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Vestibular and visual stimulation together, especially the vestibular
part, may benefit children with ADHD
Arnold, L. E., Clark, D. L., Sachs, L. A., Jakim, S., & Smithies, C. (1985). Vestibular and visual rotational
stimulation as treatment for attention deficit and hyperactivity. American Journal of Occupational
Therapy, 39, 84–91.
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Nonrandomized control trial, 2 groups, 20 or more participants per condition, high internal validity, high external
validity

Why research this topic?
In a study reported in 1981, teachers’ ratings of 18 children who were hyperkinetic improved significantly (see
Glossary) after the children, with their eyes open and the lights on, experienced rotary stimulation of each of the
three pairs of semicircular canals. Because the lights were on and the children’s eyes were open, the combination of
visual and rotary stimulation may have accounted for part of the benefit.
What did the researchers do?
Arnold and his colleagues (1985), all affiliated with Ohio State University (Columbus), sought to determine the relative importance of the vestibular (see Glossary) component of the stimulation versus the visual component. The
semicircular canals are located in the vestibule. Stimulation of them can occur through linear motion like rocking, or
through rotary motion like spinning.
Forty-two children started the study, but only 37 completed it. All were in kindergarten through third grade in five
public schools in three school districts. Twenty-seven were boys, 10 girls. Their average age was seven years. All met
the criteria of (1) having ADHD according to the criteria of the Diagnostic and Statistical Manual of Mental
Disorders (3rd ed.); (2) earning a rating of 24 or more on the first six items of the Davids Hyperkinetic Rating Scale,
(3) earning a mean item rating of 1.5 or more for the Hyperkinetic factor of the Conners Teacher Rating Scale, (4)
being 9 years old or younger, and (5) having normal intelligence.
The researchers first paired the children by school and severity of disorder (to the extent possible). They then randomly assigned one of each pair to a series of conditions involving (1) a control condition, (2) combined visual and
vestibular stimulation, and (3) vestibular stimulation alone. The other of each pair was assigned to a series involving
(1) a control condition, (2) combined visual and vestibular stimulation, and (3) visual stimulation alone.
In both series the control condition and the combined visual and vestibular stimulation were alike. The control condition involved (1) “air [being] ‘poofed’ onto the back of [the child’s] hand for 1 minute . . . (tactile stimulation)” (p.
86); (2) the child sitting in a stationary chair for 4 minutes, with eyes closed, wearing opaque goggles and listening to
the spin of a surrounding drum (auditory stimulation); and (3) the child looking through a stereoscopic slide projector for 2 minutes (visual stimulation).

In the combined visual and vestibular stimulation, the child, “wearing goggles with a clear lens, was seated in a rotary
chair with lap belt restraint and instructed to tilt his or her head forward about 30°, thus placing the horizontal semicircular canals in the horizontal plane. The chair was accelerated clockwise manually to 150° [per second] (25 rpm),
held at that angular velocity for 1 minute, and then impulsively stopped in less than 1 second.” On a second spin, with
the child holding his or head at the same angle, the chair was rotated counterclockwise. “Then the [child’s] head was
flexed to the right 90° and tipped nose down 45°, placing one pair of vertical semicircular canals in the plane of rotation.” The child was again stimulated by 1-minute spins in both directions and quick stops. “Next the [child’s] head
was flexed to the left 90° and tipped nose down 45° to put the remaining pair of vertical canals in the plane of rotation. The spinning with impulsive stop was repeated in each direction for this pair. Then the procedure was repeated
for both pairs of vertical canals for a total of ten 1-minute spins, five in each direction” (p. 85).
In the series including a condition of vestibular stimulation alone, the child assumed the same series of head positions and followed the same schedule of spins but wore goggles with an opaque lens and was asked to close his or
her eyes. The lights in the room were dimmed.
In the series including a condition of visual stimulation alone, the child assumed the same series of head positions
and followed the same schedule of spins but wore goggles with a clear lens. The child sat motionless in the chair
while a drum spun around him or her at 150° per second.
The treatment schedule was twice a week for 12 weeks. Each condition within a series lasted 4 weeks.
The outcome area of interest to the researchers was hyperkinetic behavior (as measured by the Davids Hyperkinetic
Rating Scale, completed separately by teachers and parents; the Conners Teacher Rating Scale, completed by teachers; a checklist of behavioral criteria for ADHD, completed by teachers; and the Conners short-form Parents’
Questionnaire). Measurements were taken at screening, before treatment began, every 2 weeks during treatment, and
at a 1-year follow-up. The researchers analyzed the teachers’ ratings only, however. They discovered that reminding
the parents to complete the ratings was threatening the integrity of the study, so they discontinued their reminders
and consequently had too little data from parents.
The five dropouts affected the study design in such a way that only 30 children could be matched for data analysis—
12 in the series including vestibular stimulation alone, and 18 in the series including visual stimulation alone. Thus
some findings are based on 30 children, some on 37.

What did the researchers find?
On average, across groups, the children showed significant improvement from before treatment to follow-up on the
Davids scale and on the full (39-item) Conners scale. They also showed significant improvement on the Davids scale
at the end of the treatment period.
In the series including vestibular stimulation alone, the children showed a trend (a difference approaching but not
reaching significance (see Glossary) toward greater improvement, compared with the children in the series including visual stimulation alone. The effect sizes (see Glossary) for this group were large. The authors conjecture that if
they had not lost six participants in this group, the difference would have been significant.

What do the findings mean?
For therapists and other providers, the findings suggest that rotary vestibular stimulation benefits children with
ADHD and that the vestibular component is more effective than the visual component.
What are the study’s limitations?
The main conclusion drawn from the study, that vestibular stimulation alone results in significant improvement in
hyperactivity, is not supported by the statistics as reported. In no case was p value less than .07, a nonsignificant
value. Furthermore, the authors use questionable statistical analyses (e.g., multiple t-tests and small sample size [12
subjects in the vestibular alone condition]).

Glossary
effect sizes (Cohen’s r)—An effect size is a measure of clinical significance. It provides information about the magnitude of effect of the treatment. Although related to significance, it is not as influenced by the size of the sample.
Therefore, it is possible to have an outcome on which the treatment had a large effect (e.g., the treatment group
improved a lot more than the control group) and still have a nonsignificant result. If the results have a large effect
but no significance, this means that this effect may be sample specific and not generalizable outside the study. There
are many different types of effect sizes. What is reported here is Cohen’s r. Cohen’s r can be interpreted in a manner
similar to a Pearson’s correlation coefficient:
Effect size r

Size of the effect

<0.99

Negligible

0.10 – 0.29

Small

0.30 – 0.49

Medium

>0.50

Large

Cohen, J. (1977). Statistical power analysis for behavioral sciences. New York: Academic Press.

nonsignificant or no significance—A statistical term that refers to study findings that are likely to be due to
chance differences between the groups rather than to other factors (like the treatment of interest). A nonsignificant
result is not generalizable outside the study. Like significance, a nonsignificant result does not indicate the clinical
effect. Often studies will show nonsignificant results, yet the treatment group’s mean will be better than the control
group’s. This is usually referred to as a trend in the right direction. Because significance is closely determined by
sample size, nonsignificant results would often become significant if the sample size were increased.
significance (or significant)—A statistical term, this refers to the probability that the results obtained in the study
are not due to chance, but to some other factor (such as the treatment of interest). A significant result is likely to be
generalizable to populations outside the study.
Significance should not be confused with clinical effect. A study can be statistically significant without having a very
large clinical effect on the sample. For example, a study that examines the effect of a treatment on a client’s ability
to walk may report that the participants in the treatment group were able to walk significantly longer distances than
the control group. However, if you read the study you may find that the treatment group was able to walk, on average, 6 feet, whereas the control group was able to walk, on average, 5 feet. Although the outcome may be statistically
significant, a clinician may not believe that a 1-foot increase will improve his or her client’s function.
vestibular—of or relating to the vestibule of the ear, which controls the sense of balance.
■ Terminology used in this document is based on two systems of classification current at the time the evidence-based literature
reviews were completed: Uniform Terminology for Occupational Therapy Practice—Third Edition (AOTA, 1994) and International
Classification of Functioning, Disability and Health (ICIDH-2) (World Health Organization [WHO], 1999). More recently, the Uniform
Terminology document was replaced by Occupational Therapy Practice Framework: Domain and Process (AOTA, 2002), and
modifications to ICIDH-2 were finalized in the International Classification of Functioning, Disability and Health (WHO, 2001).
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