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 Kersten, Earles, and Berger (2015) reported a distinction between two kinds of 

motion representations. Extrinsic motions involve the path of a person or object, with 

respect to an external frame of reference. Intrinsic motions involve the manner in which 

the various parts of a person or object move. They found that intrinsic motions are 

encoded and remembered with the corresponding actor performing the motions in a 

unitized memory representation. Extrinsic motions are encoded as separate memory 

representations, making them more difficult to accurately associate with the correct actor. 

In the proposed experiment, I will examine the generality of this distinction in motion 

representation, and investigate whether the unitization of intrinsic motion with its 

corresponding actor occurs during reading comprehension tasks. 
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Introduction

Gentner (1982) proposed that nouns are more easily learned and remembered than 

verbs. From an early age, children attend to objects and learn to map those objects onto 

categories. These categories are the first noun classifications that lead to word 

production. When children later start to produce verbs for the motions of those objects, 

they typically produce them in combination with nouns that refer to the object receiving 

or producing the action. Based on this description, it is clear that children are strongly 

attentive to objects. It is very difficult to learn novel verbs before acquiring a repertoire of 

nouns.  

 The need for object knowledge in order to understand the meaning of verbs 

suggests that nouns are concrete and stable in sentences, while verbs are more flexible in 

meaning, depending on the object carrying out the motion. The relationship between the 

object and motion comes from Gentner’s (1982) relational relativity theory. According to 

this theory, when children come across novel motions, they cannot map this motion onto 

a pre-existing label without paying attention to the relationship with the object carrying 

out the motion. This is because this relationship can change, depending on the object 

involved. For example, a sentence such as “the child bounced up and down” and the “ball 

bounced up and down” have very different meanings. The first sentence involves a child 

jumping excitedly, while the second sentence brings an image to mind of the object 

springing from a flat surface. The only difference between these two sentences involves 

the subject noun, which influences the interpretation of the motion in the sentence.  
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 It is interesting that verbs contain a variety of meanings and interpretations, while 

nouns are more stable across contexts. There is further evidence of this showing that 

when people are exposed to novel objects, they develop new labels, but when it is a novel 

motion, they are more likely to categorize the motion with a preexisting label (Kersten, 

Smith, & Yoshida, 2006). This flexibility may make it more difficult for people to 

remember verb labels and their accompanying motions, since this relationship is not 

concrete. When visually processing objects, there is typically a specific label 

distinguishing it from another object, making this distinction stand out in memory. 

Consider the following example of the fleeting nature of verbs compared to the stability 

of nouns. Waxman (et al., 2013) presents a scenario in which a cat scratches a dog, and 

then jumps onto a ledge. The cat and dog are considered stable nouns in this example, 

whereas the action of scratching is only present while it is happening, then disappears 

when it is no longer occurring. The two distinct nouns perform and receive these actions, 

but the scratching cannot be interpreted without reference to the nouns that accompany 

this motion. It is apparent that a lot of cognitive resources are required in visually 

processing motions and categorizing them, and is apparent that the labeling of objects is 

necessary, in order to define verbs. 

 The underlying mechanism for processing and labeling objects can be described 

by Gentner’s (1982) national partitions theory. Gentner suggests that different visual 

features of an object are analyzed and grouped together through gestalt properties 

(proximity, common fate, and boundedness), which distinguish the object from 

surrounding stimuli. This process can be done in pre-lingual children through visual 

perception, giving the children an object knowledge base even before they begin to 
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produce words. This would explain how nouns could be learned before verbs, since verbs 

are not stable visual entities, and require an understanding of the object that the motion 

revolves around. This is necessary because a subject, an object noun, or in some cases 

both, are required in order to form a complete sentence, at least in languages such as 

English. Motion verbs cannot exist independently from an explicitly stated, or at least 

implicitly understood reference point. 

 The structure of the English language also tends to emphasize nouns over verbs, 

which would contribute to a greater number of nouns in an individual’s vocabulary 

compared to the number of verbs (Tardif, Shatz, & Naigles, 1997). This early growth in 

the number of nouns would give a clear advantage in perceiving and continuing to add 

specific items into the developing object categories. In a study conducted by Childers and 

Tomasello (2002), they found evidence supporting this noun advantage over verbs by 

teaching children either six object labels, six motion labels, or six motions without labels. 

The six object labels (the noun group) contained three familiar objects and three novel 

objects from either the hardware store, kitchen, or toy store, and were given novel labels 

(e.g. blick, gep, etc.). The children were expected to accurately label the objects. The six 

motion labels (verb group) involved the experimenter using these three familiar and three 

novel objects and the child was expected to label the actions and the corresponding novel 

objects that were being used, such as “keef” (experimenter balances an object on two 

fingers, then flicks it to make it wobble). The six motions without labels (action group) 

included the experimenter performing actions with the objects (e.g. experimenter putting 

object on her head), and required the child to reproduce the objects.  In this last condition, 
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the children were not expected to label the object, nor the action.  They were expected to 

use the same object in the same motion as was demonstrated. 

  They found that the motions without labels were produced more than either word 

type (which may have more to do with production ability) and that nouns were produced 

more than verbs (Childers & Tomasello, 2002).  The authors of this study explained that 

this might be due to the increased amount of cognitive resources required to process, 

remember, and reproduce motion labels, which are also dependent on the object that was 

used during encoding. This input was not an object-independent motion, rather it was 

involved in remembering the object and being able to physically reproduce the action, 

which can be more taxing on memory. Reproducing noun labels may only require visual 

recognition and mapping it onto its label. While the previously mentioned study looked at 

the distinction between nouns and verbs used with objects, Earles and Kersten (2000) 

conducted a study simply using word pairs to see if this difference in type of word 

memory exists. They found that nouns were remembered better than verbs, showing 

evidence of a noun advantage over verbs.  Again, the significance of this finding could be 

due to the concrete nature of nouns compared to the flexibility verbs have in their 

meaning, depending on the context it is given. These results show the relational nature of 

verbs when given with a noun context. 

Semantic Context and Verbs  

 The relationship between nouns and verbs is important, because nouns provide 

more contextual information for verbs than verbs provide for nouns. The relational 

characteristic of motion words means they are dependent on the composition of the 

object. Information about the object allows an individual to develop expectations about 
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the type of verb and its meaning. Kersten and Earles (2004) suggested that in order to 

retrieve the correct verb, the context must be the same as the one provided during 

encoding. They presented the participants intransitive sentences during encoding that 

contained a noun and a verb. For example, a participant may have seen “The ball 

bounced” and another participant may have seen “The quarter rolled”. During retrieval, 

the participant that saw “The ball bounced” would be presented with a recognition list 

that had the same sentences (e.g. The ball bounced), sentences with the same noun but a 

different verb (e.g. The ball rolled), sentences with the same verb but a different noun 

(The quarter bounced), and completely different sentences (e.g. The quarter rolled). They 

found that the memory for verbs was better when it was presented with the same noun at 

encoding and retrieval, but this contextual effect was smaller for nouns. This relates to 

Gentner’s (1982) theory of relational relativity due to the different meanings the verb can 

have, depending on the context it is provided with. If a different noun accompanied a 

verb during input than when it is provided in a retrieval task, the meaning would be 

different during encoding.  

 Earles and Kersten (in press) address a potential alternative hypothesis as to why 

verbs may be more dependent on semantic context than nouns. The reason may be due to 

word order of sentences, with subject nouns typically coming before verbs. This suggests 

that if a participant were asked to remember nouns, they might read up to the noun, 

ignoring the verb that comes after. This would explain why there is no dependence on 

verb context, since the verb was never encoded to begin with. Earles and Kersten (in 

press) conducted an experiment that had participants read sentences that included a verb 

and a direct object noun (e.g. Drop the spoon, Bend the photograph). Half of the 
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participants were required to remember the noun, and the other half were required to 

remember the verb. They found that there was still a larger effect of semantic context on 

memory for verbs, even with a noun that was a direct object. This finding provides 

evidence that word order is not the reason for the larger effect of semantic context on 

memory for verbs than on memory for nouns.  

 These experiments provide support for a tight-knit relationship between verbs and 

nouns, with verbs dependent on nouns for their interpretation. The reason for this is 

because different nouns have different ways of carrying out a motion, depending on their 

composition. This means that the same verb can mean different things, depending on the 

noun that is used with the verb, because nouns have a variety of manners through which 

they can carry out a motion.   

Distinction between Motion Types 

 Verbs play an important role in the description of motion events. Talmy (2000) 

has argued that the most fundamental aspect of a motion event is a path of an object with 

respect to some reference point. However, languages can either describe the path in verbs 

(e.g. enter, exit) or in associated particles, also known as satellites (e.g. in, out). For 

example, in a satellite-framed language such as English, an individual would say, “The 

girl went into the room.” In a verb-framed language such as French, an individual would 

say, “The girl entered the room.” Slobin (2003) argues that satellite-framed languages 

such as English can easily include manner of motion into the main verb of a clause, 

allowing for economic expression and an advantage in this semantic domain. In the 

previous English example, one could add a manner verb and make the sentence, “The girl 

skipped into the room.” Verb-framed languages sometimes add manner at the end of their 
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sentence. For example, in French translation it would be, “The girl entered the room, 

skipping.” Speakers of verb-framed languages typically fail to explicitly mention the 

manner of motion if it is not especially important to their communicative needs, however. 

Thus, manner of motion is mentioned more frequently by speakers of satellite-framed 

languages than by speakers of verb-framed languages, and speakers of satellite-framed 

languages also use a wider variety of these verbs than do speakers of verb-framed 

languages.  

Because of a lack of precise definition about what constitutes a manner of motion 

as opposed to a path, Kersten (1998) proposed a related distinction between two different 

types of motion that are distinguished on the basis of the reference frames that are used to 

represent those two types of motion. In particular, he proposed that intrinsic motions 

involve the motions of the parts of an object or creature in relation to the object or 

creature as a whole. In contrast, he proposed that extrinsic motions involve the motions of 

an object or creature in relation to an external frame of reference, such as another object 

or geographical landmark. According to Kersten (1998), the difference between these two 

types of motion is significant because intrinsic motions may be more strongly related 

than are extrinsic motions to the structure of the object that performs them. 

Kersten (1998) presented participants with a series of animated events, and each 

event was accompanied by a sentence that was presented orally though headphones. Each 

sentence consisted of a novel noun and verb (e.g. The zeebee is morping). Each noun was 

related to the characteristics of one of the creatures in the accompanying event, as well as 

to a particular intrinsic motion, which was the way the creature moved its legs in relation 

to its body. It was also related to a particular extrinsic motion, which was the direction 
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the creature moved in relation to another creature. Each verb was also related to a 

particular intrinsic motion and extrinsic motion. A participant could have associated the 

noun or verb with the intrinsic motion, extrinsic motion, or both. After the learning trials, 

the participants were given two different types of test trials. In one type of trial, 

participants were tested on the type of motion that they associated with a particular noun 

or verb. For example, if a participant was presented with events that involved a creature 

moving toward another figure, and accompanied these events with the verb “morping,” 

the test trial would include an event of a creature moving toward a second creature and 

another event of a creature moving away from the second creature. The participant would 

then be asked which event represents the verb “morping”.  

The second type of trial involved presenting participants with mismatched nouns 

and verbs. For example, if the noun “zeebee” was previously presented with events of a 

figure moving in contact with a second figure, and the verb “spogging” was previously 

presented with a creature moving away from another creature, the participant would be 

given the sentence “The zeebee is spogging” during the test trial, and asked to choose 

which event describes the sentence. They were shown two events and asked to choose 

which event better represented the particular combination of noun and verb. Half of these 

trials only differed on extrinsic motion. For example, one event may show a creature 

moving toward the second creature, while another event might show a creature moving 

away from the second creature. In the other half of the trials, they differed on intrinsic 

motion. One event may show a “zeebee” moving its legs as previous “zeebees” were seen 

moving, and another event may show a “zeebee” moving its legs in a manner that was 

seen with the verb “spogging.” Based on the results of these trials, Kersten (1998) found 
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that the participants chose the extrinsic motion that was associated with the verb, even if 

it was seen with a mismatched noun. However, they were much less likely to choose the 

intrinsic motion associated with the verb when it was presented with a noun that had 

previously been associated with a different intrinsic motion.  

In contrast to intrinsic motion, the different extrinsic motions an object can 

exhibit may be less likely to reflect the composition of the object or person exhibiting the 

extrinsic motion. This explains why the object and its intrinsic motion are more related to 

one another than are the object and its extrinsic motion. There is more variety in meaning 

in terms of intrinsic motion verbs, because the movement associated with the object 

depends on the composition of the objects. For example, “a horse running into the field” 

is different than “a person running into the field”. The first sentence, based on the object, 

would bring to mind a picture of a horse galloping because horses have four legs, while a 

person only has two. The extrinsic motion of both sentences include the prepositional 

phrase “into the field,” which does not substantially change its meaning, regardless of the 

object.  

Kersten, Earles, and Berger (2015) conducted an experiment that looked at the 

distinction between these two different types of motion representations. In particular, 

they investigated whether intrinsic motions were encoded together with the identity of 

those performing the action in a unitized memory representation. They also looked at 

whether extrinsic motions involved the binding of separate contextual details that 

associate the actor with the path the person takes through recollection. They predicted 

that intrinsic motions and their corresponding actors would be in unitized memory 

representations, leading them to be better remembered than combinations of extrinsic 
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motions and their corresponding actors. Each part of the experiment presented 

participants with videos of actors carrying out a particular intrinsic action, while taking a 

particular path. 

Kersten et al. (2015) presented participants with 40 video clips, showing 10 actors 

performing 40 intrinsic motions and 40 extrinsic motions. The participants were told to 

pay attention to the actors, the way they were moving, and where each actor was going. A 

week later, they were presented with additional videos, some old and some new, and 

were asked whether they had seen each video at encoding. In this recognition test, there 

were 10 old videos, 10 intrinsic conjunction items, 10 extrinsic conjunction items, and 20 

new items. The old videos were of the same actors and their corresponding intrinsic and 

extrinsic motions. The participants saw an actor carrying out the same action (e.g. 

skipping) and following the same path (e.g. past the map sign) as they did during 

encoding. The intrinsic conjunction items had actors following the same path but 

performing an intrinsic motion that was previously seen performed by a different actor 

during encoding. If a participant had seen Actor 1 skipping past a map and Actor 2 

jumping away from the fire hydrant during encoding, a video with an intrinsic 

conjunction item would have Actor 1 jumping past the map during retrieval. Extrinsic 

conjunction items had actors performing the same intrinsic motion, but taking a path 

previously seen with a different actor during encoding.  An example of this would be if 

the participants saw the previously described motion events during encoding, but then 

during retrieval they saw Actor 1 skipping away from a fire hydrant.  The new items 

included 10 new intrinsic motions and 10 new extrinsic motions never seen during 

encoding. If the participant saw Actor 1 skipping away from the fire hydrant during 
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encoding, in the new intrinsic motion item, Actor 1 performed a different motion that was 

not seen at all during encoding, such as running away from the fire hydrant. Also, if the 

participant saw Actor 1 skip past the map sign, in the new extrinsic motion item, Actor 1 

followed a different path never seen during encoding, such as skipping around a foosball 

table.  

Kersten et al. (2015) found that the conjunction items were falsely remembered 

more than the new items, and they falsely remembered extrinsic-conjunction items more 

than intrinsic-conjunction items. There were a higher number of “yes” responses to 

extrinsic-conjunction items than intrinsic-conjunction items. This is in line with the idea 

that intrinsic motions are encoded in a unit with the actor performing the motion. An 

intrinsic motion performed by a different actor during retrieval would produce a unitized 

representation that is different from the unit that was encoded, which would lead 

participants to correctly reject an intrinsic motion performed by the wrong actor. An 

extrinsic motion is encoded independently of the characteristics of the actor, making 

them more likely to be falsely recognized with the wrong context. 

Text comprehension 

The identity of the actor performing a particular motion can provide contextual 

information for remembering the intrinsic motion.  McRae, Hare, Elman, and Ferretti 

(2005) describe this as expectancy generation of the verb from the noun.  They suggest 

that event knowledge based on prior real-life experiences that are associated with specific 

verbs may interact with lexical knowledge to predict sentence themes.  This event 

knowledge associated with the verb includes the involvement of nouns, such as a person 

carrying out the action described by the verb.  This means when an individual encounters 
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a verb, it activates a representation of the event it is associated with, and the nouns that 

participate in the event representation, generating thematic sentence expectancies. For 

example, if an individual comes across the sentence “He went into the kitchen,” this 

would activate memories of their prior experience of eating or cooking in the kitchen. 

This expectation is based on the semantic association between the noun kitchen, and the 

verb eating or cooking. The composition of the noun provides constraints for the variety 

of verbs that may be relevant, and thus expected. 

McRae et al. (2005) conducted an experiment and gave participants a list of nouns 

that were either agents (e.g. nun), patients (e.g. guitar), instruments (e.g. crayon) or 

locations (e.g. cafeteria).  With each noun on the list, they presented a verb that the 

participant was told to read aloud into a microphone that measured naming latency.  They 

found that when an unrelated verb, such as killing, was shown after a noun, such as nun, 

the participant had a greater naming latency, because it was unexpected.  When the 

participant was presented with a related verb, such as praying, the naming latency was 

shorter.  This is evidence that expectancies for verbs were generated from nouns.  This 

may indicate that people’s memory for a motion event is organized in a manner that 

promotes expectancy of the intrinsic motion from the actor during text comprehension.   

The current experiment is designed to test whether the results of the previous 

study conducted by Kersten, Earles, and Berger (2015) extends to text comprehension. 

The current experiment also investigates whether the advantage of remembering intrinsic 

motions with its actor in unitized memory representations exists. The prior study used 

video stimuli, which provided a visual source of information for what was happening in 

the motion event. The current experiment will use text comprehension, which involves 
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continuously processing strings of words, using working memory to remember what is 

processed, and using coherence-building to add to comprehension and develop a mental 

representation (Kintsch, 1998). This mental representation is of the action event 

described in the text. 

The purpose of the current study is to investigate whether there is better memory 

for pairings of actors and intrinsic motions, compared to memory for pairings of actors 

and extrinsic motions.  Due to the dependence of verbs on semantic context, the intrinsic 

motion may be recognized better when it is presented with the same source of motion.  

This source of information serves as context in remembering the motion. Johnson and 

Chalfonte (1994) suggested that source memory depends on the binding of encoded 

information, and if there is a deficit during this process, this can lead to source memory 

impairments. This means multiple aspects in an event need to be processed in order to 

develop a coherent memory that can later be retrieved. In the case of a motion event, the 

actor and its intrinsic motion can be encoded together to produce a unitized memory 

representation, which requires them to be presented together during retrieval in order for 

recognition.  

Experiment 

Based on the previous literature, it is apparent that there are two distinct types of 

motion representations (Kersten 1998; Kersten & Earles, 2004; Kersten et al., 2015).  The 

purpose of the current experiment was to extend the findings of Kersten et al. (2015) to 

sentence comprehension tasks and investigate whether intrinsic motions are associated 

more strongly with actors than are extrinsic motions.  It was predicted that due to the 

unitization that occurs between the actor and the particular way in which the actor moves, 
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this memory representation unit would be recognized during retrieval more accurately 

than the path the corresponding actor took. The text stimuli allowed this hypothesis to be 

tested for its ability to generalize to a mode that required individuals to develop their own 

mental representations of motion events. 

This study was designed to examine memory for motion events, and presented 

participants with sentences that include an actor performing an intrinsic motion, specified 

by the verb, followed by a prepositional phrase indicating the extrinsic path the actor 

took.  Kersten et al. (2015) found that participants correctly remembered the same videos 

given at encoding as those during retrieval, and found that the participants rejected 

combinations that included an actor performing a different intrinsic motion.  When an 

actor and the intrinsic motion are incorrectly matched, it does not retrieve the unitized 

representation that was previously encoded, encouraging the participant to recognize that 

they did not see the combination before.  

 In order to study this, participants viewed sentences during encoding.  

Afterwards, the participants were tested on their memory for these sentences with a 

recognition task.  This task included old items (e.g. the same sentences at retrieval as seen 

during encoding), intrinsic-conjunction items (e.g. sentences with actors performing 

intrinsic motions that had previously been performed by different actors), extrinsic-

conjunction items (e.g. sentence with actors performing extrinsic motions that had 

previously been performed by different actors), and new items (e.g. sentences that 

include motions never seen before). It was predicted that similar to the findings of 

Kersten et al. (2015), participants would correctly recognize the old items more than they 

falsely recognize any of the other item types, but that they will falsely recognize the 



 
 

 15 

conjunction items more than the new items, and will falsely recognize extrinsic-

conjunction items more than intrinsic-conjunction items.  

Method 

Participants 

 Fifty-nine undergraduate students from Florida Atlantic University were recruited 

for participation. 

Materials 

 Encoding Lists.  There were ten lists of 48 sentences involving 48 different 

actors (e.g. a baker or mailman), 48 different intrinsic motions (e.g. jumped, tiptoed, or 

wiggled), and 48 different extrinsic motions.  The 48 different extrinsic motions each 

involved one of six different general directions (out of, into, away, past, toward, around) 

in reference to a location (e.g. a station, gazebo, or casino).  The average frequency of 

intrinsic motion verbs in each list matched the average frequency of extrinsic motion 

prepositional phrases according to the norms provided by the Ngram Corpus developed 

by Lin et al. (2012).  

 In order to compare whether the intrinsic motions were more bizarre (therefore, 

making them more memorable) than extrinsic motions, a preliminary study was 

conducted using 28 undergraduate participants who did not participate in the main study. 

For this preliminary study, an additional 20 lists were created. The first ten lists included 

only the intrinsic motions, and will be referred to as the “verb only” lists. The verb only 

lists contained 48 sentences involving the same actors previously described (e.g. baker or 

mailman) only performing intrinsic motions that were previously described (e.g. jumped, 

tiptoed, and wiggled). The sentences in these conditions did not include prepositional 
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phrases, and thus no extrinsic motions were mentioned. The second ten lists contained 

only the extrinsic motion, and will be referred to as the “simple verb” lists. The second 

ten lists contained 48 sentences of 48 actors previously described (e.g. baker or mailman) 

going in one of six different general directions, as previously described (e.g. going out of, 

into, away, past, toward, around) in reference to a location (e.g. a station, gazebo, or 

casino). A “bare” verb (i.e., “go”) was used to link the subject with the prepositional 

phrase, and thus the sentences in these conditions did not explicitly mention intrinsic 

motion. These conditions thus allowed a comparison of the bizarreness of the pairings of 

the nouns and the intrinsic motions (in the verb only conditions) with the bizarreness of 

the pairings of the nouns with the extrinsic motions (in the simple verb conditions). 

The average bizarreness rating with each motion type is displayed in Figure 1. 

These results were analyzed using an independent samples t-test to compare the means of 

the bizarreness ratings for the verb only and the simple verb lists. According to this 

analysis, on average, participants did not report significantly different bizarreness ratings 

for the verb only lists (M = 2.90, SD = .47) compared to the simple verb lists (M = 3.07, 

SD = .47), t(26) = -.909, n.s. 

 Recognition Lists.  There were ten lists of 60 recognition sentences 

corresponding to the 10 encoding lists.  Each list consisted of 5 different item-types, 12 

sentences for each type. The old items were the same sentences seen during encoding.  

The intrinsic-conjunction items involved an actor performing the same extrinsic motion 

as before, but exhibiting an intrinsic motion that was previously associated with a 

different actor.  For example, if the participant saw, “The caveman strolls away from the 

castle” and “The farmer runs toward the bookstore” during encoding, they could have 
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seen “The caveman runs away from the castle”.  The extrinsic-conjunction items 

involved an actor performing the same intrinsic motion as before, but exhibiting an 

extrinsic motion previously associated with a different actor.  Given the previous 

example encoding sentences, an extrinsic-conjunction sentence could have been “The 

caveman strolls toward the bookstore”.  The new intrinsic motion items involved an actor 

performing an extrinsic motion as seen before, and performing an intrinsic motion never 

seen during encoding. For example, based on the previous examples, a new intrinsic 

motion item could have been, “The caveman cartwheels away from the castle”.  The new 

extrinsic motion items involved the actor performing an intrinsic motion as seen before, 

and exhibiting an extrinsic motion never seen during encoding. For example, a new 

extrinsic motion item could have been “The caveman strolls out of the station.” The 

assignment of sentences to recognition lists was counterbalanced, such that a given 

sentence served equally often as each of the five item types. 

 An additional 20 recognition lists were created corresponding to the 20 verb only 

and simple verb encoding lists. These lists contained the same 5 item-types that were 

previously described. However, the first ten out of the 20 only contained intrinsic 

motions and the last ten out of the 20 contained simple verb (i.e. goes) with extrinsic 

motions. 

Design  

The independent variable in this experiment was item type (old vs. extrinsic 

conjunction vs. intrinsic conjunction vs. new extrinsic motion vs. new intrinsic motion), 

manipulated within subjects. The dependent variable was the proportions of “yes” 

responses to the different types of recognition items. 
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Procedure 

  Participants were randomly assigned to one of the 10 encoding conditions. The 

participants viewed each of the 48 sentences on a computer screen for 7 seconds.  

Following the presentation of each sentence, the participants were asked, “How bizarre is 

the motion event described by the sentence on a scale of 1 (very bizarre) to 5 (ordinary). 

This question was asked to encourage the participant to read and process the entire 

sentence.  

 After the presentation of the 48 sentences, the participants were given a 15-minute 

intervening task.  The participants were given the Berg’s Cart Sorting Test (BCST), a 

version of the Wisconsin Card Sorting Task made using the Psychology Experiment 

Building Language (PEBL).  A deck made up of 24 stimulus cards was presented to the 

participants.  The participants were told to sort the cards, but they were not told what the 

correct sorting rule was.  First they were required to categorize the cards by color, then 

shape, then number.  They were told if the card match was correct or incorrect.  The 

category switched, but they were not told when or to what, only that the card was 

incorrect until they switched to the correct category.  They had to make six accurate 

matches before it switched to the next category.  The BCST went through the deck three 

times, resulting in 72 trials.  This intervening task was used to prevent rehearsal and to 

make the recognition tasks more difficult.  

 During retrieval, the participants were tested on their ability to remember the 

sentences that were presented at encoding.  Each participant viewed the recognition list 

corresponding to his or her encoding list. The participant saw each sentence on the screen 

and pressed “y” if the sentence had been presented at encoding and “n” if it had not. After 



 
 

 19 

selecting either the “y” or “n” button, they were asked to rate their confidence in their 

judgment on a three-point scale (1 = just guessing, 2 = pretty sure, 3 = absolutely sure).  

The participants were given as much time as needed to respond to each sentence.  

Results 

 The proportions of “yes” responses to the different item types are displayed in 

Figure 2.  These results were analyzed using an analysis of variance (ANOVA) with item 

type as the independent variable. An alpha level of .05 was adopted for all analyses.  Due 

to the failure to meet the assumption of Sphericity, Huynh- Feldt was used.  According to 

this analysis, there was a significant main effect of item type on the proportion of “yes” 

responses, F(3.296,191.171) = 71.776, p < .001. This indicated that at least two of the 

item types were significantly different from one another.   

Post-hoc simple comparisons were used to determine which item types were 

significantly different, and a Bonferonni correction was applied to the alpha level to yield 

a critical alpha level of .005 adjusted for multiple comparisons. The comparison of “yes” 

responses to old items to all other items showed a significantly higher proportion of “yes” 

responses to old items than any other item.   

The comparison of “yes” responses to extrinsic conjunction items with “yes” 

responses to intrinsic conjunction items revealed a significant difference between these 

two item types, t(1,58) = 4.463, p < .001. However, contrary to the hypothesis, the mean 

for the intrinsic conjunction (M = .42) items were higher than the mean for the extrinsic 

conjunction (M = .31) items. 

 The comparison of “yes” responses to new extrinsic motion items with “yes” 

responses to new intrinsic motion items was the only pair that did not have a significant 
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difference, t(1,58) = 1.226, p = .225. The means were very similar for the new intrinsic 

motion (M= .24) and the new extrinsic motion (M = .21), although there was a trend 

toward a higher rate of “yes” responses to the new intrinsic motion than to the new 

extrinsic motion items. 

Discussion 

Overall Findings 

 The purpose of the current experiment was to test whether the findings of Kersten 

et al., (2015) extend to text comprehension. In particular, it was designed to test whether 

intrinsic motions are more likely than extrinsic motions to be remembered in a unitized 

memory representation with the actor. The current study found significant differences in 

the proportions of “yes” responses to the different item types.  This suggests that 

participants accepted some item-types (old vs. conjunction vs. new) significantly more 

than others 

Item-level comparisons demonstrate that participants did remember the sentences.  

The old items, which were sentences describing motion events given during encoding and 

in the recognition lists, had the highest proportion of “yes” responses.  Next, as predicted, 

conjunction-items received a higher proportion of “yes” responses than new items.  

Conjunction items were sentences that involved old motions that have been previously 

seen performed by the same actor, in new combinations with motions that had been seen 

with a different actor. The higher rate of acceptance of conjunction items than of new 

items suggests that if the participants were presented with sentences that had a mismatch 

in the combination between the actor and motion, they sometimes falsely recognized 

these items as old and accepted the entire sentence as an old sentence.  When presented 
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with new items, which involved actors performing old motions that were previously seen 

with the same actors but in new combinations with motions that were never seen before, 

the participant was more likely to accurately reject the sentence because there was no 

sense of familiarity.  

Average ratings of bizarreness were compared between lists containing only 

intrinsic motions, and lists containing only extrinsic motions. This was done to confirm 

that the participants did not find the combinations of actors with intrinsic motions 

stranger than the combinations of actors with extrinsic motions, perhaps making them 

more memorable. Based on the analysis, there were no significant differences, which 

suggests that participants’ memory was not influenced by saliency due to strangeness in 

specific motion-types.  

Item-Level Differences 

At the conjunction-item level comparisons, the hypothesis was not supported. It 

was hypothesized that extrinsic-conjunction items would have a higher proportion of 

“yes” responses than intrinsic-conjunction items.  This was because it was previously 

found that when a participant is exposed to a motion event, they are more likely to 

associate the way the parts of the body move in relation to the actor, than to associate the 

actor with his or her path (Kersten et al., 2015).  This association between the actor and 

intrinsic motion would be encoded as a unitized memory representation.  It was predicted 

that this singular representation would be remembered when coming across motion 

events that involve the same actor but a different intrinsic motion.  However, the results 

show the participants still sensed the same familiarity when coming across intrinsic-

conjunction items, making them falsely accept these incorrect combinations.   
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 Interestingly, an unexpected result that was found with the different conjunction-

item types was that the participant correctly rejected more extrinsic-conjunction types.  

This was the opposite effect of what was predicted, as participants were not expected to 

be very successful at rejecting the wrong extrinsic motion paired with an actor, since the 

extrinsic motion was thought to be external to the actor carrying out the motion.  Thus, it 

seems the participants made a more accurate association between the extrinsic motion 

and actor than intrinsic motion and actor.  This is evidenced by the higher proportion of 

“yes” responses to intrinsic-conjunction items, and lower proportion of “yes” responses 

to extrinsic-conjunction items. At the item-level comparison of new items, there was no 

significant difference, as predicted, although there was a trend toward a high proportion 

of “yes” responses for new intrinsic motion than new extrinsic motions.  This suggests 

that on average, participants recognized the extrinsic motions better than the intrinsic 

motions, and thus were somewhat better at rejecting a new extrinsic motion than at 

rejecting a new intrinsic motion. 

Possible Explanation 

Due to the greater distinctiveness of the extrinsic motions, these motions may 

have been more distinguishable than intrinsic motions, making participants more likely to 

remember them.  Extrinsic motions involved moving in one of six different directions 

with respect to 48 different landmarks.  It is possible that the participant simply paired 

each actor with a landmark, as there were 48 different actors and 48 landmarks.  In the 

instructions, the participants were asked to read the sentence and remember them.  They 

were not told to attend to specific parts of the sentence, which may have led participants 

to rely on remembering the landmarks because they are more discriminable. Perhaps, if 
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participants were asked to remember a specific path with respect to each landmark (such 

as into vs. out of the store), the participant would have to use more than just the location 

to remember the sentences.   

It is possible that the differences among intrinsic motions were more subtle, 

making it difficult to form visual images that discriminated the motions.  Participants 

may instead have simply tried to remember the pairings of subjects and verbs, which 

would have been difficult given the large number of subjects and verbs.  They thus may 

have been able to successfully reject new intrinsic motions (because those verbs were 

new) but would have difficulty rejecting intrinsic conjunction items (because that would 

require them to remember the specific pairings).  This may have been different from the 

Kersten et al. (2015) paper because in those experiments the actors were actually seen 

performing the intrinsic motions, making the motions more concrete and imaginable.   

Future Directions 

 Future studies should use sentence stimuli that involve more easily discriminable 

intrinsic motions.  In this study, participants were required to remember 48 actors and 

their corresponding intrinsic motions.  In a sentence comprehension task, which requires 

participants to develop their own mental representation of the motion event, it may have 

been more difficult to develop and remember 48 actor and intrinsic motion combinations, 

and to remember all of them.  This may have been especially difficult because many of 

the intrinsic motion verbs were very similar, and could be associated to the same mental 

image (i.e. strolling and walking).  Future experiments should better match the 

discriminability of the extrinsic and intrinsic motions.  This may require using a smaller 

number of verbs with each participant, in order to provide a set of verbs that are easily 
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discriminable. It is also possible that a different orienting task (as opposed to the 

bizarreness rating) may more strongly encourage a vivid mental image of the particular 

intrinsic motion that an actor was performing.  

Conclusion 

 This experiment provides boundary conditions for the results demonstrated by 

Kersten et al. (2015).  In particular, text descriptions of intrinsic motions may not be 

sufficient to allow people to visually image those intrinsic motions in enough detail to 

remember which actor performed each intrinsic motion.  Further investigation into the 

research question is required in order to determine whether the results of Kersten et al. 

(2015) are truly limited to visual stimuli, or whether similar results are revealed with text 

materials when a different set of sentences and orienting tasks are utilized. 
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Appendices
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Table 1.  Average Bizarreness Rating for Motion Type 

  M SE 

Intrinsic Motion (Verb only) 2.91 0.12 

Extrinsic Motion (Simple 

Verb) 3.07 0.13 
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Table 2.  Mean of Proportion of Yes Responses to Different Item Types. 

 

Item Type M SD 

 

Old 0.72 0.21 

 

Intrinsic Conjunction 0.42 0.22 

 

Extrinsic Conjunction 0.31 0.22 

 

New Intrinsic 0.25 0.23 

 

New Extrinsic 0.21 0.22 
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Figure 1.  Average Bizarreness Rating for Motion Type 
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Figure 2.  Proportion of Yes Responses to Item Type 
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Appendix A. Example Encoding Session List 
 
The sheriff lunges into the hotel. 
The pirate twirls out of the airport. 
The doctor saunters into the store. 
The babysitter skips out of the jail. 
The teacher waltzes out of the station. 
The baker jumps into the closet.  
The fisherman crawls into the office. 
The model scampers out of the cave. 
 
The banker pounces into the room. 
The athlete tiptoes out of the museum 
The painter springs into the restaurant. 
The cowboy marches out of the bus. 
The hostess somersaults out of the shop. 
The soldier ambles into the garden. 
The nurse barrels into the road. 
The astronaut creeps out of the theater. 
 
The caveman strolls from the castle. 
The farmer runs to the car. 
The superhero scoots from the factory. 
The nun trots to the zoo. 
The dentist zooms to the street. 
The librarian shuffles from the stage. 
The judge sprints from the farm. 
The mailman jogs to the display. 
 
The lawyer waddles from the pit. 
The singer scurries to the park. 
The waitress slides from the roof. 
The boxer flips to the door. 
The vampire gallops to the hill. 
The detective strides from the cafeteria. 
The priest glides from the train. 
The wrestler bolts to the bar.  
 
The janitor limps around the pool. 
The architect spins past the bench. 
The gardener dashes around the patio. 
The accountant lurches past the hospital. 
The student hops past the bank. 
The engineer hurtles around the cage. 
The sailor hobbles around the church. 
The photographer rolls past the elevator. 
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The clown dances around the table. 
The pilot slogs past the library. 
The magician swaggers around the house. 
The carpenter drifts past the market. 
The zombie wanders past the sign. 
The inspector scrambles around the block. 
The king trudges around the lake. 
The president staggers past the pond.
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Appendix B. Example Recognition Session List 
 
The sheriff lunges into the hotel. 
The pirate twirls out of the airport. 
The doctor skips into the store. 
The babysitter saunters out of the jail. 
The teacher waltzes into the closet. 
The baker jumps out of the station. 
The fisherman parades into the office. 
The model scampers into the garage. 
 
The banker pounces into the room. 
The athlete tiptoes out of the museum 
The painter marches into the restaurant. 
The cowboy springs out of the bus. 
The hostess somersaults into the garden. 
The soldier ambles out of the shop. 
The nurse struts into the road. 
The astronaut creeps into the hall. 
 
The caveman strolls from the castle. 
The farmer runs to the car. 
The superhero trots from the factory. 
The nun scoots to the zoo. 
The dentist zooms from the stage. 
The librarian shuffles to the street 
The judge moseys from the farm 
The mailman jogs from the school. 
 
The lawyer waddles from the pit. 
The singer scurries to the park. 
The waitress flips from the roof. 
The boxer slides to the door. 
The vampire gallops from the cafeteria. 
The detective strides to the hill. 
The priest leaps from the train. 
The wrestler bolts from the trail. 
 
The janitor limps around the pool. 
The architect spins past the bench. 
The gardener lurches around the patio. 
The accountant dashes past the hospital 
The student hops around the cage. 
The engineer hurtles past the bank. 
The sailor walks around the church. 
The photographer rolls around the tree. 
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The clown dances around the table. 
The pilot slogs past the library. 
The magician drifts around the house. 
The carpenter swaggers past the market. 
The zombie wanders around the block. 
The inspector scrambles past the sign. 
The king meanders around the lake. 
The president staggers around the mountain.
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Appendix C.  Adult Participant Consent Form 
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