age-related changes in hierarchical event perception 

during online event comprehension.  

People segment the stream of behavior into separate events (Dickman, 1963; 

Newtson & Engquist, 1976; J. M. Zacks et al., 2007). Current theories of event cognition 

argue that the process of event segmentation is in service of maintaining an accurate 

working memory representation of “what is happening now” (Kurby & Zacks, 2008; 

Radvansky & Zacks, 2014; J. M. Zacks et al., 2007). These event models include 

information about who the agents are and their goals, the causality of actions, the objects 

present, and spatiotemporal properties of the scene. Event models facilitate explaining 

what is happening now and, importantly, predicting future input. Event models need to be 

updated from time to time, resulting in the segmentation of experience into new events 

and the subjective experience of boundaries at the junction of these events. Event 

segmentation is commonly measured by having people engage in a unitization task. 

Participants watch a movie and press a button to mark off the movie into events. Viewers 

have shown high agreement in their segmentation behavior, both across and within 

viewers (Speer, Swallow, & Zacks, 2003; J. M. Zacks et al., 2006). Event segmentation 

behavior is also systematic. Viewers tend to segment when there are changes in the 

situation or perceptual stream (J. M. Zacks et al., 2007), such as when there are changes 

in the characters, objects, space, time, causation, goals (Gernsbacher, 1997; Kurby & 

Zacks, 2012; Magliano, Kopp, McNerney, Radvansky, & Zacks, 2012; Magliano, Miller, 
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& Zwaan, 2001; Magliano, Radvansky, Forsythe, & Copeland, 2014; Magliano, Zwaan, 

& Graesser, 1999; Radvansky & Copeland, 2010; Speer, Zacks, & Reynolds, 2007; J. M. 

Zacks, Speer, & Reynolds, 2009), as well as when there are changes in predictability of 

the ongoing action (Reynolds, Zacks, & Braver, 2007; Wilder, 1978b, 1978a; J. M. 

Zacks, Kurby, Eisenberg, & Haroutunian, 2011; J. M. Zacks, Speer, et al., 2009), and 

changes in visual motion (Hard, Tversky, & Lang, 2006; J. M. Zacks, 2004; J. M. Zacks, 

Kumar, Abrams, & Mehta, 2009).  

Normally aging adults, and adults with Alzheimer’s dementia, tend to have worse 

event segmentation ability than younger adults (Kurby & Zacks, 2011; J. M. Zacks et al., 

2006). Older adults, and those with dementia, typically segment events less normatively 

than younger adults, or the appropriate comparison group (Bailey, Zacks, et al., 2013; 

Bailey, Kurby, et al., 2013; Kurby & Zacks, 2011; J. M. Zacks et al., 2006; but see 

Sargent et al., 2013). Given that there is high inter- and intraindividual agreement in the 

location of event boundaries (Speer et al., 2003; J. M. Zacks et al., 2006), normative 

segmentation is likely functional to event understanding. Indeed, older adults who agree 

more with group norms on the location of event boundaries show uniquely better memory 

for the activities (Bailey, Zacks, et al., 2013; Kurby & Zacks, 2011; Sargent et al., 2013; 

J. M. Zacks et al., 2006), as well as execute action sequences better (Bailey, Kurby, et al., 

2013). Interventions to improve segmentation can also improve event memory for older 

adults (Flores et al., 2017; Gold et al., 2017).  

This age-related difference in event segmentation ability suggests that older adults 

may also have a less effective ability to perceive goal-subgoal structure in events. The 

segmentation of behavior into events and subevents is critical to the understanding of 
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activity, in part, because human activity can typically be described as the pursuit of goals 

and subgoals (Cooper & Shallice, 2000; Newell & Simon, 1972). Indeed, people tend to 

represent sequenced action as hierarchical goal-subgoal structures in memory and action 

planning (Barsalou & Sewell, 1985; Bower, Black, & Turner, 1979; Brewer & Dupree, 

1983; Cooper & Shallice, 2000; Galambos & Rips, 1982; Grafman, 1995; Lichtenstein & 

Brewer, 1980; Rosen, Caplan, Sheesley, Rodriguez, & Grafman, 2003; Schwartz, 2006; 

Trabasso & Wiley, 2005), and in perception as event-subevent hierarchies (Hard et al., 

2006; Kurby & Zacks, 2011; J. M. Zacks & Tversky, 2001; J. M. Zacks, Tversky, et al., 

2001).  

A recent study documented that older adults are less able to segment events into 

hierarchically organized event structures (Kurby & Zacks, 2011), suggesting the 

possibility of an age-difference in the encoding of goal-subgoal structure. Kurby and 

Zacks (2011) had older and younger adults segment a set of videos of people performing 

everyday activities, such as someone building a tent, once at a coarse grain (longer 

timescales) and once at a fine grain (shorter timescales). Hierarchical segmentation is 

characterized as perceived fine events clustering within coarse events (J. M. Zacks, 

Tversky, et al., 2001). In two experiments, Kurby and Zacks (2011) found that younger 

adults had better hierarchical structuring in their coarse-fine segmentation than older 

adults. Additionally, within the older adults, better hierarchical segmentation predicted 

better recognition memory for the events. These results suggest that older adults perceive 

less hierarchical structure in everyday activity. However, those results did not address 

whether their segmentation behavior was specifically related to changes in the goal-

subgoal structure, and they did not address the content of the viewers’ event models 
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during segmentation regarding their representation of the goal-subgoal structure. In their 

Experiment 2, Kurby and Zacks (2011) had younger and older adults engage in a 

description task concurrent with the event segmentation task. After participants pressed a 

button to indicate the end of a segment, the participants described the segment out loud. 

Kurby and Zacks (2011) reasoned that engaging in an explicit describing task would 

improve event knowledge activation and benefit older adults’ segmentation. But, they 

found that concurrent describing did not affect their segmentation performance, nor their 

memory for the events. In the current study, we present an analysis of the content of those 

event descriptions from Kurby and Zacks (2011), and the corresponding event 

segmentation behavior from that experiment. Using these descriptions, we assessed 

whether the segmentation behavior, and content of older adult event models, was less 

likely to show a goal-subgoal structure of the ongoing activity.  

For these analyses, our goal was to test the extent to which participants’ event 

segmentation was related to changes in the goal-subgoal structure of the activity, and to 

what extent participants talked about that information as they described the events. To 

assess this, we took advantage of the Action Coding System (ACS) developed by 

Schwartz, Reed, Montgomery, Palmer, and Mayer (1991) to code the goal structure of the 

movies. The ACS was developed to track improvements from action disorganization 

syndrome in patients recovering from traumatic brain injury. Its developers focused 

mainly on the production of routine everyday activities, such as breakfasting or dressing. 

The ACS conceptualizes everyday action as a two-level hierarchy. Activities are 

described by their higher order goals (called A2 actions), which break down into their 

subactions (called A1 actions). For example, “pour milk into a bowl of cereal” defines a 
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higher-order goal which is satisfied once the actor produces its constituent subactions, 

such as remove the cap, pick up the bottle, and pour milk. In this paper, we tested 

hypotheses regarding the relation between segmentation grain and the representation of 

higher and lower level goals. People simultaneously segment events at multiple grains; 

longer timescale events (coarse events) and shorter timescale events (fine events) (Speer 

et al., 2007; J. M. Zacks, Braver, et al., 2001; J. M. Zacks, Tversky, et al., 2001). Coarse 

boundaries tend to correspond with a subset of fine boundaries (Kurby & Zacks, 2011; J. 

M. Zacks, Tversky, et al., 2001). For segmentation behavior, the perception of an event 

boundary should be associated with a change in goals, with changes in higher level goals 

predictive of coarse segmentation and changes in lower level goals predictive of fine 

segmentation. For event descriptions, at fine boundaries that are not coarse boundaries 

people should mention lower-level action goals more so than higher-level action goals. 

At fine boundaries that are also coarse boundaries, the mention of higher-level action 

goals should increase in probability. Because Kurby and Zacks (2011) found that older 

adults showed less hierarchical structure in their segmentation, we hypothesized that 

older adults will show those aforementioned effects more weakly than younger adults, in 

both segmentation behavior and description behavior.  

Method 

 In this study we analyzed the event description and segmentation data from the 

describe condition (Experiment 2) from Kurby and Zacks (2011). The methods were 

described in detail there, although they will be summarized here. 

Participants 

 Thirty-two younger adults (mean age 19 years, range 18-21 years; 24 females, 8 
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males; mean years education = 13; mean self-reported health = 4.5 on a 5-point scale) 

were recruited from the Washington University Psychology Department participant pool, 

whose members are mostly current students. Thirty-one healthy older adults (mean age 

77 years, range 65-85 years; 17 females, 14 males; mean years education = 15; mean self-

reported health = 3.9 on a 5-point scale) were recruited from the Washington University 

Psychology Department’s Older Adults Volunteer Pool, whose members are mostly 

healthy community-dwelling adults not currently working full time or raising minor 

children. Older adults received $15 for participation, and younger adults had the option of 

receiving $15 or course credit. This study was approved by the Washington University 

Human Research Protection Office.  

Materials and procedure 

Segmentation and description task. Participants watched and segmented three 

movies of everyday activities: a woman assembling a tent (duration 379 s), a man 

planting two window boxes with plants and flowers (duration 354 s), and a man sorting 

and washing his laundry (duration 300 s). See Figure 1 for still images from the movies 

(the stimuli can be found at https://osf.io/amgn7/). The movies did not contain any cuts 

and were shot from a fixed head-height perspective. As participants watched each movie, 

they segmented them into events, across two viewings. In one viewing, participants 

marked off the smallest units of activity (fine events) by pressing a button on a button 

box. In another viewing, they marked off the largest units of activity (coarse events).  

Each time the participant pressed the button to segment, they then described out 

loud, what had happened in the preceding unit. They were given practice with the task, 

but were not coached regarding how to describe the activity. Utterances were recorded 
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with a digital audio recorder as they produced their descriptions. Participants first 

practiced the segmentation and description task on a short movie of someone making a 

sandwich (127 s).  

Memory tests. After segmenting each of the three movies at both the coarse and 

fine grains, participants were asked to perform two memory tasks: a recognition task and 

an order memory task. The recognition memory test was a 25-item two-alternative 

forced-choice test, with distracter items chosen from movies of the same actor in the 

same setting. Order memory was tested with 12 visually distinctive images printed on 3 x 

5 inch cards. Participants were instructed to arrange the images into the order in which 

they occurred in the movie. The memory data are reported in Kurby & Zacks (2011); we 

will not discuss them further here.  

 Counterbalancing across participants was used for both the order of segmentation 

grain and the order of movie presentation for both the segmentation and memory tasks. 

Within each participant, movie order was the same for fine and coarse segmentation. 

Movie and description scoring 

Movie scoring. The three movies were coded using the ACS (Schwartz et al., 

1991), which yields a goal-based classification of the actions performed in activities of 

daily living. This system was originally developed to track action errors and recovery 

from action disorganization syndromes. The ACS constructs goal hierarchies of action 

sequences consisting of low-level A1 units grouped into higher-level A2 units. According 

to Schwartz et al. (1991), an A1 unit is an action on the first level of a goal hierarchy 

which results in a transformation of an object. It can be conceptualized as a basic unit of 

action that produces a single result, such as picking up a cup or closing a door. These are 
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akin to the basic actions described by Cooper and Shallice (2000). An A2 unit is one step 

higher than an A1 on the hierarchy and is defined as being a grouping of A1’s which 

serve to satisfy a higher subgoal. A subset of the A1 units are denoted crux units; a crux 

unit is the central A1 action for the satisfaction of an A2. For the purposes of this study, 

an additional unit to the ones described by Schwartz et al. (1991) was created and labeled 

summary unit. Similar to how A2 units group A1 units into subgoals, summary units 

group A2’s into higher order goal units. Each video was first broken down into its 

component A1’s, then grouped into A2 units. A crux unit was identified for each A2. 

Last, A2’s were grouped into summary units.  

 To illustrate, consider a sequence in the laundry movie. In this sequence, the 

actor’s goal is to put detergent into a washer – the A2 unit. He executes five basic actions 

– A1 units – which are grouped by the A2: 1) picks up detergent from floor, 2) unscrews 

cap from bottle, 3) pours detergent into cap, 4) pours detergent into washer from cap, 5) 

shakes out cap. A1 unit #4 is the crux action of the sequence because this action satisfies 

the goal of getting detergent into the washer. A1 unit #5 is the final action motivated by 

the A2 goal, although it is a non-crux action. After completion of this A2 unit, he 

proceeds to pursue another A2 unit: pour detergent into a second washer. Those two A2 

units are grouped into a summary unit by the higher order goal of putting detergent in all 

washers. To mark the temporal locations for the completion of each action unit for the 

segmentation analyses, we identified the frame in the movie where the motion of the 

actor became inconsistent with the goal. For example, in the tent movie, the actor puts a 

tent pole down on the ground, which is an A1. After she releases the pole, she pulls her 

hand away. We marked the end of the “put pole down” A1 as the frame when her hand 
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begins to pull away. The temporal locations for the completion of each action unit were 

used as predictors in the segmentation analyses. The description of each action unit was 

used as the rubric for coding of participant event descriptions.  

Table 1 presents the number of each action unit type, and their average durations, 

per movie. Overall, the average number of A1 units across the movies was 102.3, the 

average number of crux units was 31.3, the average number of A2 units was 30.3, and the 

average number of summary units was 8.3. Additionally, our analyses of goal structure 

revealed that some of the crux units had the same description as their parent A2 units. For 

example, for the tent movie, an A2 unit was “insert pole” and was accomplished by 

producing the crux action “insert pole.” Other crux units were not identical to their parent 

A2 units, but were highly semantically similar. For example, an A2 unit in the tent movie 

was “secure pole in tent” and its constituent crux unit was “hook pole to tent.” Other crux 

units had different action descriptions than their parent A2 units. For example, towards 

the end of the tent movie, the actor secures the tarp to the tent. The crux action to the 

“secure the tarp” A2 was “attach last corner of tarp.” Overall, the percentage of crux units 

that were identical or highly semantically similar to the description of the A2 unit was 

64%. Lastly, 68% of the crux units occurred as the final unit of its parent A2 unit. 

 Description scoring. Participants’ event descriptions were transcribed and parsed 

into clauses, each containing a single main verb. A small percentage (2.8%) of the 

clauses described a state or outcome using verbs of being, verbs of containment, and 

verbs of possession (e.g., “last of the dark clothing is in”). The remainder of the clauses 

(97.2%) used action verbs to describe a single action (e.g., “Opening a bag”). These 

clauses formed the basic unit of all analyses. Three participants’ data were excluded from 
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the analyses because they were missing complete segmentation runs for at least one 

movie due to digital recording errors. 

For each described unit, for each participant, the nearest action unit to that event 

boundary was assessed regarding whether there was a match between the description and 

an A1 unit, A2 unit, crux unit, and summary unit. If a match was determined, then the 

description was given a 1. For example, in coding the planting video, one participant 

described a segment as “Putting on gloves for gardening.” Based on the location of the 

event boundary for that unit, the temporally nearest A1 unit to this description was, “He 

puts on the gloves,” and the temporally nearest A2 unit was “put on gloves.” The 

description was determined to match both of these units and credit was given 

accordingly. This A1 unit was also a crux unit, and so the description received a point in 

the crux category. However, this description did not mention the nearest summary unit 

“setting up workspace” and thus received a 0 for that category  

 In determining whether a description matched a unit from the rubric, a 1 was 

given if there was a verbatim match or if there was a close semantic match between the 

action described in the clause, indicated in part by the main verb, and the nearest action 

unit from the movie coding list. For example, a description from one participant in the 

planting movie was “Loosening up the soil in the pot”. This was scored as matching the 

nearest A1 unit “He digs a hole with the trowel in the planter box.” Another participant 

produced the description “he mixes up the soil with his tool,” which was also coded as 

matching this same A1 unit from the rubric. Both of these descriptions use a main verb 

that overlaps strongly with the A1 action “digs.” However, a description from one 

participant “prepares the soil for the first plant” was not coded as a match, even though it 
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may have been describing the same action, because the verb “prepares” does not strongly 

overlap with “digs.” “Preparing the soil” could involve many things in addition to 

digging a hole or loosening up the soil.  

Results  

Association between goal structure in the activity and segmentation behavior 

We computed two logistic mixed effect models (Jaeger, 2008) to assess age 

differences in the relation between goal structure and segmentation behavior, one for fine 

segmentation and one for coarse segmentation, using the R package lmerTest 

(Kuznetsova, Brockhoff, & Christensen, 2017). (See Kurby and Zacks (2012) and Kurby, 

Asiala, and Mills (2014) for similar uses of logistic mixed effect models in the analysis of 

segmentation behavior.) We created four goal structure predictors, one for each type of 

action unit, A1, crux, A2, and summary unit. Because A1s and cruxes were modeled 

simultaneously, the A1 predictor allowed us to estimate the role of non-crux A1s in 

segmentation. To create these predictors, for each action type, we constructed 1 s time 

bins and coded whether or not a goal completion occurred in that time bin. One model 

predicted fine segmentation from the four goal structure predictors, age (z-scored), and 

their interaction. The second model predicted coarse segmentation from the same 

predictors. Both models included subject and movie as random effects. We followed up 

each of these analyses with within-group models, separately by grain.  

 Fine segmentation. Figure 2 presents predicted probabilities of fine segmentation 

from the mixed effects model,1 and Table 2 presents the statistical tests of the fine and 

coarse segmentation models. As these indicate, for fine segmentation, a completion of 

any of the four goal types was associated with increased odds of segmentation. There 
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were two significant interactions with age: A1 X Age, and A2 X Age. The within-group 

analyses, presented in Table 3, showed that non-crux A1 completion significantly 

predicted segmentation for younger adults but not for older adults (see also Figure 2). 

Likewise, A2 completion was a significant predictor for younger adults but not for older 

adults. 

 Coarse segmentation. Figure 3 presents the predicted probabilities of coarse 

segmentation from the mixed effects model.1 Non-crux A1 completion was associated 

with a decrease in the odds of segmentation (see Table 2 and Figure 3). Completion of 

cruxes and summary units were associated with an increased odds of segmentation. 

Summary unit completion interacted with age. The within-group analyses, presented in 

Table 4, showed that summary units were a stronger predictor of segmentation for 

younger adults than older adults (see also Figure 4). 

Event descriptions  

In these analyses of the event descriptions, we tested age differences in goal-

based content of event models. We assessed hierarchical organization by dividing the fine 

units into boundary fine and internal fine units (J. M. Zacks, Tversky, et al., 2001). 

Boundary fine units were defined by identifying, for each coarse unit boundary, the fine 

unit whose terminal boundary was closest in time. The remaining fine units were defined 

to be internal fine units. To the extent that describers encode higher-level goals during 

coarse segmentation and lower-level goals during fine segmentation, coarse unit 

descriptions should be more likely to mention higher order goal units, such as summary 

units, and fine unit descriptions should be more likely to mention subordinate goals, such 

as A1 units. To the extent that describers encode activity hierarchically, and this guides 
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their attention to goal information, boundary fine descriptions should be more likely to 

contain higher order goal information than internal fine descriptions. Further, if older 

adults are less likely to appropriately encode the goal structure of activity, younger adults 

should show a greater differentiation in the mention of goals between fine and coarse 

models than older adults.  

Overall, across all participants and movies, there were 7,509 descriptions, and on 

average, they were 1.38 clauses long (SD = 0.80, Mode = 1, min = 1, max = 17). For the 

analyses reported below, we excluded descriptions that were 3 SD greater than the grand 

mean (cutoff = 3.77; 2.3% of the descriptions). 

For each goal type, we computed a logistic mixed effect model (Jaeger, 2008) to 

assess age differences in the relation between event type (Coarse vs. Boundary vs. 

Internal) and the mention of that goal. For each model, we predicted whether a 

description mentioned the goal of interest from event type (Coarse vs. Boundary vs. 

Internal), number of clauses in that description as a covariate, age (z-scored), and the 

interaction between age and event type. In the analyses, internal units served as the 

reference condition for the event type predictor. All models included subject and movie 

as random effects. We followed up each of these analyses with within-group models, 

separately by goal type.  

Non-crux A1s. Figure 4 presents the predicted probabilities of a description 

mentioning A1 units by event type and age group. Table 5 presents the statistical results 

from the models. For the non-crux A1 analyses, we examined the mention of non-crux 

A1s by excluding descriptions that mentioned crux A1 units. Boundary unit and coarse 

unit descriptions both were significantly less likely to mention non-crux A1s than internal 
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unit descriptions (see Table 5 and Figure 4). (According to the confidence intervals in 

Table 5, coarse unit descriptions were more likely to mention non-crux A1s than 

boundary unit descriptions.) Older adults were less likely to mention non-crux A1s than 

younger adults. Longer descriptions were more likely to mention a non-crux A1. 

Regarding interactions with age (see Table 5), as illustrated in Figure 4, the difference 

between coarse and internal units was larger for younger adults than older adults. The 

results of the within-group analyses, as presented in Tables 6 and 7, show that both 

younger and older adults showed a significant coarse vs. internal difference, but older 

adults produced a weaker effect. 

Crux A1s. For these analyses, we examined the mention of crux A1s by 

excluding descriptions that mentioned non-crux A1s. Additionally, as indicated above 

regarding the ACS coding for the movies, some crux A1s were identical in description as 

their parent A2s. To get a clear assessment of the mention of crux A1s only, for these 

analyses, we excluded descriptions that mentioned crux units that were also coded as an 

A2. Coarse unit descriptions were significantly less likely to mention a crux A1 than 

internal unit descriptions (see Table 5 and Figure 4). Older adults were less likely to 

mention crux A1s than younger adults. Longer descriptions were more likely to mention 

a crux A1. Regarding interactions with age, as illustrated in Figure 4, the difference 

between coarse and internal units was larger for younger adults than older adults. The 

results of the within-group analyses, as presented in Tables 6 and 7, show that both 

younger and older adults showed a significant coarse vs. internal difference, but older 

adults produced a weaker effect. 

A2 units. Figure 5 presents the predicted probabilities of a description mentioning 
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A2 units, and summary units, by event type and age group. Similar to the analysis of the 

mention of crux A1s, to get a clear assessment of the mention of A2 units only, for these 

analyses, we excluded descriptions that mentioned A2 units that were also coded as a 

crux A1. Coarse unit descriptions were more likely to mention A2 units than internal unit 

descriptions (see Table 5 and Figure 5). Older adults were more likely to mention A2s 

than younger adults. Regarding interactions with age, as illustrated in Figure 5, the 

difference between boundary and internal units was larger for younger adults than older 

adults, as well as the coarse-internal difference. The results of the within-group analyses, 

as presented in Tables 6 and 7, show that younger adults showed a significant increase in 

the probability of mentioning an A2 for boundary units and coarse units compared to 

internal units. However, older adults did not show a significant increase for boundary 

units. Older adults did show a significant increase for coarse units, but weaker so than 

younger adults.  

Summary units. Both boundary unit and coarse unit descriptions were more 

likely to mention summary units than internal unit descriptions (see Table 5 and Figure 

5). (According to the confidence intervals in Table 5, coarse unit descriptions were more 

likely to mention non-crux A1s than boundary unit descriptions.) Older adults were more 

likely to mention summary units than younger adults. Longer descriptions were more 

likely to mention a summary unit. As illustrated in Figure 5, the difference between 

boundary and internal units was larger for younger adults than older adults, as well as the 

coarse-internal difference, leading to significant interactions of both boundary and 

summary unit status with age. The results of the within-group analyses, as presented in 

Tables 6 and 7, show that both younger and older adults showed a significant increase in 
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the probability of mentioning an A2 for boundary units and coarse units, compared to 

internal units. However, these effects were weaker for older adults than younger adults.  

Discussion 

 In this study, we examined viewers’ continuous descriptions of ongoing activity, 

and their event segmentation, to test whether and how the hierarchical goal structure of 

the activity was encoded in their event representations. Moreover, we assessed to what 

extent there were age differences in the processing of hierarchical goal structure in 

continuous events. Multiple measures indicated that viewers encoded the hierarchical 

goal structure of activities during event segmentation. For event segmentation behavior, 

broadly speaking, these data suggest that the timescale organization of segmentation 

recovers the hierarchical structure of goal-directed activity. Changes in goals across the 

hierarchy were associated with an increased probability of perceiving an event boundary, 

with changes in summary units being a particularly strong predictor of coarse 

segmentation. In the event descriptions, the evidence suggests that coarse event models 

are more likely to contain higher-level goal information, and fine models are more likely 

to contain lower-level goal information. Additionally, there was some evidence of 

hierarchical separation of goals across grain with boundary units falling in between 

coarse and internal descriptions (most strongly for non-crux A1’s and summary units).  

 We also observed important age differences in the encoding of hierarchical goal 

structure during segmentation. We found that the coarse-fine timescale organization of 

segmentation behavior was more tightly coupled with goal structure for younger adults 

than older adults—A1 units were predictive of fine segmentation for younger adults but 

not older, and summary units were more predictive of coarse segmentation for younger 
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than older. Younger adult event descriptions revealed more sensitivity to the hierarchical 

goal structure than older adults. In particular, older adults were less likely than younger 

adults to differentially mention the higher-level goals across segmentation grain. For both 

A2 and summary units, younger adults showed a stronger separation of their mention 

between internal and boundary units than older adults.  

These age differences in event perception are consistent with previous research on 

aging and event segmentation (J. M. Zacks et al., 2006). Additionally, the finding that 

older adults’ descriptions were less likely to reflect the hierarchical goal structure of 

naturalistic activity is consistent with previous work showing older adults may have 

difficulty with the maintenance and updating of goal representations (Braver et al., 2001; 

Braver & West, 2008; Mayr, 2001; Mayr & Liebscher, 2001). Our data suggest that older 

adults are able to encode the hierarchical goal structure of activity, but do so less 

precisely and robustly than younger adults. Additionally, the results have two 

implications. The first is that older adults are less likely to direct attention to different 

levels of the goal hierarchy with changes in segmentation grain. For all measures of goal 

mention, the difference between the mention of goals between coarse and fine internal 

units was greater for younger adults than older adults. The second is that the age-

difference in hierarchical goal encoding may feature mostly strongly in the monitoring of 

high-level goals. Based on the observed boundary vs interval differences, older adults 

showed less hierarchical structuring regarding encoding of A2s and summary units, but 

not A1s (lower-level goals). A possible explanation is that older adults may have a deficit 

in coarse event processing. This explanation has some precedent from studies 

investigating event segmentation in individuals with frontal cortex damage or 
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impairments in goal processing. Zacks, Kurby, Landazabal, Krueger, and Grafman 

(2016) found that individuals with traumatic brain injury had reduced event segmentation 

functioning, and those with damage in ventromedial prefrontal cortex had a pronounced 

reduction in coarse segmentation ability. Zalla, Pradat-Diehl, and Sirigu (2003) presented 

evidence that individuals with frontal damage had reduced coarse segmentation 

performance, but not fine segmentation. Patients with schizophrenia have shown similar 

deficits (Zalla, Verlut, Franck, Puzenat, & Sirigu, 2004). Other studies with older adults, 

and those with Alzheimer’s dementia, however, did not find differentially worse coarse 

vs. fine segmentation performance, instead showing equally worse coarse and fine 

performance (Bailey, Zacks, et al., 2013; Kurby & Zacks, 2011; J. M. Zacks et al., 2006), 

and a few have shown a lack of age-differences in segmentation performance (Kurby & 

Zacks, 2018; Sargent et al., 2013). A difference between our current investigation and 

that previous work may be that our experiment specifically focused on the encoding of 

goal structure, which correlates with event segmentation behavior, but is not synonymous 

with it. Thus, one possibility is that older adults’ segmentation differs from that of 

younger adults due to differences in how goals are processed. 

Our observed age differences may be at odds with research suggesting some age-

preservation of event processing in story comprehension contexts (Radvansky & Dijkstra, 

2007). Such studies show that when reading narratives, older adults typically show 

evidence that they rely on goal or schema information to a similar degree as younger 

adults (Radvansky & Curiel, 1998). (Although, it may be important to note that in those 

studies, there is typically a main effect of age with older adults performing worse on 

measures than younger adults.) An important difference between that research and the 
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current study is one of genre. In our study, participants were viewing naturalistic activity, 

whereas in that work participants were experiencing narratives. Older adults may use 

narrative structure to support their event processing (Kurby et al., 2014; Magliano et al., 

2012). Narratives structure event information to guide processing and mental model 

construction (Zwaan & Radvansky, 1998), and narratives allow for better knowledge 

integration (Graesser, Golding, & Long, 1991; Haberlandt, Berian, & Sandson, 1980; 

Hannon & Daneman, 2009; Mandler, 1987). Additionally, older adults do not show 

reductions in event schematic knowledge (Rosen et al., 2003) which may help in 

narrative comprehension (Graesser, Millis, & Zwaan, 1997; Radvansky & Dijkstra, 

2007). These characteristics of narrative should reduce demands on declining working 

memory and attentional systems in older adults. Naturalistic experiences, however, do not 

provide such structuring and places the burden on the viewer to guide attention 

appropriately.  

Regarding younger adults, in addition to their better overall goal encoding, we 

found that changes at all levels of the goal hierarchy predicted their fine segmentation, 

suggesting that they were simultaneously monitoring both lower- and higher-level goals. 

This is consistent with research suggesting that individuals track multiple timescales 

along the event hierarchy during event segmentation (Hard et al., 2006; J. M. Zacks, 

Braver, et al., 2001; J. M. Zacks & Tversky, 2001; J. M. Zacks, Tversky, et al., 2001). 

This may suggest that asking participants to segment at a fine grain constrains their 

reporting of events at a fine level, but does not change their monitoring of the rest of the 

hierarchy. An alternative account may be that, instead, participants were not 

distinguishing among goals during fine segmentation. However, this is unlikely because 
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their description data clearly showed such discrimination.  

The observed age differences hint at possibilities for improving event encoding in 

older adults. Indeed, previous interventions to improve event segmentation in older adults 

have been shown to improve event memory (Flores et al., 2017; Gold et al., 2017). This 

suggests that interventions to improve goal structuring in older adults may also confer 

comprehension benefits. An important goal of such interventions would be to assess how 

goal monitoring may improve hierarchical event encoding in older adults.  

Regarding crux A1’s, the results disconfirmed our expectation that their mention 

would be more frequent for boundary units than internal units; boundary units tend to be 

the end of a coarse event. It is unclear how to interpret those results. Some possibilities 

are that our participants did not recognize those units as particularly important to the goal 

structure, the crux units for these activities were not saliently central, attending to the 

centrality of an event is not consequential for event segmentation, and/or the event 

segmentation task is not sensitive to attention to crux A1s. Given that action centrality 

features prominently in script representations (Galambos, 1983; Rosen et al., 2003), 

action production (Schwartz, 2006; Schwartz et al., 1991) and memory for sequential 

action (Galambos & Rips, 1982; Lichtenstein & Brewer, 1980), the latter possibility may 

be the most likely.  

Conclusion 

 Naturalistic activity is structured by goals and subgoals, and viewers tend to 

perceive it as such (Black & Bower, 1979; Brewer & Dupree, 1983; Lichtenstein & 

Brewer, 1980; J. M. Zacks, Tversky, et al., 2001). This experiment showed that 

observers’ perception of events in everyday activity closely tracked the goal structure in 
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the activity. Changes in higher level goals were associated with coarse segmentation, and 

changes in lower level goals were associated with fine segmentation. Participants’ 

running descriptions of the activity also closely corresponded with the activity’s goal 

structure, suggesting that goal features are functional for the comprehension of event 

structure and not merely correlated with it. Importantly, older adults showed a reduced 

ability to perceive the hierarchical goal structure of ongoing naturalistic activity. One 

possibility is that these age differences reflect a downstream consequence of some other 

cognitive difference, which could prove diagnostic of individual and group differences in 

comprehension. A more speculative possibility is that the ability to encode and update 

actors’ goals is causally responsible for individual and group differences in event 

comprehension, such that it can be a target for interventions to improve event 

comprehension and memory. 

 

  



PERCEPTION OF GOAL STRUCTURE 25 

References 

Bailey, H. R., Kurby, C. A., Giovannetti, T., & Zacks, J. M. (2013). Action perception 

predicts action performance. Neuropsychologia, 51(11), 2294–2304. 

https://doi.org/10.1016/j.neuropsychologia.2013.06.022 

Bailey, H. R., Zacks, J. M., Hambrick, D. Z., Zacks, R. T., Head, D., Kurby, C. A., & 

Sargent, J. Q. (2013). Medial temporal lobe volume predicts elders’ everyday 

memory. Psychological Science, 24(7), 1113–1122. 

https://doi.org/10.1177/0956797612466676 

Balota, D. A., Dolan, P. O., & Duchek, J. M. (2000). Memory changes in healthy older 

adults. In E. Tulving & F. I. M. Craik (Eds.), Handbook of Memory (pp. 395–

410). Oxford University Press. 

Barsalou, L. W., & Sewell, D. R. (1985). Contrasting the representation of scripts and 

categories. Journal of Memory and Language, 24(6), 646–665. 

Black, J. B., & Bower, G. H. (1979). Episodes as chunks in narrative memory. Journal of 

Verbal Learning & Verbal Behavior, 18(3), 309–318. 

Bower, G. H., Black, J. B., & Turner, T. J. (1979). Scripts in memory for text. Cognitive 

Psychology, 11(2), 177–220. 

Braver, T. S., Barch, D. M., Keys, B. A., Carter, C. S., Cohen, J. D., Kaye, J. A., … 

Reed, B. R. (2001). Context processing in older adults: Evidence for a theory 

relating cognitive control to neurobiology in healthy aging. Journal of 

Experimental Psychology: General, 130(4), 746–763. 

Braver, T. S., & West, R. (2008). Working memory, executive control, and aging. In F. I. 

M. [Ed Craik & T. A. [Ed Salthouse (Eds.), 3rd ed. (p. 311–372, Chapter xi, 657 



PERCEPTION OF GOAL STRUCTURE 26 

Pages). Psychology Press (New York, NY, US). Retrieved from https://search-

proquest-com/psycinfo/docview/621801176/101909C6A1E74B3DPQ/2 

Brewer, W. F., & Dupree, D. A. (1983). Use of plan schemata in the recall and 

recognition of goal-directed actions. Journal of Experimental Psychology: 

Learning, Memory, and Cognition, 9(1), 117–129. 

http://dx.doi.org.ezproxy.gvsu.edu/10.1037/0278-7393.9.1.117 

Cooper, R., & Shallice, T. (2000). Contention scheduling and the control of routine 

activities. Cognitive Neuropsychology, 17(4), 297–338. 

Dickman, H. R. (1963). The Perception of Behavioral Units. In R. G. Barker (Ed.), The 

stream of behavior: Explorations of its structure & content. (pp. 23–41). East 

Norwalk: Appleton-Century-Crofts. https://doi.org/10.1037/11177-002 

Flores, S., Bailey, H. R., Eisenberg, M. L., & Zacks, J. M. (2017). Event segmentation 

improves event memory up to one month later. Journal of Experimental 

Psychology: Learning, Memory, and Cognition, 43(8), 1183–1202. 

https://doi.org/10.1037/xlm0000367 

Galambos, J. A. (1983). Normative studies of six characteristics of our knowledge of 

common activities. Behavior Research Methods & Instrumentation, 15(3), 327–

340. 

Galambos, J. A., & Rips, L. J. (1982). Memory for routines. Journal of Verbal Learning 

& Verbal Behavior, 21(3), 260–281. 

Gernsbacher, M. A. (1997). Two decades of structure building. Discourse Processes, 23, 

265–304. 



PERCEPTION OF GOAL STRUCTURE 27 

Gold, D. A., Zacks, J. M., & Flores, S. (2017). Effects of cues to event segmentation on 

subsequent memory. Cognitive Research: Principles and Implications, 2. 

https://doi.org/doi.org/10.1186/s41235-016-0043-2 

Graesser, A. C., Golding, J. M., & Long, D. L. (1991). Narrative representation and 

comprehension., 171–205. 

Graesser, A. C., Millis, K. K., & Zwaan, R. A. (1997). Discourse comprehension. Annual 

Review of Psychology, 48, 163–189. 

Grafman, J. (1995). Similarities and distinctions among current models of prefrontal 

cortical functions. In J. [Ed Grafman, K. J. [Ed Holyoak, & F. [Ed Boller (Eds.), 

Structure and functions of the human prefrontal cortex (p. 337–368, Chapter ix, 

411 Pages). New York Academy of Sciences (New York, NY, US). Retrieved 

from https://search-proquest-

com/psycinfo/docview/619016663/4BBA9E46A358451APQ/6 

Haberlandt, K., Berian, C., & Sandson, J. (1980). The episode schema in story 

processing. Journal of Verbal Learning & Verbal Behavior, 19(6), 635–650. 

Hannon, B., & Daneman, M. (2009). Age-related changes in reading comprehension: An 

individual-differences perspective. Experimental Aging Research, 35(4), 432–

456. 

Hard, B. M., Tversky, B., & Lang, D. S. (2006). Making Sense of Abstract Events: 

Building Event Schemas. Memory & Cognition, 34(6), 1221–1235. 

Hasher, L., & Zacks, R. T. (1988). Working memory, comprehension, and aging: A 

review and a new view. In The psychology of learning and motivation:  Advances 



PERCEPTION OF GOAL STRUCTURE 28 

in research and theory, Vol. 22. (pp. 193–225). Academic Press (San 

Diego, CA, US). 

Jaeger, T. F. (2008). Categorical data analysis: Away from ANOVAs (transformation or 

not) and towards logit mixed models. Journal of Memory and Language, 59(4), 

434–446. 

Kurby, C. A., Asiala, L. K. E., & Mills, S. R. (2013). Aging and the segmentation of 

narrative film. Aging, Neuropsychology, and Cognition. 

https://doi.org/10.1080/13825585.2013.832138 

Kurby, C. A., Asiala, L. K. E., & Mills, S. R. (2014). Aging and the segmentation of 

narrative film. Aging, Neuropsychology, and Cognition, 21(4), 444–463. 

https://doi.org/10.1080/13825585.2013.832138 

Kurby, C. A., & Zacks, J. M. (2008). Segmentation in the perception and memory of 

events. Trends in Cognitive Sciences, 12, 72–79. 

Kurby, C. A., & Zacks, J. M. (2011). Age differences in the perception of hierarchical 

structure in events. Memory & Cognition, 39, 75–91. 

Kurby, C. A., & Zacks, J. M. (2012). Starting from scratch and building brick by brick in 

comprehension. Memory & Cognition, 40, 812–826. 

Kurby, C. A., & Zacks, J. M. (2018). Preserved neural event segmentation in healthy 

older adults. Psychology and Aging. http://dx.doi.org/10.1037/pag0000226 

Kuznetsova, A., Brockhoff, P., B., & Christensen, R., H. B. (2017). lmerTest Package: 

Tests in Linear Mixed Effects Models. Journal of Statistical Software. 

https://doi.org/10.18637/jss.v082.i13 



PERCEPTION OF GOAL STRUCTURE 29 

Lichtenstein, E. H., & Brewer, W. F. (1980). Memory for goal-directed events. Cognitive 

Psychology, 12(3), 412–445. 

Magliano, J. P., Kopp, K., McNerney, M. W., Radvansky, G. A., & Zacks, J. M. (2012). 

Aging and perceived event structure as a function of modality. Aging, 

Neuropsychology, and Cognition, 19(1–2), 264–282. 

Magliano, J. P., Miller, J., & Zwaan, R. A. (2001). Indexing space and time in film 

understanding. Applied Cognitive Psychology, 15, 533–545. 

Magliano, J. P., Radvansky, G. A., Forsythe, J. C., & Copeland, D. E. (2014). Event 

segmentation during first-person continuous events. Journal of Cognitive 

Psychology, 26(6), 649–661. 

Magliano, J. P., Zwaan, R. A., & Graesser, A. C. (1999). The role of situational 

continuity in narrative understanding. van Oostendorp, Herre; Goldman, Susan R. 

(1999). The construction of mental representations during reading. (pp. 219-245). 

Mahwah, NJ, US: Lawrence Erlbaum Associates Publishers. xiv. 

Mandler, J. M. (1987). On the psychological reality of story structure. Discourse 

Processes, 10(1), 1–29. 

Mayr, U. (2001). Age differences in the selection of mental sets: The role of inhibition, 

stimulus ambiguity, and response-set overlap. Psychology and Aging, 16(1), 96–

109. 

Mayr, U., & Liebscher, T. (2001). Is there an age deficit in the selection of mental sets? 

European Journal of Cognitive Psychology, 13(1–2), 47–69. 

Newell, A., & Simon, H. A. (1972). Human problem solving. Prentice-Hall (Oxford, 

England). 



PERCEPTION OF GOAL STRUCTURE 30 

Newtson, D., & Engquist, G. (1976). The perceptual organization of ongoing behavior. 

Journal of Experimental Social Psychology, 12(5), 436–450. 

http://dx.doi.org/10.1016/0022-1031(76)90076-7 

Radvansky, G. A., & Copeland, D. E. (2010). Reading times and the detection of event 

shift processing. Journal of Experimental Psychology: Learning, Memory, and 

Cognition, 36(1), 210–216. 

Radvansky, G. A., & Curiel, J. M. (1998). Narrative comprehension and aging: The fate 

of completed goal information. Psychology and Aging, 13(1), 69–79. 

Radvansky, G. A., & Dijkstra, K. (2007). Aging and situation model processing. 

Psychonomic Bulletin & Review, 14, 1027–1042. 

Radvansky, G. A., & Zacks, J. M. (2014). Event cognition. Oxford University Press (New 

York, NY, US). 

Reynolds, J. R., Zacks, J. M., & Braver, T. S. (2007). A computational model of event 

segmentation from perceptual prediction. Cognitive Science, 31(4), 613–643. 

Richmond, L. L., Gold, D. A., & Zacks, J. M. (2017). Event perception: Translations and 

applications. Journal of Applied Research in Memory and Cognition, 6(2), 111–

120. 

Rosen, V. M., Caplan, L., Sheesley, L., Rodriguez, R., & Grafman, J. (2003). An 

examination of daily activities and their scripts across the adult lifespan. Behavior 

Research Methods, Instruments & Computers, 35(1), 32–48. 

Sargent, J. Q., Zacks, J. M., Hambrick, D. Z., Zacks, R. T., Kurby, C. A., Bailey, H. R., 

… Beck, T. M. (2013). Event segmentation ability uniquely predicts event 

memory. Cognition, 129, 241–255. 



PERCEPTION OF GOAL STRUCTURE 31 

Schwartz, M. F. (2006). The cognitive neuropsychology of everyday action and planning. 

Cognitive Neuropsychology, 23(1), 202–221. 

Schwartz, M. F., Reed, E. S., Montgomery, M., Palmer, C., & Mayer, N. H. (1991). The 

quantitative description of action disorganisation after brain damage: A case 

study. Cognitive Neuropsychology, 8(5), 381–414. 

Speer, N. K., Swallow, K. M., & Zacks, J. M. (2003). Activation of human motion 

processing areas during event perception. Cognitive, Affective & Behavioral 

Neuroscience, 3(4), 335–345. 

Speer, N. K., Zacks, J. M., & Reynolds, J. R. (2007). Human brain activity time-locked to 

narrative event boundaries. Psychological Science, 18, 449–455. 

Trabasso, T., & Wiley, J. (2005). Goal Plans of Action and Inferences During 

Comprehension of Narratives. Discourse Processes, 39(2–3), 129–164. 

Wilder, D. A. (1978a). Effect of predictability on units of perception and attribution. 

Personality and Social Psychology Bulletin, 4(2), 281–284. 

Wilder, D. A. (1978b). Predictability of behaviors, goals, and unit of perception. 

Personality and Social Psychology Bulletin, 4(4), 604–607. 

Zacks, J. M. (2004). Using movement and intentions to understand simple events. 

Cognitive Science, 28(6), 979–1008. 

Zacks, J. M., Braver, T. S., Sheridan, M. A., Donaldson, D. I., Snyder, A. Z., Ollinger, J. 

M., … Raichle, M. E. (2001). Human brain activity time-locked to perceptual 

event boundaries. Nature Neuroscience, 4, 651–655. 

Zacks, J. M., Kumar, S., Abrams, R. A., & Mehta, R. (2009). Using movement and 

intentions to understand human activity. Cognition, 112(2), 201–216. 



PERCEPTION OF GOAL STRUCTURE 32 

Zacks, J. M., Kurby, C. A., Eisenberg, M. L., & Haroutunian, N. (2011). Prediction error 

associated with the perceptual segmentation of naturalistic events. Journal of 

Cognitive Neuroscience, 23(12), 4057–4066. 

Zacks, J. M., Kurby, C. A., Landazabal, C. S., Krueger, F., & Grafman, J. (2016). Effects 

of penetrating traumatic brain injury on event segmentation and memory. Cortex: 

A Journal Devoted to the Study of the Nervous System and Behavior, 74, 233–

246. 

Zacks, J. M., & Sargent, J. Q. (2010). Event perception: A theory and its application to 

clinical neuroscience., 53, 253–299. 

Zacks, J. M., Speer, N. K., & Reynolds, J. R. (2009). Segmentation in reading and film 

comprehension. Journal of Experimental Psychology: General, 138, 307–327. 

Zacks, J. M., Speer, N. K., Swallow, K. M., Braver, T. S., & Reynolds, J. R. (2007). 

Event perception: A mind-brain perspective. Psychological Bulletin, 133, 273–

293. 

Zacks, J. M., Speer, N. K., Vettel, J. M., & Jacoby, L. L. (2006). Event understanding and 

memory in healthy aging and dementia of the Alzheimer type. Psychology and 

Aging, 21(3), 466–482. 

Zacks, J. M., & Tversky, B. (2001). Event structure in perception and conception. 

Psychological Bulletin, 127(1), 3–21. 

Zacks, J. M., Tversky, B., & Iyer, G. (2001). Perceiving, remembering, and 

communicating structure in events. Journal of Experimental Psychology: 

General, 130(1), 29–58. 



PERCEPTION OF GOAL STRUCTURE 33 

Zacks, R. T., Hasher, L., & Li, K. Z. H. (2000). Human memory. In F. I. M. [Ed Craik & 

T. A. [Ed Salthouse (Eds.), 2nd ed. (p. 293–357, Chapter ix, 755 Pages). 

Lawrence Erlbaum Associates Publishers (Mahwah, NJ, US). 

Zalla, T., Pradat-Diehl, P., & Sirigu, A. (2003). Perception of action boundaries in 

patients with frontal lobe damage. Neuropsychologia, 41(12), 1619–1627. 

http://10.1016/S0028-3932(03)00098-8 

Zalla, T., Verlut, I., Franck, N., Puzenat, D., & Sirigu, A. (2004). Perception of dynamic 

action in patients with schizophrenia. Psychiatry Research, 128(1), 39–51. 

https://doi.org/10.1016/j.psychres.2003.12.026 

Zwaan, R. A., & Radvansky, G. A. (1998). Situation models in language comprehension 

and memory. Psychological Bulletin, 123, 162–185. 

 

  



PERCEPTION OF GOAL STRUCTURE 34 

Footnotes 

1 To compute the probability of segmenting at a non-crux A1 completion, the A1 

predictor was set 1, and the A2, crux, and summary unit predictors were set to 0. To 

compute the probability of segmenting at crux completion, the A1 and crux predictors 

were set to 1 and the A2 and summary unit predictors were set to 0. To compute the 

probability of segmenting at A2 unit completion, the A1 and A2 predictors were set to 1, 

the crux predictor was set to its mean (.09), and the summary unit predictor was set to 0. 

To compute the probability of segmenting at summary unit completion, the A1, A2, and 

summary unit predictors were set to 1, and the crux predictor was set to its mean (.09). To 

obtain probabilities separately by age group, the age predictor was set to the average age 

of the age group of interest (19 years for younger and 77 years for older).  
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Table 1 

Number of Goal Types and Durations by Movie 

 
Movie 

 
Goal Type 

 
Count 

 
Mean Duration 

(SD) 
    
Tent A1 74 5.0s (3.8s) 
 Crux 24 6.5s (4.5s) 
 A2 24 15.4s (11.2s) 
 Summary Unit 7 53.0s (43.7s) 
    
Window box A1 105 3.3s (2.6s) 
 Crux 23 2.3s (1.3s) 
 A2 22 15.8s (7.1s) 
 Summary Unit 9 38.5s (48.0s) 
    
Washing clothes A1 128 2.3s (1.5s) 
 Crux 47 4.4s (3.1s) 
 A2 45 6.5s (3.7s) 
 Summary Unit 9 36.6s (43.0s) 
    

 

  

Tables
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Table 2 

Predicting Segmentation Behavior: Odds Ratios, and 95% Confidence Intervals, of the 

Predictors from the Logistic Mixed Effects Models for the Goal Change Analyses. 

 
Model 

 
Predictor 

 
Odds 
ratio 

 
95% CI 

 
z 

 
p 

 
      
Fine A1 1.19 1.11-1.28 4.68 <.001*** 
 Crux 1.58 1.36-1.74 6.86 <.001*** 
 A2 1.26 1.10-1.44 3.43 <.001*** 
 Summary Unit 1.87 1.61-2.17 8.16 <.001*** 
 Age 0.89 0.77-1.03 -1.58 0.114 
 A1 X Age 0.85 0.79-0.92 -4.28 <.001*** 
 Crux X Age 0.97 0.85-1.09 -0.56 0.580 
 A2 X Age 0.85 0.75-0.98 -2.29 0.022* 
 Summary Unit X Age 1.09 0.94-1.27 1.14 0.253 
      
Coarse A1 0.70 0.61-0.80 -4.97 <.001*** 
 Crux 1.58 1.26-1.97 3.97 <.001*** 
 A2 0.79 0.60-1.03 -1.75 0.082 
 Summary Unit 8.22 6.52-10.36 17.82 <.001*** 
 Age 1.00 0.88-1.14 0.04 0.966 
 A1 X Age 1.03 0.89-1.09 0.37 0.716 
 Crux X Age 0.95 0.76-1.12 -0.42 0.680 
 A2 X Age 1.22 0.93-1.60 1.45 0.150 
 Summary Unit X Age 0.58 0.46-0.73 -4.63 <.001*** 
      

 
Note. ***p < .001, *p < .05. The df for the z tests was 66167. 
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Table 3 

Predicting Segmentation Behavior for Fine Segmentation: Odds Ratios, and 95% 

Confidence Intervals, of the Predictors from the Logistic Mixed Effects Models for the 

Goal Change Analyses. 

 
Model 

 
Predictor 

 
Odds 
ratio 

 
95% CI 

 
z 

 
p 

 
      
Young A1 1.37 1.25-1.50 6.67 <.001*** 
 Crux 1.57 1.35-1.82 5.79 <.001*** 
 A2 1.45 1.23-1.70 4.49 <.001*** 
 SummaryUnit 1.76 1.46-2.13 5.93 <.001*** 
      
Older A1 1.03 0.92-1.16 0.57   .567 
 Crux 1.51 1.25-1.83 4.20 <.001*** 
 A2 1.10 0.89-1.36 0.88   .378 
 SummaryUnit 1.96 1.55-2.48 5.59 <.001*** 
      

 
Note. ***p < .001, **p < .01*, p < .05. The df for the z tests was 34118. 
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Table 4 

Predicting Segmentation Behavior for Coarse Segmentation: Odds Ratios, and 95% 

Confidence Intervals, of the Predictors from the Logistic Mixed Effects Models for the 

Goal Change Analyses. 

 
Model 

 
Predictor 

 
Odds 
ratio 

 
95% CI 

 
z 

 
p 

 
      
Young A1 0.69 0.57-0.85 -3.57 <.001*** 
 Crux 1.64 1.21-2.23 3.16   .002** 
 A2 0.64 0.43-0.93 -2.31   .021* 
 SummaryUnit 13.73 9.97-18.91 16.04 <.001*** 
      
Older A1 0.71 0.58-0.87 -3.33   .001** 
 Crux 1.50 1.08-2.09 2.41   .016* 
 A2 0.98 0.67-1.42 -0.13   .900 
 SummaryUnit 4.88 3.49-6.81 9.31 <.001*** 
      

 
Note. ***p < .001, **p < .01*, p < .05. The df for the z tests was 32050. 
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Table 5 

Predicting Description Behavior: Odds Ratios, and 95% Confidence Intervals, of the Predictors from 

the Logistic Mixed Effects Models. 

 
Model 

 
Predictor 

 
Odds 
ratio 

 
95% CI 

 
z 

 
p 

 
      
Non-Crux A1 Boundary Unit 0.58 0.49-0.69 -6.08 <.001*** 
 Coarse Unit 0.15 0.12-0.19 -18.15 <.001*** 
 Age 0.68 0.54-0.87 -3.10   .002** 
 Number of Clauses 1.70 1.50-1.92 8.38 <.001*** 
 Boundary Unit X Age 1.04 0.87-1.24 0.43   .670 
 Coarse Unit X Age 1.44 1.18-1.77 3.55 <.001*** 
      
Crux A1 Boundary Unit 1.02 0.82-1.26 0.17   .866 
 Coarse Unit 0.39 0.30-0.51 -7.06 <.001*** 
 Age 0.65 0.47-0.88 -2.74   .006** 
 Number of Clauses 1.31 1.12-1.53 3.39   .001** 
 Boundary Unit X Age 0.90 0.72-1.12 -0.95   .341 
 Coarse Unit X Age 1.36 1.04-1.77 2.28   .023* 
      
A2 Boundary Unit 1.64 1.34-2.00 4.81   .866 
 Coarse Unit 2.29 1.91-2.75 8.89 <.001*** 
 Age 1.34 1.06-1.70 2.41   .016* 
 Number of Clauses 0.97 0.84-1.12 -0.42   .675 
 Boundary Unit X Age 0.73 0.59-0.89 -3.05   .002** 
 Coarse Unit X Age 0.63 0.52-0.75 -5.02 <.001*** 
      
Summary Unit Boundary Unit 4.68 3.84-5.71 15.25 <.001*** 
 Coarse Unit 10.98 9.08-13.27 24.80 <.001*** 
 Age 1.26 1.02-1.57 2.09   .036* 
 Number of Clauses 1.46 1.28-1.66 5.70 <.001*** 
 Boundary Unit X Age 0.74 0.60-0.90 -2.98   .003** 
 Coarse Unit X Age 0.75 0.62-0.91 -2.96   .003** 
      

 
Note. ***p < .001, **p < .01*, p < .05. The Internal Unit served as the reference condition for these 
analyses. The df for the A1 analysis was 7028, the df for the Non-Crux A1 analysis was 5181, the df 
for the Crux analysis was 4953, the df for the A2 analysis was 5181, and the df for the Summary Unit 
analysis was 7027. 
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Table 6 

Predicting Description Behavior for Younger Adults: Odds Ratios, and 95% Confidence Intervals, of 

the Predictors from the Logistic Mixed Effects Models. 

 
Model 

 
Predictor 

 
Odds 
ratio 

 
95% CI 

 
z 

 
p 

 
      
Non-Crux A1 Boundary Unit 0.56 0.44-0.71 -4.86 <.001*** 
 Coarse Unit 0.11 0.08-0.14 -15.27 <.001*** 
 Number of Clauses 1.39 1.13-1.69 3.19   .001** 
      
Crux A1 Boundary Unit 1.15 0.89-1.50 1.08   .281 
 Coarse Unit 0.29 0.20-0.41 -6.70 <.001*** 
 Number of Clauses 1.49 1.18-1.89 3.32 <.001*** 
      
A2 Boundary Unit 2.21 1.67-2.92 5.58 <.001*** 
 Coarse Unit 3.56 2.79-4.54 10.20 <.001*** 
 Number of Clauses 0.86 0.68-1.08 -1.30   .193 
      
Summary Unit Boundary Unit 6.21 4.78-8.07 13.66 <.001*** 
 Coarse Unit 13.90 10.84-17.83 20.74 <.001*** 
 Number of Clauses 1.81 1.46-2.24 5.47 <.001*** 
      

 
Note. ***p < .001, **p < .01. The Internal Unit condition served as the reference condition for these 
analyses. The df for the A1 analysis was 4203, the df for the Non-Crux A1 analysis was 2895, the df 
for the Crux analysis was 2829, the df for the A2 analysis was 2895, and the df for the Summary Unit 
analysis was 4202.  
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Table 7 

Predicting Description Behavior for Older Adults: Odds Ratios, and 95% Confidence Intervals, 

of the Predictors from the Logistic Mixed Effects Models. 

 
Model 

 
Predictor 

 
Odds 
ratio 

 
95% CI 

 
z 

 
p 

 
      
Non-Crux A1 Boundary Unit 0.61 0.47-0.78 -3.82 <.001*** 
 Coarse Unit 0.21 0.16-0.28 -10.50 <.001*** 
 Number of Clauses 1.91 1.63-2.23 8.05   .001** 
      
Crux A1 Boundary Unit 0.92 0.65-1.30 -0.46   .642 
 Coarse Unit 0.55 0.38-0.80 -3.10   .002** 
 Number of Clauses 1.18 0.96-1.44 1.55   .120 
      
A2 Boundary Unit 1.18 0.89-1.58 1.14   .255 
 Coarse Unit 1.44 1.10-1.90 2.62   .009** 
 Number of Clauses 1.04 0.87-1.24 0.45   .655 
      
Summary Unit Boundary Unit 3.60 2.67-4.85 8.38 <.001*** 
 Coarse Unit 8.94 6.71-11.92 14.96 <.001*** 
 Number of Clauses 1.28 1.08-1.51 2.91   .004** 
      

 
Note. ***p < .001, **p < .01*. The Internal Unit condition served as the reference condition for 
these analyses. The df for the A1 analysis was 2825, the df for the Non-Crux A1 analysis was 
2285, the df for the Crux analysis was 2124, the df for the A2 analysis was 2285, and the df for 
the Summary Unit analysis was 2825.  
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Pitching a tent 

 
 
Planting a window box 

 
 
Washing clothes 

 
Figure 1. Still images from: Tent, Window box, and Washing clothes. 

Figures
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A1 unit completion 

 
 
A2 unit completion 

 
 
Figure 2. Predicted probability of fine segmentation by goal completion 
and age. 

Crux A1 unit completion 

 
 
Summary unit completion 
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A1 unit completion 

 
 
A2 unit completion 

 
 
Figure 3. Predicted probability of coarse segmentation by goal 
completion and age. 
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Non-crux A1 units 

 
Crux A1 units 

 
Figure 4. Predicted probability of mentioning A1 units by event unit type.
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A2 units 

 
 
Summary units 

 
 
Figure 5. Predicted probability of mentioning A2 and summary units by event unit type. 
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