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Abstract

This study was designed to extend research on motor skill development in autism spectrum 

disorder using a dual-task skill. Nine autistic and 18 non-autistic youths walked without grasping 

or while reaching to grasp a small or large object. Step extremity ratio, percent time in double 

support, and normalized speed were quantified. We hypothesized that gait would differ between 

autistic and non-autistic youth and that differences would be moderated by the phase (approach 

and grasp) and the complexity of the task (walking and grasping versus walking alone). Although 

gait parameters were similar during the walking-only trials, the combined task resulted in slower 

speed and shorter steps in autistic youth, particularly during the grasp phase. These findings, while 

in a small sample, offer preliminary evidence that autistic youth who show typical gait during 

simple assessments of motor ability may have difficulties in more complex tasks that require the 

coordination of movements.
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Introduction

During the first few years of life, most children experience tremendous changes in their 

capacity to perform both gross and fine motor skills. While newborn infants are fully 

dependent on others, by around six months of age, many infants have developed sufficient 

neck and core strength to be able to sit upright unaided1 and can reach for objects with one 

hand2. At approximately nine months of age, most children can navigate their environment 

by scooting or crawling3,4 and can use visual and proprioceptive feedback to bang two 

cubes together2. While independent upright locomotion usually begins to emerge around 

the child’s first birthday, immature control of posture and gait, and large stride-to-stride 

variability lead to frequent falls in emerging walkers5,6. Around that same time, precision 
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grasping also appears, and children can hold a crayon or stack two blocks2. While it’s 

important to consider that gait and motor control in general can be examined through 

numerous kinematic and kinetic variables, with many maturing at different timescales, 

stable walking and more adult-like gait patterns become evident around three years of 

age7 along with the ability to copy a circle and awkwardly use scissors2. However, despite 

the motor milestones of the first 3–5 years, subtle changes in neuromuscular control8–10 

and proprioception11 as well as continued refinement of locomotor12–14 and upper limb 

kinematic patterns15 persist throughout the first decade of life for most children.

Motor skill development does not always follow a similar trajectory in autistic children. 

Note that identity-first language (“autistic” and “non-autistic”) will be used for this paper16 

in consideration of the expressed identity-first preference of autistic individuals17. A 

growing body of literature indicates that autistic individuals exhibit delays in motor skill 

development and coordination18–21 and sensorimotor processing22. These sensory and motor 

skill delays are evident in early childhood23,24 and persist through adulthood25–28.

Gait abnormalities in autistic children were noted as early as 1943 when Kanner29 wrote 

that autistic children demonstrated “clumsy” gait and gross motor patterns. The first study 

to use objective kinematic and kinetic measures to quantify gait characteristics in autistic 

youth reported reduced stride lengths and increased stance times in the autistic youth 

when compared to typically developing controls30. Several studies have been conducted 

in more recent years to further quantify differences in gait between autistic individuals and 

aged-matched, non-autistic individuals across a variety of developmental ages. In a pair of 

recent literature reviews, Kindregan and colleagues31 and Lum and collagues32 summarized 

the results of several studies that used kinematic and kinetic measures to assess gait in 

autistic individuals. Spatiotemporal measures such as step/stride length, walking speed, and 

percent of the gait cycle spent in double support (i.e. time during the gait cycle when both 

feet are in contact with the ground) were found to differ between autistic and non-autistic 

individuals in some studies33–35, whereas no differences were found in other studies36–39.

The variations in participants and methodology noted in the Kindegran et al.31 and Lum 

et al. 32 reviews can explain some of the differences in results. For example, participants 

ages varied between five and 19 years of age across studies. Recently Manicolo et al.40 

suggested that development of mature gait may be slower in autism due to delays in the 

development of key brain regions, resulting in greater differences in spatiotemporal gait 

patterns in childhood than during adolescence. Methodological differences may also have 

played a role in findings across studies. Specifically, participants were free to walk at 

self-selected speeds across these studies. Bennett et al.41 recently showed that autistic youth 

exhibit similar sagittal plane biomechanics to non-autistic youth when both groups are 

asked to walk at standardized speeds despite differences in the frontal plane. Finally, it is 

also possible that simple walking tasks, which are well practiced and performed countless 

times per day, are not challenging enough to consistently elicit subtle kinematic differences 

between autistic and non-autistic individuals. Instead, gait abnormalities may only become 

evident as the complexity of the motor task is increased42–43. This would be consistent 

with the complex information processing model of autism44 and may also explain why “real 

world” tasks performed by autistic individuals in everyday life may result in observations 
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of poorer performance, while no differences are found in lab and clinically based testing 

paradigms.

We hypothesized that more complex tasks that required participants to coordinate 

movements of the upper and lower limbs could provide a useful paradigm for investigating 

differences in motor control in autistic individuals compared to age-matched, non-autistic 

individuals. Specifically, in the current study, we employed a paradigm where participants 

were asked to reach for, grasp, and lift an object as they walked by. This paradigm is of 

interest because it requires the coordination of a continuous, repetitive skill (walking) with a 

discrete movement (reach-to-grasp). This poses a significant challenge to the motor planning 

and control system. Research has suggested that discrete and cyclical movements involve 

different motor planning and control mechanisms, an idea referred to as the two primitives 

theory45–47. Performing a gait and grasping task simultaneously, therefore, requires the 

planning of a discrete movement during the performance of a cyclic movement as the object 

is approached and then the integration of these two primitives to achieve a coordinated and 

efficient grasp.

Decreased performance on executive function and divided attention tasks has been reported 

in autistic children, youths, and adults as compared to age-matched, non-autistic peers48–53 

suggesting that a dual-task paradigm combining upper and lower limb motor tasks could be 

particularly challenging for autistic individuals. Successfully grasping a target while walking 

requires on-line processing of visual information about the size, shape, and orientation 

of the target to execute the grasp while also maintaining the postural control necessary 

to safely navigate toward the target. In the current study, we further taxed the motor 

control system by adding reach-to-grasp to the movement goal. In non-autistic children 

(4–6 years-old), Cherng et al.54 found that dual-task costs to gait were greater when children 

performed a difficult upper-limb motor task (i.e. carrying a tray with marbles) compared to 

a simple motor task (carrying an empty tray). Similarly, Memari et al.55 reported that visual 

secondary tasks significantly influenced postural sway in autistic youths when compared to 

age-matched, non-autistic youths. Therefore, in this study, we sought to extend the research 

on complex motor skill development in autism spectrum disorder (ASD) by taxing the 

motor control system using a real world, dual-task skill to quantify spatiotemporal gait and 

grasp performance. As a first step in using this dual-task paradigm, we focused on youths 

ages 10–14 years-old to minimize the effect of developmental changes evident in gait and 

grasping patterns during the first decade of life. We hypothesized that spatiotemporal gait 

parameters would differ significantly between autistic and non-autistic youth and that these 

differences would be moderated by both the phase of the movement (approach and grasp) 

and the complexity of the task (walking and grasping versus walking alone).

Materials and Methods

Participants

This study received approval from the University of Wisconsin-Madison’s Institutional 

Review Board. Parent/guardian written informed consent and participant assent were 

obtained consistent with the declaration of Helsinki as revised in 2000. Participants were 

recruited through the Waisman Center’s participant registry and community flyers. Autistic 
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participants were included if they had a previous clinical diagnosis of autistic disorder, 

Asperger’s syndrome, or pervasive developmental disorder not otherwise specified, which 

was confirmed by a parent or caregiver via a checkbox on a demographic questionnaire. 

An ASD diagnosis was additionally confirmed by author BGT using the Autism Diagnostic 

Observation Scale-2nd edition56. Autistic participants were excluded if the family reported a 

known medical cause of ASD (i.e. fragile-X testing, tuberous sclerosis), hypoxia-ischemia, 

seizure disorder, or other neurological disorders. The Wechsler Abbreviated Scale of 

Intelligence, 2nd edition (WASI-II)57 was performed to confirm that participants did not 

have co-occurring intellectual disorder (full-scale IQ < 70).

Non-autistic participants were required to screen low for ASD (i.e., a score of less than 

eight on the Social Communication Questionnaire58). Further, non-autistic participants could 

not have a first-degree family member with an ASD diagnosis, as motor difficulties may be 

present within the broader autism phenotype59.

Eighteen non-autistic participants between the ages of 10 and 14 years were recruited to 

participate in the study. Due to a combination of shut-downs related to the COVID-19 

pandemic and planned demolition of the building that housed our lab space, we were only 

able to recruit 10 autistic participants. Further, one autistic participant was excluded because 

he/she did not complete several conditions within the experimental protocol. Participant 

groups were similar in age, height, and performance IQ, but differed in full-scale and verbal 

IQ (Table 1). There was also a higher percentage of female participants in the non-autistic 

group than the autistic group.

Procedures

Spatiotemporal gait variables were collected using the GAITRite system (CIR Systems, 

Franklin, New Jersey, USA). The GAITRite walkway is a 427 cm long X 61 cm wide 

pressure sensitive mat consisting of 48 × 336 sensors. To collect upper body kinematics, 

two VisualEyez (Phoenix Technologies Incorporated) cameras were daisy chained and 

synchronized to increase the capture space. The cameras were mounted on separate tripods 

positioned laterally to the GAITRite walkway (Figure 1). The GAITRite and motion capture 

systems collected data at a sampling rate of 120 Hz and were time synchronized using an 

external pulse.

At the beginning of the experimental session, parents/guardians and the participants filled 

out a demographic questionnaire. We then measured the participant’s height (cm), by having 

them stand with their back against a wall on which a tape measure was affixed. Leg length 

was measured bilaterally by palpating for the greater trochanter of the femur and measuring 

to the lateral malleolus. For the right leg only, we also measured the length from greater 

trochanter to the floor (with shoes removed). This final measurement was used to set the 

height of the table on which the target object was positioned for each participant.

Three light-emitting diodes (LEDs) were attached to an ACE™ brand adjustable brace (8” 

at the widest point) that the participant wore across their chest. The brace was adjusted to 

a comfortable fit using the Velcro closure. Two shoulder straps, attached to the brace and 

crossed in back, prevented the brace from falling during the walking trials. The center LED 
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was in line with the sternum and the remaining two LEDs were placed below and to the right 

and left of the center LED. This arrangement created a plane which was used as a reference 

for whole body movement. Five LEDs were attached to the participant’s right arm at the 

head of the humerus, lateral epicondyle, medial epicondyle, ulnar styloid process, and radial 

styloid process. Two additional LEDs were placed on wedges of putty taped to the nail beds 

of the right thumb and index finger using Transpore (3M) medical tape. Placing the LEDs 

on putty ensured that the LEDs remained visible to the VisualEyez cameras during object 

contact.

All participants were asked to remove their shoes for the length of the experiment to avoid 

the influence of shoe type on gait characteristics. Participants were instructed to begin by 

standing behind a start line which was located 1m from the start of the mat. This minimized 

the effect of acceleration on the first few steps recorded by the GaitRite mat. Once given 

a “go” cue, participants were asked to walk at a comfortable pace towards a table located 

427 cm from the start position. Once they reached the table they were asked to grasp and 

lift a small (1.5 cm x 1.5 cm x 10 cm) or large (7 cm x 7 cm x 10 cm) cylindrical object 

with a precision grasp while continuing to walk forward. They were asked to perform the 

task without stopping at the table, and instead to continue walking toward a second table 

on which they were asked to place the object within a designated target zone. Participants 

were instructed to approach and grasp the object from the side while walking and were also 

encouraged to grasp the object as close to the top as comfortable to prevent obstruction of 

finger LEDs.

The experimental session started with three practice trials (walk small, walk large, walk 

forward) that were not recorded. These practice trials were used to ensure that participants 

understood the directions and allowed for the repositioning of any LEDs that were not 

visible throughout the trial. Once the practice trials were completed, the collection of 

experimental data began. Participants performed 40 trials separated into two blocks. Block 

1 included 10 trials in which the participant walked and grasped the small object with the 

index finger and thumb, 10 trials where they walked and grasped the large object with the 

index finger and thumb, and 10 trials where they walked the length of the mat without 

grasping an object. Trials for the three walking conditions were presented in a randomized 

order. Block 2 was comprised of 10 trials in which the participant was asked to stand 

stationary next to the table on which the object was placed and grasp either the small object 

(5 trials) or the large object (5 trials). For the stationary trials, participants were asked to 

grasp the object with the index finger and thumb, vertically lift the object a few inches above 

the table surface, hold that position for three seconds, and place the object back onto the 

table. Block 2 trials were presented in a random order but were always presented after Block 

1.

Data Processing

The GAITRite system collects numerous spatiotemporal gait parameters. However, due to 

the smaller sample size of the study, we chose to focus on three main variables of interest in 

the current study: step extremity ratio (SER), percent of gait cycle spent in double support 

(DS), and normalized speed (NSpeed). For all measures, only the steps up to the location of 
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the object/table were considered in the analyses. Therefore, total trial time was defined as 

the time from the first footfall on the mat to the time when the marker on the index finger 

reached the location of the target in the forward direction (see Figure 1). All gait measures 

were normalized to leg-length to account for variation in participant height. Step-extremity 

ratio was calculated by dividing step length by leg length for both the right and left sides and 

then finding the average of the left and right values. The percent of the gait cycle spent in 

double support was calculated by dividing the total amount of time spent with both feet in 

contact with the mat by the total time needed to complete the trial and then multiplying that 

value by 100. Speed (cm/s) was calculated by dividing the distance between the initial and 

final footfall by the time needed to cover this distance. Speed was normalized by dividing 

the individual’s speed by their average leg length.

Each trial was divided into the approach phase (all steps leading up to the table on which the 

target rested) and the grasp phase (the single step during which the object was contacted for 

the small and large grasping conditions and the step during which the index finger marker 

reached the location where the target would normally be placed in the forward condition). 

Averages for SER, DS, and NSpeed were calculated for the 10 trials in each walking 

condition for each participant for both the approach and grasp phases.

To quantify the grasp portion of the task, we used the LEDs located on the participant’s 

index finger and thumb to calculate peak grasp aperture. The LED position data were rotated 

into a meaningful coordinate system and smoothed with a low-pass Butterworth filter with 

a cutoff frequency of 10 Hz. A customized computer program (KinSys, eh?soft, Madison, 

WI) was used to compute the grasp aperture. Aperture was defined as the resultant distance 

between the index finger and thumb markers, and a single peak value was determined 

for each trial. Trials in which the index finger or thumb were blocked for more than five 

consecutive frames during the reach-to-grasp movement were excluded from the analysis. 

When data were missing for four consecutive frames or less, the missing frames were 

linearly interpolated. Averages were then calculated for the valid trials within each condition 

and participant.

Statistical Analysis

Prior to performing comparisons, the assumptions of normality, homogeneity of the 

regression slopes and linearity of the relationship between the covariate (IQ) and average 

SER, DS and NSpeed variables were assessed. Homogeneity of the regression slopes and the 

linear relationships between the covariate and all dependent variables were found. Violation 

of the normality assumption was found for SER and was corrected using a square root 

transformation. SER, DS and NSpeed were then compared across condition, phase and age 

using a 3 Condition (walk small, walk large, forward) X 2 Phase (approach, grasp) X 2 

Group (non-autistic, autistic) repeated measures Analyses of Covariance (ANCOVA), with 

full-scale IQ as a covariate. Because we hypothesized that spatiotemporal gait parameters 

would differ significantly between autistic and non-autistic youth and that these differences 

would be moderated by both the phase of the movement (approach and grasp) and the 

complexity of the task (walking and grasping versus walking alone) only 3-way interactions 

were interpreted.
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Aperture measures were compared across conditions and between groups using a 2 

Condition (walk, stand) X 2 Size (small, large) X 2 Group (non-autistic, autistic) repeated 

measures ANCOVA, with full-scale IQ as a covariate.

For all statistical analyses, an a priori alpha level of p < 0.05 was used, and significant 

main effects were further compared using the Bonferroni post-hoc test. When the sphericity 

assumption was violated, degrees of freedom using the Greenhouse-Geisser correction were 

reported.

Results

Table 2 shows the results of the 3 Condition X 2 Phase X 2 Group repeated measures 

ANCOVA on the spatiotemporal gait measures (SER, DS, and NSpeed).

A significant three-way interaction was found for SER. Simple main effects analysis with 

Bonferroni correction indicated that both groups decreased their SER when reaching for the 

small and large targets in the grasp phase when compared to the approach phase (p < 0.05), 

however, the decrease was larger for the autistic group than the non-autistic group (Figure 

2). There was also a significant Condition X Group X Phase interaction for NSpeed. Simple 

main effects analysis with Bonferroni correction indicated that both groups decreased their 

speed in the grasp phase compared to the approach phase when reaching for small and large 

targets (p < 0.05). This decrease was larger for the autistic than the non-autistic group. In 

contrast to SER and NSpeed, the three-way interaction was not significant for time spend in 

double support.

For the grasp, results indicated no differences in peak aperture or peak aperture variability 

regardless of whether participants were walking or standing (p > 0.05). Furthermore, there 

were no peak aperture or variability differences between the groups. The only main effects 

for this measure were related to the size of the target (F1,25=153.9, p<0.001, ηp
2=0.86). As 

expected, participants used a larger peak aperture when grasping the large target (104.6 ± 2.3 

mm) than when grasping the small target (67.0 ± 2.23 mm)

Follow-up Analysis

To further understand whether SER and NSpeed were altered to a greater extent in the grasp 

conditions compared to the walk forward condition depending on Group, we conducted 

follow-up analyses on the change scores for these two measures. We calculated the change 

in performance relative to the forward condition using the following equations: Change 

Score Small = (forward – small)/small*100; Change Score Large = (forward – large)/

large*100. Change scores were compared using 2 Condition (small, large) X 2 Phase 

(approach, grasp) X 2 Group (non-autistic, autistic) repeated measures ANCOVAs, with full 

scale - IQ as a covariate. For this analysis, we were particularly interested in the Phase X 

Group interaction. As shown in Table 3 and Figures 4A and B, there were significant Phase 

X Group interactions for SER and NSpeed. Change scores for both SER and NSpeed were 

similar for the non-autistic and autistic groups for the approach phase, however, during the 

grasp phase, the autistic youths changed their step extremity ratio and speed to a much larger 

extent than their non-autistic peers.
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Discussion

Prior work examining motor function in autistic individuals has commonly focused on either 

upper or lower limb tasks in isolation and has varied in the extent to which clinically 

meaningful movement has been quantified (see Moseley and Pulvermuller21 for review). 

In line with the two primitives theory45–47 and the complex information processing model 

of ASD44, we hypothesized that the complexity of a motor task that combined discrete 

and cyclical movement would reveal motor differences in autism to a greater extent than 

a simple gait or reaching task alone, thereby revealing the conditions under which motor 

challenges may be most apparent in autistic youths. We investigated this dual-task motor 

performance at a time in development during which gait and grasping performance should 

be near maturity14,15. The study found that both groups altered their gait patterns during 

the more complex part of the task, but this change was even more pronounced in the 

autistic youths, such that autistic youths walked more slowly, and with shorter steps during 

the more challenging walk with grasp conditions as compared to the non-autistic youths. 

In contrast, grasp aperture did not differ by group or task, suggesting that autistic and non-

autistic youths altered gait behavior but conserved grasp kinematics. Together, these findings 

suggest that autistic individuals may successfully complete the reaching task by significantly 

altering the walking task to maintain gait stability. This preliminary work provides proof of 

concept that systematically altering the complexity of combined tasks using the upper and 

lower limbs can provide an important window into the trade-offs that occur during complex 

dual-task information processing in autistic individuals.

While clinical and observational reports have described “clumsiness” in autistic 

individuals60, prior studies examining gait characteristics of autistic individuals have failed 

to provide overwhelming evidence for the presence or absence of atypical gait patterns (as 

reviewed in Kindregan et al.31 and Lum et al.32). Our preliminary results may shed some 

light on these disparate findings. Specifically, we found that during typical-speed, straight-

line-gait testing procedures, several spatiotemporal gait measures did not differ between 

autistic and non-autistic individuals. However, at the point in the task when individuals were 

required to combine a discrete upper limb task with a cyclical lower limb task, autistic 

youths spent more time in double support, had a slower gait speed, and took shorter steps. 

Thus, considering the current findings, it is possible that the walking paradigms selected for 

the previous studies may have played a significant role in the extent to which autistic and 

non-autistic individuals differed.

These results align with the complex information processing model of ASD44 that suggests 

that task performance in the face of increasing task complexity may be impacted more in 

autistic individuals than in non-autistic individuals61,62, even in motor tasks. These results 

are also similar to Memari et al.55, who reported that visual secondary tasks significantly 

influenced postural sway in autistic youths. While task complexity can be modulated in 

various ways (i.e., dual-tasking, task familiarity, distractions, etc.), an advantage of the 

present study is that we systematically increased complexity by combining two familiar 

motor functions (i.e., continuous walking and discrete grasping) that individually should 

be at or near maturity in this age range but that, according to the two primitives theory, 

should be more challenging in combination. Indeed, the present results revealed similar 
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motor patterns between the groups in the gait-only task, but during the combined gait and 

reach-to-grasp task, autistic individuals experienced a significantly greater impact on motor 

function. Therefore, when the task is more complex (potentially more similar to what is 

observed in natural environments) poorer performance in autistic individuals may become 

apparent. In terms of clinical applicability, these findings suggest that autistic youth who 

show typical gait patterns during more simple assessments of motor ability may yet have 

difficulties in more real-life tasks that require a combination of movements (i.e., dressing, 

cooking, cleaning/organization, etc.).

In the current study, both groups of participants altered gait while keeping the grasp 

aperture unchanged when compared to grasp alone. Carnahan et al.63 suggested that 

a hierarchical trade-off between the grasp and gait movements can occur, depending 

on movement priorities and safety. Therefore, based on the task requirements and 

environmental conditions, participants may have chosen to prioritize safe gait over safe 

grasp by slowing down and taking shorter steps. In the current study, objects were rarely 

knocked or dropped (only 6 times across 540 trials), and no participants fell. Therefore, this 

strategy of maintaining gait stability while leaving grasp unaltered was successful. Future 

studies are needed to determine whether this “gait stability” strategy is consistent in both 

groups of youths across different scenarios (e.g. grasping a fragile object, stepping over an 

obstacle), or whether both groups adapt grasp kinematics to environmental requirements as 

needed. Prior work from our lab using a bimanual grasping task across a larger age range 

revealed that autistic youth did not alter motor plans when faced with more challenging 

grasp scenarios34. In fact, we showed that they used smaller grasp apertures in the more 

complex conditions. Therefore, it is of interest to determine how the parallel planning of 

gait and grasp is modified as task complexity is further increased. A third phase of the 

movement, namely carrying the object after the grasp, could also provide an interesting 

window into combined upper and lower limb performance. However, this was beyond the 

scope of the current study.

While the present study focused on this dual-task paradigm within a relatively narrow 

age range (10–14 years-old), these findings raise interesting questions regarding motor 

development in autistic individuals. In non-autistic children and youth, the ability to 

perform secondary tasks while walking has been found to improve with age throughout 

development, with key gait measures such as step length, cadence, and stride velocity 

remaining undisturbed in non-autistic youths (7–10 years) and young adults for simple 

walking and carrying tasks64,65. However, with a more complex upper limb task, gait can 

still be influenced even in non-autistic adults. Specifically, Abbruzzese et al.65 found that 

when the complexity of the dual-task was increased (carrying a tray with a cup of water 

placed on it), gait measures were influenced in both non-autistic youths and young adults. 

Further, the dual-task costs were greater in non-autistic youths than young adults, suggesting 

that dual-task gait in school-aged children requires increased cognitive processes such as 

executive and attentional functions and has not yet reached adult capacity54. As expected, all 

individuals in the current study walked more slowly and took shorter steps during the more 

complex combined reaching and walking tasks. However, for autistic individuals the cost 

of grasping an object while walking was particularly evident during the grasp phase of the 

combined task. Intriguingly, the gait characteristics observed in the autistic 10–14 year-olds 
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are similar to what have been reported previously in older, non-autistic adults at increased 

risk of falls (for review see Muir-Hunter and Wittwer66). While it is unclear whether the 

same mechanisms underlie these dual-task gait changes in autistic youths compared to older 

adults, the similarities in gait changes during dual-task paradigms are striking, and future 

research should investigate how dual-task gait may develop with age in autistic individuals, 

may correspond with individual differences in executive function, and may align (or differ) 

between autistic youths and non-autistic older adults.

Limitations and Future Directions

One limitation of the current study relates to the smaller number of participants, particularly 

in the group of autistic participants. Unfortunately, due to the COVID-19 pandemic and 

a change in research facilities at our institution, it is no longer possible to continue 

recruiting participants for this study. However, our preliminary results demonstrate that 

our novel paradigm provides an interesting and intriguing window into complex movement 

coordination in autistic youth. This paradigm may provide a tool capable of distinguishing 

subtle differences in autistic and non-autistic youth that are difficult to observe in 

conventional lab tests. With the small age range chosen for this study, during which motor 

skill has begun to stabilize, we hoped to increase the homogeneity of the group while 

providing proof-of-concept data for the efficacy of this experimental paradigm. The patterns 

of significant differences between groups across several spatiotemporal variables suggests 

that our experimental paradigm could be a valuable tool for systematically investigating 

motor challenges in autistic individuals. A second limitation relates to the IQ differences 

between the autistic and non-autistic groups. We statistically controlled for differences in 

full-scale IQ within our analyses, however, since our task requires significant executive 

function resources, these differences may play a role in our results. Follow-up studies should 

be conducted with a larger sample size, matched on IQ, to replicate and extend these 

findings. A third limitation is not knowing if participants walked as they typically would on 

the gait mat with the LEDs attached, which may limit the external validity of these findings. 

Finally, future work should consider gait during the third phase of the task: carrying the 

object after the grasp.
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Figure 1. 
Diagram of experimental setup with dimensions. The participant walked along the gait pad 

to pick up the target object on the table.

Mason et al. Page 15

Dev Neurorehabil. Author manuscript; available in PMC 2023 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Significant 3-way interaction between Group, Phase and Condition for step extremity ratio 

(SER). * represent significant main effects of phase at the Bonferroni corrected p value. 

Both groups decreased their SER when reaching for the small and large targets in the grasp 

phase when compared to the approach phase, however, the decrease was larger for the 

autistic group than the non-autistic group.
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Figure 3. 
Significant 3-way interaction between Group, Phase and Condition for normalized speed. * 

represent significant main effects of phase at the Bonferroni corrected p value. Both groups 

decreased their speed when reaching for the small and large targets in the grasp phase when 

compared to the approach phase, however, the decrease was larger for the autistic group than 

the non-autistic group.
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Figure 4. 
Interaction between Group and Phase for the ANCOVAs comparing the percent change 

in A) Step Exremity Ratio and B) Normalized Speed between the grasping and walk 

forward conditions. Larger change score values indicated shorter (SER) or slower (NSpeed) 

performance on the grasping tasks as compared to the forward walking tasks. Results 

indicated that autistic youths decreased their SER and NSpeed in the grasp phase to a 

greater extent than non-autistic youth. The * represent significant simple main effects with 

Bonferroni correction.
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