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Abstract 
Throughout their development humans learn to communicate using movements, or body 

language. These skills develop more slowly in individuals with autism spectrum disorder. The 

present study examined how social communication skills correlate with movement performance 

in typically developing individuals. Participants performed eyes-only, button-press and pointing 

movements to a picture identified by a visual or auditory cue. Reaction time (RT) and movement 

time (MT) were analyzed and correlated with the scores on the broad autism phenotype 

questionnaire. Saccade RT was longest and most variable in the eyes-only condition, suggesting 

increased task difficulty. Hand RT was shorter for pointing movements, which is consistent with 

a peripheral vision advantage. Longer saccade RTs were correlated with higher rigidity in the 

eyes-only task. Lower pragmatic language was negatively correlated with hand RT and saccade 

MT for the visual eye-hand coordinated tasks. Overall, an individual’s self-report of their social 

communication skills were related to motor performance. 
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1.0 Introduction 

Communication is a skill used in everyday life. As infants we are able to communicate 

through crying and pointing. As we get older we improve and add to these communication 

methods, including grasping and manipulating objects, walking and eventually talking. A 

common trait amongst all forms of communication is the motor control needed to execute the 

action. Actions require a movement plan, or a motor program, which allows variables from the 

environment to be input and eventually executed as an action (Keele, 1968; Rosenbaum, 1980; 

Schmidt, 1975). The variables included in the motor program range from information acquired 

through vision as well as through other senses (Bolognini, Frassinetti, Serino, & Làdavas, 2004; 

Rao & Gordon, 2001; Tubaldi, Ansuini, Tirindelli, & Castiello, 2008). According to Schmidt 

(1975, 2003), each action has a motor program known as a generalized motor program (GMP). 

The GMP contains invariant features that are unchanged and form a template for the movement. 

To make the program unique for each scenario, we are able to use sensory information and input 

specific parameters (Schmidt, 1975). For example, when we reach for a cup of coffee, our first 

goal is to identify the cup, assess its parameters and put them into the GMP. Schmidt proposed 

that the invariant features include order of events, relative timing and relative force production 

that together define a reach. The specific parameters for the reach include movement duration, 

force of contractions to achieve the desired overall force and the muscles involved. The motor 

program is then sent to the muscles via the spinal cord and we reach towards that cup.  

The integration of auditory information into the motor program has been widely studied in 

the literature. When auditory information is added to a visual stimulus, the presence of the 

auditory cue can improve the temporal features of a response. This has been seen through shorter 

total response times to identify a word as correct or incorrect (Paré, Richler, Hove, & Munhall, 
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2003; Sumby & Pollack, 1954) as well as shorter reaction times (RT) when pointing or moving 

to a target (Bolognini et al., 2004; Meredith & Stein, 1986). This effect seems to occur only 

when the stimuli are presented at the same location. When the stimuli are presented at different 

locations, the response and RT take longer (Bolognini et al., 2004; Stein, Meredith, Huneycutt, & 

McDade, 1989). Auditory information can also conflict and change what we see and hear when 

paired with the wrong visual information (Mcgurk & Macdonald, 1976; Paré et al., 2003). 

Communication requires visual and auditory integration, as well as coordinated eye-hand 

movements. These skills are first observed around ten months when joint attention behaviours 

are first observed (Martins, Mateus, Osório, Martins, & Soares, 2014; Mateus, Martins, Osório, 

Martins, & Soares, 2013) and are highly practiced by the time of adulthood; however each 

individual will have had different experiences. Those who consider themselves more social may 

perform communication skills differently than those who consider themselves less social. While 

researchers have documented these skills used during social communication (eye-hand 

coordination, audiovisual integration, choice response tasks) separately, to my knowledge, many 

of these skills have never been combined in a research setting. For example: (1) how we plan a 

choice eye-hand movement towards one of two images in response to an auditory or visual 

stimulus that appears in peripheral vision, (2) how we plan eye-hand movements of different 

complexities and (3) an explicit link between motor behaviour and social communication skills. 

The following literature review will highlight the current research in these areas for both 

typically developing (TD) and autism spectrum disorder (ASD) populations, as well as identify 

areas where there is a need for more research. The current thesis examined the connection 

between motor performance and self-reported social communication skills. We looked at the 

relationship between movement complexity, audio-visual integration and self-reported 
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behavioural skills. A TD population completed three different tasks with varying complexities of 

movements in response to either a visual or auditory cue. Participants also completed the broad 

autism phenotype questionnaire (BAPQ), which provides an indication of behavioural rigidity, 

aloofness and pragmatic language skills. The task was designed to simulate non-verbal 

communication skills needed in real world scenarios. Participants were shown two images of 

animals and asked to look at (EO), press a button (EB), or point to (EP) the correct image 

identified by an auditory cue (i.e. sound of one of the animals) or by a visual cue (i.e. picture of 

one of the animals). Temporal and spatial measures, including reaction time (RT), and movement 

time (MT), as well as the relationship with the three subscales from the BAPQ, were examined. 

Practically, the results will inform our global understanding of how we communicate by 

understanding how coordinated movements are performed when information from multiple 

modalities must be integrated to complete the task. The findings will also inform future research 

on methods to improve motor skills, social communication skills and quality of life for 

individuals with communication challenges. 
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2.0 Literature Review 

2.1 The Study of Human Movement as it Relates to Communication 

The study of human movement is integral for our understanding of how humans interact with 

each other and their environment through activities such as walking, talking, reaching, and 

pointing. These tasks form the basis for how we navigate through the environment, communicate 

with other people, and interact with objects and people around us. Notably, motor skills should 

be performed without conscious awareness, which means that these tasks are more complex than 

they appear to be because humans are not consciously aware of the processing needed to perform 

the task. For example, when reaching towards a cup of coffee, the brain needs to know where the 

cup is located relative to the surrounding environment (allocentric) and/or relative to one’s own 

body (egocentric) (Fiehler, Wolf, Klinghammer, & Blohm, 2014). This is also the case when 

talking to another individual and using arm gestures to enhance or illustrate what you are 

attempting to communicate. Visual information is the primary source of sensory input when the 

task goal includes a spatial location, however, it is not the only information that is used, for 

example previous research has examined how other senses, such as tactile and proprioceptive 

(Rao & Gordon, 2001), olfactory (Tubaldi et al., 2008) and auditory (Bolognini et al., 2004; 

Stein et al., 1989) information are integrated with and without vision to complete reach-and-

grasp or pointing tasks.  

In particular, audiovisual integration has been widely studied as it is frequently used 

throughout our everyday lives. For example, when visual and auditory stimuli are presented 

independently at levels below the threshold for humans to see and hear, they became detectable 

when presented together (Bolognini et al., 2004). Audiovisual integration can also change how 

we move towards targets. The natural sound of a large wooden block being placed on a table was 
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shown to improve scaling of grip aperture, reduce reaction time (RT) and increase peak velocity 

when grasping for that wooden block compared to when the block was placed in the absence of 

sound (Sedda, Monaco, Bottini, & Goodale, 2011). Verbal communication has been shown to be 

mediated by both visual information and auditory information (Gentilucci & Cattaneo, 2005) and 

our perception of words can even be altered if the visual information does not match the auditory 

information (Mcgurk & Macdonald, 1976). Non-verbal communication such as emotion 

detection, has also been shown to be enhanced by audiovisual integration. Participants correctly 

identified the emotion of another individual presented in a two second video more often when 

the emotion was presented with an audiovisual stimulus compared to when the emotion was 

presented unimodally (Kreifelts, Ethofer, Grodd, Erb, & Wildgruber, 2007).  

Communication skills develop naturally for most individuals and we often do not realize how 

frequently we are communicating with others and our surroundings. However, some individuals 

develop these skills differently. By definition, individuals with low functioning autism spectrum 

disorder (ASD) have a delay and/or deficiency in the development of their communication skills, 

including language development, and indicating and requesting; however social communication 

is also impaired in those with higher functioning ASD (i.e. Asperger’s disorder; Lord et al., 

2000; Mundy, Sigman, Ungerer, & Sherman, 1986; Zwaigenbaum et al., 2005; for a review see 

Noens & van Berckelaer-Onnes, 2005). It is noteworthy that ASD phenotypic traits can range in 

severity and can also be displayed in the typically developing (TD) population (Hurley, Losh, 

Parlier, Reznick, & Piven, 2007). Given that many ASD traits are present to varying degrees in 

the broader population, it is informative to understand how TD individuals plan and execute their 

movements and if or how their movement performance relates to characteristic traits of ASD.   

2.2 Models and Theories for Studying Human Movement 
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The human information processing (IP) model of human movement is based on a metaphor 

suggesting that humans process information similar to computers. The model provides three 

main phases for action: (1) external information (i.e. a stimulus) is input into the system; (2) the 

information from that stimulus is processed and combined with stored information located in 

long-term memory; and (3) instead of executing the computer program (e.g., display the image 

on a screen), the information travels down the spinal cord to the skeletal muscles to generate the 

desired motor response (Schmidt & Lee, 2011). 

Within this broad model, many researchers have provided theories specific to human 

movement that vary in how each of the three phases occur. In a review, Keele (1968) proposed 

the motor program theory for movement planning. Previous literature cited in Keele’s review 

suggested that visual and auditory input could be converted into a motor ‘command’ that controls 

muscle movement. However, the motor command does not have to be executed right away, it can 

be stored in short-term working memory. This stored information can contribute to the motor 

program, which he defined as “a set of muscle commands that are structured before a movement 

sequence begins, and that allows the entire sequence to be carried out uninfluenced by peripheral 

feedback.”(Keele, 1968). Prior to Keele’s proposed motor program, it was suggested that actions 

must be controlled through one of two methods: (1) through peripheral feedback that occurs 

during the movement (i.e. visual and kinesthetic); or (2) through central processing via a 

preprogrammed motor response (Keele, 1968). Strength for the motor program theory came from 

the fact that visual and kinesthetic feedback take time to be processed and therefore cannot 

influence the movement at initiation. It was reasoned that movements, therefore, must be 

preprogramed. Once the peripheral information is processed, the information can be added to the 
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motor program to make corrections for any external perturbations or planning errors. This 

process is defined as online control (Keele, 1968). 

According to Schmidt (1975), there are two major problems with the motor program theory 

as described by Keele (1968). First, the storage problem: if every individual movement needs its 

own motor program, how can there be enough room to store all of the individual motor 

programs? How can the brain choose the appropriate program in a timely matter? Second, the 

novelty problem: how does the brain create a motor program for novel tasks that do not have a 

stored motor program (Schmidt, 1975)? Given these issues, Schmidt (1975) built on the motor 

program theory and proposed schema theory that uses a generalized motor program (GMP). 

Schema theory suggests that part of the motor program contains invariant features (i.e. features 

that remain the same) such as the order of events, relative timing and relative force production of 

the movement, which create a template for the movement. Only the parameters, for example, the 

movement duration, force of the contractions and the muscles involved are changed. Schema 

theory does a good job reducing the storage problem, however a criticism of it is that it does not 

solve the novelty problem (Shea & Wulf, 2005). 

The development of the IP theory can be traced back to the late 1800’s, with Donders, whose 

goal was to identify the time it takes for neural processing of a movement. One of the tasks he 

used involved presenting a stimulus on the bottom of both feet and measuring the RT for each 

response, which was defined as the time from the onset of a stimulus until the initiation of the 

movement. He compared a situation where the participant knew which foot would be stimulated 

(simple RT) and one where the participant did not know which foot would be stimulated (choice 

RT). Donders (1969) suggested that taking the difference of the simple and choice RTs for the 

same task would estimate the minimum amount of time needed for parameterizing his version of 
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the GMP, which he called physiological time, during that specific task. Sternberg (1969) 

demonstrated that this method of subtraction between the two RT’s can only be used in situations 

where the variable (i.e. choice or simple) only effects one step of the planning. Over the years, 

theorists have identified flaws with Donder’s logic for determining the time needed for specific 

tasks (e.g., Sternberg, 1969), however, RT is still used broadly in the literature and as a whole 

provides an indication regarding the complexity of movement planning. 

2.3 Reaction Time (RT) as a Measure of Cognitive Processing 

Reaction time (RT) can provide information about how the brain organizes information in the 

motor program. Each motor program is thought to contain the necessary details to carry out an 

action. For example, when reaching towards a cup of coffee, a motor program must contain 

parameters such as, but not limited to, the dimensions of the cup, the grip aperture of the hand, 

the distance to the cup, and which muscles need to be activated (Rosenbaum, 1980; Schmidt, 

1975). Henry and Rogers (1960) hypothesized that if each variable takes a set amount of time to 

prepare, then more complex tasks should have a more complex motor program to develop and 

consequently have a longer RT compared to simpler tasks. The authors defined complexity of a 

task as having more muscles activated and more movements in the sequence. Participants in their 

study performed three types of movements of varying complexity towards known targets. The 

first movement was a simple button release involving minimal muscle activation and only one 

movement in the sequence. The second movement involved a button release followed by a reach 

towards a tennis ball that was hung in the air by a string. The final and most complex movement 

was a button release followed by a reach towards a second tennis ball hung in the air, a change in 

movement direction towards a button press followed by another change in movement towards 

the first tennis ball. The main dependent variable assessed was simple RT, which was defined as 
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the time from the go signal until the button was released. The results of this study supported the 

hypothesis that more complex movements have a longer simple RT than less complex 

movements. This means that there is an increased time needed to initiate more complex 

movements. 

A choice RT, on the other hand, is the RT of a movement where the participant will have to 

choose from multiple targets once the trial begins and therefore will not be able to preplan the 

entire action. Rosenbaum (1980) studied how the order, type and amount of information 

presented can affect choice RT. Participants started with both their index fingers on home 

switches. On either side of the switches were four circular targets. The participants were precued 

(told before the trial began) about i) which arm to use (i.e. right or left), ii) which direction to 

move (i.e. forward or backward), iii) the extent of the movement (i.e. near or distant in respect to 

the home switch), iv) all of the information, v) none of the information, or vi) a combination of 

two of the variables. Rosenbaum found that RT was inversely proportional to the amount of 

information provided to the participant. This result is predicted by Hick’s Law as it states that the 

more uncertainty in the planning stages of a response (i.e. number of target options), the longer 

the RT will be to select or complete the appropriate program (Hick, 1952). More interestingly, 

Rosenbaum found that there was a hierarchical organization of the motor program. When only 

one precue was given, the shortest RT occurred when the precue was regarding information 

about the arm and the longest when information was only given about the extent of the target. In 

other words, the order that parameters are obtained and input into the motor program influences 

the speed of movement preparation. In support of this finding, Rosenbaum looked at when two 

precues were given and found similar results about the necessity of the order of the specific cues. 

When information about the arm was precued with a second cue, the RT was shorter than when 
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two precues were unrelated to the arm (e.g. extent and direction). In summary, Rosenbaum 

(1980) demonstrated that the type and amount of information presented during the construction 

of the motor program affects the resulting RT.  

In individuals with ASD, the planning of movements occurs differently than in TD persons. 

Rinehart, Bradshaw, Brereton, and Tonge (2001) compared participants with ASD to a control 

TD group, as well as participants with Asperger’s disorder to a control TD group, on a reciprocal 

button pressing task. Four buttons were lined up horizontally in front of the participants. 

Participants were instructed to start with their index finger on the inner right button and to go 

back and forth to the inner left button. As the participant struck a button, the next button would 

be illuminated. Once per trial, the farther ipsilateral button would be lit up, which the researchers 

called the “oddball” movement. This caused the participants to have to reprogram their 

movement from the preprogrammed plan of the reciprocal task. The authors found that there 

were no differences between the motor executions for either group, however, differences were 

seen during the planning phase. This is an example of differences in executive functions (EF) 

between the groups (see section 2.4 for additional detail). Since the participants knew that there 

would only be one oddball per trial, RT was shorter for the movements after the oddball for the 

TD group. However, RT was longer for the Asperger’s group. This demonstrates a planning cost 

associated with a change in the movement plan. In terms of the ASD group, they showed no 

differences in RT throughout the entire trial, which suggests that the participants with ASD were 

not integrating the information about the oddball movement into their overall movement plan.  

Overall, studying and analyzing RT can be a useful tool to gain information about how we 

plan movements. RT has a long history and has been used in the study of movement planning 

since the early 1800’s with Donders’ work. He used the difference between simple and choice 
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RT to understand the time it takes for cognitive processing. Since then, RT has changed as the 

subtraction of the two conditions was shown to be incorrect (Sternberg, 1969). Presently, RT has 

been used to identify the order in which planning of parameters occurs (Rosenbaum, 1980) as 

well as the time it takes to plan simple versus complex movements (Henry & Rogers, 1960). RT 

has continued to be used as a measure of planning and can also be used to measure the 

differences in planning between different populations (i.e. ASD and TD populations) 

(Glazebrook, Gonzalez, Hansen, & Elliott, 2009; Rinehart et al., 2001). 

2.4 Executive Functions (EF) 

Executive functions (EF) are a concept that were first defined in 1974 by Braddely and Hitch 

and have been described as the ability to form a goal, plan a method to accomplish it, execute the 

plan (i.e. motor program) and achieve the goal (Jurado & Rosselli, 2007). Due to the fact that the 

environment is always changing, an initial plan may not always be correct and therefore an 

important role of EF is to adapt the plan quickly and accurately (Jurado & Rosselli, 2007). A 

good example of this is in elite athletes who have to change their behaviour quickly in response 

to a defender. Previously, athletes were selected for elite training based on their size, however 

this has been shown to be a poor discriminating factor for which children will excel at their sport. 

Verburgh, Scherder, Lange, and Oosterlaan (2014) argued that looking at EF might be a better 

method of predicting future elite athletes. Overall they demonstrated that elite male school-aged 

soccer players (mean age = 11.9) had higher EF than amateur players of the same age. They 

assessed EF through motor inhibition, visuospatial working memory and attention tasks non-

specific to soccer. The motor inhibition task involved participants drawing a bird once a go 

signal appeared and were to stop drawing once a stop signal appeared; however the stop signal 

only appeared on 25% of the trials. The elite boys had a shorter stop signal RT than the amateur 
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boys. When assessing accuracy of false stops (i.e. stopping when there was not a stop cue in 

anticipation of one), the authors found that the elite boys were also more accurate, suggesting 

that their speed was not improved at the cost of their accuracy. These results were consistent 

throughout the other measures of EF tested in this study, supporting the idea that EF is essential 

for success in sports. However, EF is also important for success in our daily lives.  

An inability to adapt to situations in an efficient manner is known as behavioural rigidity 

(“Diagnostic and Statistical Manual of Mental Disorders (DSM-5®),” 2013). Specifically, 

behavioural rigidity is the insistence to maintain the same behaviour in a situation where that 

behaviour is not appropriate. This means that those who have a tendency towards rigidity will 

struggle with making relatively quick changes necessary for movements during sport and 

communication. Behavioural rigidity, or persistence on sameness, is one of the core diagnostic 

signs of ASD (“Diagnostic and Statistical Manual of Mental Disorders (DSM-5®),” 2013). 

Poljac, Hoofs, Princen, and Poljac (2017) used a task-switching paradigm to demonstrate the 

effects/costs of behavioural rigidity for individuals with (n = 38) and without (n = 38) ASD. 

Participants started with both their hands’ index, middle and ring finger on separate buttons. The 

one hand corresponded to answering the shape that would appear on the screen, and the other 

hand corresponded to the location. The hand and task assignment was counterbalanced across 

participants. On a computer screen, three boxes appeared. Participants were told to decide (in 

their head) if they wanted to identify the shape (square, circle or triangle) or the location of the 

shape (right, middle, or left box). The researchers explained that participants should try and 

choose randomly each trial, as though they were flipping a coin. Once decided, participants were 

to press the space bar, after which the shape would appear and participants were told to respond 

as quickly and accurately as possible. The authors found that individuals with ASD had a longer 
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mean run length (i.e. choose the same task more times in a row) than TD participants and had a 

higher frequency of run lengths greater than 5. This result is indicative of the rigidity observed in 

the behaviour of individuals with ASD. More importantly, the authors found that individuals 

with ASD required a longer RT after a switch than TD participants (Poljac et al., 2017). This is 

evidence of the planning costs associated with having higher behavioural rigidity during simple 

button response tasks. 

In terms of more complex movements, Rosenbaum et al. (1990) established a paradigm for 

understanding how individuals plan reach-and-grasp movements in order to finish with an end 

state comfort (i.e. finish in a position with a comfortable joint angle). For example, if you have a 

glass upside down to dry, in order to flip it right side up, one would initially twist their arm 

awkwardly in order to flip the cup and finish with their arm in a comfortable position. To study 

this in a research setting, Rosenbaum et al. (1990) used a wooden dowel painted half black and 

half white resting horizontally on two pegs with the white side facing right. Beside the dowel, on 

either side, was a disk with a hole in the middle for the dowel to fit into. Participants were asked 

to place either the black or white side of the dowel into the left or right disk. All participants 

chose to use an overhand grip to bring the white end of the dowel into both disks, and an 

underhand grip to bring the black side of the dowel into the disks, supporting the hypothesis that 

humans plan to finish in a comfortable position, in other words, for end-state comfort. This same 

basic paradigm was performed in a group of individuals with ASD, individuals with a mild 

learning disability and a TD group (Hughes, 1996). The researchers found that all participants 

ended with a comfortable position during the overhand conditions, however during conditions 

that would be best to use the underhand grip, ASD participants had significantly less transfers 

that ended with a comfortable joint angle than the other two groups. The authors suggest that the 
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results indicate that individuals with ASD have impaired EF, specifically relating to their use of 

external feedback (i.e. vision) and coordination/planning of goal-directed sequences during novel 

tasks. 

Another group of researchers extended the above work using a tool passing task to assess 

how individuals with (Gonzalez, Glazebrook, Studenka, & Lyons, 2013) and without (Gonzalez, 

Studenka, Glazebrook, & Lyons, 2011) ASD plan joint action tool passing tasks with another 

person. Joint action was defined as the ability to complete a task with the help of another 

individual (Gonzalez et al., 2011). For example, if there is a tool that you need across the room 

near your friend, you might ask your friend to pick up the tool and pass it to you. Similar to 

Rosenbaum’s work, the main dependent variable was end state comfort. Due to the fact that this 

study involved joint action, the researchers also measured the beginning state comfort of the 

confederate, who the tool was passed to. The beginning state comfort was defined as the amount 

of manipulations the individual receiving the tool needed to make in order to use the object. 

Individuals with ASD demonstrated end-state comfort between 65-100% of the trials (Gonzalez 

et al., 2013), whereas TD individuals demonstrated it 100% of the time (Gonzalez et al., 2011). 

When the intention of the confederate was to use the tool, participants with ASD facilitated the 

beginning state comfort of the confederate, occasionally, by inconveniencing their own end-state 

comfort (Gonzalez et al., 2013). It is important to highlight that for the TD group, all participants 

performed in a similar manner, however for the ASD group different patterns of motor planning 

were observed. For example, some ASD participants interacted like the TD individuals by 

always maintaining end-state comfort and facilitating beginning state comfort, however others 

never altered how they moved the tool and others interacted randomly with no identifiable reason 

for their choice of over-hand or underhand grip. The authors concluded from these results that 
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the between and within participant variability for the ASD group was much greater, and that 

individuals with ASD plan motor sequences differently than TD individuals. Further exploration 

is needed to understand the specific differences. 

2.5 Vision and Goal-Directed Actions 

Vision plays a large role in configuring our motor programs. Vision allows us to input 

specific parameters into our motor programs (Brouwer, Franz, & Gegenfurtner, 2009). For 

example, when reaching for a cup of coffee, we use vision to adjust our grip and to know where 

the cup is located. Humans also use vision throughout a reaching or pointing movement to make 

inflight corrections to the reach (Elliott & Allard, 1985). Although other senses can influence and 

help with these processes, vision is a key and preferred source of sensory input as endpoint 

variability is consistently larger when movements are performed without online visual feedback 

(Elliott & Allard, 1985; Glazebrook et al., 2009; Khanafer & Cressman, 2014).  

Visual information located in the center of our view, known as the fovea and parafovea, 

covers approximately 1-5 degrees of eccentricity and, and has the highest visual resolution. This 

means that the visual information is the clearest and most defined on the retina. Visual 

information located in the peripheral field of view covers all vision beyond the parafovea, and 

has less visual resolution (Larson & Loschky, 2009). When we are viewing a natural scene, all 

information from the fovea, parafovea and peripheral vision is used and each region of 

information is important for different purposes. The fovea and parafovea are used for quick and 

specific viewing of an individual or an object. For example, O’Regan & Jacobs (1992) found that 

when identifying if a word is real or fake, there is an optimal viewing position (OVP) near the 

middle, or slightly left of the middle, of the word in which processing of the word takes the 

shortest amount of time. They found that for every letter deviation away from the OVP, 
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participants took 20ms longer to respond, indicating the importance of having information 

focused in the fovea for a reading task. Foulsham and Kingstone (2013) found that when looking 

at a picture of an object, participants also tended to gaze upon the center of the object and had the 

shortest RT for identifying if the object was real or fake when the picture was in the center of the 

screen focused in their foveal vision.  

On the other hand, peripheral vision, helps guide eye movements to important objects around 

a scene and away from distractors (Yamamoto & Philbeck, 2013). Gribble, Everling, Ford, and 

Mattar (2002) assessed RT of the eye and hand as well as electromyography (EMG) of the 

deltoid and pectoralis major muscles to assess the order of events that occur during a reach. The 

participants performed two types of pointing tasks: 1) a gap task, where the fixation cross was 

extinguished at movement onset; and 2) an overlap condition, where the fixation cross remained 

visible the entire movement. The saccade movement was always initiated approximately 10-

20ms prior to movement onset of the hand. Interestingly, EMG onset preceded the saccade onset, 

and the magnitude of EMG activity was correlated with direction and amplitude of the 

movement. The authors propose that the arm movement direction and distance are input into the 

motor program prior to any saccade movements. This order of events suggests that enough 

information is gained through the peripheral field of view that some parameters are input into the 

GMP. Therefore, the main benefit of the saccade movement to the target is to bring the fovea 

onto the target. This allows for online corrections via visual feedback, which subsequently 

increases the spatial accuracy of the hand movement. 

Once information is acquired through vision, it is processed and incorporated into our motor 

program. Similar to the idea of a hierarchical organization of information regarding the arm, 

extent and direction of a movement, knowledge of having vision can also affect our movement 
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plan. A study using the Rosenbaum et al. (1980) idea of precuing thought to explore how RT, 

and movement time (MT) would be affected if the knowledge or uncertainty of having vision or 

having vision occluded was one of the precues (Hansen, Glazebrook, Anson, Weeks, & Elliott, 

2006). The participants sat at a table with two targets. As precues, the targets changed colours to 

green, yellow or red, indicating to the participant that vision would be given, unknown, or taken 

away, respectively. If only one target changed colour, that indicated a simple RT task where only 

that target would appear, but if both targets changed colour, either target could appear (choice 

RT task). The main result of this study was found during the simple RT condition where the 

participant was certain that vision would be available. In this condition RT was shorter and the 

MT was longer than in any of the other trials. Kinematic analysis of the movement found that the 

majority of time was spent in the second part of the movement after peak velocity, during the 

phase of the movement needed for accuracy and online corrections (Hansen et al., 2006). This 

study suggests that when participants are certain that vision will be present throughout a 

movement they engage in less preplanning (i.e. shorter RT) and therefore more online 

corrections are needed to maintain accuracy (i.e. longer MT).  

In a study with an ASD population (Glazebrook et al., 2009), vision was either available or 

occluded after movement initiation. Targets were located on the left or right side of a button box 

and participants were either informed about which side the target would appear (blocked 

condition) or told nothing (random condition). Both groups had longer RT when vision was 

occluded compared to when vision was available. Interestingly, individuals with ASD had 

shorter MT when vision was occluded. The authors suggest that based on the fact that there were 

no differences between groups for the time to peak velocity over MT ratio, that individuals with 

ASD significantly reduced their velocity throughout the entire movement in order to allow more 
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time for visual processing. This however, did not affect their spatial variability at the target. In 

other words, the participants with ASD could use the visual information, however to do so they 

needed more time when compared to the TD participants (Glazebrook et al., 2009).  

The contribution of vision to the successful execution of goal-directed movements has been 

studied in a variety of contexts. Foveal vision is important for accuracy of viewing specific 

targets, however peripheral vision is important for understanding an entire scene and identifying 

the crucial information that directs a saccade movement. Visual information is generally used to 

navigate through our environment, and to help plan our movements. Therefore it is important to 

understand the connection and coordination between our eye and limbs.  

2.6 Eye-Hand Coordination 

It is evident in the literature and in everyday life that eye and hand movements are highly 

coordinated. We learn to look before we can move, and eventually, throughout the first year of 

life infants learn to coordinate what they see with pointing and gestures (Martins et al., 2014; 

Mateus et al., 2013). Joint attention is a skill that is developed during the first few years of life 

and involves coordinating the attention of two of more individuals towards an object or a goal 

(Meindl & Cannella-Malone, 2011). This can involve pointing at an object to share interest (i.e. 

declarative pointing) which is a more complex joint-attention task than pointing to request for an 

object (i.e. imperative pointing; Baron-Cohen et al., 2000). There is consistent evidence that 

along with differences in social communication, joint attention behaviours develop differently in 

individuals with ASD (Meindl and Cannella-Malone, 2011). 

As we get older our coordination improves and we use actions in the form of body language 

and for more advanced social communication. Biguer, Jeannerod, and Prablanc (1982) reported a 

latency of approximately 20-30ms from the time of the first saccade to a target (measured using 
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EOG) until the neck, and biceps muscles begin muscle activation (measured using EMG) 

towards a target 40º from the center position. These results demonstrate that the purpose of the 

eye movement is to provide information for the hand to be accurate. Optical illusions have also 

been used to study eye-hand coordination. In some cases, this means that the eye and hand may 

not be completely planned and coordinated together (Binsted & Elliott, 1999; Binsted, Chua, 

Helsen, & Elliott, 2001). Sailer, Eggert, Ditterich, and Straube (2000) thought that the type of 

task might influence the degree of coordination between the motor programs of the eye and hand. 

They looked at both spatial and temporal aspects of six different eye-hand coordination tasks. 

Three of the tasks were reflexive (steps with persisting target, steps with flashing target and pro-

movements) and three of the tasks were intentional movements (memory, scanning and anti-

movements). In the steps task, participants were to saccade and manually move their hand 

towards a target. Once the target was reached another would appear and the participant was to 

move towards that target. This continued for 100 trials. In the pro-movement task, the 

participants started by fixating on a dot and were instructed to move their eyes and hand towards 

a target that would appear on the left or right of the fixation. The memory task involved a target 

appearing, disappearing and then the participant made their movement to the location of the 

disappeared target. The scanning task had the participant look at five targets and choose the 

brightest one. Finally, the anti-movement task, similar to the pro-movement, had the participant 

move to the mirrored side of the cue. Correlational analysis of the latencies showed that the eye 

and hand are more temporally coupled when moving to intentional targets verses reflexive 

targets. Correlational analysis of the normalized errors showed very low correlations between the 

six conditions. Sailer et al. (2000) results demonstrate that different types of tasks require 
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different amounts of coordination between the eye and hand motor systems, supporting the two 

motor systems hypothesis that there are different movement plans for the eye and for the hand. 

Glazebrook et al., (2009) explored how the eye and hand are coordinated in both TD and 

ASD populations in their vision experiment. During this experiment participants wore a head 

mounted eye-tracker and performed goal-directed reaching movements to buttons indicated by a 

light-emitting diode (LED). The results indicated that eye alone movements had shorter saccade 

RT than eye-hand movements. For saccade MT, ASD individuals with a higher verbal age took 

longer to execute their eye movements during the eye-hand coordinated tasks. The ASD group 

also had a longer hand RT and increased RT variability from trial-to-trial compared to the TD 

group. In support of these findings, Crippa, Forti, Perego, and Molteni (2013) assessed children 

with and without ASD on an eyes only task, a button press task and a pointing with a stick task. 

Using eye-tracking, the researchers were able to identify the total response time (i.e. the sum of 

RT and MT) of both the eye and the hand movements. Both groups had the shortest RT during 

the simple eyes only task and the longest RT during the complex pointing task. Furthermore, 

both groups of authors suggest that the ASD group had a weaker eye-hand coordination 

correlation than the TD group (Crippa et al., 2013; Glazebrook et al., 2009). 

In opposition to the above studies, Tipper et al. (2001) assessed saccade trajectories with and 

without subsequent hand movements from one target to another with a visual start cue located 

near the hand start position or near the start fixation cue where the eye started the trial. 

Regardless of condition, the researchers found that saccade RT and MT were faster during the 

eye-hand coordination tasks compared to the saccade only tasks. Furthermore, van Donkelaar 

and Staub (2000) found that hand movements had increased accuracy (i.e. increased target hits) 

and efficiency (i.e. increased target undershoots) when coordinated with eye movements 
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compared to when the hand movement was completed alone (i.e. eyes maintained fixated and did 

not saccade). These latter studies suggest that eye movements occur more efficiently when 

coordinated with the hand in order to improve the efficiency and accuracy of the hand 

movement. However, the authors of the former studies (Crippa et al., 2013; Glazebrook et al., 

2009) suggest that eye movements alone are simpler than eye-hand coordinated tasks and 

therefore have a shorter RT than when coordinated with the hand. In the former studies, the task 

was explicit to reach for the target or press the button. In the latter study by Tipper et al. (2001), 

the start light was located either near the hand or near the end start in order to attempt to distract 

the participant. It is possible that the attention given towards the start light and the instructions 

given to the participant can explain these discrepancies in RT. 

2.7 Audiovisual Integration 

Auditory information is used more than we are generally aware of. On its own, the auditory 

modality can provide information about our surroundings, from location of individuals around us 

to temporal aspects of speech (Haywood, 2014). When stimuli from different modalities are 

presented (for example, visual, auditory and/or somatosensory), the stimuli are integrated in the 

brain to help the efficiency and accuracy of our motor program (Meredith & Stein, 1986). This 

integration can be beneficial to our movements, but can also be disruptive to a movement in 

certain scenarios. For example, Stein and colleagues (1989) trained cats to walk towards a visual 

target. When an auditory stimulus was presented at the same location as the visual stimulus, the 

number of correct responses increased by more than the sum of the two stimuli separately. 

However, when the stimuli were presented at different locations, the number of correct responses 

decreased (Stein et al., 1989). Research with human participants added to this literature by 

determining that even when the unimodal stimuli were below the threshold to be individually 



22 

 

detected, the detectability of the stimuli was significantly increased when presented together with 

a secondary stimulus (Bolognini et al., 2004).  

Practically speaking, audiovisual stimuli show a similar pattern of beneficial and distraction 

effects during speech perception. Speech is an example of a multisensory form of 

communication that requires integration of what we see, hear, and feel. Multisensory stimuli can 

improve our perception of speech, especially when the auditory volume is low (Sumby & 

Pollack, 1954), but it can also be distracting if the two stimuli are incongruent (Mcgurk & 

Macdonald, 1976; Paré et al., 2003). Another well-known phenomenon in audiovisual 

integration research is the ventriloquism effect. This effect is seen when individuals perceive an 

auditory stimulus to be coming from the location of a visual stimulus when the auditory stimulus 

is at a different location, for example when watching TV, or watching a performer and his puppet 

converse (Alais & Burr, 2004). This demonstrates that the auditory and visual regions of the 

brain are highly connected, work together to form an understanding of our surroundings, and that 

the integration between these areas occurs non-consciously. 

Integration of the auditory and visual modalities can also be used for the recognition of a 

stimulus, which is a basic tool during communication. Molholm, Ritter, Javitt, and Foxe (2004) 

presented their participants with four different conditions: pictures alone, sounds alone, matched 

auditory and visual stimuli or unmatched auditory and visual stimuli. The pictures were line 

drawings of eight animals presented on a computer monitor. The sounds were complementary 

animal noises, played with the same frequency and for the same amount of time. When 

multisensory congruent stimuli were presented, participants had a significantly faster RT and rate 

of accuracy than when either a single sensory stimulus was presented or when a multisensory 

incongruent target was presented. In a study with ASD and TD participants, the researchers 
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presented three conditions: visual only, auditory only and bimodal stimuli (Stewart et al., 2016). 

The visual image was a dot located in one of two boxes vertically on the screen and the auditory 

cue was either a high or low note. The bimodal stimulus was always congruent. The participants 

were instructed to reach for the target as quickly and accurately as possible. In this study the 

researchers found that the ASD group did not significantly differ in terms of RT for this 

experiment and suggested that there is no difference in audiovisual integration for individuals 

with ASD during non-social scenarios, however a scenario such as this with a social stimulus has 

not yet been completed. In summary, auditory information plays an important role in our how we 

construct the world around us and in how we communicate with others and the environment.  

2.8 Summary of Literature Review 

Kinesiology is the study of human movement. Among other things, it teaches us about how 

we interact and communicate with each other and our environment through walking, talking, 

reaching, and pointing (Keele, 1968). Communication is a complex behaviour with many 

variables, making it challenging to study in its entirety. As a result many researchers have 

focused on studying the individual components of communication. For example, in order to 

communicate, we must use our visual information from both peripheral and foveal vision, 

acquired in part via rapid eye movements (i.e. saccades), and create a movement plan that is both 

appropriate and efficient. In order to make our plan the most efficient, we integrate different 

modalities, such as audition. Once our movement plan has been created, we execute the 

movement to accomplish our goal. In the present literature review I discussed how we could use 

reaction time (RT) to understand how we plan motor programs in response to the information we 

are given. RT is the time from the onset of a stimulus until the start of movement, which 

represents the time it takes to prepare and implement the motor program. Using the information 
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processing theory of human movement, we know that variables acquired from sensory 

information are input into a generalized motor program (GMP). By manipulating the task 

complexity (Henry & Rogers 1960) or the information about the response (Rosenbaum, 1980), 

RT will change, demonstrating that RT is a good measure of understanding how we plan and 

organize our movement plans. 

Executive functions (EF) are the neurological processes that allow us the ability to form a 

goal-oriented motor plan as well as change that plan and adapt it to different scenarios in a 

timely manner (Jurado & Rosselli, 2007). EF is important during sports (Verburgh et al., 2014) 

as well as everyday activities (Jurado & Rosselli, 2007) and has been shown to be weaker in 

individuals with ASD, specifically in the behavioural rigidity aspect (Poljac et al., 2017). 

Effectively using visual information to plan a complex sequence of movements (Brady et al., 

2017; Gonzalez et al., 2013; Hughes, 1996) is also difficult, which can hinder an individual with 

ASD from adapting their motor program efficiently. 

The importance of vision was then discussed in more detail in relation to the role it plays in 

movement planning. It is well documented that information located in our foveal vision has the 

highest resolution and therefore takes the shortest amount of time to process (Foulsham & 

Kingstone, 2013; O’Regan & Jacobs, 1992). Peripheral vision has a lower resolution compared 

to foveal vision, however peripheral vision is important for providing information about where 

saccade movements should go in order to make the most efficient and accurate movements that 

centre the target on the fovea (Gribble et al., 2002; Yamamoto & Philbeck, 2013). When vision 

is taken away, accuracy of aiming movements is significantly reduced (Elliott & Allard, 1985) 

demonstrating the importance of our visual modality when configuring and executing our motor 

programs. Interestingly, there are conflicting studies demonstrating the planning of our eye 
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movements when they occur alone versus when they occur in coordination with our hand. Crippa 

et al. (2013) and Glazebrook et al. (2009) both found that total response time or RT was shortest 

during eye only movements and was longest during eye-hand coordinated movements. This is 

supported by the notion that simpler movements with less muscle activation have shorter RT 

(Henry & Rogers, 1960). On the other hand, Tipper et al. (2001) found that RT was shortest 

during eye-hand coordinated tasks and longer during eye only movements. This could be due to 

the visual distraction used in the latter study, or the instructions given to the participant. It is 

currently unknown if the eye and hand have separate movement plans or if they are one 

coordinated plan, however what is known is that different types of movements have different 

degrees of coordination between the two movements (Sailer et al., 2000). 

Finally, I discussed the importance of integration between auditory and visual information in 

a goal-oriented movement. When visual and auditory information are presented together and 

with the same information, it is beneficial to our movement plan. However, when presented at 

different locations, or when providing conflicting information, our performance on a task is 

hindered (Mcgurk & Macdonald, 1976; Molholm et al., 2004; Stein et al., 1989).  

The purpose of the above literature review was to incorporate the current literature regarding 

social communication and to identify the gaps in areas that need further study. No study to my 

knowledge has combined eye-hand coordination, choice RT, and audiovisual integration, which 

are all important aspects of communication, into a comprehensive experiment in order to better 

understand how we use auditory information during tasks that require different complexities of 

eye-hand coordination. Throughout the literature review, I also included literature demonstrating 

how individuals with autism spectrum disorders (ASD) perform on similar tasks. Autism 

spectrum disorder is a developmental disorder that is identified by poor social communication 



26 

 

skills and repetitive behaviours (“Diagnostic and Statistical Manual of Mental Disorders (DSM-

5®),” 2013). Traits of ASD range on a spectrum and therefore can be seen in part in the typically 

developing (TD) population. The present study is important for understanding how TD 

individuals use multisensory information to plan for social-type movements and how differences 

in planning correlate to phenotypic traits of ASD. This research can inform the design of future 

studies looking at improvement in motor skills, social skills and quality of life in individuals with 

ASD. 
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3.0 Purpose 

The purpose of the present experiment was two-fold: (1) to understand how individuals 

respond to a choice visual target located in peripheral vision indicated by an auditory or visual 

stimulus and (2) to correlate motor performance on this task to their self-reported social 

communication skills. This study specifically examined how individuals integrated bimodal 

stimuli to interact with their environment using an ocular and/or peripheral motor response to a 

target. We assessed how the different combinations of cue (auditory or visual) and response 

complexity (i.e. eyes-only, button press or point) influence movement planning and execution. 

We also investigated how the preparation and execution of these responses related to the results 

to the Broad Autism Phenotype Questionnaire (BAPQ) sections: aloofness, rigidity and 

pragmatic language.  
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4.0 Hypotheses 

Based on the literature review above, I hypothesized that (1) the EO condition will have the 

longest saccade RT of the three conditions, followed by the EP and EB conditions respectively. 

In terms of the hand, the EP condition will have a longer RT than the EB condition. (2) I 

hypothesize that the saccade MT for the EO condition will be the longest, followed by the EB 

and EP conditions. In terms of the BAPQ results, I hypothesized that (3) traits of behavioural 

rigidity will correlate with RT and MT data, such that longer RT and MT will be indicative of 

higher behavioural rigidity. (4) I hypothesize that higher aloof behavioural traits will correlate 

with a longer RT and MT during the pointing conditions due to less practice in social situations. 

Finally, (5) I hypothesize that pragmatic language will correlate with the visual conditions such 

that individuals with higher pragmatic language scores will have shorter RT and MT during the 

visual conditions for both saccade and hand movements. The latter hypothesis stems from the 

fact pragmatic language skills are dependent on understanding and integration of auditory 

information and therefore those with less pragmatic language skills may rely more on their visual 

modality during social situations.  
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5.0 Methods 

5.1 Participants 

Twenty-four typically developing (TD) individuals (12 male, 12 female, mean age = 25.1 

years; SD=4.42) were recruited. All participants self-reported having normal, or corrected-to-

normal vision and normal hearing. Twenty-two participants self-reported being right-handed and 

two self-reported being left-handed. Participants were asked about concussion history in the past 

6 months, of which, 3 reported mild concussions to which they were asymptomatic and therefore 

were included in the analysis. The decision to keep the participants in statistical analysis was 

made by assessing the means with and without these participants. One participant reported an 

elbow injury that was only symptomatic during heavy lifting exercises (Table 1). All participants 

provided informed consent before the start of the experiment (Appendix A). Participants were 

recruited through posters around the Fort Garry campus at the University of Manitoba and 

through word of mouth. Participants received a $10 Tim Horton’s gift card to thank them for 

their time. All procedures were approved by the University of Manitoba Education/Nursing 

Research Ethics Board (Appendix B). 

 

 

Table 1: Summary of demographics  

Sex 12 Female/12 Male 

Self-Reported handedness 22 Right/ 2 Left 

Immediate family members with ASD 22 No/2 Yes 

Injuries/Concussions in the past 6 months 20 No/ 3 Mild concussion/ 1 elbow injury 

Age 

Mean age = 25.1±4.42 years  

Range = 19 - 33 
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5.2 Apparatus 

Participants sat in front of a 22 inch touch screen monitor (CNE, Gainsville, FL; resolution = 

1920 x 1080 pixels, refresh rate = 60Hz) positioned on a height adjustable table. Participants 

placed their forehead in the eye-tracker head rest (Figure 1). Gaze behaviour of the right eye was 

tracked using the EyeLink 1000plus system configured in the tower arm mount (SR Research 

Ltd., Ottawa, ON; accuracy = up to 0.25º - 0.5º visual angle; 500 Hz collection frequency) 

located on a separate height adjustable table adjacent to the participant (lower table to the left of 

the participant in figure 1). A separate table was used to remove any noise and/or shaking of the 

camera that would have occurred from pressing the buttons or touching the monitor. The buttons 

were custom built from micro-switches inserted into high-density foam and wired into a parallel 

port. Visual and auditory stimuli were presented using Experiment Builder (SR Research Ltd., 

Ottawa, ON).  

 

 
Fig. 1: Participant in head rest of eye tracker. 
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5.3 Procedure 

Prior to all blocks, the eye tracker was calibrated (21 participants were calibrated with a 9-

point calibration procedure, 2 participants were calibrated using a 3-point horizontal calibration, 

and 1 participant was calibrated with a 9-point on 2 blocks and a 3-point on the other 4 blocks). 

The 9-point calibration was the standard calibration that was used for all participants. 

Participants were instructed to look at the dot that appeared on the screen. The dots appeared in a 

3 by 3 box. With some participants, the camera could not track the eye to the bottom three points 

of the calibration. The 3-point calibration allowed the eye-tracker to track movements in the x-

axis using the horizontal middle three points, however data in the y-axis was not recorded. Due 

to the fact that the images during the experiment were all located along the x-axis, participants 

were not excluded from the study if they could not complete the 9-point calibration.  

An instruction screen began each trial. Once the participants indicated that they were ready, a 

fixation cross (5.41cm × 5.41cm; stroke width = 0.15cm) appeared in the middle of the screen 

for a randomized period of time (800, 900, 1000, 1100, 1200ms). This was followed by two 

randomly selected animal pictures (dog, cat, horse, cow or chicken; 2.0cm × 2.0cm) (Snodgrass 

& Vanderwart, 1980) located with a visual angle of 2°, 18.3° into the peripheral vision of the 

participant (Figure 2). The images appeared on the left and right sides of the screen 16.5 cm 

away from the center fixation (see Figure 3 for schematic of the trial procedure). All participants 

completed the three different motor response tasks with two different cue modalities. 
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The first motor task asked the participants to move their eyes only to the image indicated by 

the sound (Aud_EO) or by the image in the center of the screen (Vis_EO). In this condition, 

participants moved their eyes to the image that corresponded with the cue as quickly and 

accurately as possible and maintained their fixation on the chosen target until the end of the trial 

(each picture was presented for 1500ms).  

The second condition asked participants to press a button with their left or right index finger 

corresponding to the correct image indicated by the sound (Aud_EB) or the image in the center 

of the screen (Vis_EB). In this condition, participants started with both their index fingers resting 

on home buttons (as seen in Figure 1). When the image and cue were presented, the participant 

responded by pressing the correct button as quickly and accurately as possible. 

Fig. 2: Visual angle of the images 
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In the final condition, participants were asked to point to the correct image on the touch 

screen monitor indicated by the sound (Aud_EP) or the visual cue (Vis_EP). In this condition the 

button board was shifted over so that one of the buttons was in the centre, acting as a home 

position. The participant started with their finger pressing the home button and responded to the 

correct target by releasing the button and pressing the touch screen monitor in the location of the 

correct target. Participants were instructed to only use their dominant hand during this condition.  

 

Participants completed 6 blocks of 39 trials for a total of 234 trials. Participants were given 

one practice trial for each block, which was not included in the analysis. Each block contained 

one cue type and one movement complexity (E.g., Visual, Button Press). Blocks consisted of 

Fig 3: Schematic diagram of the trial procedure 
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five animal images facing left and right for a total of 10 different images presented randomly. 

Blocks were counterbalanced between participants, and trials were randomized within each block 

so that every image was the correct target twice on the right and twice on the left side of the 

screen. Following the experiment, participants filled out the Broad Autism Phenotype 

Questionnaire (BAPQ) (Hurley et al., 2007) (Appendix C). The questionnaire is a validated 

assessment of behavioural rigidity, aloofness and pragmatic language. The questionnaire was 

validated in a TD population of parents of children with ASD. The questionnaire is not a 

diagnostic tool for ASD. Instead, it may act as an indication that some social communication 

traits of an individual have phenotypic similarities to individuals with ASD. The questionnaire 

assesses three types of social communication behaviours: (1) Rigidity, which is defined as one’s 

ability to adapt their behaviours quickly and efficiently (Poljac et al., 2017). Questions relating to 

this section included “I am comfortable with unexpected change in plans.” (2) Aloofness, which 

refers to an individual’s alertness to social cues and their enjoyment during social situations. 

Those who are more aloof are more shy and withdrawn from social interaction (Schriber, Robins, 

& Solomon, 2014). An example of a questions assessing aloof behaviour is “I enjoy being in 

social situations.” (3) The last section is pragmatic language, which refers to an individual’s 

communication skills specifically during social situations. This section includes questions such 

as “People ask me to repeat things I’ve said because they don’t understand.” The questions are 

rated on a 6-point scale with 1 meaning very rarely and 6 meaning very often. The total 

experiment took approximate one hour to complete and participants were given breaks as often 

as needed to reduce fatigue.  

5.4 Data Analysis 
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The main dependent variables were reaction time (RT) and movement time (MT) of the 

saccade and hand movements. Mean RT is an indication of the time it takes to plan the 

movement, whereas the mean MT is the time of execution of the movement. Variability of these 

measures (standard deviation) can give an indication of the proficiency and difficulty of the 

planning and execution of the movements. RT for saccades in all conditions was measured by 

taking the time from the onset of the picture until the start time of the first saccade. Saccade MT 

in all conditions was measured as the time of initiation of the first saccade until the start time of 

the final fixation. This MT measure includes the total time of the movement, including the time 

for corrective saccades made after the initial saccade to the target. During the EB condition, hand 

RT was measured by the response time, which was calculated from the time of picture onset until 

the time the button is pressed. Left and right hand responses were collapsed and analysed 

together, as differences in hand or visual hemispace were not an immediate question in the 

present study. Hand RT during the EP condition was calculated from the time of picture onset 

until the release of the home button. Hand MT for the EP condition was calculated as the time 

from the release of the home button until the time the finger touches the screen. In order to 

remove outliers, trials with a saccade RTs shorter than 85ms and hand RT shorter than 100ms, 

along with trials with a RT or MT greater or less than 2.5 standard deviations about the mean, 

were removed prior to statistical analysis (Glazebrook et al., 2009). 

A 2 modality (visual, auditory) x 3 response type (EO, EB, EP) repeated measures ANOVA 

was used to analyze the data for the saccade RT and MT. A 2 modality (visual, auditory) x 2 

response type (EB, EP) repeated measures ANOVA was used to analyze hand RT. A t-test was 

used for hand MT (Auditory, Visual). Tukey’s Honestly Significant Difference (HSD) post hoc 

analysis was used to further investigate any main effects or interactions with more than two 
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means. In addition, a simple regression analysis was used to assess the relationship between the 

RT and MT results and the BAPQ aloofness, rigidity, and pragmatic language scores. 
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6.0 Results 

6.1 Motor Planning: Reaction Time 

Approximately 10.5 ± 3.5% of trials were removed from each participant (range = 5.6 - 

18.3%). More trials were removed from the pointing conditions (13.6%) compared to the eyes-

only conditions (6.8%). More than half of removed trials in the point conditions (8.5%) and eyes-

only conditions (4.6%) were removed due to anticipations (a saccade RT less than 85ms).  

Mean saccade RT is shown in Figure 4. There were significant main effects of cue modality, 

F(1, 23) = 15.26, p < 0.001, movement condition, F(2, 46) = 20.86, p < 0.001, and a significant 

interaction between cue modality and movement condition, F(2, 46) = 7.83, p < 0.005. Post hoc 

analysis of the interaction revealed a significant difference between the auditory and visual cues 

such that the visual cue elicited a shorter RT than the auditory cue for all movement conditions. 

The post hoc analysis also revealed a significant difference between the auditory and visual EO 

condition and the auditory and visual EB and EP conditions. Overall RT was longer in the EO 

condition and this difference was largest when the cue modality was auditory. 
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Fig. 4: Mean saccade RT as a function of cue and movement type. Significance between cue are 

indicated by *, significance between movement conditions are indicated by **. Error bars 

represent standard error of the mean (SEM). 

Analysis of the variability of saccade RT (Figure 5) revealed significant main effects of 

cue modality, F(1, 23) = 47.58, p < 0.001, and movement condition, F(2, 46) = 10.40, p < 0.001, 

and a significant interaction between cue modality and movement condition, F(2, 46) = 4.14, p < 

0.05. Post hoc analysis revealed a significant difference between the auditory and visual cues 

such that the visual cue had less RT variability in all conditions. There was also a significant 

difference between the auditory EB and the other two conditions, and the visual EO and the other 

two conditions. The auditory EB had significantly less variability than the other auditory 

conditions, and the visual EO had significantly more variability than the other visual conditions.  
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Fig. 5: Variability of saccade RT for the interaction between the cue and movement condition. 

Significance between cue are indicated by *, significance between movement conditions are 

indicated by **. Error bars represent SEM. 

Analysis of mean hand RT (Figure 6) revealed a significant main effect of cue modality, 

F(1, 23) = 137.23, p < 0.001, and movement condition, F(1, 23) = 30.83, p < 0.001. RT was 

shorter for the visual cue compared to the auditory cue. RT was also shorter during the point 

condition compared to the button press. 

 
Fig. 6: Mean hand RT – Significant difference between the cue modality indicated by * and the 

movement condition indicated by **. Error bars represent SEM. 
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Variability of hand RT is illustrated in Figure 7. There was a significant main effect of 

cue modality, F(1, 23) = 98.80, p < 0.001, and movement condition, F(1, 23) = 32.98, p < 0.001. 

Similar to the above analysis, the visual cue and the point condition corresponded to a shorter RT 

than the auditory cue and the button press, respectively. 

 
Fig. 7: Variability of hand RT - Significant difference between the cue modality indicated by * 

and the movement condition indicated by **. Error bars represent SEM. 

6.2 Motor Execution: Movement Time 
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10.11, p < 0.005, and movement condition, F(2, 46) = 67.33, p < 0.001, as well as a significant 
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cue in the EB and EP conditions only. There was also a significant difference between all the 

movement conditions such that the EB condition had the shortest saccade MT, followed by EP 

and then EO condition. 

 
Fig. 8: Mean saccade MT for the interaction between the cue modality and movement condition. 

Significant differences between cue modality are indicated by *, significance between movement 

conditions are indicated by **. Error bars represent SEM. 

Analysis of the variability of the saccade MT revealed a main effect of movement type, 

F(2, 46) = 83.73, p < 0.001, (Figure 9). The button press condition had the least variability 
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Fig. 9: Variability of saccade MT – Significant differences between movement conditions are 

indicated by *. Error bars represent SEM. 

 Hand movement time was measured for the point condition only. A t-test revealed no 

significant effect of cue modality for the mean (t = 0.675, p = 0.42) or standard deviation (t = 

2.677, p = 0.12) of hand MT.  

6.3 Correlation between BAPQ and movement data 

The Broad Autism Phenotype Questionnaire (BAPQ) is split into three subsections: 

rigidity, aloofness and pragmatic language (Hurley et al., 2007). Scores from the total and the 

individual subsections were correlated with the mean and standard deviation of RT and MT data 

for each condition. Significant correlations are illustrated below. Table 2 presents the scores on 

the BAPQ for each participant. The mean scores for aloofness, rigidity, pragmatic language, and 

the total BAPQ were 2.52, 2.52, 2.56, and 2.49, respectively. There are 12 questions per section 

for a total of 36 questions on the BAPQ. Each question is rated on a 6-point scale with 1 meaning 

I very rarely agree and 6 mean I very often agree with the question. The scores are an average of 

the questions per section and for the total. The authors of the BAPQ determined cut-off points 

for sensitivity and specificity of the questionnaire. They report that the cut-off values are 3.25, 
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3.50, 2.75 and 3.15 for aloofness, rigidity, pragmatic language, and the total BAPQ scores, 

respectively (Hurley et al., 2007).  

Table 2: Broad Autism Phenotype Questionnaire (BAPQ) Scores by participant 

Participant ID Aloofness Rigidity Pragmatic 

Language 

Total 

00 2.75 3.17 3.08 2.00 

01 2.50 2.83 2.25 2.42 

02 1.81 2.08 1.58 1.75 

03 2.97 3.00 2.50 3.42 

04 2.39 2.33 2.67 2.17 

05 2.03 2.08 2.17 1.83 

06 2.67 2.92 2.58 2.5 

07 1.97 1.25 2.08 2.58 

08 2.89 2.83 2.83 3.00 

09 2.22 2.33 2.50 1.83 

10 2.31 2.00 2.17 2.75 

11 2.36 2.00 2.58 2.50 

12 2.50 2.92 2.25 2.33 

13 2.17 2.33 2.17 2.00 

14 2.81 3.42 2.75 2.25 

15 2.89 2.42 3.67 2.58 

16 2.50 2.00 2.42 3.08 

17 2.69 2.58 2.25 3.25 
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18 3.14 3.33 3.17 2.92 

19 3.03 2.67 4.08 2.33 

20 2.36 2.08 2.42 2.58 

21 3.28 3.42 2.42 4.00 

22 2.36 2.5 2.92 1.67 

23 1.97 2.00 2.00 1.92 

 

A simple regression analysis demonstrated a positive correlation between the mean 

saccade RT and the BAPQ rigidity score during the auditory eyes only condition, R2 = 0.176 

(medium effect size according to Cohen’s D (Wilcox, 2006)), F(1, 22) = 4.70, p < 0.05 (Figure 

10). This means that individuals who scored higher on the rigidity section of the BAPQ required 

a longer RT for the auditory EO condition. 

 
Fig. 10: Correlation between mean saccade RT and the BAPQ rigidity score during the auditory 

eyes only condition, R2 = 0.176. 
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A simple regression analysis demonstrated a positive correlation between the variability 

of saccade RT and the BAPQ aloofness score during the auditory point condition, R2 = 0.167 

(medium effect size), F(1, 22) = 4.40, p < 0.05, (Figure 11).  

 
Fig. 11: Correlation between the variability of saccade RT and the BAPQ aloofness score during 

the auditory point condition, R2 = 0.167. 
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the auditory EP, R2 = 0.311 (high effect size), F(1, 22) = 9.95, p < 0.005, and visual EB, R2 = 

0.283 (high effect size), F(1, 22) = 8.66, p < 0.005, and EP, R2 = 0.398 (high effect size), F(1, 

22) = 14.52, p < 0.001, (Figure 12). There was no correlation between the variability of hand RT 

and any of the BAPQ scores. 
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Fig. 12: Correlations between the mean hand RT and the BAPQ pragmatic language during the 

auditory point, visual button press and visual point conditions, R2 Aud_EP= 0.311, R2 Vis_EB = 

0.283, R2 Vis_EP = 0.398. 

In terms of MT, there was a significant negative correlation between mean saccade MT 

of the visual EB, R2 = 0.277 (high effect size), F(1, 22) = 8.41, p < 0.01, and visual EP, R2 = 

0.179 (medium effect size), F(1,22) = 4.81, p < 0.05, and the BAPQ pragmatic language score 

(Figure 13). There was no correlation between the BAPQ and saccade MT variability. 

 
Fig. 13: Correlation between the mean saccade MT and the BAPQ pragmatic language score 

during the visual button and pointing conditions, R2 Vis_EB = 0.277, R2 Vis_EP = 0.179. 
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7.0 Discussion 

The purpose of the present experiment was to explore how typically developing (TD) 

individuals perform eye-hand coordinated choice discrimination tasks of varying complexities 

with either an auditory or visual cue. We were also interested in how self-reported social 

communication skills may affect how we plan and execute movements of different complexities. 

Reaction time and MT were compared across the three conditions to understand the differences 

between planning for tasks of different complexities and different degrees of eye-hand 

coordination. Participant’s motor behaviour was then correlated to scores of behavioural rigidity, 

aloofness and pragmatic language from the Broad Autism Phenotype Questionnaire (BAPQ). 

This analysis was chosen to explore how self-report of one’s social communication abilities is 

related to their motor skills that would be used during social communication. The results of this 

study showed that the visual cue had a shorter RT than the auditory cue, the eyes only condition 

had a longer and more variable RT than the other two conditions, and the button press had a 

longer RT than the point condition. We also found a number of correlations between the sections 

of the BAPQ and RT and MT. Specifically, there was a correlation between mean saccade RT 

and rigidity during the Aud_EO condition, saccade RT variability and aloofness during the 

Aud_EP condition, mean hand RT and pragmatic language during the Aud_EP, Vis_EP and 

Vis_EB and lastly between the mean hand MT and pragmatic language during the Vis_EB and 

Vis_EP. 

7.1 Motor Behaviour 

The main question addressed here is whether a saccade movement alone to a target has a 

longer or shorter RT than a saccade movement coordinated with a hand movement. During real 

world scenarios, we make many rapid eye movements in order to view our surroundings and plan 
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a subsequent peripheral movement. The relationship between the eye and hand was demonstrated 

in the present study since the saccade RT was always shorter than hand RT. In addition, saccade 

RT was significantly shorter when performed in coordination with a pointing movement. In 

rhesus monkeys, saccade movements were shown to have a faster velocity and a shorter MT 

when coordinated with a pointing movement compared to moving in isolation (Snyder, Calton, 

Dickinson, & Lawrence, 2002). In human subjects, both saccade RT and MT were shown to take 

longer when the saccade movement occurred alone compared to similar conditions where the eye 

and hand were coordinated with a point (Tipper et al., 2001). In contrast, Glazebrook et al. 

(2009) found that RT was shorter during the eye only condition compared to the eye-hand 

coordinated pointing and Crippa et al. (2013) found a shorter RT during a looking task compared 

to an eye-hand coordinated button press and point.  

It is possible that differences in tasks and/or instructions may account for the different 

patterns of results. In the present study, we assessed the RT and MT for a saccade only, a button 

press and a pointing condition. Participants were instructed to make their movement to one of 

two targets as quickly and accurately as possible. The saccade only condition had the longest RT 

and MT in support of the former two studies (Snyder et al., 2002; Tipper et al., 2001). The 

purpose of an eye movement during a goal-directed hand movement is to provide the limb with 

all the necessary details to achieve the required accuracy efficiently (Belardinelli, Stepper, & 

Butz, 2016). Therefore the goal of the eye movement during the eye-hand coordinated tasks 

becomes different than during the saccade only task. That is, during the pointing movement, the 

accuracy of the eye does not need to be exactly on the target. Instead, reaching a location close to 

the target on the primary saccade is enough to provide information for the hand motor program. 

The eye can then make subsequent secondary saccades to provide online information. During the 
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eyes only condition, the goal of the saccade movement is to accurately reach the target, which 

may in turn increase the complexity of the task. One explanation is that participants performed 

more spatially accurate saccades during the eyes only condition, which required additional time. 

Another explanation is that the eye-only movement, because of the instructions, is a more novel 

task than the other tasks, which in previous literature has been shown to increase variability 

(Shea & Wulf, 2005). When assessing variability of the saccade RT, there is also a significantly 

higher variability during the eyes only condition. To explore this explanation a future experiment 

could be done that examinins how a different goal for the eye movement can change the RT. For 

example, in the present study, participants were not told anything about where to look during the 

button press or pointing conditions. The instructions were simply to press the button or touch the 

screen at the location of the correct target as quickly and accurately as possible. If the 

experimenter mentioned the eyes reaching the target during the instructions for the button press 

or point conditions then I would hypothesize a longer RT for the saccade movement.  

 Hand RT was longer during the button press than during the point condition. This is not 

in support of the hypothesis that more complex movements need a longer RT. Henry and Rogers 

(1960) demonstrated that the more muscles activated and sequences in a movement, the longer 

the RT will be. In the present study, the button press condition required much less muscle 

activation than the point, however the button press condition required a longer RT. In the current 

experiment, we used a choice/discrimination task where stimuli were located in peripheral 

vision. During a simple RT task humans can preplan some of the information about the location 

of the target in our motor program before the trial begins (Schmidt & Lee, 2011). This gives an 

advantage to the simpler movement. However, we know that peripheral visual information is 

very important for planning movements (Yamamoto & Philbeck, 2013). Therefore, during a 
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choice RT task where information is located in our peripheral vision, the task that requires the 

most eye-hand coordination (i.e. the pointing task) may benefit the most from the peripheral 

vision and be able to incorporate more information in the movement plan for the hand movement 

compared to the button press, which subsequently would result in a shorter RT. In further 

support of this notion, Larson and Loschky (2009) demonstrated that our peripheral information 

is the most important for understanding the ‘gist’ of a scene. The authors suggest that foveal 

vision is more accurate on a pixel by pixel level, but peripheral vision was better for seeing and 

understanding the entire picture that was presented. Neurophysiological data has demonstrated 

that there are different regions of the brain that are activated when reaching towards targets 

located in the peripheries versus fovea. Using fMRI Prado et al. (2005) identified that the medial 

intraparietal sulcus and the caudal/posterior part of the dorsal premotor cortex were used during 

reaching to a central target. The authors identified that the parietooccipital junction and the 

rostral/anterior portion of the premotor cortex were used when reaching towards a peripherally 

located target. Overall, there was a wider range of cortical area being used for peripheral 

reaching. Since visual information travels from the occipital lobe located posteriorly in the 

cortex, to the premotor and then the motor cortex located more anterior, it is a logical assumption 

that eye-hand coordination be enhanced by the greater activation. A future research direction 

should be to examine button press and point movements to targets at different degrees of 

peripheral vision, for example, 5°, 10° and 15° into the periphery. It would be hypothesized that 

the button press would have a shorter RT than the point at 5° condition and a longer RT at 15°.  

7.2 Correlation of motor behaviour to BAPQ 

The second purpose for this study was to examine if and how motor behaviour was correlated 

to the BAPQ. In support of the third hypothesis of this study, the mean saccade RT for the 
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auditory eyes only condition was positively correlated to the rigidity score, meaning that 

individuals who scored higher on the rigidity section of the BAPQ had a longer RT than 

individuals who scored lower. There were no correlations between the rigidity score and the 

other movement conditions. RT is the time needed for movement preparation and includes 

cognitive and motor preparation and can therefore be affected by many different characteristics, 

including attention and stress. Lang, Krátký, Shaver, Jerotijević, and Xygalatas (2015) created a 

high and low stress situation (i.e. public speaking) and measured the anxiety and behavioural 

rigidity of arm movements used during the task. They found that individuals reported more 

anxiety and had a greater amount of behavioural rigidity in the high stress condition compared to 

the low stress condition. The eyes only task is the most novel task out of the three movement 

conditions, which is consistent with the increased RT and variability of RT. The auditory 

condition also adds a level of complexity to this condition as we are asking the participant to use 

auditory information to identify a visual target. If individuals are experiencing increased stress 

during this task, this could explain the correlation. Studies have shown planning costs associated 

with switching tasks for individuals with ASD who have higher behavioural rigidity tendencies 

(Poljac et al., 2017; Van Eylen et al., 2011). A future direction to explore this explanation further 

would be to measure stress through heart rate (Healey & Picard, 2005) or salivary cortisol 

(Isogawa, 2010) during this condition and a less novel task. This could help identify if stress is 

contributing to the increased time needed for cognitive planning in individuals with higher 

behavioural rigidity. 

Aloofness refers to an individual’s likeness for social interaction. Questions in this section of 

the BAPQ asked participants if they enjoy being around people and if they look forward to 

meeting new people. In the present study, a correlation was seen between the aloofness score and 
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the variability of saccade RT during the auditory pointing condition. Individuals who were more 

aloof (i.e. indicated less enjoyment in social situations) had increased variability in their RT 

during the Aud_EP condition. Variability of saccade RT has been seen in patients with 

intellectual disabilities (Haishi, Okuzumi, & Kokubun, 2013) and relatives of individuals with 

ASD (Mosconi et al., 2010). In a review paper by Tamm et al. (2012), the authors highlight that 

RT variability in children with attention deficit hyperactivity disorder (ADHD) has generally 

been associated with reduced attention, cognitive abnormalities and motivation. In the present 

study, the auditory pointing condition is the most complex cognitive task as it requires using 

auditory information to identify a visual target as well as using an arm movement. Due to this, it 

is possible that individuals with more aloofness were most distracted by this task and therefore 

had the greatest amount of variability. 

Another explanation for the increased variability seen in the Aud_EP condition with 

increased aloofness could be that variability is associated with practice. In a study with rhesus 

monkeys, the researchers assess RT and spatial variability of an arm movement and found that 

RT was unchanged by practice of the task, however variability was greatly reduced 

(Georgopoulos, Kalaska, & Massey, 1981). Although no study has assessed the effect of practice 

on RT variability specifically, it is possible that individuals who are more aloof are less practiced 

at eye-hand coordinated tasks. Body language, indicating and requesting (i.e. joint attention) all 

involve an auditory cue being coordinated with a movement, therefore those with less practice 

with these actions may show greater variability in their saccade RT’s during this condition. For 

example, an individual who is more aloof, may prefer to interact with video games, and therefore 

excel at moving their hands in response to an auditory cue, but not in a coordinated eye-hand 
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movement in a social scenario. Further research is needed to gain insight into why individuals 

who are more aloof have a greater saccade RT variability during the auditory pointing condition. 

The last section is the pragmatic language section. An inverse relationship was seen between 

this section and the mean hand RT during the auditory point and the visual eye-hand coordinated 

tasks, as well as the mean saccade MT during the visual eye-hand coordinated tasks. Individuals 

with a higher pragmatic language score indicated less confidence in their ability to verbally 

communicate with other individuals. This could be due to the fact that they are not as well 

practiced at using auditory information. In the present study, individuals with higher scores on 

the pragmatic language section (i.e. lower verbal ability) had shorter saccade MT’s. It can 

therefore be thought that the use of visual information during movement planning is more 

practiced for these individuals since they many rely on it more heavily.  

7.3 Limitations 

One of the limitations of the present experiment is that we could not directly compare the 

RT of the button press and point conditions. This is due to the fact that the pointing condition 

involved a button release and the button press is the opposite movement. A button press was 

chosen because it was reported to be a more natural movement during pilot testing. This is 

known as a population or direction-of-motion stereotype (Wong & Chan, 2012). The present 

study was attempting to create a real world scenario in a controlled laboratory environment and 

therefore we chose to use a button release as opposed to a button release. A control experiment 

will help to clarify how the different action requirements influenced RT. 

Another limitation is the variety of the population that was assessed. All the participants that 

were recruited were students at the University of Manitoba. This was because of the convenience 
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and accessibility of students to come to the lab located on campus. This, however, reduces the 

generalizability of the results to other individuals. 

Finally, the use of a self-administered questionnaire is also a limitation to this study. With 

any self-administered questionnaire, there is the possibility that participants are biased by their 

own perceptions. The benefit of a questionnaire, on the other hand, is that the questions being 

asked were personal and some participants may have been more honest because they did not 

have to say their answers out loud. A self-report measure was chosen because the goal of the 

questionnaire was to learn about participants’ perceptions of their social interactions. Future 

work could also compare performance on joint action tasks that include interacting with another 

person. 

7.4 Future Directions 

The current study explored a broad range of tasks and was the first study to correlate these 

movements to the BAPQ. Due to the novelty of the findings, many more questions have arose. 

Throughout the discussion, I have included future studies to help explain the results that were 

found in this experiment. Assessing how the goal of a hand movement changes the movement 

plan has been widely studied, however no study has assessed how changing the goal of eye 

movements changes the movement plan. In the present study the goal of the eye movement 

during the eyes only condition was goal-directed to reach a target, however during the button 

press and point was not specified. Changing this instruction may have a result of the RT of the 

saccade movement, such that making the saccade movement goal-directed increases the 

complexity and subsequently increased RT or preparation time. 

Another novel finding from this experiment is that the button press condition had a longer 

hand RT than the pointing condition and no difference in the saccade RT. This led to the 
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hypothesis that perhaps there is a peripheral vision advantage that could have improved the 

planning of the hand movement during the coordinated pointing task. A future direction would 

be to assess the RT of button pressing and pointing when the stimuli are located at 5°, 10° and 

15°  of visual angle, as well as the differences between a button press and a button release 

conditions. Finally, another future direction could be to compare how individuals with an autism 

diagnosis perform the same task and how their RT and MT correlate to the BAPQ. 

7.5 Conclusion 

The present study explored how typically developing individuals plan and execute 

movements with three different complexities to one of two targets identified by a visual or 

auditory cue. We also assessed how these movements correlated to phenotypic traits of ASD, 

which provided information about social skills, including behavioural rigidity, aloofness and 

pragmatic language. The main findings were that: (a) the visual cue led to a shorter RT and MT 

in all conditions, indicating it was the preferred modality for a visual target localization task. (b) 

The eyes-only movement had a longer RT than the button press and pointing conditions, 

suggesting it is the most difficult task as it is a novel task to have a goal-oriented movement for a 

saccade. (c) The button press condition had a longer RT compared to the pointing condition. It 

was proposed that a peripheral vision advantage for the pointing condition may have led to this 

result because peripheral vision can provide enough information for the hand motor program to 

preprogram some of the information about the location movement. However, the button press 

has less coordination between the eye and the hand and therefore peripheral vision cannot 

provide as much information to the hand for preplanning the movement. (d) Finally, we found 

that there were a number of correlations between the BAPQ sections and the movement data. 

First, there is a positive correlation between the mean saccade RT and behavioural rigidity 
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during the auditory eyes-only condition. It was proposed that the eyes-only condition was the 

most novel and therefore may have caused increased stress in individuals with higher traits of 

rigidity. Second, there was a correlation between the variability of RT for the auditory point 

condition and aloofness. This relationship may reflect less practice pointing with an auditory cue 

for individuals with less enjoyment in social scenarios. Lastly, there was a correlation between 

pragmatic language and mean hand RT of the auditory point, visual button press and point 

conditions, as well as with mean saccade MT of the visual button-press and point conditions. 

These results indicate more reliance on visual information to perform movements for individuals 

with less confidence in their verbal communication skills. In summary, communication skills and 

movement performance are correlated in many aspects and therefore future research should 

assess how improvement in movement performance can influence social communication skills 

especially in populations, such as ASD, with communication disorders. 
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Appendix A – Consent Form 
 

Informed Consent 
 

INFORMED CONSENT FORM: Age-matched controls 

 

Title of Study: The impact of response type on visual and auditory integration in 

individuals with and without Autism Spectrum Disorder  

 

 PRINICIPAL INVESTIGATOR:   Dr. Cheryl Glazebrook 

   Faculty of Kinesiology & Recreation Management 

   Health, Leisure, & Human Performance Research  

    Institute 

                         University of Manitoba 

                         (204) 474-8773 
cheryl.glazebrook@umanitoba.ca 

 

OTHER INVESTIGATORS:   Dr. David Gonzalez 

      Post Doctoral Fellow 

   Department of Kinesiology  

   University of Waterloo  

   dagonzal@uwaterloo.ca  

                                                            

 

Student Research Assistants:        Bayo Oladokun, Ilana Naiman,    

      Stephanie Tomy, Joseph Lo 

      Faculty of Kinesiology & Recreation Management 

 

  

SOURCE OF SUPPORT: MHRC Establishment Grant 
  

This consent form, a copy of which will be left with you for your records and reference, is only 

part of the process of informed consent. It should give you the basic idea of what the research is 

about and what your participation will involve. If you would like more detail about something 

mentioned here, or information not included here, you should feel free to ask. Please take the 

time to read this carefully and to understand any accompanying information.  

 

 

PURPOSE: The purpose of this study is to examine whether individuals with ASD integrate 

visual and auditory information differently when performing eye movements only, and when 

performing pointing movements, whether their performance is different than their typically 

developing peers and if their performance differs based on verbal or non-verbal ability. 

  

DESCRIPTION:  During the study, you will be asked to look at or point to pictures on a 

computer screen.  Sometimes the picture will be accompanied with a sound. Prior to this task, 

you will be asked to fill out a brief demographics questionnaire that inquires about your age, 

mailto:cheryl.glazebrook@umanitoba.ca
mailto:dagonzal@uwaterloo.ca
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gender, handedness, whether you wear glasses or hearing aids, and whether any of your 

immediate family members have ever been diagnosed with an Autism Spectrum Disorder. You 

will also be asked if you have been free of any symptoms of a concussion for the last six months. 

After the task is completed you will be asked to fill out the Broader Autism Phenotype 

questionnaire. The whole procedure will take approximately 30 to 60 minutes to complete. 

 

RISKS AND BENEFITS:  There are minimal risks inherent in the tasks you will perform but 

some of the tests may become repetitive and you may experience boredom and/or mild muscle 

fatigue in your hands or arms. You are free to take a break as needed. 

 

Participation in this experiment will not directly lead to any health benefits. You will gain hands 

on knowledge of advanced eye-tracking equipment and current perceptual-motor research. 

Participation in this experiment will contribute to our understanding of how humans integrate 

information and interact with their environment that will in turn contribute to the design of 

human-computer interfaces and new training programs for individuals with Autism Spectrum 

Disorder. 

 

  

COSTS AND PAYMENTS:  There are no fees or charges to participate in this study.  You will 

receive a $10 gift card for Tim Hortons to thank you for donating your time.  

 

CONFIDENTIALITY:  Your information will be kept confidential.  Once you begin the study 

your name, information, and results will be referred to by a code number.  All files containing 

identifying information will be stored in a locked cabinet separate from data with your code 

number.  The Principal Investigator and student research assistants, will have exclusive access to 

identifying information.  Your files will only be accessible by the investigators and will be 

destroyed by Dr. Glazebrook seven years after the completion of the study (approximately Aug 

2024).  All papers containing personal information will be shredded.  All electronic files will be 

deleted. Only Dr. Cheryl Glazebrook and the student research assistants listed will have access to 

any lists that contain identifying information. Dr. Glazebrook will only access the consent forms 

if audited by ENREB or when it is time to destroy the consent forms. 

 

Results will be presented at academic conferences, invited presentations, and peer-reviewed 

academic journals.  

 

DEBRIEFING: Upon completion of the study the experimenter, will ask a specific question 

where the response will be recorded as part of your data in the study.  Following this the 

experimenter will describe the research questions being considered.  

 

VOLUNTARY CONSENT:  Participation in this study is strictly on a voluntary basis, and you 

can withdraw from the study at any time during the study or by contacting the PI or student 

research assistants in person, by phone, or email.  If you do not wish to participate in the study, 

you are free to withdraw from the research study at any time without consequence and we thank 

you for your consideration.  Upon withdrawal from the study, you will still receive an 

honorarium of a $10 gift card to Tim Hortons, and your data will be destroyed. You can withdraw 

from the study by telling the RA in person, through e-mail or by calling the number on the 
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recruitment posters. 

 

 

Your signature on this form indicates that you have understood to your satisfaction the 

information regarding participation in the research project and agree to participate as a subject. 

In no way does this waive your legal rights nor release the researchers, sponsors, or involved 

institutions from their legal and professional responsibilities. You are free to withdraw from the 

study at any time, and /or refrain from answering any questions you prefer to omit, without 

prejudice or consequence. Your continued participation should be as informed as your initial 

consent, so you should feel free to ask for clarification or new information throughout your 

participation.  If you choose to withdraw from the study you will still receive compensation for 

the time you have participated. The University of Manitoba may look at your research records to 

see that the research is being done in a safe and proper way.  

 

This research has been approved by the Education/Nursing Research Ethics Board. If you 

have any concerns or complaints about this project you may contact any of the above-

named persons or the Human Ethics Coordinator (HEC) at 474-7122 or 

humanethics@umanitoba.ca.  

 

A copy of this consent form has been given to you to keep for your records and reference. 

 

 

Participant’s Name ____________________________ 

 

Participant’s Signature __________________________________________ Date ____________ 

 

 

 

Researcher/ Delegate’s Signature __________________________________Date ___________ 

 

FINDINGS FROM THE STUDY:  I wish to have a summary of the findings of the current 

study sent to me upon completion of the current study.      

 

(check one)   YES         NO 

 

 

 

If “YES”, this is my preferred method of contact: 

 

Address: ___________________________________ 

               ___________________________________ 

               ___________________________________ 

 

E-mail: ___________________________________ 
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Appendix B – Ethics Certificate of Approval 
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Appendix C – Broad autism Phenotype Questionnaire (BAPQ) 
 

You are about to fill out a series of statements related to personality and lifestyle. For each 

question, circle that answer that best describes how often that statement applies to you. Many of 

these questions ask about your interactions with other people. Please think about the way you are 

with most people, rather than special relationships you may have with spouses, significant others, 

children, siblings, and parents. Everyone changes over time, which can make it hard to fill out 

questions about personality. Think about the way you have been the majority of your adult life, 

rather than the way you were as a teenager, or times you may have felt different than normal. 

You must answer each question, and give only one answer per question. If you are confused, 

please give it your best guess. 

 

1 – Very rarely          2 – Rarely             3 – Occasionally 

4 – Somewhat often          5 – Often                        6 – Very often 

 

Questions: 

1. I like being around other people 1   2   3   4   5   6 

2. I find it hard to get my words out smoothly 1   2   3   4   5   6 

3. I am comfortable with unexpected changes in plans 1   2   3   4   5   6 

4. It’s hard for me to avoid getting sidetracked in 

conversation 

1   2   3   4   5   6 

5. I would rather talk to people to get information than to 

socialize 

1   2   3   4   5   6 

6. People have to talk me into trying something new 1   2   3   4   5   6 

7. I am “in-tune” with the other person during 

conversation*** 

1   2   3   4   5   6 

8. I have to warm myself up to the idea of visiting an 

unfamiliar place 

1   2   3   4   5   6 

9. I enjoy being in social situations 1   2   3   4   5   6 

10. My voice has a flat or monotone sound to it 1   2   3   4   5   6 

11. I feel disconnected or “out of sync” in conversations with 

others*** 

1   2   3   4   5   6 

12. People find it easy to approach me*** 1   2   3   4   5   6 

13. I feel a strong need to sameness from day to day 1   2   3   4   5   6 

14. People ask me to repeat things I’ve said because they don’t 

understand 

1   2   3   4   5   6 

15. I am flexible about how things should be done 1   2   3   4   5   6 

16. I look forward to situations here I can meet new people 1   2   3   4   5   6 

17. I have been told that I talk too much about certain topics 1   2   3   4   5   6 

18. When I make conversation it is just to be polite*** 1   2   3   4   5   6 

19. I look forward to trying new things 1   2   3   4   5   6 

20. I speak too loudly or softly 1   2   3   4   5   6 

21. I can tell when someone is not interested in what I am 

saying*** 

1   2   3   4   5   6 
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22. I have a hard time dealing with changes in my routine 1   2   3   4   5   6 

23. I am good at making small talk*** 1   2   3   4   5   6 

24. I act very set in my ways 1   2   3   4   5   6 

25. I feel like I am really connecting with other people 1   2   3   4   5   6 

26. People get frustrated by my unwillingness to bend 1   2   3   4   5   6 

27. Conversation bores me*** 1   2   3   4   5   6 

28 I am warm and friendly in my interactions with others*** 1   2   3   4   5   6 

29. I leave long pauses in conversation 1   2   3   4   5   6 

30. I alter my daily routine by trying something different 1   2   3   4   5   6 

31. I prefer to be alone rather than with others 1   2   3   4   5   6 

32. I lose track of my original point when talking to people 1   2   3   4   5   6 

33. I like to closely follow a routine while working 1   2   3   4   5   6 

34. I can tell when it is time to change topics in 

conversation*** 

1   2   3   4   5   6 

35. I keep doing things the way I know, even if another way 

might be better 

1   2   3   4   5   6 

36. I enjoy chatting with people*** 1   2   3   4   5   6 

***Casual interactions with acquaintances, rather than special relationships such as with close 

friends and family members. 

 

 

 


