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187ms), whereas the individuals with ASD had slower response times overall, 

specifically between the similar function, left hand condition (2255ms, SE= 428ms) and 

the same object, left hand condition (1647ms, SE= 215ms). No statistical difference was 

found in the ASD group between movements made to similar function objects (2026ms, 

SE= 314ms) and same objects with the right hand (1704ms, SE= 230ms). This could 

mean that individuals with ASD make direct perception-action couplings between objects 

and the actions associated with them. That is, seemed to have more difficulties with 

objects that had similar functions but were not the same object. It could be that 

individuals with ASD have a direct connection between the object and the intended use. 

This could be a viable explanation, as individuals with ASD seem to prefer a more literal 

connection (e.g., MacKay & Shaw, 2004). That is, MacKay and Shaw (2004) 

demonstrated that individuals with ASD were better at literal meanings of words and had 

more difficulties with figurative language. This could be the same pattern for objects. 

The analysis also revealed a Group x Narrative x Hand interaction, F(l, 14) = 

5.63, p<0.05 (see Figure 2). The results demonstrated that the ASD group performed 

significantly more slowly than to the control group. There were no significant differences 

when comparing between hands within the same condition (e.g., ASD group, first 

person), however differences arose when comparing across conditions. The ASD group, 

first person narrative, right hand (2019ms, SE= 319ms) condition was significantly 

slower compared to the control group, first person narrative, right hand (1072ms, SE= 

177ms) and the control group, third person narrative, right hand (993ms, SE= 146ms) 

conditions. The ASD group, third person narrative, right hand condition (l 710ms, SE= 
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223ms) was not significantly different than the ASD group, first person narrative, right 

hand condition, however was significantly different compared to the control group, first 

and third person narrntives, right hand conditions. The control group first and third person 

narrative, right hand conditions were not significantly different from each other. The ASD 

group, first person narrative, left hand condition (1979ms, SE= 353ms) was significantly 

different compared to the control group, first (1113ms, SE= 220ms) and third (916ms, 

SE= 11 lms) person narratives, left hand conditions . The ASD group, third person 

narrative, left hand condition (1922ms, SE= 358ms) was not significantly different 

compared to the ASD group, first person narrative, left hand condition, but was 

significantly different compared to the control group, first and third person narratives, left 

hand conditions. There was no difference when comparing the control group, first and 

third person narratives, left hand conditions with each other. Comparisons involving the 

left and right hands across conditions were not made, as there were no logical reasons for 

the comparisons (e.g. ASD group, first person, left hand and control group, third person, 

right hand). Overall, these results suggest that the ASD group and first person narrative 

condition are generally slower, with no differences when comparing right and left hands 

within the same conditions (Figure 2). 

A Consistency x Object x Narrative, F(l, 14) = 6.37, p<0.05 interaction was also 

revealed as the participants demonstrated slower responses in the less consistent, similar 

function, first person narrative condition (2239ms, SE= 318ms) compared to all other 

conditions (see figure 3). The less consistent, similar function, third person narrative 

condition (1768ms, SE= 270ms) was not significantly different compared with the less 
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consistent, same object, third person narrative (1340ms, SE= 187ms) and the less 

consistent, same object, first person narrative (1375ms, SE= 168ms); however it was 

significantly different compared to the more consistent, similar function, third person 

narrative (1194ms, SE= 122ms). There was no difference when comparing the more 

consistent, same object, first person narrative condition (1276ms, SE= 141ms) with the 

more consistent, same object, third person narrative (1239ms, SE= 139ms) and more 

consistent, similar function, first person narrative (1292ms, SE= 124ms) conditions. This 

demonstrates that individuals had more difficulty responding to images containing objects 

that were less consistent with the sentence and had a similar function to the required 

object. This is consistent with an ecological perspective (Gibson, 1977), as individuals 

seemed to respond to objects that afforded the required actions (Holt & Beilock, 2006). 

A Consistency x Object x Hand interaction, F(l, 14) = 6.51, p<0.05, revealed that 

the participants responded significantly slower in the less consistent, similar function 

conditions (left hand= 2136ms, SE= 337; right hand= 1871ms, SE= 256ms) compared to 

all other conditions. There were no statistical differences among the other conditions 

(more consistent, same object, left hand= 1247ms, SE= 140ms; more consistent, same 

object, right hand= 1268ms, SE= 140ms; more consistent, similar object, left hand= 

1223ms, SE= 119ms; more consistent, similar object, right hand= 1264ms, SE= 128ms; 

less consistent, same object, left hand= 1324ms, SE= 174ms; less consistent, same object, 

right hand= 1391ms, SE= 181ms) and between the less consistent, similar function 

conditions. This finding implies that all individuals had greater difficulty, regardless of 

hand, when the pictures were less consistent with the sentences and the objects performed 
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similar functions, but was not the primary intended actions that were required by the 

sentence (e.g., dancing shoes can be used to run). 

A trend for a Group x Consistency x Object x Hand, F(l, 14) = 7.06, p= 0.051 

interaction was also revealed. The analysis revealed that the individuals with ASD 

exhibited slower responses. Both groups seemed to have slower responses for the less 

consistent, similar function (ASD, left hand= 2950ms, SE= 477ms; ASD, right hand= 

2429ms, SE= 372ms; control, left hand= 1322ms, SE= 253ms; control, right hand= 

1313ms, SE= 220ms) conditions compared to all other conditions (ASD, more consistent, 

same object, left hand= 1599ms, 170ms; ASD, more consistent, same object, right hand= 

1626ms, SE= 194ms; ASD, more consistent, similar function, left hand= 1560ms, SE= 

144ms; ASD, more consistent, similar function, right hand= 1622ms, 147ms; ASD, less 

consistent, same object, left hand= 1694ms, 257ms; ASD, less consistent, same object, 

right hand= 1782ms, SE= 265ms; control, more consistent, same object, left hand= 

895ms, SE= 139ms; control, more consistent, same object, right hand= 911ms, SE= 

99ms; control, more consistent, similar function, left hand= 886ms, SE= 87ms; control, 

more consistent, similar function, right hand= 906ms, SE= 11 lms; control, less 

consistent, same object, left hand= 955ms, SE= 151ms; control, less consistent, same 

object, right hand= lOOOms, SE= 156ms). This trend supports the other findings of the 

analyses, as both groups had more difficulty (slower response times) with images that 

were less consistent with the sentences and when they performed similar functions. 
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Discussion 

Social interactions are very difficult for individuals with ASD, especially when 

empathizing with others (Baron-Cohen, 2004; Baron-Cohen et al., 1985). This has been 

suggested to occur, according to Theory of Mind, (ToM; Baron-Cohen et al., 1985) 

because individuals with ASD have difficulties in understanding the perspective of others. 

However, other researchers have shown that they can in fact solve ToM problems by 

employing different strategies (Ozonoff et al., 1991) but that these strategies often break 

down when the task becomes too complex. 

The primary purpose of this experiment was to try to understand how these other 

strategies could be employed by individuals with ASD and to show that they may not 

necessarily have a deficit in understanding the perspective of others. It is intended to 

determine if they actually demonstrate a preference for focusing on the smaller items that 

make up the bigger picture, as would be suggested by Weak Central Coherence (WCC) 

Theory (Frith, 1989; Mottron et al., 2003; Plaisted et al., 2003). If individuals with ASD 

have a preference for concentrating on the smaller objects that constitute the bigger 

picture (as wee suggests), then this could also be present when socializing with others. 

The experiment employed 'action-words' (Holt & Beilock, 2006; Stanfield & Zwaan, 

2001) paradigm to determine if individuals with ASD could solve problems where they 

would have to conceptualize what object another person would need to perform an action. 

That is, could they put themselves in another person's situation and determine what action 

was required by the written task? The results of the experiment demonstrated not only 

could they do this, but they could do it as accurately as chronologically age and sex match 
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controls. The only difference between the two groups was that those with ASD completed 

the task more slowly. 

The results demonstrated that regardless of what narrative, how congruent the 

objects were, or whether the same object or similar functioning object was used, both 

groups performed similarly when comparing the accuracy scores. Although the results 

show that individuals with ASD were slower in deciding which object the person had to 

use, they still made correct responses at a level better than chance. This is not supportive 

to the findings shown by Frith ( 1989) that individuals with ASD had difficulties knowing 

what the other person would be thinking and how they would react to a situation where 

they had find where the marble would be. 

Differences in the experimental protocols could perhaps explain these 

contradictory findings. In the current experiment individuals with ASD were much older 

which could explain how they are able to employ different strategies. Frith (1989) only 

tested adults. However, other research has shown that high functioning adults with ASD 

can also have problems in ToM tasks (Baron-Cohen, Jolliffe, Mortimore, & Robertson, 

1997; Happe, 1994a). In their experiment (Happe, 1994a), individuals with ASD were to 

recognize the mental states of an actor and match the faces to them. This could again be a 

difference in the findings, as the current experiment asked individuals to match an object 

to the intended action, not an intended feeling. Also the use of 'action-words' (Holt & 

Beilock, 2006; Stanfield & Zwaan, 2001) could allow individuals with ASD to bypass 

higher order cognitive processing by using direct perception-action objects. This 

approach of social affordances, could be beneficial as individuals with ASD have been 
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reported to have brain regions which have fewer connections compared to typically 

developing individuals (Williams, Goldstein, & Menshew, 2006) that are theorized to be 

attributed to deficits in social interaction. This approach could be beneficial, as task 

demands could be mediated by direct environmental cues (Gibson, 1977; Schmidt, 2007). 

The results demonstrate that individuals with ASD did perform more slowly 

compared to control individuals, which is in accordance with previous research (Mari, 

Castiello, Marks, Marraffa, & Prior, 2003). However, the main goal of this experiment 

was to show that individuals with ASD could perform this task. This would require them 

to conceptualize and understand what action an actor is trying to perform, via written 

phrases. Although the individuals with ASD were able to correctly identify the object, 

their response time was much slower compared to control individuals. Perhaps this is one 

of the reasons that social interaction is difficult for them, as it requires longer processing 

time to understand social contexts. That is, perhaps they may have difficulties with 

empathy (e.g. , Baron-Cohen, 2004), but maybe not the intended action of another person 

as demonstrated by the accuracy scores of the current experiment. 

Another possible explanation is that individuals with ASD have more difficulties 

in focusing on the important aspects of the interactions (whether social or environmental). 

That is, perhaps the manner in which individuals with ASD perform these tasks (i.e., 

slower) may be due to difficulties in their action capabilities. That is, perhaps previous 

research (Mari et al. , 2003) demonstrates difficulties in their motor capabilities. 
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Conclusion 

The purpose of this experiment was to determine if 'action-words ' could be used 

by individuals with ASD to conceptualize a scenario where they would have to determine 

what object would be needed by a person to complete an action. It was hypothesized that 

'action-words' would prime a participant to what objects would be required to perform 

the action via affordances (i.e., certain objects afford certain actions), thus facilitating the 

responses of the participants. The results demonstrate that individuals with ASD where 

able to conceptualize these scenarios, albeit more slowly than control individuals, and 

thereby understand the perspectives of another actor. Perhaps by using the action of a 

tool, the individuals with ASD are able to anticipate the intended actions of another. 
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Table 1. 

Accuracy Scores as a Function of Congruency, Object, Narrative, and Group. 

Congruency Object Narrative ASDScore SE Control Score SE 
(%) (%) 

More Same Object First 96 6 97 5 

Consistent Third 97 9 92 9 

Similar Function First 93 14 92 10 

Third 98 9 99 3 

Less Same Object First 95 9 97 5 

Consistent Third 94 7 93 6 

Similar Function First 84 16 88 10 

Third 94 12 91 7 
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Figure Captions 

Figure 1. Schematic of trial procedure. 
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Figure 2. Median response times for control and ASD groups as a function of Narrative, 

and Hand. 

Figure 3. Median response times as a function of Consistency, Object, and Narrative. 
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Abstract 

When asking for a cup of coffee, performing the goal of the movement (grasping the cup) 

might be different for the person serving the coffee when compared to the person asking 

for the coffee. These types of interpersonal coordination occur on a daily basis. However 

this type of interaction, handing an object to another, may have profound implications for 

individuals with Autism Spectrum Disorder (ASD), as it may be more difficult for these 

individuals to anticipate how another person would use the object due to those difficulties 

postulated to exist in the solving of Theory of Mind problems (Baron-Cohen et al., 1985). 

That is, would individuals with ASD be able to anticipate what another person is going to 

use the tool for (by using the affordances of the tool), and thereby hand the tool in manner 

that would facilitate the action? Therefore the purpose of this experiment was to 

determine how individuals with ASD would interact with a confederate when asked to 

hand a tool to him/her. Theory of Mind (Baron-Cohen et al., 1985) would suggest that 

these individuals may have more difficulties in partaking in this joint-action paradigm. 

However the results demonstrated that both the controls and individuals with ASD hand 

the tool to the confederate in a manner that facilitated the use by the confederate (i.e., 

comfortable orientation for the confederate). This suggests that both the controls and 

individuals with ASD adopted an awkward posture to allow the confederate to have a 

beginning state comfort to accomplish the task in an easier manner. 
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Achieving goals and completing tasks are activities that occur thousands of times 

in a day. Such as in writing this manuscript, the authors needed to strike computer keys 

and successfully grasp the handle of the cups of coffee they were drinking. These types of 

movements involving inter-limb and inter-joint coordination patterns have been of 

interest to motor control researchers for over a century. However, achieving goals and 

completing tasks can be much more complex than just reaching for a cup of coffee and 

this level of complexity can be further increased by adding other individuals to the task. 

Motoric interpersonal skills across individuals are an important facet of life, as many 

individuals operate in a situation where they interact with others. Although this concept 

seems essential, the ways in which individuals interact with others to accomplish a task 

has gone relatively understudied relative to within-individual behaviours. For example, 

when passing a cup of coffee to another person, one needs to understand the intentions of 

that person (e.g., does he/she wants to drink coffee or pour it down the sink) and may take 

this information into consideration when interacting with them. For example, the first 

person may decide to orient the mug handle in a fashion that will facilitate drinking. 

Such communicative interactions span both verbal and non-verbal dimensions, 

and it is how we represent and interpret these interactions that define to a large extent 

who we are as individuals. This concept of interpersonal interaction is interesting, as it 

introduces a level of complexity whereby one person has to understand the possible motor 

intentions of another from a multitude if possibilities. Such non-verbal communication is 

commonplace in our interactions with others. They are seen in the military (e.g., alerting 

troops covertly), sports (e.g., anticipating where the quarter back will throw the ball), 
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surgical skills (e.g., team of doctors performing a complicated surgery), as well as 

countless everyday interactions (e.g., waving goodbye). Although some of these signs 

(e.g., waving goodbye) are openly understood, others may be more ambiguous (e.g., 

turning the head away from someone) and thus are harder to interpret (e.g., why did 

person tum head away?). Since interactions with others play a major role in everyday life, 

it is important to understand how this unspoken language is perceived, and what if 

anything, allows for stereotyped understanding and coordination between individuals. 

This influence of another person's performance on one's own movement has been 

reasonably well documented in the joint action literature. For example, Welsh et al., 

(2005) demonstrated that when individuals perform a movement to a target, the response 

to the same location by the other participant was significantly slower on consecutive 

trials. This effect, termed Inhibition of Return (IOR), has been well documented within a 

single individual. However, the findings of Welsh and colleagues (2005, 2007) provides 

compelling evidence that what was considered to be a fairly low level neuropsychological 

response (e.g., Klein, 2000) can span two independent nervous systems. Others have 

described coordination being influenced across central nervous systems as well. Marsh, 

Richardson, and Schmidt (2009), for example, showed that two different individuals will 

self organize and reach a coordinated pattern between them. That is, the performance of 

the individuals will be coordinated between them when walking side-by-side on treadmill. 

Although there is a large body of evidence that coordination of movement across 

participants is dependent among the actions of another, little research has measured the 

coordination of individuals working together to attain a common goal. 
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A novel method that may be useful in assessing these interpersonal interactions is 

the end-state comfort paradigm. Rosenbaum and Jorgensen (1992) demonstrated that 

individuals exhibit an end-state comfort when they are faced with an object that they are 

required to manipulate. Specifically, individuals will initially sacrifice a comfortable 

starting posture so that they may have a comfortable posture at the end of movement, 

where the task goal is to be achieved (e.g., it is "easier" to manoeuvre a cup of water to 

the mouth when holding the cup with a comfortable grip- thumb facing upwards, than 

with an uncomfortable posture- thumb facing downwards). One hypothesis that describes 

why individuals plan movements to include end-state comfort is the Knowledge Model 

proposed by Rosenbaum, Engelbrecht, Bushe, and Loukopoulus (1993). They suggested 

that individuals undertake a cost-benefit analysis depending on the spatial and temporal 

demands of the tasks, which is analyzed based on initial postural constraints. This 

suggests that the end-state comfort of an individual is highly dependent on the initial 

posture (Rosenbaum et al., 1993), and that a person coordinates movement in a fashion 

where the cost (awkwardness) would be reduced and the benefits (comfortable posture to 

manipulate or achieve task goal) increased. Another model, the posture-based model 

(Rosenbaum et al., 2001), suggested a cost-benefit analysis; however it suggests that 

individuals do not minimize costs but rather contain the cost. That is, certain costs will be 

accepted if performance is enhanced during grasping. The finding of end-state comfort 

has been replicated by other researchers (Cohen & Rosenbaum, 2004; Haggard, 1998; 

Weigelt, Kunde, & Prinz, 2006) and has been shown to be predictable in a variety of 

different scenarios (Haggard, 1998) and dependent on precision (Short & Cauraugh, 
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1999). However, it is of theoretical interest to determine how this concept may be applied 

to interactions with another individual. That is, how do individuals coordinate their 

movements when they are required to give an object to another person? 

For example, would a person incur all the cost of the movement (awkwardness of 

posture) to maximize the benefit of the other person (comfortable grasping posture). If so, 

why? If the first actor was to assume all of the movement cost in order to facilitate end 

state comfort for the second actor, it would suggest that the first person represents the task 

as one having a common goal and communicates this representation to the second person 

through a very specific (and personally costly) action. This coordination is paramount, as 

individuals are constantly participating in tasks and skills where there is a team scenario 

and coordination between them is critical (e.g., surgical procedures). Some tasks need to 

be performed efficiently in a group dynamic, where the end goal of the task may be 

performed by another individual. 

This interpersonal coordination may also be of great interest to those interested in 

the study of Autism Spectrum Disorder (ASD) as it has been shown that individuals with 

ASD often have difficulties in interpersonal interactions (American Psychiatric 

Association, 2000). Baron-Cohen, Leslie, and Frith (1985) have suggested that these 

difficulties arise through a deficit in the ability to perceive the perspective and (action) 

intentions of another (Theory of Mind - ToM). For example, Baron-Cohen et al. (1985) 

demonstrated that individuals with ASD had difficulties in determining the would-be­

actions of Sally (doll) when Anne (doll) moved a marble from one location to another. 

This was done by asking the individuals with ASD where they thought Sally would look 
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for the marble when she came back into the room (after Anne had moved the marble to 

another location). The individuals with ASD could not comprehend why Sally would look 

for the marble where she had left it; instead they thought that Sally would look for the 

marble where it actually was (the location that Anne moved it to). Baron-Cohen et al. 

(1985) hypothesized that this was due to the lack of understanding of the individuals with 

ASD about the mental state of Sally. 

Other researchers (Ozonoff, Pennington, & Rogers, 1991; Pellicano, 2007) 

suggest that individuals with ASD can learn to use different strategies to solve ToM tasks, 

but when the tasks become too complex they are no longer able to apply these strategies. 

For example, when individuals with ASD were required to put into sequence pictures that 

tell a story, and they did not require mental state attributions, the performance of the 

individuals with ASD was similar to their typically developing peers (Ozonoff et al., 

1991). When, however, mental state attributions were required to successfully perform 

the task, individuals with ASD performed at significantly lower levels (Ozonoff et al., 

1991). Pellicano (2007) showed that own false-beliefs task were more difficult for 

children with ASD as well. Specifically, Pellicano (2007) showed that when an object 

(e.g., Smarties™ tube) was filled with an unexpected object (e.g., pencils) and 

participants were asked "What did you think was inside the tube before you looked 

inside?" individuals with ASD would answer "pencils" more often than typically 

developing peers. Although Ozonoff et al. (1991) have suggested that these issues are 

somewhat mitigated by age, they remain problematic when complex situations arise. 
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The findings from Pellicano (2007) are interesting in that they suggest that 

individuals with ASD create a literal association between the meaning of an object and 

what is presented. This is further supported by the findings of MacKay and Shaw (2004 ), 

who demonstrated that figurative language was more difficult for children with ASD and 

performance was significantly enhanced when the language had a more literal meaning. 

Perhaps this literal pairing may be extended to tool use. There is an extended literature 

regarding the expected use of tools and their associated functions (e.g., Gibson, 1977; 

Roy, 1998; Wheaton & Hallett, 2007). Proponents of Direct perception theory have long 

argued that the "meaning" of any object (i.e., the way in which it is ultimately perceived 

and eventually used) is wholly dependent upon the environmental context under which 

the interaction takes place, the physical properties of the object itself (e.g., size, shape, 

texture, etc.) and the perceptual-motor resources available to the actor. Gibson (1977) 

later described how an individual's ability to directly perceive the actions that are 

available to them, using the affordance or properties latent in the action possibilities of 

the objects, depended on their perceptual-motor capabilities. This idea would suggest that 

objects themselves can often "describe" the manner of how they could be used (e.g., a 

hammer would afford hammering). Therefore, perhaps individuals with ASD may extract 

certain actions from tools when there is a direct connection between the tool and its 

intended function. However, they may have more difficulties when there is a more 

abstract connection between the function and the tool (indirect connection). 

The current experiment assessed if a non-verbal, and more specifically a motor 

ToM task, could be solved by individuals with ASD. The current experiment borrowed 
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from end-state comfort paradigm to determine if individuals could extend own end-state 

comfort to the beginning state comfort of another person. This was done by looking how 

tool use would affect a joint-action, whereby the second person would complete the given 

goal of the task and the first person would aid by passing the tool. However, there is 

literature to suggest that individuals with ASD have difficulties with tool use (Dziuk, 

Larson, Apostu, Mahone, Denckla, & Motofsky, 2007; Mostofsky, Dubey, Jerath, 

Jansiewicz, Goldberg & Denckla, 2006). However, a closer inspection of Motofsky et al. 

(2006) warrants further clarification. This is, because the errors reported in this study 

were categorized together. That is, there were different scores (e.g., spatial errors 

comprised of four different errors) that were collapsed together and compared. One of 

these scores was gesture to imitate, which is believed to be very difficult for individuals 

with ASD and their findings also report no difference in body-part-for-tool in the tool use 

section. This suggests that they can correctly identify what body part they need to use the 

tool. The results suggest that those with ASD could successfully perform this task. 

Therefore further clarification is needed to determine if individuals with ASD do exhibit 

deficits in tool use or are they able to properly use tools when performing tasks. If the 

individuals with ASD are able to correctly use the body-part-for-tool, then perhaps they 

are also able to determine how another individual would use the tool. This would clearly 

demonstrate that the individuals are able to use the tool appropriately. 

The purpose of this study was to determine if an end-state comfort is used when 

interacting with others, and if this comfort is applied when passing a tool to another 

individual. That is, when an individual interacts with a confederate and they produce 
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consecutive movements that share a common goal, does a person consider the posture of 

the other individual? If Rosenbaum et al.' s (1993, 2001) models are correct, and 

individuals perform a cost-benefit analysis that are aimed to contain costs on their 

intended movements, then the participants should minimize their own cost of the 

movement and not facilitate the comfort of a confederate. That is, the participants should 

not take into consideration the beginning state comfort of another individual. However, if 

the end-state comfort extends to the movements of the confederate, then the participants 

should adopt uncomfortable grasping behaviours in order for the end goal (performing a 

task) to be achieved. This would allow the confederate to employ a comfortable posture. 

The second goal of the experiment was to determine if individuals with ASD show 

similar behaviour, and perhaps anticipate the action of a confederate when they use the 

tool. That is, would an individual with ASD use the physical characteristics of a tool to 

infer the motor intentions of another? 

Experiment 1 

The purpose of the first experiment was to determine how individuals (with ASD 

and controls) use tools when they were instructed to use them by themselves. The 

findings of Mostofsky et al. (2006), Dziuk et al. (2007), and Hughes ( 1996) would 

suggest that the individuals with ASD would demonstrate difficulties in using tools, and 

therefore might not be able to complete the task. For example, Hughes ( 1996) found that 

only 28% of the individuals with ASD exhibited end-state comfort in placing a black and 

white bar into red and blue receptacles. That is, when the individuals with ASD were 
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asked to place one of the bars into one of the receptacles, they used an awkward (thumb 

down) posture to place the correct end (black or white end) into the designated receptacle. 

Hughes (1996) attributed this difficulty to executing goal-directed motor acts. The 

findings of Glazebrook, Gonzalez, Hansen, and Elliot (2009) and Rinehart, Bellgrove, 

Tonge, Brereton, Howells-Rankin, and Bradshaw (2006) would also suggest that the 

individuals with ASD exhibit motor planning deficits. Therefore, if end state comfort is, 

as Rosenbaum et al. (1993, 2001) would suggest, an integral, if covert, aspect of 

movement planning, such planning deficits in individuals with ASD may extend to end 

state comfort effects. However, if an individual with ASD is able to use the affordances 

(Gibson, 1977) of objects, then they would be able to correctly use the tools presented to 

them when the tool has a strong action-perception coupling. Therefore the first 

experiment was designed to answer the question if individuals with ASD use tools in the 

same manner as controls when presented with the tools. 

Method 

Participants 

Ten participants with autism spectrum disorder (ASD; 1 female; 2 left-handed 

males) and ten chronologically age and sex matched controls participated. Two males in 

each group were left handed and the mean chronological age was 32.7 years (SD=l0.8) 

for the participants with ASD and 32.2 years (SD=l 1.1) for the participants without ASD. 

Participants were remunerated $5 for their participation. All 10 participants with ASD 

were diagnosed by a qualified health professional (3 were diagnosed with Aspergers). All 

of the participants without ASD had completed high school and therefore their mental age 
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was assumed to be similar to their chronological age. Participants with ASD completed 

the Peabody Picture Picture Vocabulary Test-Revised and Raven's Progressive Matrices 

as a measure of verbal and nonverbal abilities respectively. Verbal age scores ranged 

from 3 to 27 years with a mean of 14 years (SD= 8.8). IQ equivalent scores of 

performance on Raven's Progressive Matrices ranged from 60 to 110 with a mean 84 

(SD= 17). Participants with autism reported taking one or more of the following 

medications: Anafranil, Rispirdal, Adovan, Divalproex, Fluoxetine, Adderall, 

Carbamazepine, Citalopram, and Sertraline. The experiment and procedure were 

approved by the McMaster University Human Ethics Board. 

Apparatus 

Individuals were provided with a toy hammer (one of two different coloured), a 

calculator, and a stick that was painted black on one half and white on the other (this was 

done for instructional purposes). One of the hammers was painted with the handle white 

and the head black, and the other was painted in the opposite manner. Participants were 

only presented with one of the hammers. The colour served as a control for the 

instructions using the stick. The hammers consisted of a handle that was 2.1 cm in 

diameter and 14.8 cm in length, and hexagonal heads that were 3.2 cm in length, 5.9 cm 

in width and 3 cm in depth. The calculator was 8 cm wide x 15.5 cm long x 1.5 cm thick. 

The stick was of similar dimensions, with 2.2 cm in diameter and 18.2 cm in length. A 

peg board with one peg sticking up (2.3 cm in diameter, 6 cm in length) was placed in 

front of a participant approximately 20 cm away from the front edge of the table (approx. 

67cm high). In addition, two 21.59 cm x 27.94 cm sheets of paper were place on either 
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side of this peg board. These three objects were used to determine if individuals would be 

able to use physical (e.g., hammer) and cognitive (e.g., calculator) affordances to use the 

tools correctly. The interactions with the tools were videotaped using a Panasonic 

MiniDV camera which allowed the researchers to score the data post-hoc. 

Procedure 

Participants were seated throughout the entire procedure. The three tools 

(hammer, calculator, and stick) were presented to them before experimentation to allow 

them to become familiarized with the objects. In the experimental session participants 

were presented with twelve different conditions, which consisted of 3 Tools (hammer, 

calculator, stick) x 2 Orientation (comfortable, uncomfortable) x 2 Actions (use, place). 

These particular tools were used to determine how the different degrees of action­

perception coupling would affect behaviour. For instance, the hammer represented the 

highest degree of physical contextual information (affords hammering), the calculator 

represented more of a symbolic representation (less physical contextual information), and 

the stick was a more neutral representation. 

The participants were asked to use the hammer or the stick to hammer the peg or 

to place them on one of the two sheets of paper provided for them (of their choosing). The 

calculator could be used to calculate simple mathematical procedures (e.g., 53 x 11) or 

could be placed on the adjacent pads. The tools were either placed in a comfortable 

(handle facing participant) or uncomfortable initial position (handle facing away from 

participant) relative to the participants. This was done to determine if the participants 

exhibited motor planning by measuring end-state comfort (see figure lA). After the tool 
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was placed directly in front of the participant, the instructions of the condition were given 

to them (e.g., hammer the peg). For trials involving the stick, the colour end to which they 

were to hammer with was specified (e.g., hammer the peg with the black end). Each 

condition was presented six times, for a total of 72 trials for the self tasks. The conditions 

were blocked to allow for the development of strategies and were counter-balanced across 

participants. 

Data Analysis 

The video recordings were reviewed to determine which hand the participants 

used to complete the task, to determine if there was a preference for handedness. The 

placements of the tools by the participants were categorized into contralateral or 

ipsilateral hemispace2 relative to their dominant hand. The final arm orientation was 

categorized into a comfortable or uncomfortable posture to determine if the individuals 

exhibited an end-state comfort effect. This was defined by the thumb pointing outwards, 

or away from the body when using the tool. 

Results 

Hand Used 

The control participants used their dominant hand 100% of the time for all of the 

trials for all the tools (hammer, calculator, and stick) regardless of the condition. This 

demonstrates the strong preference for using their dominant hand (Pryde, Bryden & Roy, 

2000). In comparison, individuals with ASD did not use their dominant hand with the 

2 Ipsilateral and contralateral space was used to account for the left handed individuals, (i.e., their ipsilateral 
placement would be a contralateral placement for right handed participants). 
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same high percentage. The individuals with ASD used their dominant hand 80% of the 

time for when they had to set the hammer on one of the two sheets of paper. However, 

when the individuals with ASD had to use the hammer to hammer the peg, they used their 

dominant hand on 90% of the trials (regardless of initial orientation). When the 

individuals with ASD set the calculator on one of the two sheets of paper, they used their 

dominant hand on 95% of the trials when presented with the calculator in an 

uncomfortable orientation and 88% when it was presented in a comfortable orientation. 

When the individuals with ASD were asked to use the calculator to calculate an answer, 

they used their dominant hand on 82% of the trials when presented with the calculator in 

an initial uncomfortable position, and 100% when it was presented in a comfortable 

position. When the individuals with ASD set the stick on one of the two sheets of paper, 

they used their dominant hand on 80% of the trials when the stick was presented in an 

initial uncomfortable orientation, and 78% when presented in an initial comfortable 

orientation. When the individuals with ASD were required to use the stick to hammer the 

peg, they used their dominant hand 85% of the trials (regardless of initial orientation). 

This would suggest that their preference for hand dominance may not be as high as 

controls. This may result from different lateralization connections in the brain of 

individuals with ASD (Escalante-Mead, Minshew, & Sweeney, 2004). That is, they may 

not have a strong preference for the use of a hand (see Table 1). 

Side Placed 

When the control participants were asked to place the tool on one of two sheets, 

they chose to place the tool on the contralateral side (with respect to their dominant hand) 
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on 21 % of the trials for the hammer when presented in an initial uncomfortable position 

and on 17% of the trials when presented in a comfortable position. They chose to place 

the calculator on the contralateral side 12% of the trials when presented in an initial 

uncomfortable position and 10% when presented with an initial comfortable position. 

Finally, they chose to place the stick on their contralateral side 19% of the trials 

(regardless of initial orientation). In other words, control individuals chose a movement 

that did not require reaching to contralateral hemispace and opted for ipsilateral 

movement more often. When the individuals with ASD were asked to place the tools on 

one of the two sheets, they chose to place the tools almost equally across both sides (53% 

for hammer with initial uncomfortable position; 57% for hammer with initial comfortable 

position; 55% for calculator with initial uncomfortable position; 42% for calculator with 

initial comfortable position; 53% for stick regardless of initial orientation). This would 

suggest that they preferred to utilize both sides equally instead of comfortably reaching 

for the ipsilateral side like the controls. This finding suggests that the economy of the 

movement (more efficient to remain on the same hemisphere) may not be the highest 

priority for individuals with ASD (see Table 2). 

End State Comfort 

The control participants demonstrated end state comfort on 100% of the trials for 

all of the tools (with one exception, calculator presented in an uncomfortable initial 

orientation and used to calculate an answer to a question). These results were consistent 

for all conditions (comfortable and uncomfortable presentation of tools). This pattern of 

behaviour suggests that these individuals were able to plan their motor actions in advance 
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by choosing a posture that would result in a comfortable end state (Rosenbaum & 

Jorgensen, 1992). The individuals with ASD demonstrated a high degree of end state 

comfort as well, as demonstrated the following results (Table 3): 100% end state comfort 

for the hammer was to be used to hammer (regardless of orientation); 90% when hammer 

was to be placed on one of the two sheets of paper (regardless of orientation); 100% for 

calculator when placed in comfortable orientation and asked to calculate; 90% when 

placed in comfortable position and asked to place on one of two sheets of paper; 53% 

when placed uncomfortably and asked to use the calculator to calculate; 98% when asked 

to place the calculator on one of two sheets of paper and presented in an uncomfortable 

position; 90% when asked to place stick on one of two sheets of paper and presented in a 

uncomfortable orientation; 93% when asked to place stick on one of two sheets of paper 

and presented in a comfortable orientation; 100% for stick when asked to be used to 

hammer (regardless of initial orientation). These results suggest that the individuals with 

ASD demonstrated appropriate motor planning for this task. Initially, this does not 

support the findings of Glazebrook et al. (2009) and Rinehart et al. (2006). 

Discussion 

The results of experiment one demonstrated that the controls and individuals with 

ASD exhibit end-state comfort (Rosenbaum & Jorgensen, 1992) and were able to 

complete the tasks. The fact that individuals with ASD were able to use the tools seem at 

odds with the findings of Mostofsky et al. (2006), Dziuk et al. (2007) and Hughes ( 1996). 

However, there are methodological differences that may explain the discrepancies of 

these findings, as Mostofsky et al. (2006) and Dziuk et al. (2007) included a battery of 
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tasks for their measures. This battery included measures such as gesture to imitate, which 

may have suggested that these individuals are not able to use tools. However it could be 

the case that when a concrete task is given, such as hammering a peg, the individuals with 

ASD are able to use the physical characteristics of the tool to aid in determining how the 

tool should be used. 

The findings that individuals with ASD also demonstrated the ability to plan their 

motor actions (as measured by end-state comfort) do not entirely support the findings of 

Glazebrook et al. (2009), Hughes (1996) and Rinehart et al. (2006). The findings of 

Glazebrook et al. (2009) and Rinehart et al. (2006) suggest that individuals with ASD 

should exhibit deficits in motor planning. However the results of the current study clearly 

demonstrate that they were able to use end-state comfort and thereby exhibit intact motor 

planning (Rosenbaum & Jorgensen, 1992). These discrepancies could be a result of the 

measures taken by the different researchers, as the findings of Glazebrook et al. (2009) 

and Rinehart et al. (2006) measured reaction time and the current experiment measured 

end-state comfort. It is important to note that the findings also do demonstrate that 

individuals with ASD can complete tasks (Glazebrook et al., 2009). Therefore it could be 

the case that individuals with ASD need longer preparation time, but could pre-plan their 

motor actions to complete the task. Reaction time was not measured due to the technical 

limitations of the experiment. 

The findings of Hughes (1996) suggest that individuals with ASD should have 

difficulty in displaying end-state comfort. While the findings of the current experiment do 

not entirely support this, as the individuals with ASD demonstrate end-state comfort in 

107 



Gonzalez DA- Kinesiology 

many trials. Perhaps this can be attributed to the high degree of action-perception 

coupling of the objects with the task (i.e., hammer affords hammering). However, it 

should also be noted that the individuals with ASD did show a high percentage of end­

state comfort when using the stick which may be a function of the action performed. 

Perhaps the individuals in this experiment have more experience performing this action 

(hammering) which may result in a higher percentage of end-state comfort. 

It could have also been the strong literal association between the action of the tool 

and the desired action (e.g., hammer for hammering) that helped plan the movements 

used by with ASD. This strong association may then perhaps be used to infer the motor 

intentions of another. 

Experiment 2 

The perception of the intention of another has been termed Theory of Mind (ToM, 

Baron-Cohen, Leslie, & Frith, 1985), which allows individuals to form meaningful social 

interactions by being able to perceive the perspective of another individual. Although 

individuals constantly display a ToM, it is not evident that this finding applies to end­

state comfort for another individual. That is, will an individual be able to infer the motor 

intentions of another and facilitate the use of a tool by handing the tool in a manner that 

optimizes initial use by a confederate? Or worded more succinctly, can an individual 

extend their end-state comfort to be applied to another's beginning state comfort? This 

has theoretical interests, as it would require the first person (participant) to incur all the 

cost of the movement (awkward posture) to allow the other person (confederate) an initial 

comfortable grasp to complete the task. Furthermore, the application to individuals ASD 
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would allow a direct comparison to a population that is known to have great difficulties in 

perceiving the intentions of others (Baron-Cohen et al., 1991). 

While it has been demonstrated that higher order ToM tasks are difficult for 

individuals with ASD to solve (Ozonoff et al., 1991), this is a concept that has 

traditionally been explored by asking individuals with ASD to imagine the actions of 

another under hypothetical situations, such as the Sally-Anne task (Baron-Cohen et al., 

1985). However it is not well understood how these individuals may solve similar 

problems when they are asked to solve motor intentions of another when physically 

interacting with another person. That is, if the individuals know the task that someone 

else will perform, do they take this into consideration when planning their own 

movements? 

There are studies that have demonstrated an inhibition of return to target locations 

in two participants working together in a coordinated manner (Welsh et al., 2005). 

However, this research did not focused on how two individuals worked together in a task 

when the individuals coordinated movements to achieve common goal, and how the first 

individual would account for the actions of the other person. Therefore, the purpose of the 

second experiment was to determine how both control individuals and individuals with 

ASD would account for the beginning state comfort of another person when asked to pass 

a tool. We hypothesized that control individuals would show an ability to understand the 

beginning state of the confederate and pass the tool to minimize the confederates 

movements before using the tool. However, we hypothesized that individuals with ASD 
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would show difficulties with this, and would not pass the tool in an orientation that would 

allow the confederate to adopt a beginning state comfort, as it would require a ToM skill. 

Method 

Participants 

The same participants in experiment 1 participated in experiment 2, during the 

same session. 

Apparatus 

The apparatus and set up used in experiment 2 was identical to the apparatus in 

experiment 1. 

Procedure 

Participants were told that they were going to be working with someone 

(confederate) to complete the tasks. The experimenters mentioned at the beginning of the 

task that the confederate was right-handed and that the participants should make the task 

as easily and efficient for the confederate as possible. Twenty-four different conditions 

were included; 3 Tool (hammer, calculator, stick) x 2 Participant Actions (place tool, 

hand tool) x 2 Orientation (comfortable, uncomfortable) x 2 Confederate Action (use, 

place). The participants performed 6 trials per condition for a total of 216 trials. 

Participants were always given prior knowledge of which condition was to be performed 

for the upcoming trial. 

The participant was asked to either to place the tool on one of the two sheets of 

paper provided or hand the tool to the confederate. When the participant placed the tool, 
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on certain trials the confederate did not use the tool (which served to determine how the 

presence of a confederate influenced placement) and on others he used the tool for the 

intended purpose (hammer the peg or calculate the answer). This was with the condition 

predetermined by the experimenter, who then gave the instructions to the participant and 

the confederate prior to starting the trial. The difference in these instructions and 

conditions allowed comparison of how the participants would behave when handing a 

tool to the confederate when the tool was required to be used for the intended purpose and 

when the tool was just going to be simply placed aside. The tool was also placed in a 

comfortable or an uncomfortable orientation relative to the participant to determine how 

the movements were planned regarding end-state comfort of the participant (see Figure 

lB). 

Data Analysis 

The video recordings were reviewed to determine which hand the participant used, 

and to determine if a preference for handedness was also noted. The placement of the tool 

by the participant was categorized into contralateral or ipsilateral hemispace3 relative to 

his or her dominant hand. The final arm orientation was categorized into a comfortable or 

uncomfortable posture to determine if the participant exhibited end-state comfort. In 

addition, beginning state comfort was measured for the tasks that involved a confederate, 

to determine if the confederate was afforded a comfortable or an uncomfortable initial 

grasp. 

3 The terms ipsilateral and contralateral space were used to account for the left handed individuals (i.e., their 
ipsilateral placement would be a contralateral placement for right handed participants). 
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Results 

Hand Used 

The control participants used their dominant hand on 100% of the trials for most 

of the conditions, with two exceptions: 1) on 10% of trials control participants handed the 

stick with their non-dominant hand when the stick was initially in an uncomfortable 

orientation and the confederate would be using it to hammer; 2) on 12% of trials where 

the confederate was going to use the calculator, control participants used their non­

dominant hand, regardless of initial orientation. This is in accordance with the findings of 

Pryde et al. (2000) as they demonstrated that individuals prefer using dominant hand for 

grasping tools, more so when tool use was required. 

The individuals with ASD used their dominant hand on 88% of the trials when 

handing the hammer to the confederate and the confederate was to place the hammer on 

one of the two sheets of paper (regardless of initial orientation). Individuals with ASD 

used their dominant hand on 80% of the trials when handing the hammer and the 

confederate was to hammer the peg (regardless of initial orientation). 

When handing the calculator to the confederate, the individuals with ASD chose 

to use their dominant hand on 100% of the trials regardless of the condition. Individuals 

with ASD also chose to use their dominant hand on 90% of the trials when handing the 

stick to the confederate, regardless of the condition. The results differed when the 

individuals with ASD were to place the tools on one of the two sheets of paper. The 

individuals with ASD chose to use their dominant hand on 85% of the trials when they 

had to place the hammer on one of the two sheets of paper and the confederate was not 
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going to use the hammer, for the uncomfortable initial orientation, and 83% for the 

comfortable initial orientation. When the confederate was going to use the hammer to 

hammer the peg, the individuals with ASD chose to use their dominant hand on 88% of 

the trials when the hammer was placed in an uncomfortable initial position and 80% when 

placed in a comfortable initial position. 

When the individuals with ASD were presented with the calculator in an 

uncomfortable initial position and were asked to place the calculator on one of the two 

sheets of paper, they chose to use their dominant hand on 100% of the trials (regardless of 

the action of the confederate). However, when the calculator was presented in a 

comfortable initial orientation, the individuals with ASD used their dominant hand on 

97% of the trials when the confederate was not going to use the calculator, and 98% of 

the trials when the confederate was going to use the calculator to calculate the answer. 

The individuals with ASD chose to use their dominant hand on 85% of the trials when 

they were asked to place the stick on one of the two sheets of paper, and the confederate 

was not going to use it (regardless of initial orientation). However, when the confederate 

was going to use the stick to hammer the peg, the individuals with ASD used their 

dominant hand on 90% of the trials when the stick was presented in an initial 

uncomfortable orientation and on 80% of the trials when it was provided in a comfortable 

initial orientation. This suggests that individuals with ASD do not have the same strong 

preference for using their dominant hand to complete tasks (see Table 4). 
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Side Placed 

When the control participants were asked to place the tool on one of the two 

sheets so that the confederate could use the tool for its intended purpose, they chose to 

place the tool on their contralateral (ipsilateral for confederate) side nearly 100% of the 

time for all of the tools (98% for the hammer regardless of initial orientation; 100% for 

the calculator when presented with an initially uncomfortable orientation and 96% when 

comfortable initial orientation; 96% for stick with an initially uncomfortable orientation 

and 98% with an initially comfortable orientation). When the confederate did not use the 

tool, they placed the tool on their contralateral side nearly 25% of the time (29% for the 

hammer when presented with an initially uncomfortable orientation; 25% for the hammer 

when presented with an initially comfortable orientation; 23% for the calculator when 

presented with an initially comfortable orientation; 27% for the calculator when presented 

with an initially uncomfortable orientation; 21 % for the stick when presented with an 

initially uncomfortable orientation; 29% for the stick when presented with an initially 

comfortable orientation). This suggests that the control participants placed the tool only 

on the contralateral side when the confederate was to use the tool, as placing the tool on 

this side would inconvenience the participant. 

The individuals with ASD chose to place the hammer on their contralateral side 

on 92% of the trials when the confederate was going to hammer the peg (regardless of the 

initial orientation). When the confederate was not going to use the hammer, the 

individuals with ASD placed the hammer on the contralateral sheet of paper on 48% of 

the trials when presented in an initial uncomfortable orientation and 57% when presented 
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in an initial comfortable orientation. When the calculator was used, the individuals with 

ASD chose to place the calculator on the contralateral sheet of paper on 52% of the trials 

when they were provided with an initial uncomfortable orientation and the confederate 

was going to use it to calculate the answer, and 63% when presented with an initial 

comfortable orientation. When the confederate was not going to use the calculator, the 

individuals with ASD placed the calculator on the contralateral sheet of paper on 47% of 

the trials when presented in an uncomfortable initial orientation, and on 57% of the trials 

when presented in a comfortable initial orientation. Finally, when the stick was used, 

individuals with ASD placed the stick on the contralateral sheet of paper on 78% of the 

trials when the confederate was going to use the stick to hammer the peg and presented in 

an initial uncomfortable orientation and on 87% of the trials when presented with an 

initial comfortable orientation. The individuals with ASD chose to place the calculator on 

the contralateral sheet of paper on 55% of the trials when the confederate was not going 

to use the calculator (regardless of the initial orientation). The high degree of placement 

on the contralateral hemispace sheet of paper (see Table 5) was due to the intentions of 

the confederate (i.e. how the confederate was going to use the tool). 

End State Comfort 

The control participants exhibited end state comfort on nearly 100% of the trials, 

regardless if asked to place the tool or hand the tool to the confederate, except for the 

following conditions: 98% of the trials when handing the hammer to the confederate 

when the confederate used it to hammer the peg and presented with an initial comfortable 

orientation; 96% for the calculator when handing the calculator to the confederate when 
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going to use to calculate the answer and placed in a initial comfortable orientation; 98% 

for the stick when handing the stick to the confederate to hammer the peg with, and 

placed in a uncomfortable orientation; 98% for the hammer when asked to place the 

hammer on one of the two sheets of paper and placed in an initial comfortable orientation, 

regardless of action of confederate. This suggests that the participants were able to plan 

for their own comfort at the end of the movement for most of the trials (i.e., participants 

did not adopt a new strategy of uncomfortable end-states in order to accommodate the 

goals of the confederate). 

The individuals with ASD demonstrated a high degree of end state comfort for all 

conditions as well (90% when handed the hammer to the confederates and that was 

presented with an initial uncomfortable orientation, regardless of use by confederate; 83% 

for the hammer when handed the hammer to the confederate which was placed with an 

initial comfortable orientation, and the confederate placed the hammer on one of the two 

sheets of paper and 73 % for when confederate used the hammer to hammer the peg; 

100% for the calculator when handed the calculator to the confederate and presented the 

calculator with an initial uncomfortable orientation, regardless of use by the confederate; 

90% for when handed the calculator to the confederate, presented with initial comfortable 

orientation and the confederate placed the calculator on one of the two sheets of paper; 

77% for when handed the calculator to the confederate, presented with initial comfortable 

orientation and the confederate used it to calculate the answer; 92% when handed the 

stick to the confederate, presented in an initial uncomfortable orientation and the 

confederate set it on one of the two sheets of paper, and 97% when used it to hammer the 
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peg; 87% when handed the stick to the confederate, presented in an initial comfortable 

orientation and the confederate set it on one of the two sheets of paper, and 65% when 

they used it to hammer the peg; 90% when placed the hammer on one of the two sheets of 

paper, and the confederate did not use the hammer, regardless of initial orientation; 75% 

when placed the hammer on one of the two sheets of paper, with an initial uncomfortable 

orientation, and the confederate used the hammer to hammer the peg and 80% when 

placed with an initial comfortable orientation; 90% when placed the calculator on one of 

the two sheets of paper, with an uncomfortable initial orientation, and the confederate did 

not use the calculator and 98% when the confederate used the calculator to calculate the 

answer; 97% when placed the calculator on one of the two sheets of paper, with an initial 

comfortable orientation, and the confederate did not use the calculator and 70% when the 

confederate used the calculator to calculate the answer; 97% when placed the stick and 

initially presented with an uncomfortable orientation and the confederate did not use the 

stick, and 95% when the confederate used the stick to hammer the peg; 98% when placed 

the stick and presented with an initial comfortable orientation and the confederate did not 

use the stick, and 68% when the confederate used the stick to hammer the peg). This 

suggests that the individuals with ASD were also able to plan their motor movements in 

advance (terminate their own movement with end-state comfort), even when it required 

handing the tool to the confederate (see Table 6). This again shows differences compared 

to the findings of Glazebrook et al. (2009) and Rinehart et al. (2006). However the 

findings are in accordance with the findings of Rosenbaum and Jorgensen (1992). 
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Beginning State Comfort for Confederate 

The condition of most interest was when the participants were presented with the 

tool in a comfortable orientation relative to them (would require the participant to either 

adopt a beginning or end state discomfort, if the participants allowed the confederate to 

adopt a beginning state comfort). As such, when the tool was presented in a comfortable 

orientation and were asked to hand the tool, so the confederate may use it for the intended 

purpose, the control individuals handed the tools in a manner that facilitated the 

beginning state comfort for the confederate on 100% of the trials. Thus, the confederate 

did not need to re-orient the tool in order to adopt a comfortable posture before using it 

(i.e., tum the tool around). However, when the control participants were asked to hand the 

tools and the confederate who was not going to use it for the intended purpose the 

controls handed the hammer a manner that facilitated the confederate beginning state 

comfort on 63%, the stick 10%, and the calculator 25% of the rials (see Figure 2). This 

suggests that the control participants were concerned with the intended action with the 

tool, and were not just coincidentally handing a tool to the confederates in a manner that 

facilitated the tool's use. 

Furthermore, when the controls were asked to place the tool on one of the two 

sheets of paper, and the confederate was going to use the tool, the participants placed the 

tool which gave the confederates a beginning state comfort on 100% of the trials. Again, 

this pattern was greatly reduced when the confederates were not going to use the tools for 

the intended purpose; such that the percentages of trials where the tools were placed in an 

orientation that facilitated beginning state comfort for the confederate was 0%, 13% and 
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0% for the hammer, calculator and stick, respectively. This pattern of behaviour supports 

the hypothesis that the control participants take into account the intended actions of the 

confederate when the task was to help this individual complete a task. In addition, the 

greater percentage of comfortable placement for the hammer versus the stick and the 

calculator suggests that the physical characteristics of the hammer (its affordance for 

hammering) influenced how participants chose to interact with the object even when 

hammering was not the intended action. 

During the condition when the participants with ASD were asked to hand the tools 

to the confederate, so the confederate may use the tools for the intended purpose, the 

findings demonstrated that the participants with ASD orientated the tools in a manner that 

allowed the confederates to adopt a comfortable posture. Furthermore, this was done to a 

higher degree for all three tools as compared to when the confederate did not use the tools 

for their intended purpose (Figure 2). Specifically, the participants with ASD gave the 

tools to the confederate in an orientation that would be initially most comfortable (for the 

confederate) 65% of the time for the hammer, 55% of the time for the calculator, and 73% 

of the time for the stick. The percentages for when the when the participants with ASD 

gave the tools were higher compared with the condition where the confederate placed the 

tools down (27%, 22%, and 23% respectively). The individual performances were plotted 

to illustrate the differences between the individuals with ASD (Figure 3A and 4A), as 

they all responded differently to the tasks. This demonstrated that some of the individuals 

with ASD were able to hand the tools in a manner which benefited the confederate, 

although it meant inconveniencing their posture (i.e., either beginning state or end state 
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discomfort). The trial-by-trial graphs for these conditions show that the individuals with 

ASD had variable performances (figure 3B and 4B) and that there were no recognizable 

strategies developed by these participants (except participant 3 for the hammer, the 

individual started turning the hammer around on the second trial and continued for the 

rest of the trials). 

When the participants with ASD were asked to place the tools on one of the two 

sheets of paper, the percentage of occurrences of the tools being placed in a comfortable 

orientation for the confederate were 48% for the hammer, 53% for the calculator, and 

68% for the stick when the confederate was going to use the tools for its intended 

purposes. This would suggest that the individuals with ASD demonstrated less concern 

for the confederate when the tools were placed on one of the two sheets of paper instead 

of directly handing it to them. This could be due to the less direct interaction between the 

confederate and the participants with ASD. The occurrence of placing the tool in an 

orientation that was comfortable for the confederate was reduced greatly when the 

confederate was not going to use the tool (12% for hammer, 10% for calculator, 2% for 

stick) as there was little reason for the participants to incur the cost of an awkward 

posture in this condition (see Table 7). 

Discussion 

The results of experiment 2 suggest that both the controls and individuals with 

ASD were able to anticipate the motor intentions of the confederate. This was 

demonstrated by the participants maximizing the beginning state comfort of the 

confederate when the tools were handed to them. That is, the participants often turned the 
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tool in such a manner that the confederates were able to use the tool without further 

manipulation, even when it required the participants to adopt an uncomfortable posture. 

This finding is novel, as it demonstrates that both the controls and individuals with ASD 

are able to extend their end-state comfort to another individual and incur the cost of the 

movement (assuming an awkward posture to facilitate the end goal for the confederates). 

This extends the literature of end-state comfort, as the individuals may be adopting the 

final end goal of the task as being when the confederate performs the required task and 

not the end of their own (participant's) movement. This may explain why individuals are 

incurring the cost of the movement to aid the confederate in performing the task. 

The results also appear contrary to the findings of Theory of Mind (Baron-Cohen 

et al., 1985) but support the findings of Ozonoff et al. (1991). Ozonoff et al. (1991) 

suggest that individuals with ASD are able to solve lower order Theory of Mind tasks by 

using different strategies. Therefore, perhaps by having the motor intentions of the 

confederate based on concrete tasks (e.g. hammering) they are able to understand what 

the confederate was planning to use the tool for and how they needed to hand the tool to 

facilitate the end goal. This is in line with the findings of MacKay and Shaw (2004) as 

individuals with ASD may perform better when the tasks are more literal. This is an 

important finding, as it suggests a possible intervention for individuals with ASD. 

Perhaps by grounding the work in stronger action-perception coupling tasks, they may be 

able to use motor interactions solve higher order Theory of Mind tasks. 

The findings suggest that placement (comfortable or uncomfortable) of the tools 

did not appear to interact with the motor actions of both groups, as they appeared to give 
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the tools to the confederate in a comfortable manner (in relation to the confederate) 

regardless of the initial orientation of the tool. This demonstrates that the individuals 

performed a task that required an initial awkward posture in order to maximize the 

efficiency (less tool manipulation) of the confederate, and which both the controls and 

individuals with ASD performed when the confederate was to use the tool for the 

intended purpose. Also the results that both groups placed the tools on their contralateral 

side, (ipsilateral side of confederate) when the confederate used the tool, demonstrates 

further anticipation of the motor intentions by the participants. The lack of change in 

behaviour (as shown by the figure 3B and 3C) suggests also that individuals with ASD 

perform the task in the same manner and did not modify their actions over trials. This 

suggests that they were able to anticipate the motor actions of the confederate without 

prior interactions with the confederate in this paradigm. 

General Discussion 

The findings of the experiments demonstrate how individuals, both control and 

with ASD, were able to use Theory of Mind (ToM) to facilitate the beginning state 

comfort of a confederate. The authors argue that the participants perceived the end goal as 

the action performed by the confederate, thus the individuals based their actions 

accordingly to maximize the beginning state comfort of the confederate (i.e. tum the tool 

in the proper manner, allowing the confederate to use the tool without further 

manipulation). This suggests that people coordinate their actions with that of another's so 

the goal can be achieved by the latter in a more efficient manner. This paradigm may also 

open other venues to study coordination between individuals in the general population. 
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To the best of our knowledge, to date this is one of the few pieces of empirical evidence 

to demonstrate how individuals coordinate their movements with another when sharing a 

common goal in this fashion. There is work suggesting how coordination is affected when 

placed beside another individual (Welsh et al., 2005, 2007). However, this previous work 

focused on how individuals behaved when moving to a target that was acquired 

previously by another individual and not how the two individuals coordinate movements 

to produce and end goal. The paradigm in this experiment required the participants to 

incur the cost associated with the task (adopt an awkward posture at the beginning or end) 

to minimize the cost of the confederate (have a beginning state comfort) to achieve the 

end goal (e.g. hammer the peg). This type of coordination is necessary for team settings 

and would be interesting to expand on, as it would be of theoretical interest to determine 

what objects the participants would not incur the cost of using an awkward posture (e.g. 

too cumbersome). 

These findings also have implications for Autism research, as they imply that the 

ability to infer the motor intentions of others might be sparred in individuals with ASD. 

The authors suggest that the high action-perception coupling of the objects used in this 

study aided the individuals with ASD in determining the motor intentions of the 

confederates. The findings also expand the literature of tool use in individuals with ASD 

along with the ToM literature. It was evident that they were able to use the tools to 

complete the task (use the tools) and interact with others (anticipate actions). Although 

this appears contrary to the findings of Mostofsky et al. (2006) and Dziuk et al. (2007), 

there were methodological differences that may explain the different in results. That is 
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Mostofsky et al. (2006) and Dziuk et al. (2007) both deduced deficits in tool use by 

exploring a battery of test, which included some factors that may confound the findings 

(e.g., gesture to imitate). However, the procedure used in this experiment suggests that 

when they are asked to use a tool for the intended purpose, not only were they able to 

complete the task, but were also able to pre-plan their motor actions (used end state 

comfort). Since the findings are limited to end-state comfort and the procedure was not 

able to measure reaction times, so direct comparison to Glazebrook et al. (2009) and 

Rinehart et al. (2006) cannot be made. However, it is important to note that the findings 

of Glazebrook et al. (2009) and Larson, Bastian, Donchin, Shadmehr, and Motofsky 

(2008) suggest that individuals with ASD are able to complete tasks, just in a slower 

manner. Therefore, the general findings of this study are in accordance with the previous 

findings which suggest that individuals with ASD can complete tasks. The findings of 

ToM were also extended, as perhaps these individuals can infer motor intentions based on 

the goal of the task and the action possibilities of objects. 
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Table 1. 

Percentage(%) of Trials that Participants used Dominant Hand During Self Tasks. 

Tool Orientation Action ASD SD Control SD 

Hammer Uncomfortable Set 80 35 100 0 

Hammer 90 32 100 0 

Comfortable Set 80 35 100 0 

Hammer 90 32 100 0 

Calculator Uncomfortable Set 95 16 100 0 

Calculate 82 39 100 0 

Comfortable Set 88 25 100 0 

Calculate 100 0 100 0 

Stick Uncomfortable Set 80 35 100 0 

Hammer 85 31 100 0 

Comfortable Set 78 34 100 0 

Hammer 85 34 100 0 
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Table 2. 

Percentage(%) of Trials that Participants Placed Tools on Contralateral Side During 

Self Tasks. 

Tool Orientation ASD SD Control SD 

Hammer Uncomfortable 53 26 21 25 

Comfortable 57 26 17 22 

Calculator Uncomfortable 55 29 12 19 

Comfortable 42 31 10 20 

Stick Uncomfortable 53 27 19 23 

Comfortable 53 13 19 23 
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Table 3. 

Percentage(%) of Trials that Participants Exhibited End-state Comfort During Self 

Tasks. 

Tool Orientation Action ASD SD Control SD 

Hammer Uncomfortable Set 90 32 100 0 

Hammer 100 0 100 0 

Comfortable Set 90 32 100 0 

Hammer 100 0 100 0 

Calculator Uncomfortable Set 98 5 100 0 

Calculate 53 48 63 48 

Comfortable Set 90 32 100 0 

Calculate 100 0 100 0 

Stick Uncomfortable Set 90 26 100 0 

Hammer 100 0 100 0 

Comfortable Set 93 21 100 0 

Hammer 100 0 100 0 
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Table 4. 

Percentage(%) of Trials that Participants Used Dominant Hand During Working with 

Other Tasks. 

Interaction Tool Orientation Action ASD SD Control SD 

Hand Hammer Uncomfortable Set 88 31 100 0 

Hammer 80 42 100 0 

Comfortable Set 88 31 100 0 

Hammer 80 42 100 0 

Calculator Uncomfortable Set 100 0 100 0 

Calculate 100 0 100 0 

Comfortable Set 100 0 100 0 

Calculate 100 0 100 0 

Stick Uncomfortable Set 90 32 100 0 

Hammer 90 32 90 29 

Comfortable Set 90 32 100 0 

Hammer 90 32 100 0 

Place Hammer Uncomfortable Set 85 34 100 0 

Hammer 88 32 100 0 

Comfortable Set 83 33 100 0 

Hammer 80 42 100 0 

Calculator Uncomfortable Set 100 0 100 0 
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Calculate 100 0 88 35 

Comfortable Set 97 11 100 0 

Calculate 98 5 88 35 

Stick Uncomfortable Set 85 34 100 0 

Hammer 90 32 100 0 

Comfortable Set 85 34 100 0 

Hammer 80 42 100 0 
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Table 5. 

Percentage(%) of Trials that Participants Placed Tool on their Contralateral Side 

During Working with Other Tasks. 

Tool Orientation Action ASD SD Control SD 

Hammer Uncomfortable Set 48 25 29 31 

Hammer 87 19 98 6 

Comfortable Set 57 29 25 36 

Hammer 92 14 98 6 

Calculator Uncomfortable Set 47 30 23 33 

Calculate 52 44 100 0 

Comfortable Set 57 30 27 39 

Calculate 63 44 96 12 

Stick Uncomfortable Set 55 29 21 32 

Hammer 78 34 96 8 

Comfortable Set 55 28 29 34 

Hammer 87 25 98 6 
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Table 6. 

Percentage(%) of Trials that Participants Exhibited End-state Comfort During Working 

with Other Tasks. 

Interaction Tool Orientation Action ASD SD Control SD 

Hand Hammer Uncomfortable Set 90 32 100 0 

Hammer 90 32 100 0 

Comfortable Set 83 36 100 0 

Hammer 73 44 98 6 

Calculator Uncomfortable Set 100 0 100 0 

Calculate 100 0 100 0 

Comfortable Set 90 26 100 0 

Calculate 77 33 96 8 

Stick Uncomfortable Set 92 26 100 0 

Hammer 97 7 98 6 

Comfortable Set 87 32 100 0 

Hammer 65 46 100 0 

Place Hammer Uncomfortable Set 90 32 100 0 

Hammer 75 41 100 0 

Comfortable Set 90 23 98 6 

Hammer 80 42 98 6 

Calculator Uncomfortable Set 90 16 100 0 
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Calculate 98 5 100 0 

Comfortable Set 97 11 100 0 

Calculate 70 39 100 0 

Stick Uncomfortable Set 97 7 100 0 

Hammer 95 11 100 0 

Comfortable Set 98 5 100 0 

Hammer 68 48 100 0 
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Table 7. 

Percentage(%) of Trials that Confederate Received Tool in Comfortable Manner During 

Working with Other Tasks. 

Interaction Tool Orientation Action ASD SD Control SD 

Hand Hammer Uncomfortable Set 88 31 100 0 

Hammer 97 7 100 0 

Comfortable Set 27 44 63 52 

Hammer 65 46 100 0 

Calculator Uncomfortable Set 100 0 100 0 

Calculate 100 0 100 0 

Comfortable Set 22 42 25 38 

Calculate 55 34 100 0 

Stick Uncomfortable Set 80 42 100 0 

Hammer 80 38 100 0 

Comfortable Set 23 42 10 29 

Hammer 73 44 100 0 

Place Hammer Uncomfortable Set 78 42 88 35 

Hammer 87 32 100 0 

Comfortable Set 12 31 0 0 

Hammer 48 51 100 0 

Calculator Uncomfortable Set 85 32 100 0 
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Calculate 97 7 100 0 

Comfortable Set 10 32 13 35 

Calculate 53 48 100 0 

Stick Uncomfortable Set 82 38 100 0 

Hammer 67 47 100 0 

Comfortable Set 2 5 0 0 

Hammer 68 44 100 0 
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Figure Captions 

Figure 1. A Schematic of experimental set up and all variants possible for tool placement. 

B Schematic of participant and confederate. 

Figure 2. The percentage of times participants handed the tool to the confederate in a 

comfortable orientation in regards to the confederates. 

Figure 3. A Data for each participant in the ASD group for all three conditions when the 

actor was handed the tool and used it for its intended purpose. B All the trials for the 

individuals with ASD in the hand tool and use for intended purpose condition. 

Figure 4. A Data for ASD group for all three conditions when the actor was handed the 

tool but was not to use it for its intended purpose. B All the trials for individuals with 

ASD in the hand tool and not use for intended purpose condition. 
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GENERAL DISCUSSION 

This dissertation sought to expand the knowledge of motor impairments in 

individuals with Autism Spectrum Disorder (ASD). There are relative few findings that 

suggest motor impairment in this population, either in motor planning (Glazebrook et al., 

2009; Hughes, 1996; Nazarali et al., 2010; Rinehart et al., 2006) or movement execution 

(Glazebrook et al., 2009; Mari et al., 2003) compared to the social deficits observed. 

Therefore, it is important to understand the extent of these impairments, as it is evident 

that individuals with ASD are able to complete tasks (Glazebrook et al., 2009; Larson et 

al., 2008) albeit differently when kinematic variables were measured (Glazebrook et al., 

2009; Mari et al., 2003). This has much theoretical interest from both the ASD research 

and movement research, as there is a need to understand the capabilities of individuals 

with ASD and how to maximize the potential of their abilities. 

To understand the abilities of an individual, we explored how the individuals 

interacted with objects and other individuals. This dissertation was aimed at studying how 

these interactions could be facilitated by employing objects and contexts that have a 

strong action-perception coupling. The reason to use these types of objects and contexts 

would be to take advantage of the perceived possible actions associated with them. Direct 

Perception Theory, and specifically affordances, would argue that a person is able to 

perceive the inherent 'action possibilities' of an object (Gibson, 1977). Affordances may 

be seen throughout the world, as riser height of stairs (Warren, 1984) for example, have 

often been designed to account for leg length or parameterized to body length. 
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However there is also an indirect perception of affordances. These may include 

social contexts (Schmidt, 2007) and involve a greater degree of top-down processing 

wherein an event is present before the association between the object and the affordance 

is made. An example of this concept is represented by an object that affords certain 

sentiments (e.g., receiving a gift). However the ability of perceiving these action 

possibilities are dependent on the person's capabilities, which suggests that different 

individuals may perceive two completely different action possibilities from the same 

object. Based on this notion, it was of theoretical interest to determine how individuals 

with ASD would perceive and use affordances from different objects and scenarios, as the 

capabilities of individuals with ASD may differ from those of control participants. 

There is evidence to suggest that individuals with ASD have a very literal 

association with an object and what they perceive, as Felicano (2007) demonstrated that 

individuals with ASD were more likely than controls to say that they expected pencils 

inside a Smarties™ tube after been shown that pencils were inside the tube. That is, after 

they were informed that pencils were inside, the individuals with ASD were asked "what 

did you think was inside before we showed you the pencils?" most of the individuals 

answered that they believed pencils were inside before they were shown. This suggests 

that they have a literal association with what is inside (pencils) and what the object is 

used for (in this particular case, pencil holder). This finding was also shown for reading 

performance as individuals with ASD had more difficulty with figurative language and 

less difficulties with literal meanings (MacKay & Shaw, 2004 ). Therefore, perhaps 

individuals with ASD have a very literal meaning of objects and their environment, which 

145 



Gonzalez DA- Kinesiology 

may be perfectly suited to perceive affordances with strong action-perception couplings. 

Perhaps objects that have a strong affordance (e.g., hammer) would facilitate interactions 

with that object and provide a great venue to facilitate motor actions for individuals with 

ASD. 

However, the findings of this dissertation were ambiguous in this regard, as the 

first study did not demonstrate a hand advantage for the side the handle was oriented 

towards. This did not support the findings of Tucker and Ellis (1998) that proposed 

individuals had faster reaction times with the effector that was on the same hemispace as 

the handle; as this experimental procedure should afford an interaction with the effector 

that is on the same side as the handle. Different reasons could explain why the results 

differed in the first study of this dissertation and that of Tucker and Ellis (1998). First, 

Clark (1973) proposed that language is not fixed, and suggested that individuals should 

analyze stimuli to determine that the different stimuli are equal across conditions. Since 

the stimuli in the first study were different to those of Tucker and Ellis (1998) perhaps 

different responses were made and the hand advantage was not evident. Maybe stimuli 

are not fixed, and different objects may afford different responses. Another possible 

explanation is that the individuals in this experiment did not pay attention to the 

orientation of the handle, as it was not the immediate purpose of the protocol (e.g., press 

button if upside-down). Perhaps participants were more engaged on the primary task in 

this protocol. This latter explanation was the basis for an extension into study 2, to 

determine if by expanding the action component of the objects there would be an 

advantage for tools that afford those actions. 
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The second study extended the action component, via 'action words' (Holt & 

Beilock, 2006) and also introduced the concept of the third person. The results of the 

second study demonstrated that individuals with ASD were able to accurately determine 

the tool that was required to complete the action in the sentence. The accuracy scores did 

not reveal any group differences, suggesting that the individuals with ASD were as 

accurate as the control individuals, albeit slower in responding. This suggests that 

individuals were able to read the sentence and associate what tool was required to 

complete the action of another person (third person narrative). This finding is in 

accordance with the findings of Holt and Beilock (2006), who demonstrated that controls 

are faster to respond to an image that has a strong association with a sentence than those 

that do not; and with the findings of Ozonoff et al. (1991) as they suggested individuals 

with ASD can solve lower order ToM problems. However, these findings make it hard to 

discern whether the individuals with ASD were responding to the perception of the action 

or the person, as the individuals with ASD could simply be determining the tool required 

to complete the action without considering the person performing the action. 

The third study aimed to answer this discrepancy by directly engaging the 

participants with a confederate in which by the participants coordinate their actions with 

the objective of the task. This introduced a new paradigm was examined by using end­

state comfort. That is, could a person extend their end-state comfort to account for the 

beginning state comfort of another individual. The results of the third study demonstrated 

that both controls and individuals with ASD were able to orient that tool in a fashion 

which minimized the amount of manipulation the confederate required before using the 
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tool (allowed for beginning state comfort). This suggests that when the task and the tool 

exhibit a strong action-perception coupling (e.g., hammer affords hammering) the 

individuals with ASD are able to cooperatively perform the joint action with another. 

These findings expand upon the knowledge of joint action, specifically the ASD 

literature on joint action. It is widely regarded that individuals with ASD demonstrate 

difficulties in ToM (Baron-Cohen et al., 1985) and lack of social reciprocity (American 

Psychiatric Association, 2000); however, this experiment (study three) sought to explore 

the role of affordances in situations where an individual would directly interact with 

another person to aid the performance of a common goal. This level of interaction 

demonstrated that not only controls, but individuals with ASD incur the cost of the 

movement to aid the confederate in obtaining the goal (e.g., hammering the peg). This 

extends the findings of end-state comfort, as it was previously believed that individuals 

perform under a cost-benefit analysis when planning their movements (Rosenbaum & 

Jorgensen, 1992; Rosenbaum et al., 1993, 2001). In this paradigm, the participant 

incurred all of the cost for the benefit of the confederate, thereby suggesting that the 

individuals might have acted as a single identity, rather than two separate ones. This 

would require the participants to place themselves in the position of the other person and 

think about how to maximize the comfort for that individual. This was evident for both 

groups (controls and individuals with ASD) as they often adopted an awkward hand 

posture to aid the confederate. 

The overall findings of this dissertation support the notion that individuals with 

ASD seem to have a very literal connection with their environment and others. Therefore, 
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it would seem that objects and/or social contexts that have a strong action-perception 

association could be beneficial in alleviating social interactions deficits, especially ToM 

problems. Underconnectivity Theory would suggest that complex sensory integration 

might be more difficult for individuals with ASD (e.g., Dawson et al., 2002) and ToM 

would suggest that perceiving the intentions of other individuals may be more difficult for 

them as well (Baron-Cohen et al., 1985; Ozonoff et al., 1991). The role that indirect 

perception plays in ASD has not been well studied, but has been alluded to in some 

studies (MacKay & Shaw, 2004; Pelicano, 2007). Movement impairments (Glazebrook et 

al., 2009; Hughes, 1996; Rinehart et al., 2006) and impairments of tool use (Dzuik et al., 

2007; Motofsky et al., 2006) have also been demonstrated. The general trends 

demonstrate that the individuals with ASD were able to accomplish the task goals, albeit 

using more variable kinematic movements (Glazebrook et al., 2009). The current research 

strengthens these arguments by suggesting that individuals with ASD may be able to 

complete the same tasks as the typically developed, and may interact better with tools and 

others when there is a strong connection between task and actio"n. 
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Appendix 1 

Coffee Cup 

Coffee Cup2 

Coffee Cup3 

Coffee Mug 

Coffee Mug2 

Coffee Mug3 

Coffee Pot 

Coffee Pot2 

Coffee Pot3 

Frying Pan 
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Frying Pan2 

Frying Pan3 

Gravy Boat 

Gravy Boat2 

Gravy Boat3 

Pitcher 

Pitcher2 

Pitcher3 

Pot 

Pot2 
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Teapot 

Teapot2 

Thermos2 
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Appendix 2 

Sentence More Consistent Less Consistent Arbitrary Object 

Object Object 

"Sally wants the Lit Candle Unlit Candle Nightlight (similar 

room to smell to air freshener) 

better" 

"Sally is leaving the Unlit Candle Lit Candle Nightlight (similar 

house and has put to air freshener) 

everything out" 

"Anthony is thirsty Full Glass Empty Glass Can of Soup 

and wants 

something to drink" 

"Anthony has Empty Glass Full Glass Can of Soup 

finished his drink" 

"James is cutting the Open Scissors Closed Scissors Cable Cutters 

paper in half' 

"James is done with Closed Scissors Open Scissors Cable Cutters 

the crafts and is 

placing everything 

in the drawer" 

"Dave opened his Open Lock Closed Lock Stopwatch of similar 

locker to get his size and style as 
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shorts" lock 

"Dave has finished Closed Lock Open Lock Stopwatch of similar 

working out and has size and style as 

closed his locker" lock 

"Stella wants to surf Open Laptop Closed Laptop Surf Board 

the net" 

"Stella is bored of Closed Laptop Open Laptop Surf Board 

surfing the net" 

"Jim is reading a Open Book Closed Book Blank Piece of 

story" Paper 

"Jim has finished Closed Book Open Book Blank Piece of 

reading" Paper 

"Tony is watching Open Case with Open Case with no Open Case with 

his favourite movie" DVD DVD Video Game 

"Tony is done Open Case with no Open Case with Open Case with 

watching his DVD DVD Video Game 

favourite movie and 

is going outside" 

"Adrienne is Plate with a Slice of Empty Plate Home Plate 

preparing to eat Pizza 

dinner" 

"Adrienne is done Empty Plate Plate with a Slice of Home Plate 
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eating dinner" Pizza 

"Jo is cutting a box Box Cutter with Box Cutter with Kitchen Knife 

open" Blade Out Retracted Blade 

"Jo has finished Box Cutter with Box Cutter with Kitchen Knife 

cutting the box Retracted Blade Blade Out 

open" 

"Fred wants to TV on TV off Ghetto Blaster 

watch his favourite 

show" 

"Fred is done TV off TV on Ghetto Blaster 

watching his 

favourite show" 

"Yvonne wants to Running Shoe Dancing Shoe Snowshoes 

go for a run outside" 

"Yvonne is going Dancing Shoe Running Shoe Snowshoes 

dancing" 

"Esther is getting Pot Pan Cooking Sheet 

ready to boil some 

water" 

"Esther is getting Pan Pot Cooking Sheet 

ready to fry some 

chicken" 
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"Dan thinks it is too Visor Tuque Sweatband 

sunny" 

"Dan's head is cold Tuque Visor Sweatband 

and he wants to 

warm it up" 

"Mary wants to read Reading Glasses Sun Glasses Wielding Visor 

her book, but she 

can't see like this" 

"Mary is shielding Reading Glasses Sun Glasses Wielding Visor 

her eyes from the 

sun" 

"Johanna is being Alarm Clock Stop Watch Compass 

woken up in the 

morning" 

"Johanna wants to Stop Watch Alarm Clock Compass 

see how long 

Johnny can hold his 

breath" 

"Andrea is racing in Row Boat Cruise Ship Swan Paddle Boat 

the regatta" 

"Andrea is going Cruise Ship Row Boat Swan Paddle Boat 

out on the ocean" 
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"Brian needs to get Tram Train Tank 

to an appointment a 

few blocks away" 

"Brian sees Train Tram Tank 

something coming 

down the railroad 

tracks" 

"Mel wants to take a Helicopter Plane Air Glider 

tour of Niagara Falls 

from the air" 

"Mel wants to take a Plane Helicopter Air Glider 

vacation overseas" 

"Mateo spilled juice Mop Vacuum Garden Hose 

on the kitchen floor 

and needs to wash 

it" 

"Mateo spilled on Vacuum Mop Garden Hose 

the carpet and needs 

to clean it up" 

"Stacey is going Water Goggles Skii Goggles Hockey Helmet 

swimming and 

wants to see 
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underwater" 

"Stacey is going Skii Goggles Water Goggles Hockey Helmet 

skiing" 
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