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Abstract

The test of variables of attention (TOVA) is a continuous performance test commonly used as an aid for diagnosis of ADHD
and assessment of treatment response. It has been studied and standardized in both children and adults. As a repetitive
measurement of treatment efficacy, used both in research and in the clinic, it’s important to disprove a practice effect. A
retrospective cohort analysis was done, using only the placebo-arm participants from two different randomized, multicenter,
double-blind clinical trials on the efficacy of a non-stimulant (metadoxine-XR). In order to reveal the practice effects, only
the participants that showed no placebo effect (< 25% improvement), in the Conners’ Adult ADHD Rating Scale—investigator
rated (CAARS-Inv), the gold standard, were included. Demographic data, CAARS-Inv baseline and TOVA results during
each visit were recorded and analyzed. Ninety-one participants from two studies were pooled (2014 n=24, 2016 n=67).
They did not differ significantly in any demographic parameter, most side effect frequencies, and CAARS-Inv baseline
scores. The baseline TOVA performances demonstrated similarity in the degree of inattention, variability, impulsivity, and
response time. The TOVA scores were not altered significantly between visits, as assessed by repeated-measures analysis
of variance. No significant differences were detected between the TOVA baseline-to-endpoint scores as assessed by paired ¢
test. No practice effects were detected, in both clinical trials, suggesting that the results of the TOVA are likely to represent
genuine changes in attentional performance. Further studies are needed to replicate these findings.
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Introduction

Test of variables of attention (TOVA)

Continuous performance tests (CPTs) are frequently used as
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The main indices of the TOVA include the omission
standard score (O-SS), a measure of inattention; the com-
mission standard score (C-SS), considered as a measure
of response inhibition or impulsivity; the response time
standard score (RT-SS), considered as a measure of infor-
mation processing and motor response speed; the RT vari-
ability standard score (RTV-SS), calculated as the standard
deviation of RT, considered as a measure of consistency
or variability of attention; the d' prime standard score (d'
prime—SS) or response sensitivity, considered as a meas-
ure of attentional performance decrement, or the rate of
deterioration of attentional performance over time; and the
attention performance index (API) or Attention Comparison
Score (ACS) according to the TOVA version, a measure of
the subject’s overall performance on the TOVA compared
to other individuals diagnosed with ADHD (Greenberg and
Waldman 1993).

Defining practice effects

Repeated neuropsychological tests are frequently used as
a tool to measure change in performance across at least
two test administrations in both clinical and research set-
tings (Loring and Meador 2004). A difference between two
scores of the same test over time may reflect a true change
in performance, a genuine psychological or physiological
effect (e.g., placebo effect) or it can be a result of previous
exposure to the test (e.g., practice effects) (Heilbronner et al.
2010).

According to Goldberg et al. (2015), practice effects
may result from task familiarity or practice-related effects.
The first component, task familiarity, is consisted of task
comprehension, sequence knowledge and stimulus response
mapping. The second component, a practice-related effect, is
ascribed to direct familiarity with a specific item that leads
to an improvement in performance across test experiences
(Goldberg et al. 2015).

Evidence suggests that practice effect sizes vary not
only as a function of the test itself, but also as a function of
population heterogeneity (e.g., age, clinical diagnosis) and
testing factors (e.g., test—retest interval, the use of alternate
forms) (Bird et al. 2003). For the purpose of quantifying the
magnitude of practice effects on commonly used neuropsy-
chological tests, Calamia et al. (2012) conducted a meta-
analysis of nearly 1600 individual effect sizes and revealed
several factors that were associated with practice effect sizes.
They found that age is negatively associated with practice
effect magnitude. With respect to clinical studies, the results
indicated a general pattern of smaller practice effect sizes
in clinical groups, compared to healthy controls. However,
this association is moderated by the type of test and the type
of the clinical group (Calamia et al. 2012). These findings
emphasize the importance of awareness to the influence of
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practice effects on measurement tools that assess response to
medications. However, to our knowledge, there is no estab-
lished consensus on what should count as practice effects
for CPTs. Moreover, there is a lack of data on the exist-
ence or absence of a practice effect of the TOVA. Hence,
we chose a rather strict criterion by which a change of > 1
standard deviation in any index of the TOVA was consid-
ered as an indicator of clinically significant practice effect
for that index. Since we could not preclude the possibility
that a practice effect may be limited to some, but not all,
indices of the TOVA, we addressed each index, as well as
the ACS, separately with regard to the absence or presence
of a practice effect.

The present study was aimed to elucidate the possible
existence of practice effects in TOVA. The first hypothesis
of the study was that the TOVA is devoid of practice effects
due to its unsophisticated, repetitive nature. The second
hypothesis assumed that a putative practice effect would
vary among the TOVA indices due to the different domains
that they measure.

Method
Population

A retrospective cohort analysis was done, using only the par-
ticipants of the placebo arm, who had no response accord-
ing to the established measure CAARS-Inv (Conners et al.
1999). The participants were pooled from two different stud-
ies: a randomized, multicenter, double-blind study of a non-
stimulant, metadoxine-XR, 1400 mg/day study, conducted
in 2014, and a randomized, multicenter, double-blind study
of metadoxine-XR 1400 mg/day study conducted in 2016.
Both studies were performed in adults. The studies differed
in several ways (see details below), including the number of
TOVA tests per patient, and hence, the results of each study
were analyzed separately. There was no population overlap
in the two studies.

The 2014 study was a 6-week randomized, multicenter,
double-blind study of metadoxine-XR 1400 mg/day in adults
with ADHD (Weisler et al. 2014). Twenty-four adults, of
the 140 completers in the 2014 study, were included in the
present study (12 females) aged 18-55 (mean 32.5+9.8)
years. They completed the entire 6-week study period in
the placebo arm and did not respond to metadoxine-XR.
The 2016 study was a 10-week randomized, multicenter,
double-blind, parallel, fixed-dose study of metadoxine-XR
1400 mg/day in adults with ADHD (unpublished study). Of
the 139 study completers, 67 adults were included in the cur-
rent study. M/F ratio 36:31, aged 18-55 (mean 37.3+10.9)
years, who completed the entire 10-week placebo arm of the
study and did not respond to metadoxine-XR.
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The two studies were approved by the Institutional
Review Board (IRB) of all the centers involved, including
the Geha Mental Health Center (Petah Tikva, Israel), and all
participants provided informed consent to participate in the
study. The main inclusion criterion was a DSM-IV-TR and
DSM-5 diagnosis of ADHD as assessed by the Adult ADHD
Clinician Diagnostic Scale (ACDS version 1.2) modified for
DSM-IV and DSM-5, with at least moderate clinical severity
(Clinical Global Impression-Severity score >4 and CAARS-
Inv >22 in the 2014 study and CAARS-Inv >24 in the 2016
study). Main exclusion criteria were reported previously
(Weisler et al. 2014).

Placebo profile definition

In an attempt to isolate the practice effects, the studied popu-
lation included only participants who received placebo (no
medication effect) and did not exhibit a clinical placebo
effect according to the CAARS, an internationally accepted
measure of ADHD evaluation and response monitoring (no
placebo effect). In these conditions, the practice effects, if
exist, could be identified.

In order to minimize any CAARS-Inv placebo effect,
the placebo response was defined as a mild improvement,
namely >25% improvement in the CAARS-Inv scores, the
gold standard of monitoring response of ADHD symptoms to
treatment, at the endpoint (Ben-Sheetrit et al. 2018). Indeed,
it’s not guaranteed that a “no placebo” response according to
the CAARS-Inv indicates a “no placebo” response according
to the TOVA. However, a thorough search of the literature
[MEDLINE (http://www.pubmed.com), Google Scholar
(http://scholar.google.com), and PsycINFO (http://www.
apa.org/pub/databases/psycinfo/index.aspx)] failed to find
any studies regarding a possible correlation of the CAARS-
Inv-placebo response and a CPT (and more specifically the
TOVA)-placebo response. Hence, it was assumed that the
same participants will respond to a similar extent in both
measures but due to no better optional choice, this was used
as the rule, due to the lack of data on the placebo effect in
ADHD in the current available literature. Also, this popula-
tion was selected since it was considered a relatively pure
non-placebo population, in an attempt to estimate practice
effects that would not be biased by a possible placebo effect
of the TOVA.

The methods of these two studies were different in sev-
eral ways (Weisler et al. 2014). In both, the Conners’ Adult
ADHD Rating Scale-Investigator rated (CAARS-Inv) was
recorded at baseline and its improvement was used as a pri-
mary endpoint. However, in the 2014 study the timing of
the endpoint was determined 6 weeks after the initiation of
medication/placebo, while in the 2016 study—it was deter-
mined after 10 weeks. The TOVA was used in both, but in
2014 study it was conducted 4 times: baseline, at week 1, at

week 6 (the final visit) and at the follow-up visit, which was
2 weeks later, while in the 2016 study the TOVA was con-
ducted 3 times: at baseline, at week 4, and at week 10 (the
final visit).There was no TOVA assessment in the follow-up
visit in the 2016 study. Due to these differences, the data
from the two studies were analyzed separately.

Another difference is the change in version of the TOVA
between these years that enabled in the new version record-
ing of absolute numeric results instead of a threshold cut-
off score in the previous TOVA version. There were no
other significant differences as to the clinical analysis of
the results.

Statistical analysis

The pre-specified endpoints were TOVA performance at the
endpoint of each study: week 6 and week 10 for study 2014
and study 2016, respectively. Paired-repeated samples ¢ test
was used in order to assess the statistical significance of the
changes. In addition, one-way ANOVA-RM was performed
in order to evaluate changes in TOVA measures between
visits. Analysis was performed using SPSS for Windows ver.
22 (IBM Inc., Chicago, IL, USA). For statistical power cal-
culations, we used G*Power ver. 3.1. Results are presented
as number or mean accompanied by standard deviations
(SD) or rates (%) as appropriate. p <.05 was considered
significant.

Results
Demographic and clinical characteristics

As can be seen in Table 1, participants from the 2014 study
(n=24) and the 2016 study (n=67) did not differ signifi-
cantly in any demographic parameter (age p =.063, gender
p=.753). Around half of the participants in both studies
were treatment naive (p =.971) Side effect rates were similar
in both studies and did not reach a significant level, with the
exception of fatigue (p=.036), which was more pronounced
(20.8% vs. 6.0%) in the 2014 study.

Interestingly, the change in the CAARS-Inv scores from
baseline to endpoint was numerically statistically significant
in both studies, especially in the 2016 study, although the
magnitude of this response, as was pre-defined, was clini-
cally meaningless (less than 25% improvement) (Table 2).

TOVA data analyses
In order to evaluate potential practice effects in the TOVA,
participants’ performance on each index was evaluated.

The two groups did not differ significantly in the TOVA
baseline performance (data not shown) both were below
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Ta.bI.e 1 Demogréphic and Demographics 2014 study (n=24) 2016 study (n=67) p 1 test/y?
clinical characteristics of the
study samples Age®, M (SD; years) 32.5(9.8) 37.3(10.9) p=.063
Gender, n (%) p=.753
Male 12 (50%) 36 (53.7%)
Female 12 (50%) 31 (46.3%)
Previous treatment, 1 (%) 11 (45.8%) 31 (46.3%) p=.971
Side effects, n (%)
Nasopharyngitis 2 (8.3%) 2 (3.0%) p=.273
Diarrhea - 2 (3.0%) p=.392
Headache 5(20.8%) 5(7.5%) p=.072
Nausea - 2 (3.0%) p=.392
Fatigue 5 (20.8%) 4(6.0%) p=.036
CAARS baseline® 32.8 (8.0) 35.9(7.6) p=.102
ASRS baseline® 40.8 (9.8) 46.3 (9.7) p=.019

CAARS-Inv, Conners’ Adult ADHD Rating Scale-Investigator rating; ASRS, Adult ADHD Rating Scale
#Mean with (standard deviation in parentheses)

Table2 CAARS-Inv scores at baseline and endpoint in the two stud-
ies

Measure 2014 study (n=24) 2016 study (n=67) Between
studies p ¢
test

Baseline®  32.8 (8.0) 35.9 (7.6) p=.102

End point*  30.6 (7.0) 34.0 (8.9) p=.092

pttest’ p=.041 p=.001

CAARS-Inv, Conners’ Adult ADHD Rating Scale-Investigator rat-
ing; ASRS, Adult ADHD Rating Scale

*Mean with (standard deviation in parentheses)

®Paired sample two-tailed f test of the difference between baseline
and end point

the normal range, but the magnitude of the deficit was
much larger in the 2016 study due to a change in the
TOVA scoring method. Previously, large negative stand-
ard scores (>4 SD) were presented by the TOVA simply
as “<40,” as it was done in the study of 2014, or in its
later version, “<0,” without the specific negative value.
It presented a problem for researchers, because this range
(< 0) did not allow a calculation of the true mean score,
and in the 2016 study the TOVA company was requested
by the researchers to calculate the actual standard scores
(SS) values using the raw score. However, calculating the
actual mean score affected largely the SS, especially in the
omission errors index in adults, since in the TOVA norm-
ing study, most adults did not exhibit any omission errors
at all (http://files.tovatest.com/documentation/9/Profession
al%20Manual.pdf)). In order to reduce the discrepancy,
and have a common ground, and after a consultation with
the TOVA company scientists, all the scores below 40
were re-defined as 40, in the same way that it was done
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in the 2014 study. Thus, the results became comparable.
Furthermore, any value that was greater than 4 SD was
considered as highly abnormal, and hence the actual num-
ber seemed to be irrelevant.

For the sake of accuracy and transparency, the analyses of
the original actual values are shown as an appendix.

It appears that the attentional functioning, as captured by
the TOVA, reflects a similar population: the O-SS, RTV-SS
and D’ prime-SS were abnormal all along the study, while
the C-SS (which is considered an indicator of impulsivity)
was on the borderline verge and the RT-SS was normal,
though in the low normal range. The mean API/ACS in both
studies was also abnormal (< 0) (Tables 3, 4).

The first analysis compared the TOVA results in each
visit. Since the 2014 study included four visits in which the
test was conducted, and the 2016 study included only three,
their results were separated (Tables 3, 4). They were ana-
lyzed using the one-way ANOVA-RM. In both studies, no
statistically significant differences were detected in any of
the indices throughout the placebo treatment, even when
the actual data from 2016 were analyzed (Table 7, “Appen-
dix 17). It is of note that the scores in the follow-up visit
in the 2014 study were very similar to the ones in visit 6
(the endpoint study). It means that neither repeated testing
nor becoming aware to the discontinuation of any treatment
altered the TOVA performance, indicating a lack of a prac-
tice, as well as placebo effect.

The second analysis compared the change from baseline-
to-endpoint scores, which is usually the main outcome meas-
ure in efficacy studies. It was analyzed by paired-repeated t
test. As shown in Table 5, in the 2014 study, all TOVA indi-
ces were not altered significantly from baseline to endpoint.
Similar nonsignificant alterations were observed in the 2016
study (Tables 5, 8, “Appendix 27).
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Table 3 Descriptive statistics by
week of the 2014 study (n=24)

Table 4 Descriptive statistics by
week of the 2016 study (n=67)

Table5 The changes in the
various TOVA indices from
baseline to endpoint in the two
studies

TOVA Index Baseline = Week 2 Week 6 Follow-up ANOVA-RM 1-g Partial 5> p value

F

ACS —35(7.9) -29(82) -34(9.1) —3.9(8.4) 0.76 49 032 483
0-SS 75.1(28.3) 76.1(28.9) 74.4(29.9) 77.8(27.1)0.38 66 .021 655
C-SS 87.5 (24.4) 93.5(21.4) 91.7 (24.5) 95.1 (21.5)2.25 16 .097 108
RTV-SS 78.3 (28.7) 81.7(27.3) 79.3 (29.0) 73.7 (27.8) 0.14 88 .008 881
RT-SS 99.3 (23.7) 99.0 (22.3) 98.6(20.7) 96.8 (20.5) 0.11 91 005 912
Dprime-SS  75.1 (23.5) 80.7 (25.4) 78.8(25.2) 79.0 (27.0) 1.1 36 .049 337

ANOVA-RM, one-way analysis of variance with repeated measures; ACS norm >0; Omission, Commis-
sion, RT and RT variability norms > 85; ACS, Attention Comparison Score; O-SS, Omission Errors Stand-
ard Score; C-SS, Commission Errors Standard Score; RTV-SS, Response Time Variability Standard Score;
RT-SS, Response Time Standard Score

*Mean with (standard deviation in parentheses)

TOVA Index  Baseline Week 4 Week 10 ANOVA-RM 1-p Partialy> p
F

ACS -2.8(6.2) -22(5.8) -28(.3) 061 S1 .009 .508
O-SS 71.6(28.2) 71.0(28.6) 68.2(28.8) 0.95 75 014 .390
C-SS 87.8(23.3) 91.8(25.6) 91.3(254) 1.71 75 .026 185
RTV-SS 72.9(26.6) 75.0(249) 69.8(25.4) 2.03 74 .030 .140
RT-SS 99.6 (28.3) 98.7(249) 96.5(25.5) 1.12 74 .017 328
D prime-SS 753(25.5) 79.7(27.7) 752(269) 127 74 .019 283

ANOVA-RM, one-way analysis of variance with repeated measures; ACS norm >0; Omission, Commis-
sion, RT and RT variability norms > 85; ACS, Attention Comparison Score; O-SS, Omission Errors Stand-
ard Score; C-SS, Commission Errors Standard Score; RTV-SS, Response Time Variability Standard Score;
RT-SS, Response Time Standard Score

*Mean with (standard deviation in parentheses)

Measure 2014 study (n=24) 2016 Study (n=67)
Mean differences® 95% CI* p value®  Mean differences*  95% CI* p value®

ACS —0.04 (3.8) [-1.7,1.6] .957 0.01 (5.4) [-1.3,1.3] .994
O-SS 0.71 (27.2) [-11.7,13.1] .905 3.39(21.9) [-2.0,88] .213
C-SS —4.18 (15.0) [-10.8,2.5] .206 -34(214) [-8.7,1.8] .197
RTV-SS —1.05 (17.0) [-838,6.7] .781 3.15(24.3) [-2.8,9.1] .293
RT-SS 0.74 (13.1) [-4.9,64] .789 3.09 (19.6) [-1.7,79] .203
D prime-SS  —3.69 (16.0) [-10.6,3.2] .280 0.07 (25.6) [-6.2,6.3] .983

ACS, Attention Comparison Score; O-SS, Omission Errors Standard Score; C-SS, Commission Errors
Standard Score; RTV-SS, Response Time Variability Standard Score; RT-SS, Response Time Standard
Score

*95% confidence interval
“Mean with (standard deviation in parentheses)

PPaired sample two-tailed 7 test of the difference between baseline and end point performance for each
measure

It is of note that no practice effects were detected in any In order to eliminate the possibility that the lack of dif-
of the TOVA indices. Namely, no significant alterations  ference was due to sample size, we conducted a third analy-
in the various indices were obtained during the repeated  sis, comparing the change from baseline-to-endpoint scores
exposures to the TOVA (Tables 3, 4, 5, 7, 8). using combined data from both studies (n=91). As can be
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Tab]e 6 The Ch.a“fvfes in the TOVA Index  Mean differences®  95% CI* P DF  Power (1-p) Cohen’sd p
various TOVA indices from
baseline to endpoint in a ACS -0.01 (5.0) [-1.0,1.0] -001 90 .99 -0.001 988
combined sample of both 0-SS 2.8(23.2) [-22,77] L1l 8 .51 0.12 270
studies (n=91)
C-SS -3.6(19.9) [-79,0.6] -1.71 87 .50 -0.18 .090
RTV-SS 2.1(22.8) [-2.7,7.0] 0.89 87 .53 0.09 .379
RT-SS 2.5(18.2) [-1.3,6.3] 1.30 89 51 0.14 197
D prime-SS —0.9 (23.5) [-5.8,4.0] -0.36 89 74 -0.04 719

ACS, Attention Comparison Score; O-SS, Omission Errors Standard Score; C-SS, Commission Errors
Standard Score; RTV-SS, Response Time Variability Standard Score; RT-SS, Response Time Standard

Score

*95% confidence interval

*Mean with (standard deviation in parentheses)

®Paired sample two-tailed ¢ test of the difference between baseline and end point performance for each

measure

seen in Table 6, paired sample ¢ test did not yield any signifi-
cant results. Effect sizes for all indices were small, ranging
from —0.18 to 0.14 (Table 6). The effect sizes described
in Table 6 were similar to those obtained using the actual
values of 2016 (Table 9, “Appendix 3”).

Discussion

In the present study, we examined a possible practice effect
in repeated administrations of the TOVA in a group of pla-
cebo non-responders with ADHD. It is considered impor-
tant, since the TOVA is used to measure cognitive response
to ADHD treatments, and as such, a putative practice effect
could weaken its utility. We found that the TOVA lacks a
practice effect both in its composite score (the ACS) and
in every single index. The literature regarding other CPTs
either points to a clear practice effects (e.g., the MOXO CPT,
see Shahaf et al. 2018) or is inconsistent in this regard (e.g.,
the Conners’ CPT, see Chen et al. 2009, for some positive
results versus Zabel et al. 2009, for negative results). The
current study seems to point to a substantial advantage of
the TOVA as an aid in diagnosis and monitoring of treatment
response in adult ADHD.

It is needed to identify the neuropsychological mecha-
nisms involved in practice effects in order to understand
why they are apparently insignificant in the TOVA. Prac-
tice effects may stem from memory, learned strategies
for solving problems, or general experience with testing
(the so-called test sophistication, McCaffrey et al. 2000).
Since TOVA stimuli are abstract, repetitive and monoto-
nous squares and the test lasts for 22 min, it seems unlikely
that acquired memory or concrete problem-solving factors
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could contribute to improved performance in this test. Thus,
the test itself seems to offer very little room for learning
from previous administrations compared to, for example,
measures of intelligence, the CPT-II (alphabet letters) and
the MOXO (relatively “complex” animations in the visual
parts). Moreover, the little that may perhaps be learned from
experience with this test (e.g., inner strategies for better
inhibitory control) may be ineffectively learned by subjects
with ADHD, because of its dependence on working memory,
which is very frequently impaired in this disorder. Indeed,
a previous meta-analysis of many studies on numerous neu-
ropsychological domains and tests has concluded that prac-
tice effects may not be simply a nuisance, but a useful source
of information: The lack of practice effects predicts worse
cognitive performance in subjects with cognitive decline
(Calamia et al. 2012).

As an arbitrary decision, in order to try and certify accu-
racy, only the participants who received a placebo and were
considered “non-responsive to a placebo effect” by the
CAARS-Inv were selected to the analysis. This strategy
was employed in an attempt to separate between the placebo
effect and the practice effects in the TOVA. It was assumed
that inclusion of all participants will add a possible placebo
effect (about which the literature is very scarce) to a mixture
of effects, and no precise discrimination could be done.

The population in both studies was similar. As shown in
Table 1, fatigue was a more frequent side effect in the 2014
study. It is of note that the same symptom was reported fre-
quently as a side effect in a previous study, with no signifi-
cant difference between the medication and the placebo arms
(Manor et al. 2012). It seems that fatigue could be a non-
specific side effect without a significant clinical meaning.
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The similarity between the populations persisted in the
TOVA indices, which demonstrated the same attentional
profile in both studies (2014, 2016): abnormal (dysfunc-
tional) sustained attention (O), consistency and vigilance
(RTV and d' prime) but borderline to normal impulsivity
(C) and velocity (RT). It seems that in adults with ADHD, as
they are represented by the participants, most of the impair-
ment is derived from inattention and instability, much less
from hyperactivity, which is in agreement with the literature
(Wilens et al. 2009). This profile may explain the specific
deviation in the O-SS, and its huge SD, since this index
reflects a highly impaired component of the ADHD presen-
tation in adults.

Clinical perspective

Clinical experience shows that many intelligent, well-com-
pensated individuals are often baffled by their test’s results,
which tend to unmask much more severe deficits than they
previously imagined. It is emphasized by the lack of practice
effects. These patients believed that they have learned to
adapt their life to the disorder by employing multiple strate-
gies (e.g., meticulously crafted to-do lists) and using many
cues (e.g., context awareness in conversations to infer what
was previously said) that make life possible despite frequent
absent mindedness and impairments in inhibitory control.
Faced with a square on a screen with no context and no room
for creative solutions, the true extent of their impairment is
much more likely to surface, especially as they can’t cope
with it through learning processes. It is suggested that this
is also the reason why clinical symptoms in everyday life
are often at odds with CPT results conducted in the labo-
ratory (Ben-Sheetrit et al. 2016). Careful consideration of
the compensations and environmental accommodations that
have developed in response to the patient’s disorder is cru-
cial to comprehensive assessment and treatment.

Research implications

Failing to take into account practice effects can compro-
mise the validity of research findings (Calamia et al. 2012).
Improvement in measures that correlate with the desired
construct being tested can diminish after repeated testing
(Calamia et al. 2012). Using measures and methods that
minimize practice effects is therefore of great importance.
In ADHD research, the gap between the TOVA, as an objec-
tive measure that seems to be devoid of practice effects, and
items of symptomatic measures, is of considerable potential.
An interesting question is the possibility of practice effects

in other measures, such as self-reported questionnaires (like
the CAARS, ASRS). It was not the topic of this study, but
an important topic to investigate further on, as the signifi-
cant placebo effect, which is found in these measures (Ben-
Sheetrit et al. 2018) may be partly due to the practice effects.
The inflated placebo response, which is currently detected in
self-reported questionnaires (Ben-Sheetrit et al. 2018), may
be related to combined placebo and practice effects. Look-
ing for a placebo effect in the TOVA, or any other CPT with
similar characteristics, is another topic of interest to study
in adult ADHD research.

Limitations and conclusions

The current study has several limitations. First, the rela-
tively small sample sizes of our samples limit the statistical
power of the study and justify further studies in order to
replicate the current findings. Second, some variables such
as the ADHD presentations and the presence of comorbid
disorders were not assessed, and this should be taken into
account in future investigations. Moreover, possible selec-
tion bias due to inclusion and exclusion criteria in clinical
trials is another concern that limits generalizability to real-
world patients with ADHD. However, this study is the first
to specifically assess possible practice effects of TOVA. The
present study’s findings suggest that the TOVA is devoid of
such effects. If corroborated by future studies, this may have
important clinical and research implications and relevance to
diagnosis and treatment of adults with ADHD.
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Appendix 1

Analysis of the actual original data that are shown in
Tables 4 and 7.
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Table 7 Descriptive statistics by
week of the 2016 study (n=67)

Appendix 2

Analysis of the actual original data that are shown in

Tables 5 and 8.

Table 8 The changes in the
various TOVA indices from
baseline to endpoint in the two
studies

@ Springer

TOVA Index Baseline Week 4 Week 10 ANOVA-RM 1-p Partial * p
F

ACS -2.8(6.2) -22(5.8) -28(53) 0.61 S .009 .508
O-SS —109.9 (591.1) —103.8(632.5) —34.2(227.5) 0.70 S50 011 498
C-SS 83.8 (36.3) 88.0 (37.6) 87.1(34.1) 1.15 32 .017 316
RTV-SS 64.6 (43.4) 67.7 (40.0) 60.1 (39.1) 1.40 26 .021 251
RT-SS 99.3 (29.0) 98.2 (26.1) 94.8 (30.1) 1.71 20 .025 189
D prime-SS 68.6 (41.4) 72.6 (46.0) 68.3 (40.9) 0.76 45 011 450

ANOVA-RM, one-way analysis of variance with repeated measures; ACS norm >0; Omission, Commis-
sion, RT and RT variability norms > 85; ACS, Attention Comparison Score; O-SS, Omission Errors Stand-
ard Score; C-SS, Commission Errors Standard Score; RTV-SS, Response Time Variability Standard Score;

RT-SS, Response Time Standard Score

*Mean with (standard deviation in parentheses)

Appendix 3

Tables 6 and 9.

Analysis of the actual original data that are shown in

Measure 2014 study (n=24)

2016 study (n=67)

Mean differences® 95% CI* p value® Mean differences® 95% CI* p value®
ACS —0.04 (3.8) [-1.7, 1.6] 957 0.01 (5.4) [— 1.3, 1.3] .994
0O-SS 0.71 (27.2) [-11.7,13.1] .905 —75.70 (595.0) [—220.8,69.4] .301
C-SS —4.18 (15.0) [-10.8,2.5] .206 —-3.33(27.5) [-10.0, 3.4] 326
RTV-SS —1.05(17.0) [-8.8,6.7] 781 3.86 (38.7) [-5.6,13.3] 418
RT-SS 0.74 (13.1) [—4.9,6.4] 789 4.45 (23.7) [—1.3,10.2] 130
D prime-SS  —3.69 (16.0) [-10.6,3.2] .280 0.27 (32.2) [—7.6,8.1] 945

ACS, Attention Comparison Score; O-SS, Omission Errors Standard Score; C-SS, Commission Errors
Standard Score; RTV-SS, Response Time Variability Standard Score; RT-SS, Response Time Standard

Score
*95% confidence interval

“Mean with (standard deviation in parentheses)

®Paired sample two-tailed ¢ test of the difference between baseline and end point performance for each

measure



Apparent lack of practice effects in the Test of Variables of Attention (TOVA) in adult ADHD 81

Table 9 The Changes in

. a ® b _ )
the various TOVA indices TOVA Index  Mean differences® 95% CI t DF Power (1-f) Cohen’sd p
from l;f}selcilne to ind[)foti)ntlin ACS ~0.01(5.0) [- 1.0, 1.0] —001 90 098 0001 988
a combined sample of bot 0-SS —57.5(519.4) [-1675,52.6] —104 87 052 —0.111 302
studies (n=91)
C-SS ~3.6(24.9) [-8.8, 1.7] —134 88 051 —0.142 183
RTV-SS 2.7 (34.8) [-47,101] 072 87 058 0.077 AT1
RT-SS 35(21.5) [~ 1.0, 8.0] 154 89 0.0 0.163 126
D prime-SS ~0.7(28.9) [-6.8,5.3] -024 89 081 0026 807

ACS, Attention Comparison Score; O-SS, Omission Errors Standard Score; C-SS, Commission Errors
Standard Score; RTV-SS, Response Time Variability Standard Score; RT-SS, Response Time Standard

Score

*95% confidence interval

*Mean with (standard deviation in parentheses)

®Paired sample two-tailed ¢ test of the difference between baseline and end point performance for each

measure
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