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Abstract
The goals of the current study were to use behavioral and pupillary measures to examine working
memory on a spatial n-back task in 8-20-year-olds with youth-onset psychosis or ADHD (Combined
subtype) and healthy controls to determine the contribution of different attentional factors to spatial
working memory impairments, and to examine if age-related changes in performance differed across
groups. Although both clinical groups had lower perceptual sensitivity on both 0- and 1-back, there
was no evidence of an impairment in spatial working memory or differential order effects on the 0-
back. Instead, results suggest that both clinical groups had difficulty encoding the stimuli. They also
appeared to have difficulty maintaining attention and/or readiness to respond, and, to a lesser extent,
recruiting resources on a trial-to-trial basis. It is likely that these attentional problems prevented the
clinical groups from encoding the stimuli effectively and contributed to their general performance
deficits.
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There are intriguing similarities between schizophrenia and ADHD, including impairments in
the same general cognitive domains, behavioral symptoms such as inattentiveness, and
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1We attempted to assess performance on a 2-back task. However, pilot testing indicated that performance was very variable in adults on
this task, and debriefing the participants revealed great inter- and intra-individual variability in strategy use on this task. Thus, we omitted
this condition from subsequent studies because the difference between 1- and 2-back seemed to be a qualitative, not a quantitative, one.
As can be seen in Table 4, hit rates were below ceiling level in the current study in even the control group on 1-back. Klein and colleagues
(2006) also report that a substantial number of the children in their ADHD group did not understand the 2-back task and that their data
could not be analyzed).
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abnormalities in the same general neurotransmitter systems and brain regions (Barr, 2001;
Karatekin, 2001). Yet, there have been relatively few direct comparisons between psychosis
and ADHD.

Most of these comparisons have involved youth-onset schizophrenia or “multidimensionally
impaired” (MDI) children with psychotic symptoms (McKenna et al., 1994). Youth-onset
schizophrenia is a rare, severe and more genetically loaded form of the disorder that does not
differ qualitatively from the adult-onset form on most of the dimensions examined (Asarnow
et al., 2001; Asarnow et al., 2002; Bertolino et al., 1998; Frazier et al., 2007; Jacobsen &
Rapoport, 1998; Nicolson et al., 2003; Rabinowitz et al., 2006; Ueland et al., 2004; Vourdas
et al., 2003).

Both schizophrenia and ADHD are associated with impairments in working memory. However,
tasks designated as assessing “working memory” often make demands on different aspects of
attention, and it is critically important to examine the extent to which impairments on these
tasks are related to working memory per se versus more general aspects of attention and how
these relations may differ across disorders. The goals of the current study were to use behavioral
and pupillary measures to examine working memory on a spatial n-back task in 8-20-year-olds
with youth-onset psychosis or ADHD and healthy controls, to determine the contribution of
attentional factors to spatial working memory impairments, and to examine if age-related
changes in performance differed across groups.

N-Back
There is no established version of the n-back task, and there are also variants of continuous
performance tests (CPTs) that resemble the n-back task. These tasks differ in how much
demand they place on working memory, attention, and inhibition. In the current study, we were
specifically interested in probing spatial working memory and the contribution of attentional
deficits to working memory deficits. Therefore, we used 0- and 1-back conditions that required
participants to press a button on each trial and made few demands on inhibition. On 0-back,
participants were instructed to press one button if the stimulus was in a specific location on a
computer screen and another one if it was anywhere else. On 1-back, they indicated whether
the stimulus was in the same location as the one on the previous trial.

The 0-back condition requires participants to sustain attention to monitor a stream of stimuli;
encode their location; match the current stimulus against the internal representation of the
previous stimulus; and make a manual response. The 1-back condition also requires ability to
maintain the stimulus location in mind via visual-spatial rehearsal, to continuously update this
internal representation, and to inhibit previously relevant spatial information. The key measures
on the n-back are perceptual sensitivity (e.g., d′), that is, the participant's ability to discriminate
targets from non-targets, and response bias (e.g., c, β), the participant's level of willingness to
respond that a target is present. Other behavioral measures include accuracy rates, RTs, and
variability of RTs.

In a previous paper (Karatekin et al., 2007a), we summarized behavioral and brain imaging
results of studies of 0- and 1-back conditions. Briefly, studies with adults yield mixed results
on behavioral comparisons between 0- and 1-back, with most reporting a decline in
performance from 0- to 1-back, and others showing no difference. Brain imaging studies
comparing the two conditions have also yielded mixed results. The small sample sizes and the
lack of reporting of the statistical significance of the differences between the two conditions
make it difficult to reach firm conclusions about the brain bases of 1-back compared to 0-back.
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Performance on the N-Back Task in Schizophrenia
Studies examining performance of individuals with schizophrenia on 0- and 1-back generally
show no differences from controls in errors or perceptual sensitivity on 0-back (Abi-Dargham
et al., 2002; Bertolino et al., 2003; Callicott et al., 2000, 2003; Jansma et al., 2004; Perlstein
et al., 2001; Perlstein et al., 2003). Results differ across studies in whether group differences
are found in response time (RT), whether any impairments are found on 1-back, and whether
disproportionate impairments are found on 1-compared to 0-back. Some of the negative
findings are probably due to floor effects on 0-back conditions and small sample sizes, as most
of these studies have used functional brain imaging to probe the neural substrates of
performance. RT variability was not measured in any of these studies.

Whether behavioral deficits or disproportionate impairments are found or not, functional brain
imaging results consistently point to abnormalities in the dorsolateral prefrontal cortex
(DLPFC) during task performance (e.g., Abi-Dargham et al., 2002; Bertolino et al., 2003;
Callicott et al., 2000, 2003; Jansma et al., 2004; Perlstein et al., 2001, 2003). The abnormalities
also include both hyper- and hypoactivation, increased D1 receptor availability, and reductions
of N-acetylaspartate ratios. However, the point at which this abnormality emerges (on 0-, 1-,
2- or 3-back) differs across studies.

In a meta-analysis of these and other n-back studies involving 2- and 3-back conditions in
schizophrenia, Glahn and colleagues (2005) conclude that hypofrontality in the DLPFC is a
robust finding. However, they add that there is evidence for increased activation in the anterior
cingulate and frontal pole as well.

Performance on the N-Back Task in ADHD
There have been relatively few studies of the n-back task in ADHD. A study of 7- to 12-year-
olds found that psychostimulant-naïve children with ADHD had fewer hits than controls, but
did not differ in terms of correct rejections (Shallice et al., 2002). In addition, diagnostic group
did not interact with condition (0- vs. 1- vs. 2-back). Although there were group by condition
interactions for RTs, the nature of these interactions was not specified. In a study by Klein and
colleagues (2006), 7- to 14-year-olds with ADHD were more impaired than controls on both
0- and 1-back in terms of error rates, RTs, and variability of RTs. Diagnostic group did not
interact with condition for omission or commission errors, median RTs or variability of RTs.
In a functional MRI study of 0- versus 2-back in adults with ADHD and controls, Valera and
colleagues (2005) found a trend toward lower perceptual sensitivity on 0-back in the ADHD
group, but no group differences in response criterion or RT in either condition. However, the
ADHD group showed decreased activation in the occipital, cerebellar and prefrontal regions
compared to controls on the 2-back. Only the cerebellar activation remained significant when
individuals with learning disabilities were excluded from the analyses.

Precursors of the Current Study
In a precursor to the current study (Karatekin et al., 2007a), we tested healthy 10-year-olds and
young adults on 0- and 1-back conditions. Within each age group, a third of the participants
were administered 0-back first, 1-back second, a third were administered 1-back first and 0-
back second, and a third were administered two 0-back conditions only. In addition to
behavioral measures, we measured pupillary dilations to the stimuli. As summarized in our
previous paper, pupillary dilations constitute one of the few relatively direct measures of
resource recruitment (Kahneman, 1973), and are hypothesized to reflect the momentary mental
effort or recruitment of cognitive resources in accordance with task demands (reviewed in
Beatty, 1982; Beatty & Lucero-Wagoner, 2000).
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In both children and adults, repeated administration of 0-back led to greater RT variability,
revealing a subtle order effect. Compared to 0-back, perceptual sensitivity was lower, the
conservative response bias was higher, RTs were longer and more variable, and pupillary
dilations to hits were larger in 1-back in both age groups. Effects of repeated administration
of 0-back and differences between 0- and 1-back in perceptual sensitivity and RTs were similar
between the age groups. We concluded that on this task, 10-year-olds recruited cognitive
resources in a manner similar to adults. In addition, in both age groups, higher RT variability
was associated with lower perceptual sensitivity in both conditions and higher RT variability
in 0-back was associated with lower perceptual sensitivity in 1-back, suggesting that attentional
fluctuations play a role in spatial working memory performance.

Goals of the Current Study
In the current study, the conditions were identical to the previous study. However, to investigate
the role of sustained attention in spatial working memory, we administered a second 0-back
condition to all participants after they completed the first two conditions in counterbalanced
order. Thus, participants in each diagnostic group were administered the conditions in two
orders: 1-0-0 or 0-1-0. To date, there have not been any direct comparisons of n-back
performance between psychosis and ADHD. Thus, a central goal of the study was to directly
compare these groups and to determine if there were group differences in age-related changes
in performance. The first research question was to test if the clinical groups had impairments
in spatial working memory, as reflected in a disproportionate decline in performance on 1-back
compared to 0-backs.

The other questions were aimed at comparing the two clinical groups on different aspects of
attention and testing if spatial working memory performance was related to attentional factors:

1. Sustained attention over relatively long periods of time:

a. Do the clinical groups show disproportionate order effects on the 0-back (i.e.,
a disproportionate decline in performance from the first to the second 0-back)?

b. Does decrement in performance from the first to the second 0-back predict
performance on 1-back?

2. Attentional fluctuations from trial to trial/maintaining readiness to respond:

a. Do the clinical groups show greater fluctuations (RT variability) than controls?

b. Do these fluctuations predict performance on 1-back?

3. Cognitive effort/momentary recruitment of resources on each trial:

a. Do the clinical groups differ from controls in terms of resource recruitment
(measured through pupillary dilations), either because they recruit too few
resources or because they recruit more resources than controls?

b. Do pupillary dilations predict performance on 1-back?

Method
Participants

Table 1 lists participants' demographic and clinical characteristics, and Table 2 breaks down
each sample by age. Participants with psychosis were recruited from inpatient and outpatient
clinics at the University of Minnesota, mental health professionals in the community, and flyers
distributed at regional mental health conferences. One participant was in day treatment, and
one was in residential treatment at the time of the study. The rest were living at home.
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Participants in the control and ADHD groups were recruited from advertisements in the local
community, and friends of other participants. ADHD participants were also recruited from
support groups for ADHD.

Potential participants were excluded if they were not fluent in English or were color blind, if
they had been premature by more than four weeks (to reduce the effects of brain damage
associated with prematurity on the results), had a history of significant neurological conditions,
or IQ lower than 70. Potential participants were excluded from the ADHD and control groups
if they had been adopted, or had first-degree biological relatives with schizophrenia. Potential
participants were excluded from the ADHD group if they were taking psychoactive
medications other than psychostimulants, if their parents were not willing to discontinue
psychostimulants for 24 hours prior to cognitive testing, if they had been diagnosed with or
suspected of having a pervasive developmental disorder. To keep the sample relatively
homogeneous, participants were also excluded from the ADHD group if they had never met
criteria for the Combined subtype. However, we included two adolescents who currently met
criteria for the Inattentive subtype, but who had previously met criteria for the Combined
subtype and scored above 60 on the Attention Problems scale of the Achenbach Child Behavior
Checklist (CBCL; Achenbach & Rescorla, 2001). Potential controls were excluded if they had
ever taken psychoactive medications, been diagnosed with a major psychiatric disorder or met
criteria for a current disorder, had attention problems for which they had sought help, or had
first-degree biological relatives with ADHD.

Diagnoses were made using DSM-IV criteria (American Psychiatric Association, 1994), and
based on semi-structured interviews (Kiddie-Schedule for Affective Disorders and
Schizophrenia-Present and Lifetime Version, K-SADS-PL; Kaufman et al., 1996) conducted
separately with participants and at least one parent/guardian.

Diagnoses are listed in Table 3. In the psychosis group, average age of onset of psychotic
symptoms was 12.5 years (SD = 3.0, range = 7-17). Of the 7 participants with Psychosis Not
Otherwise Specified (NOS), 6 could have been in the prodromal phase, and 4 had psychotic
symptoms in the context of a complex clinical picture (these subgroups were not mutually
exclusive). One participant might have met criteria for “multidimensionally impaired
disorder” (McKenna et al., 1994). Most of these 7 participants had clear hallucinations,
delusions, or formal thought disorder. In addition, four of these participants had first-degree
biological relatives with schizophrenia, and one had a second-degree biological relative with
schizophrenia and a biological sibling with psychotic symptoms.

Families were provided with monetary compensation for participation. Most families were also
provided with a diagnostic report.

Further details of the diagnostic procedure can be found in Karatekin et al. (2008).

Participants were asked to refrain from taking psychostimulants for at least 24 hours prior to
testing. However, on the day of testing, three participants in the ADHD and three in the
psychosis group had taken psychostimulants. In the psychosis group, only one participant on
antipsychotic medications was taking a typical neuroleptic (molindone). The other participants
were all on atypical neuroleptics.

Two control participants, one ADHD participant, and one psychosis participant were excluded
due to behavioral problems during testing. One ADHD participant was excluded due to
technical problems. Two psychosis participants were excluded because they refused to be
administered the task.
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Procedure
The current study was part of a larger study of youth-onset psychosis and ADHD. As part of
this larger study, participants were administered other tasks over two sessions, and some
underwent neuroimaging (11 control and 9 ADHD participants were included in Karatekin,
2006; 10 control and 8 psychosis participants were included in White et al., 2007; 52 controls
were included in Karatekin, Marcus, & White, 2007b; 34 controls, 13 ADHD and 12 psychosis
participants were included in Karatekin et al., 2008; 44 controls, 23 ADHD, and 27 psychosis
participants were included in Karatekin et al., in press-a; 54 controls, 31 ADHD, and 29
psychosis participants were included in Karatekin et al., in press-b; 55 controls, 32 ADHD,
and 26 psychosis participants were included in Karatekin et al, in press-c). The current task
was always administered first on the second day of testing.

The apparatus and the rest of the procedure were identical to those used in our prior study with
healthy children and adults (Karatekin et al., 2007a), with the exception that the current study
included three rather than two conditions. Participants were assigned randomly to the 0-1-0 or
the 1-0-0 order of administration. The two 0-back conditions were identical.

In all conditions, participants were instructed to look at a black fixation cross (0.8° × 0.8°) at
the center of the screen throughout the task, both during and between trials. To adapt the
procedure to children, we included in the instructions a story about chipmunks playing “catch
me if you can.” A small picture of a chipmunk (1.2° × 1.2°) appeared for 200 ms in 1 of 8
locations (4.4°, 5.8° or 7.3° from the center, distributed on an imaginary circle around the
center) 300 ms after the onset of the cross. In the 0-back conditions, participants pressed the
right button if the stimulus was in one of the 8 locations and the left button if it was in one of
the remaining 7. The target was always in the same location, in the middle of the upper right
quadrant. In 1-back, participants pressed the right button every time the stimulus appeared in
the same location as in the previous trial and the left button if it did not. They were instructed
to emphasize speed and accuracy equally and to press the “different” button for the first trial.

Because the target stimulus in 0-back was on the right-hand side of the monitor, we required
all participants to press the right button for target-present responses to minimize the possibility
of a response conflict. To keep the responses consistent across conditions, we also required all
participants to press the right-hand button for target-present responses in 1-back.

There were 20 practice trials and 200 experimental trials in each condition, and targets appeared
on 25% of the trials in each condition. There were 50 targets and 150 distractors in each
condition. Targets and distractors were presented randomly, with the constraint that each 50-
trial block in each condition contain 12 to 13 targets and 37 to 38 distractors. Stimuli were
assigned randomly to the locations, subject to the constraints of the target proportions. As a
result, the stimuli appeared in the same location on 25% of the trials in the 0-backs, and in the
remaining 7 locations on 7 to 17% of the trials. In 1-back, the stimuli appeared at each of the
8 locations on 6 to 21% of the trials.

Inter-stimulus interval was 2 s. Each condition took approximately 8-9 minutes to administer.
The instructions and practice trials were repeated if participants had difficulty following
directions. Participants were provided with brief rest breaks between conditions as necessary,
but we tried to avoid taking breaks longer than a few minutes' duration between conditions.

Recording of Eye Movements, Pupillary Responses, and Behavioral Data
Horizontal and vertical coordinates of the center of gaze and pupillary diameter were recorded
with a video-based eye monitor (ISCAN Eye Tracking Laboratory, Model ETL-400), which
has a temporal resolution of 60 Hz and a spatial resolution of 1°. The spatial resolution for
measurement of pupillary diameter was 0.037 mm. Participants sat 69 cm from the monitor on
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which the stimuli were displayed. A camera with an attached infrared light source to illuminate
the pupil were positioned in front of the screen on which the stimuli were presented, below eye
level and 40 cm from the participants' eye. The camera recorded movements of the participants'
left eye. Because the camera automatically compensated for small head movements,
participants' heads were not restrained. However, they rested their heads against a padded head
rest. The experimenter sat behind the participant, in front of the computer that controlled the
video camera and collected the eye movement data.

Gaze position was calibrated for each participant at the beginning of the session by focusing
the camera on his/her left eye and having him/her look at small visual stimuli in the center and
four corners of the screen. These positions were recorded as the targets of gaze. Calibration
was repeated between blocks of trials if necessary due to excessive head movement.

A custom-built 2-button box was used to record manual responses. The 1.5 cm2 buttons were
arranged horizontally. Participants used each index finger to press the buttons. Custom software
was used to present the stimuli and to record the onset and duration of the button presses.

The experiment was conducted in a windowless room with fluorescent lighting. All stimuli
were presented against a white background on a Dell Trinitron VGA color monitor (53 cm
diagonal; resolution: 640 × 480 pixels). The luminance of the screen on which the stimuli were
displayed was 140 cd/m2, and the average luminance of the white wall that was directly behind
the computer was 139 cd/m2, as measured with a spot photometer. Assuming a high reflectance
for the wall (0.7-0.8), we can estimate the ambient illumination in the room to be approximately
550 to 625 lux (Legge, 2007, Box 4.3). Because the target stimulus was only 1.2° × 1.2°, there
was not a significant change in luminance when it was presented on the screen. As shown in
Figures 1-3, there was also no pupillary constriction following the stimulus, which is consistent
with the notion that there was no significant luminance change.

Dependent Variables
Frequencies of hits (H), correct rejections, misses, and false alarms (FA)—These
measures were calculated for each condition. Results are reported in Table 4 to enable
comparisons to other studies, as these are the most commonly used measures on the n-back
task.

Signal detection measures—Signal detection measures of perceptual sensitivity (d′) and
response bias (c) were calculated as the key measures of accuracy in each condition (Macmillan
& Creelman, 1991; Pastore et al., 2003; See et al., 1995). d′ and c were calculated according
to formulae in Sorkin (1999), with adjustments made for perfect scores. Further details on the
formulae can be found in Karatekin et al. (2007a).

Sensitivity is an index of the ability to discriminate between targets and non-targets, and higher
values of d′ indicate better ability to discriminate between targets and distractors. When
performance is error-free, d′ (after adjustment) equals 4.53. When performance is at chance
level, d′ equals 0.

Response bias is an index of the participant's willingness to respond that a target is present,
with lower values indicating a more “trigger-happy” attitude. We used c rather than the more
commonly used β as the index of response bias because c, unlike β, is independent of d′
(Macmillan & Creelman, 1991, p. 46). Higher values indicate a more conservative response
threshold (i.e., greater bias to respond that the target was absent). The range of values for c is
similar to that for d′ but centered around 0 (i.e., ± 2.33).
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Manual RTs—Stimulus presentation and manual RT data were merged offline with time-
linked eye tracking data. An algorithm was used to calculate the speed and accuracy of manual
responses relative to stimulus onset in the merged data file. Because the sampling rate of the
eye monitor determined the temporal resolution of the merged data, manual RTs were accurate
to 16.7 ms. RTs for hits and correct rejections occurring less than 100 ms after stimulus onset
or that were longer than 3 SD from the participant's condition mean for hits or correct rejections,
respectively, were excluded from the analyses. Median manual RTs for hits and correct
rejections were calculated for each condition. Because there were relatively few false alarms
and misses, RTs for these types of trials were not analyzed.

Coefficient of variation—Coefficient of variation of RTs (SD/mean) was used as an
estimate of the variability of absolute pupillary diameters and manual RTs.

Blinks/artifacts, peak pupillary dilation, and latency to peak pupillary dilation—
The procedure for identifying blinks and saccade-related artifacts in the pupillary record is
described in Karatekin et al. (2007a). Pupillary dilation was defined as the magnitude of the
adjusted maximum pupillary dilation during the 1500 ms after the onset of the stimulus.
Pupillary dilations were analyzed in the same way as in Karatekin et al. (2007a).

To remove blink- and saccade-related artifacts from the data that may have been missed by the
algorithms, we excluded from analyses all adjusted pupillary dilation values smaller than -0.11
mm or larger than 1.12 mm. These absolute threshold values for outliers were based on visual
inspection of all the participants' data, without regard to condition. Average number of pupillary
dilations to hits or correct rejections rejected from analyses due to outliers ranged from 1.0 to
3.2 across conditions and diagnostic groups. Adjusted pupillary dilations were calculated
separately for each visual stimulus. Median pupillary dilations for hits and correct rejections
for each individual's set of data were used in the analyses to minimize the effect of outliers.

Latency to peak dilation was defined as the difference in time between stimulus onset and peak
pupillary dilation. Peak latencies that occurred less than 200 ms or more than 1500 ms after
stimulus onset were not analyzed. Latency data, calculated separately for each visual stimulus,
were averaged across hits and correct rejections in each condition.

Pupillary waveforms were created by averaging pupillary dilations for each 17-ms interval
during the 2 s after stimulus onset across trials within each stimulus type within each
participant, and then averaging the data across participants within each diagnostic group and
condition.

Statistical Analysis
Statistical analyses were conducted with SPSS 14.0 and MacAnova 5.06 (an open-source cross-
platform statistics program available for Windows, Macintosh and Linux at
http://www.stat.umn.edu/macanova/).

Decisions regarding data transformations were made in the same manner as in Karatekin et al.
(in press-a). Through this procedure, RTs, CVs, latencies to peak pupillary dilation, median
pupillary dilations, and anticholinergic equivalents of antipsychotic medications were all
transformed using logarithms, and chlorpromazine equivalents of antipsychotic medications
were transformed by taking their square root.

Continuous demographic variables were analyzed with univariate ANOVAs, and significant
findings were followed up with Tukey tests. Categorical demographic variables were analyzed
with X2 tests. Correlations between variables within each group were calculated using Pearson
correlation coefficients, controlling for age and IQ.
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Repeated-measures Type III ANCOVAs, with age as the covariate, were used to examine
effects of subject variables. Each ANCOVA tested linear and quadratic trends for age. IQ and
SES were not used as covariates because controlling for these variables would have reduced
variance due to the disorders. Huynh-Feldt-adjusted dfs were reported where applicable. For
all measures, we used planned comparisons to compare the 0-backs to each other and to
compare the average of the 0-backs to 1-back. Main effects or interactions were generally not
followed up when there were higher-order interactions involving the same variables. Strict
controls were instituted to protect against multiple testing. Please refer to Karatekin et al. (in
press-a). for more detailed information on our use of ANCOVAs.

To calculate effect size, we used a measure similar to Cohen's d but that took into account the
age differences among groups (this measure was devised by one of the co-authors, CB).
Specifically, we divided the difference of the group means (age adjusted as appropriate) by the
square root of the MSe term for the between-subjects analysis section of the ANCOVA. In
cases where there was an interaction between group and age, the value reflects the size of the
effect at the average age for the whole sample. When the two groups are similar in age, as in
the ADHD-control comparisons, our measure of effect size and Cohen's d yield similar results.

All tests were two-tailed. Findings are reported as significant if α ≤ .05. All significant results
of multi-way analyses are listed; therefore, if a main effect or interaction is not mentioned in
the results, it can be inferred that it was not significant.

Results
Perceptual sensitivity (d′)

d′ increased linearly with age, F (1, 113) = 33.63, p < .001. There was an effect of condition,
F (1.9, 219.7) = 114.60, p < .001: d′ did not differ between the 0-backs, but was lower in 1-
back compared to 0-backs (see Figure 4-a). There was an effect of diagnosis, F (2, 113) =
41.34, p < .001; d′ was lower in the psychosis than in the ADHD group, and lower in the ADHD
than in the control group. Importantly, there was no interaction between condition and
diagnosis, p = .371. As can be seen in Table 5, the effect sizes of the pairwise group differences
in d′, especially clinical-control differences, were quite large.

Response criterion (c)
Values of c as a function of diagnosis and condition are displayed in Figure 4 (b). One-sample
t tests comparing c values to 0 indicated that, as in our previous study with healthy adults and
children, there was a bias to respond conservatively in all conditions in each group (all ps ≤ .
001).

The ANCOVA on c yielded a condition effect, F (1.8, 203.4) = 88.13, p < .001. As in our
previous study, the conservative response bias was greater in the second than in the first
administration of 0-back, and greater in 1-back than in the 0-backs (see Figure 4-b). The linear
trend for age was significant, F (1, 111) = 11.61, p = .001, but there was also an interaction
between condition and the linear trend for age, F (1.8, 203.4) = 3.33, p = .042. C decreased
with age in the second 0-back and in 1-back but not in the first 0-back.

As shown in Figure 4-b, there was an effect of diagnosis, F (2, 111) = 5.70, p = .004: c was
higher in the psychosis than in the control group. Although c was also higher in the ADHD
than in the control group, the difference did not reach significance, p = .090. The diagnosis
effect was qualified by an interaction between diagnosis and the linear trend for age, F (2, 111)
= 5.66, p = .005. There was a linear decrease in c with age in the control and psychosis groups,
but not in the ADHD group. As with d′, however, there was no indication of an interaction
between condition and diagnosis, p = .606.
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Response Times (RTs)
RTs are displayed in Figure 5 (a). RTs decreased quadratically with age, F (1, 112) = 6.28, p
= .014. There was a condition effect, F (1.8, 196.8) = 21.80, p < .001: RTs did not differ between
0-backs but were longer in 1-back than in the 0-backs. There was a stimulus effect, F (1, 112)
= 38.60, p < .001, an interaction between condition and stimulus, F (1.6, 175.9) = 38.09, p < .
001, and a 3-way interaction among stimulus, condition, and the quadratic trend for age, F (1.6,
175.9) = 6.00, p = .006. RTs were longer to hits than to correct rejections in the 0-backs but
not in 1-back. The quadratic trend for age was significant for correct rejections in the first 0-
back but not for hits in this condition or for either stimulus type in the other conditions.

Condition interacted with diagnosis, F (3.5, 196.9) = 4.51, p = .003. RTs did not differ among
groups in any of the conditions. As can be seen in Table 5, the effect sizes of the pairwise
differences were also generally quite small. However, RTs were longer to 1-back than to the
0-backs in the control and ADHD groups, but not the psychosis group. The difference in RT
between 0-backs was not significant in any diagnostic group and did not differ among the
groups. Again, there was no evidence that the clinical groups were disproportionately slowed
down by the demands of 1-back compared to 0-backs or on the second compared to the first
administration of 0-back.

Variability of RTs
Coefficient of variation of RTs are displayed in Figure 5(b). Results showed a quadratic
decrease in variability with age, F (1, 108) = 5.24, p = .024, and a condition effect, F (1.8,
196.2) = 5.94, p = .004: variability was greater in the second than in the first 0-back but did
not differ between 1-back and the 0-backs. Thus, although there did not appear to be a decline
in performance from the first to the second administration of 0-back in terms of d′ or RTs, a
decline was apparent in terms of variability of RTs. Variability was also greater to correct
rejections than to hits, F (1, 108) = 5.17, p = .025.

There was a diagnosis effect, F (2, 108) = 16.48, p < .001. As can be seen in Figure 5(b),
variability was smaller in the control than in the clinical groups, who did not differ. There were
also interactions between diagnosis and condition, F (3.6, 196.2) = 2.97, p = .024, condition
and stimulus, F (1.8, 197.3) = 3.17, p = .049, and diagnosis, condition, and stimulus, F (3.7,
197.3) = 3.08, p = .021. In all conditions, variability of RTs to correct rejections was smaller
in the control than in the clinical groups, who did not differ. In the first 0-back as well,
variability to hits was smaller in the control than in the clinical groups, who did not differ. In
the second 0-back, variability to hits was smaller in the control than in the psychosis group. In
1-back, variability of RTs to hits did not differ among groups.

Finally, there was a 3-way interaction among diagnosis, condition, and the quadratic trend for
age, F (3.6, 196.2) = 2.65, p = .040. However, the quadratic trend was not significant in any
condition in any group, and the groups did not differ in terms of the quadratic trend on any of
the conditions.

Thus, these data also show no evidence of a disproportionate worsening of performance in the
clinical groups on 1-back compared to 0-backs or on the second compared to the first 0-back.

Pupillary Dilations
Figure 6 displays average pupillary dilation data, and Figures 1-3 show pupillary waveforms
in the three groups as a function of condition. Pupillary dilations decreased linearly with age,
F (1, 111) = 13.32, p < .001, and dilations were larger to hits than to correct rejections, F (1,
111) = 323.05, p < .001.

Karatekin et al. Page 10

Int J Psychophysiol. Author manuscript; available in PMC 2010 September 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



There was a condition effect, F (1.9, 215.8) = 18.81, p < .001, and condition by stimulus
interaction, F (2.0, 221.9) = 8.89, p < .001. For both hits and correct rejections, dilations were
larger in 1-back than in the 0-backs, which did not differ from each other. In addition, the
difference between hits and correct rejections did not differ between 0-backs but was larger in
1-back than in the 0-backs.

Finally, there was a diagnosis effect, F (2, 111) = 3.09, p = .050, and an interaction between
diagnosis, stimulus and the linear trend for age, F (2, 111) = 4.02, p = .021. Although dilations
were larger in the control than in the ADHD, p = .087 and psychosis groups, p = .138, neither
difference reached significance. Dilations decreased linearly with age for both hits and correct
rejections in the ADHD group, but not in the other two groups. However, the function relating
the linear trend for age to dilation did not differ among groups for either hits or correct
rejections. As with the behavioral data, there was no evidence of a disproportionate impairment
in the clinical groups on 1-back compared to 0-backs or on the second compared to the first 0-
back.

Because visual inspection of the data in Figures 1-3 suggested smaller dilations in both clinical
groups compared to controls, we re-analyzed the data comparing each clinical group to
controls. Results showed a diagnosis effect for both the psychosis-control difference, F (1, 81)
= 3.84, p = .053, and the ADHD-control difference, F (1, 85) = 4.39, p = .039. Thus, the lack
of significance in the previous analysis can be attributed to the stringent corrections we had
instituted for Type 1 error.

We also examined whether group differences in pupillary dilation were related to differences
in latency to reach peak pupillary dilation. Latencies decreased quadratically with age, F (1,
112) = 4.66, p = .033. There was also a condition effect, F (2.0, 220.9) = 4.69, p = .010. Latencies
did not differ between 0-backs, but were longer in 1-back than in 0-backs. There was an
interaction between the linear trend for age and stimulus, F (1, 112) = 5.81, p = .018, and
between diagnosis and stimulus, F (2, 112) = 4.19, p = .018. Latencies decreased with age for
both hits and correct rejections, and the slope of the line relating age to latency was steeper for
hits than for correct rejections. Latencies to hits versus correct rejections did not differ in either
the control or ADHD groups, but latencies to correct rejections were longer than latencies to
hits in the psychosis group. Again, there was no indication of an interaction between diagnosis
and condition.

Next, we examined absolute pupillary diameters to determine if group differences in pupillary
dilation were due to differences in baseline diameter. Absolute diameter decreased linearly
with age, F (1, 111) = 22.98, p < .001, and there was a condition effect, F (2.0, 220.2) = 7.23,
p = .001. Although there were no differences in pupillary diameter between the 1-back and 0-
back conditions, diameters were smaller in the first than in the second 0-back. There was also
an interaction between diagnosis and the linear trend for age, F (2, 111) = 4.69, p = .011.
Diameters decreased linearly with age in the control and ADHD groups, but not in the psychosis
group. The function relating age to absolute diameter did not differ between the control and
ADHD groups but was shallower in the psychosis than in the control, p = .014, and ADHD
groups, p = .068.

Correlations Between d′ on 1-Back and Decrement in Performance from the First to the
Second 0-Back

To examine the relation between spatial working memory and ability to sustain attention over
two administrations of the 0-back condition, we calculated correlations between d′ on 1-back
and both the raw and proportional change in d′ and CV of RTs (averaged across hits and correct
rejections) from the first to the second 0-back. None of the correlations reached significance
in any group (all ps > .149).
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Correlations Between RT Variability and d′
As can be seen in Table 6, greater variability of RTs was strongly correlated with lower d′ in
all three conditions in the control group, as in our previous study with controls. The same
pattern was observed in the ADHD and psychosis groups, although the r values were smaller
in some cases.

Also as in our previous study, variability of RTs in 0-backs (averaged across the two conditions)
predicted d′ in 1-back in controls, r (51) = -.43, p = .001. The same association was observed
in psychosis, r (23) = -.43, p = .032, but not ADHD, r (26) = -.25, p = .199. Visual inspection
of the scatterplots revealed greater range restriction on both variables in ADHD compared to
the other two groups. The range for d′ was 3.47 in the control group, 3.59 in the psychosis
group, and 3.21 in the ADHD group. The range for log-transformed coefficients of variation
in 0-backs was 0.39 in the control group 0.47 in the psychosis group, and 0.25 in the ADHD
group.

Correlations Between Pupillary Dilation and Behavioral Performance
As can be seen in Table 7, there were modest but significant correlations between greater
pupillary dilation and higher d′ in ADHD, but not in the other two groups.

Correlations Between Speed and Accuracy
We also tested if there was a trade-off between speed (RT) and accuracy (d′) in any condition.
None of the correlations approached significance in the clinical groups. In controls, however,
longer RTs were associated with higher d′ in the first 0-back, r (51) = .33, p = .017 and in 1-
back, r (51) = .28, p = .045. Thus, there was no evidence for a speed-accuracy trade-off in any
group.

Effects of IQ
We repeated the ANCOVAs on d′, c, RTs, variability of RTs, and pupillary measures using IQ
as a covariate. For variability of RTs, only the diagnosis effect reached significance, F (2, 107)
= 14.34, p < .001. For latencies, there were interactions between IQ and diagnosis, F (2, 100)
= 4.73, p = .011, the quadratic trend for age and diagnosis, F (2, 100) = 3.39, p = .034, stimulus
and diagnosis, F (2, 100) = 9.59, p < .001, the quadratic trend for age, diagnosis, and stimulus,
F (2, 100) = 4.80, p = .010, and the linear trend for age, condition, and diagnosis, F (4.0, 199.2)
= 2.43, p = .049. Higher IQ was associated with shorter latencies to reach peak dilation in the
controls, but not in the clinical groups. There was a quadratic trend with age for correct
rejections in the psychosis group, but not the other groups. The linear trend for age was not
significant in any group for any condition. None of the other results involving main effects or
interactions with diagnosis changed when IQ was covaried.

Medication Effects in the Psychosis Group
As many psychiatric medications have anticholinergic properties that can influence memory,
an anticholinergic equivalent measure was calculated for each patient based on anticholinergic
receptor binding affinity (Chew et al., 2006; de Leon, Canuso, White, & Simpson, 1994;
Minzenberg, Poole, Benton, & Vinogradov, 2004). Correlations between anticholinergic
equivalents and d′, c, RTs, variability of RTs, pupillary dilations, latency to peak dilation, and
absolute diameter did not yield any significant results (to reduce the number of correlations,
data were averaged across hits and correct rejections within each condition for these analyses).

In addition, each subject's current dose of antipsychotic medications was converted to a
chlorpromazine equivalent, which provides an estimate of dopamine D2 receptor blocking
activity (Woods, 2003). The only correlation that reached significance was positive correlation
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between chlorpromazine equivalent and response criterion in 0-backs, r (12) = .56, p = .039.
However, given the number of correlations calculated and the lack of a correlation with c in
1-back, p = .308, it is possible that this result occurred by chance.

Discussion
Spatial Working Memory

Compared to 0-backs, the 1-back condition led to lower d′, larger pupillary dilations, and longer
latency to reach peak pupillary dilation in all groups, and longer RTs in the control and ADHD
groups. Results for the controls replicate those of our previous study and show that 1-back was
more difficult than 0-back for all groups. As can be seen in Table 4, the clinical groups missed
close to half of the targets in the 1-back condition, further suggesting that the task was difficult
for them.

In all three conditions, perceptual sensitivity was lower in the psychosis than in the ADHD
group and lower in the ADHD than in the control group, with large effect sizes for all pairwise
differences. There was no evidence of a disproportionate decline from the 0-backs to 1-back
in the clinical groups compared to the control group on any of the measures. Thus, both groups
were able to cope with the additional working memory demands imposed by the 1-back
condition as well as controls.

These results indicate that participants had difficulty primarily with encoding the stimuli rather
than with maintaining and updating the representation of the stimuli over the 2-s inter-stimulus
interval. These results also demonstrate that increasing task difficulty does not automatically
result in a disproportionate decline in performance in either disorder.

Sustained Attention
Out of all the measures we used, only RT variability showed a change from the first to the
second 0-back. In our previous study with healthy children and adults as well, we found an
increase in RT variability from the first to the second 0-back (Karatekin et al., 2007a).

There was no evidence of a disproportionate decline from the first to the second 0-back in
either clinical group. In addition, the magnitude of the decrement in performance from the first
to the second 0-back did not predict performance on 1-back in any of the groups.

The lack of a disproportionate decline over time on 0–backs in either clinical group is likely
to be due to the fact that the task did not tax sustained attention adequately. There were short
rest breaks between conditions necessitated by the fact that we had to switch between different
experimental files on the computer, and half of the participants were administered a more
difficult condition between the two 0-backs. These breaks probably prevented us from
detecting decrements in attention over time. In addition, the 0-back condition was not
cognitively demanding (e.g., through perceptual degradation; Nuechterlein, 1983), and
participants differed greatly in how much they aroused themselves (e.g., by fidgeting or talking
to themselves or the experimenter). Furthermore, absolute pupillary diameters were larger in
the second than in the first 0-back, which suggests that participants had become more engaged
in the task instead of habituating to it.

Fluctuations in Attention/Maintaining Readiness to Respond
RT variability was greater in the clinical groups than in the control group, with no difference
between the clinical groups. Furthermore, as shown in Table 5, RT variability yielded the
largest or second largest effect sizes for the clinical-control differences. These results replicate
those of many studies showing greater RT variability on a variety of tasks in ADHD (e.g.,
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Castellanos et al., 2005;Klein et al., 2006;Kuntsi et al., 2001) and schizophrenia (e.g., Schwartz
et al., 1989). In our previous paper, we suggested that RT variability might be related to
fluctuations in attention, or, perhaps more specifically, maintaining readiness to respond during
the inter-stimulus interval (e.g., Bellgrove et al., 2004;Godefroy et al., 2002;Segalowitz et al.,
1997;Stern et al., 2005).

Furthermore, lower perceptual sensitivity was related to greater RT variability within all
conditions in all groups, and lower perceptual sensitivity on 1-back was also related to greater
RT variability on 0-backs in the psychosis and control groups (range restrictions might have
prevented the same correlation from becoming significant in the ADHD group). The results,
which replicate those of our previous study (Karatekin et al., 2007a), suggest that successful
performance on a spatial working memory task (1-back) is related to attentional fluctuations
and/or ability to maintain readiness to respond on a trial-by-trial basis on a task making no
demands on working memory.

Phasic Recruitment of Cognitive Resources
As in our previous study (Karatekin et al., 2007a), pupillary dilations were larger in 1- than in
0-backs, and larger to hits than to correct rejections. Although pupillary dilations were smaller
in both clinical groups than in the control group, the difference did not reach significance for
either group. In addition, there were modest but significant correlations in the ADHD group,
but not the other groups, between larger pupillary dilations and perceptual sensitivity on both
0- and 1-back.

Effect sizes for the control-clinical differences were in the .40s (Table 5), so our failure to find
significant differences was likely due to the relatively small sample sizes and the precautions
we took to avoid Type 1 errors. Nevertheless, it was clear at least that the clinical groups were
not recruiting more resources or spending more effort than controls on a trial-by-trial basis to
perform the task. Impairments in phasic recruitment of cognitive resources may also contribute
to a difficulty in discriminating between targets and non-targets.

It should be noted that pupillary dilations increase with motor responses (e.g., Richer,
Silverman, & Beatty, 1983). Therefore, pupillary dilations in the current task likely reflect
purely cognitive processes related to stimulus identification and classification as well as
cognitive and motor processes related to making a motor response. However, as each trial
required the same motor response, differences between conditions or stimulus types cannot be
attributed to purely motor factors.

Response Criterion
Previous studies on schizophrenia and ADHD show mixed results for response criterion. It is
likely that response criterion depends to a greater extent than perceptual sensitivity on specific
task parameters, such as the requirement to inhibit responding on non-target trials, event rate,
target probability. In the current study, as in our previous study, c increased from the first to
the second administration of 0-back and from 0-backs to 1-back. The increase from the first to
the second 0-back likely reflects lowered expectations regarding target probability and/or
fatigue, and the difference between 0-backs and 1-back is likely a function of task difficulty.
Both clinical groups adopted a more conservative response threshold than the controls on all
conditions, although the difference reached significance only for the psychosis group. There
were no interactions between diagnosis and condition.

A reluctance to respond that the target is present can be related to fatigue, higher motivation,
greater task difficulty, or lowered expectations regarding target probability. It is unlikely that
the clinical groups were more motivated than the control group. Given the lack of interactions
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between diagnosis and condition for c or any other measure, it is also unlikely that the higher
c in the clinical groups reflects fatigue or impairments in adjusting expectations in accordance
with task demands. There was also no clear evidence of an interaction between diagnosis and
stimulus on pupillary dilations, which might have reflected group differences in extracting
target probability or stimulus relevance. Thus, we speculate that the elevated c values in the
clinical groups may be related to the fact that both groups found the whole task (including 0-
and 1-back conditions) more difficult than did the control group.

Age × Diagnosis Interactions
There were no age by diagnosis interactions in perceptual sensitivity, RTs, or latencies to peak
pupillary dilation. However, c decreased with age in the control and psychosis groups, but not
in the ADHD group. The reason for this age-related difference is not clear.

We also found that absolute pupillary diameters decreased with age in the control and ADHD
groups but not in the psychosis group. Although potentially interesting (Karatekin et al.,
2007a), this result awaits replication, as our results regarding age by diagnosis interactions
were not consistent on two other tasks (Karatekin et al., 2008; Karatekin in press-a).

With the caveat that this was not a longitudinal study, these results suggest that most of the
cognitive processes assessed by these measures mature at the same rate across the three groups.

Limitations
The temporal resolution of the eye monitor, and consequently that of individual RTs, was
somewhat low (60 Hz). Therefore, some of the negative findings regarding RTs and their
variability may have become significant with higher temporal resolution.

The current study was part of a larger study that included two cognitive testing sessions for all
and brain imaging for some participants. This procedure likely excluded severely impaired
participants and chaotic, dysfunctional or low-SES families who were unable or unwilling to
invest the necessary time to participate in the study, limiting generalizability of the results. In
addition, one ADHD and three psychosis participants could not be administered the whole task
because of behavioral problems, and their exclusion could have further compromised the
external validity of the study.

As shown in Table 1, IQs were about 0.6-1 SD above average in both the ADHD and control
groups, further limiting the generalizability of the results. In the control and psychosis groups,
lower IQ was associated with higher RT variability, and in the psychosis group only, lower IQ
was associated with lower perceptual sensitivity. It should be noted, however, the average IQ
in the psychosis group, although lower than that of the other groups, was well within the normal
range. In addition, the control and ADHD groups did not differ significantly on IQ, but the
performance of the ADHD group resembled that of the psychosis group on most of the analyses.

We could not assess the effects of comorbid conditions in the clinical groups adequately due
to small sample sizes. Results are limited to the Combined subtype of ADHD. Additionally,
we had few girls in the ADHD group, as it was difficult to find girls who met criteria for the
Combined subtype.

Because there was no Bonferroni correction across terms in the ANCOVAs, some of the results,
especially higher-order interactions, close to a p level of .05 may have been spurious.

Although not strictly a limitation, it should be noted that the experimenters provided structure
for the participants as necessary in order for them to complete the tasks. In many cases, the
experimenter sat behind the participant, but in some cases, it was essential to stand next to the
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participants throughout a condition to encourage them to continue. Although participants were
discouraged from talking during the task, they differed in how much they spontaneously talked
to the experimenter or to themselves. As noted above, these behaviors may have prevented us
from assessing sustained attention adequately. There were also differences in how many
reminders the experimenters gave the participants to follow the instructions. When necessary,
participants received breaks between conditions, and these breaks may have differed across
groups. We did not quantify differences on these variables. Had testing conditions been strictly
identical across groups and had the experimenters provided less structure, we would have had
more missing/invalid data but we might also have had larger group differences on the task.

Conclusions
Both clinical groups had lower perceptual sensitivity on both 0- and 1-back, with no evidence
of a specific impairment in spatial working memory. We also found no evidence of differential
order effects in either disorder on the 0-backs and no evidence that ability to sustain attention
over two administrations of the 0-back condition contributed to 1-back performance. Instead,
results suggest that both clinical groups had difficulty encoding the stimuli. They also appeared
to have difficulty maintaining attention and/or readiness to respond, and, to a lesser extent,
recruiting resources on a trial-to-trial basis. It is likely that these attentional problems prevented
the clinical groups from encoding the stimuli effectively and contributed to their general
performance deficits.

The main difference between the clinical groups was that perceptual sensitivity was lower in
the psychosis than in the ADHD group, although both groups had clearly lower d′ scores than
controls. Thus, the impairments we observed in this study were not specific to either disorder.

Although evidence regarding the encoding stage is scarce in ADHD, this result is highly
consistent with a growing body of research in schizophrenia pointing to slower or inefficient
encoding in both verbal and visual-spatial working memory. In a meta-analysis of working
memory deficits in schizophrenia, Lee and Park (2005) concluded that increasing the delay
period beyond 1 s did not lead to disproportionate impairments in working memory. Several
studies have specifically examined the encoding stage in verbal (Cairo et al., 2006; Javitt et
al., 2007; Kayser et al., 2006), visual (Fuller et al., 2005; Gold et al., 2006; Hartman et al.,
2003; Hartman et al., 2002; Lencz et al., 2003; Tek et al., 2002), spatial (Badcock et al.,
2008), and visual and spatial (Tek et al., 2002) working memory in schizophrenia, using
behavioral, electrophysiological and neuroimaging methods. All of these studies have
concluded that encoding and early maintenance processes are slower and/or less efficient in
schizophrenia than in control samples, leading to deficiencies in the nature of the internal
representation to be maintained during the delay period. Impairments in early stages of visual
processing of simple visual stimuli, as indexed by reduced amplitudes for the P1 component
of the event-related potential, have been observed in unaffected relatives of individuals with
schizophrenia as well (Yeap et al., 2006).

Reduced P1 amplitude during the encoding phase of a visual delayed discrimination task has
also been found in adolescents with schizophrenia. This reduction was accompanied by reduced
activation of the visual cortex, measured with functional MRI, leading researchers to conclude
that deficits in early visual processing contributed to the working memory deficits (Haenschel
et al., 2007).

Thus, the current results highlight the importance of taking “lower-level” attentional
impairments into account before interpreting impairments on “higher-level” tasks of executive
functioning (cf. Marks et al., 2005; Rommelse et al., 2007; Wilcutt et al., 2005).
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As for pupillary dilations, we have now analyzed data in this sample on three disparate tasks:
the current n-back task, an auditory digit span task (Karatekin et al., 2008), and an antisaccade
task (Karatekin et al., in press-a). On all three tasks, the pupillary dilation data suggested that
participants in the clinical groups were affected by experimental manipulations in the same
manner as controls. Participants with psychosis had smaller dilations than controls regardless
of the task, with effect sizes in the medium range. Results for the ADHD group depended on
the nature of the task: on tasks involving verbal or spatial short-term/working memory, the
ADHD group had smaller dilations than the controls, with effect sizes also in the medium
range. In contrast, there were no differences between the control and ADHD groups on the
antisaccade task (effect size = -0.06). Furthermore, there was no evidence that latency to reach
peak dilation differed between controls and the clinical groups on either the current task or the
antisaccade task (latency was not measured on the digit span task), and effect sizes for
differences in absolute pupillary diameter ranged from approximately 0 to small across the
three tasks. Although reduced pupillary dilations are consistent with energetic models of
ADHD (Sergeant, 2005), these results indicate that these models need to address the lack of
specificity of energetic dysregulation to ADHD and to explain why regulation of energetic
resources might be impaired on some tasks, but not others. With respect to psychosis, our
findings are consistent with the hypothesis that phasic resource recruitment is impaired in
youth-onset psychosis, as has been demonstrated before in adults with schizophrenia (e.g.,
Fish & Granholm, 2008; Steinhauer & Hakerem, 1992). However, the findings also indicate
that the specificity of this impairment depends on the nature of the task.
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Figure 1.
Pupillary waveforms to hits and correct rejections in the first 0-back
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Figure 2.
Pupillary waveforms to hits and correct rejections in the second 0-back
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Figure 3.
Pupillary waveforms to hits and correct rejections in 1-back.
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Figure 4.
(a) d′ and (b) c as a function of diagnosis and condition. Error bars refer to 95% confidence
intervals in all figures.
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Figure 5.
(a) RTs (mm) and (b) coefficient of variation of RTs (SD/mean) as a function of diagnosis,
condition, and stimulus type.
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Figure 6.
Pupillary dilations (mm) as a function of diagnosis, condition, and stimulus type.
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