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Introduction

• Contrary to assumptions in the field, we did not find that 
balance predicted DLS performance across all participants. 
Rather, the relation was only in children with lower IQ.

• This suggests that children with higher cognition and 
adolescents (low and high cognition) may use 
compensation strategies to make up for the observed 
balance deficits.

- Example adaptive behaviors: using supports
during DLS (i.e. sitting or holding onto stable
object), communicating their needs to adults
(receiving help)

• While repetitive behaviors were particularly different in 
the youngest group with below-average IQ, this did not 
predict the relation between balance and DLS. 

• Balance interventions to improve DLS performance may be 
most appropriate for younger children with lower IQ 

• Future research should focus on compensatory mechanisms 
for DLS challenges in children and adolescents with ASD

• There is a need to develop DLS assessments that test 
functional performance and account for compensation 
strategies

Positive relation between balance and DLS driven by children 

with below-average IQ

• Individuals with autism spectrum disorder (ASD) 
often experience difficulty performing daily living 
skills (DLS)1, such as dressing, grooming, and bathing.

• Motor challenges have been observed in this 
population, particularly impairments in balance.2,3,4

• It is assumed that balance challenges affect DLS, 
however, previous research has only linked fine 
motor deficits1,5 and motor coordination6 to 
difficulties in DLS. Little evidence exists regarding the 
role of balance impairments across the broader 
autism phenotype. 

• Without knowledge on the impact of balance on DLS, 
it is difficult to tailor motor interventions to the ASD 
population. 

Study Purpose

The purpose of this study was to examine the association 
between balance and performance of DLS in children and 
adolescents with ASD.

… But children with below-average IQ also have most severe 

repetitive behaviors
• Balance was assessed using the balance subscale of the 

Bruininks-Oseretsky Test of Motor Proficiency-Second 
Edition (BOT-2).

• DLS were measured using the Vineland Adaptive Behavior 
Scale–Second Edition (VABS-II) Daily Living Skills domain.

• Pearson R correlations between BOT-2 balance scores and 
VABS-II DLS scores

• A multiple regression model assessed the relation between 
balance and DLS using age and IQ as moderators. Variables 
were mean-centered to prevent multicollinearity.

• Follow-up analyses examined the role of symptom severity 
on the relation between balance and DLS. 

This research was supported the Brain and Behavior Research Foundation’s NARSAD 
Young Investigator Award, the Hartwell Foundation’s Individual Biomedical Research 
Award, and P30 HD003352 and U54 HD090256 from the Eunice Kennedy Shriver 
National Institute of Child Health & Human Development. The content is solely the 
responsibility of the authors and does not necessarily represent the official views of 
the funding agencies. We want to thank our participants and their families for their 
help and contribution. We want to thank the members of the Motor and Brain 
Development Lab for all their help collecting the data.

1. Jasmin, E., Couture, M., McKinley, P., Reid, G., Fombonne, E., & Gisel, E. (2009). Sensorimotor and 
daily living skills of preschool children with autism spectrum disorders. Journal of Autism And 
Developmental Disorders, 39, 231-241. http://dx.doi.org.10.1007/s10803-008-0617-z

2. Ament, K., Mejia, A., Buhlman, R., Erklin, S., Caffo, B., Mostofsky, S., & Wodka, E. (2015).Evidence for 
specificity of motor impairments in catching and balance in children with autism. Journal of Autism 
and Developmental Disorders, 45(3), 742-751.

3. Fournier, K. A., Kimberg, C. I., Radonovich, K. J., Tillman, M. D., Chow, J. W., Lewis, M. H., … Hass, C.J. 
(2010). Decreased static and dynamic postural control in children with autism spectrum disorders. 
Gait & Posture, 32, 6–9.

4. Travers, B. G., Powell, P. S., Klinger, L. G., & Klinger, M. R. (2013). Motor difficulties in autism spectrum 
disorder: Linking symptom severity and postural stability. Journal of Autism and Developmental 
Disorders, 43(7), 1568-1583.

5. Travers, B.G., Bigler, E.D., Duffield, T.C., Prigge, M.D.B., Froehlich, A.L., Lange, N., … Lainhart, J.E. 
(2016). Longitudinal development of manual motor ability in autism spectrum disorder from childhood 
to mid-adulthood relates to adaptive daily living skills. Developmental Science, 1-15. 
http://dx.doi.org/10.1111/desc.12401

6. Kopp, S., Beckung, E., & Gillberg, C. (2010). Developmental coordination disorder and other motor 
control problems in girls with autism spectrum disorder and/or attention-deficit/hyperactivity 
disorder. Research in Developmental Disabilities, 31(2), 350-361.

Table 3. Descriptive statistics of symptom severity by age and IQ.
Child Below Avg. IQ Child Above Avg. IQ Adolescent Below Avg. IQ Adolescent Above Avg. IQ 

(n = 10) (n = 12) (n = 10) (n = 12)
Mean (SD), Range Mean (SD), Range Mean (SD), Range Mean (SD), Range

SRS Total Raw Score 97.3 (45.58), 30-166 91.14 (26.00), 28-132 83.6 (31.36), 36-135 103.45 (35.55), 28-147
RBS-R
Stereotyped 
Behavior

5.50 (4.50), 1-13 5.75 (3.54), 0-13 2.80 (3.52), 0-12 2.08 (1.97), 0-6

Self-Injurious 
Behavior

4.50 (5.64), 0-16 1.67 (1.56), 0-5 2.90 (3.03), 0-8 2.33 (2.42), 0-7

Compulsive Behavior 8.70 (8.62), 0-22 5.17 (3.79), 1-11 3.70 (4.08), 0-14 2.17 (2.76), 0-8
Ritualistic Behavior 7.30 (5.74), 0-17 6.17 (3.54), 1-11 5.00 (3.74), 0-14 4.50 (4.17), 0-13
Sameness 12.40 (9.03), 0-24 7.42 (4.60), 1-14 8.10 (6.06), 1-21 8.25 (6.59), 0-22
Restricted Behavior 5.40 (5.34), 0-12 3.67 (3.34), 0-10 3.30 (2.58), 1-10 3.67 (2.81), 0-10
Overall Total 43.80 (35.28), 2-103 29.83 (17.76), 5-58 25.80 (18.40), 8-73 23.00 (17.50), 0-60
SEQ
Seeking Total 88.30 (21.17), 54-116 82.42 (14.54), 52-102 65.89 (20.75), 50-113 75.67 (21.42), 53-119
Hypo Total 34.80 (12.66), 19-59 31.92 (7.42), 21-43 29.67 (11.61), 18-46 31.5 (9.24), 19-44
Hyper Total 91.90 (26.41), 56-128 79.75 (15.39), 51-100 73 (21.54), 43-110 91.56 (20.19), 67-129
Social Total 52.90 (11.01), 39-68 51.58 (7.13), 37-60 47.11 (13.79), 24-67 56.33 (12.33), 37-71
Non-Social Total 174.40 (50.05), 105-247 154.33 (24.85), 106-186 130.11 (36.14), 95-210 149.67 (29.76), 118-194
Enhanced Percept. 
Total 

31.80 (9.82), 21-53 28.67 (5.76), 20-36 25.67 (9.85), 14-41 30.56 (6.50), 19-39

More severe repetitive behaviors did not account for relation 

between balance and DLS

Table 1. Demographics of 44 participants with ASD.
Frequency (%) Mean (SD) Range

Age 12.38 (3.45) 6.51-17.79

IQ 103.43 (14.91) 67-135

Sex
Male 37 (84.1)
Female 7 (15.9)
Ethnicity
Caucasian 27 (61.4)
Black/ African 
American

6 (13.6)

Biracial/ Multiracial 5 (11.4)
Asian 4 (9.1)
Hispanic 2 (4.5)

Table 2. Results of linear regression using balance scores, age, and IQ to predict DLS. The overall model was significant, F(7,36)= 3.81, p = .003, 
Adjusted R2 = .313. 

Balance Age IQ Balance X Age Balance X IQ Age X IQ Balance X Age X IQ

(SE) p-value (SE) p-value (SE) p-value (SE) p-value (SE) p-value (SE) p-value (SE) p-value

DLS
0.18

(1.07)
0.39

-1.22 
(0.32)

<.001
0.13

(0.08)
0.08

-0.05 
(0.06)

0.41
-0.04 

(0.02)
0.02

-0.01
(0.03)

0.64
0.01

(0.01)
0.07

Table 4. Results of linear regression using, balance scores and RBS-R Total score to predict daily living skills (DLS). The 
overall model was not significant, F(3,40) = 1.12, p = .35, Adjusted R2 = .009. 

Balance Score RBS-R Balance X RBS-R 

(SE) p-value (SE) p-value (SE) p-value

DLS 0.23 (0.38) 0.55 -0.07 (0.25) 0.77 >.001 (0.01) 0.98


