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Objective: Classroom- and laboratory-based efforts to study the attentional problems of children with ADHD are incongru-
ent in elucidating attentional deficits; however, none have explored within- or between-minute variability in the classroom 
attentional processing in children with ADHD. Method: High and low attention groups of ADHD children defined via clus-
ter analysis, and 36 typically developing children, were observed while completing academic assignments in their general 
education classrooms. Results: All children oscillated between attentive and inattentive states; however, children in both 
ADHD groups switched states more frequently and remained attentive for shorter durations relative to typically developing 
children. Conclusion: Overall differences in attention and optimal ability to maintain attention among the groups are consistent 
with laboratory studies of increased ADHD-related interindividual and intergroup variability but inconsistent with laboratory 
results of increased intra-individual variability and attention decrements over time. (J. of Att. Dis. 2009; 12(6) 563-573)
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ADHD is a complex, chronic neurodevelopmental 
disorder with behavioral and cognitive conse-

quences that affect multiple areas of functioning in an 
estimated 3% to 5% of school-age children. Clinical 
consensus and theory purport that developmentally inap-
propriate and functionally impairing inattentiveness 
represents one of the core features of ADHD (American 
Psychiatric Association [APA], 2000) following the 
seminal work of Douglas (1972) and colleagues. 
Competing models, however, consider attentional prob-
lems a secondary (Barkley, 2006) or associated feature 
(Castellanos & Tannock, 2002; Rapport, Chung, Shore, 
& Issacs, 2001; Sonuga-Barke, 2002) of the disorder. 
The current study is the first to empirically test contra-
dictory laboratory-based predictions of sustained atten-
tion decrements and increased behavioral variability in 

children with ADHD relative to typically developing 
(TD) children in natural classroom settings. Although 23 
previous studies have examined group-level on-task dif-
ferences between ADHD and TD children (Kofler, 
Rapport, & Alderson, 2008), the current study is the first 
to examine minute-to-minute and within-minute atten-
tional shifts in their directly observed classroom atten-
tive behavior. The need for the current study is predicated 
on inconsistencies between the findings of classroom 
and laboratory studies of ADHD-related attention defi-
cits, as reviewed subsequently.
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efforts to study the attentional problems of children 
with ADHD have traditionally followed a two-pronged 
approach—examining vigilance/sustained attention per-
formance differences under highly controlled laboratory 
conditions and using direct observations of attention in 
field settings such as the classroom. Controlled labora-
tory investigations are inconsistent in documenting atten-
tional disturbance in children with ADHD. Significant 
differences are frequently, albeit not always, reported 
between ADHD and TD children while identifying infre-
quently occurring stimuli over extended periods of time 
as measured by continuous performance tests (CPTs; for 
a review, see Denney, Rapport, & Chung, 2005). 
Surprisingly few studies explore Group × Time interac-
tion effects, and of those that do, several (Corkum, 
Schachar, & Siegel, 1996; Hooks, Milich, & Lorch, 1994; 
Seidel & Joschko, 1991; van der Meere, Shalev, Börger, 
& Gross-Tsur, 1995) but not all (Alberts & van der 
Meere, 1992; Barkley, Anastopoulos, Guevermont, & 
Fletcher, 1991; Harper & Ottinger, 1992) report signifi-
cantly greater performance decrements over time in chil-
dren with ADHD relative to TD children.

In contrast to the controlled laboratory investigations, no 
study to date has examined potential Group × Time interac-
tions in attention in classroom settings (Kofler 
et al., 2008). efforts to study the attentional problems of 
children with ADHD in field settings such as the classroom 
traditionally rely on direct observations, which are the most 
frequently used assessment method by school psycholo-
gists applying Diagnostic and Statistical Manual of Mental 
Disorders (4th ed.; APA, 1994) criteria (Wilson & Reschly, 
1996). The value of direct observations is also recognized 
by the International Statistical Classification of Diseases 
and Related Health Problems, which requires a direct 
observation of on-task behavior during academic or other 
tasks to confirm a diagnosis of hyperkinesis/ADHD 
because of its recognition of the insufficient predictive 
validity of available rating scales (World Health 
Organization, 1993). Investigating the processes underly-
ing classroom attention is particularly relevant given that 
classroom inattention is often the catalyst for clinical refer-
rals (APA, 2000; Pelham, Fabiano, & Massetti, 2005), 
correlates highly with multiple pejorative outcomes, and 
portends immediate-, near-, and long-term functioning 
both within and external to the educational setting. 
Inattentive children complete less schoolwork correctly 
(Rapport, Denney, DuPaul, & Gardner, 1994) and are more 
likely to receive lower grades and standardized test scores 
(Zentall, 1993). More than half of all children with ADHD 
fail at least one grade by adolescence (Barkley, DuPaul, & 
McMurray, 1990), and 23% to 32% of children with 
ADHD fail to finish high school (Barkley, Fischer, 

Smallish, & Fletcher, 2006; Mannuzza, Klein, Bessler, 
Malloy, & LaPadula, 1993). Classroom attentional prob-
lems identified in young children predict scholastic under-
achievement during adolescence (Rapport, Scanlan, & 
Denney, 1999) and early adulthood (Fergusson & Horwood, 
1995), and their negative impact continues into adult-
hood—longitudinal studies reveal that they are less likely 
to attend college and more likely to have conduct prob-
lems, unstable marriages, and lower mean socioeconomic 
status scores compared to peers of similar intelligence 
(Barkley et al., 2006; Mannuzza et al., 1993).

extant research examining classroom attentional diffi-
culties in children with ADHD unequivocally reveals that 
they pay less attention during instruction and independent 
work periods than their peers and experience significant 
difficulty initiating and maintaining attention in academic 
settings (e.g., Abikoff et al., 2002; Barkley et al., 1990). 
Differences in rates of directly observed visual attentive 
behavior between children with ADHD and their unaf-
fected peers vary between 4% and 27%, with a mean of 
13%, after accounting for methodological, situational, and 
diagnostic differences across studies based on a recent 
meta-analytic review of 23 classroom observation studies 
(Kofler et al., 2008). These deficiencies are apparent 
regardless of coding schema, time interval, or participant 
demographics; are particularly apparent on tasks that place 
greater demands on working memory (Douglas, 1988; 
Rapport, Chung, Shore, Denney, & Issacs, 2000); and may 
be attenuated under conditions that involve novel task 
parameters (Power, 1992; Zentall & Meyer, 1987) and 
frequent reinforcement (Pelham, Milich, & Walker, 1986).

The consistent findings of classroom observation stud-
ies are at odds with the inconsistent laboratory CPT find-
ings, necessitating empirical examination of attention 
processes in classroom settings. This discrepancy is 
accentuated by studies comparing CPT findings with 
direct observations of attention in the classroom. For 
example, studies examining the relationship between CPT 
errors and classroom attention frequently report nonsig-
nificant (Conners, 1997; McGee, Clark, & Symons, 2000) 
or weak correlations (Nigg, Hinshaw, & Halperin, 1996), 
whereas stronger correlations are reported between direct 
observations of children’s visual attention during the CPT 
and direct observations of their classroom visual attention 
(Börger et al., 1999; Weis & Totten, 2004). These findings 
may reflect the blurring of construct distinctiveness 
between laboratory definitions of vigilance and classroom 
measures of attention and the selection of discrete time 
intervals for study. For example, extant studies frequently 
equate laboratory-based vigilance and sustained attention 
as the ability to maintain a stable level of accurate respond-
ing, with deficits implied by a linear drop in performance 
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over time. This view is inconsistent with the often-repli-
cated finding that reaction time variability may distinguish 
children with ADHD from controls better than traditional 
CPT measures (Banaschewski et al., 2003; Börger et al., 
1999; Swaab-Barneveld et al., 2000). Therefore, it is 
equally plausible that children with attention deficits 
evince more of a nonlinear “in and out” pattern of attend-
ing. This view is tested directly in the current study by 
analyzing directly observed minute-to-minute and within-
interval attentional shifts in children with ADHD and their 
unaffected peers.

Several laboratory studies have examined inter- and 
intra-individual variability in ADHD relative to TD 
children, leading to the consideration of ADHD-related 
variability as a candidate endophenotype of ADHD 
(Aase & Sagvolden, 2006; Castellanos et al., 2005; 
Kuntsi, Oosterlaan, & Stevenson, 2001; Leth-Steensen, 
elbaz, & Douglas, 2000). Castellanos et al. (2005), for 
example, examined ADHD-related variability in reac-
tion time on laboratory tasks using advanced signal 
processing techniques (e.g., Fast Fourier transforma-
tions and wavelet analyses) and found that children 
with ADHD exhibited greater overall variability as well 
as increased intra-individual variability relative to TD 
children. None of the classroom observation studies to 
date, however, have explored Group × Time interac-
tions or minute-by-minute changes that may reflect 
variability in underlying attentional processes between 
children with ADHD and TD children (Kofler et al., 
2008). This latter approach is used in the current study 
and has two potential advantages over traditional meth-
ods: It enables the investigation of momentary atten-
tional variability or pattern differences in children with 
ADHD and provides preliminary data concerning the 
attentional characteristics and variability of TD, same-
age peers in classroom settings. The approach also 
provides incremental benefit beyond the signal process-
ing analyses used by others because it retains readily 
interpretable metrics (e.g., minutes and number of 
attention shifts, compared to Hertz).

The present study is the first to investigate variability 
in observed classroom attention. It scrutinizes minute-
by-minute and within-minute interval changes in ADHD 
children’s visual attention while they complete assigned 
academic seat work in general education classrooms 
with multiple but spontaneously occurring (i.e., non-
programmed) distractions. Previous studies have used 
identical or similar coding schemes but have limited 
their analyses to group means (Kofler et al., 2008). 
Observational data collected in general education class-
rooms provide a unique opportunity to study children’s 
attentional processes as they naturally occur, while 

maximizing ecological validity by taking into account 
situational and temporal influences (Kazdin, 1998). 
The inherent tradeoff between ecological validity and 
experimental control is unavoidable; however, these 
costs are often offset by the heuristic value gained 
through field studies. The study also includes same-aged 
TD children. Their inclusion enables between-group 
comparisons of attentional differences both within and 
across observation intervals and serves the unique func-
tion of providing an initial glimpse of TD children’s 
attention in the classroom.

Method

Participants

Clinical participants. Sixty-six boys and nine girls 
referred by community psychiatrists, pediatricians, and 
school personnel met the following inclusion criteria and 
participated in the study: (a) diagnosis of ADHD based on 
parent clinical interview using the Schedule for Affective 
Disorders and Schizophrenia for School-Age Children 
(Ambrosini, 2000). (b) problems in at least 50% of the 
situations on Barkley’s (2006) Home Situations 
Questionnaire, (c) a maternal rating of at least two 
standard deviations above the mean on the Werry- 
Weiss-Peters Activity Scale (Routh, Schroeder, & 
O’Tuama, 1974), (d) a teacher rating of at least two stan-
dard deviations above the mean on the Abbreviated 
Conners Teacher Rating Scale (ACTRS; Conners, 
Sitarenios, Parker, & epstein, 1998), (e) absence of 
Conduct Disorder, and (f) absence of gross neurological, 
sensory, or motor impairment as determined by pediatric 
examination. Parents provided informed consent. Children 
were from 6 to 11 years of age (M = 8.51, SD = 1.25) and 
fell within the average range of intelligence 
(M = 102.28, SD = 10.90) based on the Peabody Picture 
Vocabulary Test (Dunn & Dunn, 1997). They were all 
Caucasian and from families of low to middle socioeco-
nomic status (Hollingshead, 1975). Children were referred 
and evaluated for inclusion in a psychostimulant medica-
tion trial. eight had experienced brief trials of stimulant 
therapy within the previous 4 years, but none were pre-
scribed psychostimulants at the time of the study. Several 
children showed symptoms of, but did not meet formal 
criteria for, mood, anxiety, Oppositional Defiant, and 
Conduct Disorders. Increasing the heterogeneity 
of the ADHD group by including children comorbid for 
other disorders would impair interpretation of research 
findings as argued elsewhere (e.g., Vaessen & van der 
Meere, 1990). All selected children met criteria for 
ADHD–Combined Type and were attending general 
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education elementary school classrooms, although 
several received concurrent special education services.

TD children. The TD group consisted of 36 children (29 
boys, 7 girls) between the ages of 6 and 11 (M = 8.56, 
SD = 1.81) who were either same age and gender class-
mates of children with ADHD (n = 11) or attending general 
education classrooms in several public elementary schools 
in a similar urban district (n = 25). This latter subsample 
was randomly selected from classroom rosters, did not 
evidence symptoms of ADHD or other problem behaviors 
according to parent and teacher report, and had never been 
referred for an evaluation of learning or behavior problems. 
There were no significant differences in observed rates of 
attention between the 11 classmate and 25 nonclassmate 
TD children (p > .05, ns). Teacher ratings on the ACTRS 
for all members of this group were within 1.5 standard 
deviations of the mean for the child’s age. The TD children 
were of average or above average intelligence based on 
standardized test results provided by each child’s school 
and from families of low to middle socioeconomic status. 
There were no significant differences between the ADHD 
and normal comparison groups with respect to age, IQ, and 
socioeconomic status (all t-test contrasts p >.05, ns).

Procedures

All children were observed in their general education 
classrooms for 20 min on each of 3 days during a 1 week 
time span. No two children with ADHD were in the same 
classroom. eleven TD children were in the same class-
room as a child with ADHD completing the same assign-
ments (limited to one control child per classroom of a 
participant with ADHD), whereas the remaining 25 TD 
children were in different classrooms. Observations were 
completed during the morning at a time that was (a) held 
constant across all observation sessions and (b) arranged 
to coincide with the start of children’s initial in-seat 
academic assignment (i.e., children completed their 
assigned in-seat academic work, such as mathematics or 
language arts, throughout the observation period).

Dependent Measure

Visual attention. Direct observations of children’s on-
task behavior were used to measure visual attention. 
On-task behavior emphasizes visual fixation to task-rel-
evant stimuli, a property common to most measures of 
attention, and exhibits superior precision, objectivity, 
and validity as a measure of classroom attention relative 
to teacher and parent rating scales (Abikoff et al., 2002; 
Harris & Lahey, 1982). Definitions of attention in the 
literature refer to preferential selection and processing of 

sensory information—inattention is inferred from frequent 
shifts in activity and behaviors that are not task related 
(Bear, Connors, & Paradiso, 2001). Consistent with 
extant direct observation studies, the current study oper-
ationalizes attention as on-task behavior—visual atten-
tion to required stimuli.

A trained undergraduate- or graduate-level research 
assistant observed each child for 60 consecutive intervals 
during each observation day throughout the study. each 
interval was divided into 15 s of observation followed by 
5 s for recording. A child’s behavior was categorized as 
either on or off task using a partial interval schedule. The 
recent meta-analytic review by Kofler et al. (2008) found 
no difference between studies defining off task based on 
partial or whole intervals. Off-task behavior was defined 
as visual inattention to one’s materials for more than 2 
consecutive seconds within each 15-second observation 
interval, unless the child was engaged in an alternative 
task-appropriate behavior (e.g., sharpening a pencil). An 
observer was situated in each classroom such that they (a) 
avoided direct eye-to-eye contact with observed children, 
(b) were distanced from them by approximately half the 
classroom size, and (c) maintained a clear view of the 
child to allow determination of task-related attention. 
Observers were blind to children’s diagnostic standing.

Interobserver reliability checks of each child’s on-task 
behavior were obtained on 33% of the observation days 
and at least once during the week for all the participants 
in the study, excluding the 11 control children in the 
same classroom as children with ADHD. Reliability 
observations were conducted exclusively for children 
with ADHD in these cases because they exhibit higher 
variability in classroom attention. Obtained and chance 
estimates were computed for occurrence, nonoccurrence, 
and overall agreement. Overall reliability was consis-
tently greater than 85%, with a mean of 92.4% (range = 
86.3% to 99.8%) across children. A mean kappa value of 
.84 was obtained across all observations.

A three-tier data analytic strategy was used to exam-
ine characteristics and variability in classroom visual 
attention. Dependent variables derived from the raw on-/
off-task data for Tiers I and II are as follows: The direct 
observations of children’s classroom attention—three 
observations of on-/off-task behavior per minute (20 s 
each) over 20 consecutive min on each of three observa-
tion days—were transposed to 20, one minute time 
blocks. each 1-min time block was estimated based on 
nine data points, three from each observation day, and 
represents the percentage of each minute for which each 
child was on task across the three days. each observation 
period coincided temporally with the beginning of that 
day’s academic tasks; therefore, observation data points 
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were averaged across days to minimize history effects. 
The dependent variables for Tier III are described 
below.

Cluster analysis was used in the initial tier predicated 
on past findings that severity of attention and other execu-
tive functioning deficits often differentiate subgroups of 
children with ADHD with distinct neurocognitive profiles. 
Heritability studies employing latent class analysis reveal 
distinct subgroups of ADHD children with few, mild, and 
severe inattention that are genetically independent 
(Rasmussen et al., 2004; Todd et al., 2001). Children in the 
severe and mild inattention subgroups demonstrate spe-
cific impairments on standardized measures of reading, 
writing, mathematics, and verbal intelligence; frequency 
of failing grades; and use of special education services 
(Todd et al., 2002). Subgroups of mild and severe inatten-
tion have also been found to differ on age (Marsh & 
Williams, 2004) and severity of academic performance 
deficits—that is, 6.9% of the mild subgroup receive pri-
marily C, D, and F grades, compared to 19.4% of the 
severe subgroup (Todd et al., 2002). In the current study, 
findings of distinct ADHD but not TD clusters would 
indicate increased ADHD-related intragroup variability.

Within- and between-minute differences in attention 
were explicated in the second and final tiers. Tier II used 
the derived data described earlier and examined Group 
(ADHD, TD) × Time (Minutes 1 to 20) interactions and 
variability over time to investigate intergroup and intra-
individual variability, respectively. A significant Group × 
Time interaction would indicate increased intergroup 
variability, whereas significantly higher SDs across min-
utes in both ADHD groups relative to TD children would 
suggest increased intra-individual ADHD-related vari-
ability. An attention decrement, on the other hand, would 
be demonstrated by a temporal pattern in which the 
visual attention rates of children with ADHD decrease 
over time disproportionately to the rates of TD children.

Tier III analyzed the characteristics and patterns of 
classroom visual attention. Six variables were derived 
from the raw on-/off-task data: (a) overall mean time on 
task, mean duration of time (b) on and (c) off task, 
maximum duration (d) on and (e) off task, and (f) total 
shifts. Mean overall time on task was calculated based on 
each child’s average number of on-task intervals across 
the three 20-min observation days. Mean duration on and 
off task were calculated based on the average number of 
consecutive minutes children remained on and off task 
before switching to the alternate behavioral state (i.e., 
“On average, how long did they remain on task before 
going off task?”). Maximum time on and off task, in 
contrast, represent the longest period of time each child 
ever remained on or off task, respectively, once entering 

that state. Total attention shifts represent all changes 
from one state to the alternate state (i.e., on task to off 
task and off task to on task). All variables represent aver-
ages over 3 days of observations.

Results

Tier I: Cluster Analysis 
and Group Assignment

Attentional data for the ADHD and TD groups were 
submitted to separate two-step cluster analyses (Hair, 
Anderson, Tatham, & Black, 1998) to determine whether 
children with ADHD and TD children were best repre-
sented as single or multiple subgroups based on observa-
tions of their attention over time. The ADHD and TD 
groups were analyzed separately for conceptual reasons 
(i.e., inclusion criteria separated them based on attention 
ratings and other factors). The cluster analytic solution 
revealed that TD children were best represented as a single 
group, whereas a two-group solution optimally character-
ized children with ADHD based on Schwarz Bayesian 
Information Criterion (BIC). The BIC is a model-fitting 
index, wherein the lowest BIC value indicates the pre-
ferred cluster solution (Hair et al., 1998). Cluster solution 
values are presented in Table 1. The Tiers II and III analy-
ses are therefore based on three groups: one cluster of TD 
and two clusters of children with ADHD. The two ADHD 
groups were designated ADHD-High Attention (ADHD-H; 
n = 47) and ADHD-Low Attention (ADHD-L; n = 28) 
based on their mean on-task rates. The ADHD-H and 
ADHD-L groups did not differ on age, gender, IQ, Werry-
Weiss-Peters Activity Scale, ACTRS, Home Situations 
Questionnaire scores, or presence of subclinical symp-
toms of other disorders (all p > .10).

Tier II: Attention by Time Analysis

Intergroup variability over time. A 3 (Group: ADHD-L, 
ADHD-H, and TD) × 20 (Time Blocks) mixed model 
ANOVA was conducted to examine main and interaction 
effects of the three groups over time. Obtained results 
yielded a significant main effect for group, F(1, 108) = 
135.81, p < .001, a nonsignificant main effect for time, 
F(1, 19) = 0.82, ns, and a significant Group × Time inter-
action effect, F(1, 38) = 1.62, p = .01. Group means and 
95% confidence intervals for the 20 minute observational 
period are depicted in Figure 1.

Post hoc analyses with Bonferroni corrections for 
multiple comparisons indicated that children in the 
ADHD-H and TD groups exhibit relatively similar on-
task rates at the onset of the 20-min seatwork assignment 
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period (Minutes 1 and 2: p ≥ .13). The TD group, in 
contrast, shows clear separation from the ADHD-H 
group between the 3rd and 11th minutes of observation 
(all p < .05). The ADHD-H and TD groups did not differ 
during Minutes 12 to 16 (all p ≥ .13), differed during 
Minutes 17 to 19 (all p < .001), and did not differ during 
the final minute (p = .12). The significant Group × Time 
interaction is therefore due to the differential visual 
attention pattern of TD children. They were the only 
group with a significant main effect for time (p = .02), 

which trend analysis revealed was characterized by a 
significant quartic (fourth order) trend (p = .03). In other 
words, the significant differences found between the 
ADHD-H and TD groups were not due to decrements in 
ADHD-H on-task rates over time but instead to signifi-
cant increases in TD visual attention rates over time. The 
mean on-task rate for children in the ADHD-L (n = 28) 
group was significantly lower than both ADHD-H and 
TD children across all 20 min (all p < .002).

Intra-individual variability over time. Individual vari-
ability in visual attention rates across time was assessed 
by estimating each participant’s variability over time and 
comparing these estimates across groups. Standard 
deviations were calculated for each participant across the 
20 data points and compared using a one-way ANOVA. 
Results indicated a main effect for group, F(2, 108) = 
3.34, p = .04. Bonferroni-corrected post hocs revealed 
that the ADHD-L group was significantly more variable 
over time compared to TD children (p = .05). Children 
with ADHD-H did not differ from children with ADHD-L 
or TD children (both p ≥ .12).

Tier III: Patterns and Processes 
of Visual Attention

To examine characteristics and patterns of children’s 
classroom attention, a series of six one-way ANOVAs 
were conducted on mean overall time on task, mean 
duration on and off task, maximum duration on and off 
task, and total shifts. ANOVA results revealed a signifi-
cant group effect for all six variables: mean overall time 
on task, F(2, 108) = 122.62, p < .001, mean duration on 
task, F(2, 108) = 28.27, p < .001, mean duration off 
task, F(2, 108) = 17.27, p < .001, maximum duration on 
task, F(2, 108) = 36.93, p < .001, maximum duration 
off task, F(2, 108) = 38.26, p < .001, and total shifts, 
F(2, 108) = 11.01, p < .001. Post hoc Bonferroni analy-
ses revealed significant differences between all three 
groups for all variables at the p < .001 level with three 
exceptions. The ADHD-H and TD groups were not sig-
nificantly different in their mean duration off task and 
maximum duration off task, and the two ADHD groups 
did not differ significantly in the frequency of their 
attentional shifts (all three ps > .05). These findings are 
depicted in Figures 2 and 3.

Discussion

This investigation is the first to examine between- and 
within-minute attentional processes in children with 
ADHD relative to same-age, TD children while they 

Table 1 
Cluster Analysis Fit Indices

Number of Clusters TD Children ADHD

1 632.337 1,202.387
2 684.066 1,172.632
3 784.650 1,292.794

Note: Values for ADHD and normal controls based on a Two-Step 
Cluster Analysis. Lowest value (in bold) indicates best fitting cluster 
solution for each group (Hair et al., 1998). All higher-order cluster 
solutions (> 3) resulted in higher values.
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Figure 1 
Mean Percentage of On-Task Behavior for 20 

Consecutive One Minute Observation Intervals 
Averaged Across Three Days for Three Groups of 

Children: TD, ADHD-High, and ADHD-Low

Note: TD = Percent on-task for three groups: typically developing 
children (top); ADHD-High Attention (middle); ADHD-Low 
Attention (bottom). Standard error bars represent the 95% confidence 
interval.
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complete academic assignments in general education 
classrooms. Obtained between-group differences in mean 
rates of visual attention are highly consistent with previ-
ous classroom investigations of attention involving chil-
dren with ADHD and TD children (Kofler et al., 2008). 
ADHD-H and ADHD-L subgroups were defined via 
cluster analysis and found to be off task approximately 
13% and 40% more often than TD children, respectively. 
The attentional characteristics and variability that con-
tributed to these differences were of primary interest.

The present study’s findings are consistent with past 
findings of higher performance variability in children 
with ADHD (Banaschewski et al., 2003; Barkley, 2006; 
Castellanos et al., 2005). All children oscillated between 
visually attentive and inattentive states. Children in both 
ADHD groups, however, oscillated between on and off 
task more frequently and remained visually attentive for 
shorter durations relative to TD children. The distinct 
clusters of children with ADHD, despite diagnostic and 
demographic homogeneity, reflect increased interindi-
vidual variability in ADHD. Children in the ADHD-H 

group remained visually attentive and inattentive for 
longer and shorter average and maximum durations than 
ADHD-L children, respectively. examination of intra-
individual variability in visual attention rates over time 
revealed that only children in the ADHD-L group were 
more variable over time than TD children. The present 
study, therefore, is consistent with previous laboratory 
findings of increased intergroup and interindividual vari-
ability in children with ADHD relative to TD children 
(e.g., Castellanos et al., 2005). Increased intra-individual 
variability, on the other hand, appears limited to a sub-
group of children with ADHD characterized by more 
severe impairments in their classroom visual attention.

Both the overall differences in attention (80%, 67.5%, 
and 39.5%) and wide differences in optimal ability to 
maintain attention (7 minute, 5 minute, and 2 minute) 
among the TD, ADHD-H, and ADHD-L groups, respec-
tively, are consistent with predictions derived from atten-
tion deficit (Douglas, 1999), attentional resource (Sergeant, 
Oosterlaan, & van der Meere, 1999), and working memory 
models of ADHD (Rapport, Alderson et al., 2008; Rapport 
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Mean Duration On and Off Task: Average Duration of Time Children Remained 

On and Off Task Before Switching to the Alternate State

Note: ADHD-L = ADHD–Low Attention; ADHD-H = ADHD–High Attention; TD = typically developing. Maximum duration on and off 
ask: Longest duration of consecutive minutes children ever remained on or off task after switching to that state. error bars = 95% confidence 
interval. Between-group significant differences = p < .001 level.

 at UNIV OF CENTRAL FLORIDA on May 20, 2009 http://jad.sagepub.comDownloaded from 

http://jad.sagepub.com


570  Journal of Attention Disorders

et al., 2001; Rapport, Kofler, Alderson, & Raiker, 2008) 
but inconsistent with decrement models that predict a lin-
ear decline in attention over time (Corkum et al., 1996; 
Hooks et al., 1994). empirical investigations are needed to 
determine whether these deficits reflect discrete categori-
cal differences or a population continuum as suggested 
elsewhere (cf., Gjone, Stevenson, & Sundet, 1996).

Significant differences were observed in frequency of 
attentional shifts between children in both ADHD groups 
compared to their unaffected peers. This finding is also 
inconsistent with CPT-based decrement model predic-
tions, which forecast progressively longer periods of 
inattentive behavior over time. Several factors may 
account for these differences. Traditional CPTs place 
minimal demands on working memory and most rely on 
automatic processing (Denney et al., 2005). The experi-
mental manipulation typically invokes strong demand 
characteristics, wherein children sit alone at a station in 
a quiet room while letters or numbers are rapidly shown 
on a computer. Classroom academic tasks, in contrast, 
typically involve controlled processing and place greater 
demand on cognitive resources, including the ability to 
store and manipulate information in working memory. 
The processes studied by the CPT do not appear to be the 

same that operate in classroom settings or at best repre-
sent a very limited part of the processes.

Of perhaps greater interest is what occurs when chil-
dren stop attending to their academic assignments. The 
ADHD-H and TD groups remain off task for less than 1 
min before returning to their work, whereas the ADHD-L 
children remain inattentive for approximately twice as 
long on average. Several environmental factors may have 
contributed to these findings (Rapport et al., 2000). 
Changes in both classroom structure and task demands 
(Barkley et al., 1990; Jacob, O’Leary, & Rosenblad, 1978; 
Power, 1992; Whalen et al., 1978; Zentall & Meyer, 1987) 
are known to differentially affect the classroom attention 
of children with ADHD and TD children. Working mem-
ory has also been implicated in classroom attention 
because of its relationship with multiple cognitive and 
self-regulatory functions as discussed elsewhere 
(Gathercole & Alloway, 2008).

The value of the present study was to elucidate charac-
teristics and variability that may contribute to classroom 
attention difficulties in children with ADHD compared to 
their peers. Interpretation and generalization of these find-
ings must be interpreted in light of the study’s methodol-
ogy. Direct observations were used to study attentional 
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error bars = 95% confidence interval. Between-group significant differences = p < .001 level.
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differences within the natural classroom environment 
where distractions are unplanned and frequent. Advantages 
associated with in vivo naturalistic studies nearly always 
represent a tradeoff with experimental control. Observations 
of children completing math and language arts written 
assignments were obtained during a short duration at the 
onset of daily academic activity (i.e., 20 min of seat work 
on each of 3 days) and limited to the morning hours during 
a 1-week period. These results may not generalize to other 
classroom arrangements, attention in school at other times 
of the day, observed attention while working on less 
demanding academic assignments, or children with severe 
learning disability or comorbid clinical disorders. As an 
initial study, we felt that the inclusion of a more heteroge-
neous group may have hindered interpretation of research 
findings, as argued elsewhere (e.g., Vaessen & van der 
Meere, 1990). The obtained rates of attention for both the 
TD children and children with ADHD, however, were 
highly consistent with those reported in a recent meta-an-
alytic review (Kofler et al., 2008) and strengthen the 
potential generalization of the findings. Attention, at its 
most general level, can be viewed as a correlation between 
environmental stimuli and behavior (Barkley, 2006). The 
processes involved in the complex strategic systems 
required for the self-regulation, planning, and implemen-
tation of goal-directed behavior—which can adapt flexibly 
to environmental changes such as those required in class-
room settings—are daunting but deserving of focused 
empirical investigation.
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