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Abstract

Clinicians evaluating children for ADHD frequently rely on parental reports and their own impressions in assessing
hyperactivity. However, it is well known that parental ratings only correlate modestly with teacher ratings. An alternative
means of assessing hyperactivity in the office are tests that use motion tracking devices to quantify how much children
fidget during a cognitive control attention task (e.g. Quotient™ ADHD System). We sought to ascertain whether clinician,
parent and office-based objective measures correlated with hourly levels of activity assessed over 3-5 school days by
belt-worn actigraphs in 83 unmedicated children (10.6%3.1 years), including 15 typically developing controls and 68
being evaluated for ADHD. Overall, there was no significant correlation between clinician ratings of hyperactivity and
actigraph measures at any time. Parent ratings only correlated with actigraph measures at 6-7 AM. In contrast, the
Quotient™ Hyperactivity Index correlated with actigraph measures at 9-12AM, 1-3, 4-5, and 6-9 PM. Parent and clinician
ratings were highly correlated with each other but only correlated modestly with the Quotient™ Hyperactivity Index (r =
0.318 and 0.298, respectively, both p < 0.01). Hyperactivity, as an objectively quantifiable sign of psychopathology was
not well captured by parent or clinician ratings. Likely, this is due to parents and clinicians focusing not only on levels of
movement or difficulty sitting still but also on the intrusiveness of the behavior. This may lead to false negative
evaluations in children who fidget less intrusively and to false positive evaluations in children with oppositional or

disruptive behaviors.
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Introduction

Attention-deficit hyperactivity disorder (ADHD) is a
common childhood psychiatric disorder that is
characterized by three main symptoms of hyperactivity,
deficient impulse control and problems with attention
[1,2]. Three to 9 percent of the school-age children are
estimated to be affected by ADHD [3-5]. Furthermore, 40
percent of the individual with childhood ADHD carry their
disorder into their adulthood [6]. Previous studies have
found the pervasive impact of ADHD on psychological and
social problems. ADHD accounted for 10 times more
incidence of antisocial personality disorder [6,7], up to 5,
25, and 9 times more risk of drug abuse [8,6],
institutionalization for delinquency [9], and incarceration
[10], respectively.

ADHD is characterized by behavioral signs and
symptoms that are observable, though not necessarily in
the clinician's office. The evaluations are typically based
on the ratings and impressions of adult informants.
Parents and teachers are considered to be credible
sources [11,12] and clinicians would often rely on their
observation for diagnosis. However, studies consistently
report low rates of agreement between teachers and
parents ratings [13-16]. These discrepancies in ratings
may arise from behavioral variability and demands in
different situations [17].

In fact, based on activity level measurements with
monitors, children with ADHD were no more active than
controls when allowed to play [18]. Instead differences
between children with ADHD and controls were greatest
during structured school tasks [18]. Therefore, it seems
that hyperactivity in children with ADHD manifests most
distinctively during activities which require them to
engage while they stay relatively still [19,20], and that
what we refer to as 'hyperactivity’ may be more of a
failure to consistently habituate activity to low levels in
situations where this is expected [20]. To focus on this
inability, Teicher et al. [20] created a system that
measures movements of children when they are required
to remain seated during a monotonous, repetitive task.
This system, called Quotient™, uses an infrared motion
analysis system to capture the precise head movements of
children while they perform a Go-NoGo task and was
previously called OPTAX™ and the McLean Motion and
Attention Test (MMATTM). Teicher, et al. [20] has reported
that during this task, children with ADHD spent 66%
more time moving than normal children, moved their
head 2.3 times more often and 3.4 times as far. They
covered a 3.8 times greater area and their movement was
characterized by a 44.5% more linear and less complex
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pattern in space. Furthermore, detailed analysis of head
movements during the task revealed that children with
ADHD had diminished ability to inhibit activity to low
levels and to maintain stable control of their head
position [21]. The measures related to positional stability
(Maximal Lyapunov Exponent) discriminated ADHD and
controls with perfect accuracy (p<10-39, Fi121 = 676.3;
P<.001; Cohen d' = 4.71; ROC = 1.0). Discrimination
accuracy using inhibitory control (spike amplitude) was
high as well (p<10-, F1,121 = 27.4; P<; Cohen d' = 0.95;
ROC =0.799).

The measures from Quotient™ however, did not
correlate with parent ratings of children with ADHD on
the abbreviated Conners scale or the Overactivity -
Inattention component of the IOWA Conners [20]. In
contrast, there were significant correlations between
complexity of movement and teacher ratings on the
abbreviated Conners scale and on the Overactivity -
Inattention component of the IOWA Conners scale in the
ADHD group [20]. When parent and teacher ratings were
compared, there was only a non-significant correlation
(r=0.396) between parent and teacher ratings on the
Overactivity - Inattention component of the IOWA
Conners.

Given these discrepancies between parents and teacher
ratings a question arises regarding their validity. Initially
it was thought that teachers had more exposure to
children in general and had a more accurate perspective.
However, it also became clear that teacher's can
sometimes be biased and tended to indicate much more
severe problems in boys than girls [22,23]. Further,
question arises whether sensor technologies provide an
unbiased and meaningful metric. Barkley [1] defined
"ecological validity" as the extent to which the results of
laboratory measures could be generalized to the actual
behaviors in real world settings. Our aim of this study was
to investigate the ecological validity of office-based
ratings from parents, clinicians or motion sensory
technology to determine if they were predictive of the
child's level of motor activity at school and at home. For
this analysis we used a heterogeneous clinical sample that
included subjects with ADHD with and without comorbid
mood disorders and a subthreshold group with some
ADHD symptoms but not enough to meet full criteria. We
did this to sample the full range of potential activity levels
rather than picking subjects at the extremes. Hence, we
compared parent ratings on the Conners’ Hyperactivity
Index [24], clinician ratings on the ADHD Rating Scale-1V
defined in DSM-IV (ADHD-RS) and composite infrared
measures of activity on the 15-20 minute Quotient™
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ADHD system to hourly actigraph measures captured over
a 3-5 day period during the school week.

Methods

Subjects

Children between the ages of 5 to 18 were recruited
via advertisements from the general population. Parental
written consent and child verbal assent were obtained.
This study was approved by the McLean Hospital
institutional review board and was run by a clinical
research program in a university-affiliated, major
psychiatric hospital located in a suburban city. Subjects
and parents were interviewed by trained mental health
professionals (psychiatrists, Ph.D. psychologists, clinical
nurse specialists). Children in good physical health who
were diagnosed with ADHD (with or without comorbid
depressive disorders) and typically developing controls
were included in the study. The diagnostic assessments
were conducted based on DSM-IV criteria for ADHD. The
structured interviews were conducted using the Kiddie
Schedule for Affective Disorder and Schizophrenia for
School-Age Children, Present and Lifetime Version [25].
Parent ratings on the Conners’ Hyperactivity Index [24],
ADHD-RS and Achenbach Child Behavior Checklist [26]
were collected. Children who had major mood disorder,
psychosis, tic disorder, a major anxiety disorder, or
mental retardation were excluded from the study.
Children with oppositional defiant disorder, mild anxiety,
or reported learning disorders were able to participate.
Assessments were performed when the children were
free of medication for at least 18 hours. Parents were
asked to have their children off medication for the
duration of actigraph measurements that was a minimum
of 3 days and a maximum of 5 days.

Actigraphy

Actigraph (mini-motionlogger or motionlogger watch,
Ambulatory Monitoring, Inc.) was kept in a pouch
attached to a belt worn around the children's waist. The
measurements were collected during the days of the
school week from Monday to Friday and not on weekends.
Parents recorded daily logs when the monitor was
removed (e.g., for bathing) and times of unusual activity
(e.g., horseback riding, driving in a car on a bumpy road)
that can produce artifactual results to identify and reject
data during those periods for analysis. The daily log
included bedtimes and rise times as well. The artifacts
were identified and rejected by hand prior to data
analysis by a skilled technician who was blind to
diagnosis. Activity was recorded in zero-crossing mode
(2-3Hz filter, sensitivity 0.01G force at mid band). Data
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were downloaded and zero crossing counts for each
minute was used for further analysis.

Quotient™

Quotient™ test was specifically designed to provide
objective measures of hyperactivity, inattention and
impulsivity. Children younger than 13 years of age were
instructed to sit at a computer and to press a space bar
when he/she sees an 8-sided star and not to press
anything when a 5-sided star was presented. Children
were seated on a chair without back support, adjusted so
that they were comfortable with both feet on the floor
with knees bent at a right angle. Their hand rested on the
desk with fingers poised directly above the space bar. The
computer screen was adjusted so that the screen height
was positioned at eye level. Stars were presented briefly
(200 milliseconds), at random screen positions, every 2
seconds. Duration of the task was 15 minutes. During this
task a small reflective marker was worn on a headband
while the infrared motion analysis system tracked and
recorded the vertical and horizontal position of a marker
(0.04-mm resolution) [20]. Adolescents completed a
similar but more complex Go-NoGo task in which they
were instructed to press the space bar for 5, 8 and 16-
pointed stars, but to not press for 4-pointed stars. Stars
were presented for 240 msec, in random screen positions,
with variable inter stimulus interval (1000 to 4000
milliseconds).

The Quotient™ system provides 6 measures of
hyperactivity, 6 conventional CPT measures of attention,
and 5 novel measures examining fluctuations in attention
state [27]. The system also provides overall composite
hyperactivity, inattention and global severity scores. For
this study we used the composite hyperactivity measures.
This index is based on four activity measures
(movements, displacement, area, immobility duration)
that vary linearly with severity and is scaled from 0 - 10.

Statistics

Differences between ADHD and controls for parent,
clinician ratings, Quotient™ score and actigraph counts of
10 most active hours were assessed using analysis of
covariance (ANCOVA) with age as a covariates.
Comparisons between subgroups of ADHD were
corrected for multiple comparisons using Benjamini &
Hochberg’s [28] false discovery rate, which controls the
expected proportion of errors among the rejected
hypotheses. Partial correlations were performed using
Pearson correlation adjusted by age.
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Results

The sample consisted of 83 subjects (49M/34F, 10.6+
3.1 years), 45 with ADHD combined or predominantly
hyperactive/ impulsive subtypes (ADHD Combined)
(32M/13F, 9.8+2.7 years), and 15 typically developing
controls (2M/13F, 13.3+2.8 years) based on structured
diagnostic interviews. In addition, there were 12 subjects
(6M/6F, 10.0+£3.0 years) who had some ADHD symptoms
but fell short of meeting full criteria (ADHD Sub
threshold), and 11 (9M/2F, 10.0£3.3 years) subjects with

ADHD plus comorbid mood or anxiety disorders (ADHD +
Mood).

As seen in Table 1 there were significant differences
between healthy controls and subjects meeting full or
partial criteria for ADHD in symptoms of hyperactivity as
assessed by parent ratings, clinician ratings and
Quotient™. Interestingly, differences between controls
and the heterogeneous clinical sample were not
significantly different in mean of their 10 most active
hours on actigraphy.

Measures Suspected ADHD Control F value P value Effect Size
Parent ratings 8.97 £4.5 3.08+4.8 17.8 <10+ 1.29
Clinician ratings 11.08 £5.3 2.63+5.6 27.0 <10+ 1.58
Quotient™ score 6.88+2.3 447 +25 11.3 <0.002 1.03
Acugraphhlo(:l;‘;“t active | 13187+ 2298 12098 + 2447 2.36 >0.1 0.47

Tablel: Differences between suspected ADHD and Control groups in parent, clinician ratings, Quotient™ score and
actigraph counts of 10 most active hours (Values are corrected for age).

Table 2 shows the values and differences between the
subgroups of ADHD. Compared to the ADHD Combined
group and the ADHD + Mood group, the ADHD Sub
threshold group had significantly lower parent and

clinician ratings. There were no significant differences
between the ADHD subgroups in mean levels of
hyperactivity measured by Quotient™ or actigraph.

ADHD ADHD ADHD Sub-
Measures Combined threshold 1vs2 1vs3 2vs3 Group Age Sex
+Mood (2)
1) 3)
Mean £SD Mean £SD Mean £SD P value P value P value F val Pval F val Pval F val Pval
f;:ﬁ'g‘; 10.3+4.1 10.9+4.2 5.1+4.2 >0.9 <0.004 <0.02 806 | <0.004 | 237 <103 | 4.64 | <0.09
C::;:::gas“ 12.244.9 14.645.0 5.8+5.0 >0.4 <0.004 | <0.002 104 | <0.001 | 104 | <0.007 | 0.44 | >06
i T™M
Q“:ct(')er';t 7.0£2.3 5.9+2.3 7.5¢2.3 >0.4 >0.8 >0.3 1.43 >0.3 3.23 >01 | 287 | 0.1
Actigraph 10
mostactive | 1334942144 | 1277642156 | 14564+2177 >0.8 >0.3 >0.2 2.12 >0.2 34.7 <105 | 011 | »08
hours

Table2: ADHD subgroup differences using ANCOVA, corrected for multiple comparisons with Benjamini and Hochberg

method (Hochberg & Benjamini, 1990).

Table 3 Indicates the degree of partial correlation
(adjusting for age) between these different measures of
hyperactivity and a composite actigraph measure. The
cross-correlations were significant between Quotient™,
parent ratings and clinician ratings, with the greatest
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degree of correlation between parent and clinician ratings
(r=0.663, p < 10-14). Quotient™ ratings correlated with an
overall actigraph measure of hyperactivity whereas
clinician and parent ratings did not.
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PP Ep——
Measures Parent ratings Clm.l clan Quotient
ratings score
Parent ratings Correlation - - 0
p-value
Clinician ratings Correlation 0.663 i i
& p-value <10-14
. Correlation 0.318 0.293
T™M -
Quotient™ score p-value <0.01 <0.01
Actigraph 10 most Correlation -0.032 0.038 0.316
active hours p-value 0.8 0.7 <0.003

Table 3: Partial correlation (adjusting for age) between measures and ratings of hyperactivity and composite actigraph

measure (N=83).

Figure 1 illustrates the degree of partial correlation
(adjusting for age) between ratings of hyperactivity in the
office and actigraphy measures of activity during each
hour of the day. Overall, there were significant
correlations between level of activity quantified in the

office using Quotient™ and actigraph measures at 9-10,
10-11 AM, 11-Noon, 1-2, 2-3, 4-5, 6-7, 7-8 and 8-9 PM.
Parent ratings only correlated with actigraph measures at
6-7 AM. Clinician ratings did not correlate with actigraph
measures at any time point.

it

0.2

0.1

0.0-

-0.1

-0.2

Partial Correlation Coefficients (controlling for age)

0 5 10

Association Between Office Ratings of Hyperactivity and Mean Hourly Actigraph Activity
t

Figure 1: Association between in-office assessment of hyperactivity, based on clinician ratings, parent
ratings or objective measures using infrared motion analysis, and actigraph measures of hourly activity
averaged over 3-5 days (n=83). *p<0.05,*p<0.02, tp<0.005, t1p<0.001.
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Discussion

We sought to address how well parent and clinician
ratings of hyperactivity in the office correlated with
objective measures of activity in healthy controls and
children suspected or found to meet criteria for ADHD.
Specifically, we used actigraphs to provide an index of
psychomotor activity during school and home activities.
Interestingly, there was no significant correlation
between parent ratings and overall actigraph measures,
and only one time point when parent ratings correlated
with actigraph ratings at a specific time (6AM-7AM).
Similarly, clinician ratings (which correlate very strongly
with parent ratings) did not correlate with overall
actigraph measures or actigraph measures during any
specific time of the day. In contrast, Quotient™
Hyperactivity Measures obtained in the office correlated
significantly with overall actigraph measures and
correlated with actigraph measures at multiple time
points between 9 AM and 9 PM with the exception of
ratings between noon-1 PM, 3-4 and 5-6 PM. This
suggests that parent and clinician ratings may not provide
good insight into a child’s level of activity at home or at
school, at least that aspect of a child’s activity that can be
captured using actigraphs. In contrast, Quotient™
Hyperactivity Index obtained in the office at one time
point provided a general measure that correlated at times
when children might be expected to be seated and
reasonably still. The times when it did not correlate were
likely periods involving lunch, school dismissal and
perhaps play periods.

The ADHD Subthreshold group had significantly lower
parent and clinician's ratings compared to ADHD
Combined and ADHD + Mood group. Interestingly, levels
of hyperactivity measured objectively by Quotient™ and
actigraphs showed that the ADHD Subthreshold group
was at least as hyperactive as the other groups. This
suggests that some children who may be objectively
hyperactive may not be rated as hyperactive by parents or
clinicians. This brings up a critical difference between
objective and subjective ratings of hyperactivity.
Actigraphs and Quotient™ specifically assess the amount
and extent of movement. Abikoff, et al. [29] found that
human ratings of activity were markedly influenced by
the valence of a child’s behavior. Hence, children who
behaved in an oppositional manner were rated as more
hyperactive than children moving to the same degree who
were not oppositional. In short, the actigraph and
Quotient™ likely provide relatively pure measures of
activity while parent and clinician ratings provide a mixed
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picture that reflects both their degree of movement and
degree of disruption.

Both perspectives are valuable clinically. Objective
measures of activity provide a target symptom that is
highly responsive to medication, potentially has value in
titrating dosage [27,30-32], correlates with indirect
measures of regional blood flow [33,34] and dopamine D2
receptor density in caudate [35]. Human ratings, on the
other hand, capture an additional quality that may lead to
children being singled out by teachers or peers, and result
in humiliation or disciplinary actions. We have noticed
clinically that, children who appear hyperactive on rating
scales but not on Quotient™ almost invariably meet
criteria for oppositional defiant disorder or conduct
disorder. This leads us to suspect that children diagnosed
as subthreshold in this study by DSM-IV criteria were less
disruptive than children meeting full criteria but still may
have significant problems sitting still or regulating motor
activity and may benefit from clinical interventions.

An actigraph measures bodily motions (accelerations)
and stores activity counts in solid-state memory.
Typically, actigraphs are worn on the non-dominant wrist
in adults and on the belt to detect trunk movements in
children. The first study reporting differences in activity
levels in children with ADHD was Porrino et al. [18]. She
reported that children with ADHD were about 25% to
30% more active than normal controls and that their
activity levels differed most during structured school
tasks. In contrast, there were no significant differences in
activity levels during recess or after school. Many studies
have used those recording to evaluate not only activity
levels but rest activity rhythm of ADHD and patients with
other psychiatric disorders [19,36].

The Quotient™ ADHD System uses an infrared motion
analysis camera to track movements of a reflective
marker worn on the head. Quotient™ Hyperactivity
measures correlated with parent ratings, clinician ratings
and overall actigraph measures in this study. The finding
that Quotient™ Hyperactivity Index correlated with
actigraph measures suggests that they are assessing some
shared parameter. Further, it makes sense that Quotient™
and actigraph correlated at times that children were likely
in class, working on homework, seated for dinner or
heading to bed. These are times when the child with
ADHD may be expected to remain relatively still and
hence when their problem sitting still or inhibiting their
activity would be most noticeable. The Quotient™ test
was specifically designed to capture their difficulty in
inhibiting activity to low levels by recording head
movements during a monotonous but challenging
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cognitive control task. Hence, in office Quotient™
measures may provide some insight into a child’s level of
activity during times when they are expected to sit still.

Unfortunately, teacher ratings of hyperactivity were
not collected in this study. However, Teicher, et al. [20]
reported that infrared motion analysis of head
movements (as used in Quotient™) correlated strongly
with teacher ratings but did not significantly correlate
with parent ratings of hyperactivity. This lack of
concordance with parent ratings is consistent with the
observation that parent and teacher ratings of ADHD
symptoms correlate only to a limited degree, with
Pearson correlation coefficients of around 0.2-0.4
[16,37,38]. This is likely due to differences in what is
expected regarding appropriate or permissible levels of
activity at home versus school.

The observed correlations between Quotient™ and
actigraphs were significant but only of medium effect size.
This is likely due to variability in the classroom
environment. Many schools now permit children to have
substantial latitude in degree to which they are permitted
or even encouraged to move around during class. In
contrast, the Quotient™ test presents a consistent
challenge and requires children to remain seated
throughout. This study provides additional support for
the premise that in office Quotient™ measures have
ecological validity as they correlated with parent and
clinician ratings and actigraph measures at specific times,
but not at other times (e.g., lunch periods) when children
with ADHD may not be distinguishable from healthy
controls in their level of physical activity. Many clinicians
and researchers forgo teacher ratings due to difficulty
obtaining them from some teachers and concerns about
privacy. While it has been argued by some that they are
not essential [39], lack of correlation between parent
ratings and actigraphs during school hours suggest that
some useful information may be missing. Use of
actigraphs or Quotient™ measures may provide a
valuable alternative.
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