
Research Article

Motor demands of cognitive testing may
artificially reduce executive function scores in
individuals with spinal cord injury
Jinhyun Lee , Shauna Dudley-Javoroski , Richard K. Shields

Department of Physical Therapy and Rehabilitation Science, Roy J. and Lucille A. Carver College of Medicine,
University of Iowa, Iowa City, Iowa, USA

Objective: To determine whether the motor demands of cognitive tests contribute to differences in cognitive
function scores in participants with and without spinal cord injury (SCI).
Design: Cohort study.
Setting: Rehabilitation research laboratory.
Participants: 68 individuals without SCI (“NON”) and 22 individuals with motor complete SCI (“SCI”).
Interventions: None.
Outcome Measures: NIH Toolbox cognitive assessments, including two with motor demands and reaction-time
based scoring (Dimensional Change Card Sort (DCCS), Flanker Inhibitory Control and Attention (Flanker) and
two without timed scoring (List Sorting Working Memory (List Sorting), Picture Sequence Memory Test (Picture
Sequence). Tests were administered with and without the assistance of a proctor on two randomly-determined
days (>24 hr interval). For DCCS and Flanker, the motor-task score offset was estimated as the difference
between the proctored and non-proctored scores.
Results: For demographically-corrected data, proctoring reduced DCCS and Flanker scores (P < 0.001) but
mitigated apparent differences between SCI and NON (all P > 0.403). SCI and NON did not differ for List
Sorting (P > 0.072) but did differ significantly for Picture Sequence (P < 0.001). Significant practice effects
existed for memory-based tests (List Sorting and Picture Sequence); all P < 0.015, effect size>0.645.
Conclusions: DCCS and Flanker scores for individuals with SCI may be artificially reduced consequent to
secondary motor demands of the tests. Proctoring and computation of a motor-response score offset
enables comparisons to be made between individuals with SCI and a Non-SCI control cohort; however,
further work is needed to determine whether offset-adjusted scores can be compared to standardized
normative values.
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Introduction
To maximize function and independence, people with
recent spinal cord injury (SCI) must undertake a strin-
gent course of rehabilitation therapy as rapidly as medi-
cally feasible. During rehabilitation, patients must
assimilate large amounts of new information and they
must often learn to use complex adaptive technology.
Patients must achieve these cognitive milestones within
the compressed time frame imposed by the current
cost-restricted health care economy.1,2 Patients with cog-
nitive impairment, a common sequelae of SCI,3 may

struggle to rapidly learn all the information and skills
presented during intensive rehabilitation.
The etiology of cognitive impairment may reflect the

unique medical history of each individual. Undiagnosed
traumatic brain injury appears to be a common factor,4

as does autonomic dysfunction and associated systemic
hypotension.5,6 Grey matter degeneration in brain
regions that process emotional states and attention7

and the development of intrusive/impulsive processing8

may both undermine executive function. New findings
from animal models suggest that SCI instigates systemic
inflammation and progressive neurodegeneration in
brain regions that govern learning and cognition.9–12

“Crystallized” cognitive domains (e.g. word knowledge
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and vocabulary) appear to be relatively unaffected by
SCI, but deficits appear common in process-oriented
dimensions such as executive function, working
memory, and episodic memory.13 Impairments in cogni-
tive processes such as motor sequence learning14 may be
especially problematic if they interfere with post-SCI
rehabilitation activities.
The National Institutes of Health Toolbox for

Neurological and Behavioral Function – Cognition
Battery (NIH Toolbox) is a computerized testing plat-
form designed to enable standardized assessment of cog-
nitive function.15,16 It has been validated for use in
populations with neurologic impairment, including
SCI.17 Participants complete the Toolbox assessment
via an iPad app that requires them to reach forward
from a standardized start position to press a button on
a keyboard. Several Toolbox test instruments have a
reaction time scoring vector, which superimposes a
motor demand upon the cognitive task. Respondents
with trunk or upper extremity motor impairment may
take longer to respond to test items than participants
without motor impairment. A number of groups,
including the developers of NIH Toolbox, have pro-
posed accommodations for participants with SCI such
as avoiding tests with reaction-time scoring vectors,18

statistical correction for hand function,13 or simply
accepting a high test non-completion rate (∼40%) for
participants with tetraplegia.13 None of these
approaches provides a satisfactory way to test speed-
based components of cognition in participants with
trunk and upper extremity impairment.
In this study, we investigated an alternate accommo-

dation approach designed to mitigate the motor
penalty of timed Toolbox metrics. All participants,
including control subjects without SCI, completed the
timed tests with the assistance of a proctor.
Respondents verbally answered test items and the proc-
tors then executed the standard motor response. The
proctor’s auditory processing time and motor reaction
time were therefore added to the speed vector of the
respondent’s score. By comparing proctored and non-
proctored test scores in a cohort of subjects without
SCI, we quantified the mathematical score offset con-
tributed by the motor demand of the task. We then
applied this same mathematical offset to proctored test
scores from participants with SCI. In this way, the
study placed participants with motor impairment on
an equal footing with participants who did not have
motor impairment. The purpose of this study was to
determine whether the motor demands of NIH
Toolbox tests contribute to differences in cognitive func-
tion scores between participants with and without spinal

cord injury (SCI). For timed tests, we expected that
differences between groups would be negated by using
a test administration method that mitigated test motor
demands (proctoring and application of a motor-
response score offset). We hypothesized that after this
adjustment, scores for participants with SCI would
cease to differ from Non-SCI scores obtained with the
conventional un-proctored method.

Methods
68 individuals without SCI (“NON”) and 22 individuals
with motor complete SCI (American Spinal Injury
Association Impairment Scale-A19) (“SCI”) partici-
pated in a cohort study in a rehabilitation research lab-
oratory. Demographic data appear in Table 1. All
subjects were a convenience sample recruited from the
healthy general population in a university community.
56 of the 68 participants were college graduates, 8
were college students, and 4 were high school graduates
expecting to enter college in the next year. 34 were male
and 59 were right handed. 60 of the participants were
Caucasian, 5 were Asian, and 3 were African
American. The SCI participants duration of injury
was from 8 months to 32 years (mean = 13.4 years)
and 50% of participants had quadriplegia. 12 of the
SCI participants were high school graduates, 4 college
graduates, and 2 college students. Exclusion criteria
were a medical diagnosis of cognitive decline (e.g.
dementia), traumatic brain injury, or a neurodegenera-
tive condition (e.g. multiple sclerosis). All participants
signed an informed consent document approved by
our institution’s Human Subjects Institutional Review
Board.

Nih Toolbox testing
Participants completed four NIH Toolbox standardized
tests via an iPad app (software version 1.17.1650) with a
Bluetooth keyboard interface. Two Toolbox tests
included reaction time-dependent scoring vectors:
Dimensional Change Card Sort (DCCS) and Flanker
Inhibitory Control and Attention (Flanker). Two tests
did not incorporate time-based scoring and depended
upon accuracy alone: List Sorting Working Memory

Table 1. Participant demographic data. Values are mean (SD).

Age Height (cm)
Weight
(kg)

SCI
duration (yr)

NON-SCI
(n = 68)

23.6 (2.3) 174.0 (9.5) 74.2 (14.0) N/A

SCI
(n = 22)

43.3 (15.9) 175.3 (34.5) 80.2 (23.7) 13.4 (8.3)
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(List Sorting) and Picture Sequence Memory Test
(Picture Sequence). Reliability and responsiveness of
the NIH Toolbox instruments has been previously estab-
lished.20–22

The DCCS is an executive function metric that pro-
vides an estimate of set shifting, an indicator of cognitive
flexibility.20 Participants view two images that differ
according to two dimensions (color, shape).
Participants then match a series of test images (e.g.
blue truck, yellow ball) first by one dimension (e.g.
color) and then by the other (e.g. shape). “Switch”
trials are also given, in which participants must
employ cognitive flexibility to change the dimension
being matched. The participant’s score is automatically
calculated as a composite of test accuracy and speed.23

The Flanker test is an executive function metric that
estimates attention (allocating cognitive resources
toward external stimuli) and inhibitory control (ignoring
superfluous stimuli).20 Participants identify the left-right
orientation of a central arrow situated amidst four other
arrows; these “flankers” may point in the same (congru-
ent) or different (incongruent) direction as the center
arrow. Incongruent trials test a participant’s capacity
for inhibitory control. The participant’s score is auto-
matically calculated as a composite of test accuracy
and speed.24

The List Sorting test evaluates working memory, the
capacity to store and manipulate information over a
brief time.25 The participant repeats a list of items
(animals or foods) in order from smallest to largest
according to one category (e.g. foods) and then accord-
ing to both categories (e.g. first foods, then animals).
Scores reflect test accuracy with no speed component.26

The Picture Sequence Memory test evaluates episodic
memory, the cognitive capacity to acquire, store, and
retrieve information.27 The participant recalls sequences
of up to 18 items, with scoring based on the number of
correctly-recalled pairs of items. Scores reflect test accu-
racy with no speed component.28

Experimental procedures
Ten proctors administered the NIH Toolbox metrics to
between 6 and 10 non-SCI participants each. All proc-
tors (4 women, 6 men) were college-educated adults
with a mean age of 24.5 years (1.3). Each proctor
received 3 h of training prior to administering any
formal testing. The training consisted of a) general
reading and familiarization with the NIH toolbox; b)
review of the test order; and c) practice administering
test on three other proctors followed by general reflec-
tion and discussion of differences as feedback. For
ease of utility, we limited the extent of training to just

3 h A single proctor administered the Toolbox metrics
to all participants with SCI. This proctor was shown
to be internally consistent with the other proctors with
scores that fell within a 95% confidence interval of the
other proctors (see results section). Instructions to the
proctors emphasized the need to 1) enter the partici-
pant’s verbal response as rapidly as possible, and 2) to
return the hand to the standardized “home” position
between each response item. Non-SCI participants
underwent one proctored session and one un-proctored
session, separated by at least 24 h (mean = 5 days).
The order of sessions was counter-balanced; that is,
for every participant that received a proctored session
first, there was a subsequent participant that received
the un-proctored session first. All participants with
SCI underwent one proctored session. In addition, a
subgroup of participants with low paraplegia, and thus
minimal trunk/upper extremity motor impairment,
underwent both a proctored and un-proctored session.
As with the non-SCI group, these repeat bouts were sep-
arated by at least 24 h and were counterbalanced.

Cognitive test scoring systems
The iPad software calculated cognitive test scores as
Uncorrected and Fully-Corrected T scores.
Uncorrected scores contained no mathematical adjust-
ment for demographic factors29 and reflected a partici-
pant’s raw cognitive capacity for a particular cognitive
domain.30 Fully-Corrected T scores incorporated math-
ematical adjustment for age, sex, race, ethnicity, and
educational attainment.29 Higher values for both
scales indicated better cognitive performance.
Uncorrected scale scores are anchored to a nationally-
representative normative sample with mean = 100 and
SD = 15. Fully-Corrected T scores are anchored to a
nationally-representative normative sample with
mean = 50 and SD = 10. For DCCS and Flanker, reac-
tion time for each participant was separately calculated
as the mean response time in seconds for all presented
test items.
Using data from participants without SCI, the motor-

performance offset was calculated as the difference
between a participant’s un-proctored test and their proc-
tored test. For both DCCS and Flanker, mean (SD)
offset was calculated across all 68 non-SCI participants
for both the Uncorrected score and the Fully-Corrected
score. These offsets were then applied to the SCI proc-
tored scores, yielding an Adjusted score.
The offset represents the score penalty imposed by the

motor demand of the DCCS and Flanker tasks.
Converting the DCCS and Flanker tests into a verbal-
response task reduces differences in test demands
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between people with and without SCI. Calculation of
the proctoring offset in the non-SCI group reveals the
additional reaction time required for the proctor’s
response and the associated score penalty caused by
the prolonged reaction time. This offset can then be
added to proctored SCI scores to provide a motor-free
estimate of cognitive function.

Statistical procedures
Pilot testing of participants with SCI indicated that an
SCI cohort of n > 18 would provide >80% power to
detect significant differences from expected NON
values (U.S. normative values). Differences between
SCI and NON groups and between Proctored and Un-
proctored tests were examined via the Kruskal-Wallis
H Test for non-normally distributed data, followed by
Dunn’s post-hoc tests of pairwise differences with
Benjamini-Hochberg false discovery rate adjustment
for multiple comparisons. Based on the study aims, we
a priori identified the key pairwise comparisons to be
used during Benjamini-Hochberg adjustment. For
DCCS and Flanker (timed tests that included calcu-
lation of the Adjusted score), pairwise comparisons of
interest were: 1) NON Proctored vs NON Un-
Proctored; 2) NON Proctored vs SCI Proctored; 3)
NON Un-Proctored vs. SCI Un-Proctored; 4) NON
Un-proctored vs SCI Adjusted (to determine whether
apparent NON vs SCI differences persist after applying
the mathematical offset); and 5) SCI Un-proctored vs
SCI Adjusted (to determine whether application of the
offset yields SCI values that are different from a group
of people with SCI who have minimal arm/trunk
impairment). For List Sorting and Picture Sequence
(untimed tests with no calculation of an Adjusted
score), pairwise comparisons of interest were: 1) NON
Proctored vs NON Un-Proctored; 2) SCI Proctored vs
SCI Un-Proctored; 3) NON Proctored vs SCI
Proctored; 3) NON Un-Proctored vs SCI Un-
Proctored. Significance was P < 0.05 for all between-
group analyses.
Previous studies have observed a significant practice

effect for repeat assessment with NIH Toolbox.20–22

We carried out a 2-way (day x proctor) ANOVA to
assess if there was a day versus proctor interaction
(P < 0.05), followed by post hoc testing as indicated.
We carried out a 1-way ANOVA on the proctor’s
offset values to determine if scores were different
among the 10 proctors. We also conducted an analysis
to assure that the single proctor used for all SCI bouts
was consistent with the other proctors by using a
Mann-Whitney rank sum test for non-parametric data
(P < 0.05) and assessing if the single proctor values

fell within the 95% confidence interval for the rest of
the proctor pool. For Un-Proctored sessions (NON
cohort only), we carried out a 1-way ANOVA to deter-
mine whether scores differed for Day 1 vs Day
2. When data were non-normally distributed we substi-
tuted the Kruskal-Wallis non-parametric H test with
Dunn’s post-hoc testing (P < 0.05). When significant
day effects were present we calculated the magnitude
of the practice effect via effect size ([Day 2 mean –

Day 1 mean] / Day 1 SD) and Cohen’s D.31

Results
All recruited participants completed both days of
testing. Fully-Corrected scores were unavailable for
one participant with SCI because the participant
declined to provide demographic data needed for com-
putation of the scale. Data for timed tests (DCCS and
Flanker) appear in Fig. 1. Mean (SD) proctored reac-
tion time for participants with SCI was 1.57 (0.38)
seconds for DCCS and 1.43 (0.36) seconds for
Flanker. NON reaction time and the motor-response
offsets used to calculate the SCI Adjusted scores
appear in Table 2. For the DCCS Uncorrected score,
there was a significant effect of participant group (P <
0.001). For the five pairwise comparisons of interest:
1) NON Proctored differed significantly from NON
Un-Proctored (P < 0.001); 2) NON Proctored differed
significantly from SCI Proctored (P = 0.008); 3) NON
Un-Proctored did not differ from SCI Un-Proctored
(P = 0.122); 4) NON Un-Proctored differed signifi-
cantly from SCI Adjusted (P = 0.006); and 5) SCI Un-
Proctored did not differ from SCI Adjusted (P =
0.957) (Fig. 1A). For the DCCS Fully-Corrected score,
a significant effect of participant group existed (P <
0.001), and a pairwise difference existed between NON
Proctored and NON Un-Proctored (P < 0.001)
(Fig. 1B). None of the four other pairwise comparisons
of interest demonstrated significant differences (all P >
0.650).
For the Flanker Uncorrected score, there was a sig-

nificant effect of participant group (P < 0.001). For
the five pairwise comparisons of interest: 1) NON
Proctored differed significantly from NON Un-
Proctored (P < 0.001); 2) NON Proctored differed sig-
nificantly from SCI Proctored (P = 0.007); 3) NON
Un-Proctored did not differ from SCI Un-Proctored
(P = 0.225); 4) NON Un-Proctored differed signifi-
cantly from SCI Adjusted (P = 0.003); and 5) SCI Un-
Proctored did not differ from SCI Adjusted (P =
0.710) (Fig. 1C). For the Flanker Fully-Corrected
score, a significant effect of participant group existed
(P < 0.001) and a pairwise difference existed between
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NON Proctored and NON Un-Proctored (P < 0.001)
(Fig. 1D). None of the four other pairwise comparisons
of interest demonstrated significant differences (all P >
0.403).
Data for untimed tests (List Sorting and Picture

Sequence) appear in Fig. 2. For the List Sorting

Uncorrected score and Fully-Corrected score, there
was no significant effect of participant group (both
P > 0.072). For the Picture Sequence Uncorrected
score, there was a significant effect of participant
group (P = 0.010). Among the four pairwise compari-
sons of interest only NON Proctored differed signifi-
cantly from SCI Proctored (P < 0.001). No differences
existed for the other three comparisons of interest
(all P > 0.054). Similarly for the Picture Sequence
Fully-Corrected scale, there was a significant effect of
group (P = 0.042) and a significant pairwise
difference between NON Proctored and SCI
Proctored (P < 0.001), but no differences for the
remaining three pairwise comparisons of interest (all
P > 0.42).

Figure 1. Mean (SD) DCCS and Flanker scores for participants with and without SCI. Dashed and dotted lines represent U.S.
population normative mean and SD, respectively. *P < 0.05.

Table 2. Motor-performance offset calculated from the NON
cohort. Values are mean (SD).

DCCS Flanker

Reaction Time (seconds) −0.57 (0.14) −0.49 (0.13)
Uncorrected Score 21.09 (4.96) 19.60 (4.53)
Fully-Corrected Score 30.51 (9.12) 26.25 (9.53)
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Day and proctor effects
For DCCS and Flanker there was no significant Day x
Proctor Interaction for the Uncorrected and Fully-
Corrected scores, respectively (all P > 0.758), and no
differences between Day 1 and Day 2 scores (all P >
0.144). There was no Proctor Effect for Uncorrected
or Fully-Corrected motor score offset values (all P >
0.135).
One proctor collected all SCI bouts; we examined the

degree to which this proctor was representative of the
other 9 proctors. The average DCCS motor score
offset obtained for this individual (33.0) fell within the
95% confidence interval for the remaining 9 proctors
(23.9–36.3), and no significant difference was present
between this proctor and the remaining 9 proctors
(P = 0.487). Likewise, the average Flanker motor score
offset obtained for this individual (25.3) fell within the

95% confidence interval for the remaining 9 proctors
(20.2–32.6) and no significant difference was present
between this proctor and the remaining 9 proctors
(P = 0.696).
Day 1 vs Day 2 differences existed for both List

Sorting and Picture Sequence; data on between-day
effect sizes are shown in Table 3.

Discussion
The purpose of this study was to determine whether the
motor demands of NIH Toolbox tests contribute to
differences in cognitive function scores between partici-
pants with and without spinal cord injury (SCI). We
hypothesized that Adjusted scores for participants with
SCI would not differ from Non-SCI scores collected
via the conventional Un-Proctored method. This
hypothesis was supported for the Fully-Corrected scale

Figure 2. Mean (SD) List Sorting and Picture Sequence scores for participants with and without SCI. Dashed and dotted lines
represent U.S. population normative mean and SD, respectively. *P < 0.05.

Lee et al. Motor demands of cognitive testing may artificially

The Journal of Spinal Cord Medicine 2021 VOL. 44 NO. 2258



for both DCCS and Flanker. These data showed that
executive function scores did not differ between partici-
pants with and without SCI when demographic factors
and test motor demands were mitigated as sources of
variation. However, evidence did emerge for post-SCI
cognitive impairment in episodic memory, underscoring
the multidimensionality of cognitive function after SCI.
Data from the present study support that DCCS and

Flanker scores for individuals with SCI and arm/trunk
impairment may be artificially reduced because of the
secondary motor demands of the tests, aside from any
potential cognitive impairment. When these tests were
administered in a way that created equivalent motor
demands (proctoring) and that corrected for demo-
graphic factors (Fully-Corrected scale), no differences
in executive function were apparent between SCI and
NON participants. Application of a motor-response
offset yielded SCI values that did not differ statistically
from Un-Proctored non-SCI values or from scores
obtained from people with SCI who had minimal
hand/trunk impairment (low paraplegia; SCI Un-
Proctored sub-cohort). Particularly for SCI cohorts
with a significant proportion of individuals with quadri-
plegia, such as in the present study, low SCI cognitive
scores appear be partially driven by motor demands of
the NIH Toolbox tests.
The NIH Toolbox “Reasonable Accommodation

Guidelines” acknowledges the difficulty of administer-
ing timed tests to respondents with motor impairment,
but offers no solution beyond requiring researchers to
document non-standard test administration circum-
stances.32 Non-standard test administration was
common (25%) in the NIH Toolbox validation study
for individuals with neurologic impairment.33 89% of
these non-standard administrations involved accessibil-
ity issues such as motor limitations. Additionally,
24.4% of enrolled participants with SCI in the validation
study failed to complete the Toolbox cognition
battery.17 This number rose to 39.6% among enrolees
with tetraplegia.13 Investigators note that this occurred
“… particularly on speed-based tests. This was mainly

because it was not possible to make accommodations
or because participants were unable to complete the
task even with recommended accommodations”.13

A “motor free” composite cognition score has recently
been suggested for the NIH Toolbox battery.18

However, this composite score includes no metrics of
executive function and several sub-scales are not cur-
rently available in the NIH Toolbox iPad app.
In the validation study for Toolbox metrics in popu-

lations with neurologic compromise, trained test admin-
istrators spontaneously provided proctoring assistance
to respondents in 8.1% of the total sample.33 End-
users of NIH Toolbox who do not receive rigorous stan-
dardization training may make similar adaptations
when their research participants encounter motor-
related difficulties. This is particularly likely because
admonitions against proctoring, while present in the
Toolbox Reasonable Accommodations Guidelines, are
not integrated into the iPad test administration plat-
form.33 We believe that proctoring will occur frequently
“in the wild” as Toolbox end-users strive to achieve full
datasets and to help their participants avoid feelings of
frustration and failure. The results of the present study
provide a strategy by which proctored data may be
used when studies compare participants with SCI to a
non-SCI control cohort. This study represents a step
toward “careful and ongoing scrutiny of test accommo-
dations and empirical evaluation of the consequences
that accommodations have on cognitive test scores”.33

Clinical utility and implications
DCCS and Flanker motor offset scores were not differ-
ent among the proctors. Because we counter-balanced
our study design by equally distributing the proctored
and un-proctored sessions across days, we demonstrated
no day by proctor interaction and no day to day change
on these timed tests. These findings do not suggest that
people with equivalent levels of cognitive function were
assessedbyeachproctor.However, given aparticular base-
line assessment of cognitive function, we showa consistent
motor offset score across the limited sample tested in this

Table 3. Between-day effect size for list sorting and picture sequence.

Bout Scale P Effect size Cohen’s D

List Sorting Proctored Uncorrected NS
Fully-Corrected NS

Un-Proctored Uncorrected 0.003 0.814 0.763 (“medium”)
Fully-Corrected 0.005 0.720 0.713 (“medium”)

Picture Sequence Proctored Uncorrected 0.009 0.653 0.718 (“medium”)
Fully-Corrected 0.015 0.645 0.669 (“medium”)

Un-Proctored Uncorrected 0.003 0.687 0.791 (“medium”)
Fully-Corrected 0.004 0.663 0.727 (“medium”)

Note: NS, non-significant. Text-based interpretation of Cohen’s D is provided in parentheses.
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study. Importantly, the motor offset scores were grounded
by each person’s own processing speed that would occur
prior to either moving themselves or articulating the
answer to the proctor. Future studies are needed, across
a wide range of demographics, to capture when delay in
articulation by the participant is a larger part of the
overall motor impairment. People with impaired upper
extremitymovement and impairedmotor speech, like indi-
viduals with stroke, will likely not benefit from the motor
offset score developed in this study. Conversely, people
with impaired upper extremity movement, but without
impaired motor speech, like people with SCI, will have
utility for the offset score presented in this study.
It is noteworthy that we did not design this study to

assess whether specific proctor demographic factors
influenced the offset scores. Rather, we intentionally
chose a young, healthy, educated group of proctors in
an effort to minimize proctor variance. We are unable
to generalize our proctor’s performance to other proc-
tors with a more diverse set of demographic factors
(age, education, behavioral factors). We encourage
future investigators to explore the factors that influence
variance among proctors, and, a method to account for
this variance to improve proctor generalizability.
In the present study, one proctor conducted all SCI

testing. This could have introduced systematic bias to
the Adjusted SCI scores if the motor offset obtained
for that proctor’s bouts differed from the motor offset
obtained for the rest of the proctor pool. Offsets calcu-
lated for this proctor’s bouts did not differ significantly
from the other proctors, and the mean offset for this
proctor fell within the 95% CI for the offsets obtained
from the rest of the group. Offsets obtained by this
proctor were representative of the entire pool of proc-
tors; thus the motor offset calculated via the NON
data could be confidently applied to the SCI scores. A
final limitation of this study is that we do not know
whether cognitive function changes according to SCI
acuity; this potential change would be confounded by
the normal maturational changes in cognition that
occur with aging and we did not have the sample size
and range of acuities needed to address this question.
While the participants with SCI in the present study

did not demonstrate evidence of executive function
impairment, numerous other studies indicate that this
cognitive domain may indeed be at risk after SCI.3,34

The SCI cohort enrolled to the present study were
healthy, independent volunteers from the local commu-
nity who may not have experienced the same psychoso-
cial risk factors for cognitive impairment as the broader
SCI population.3,35 The majority of studies do indicate

that because of psychosocial factors, medical
factors,4,6 and/or neuro-inflammatory processes,10,36

executive function is at risk after SCI. Importantly,
one recent study found post-SCI executive function defi-
cits via neuropsychological tests that did not contain
motor demands.34 Rather than contradicting this body
of evidence, the findings of the present study suggest
that previously-reported rates for post-SCI cognitive
impairment should be revisited. The Toolbox SCI vali-
dation study reported cognitive impairment rates of 26%
via DCCS and 25% via Flanker.17 The results of the
present study indicate that at least a portion of this relative
risk may have been contributed by the motor demands of
DCCS andFlanker. Deficits in Picture Sequence observed
in the present study were in accord with the elevated risk
for impaired episodic memory noted for the validation
study.17 Also consistent with that study, we observed no
evidence for impaired working memory via the List
Sorting test. These findings underscore the multi-dimen-
sionality of cognitive function after SCI and the potential
for impairment in some domains and not others.

Conclusions
NIH Toolbox DCCS and Flanker scores for individuals
with SCI and arm/trunk impairment may be artificially
reduced because of the secondary motor demands of the
tests. Proctoring and computation of a motor-response
score offset enables comparisons to be made between
individuals with SCI and a Non-SCI control cohort;
however, the specific offset values reported in the
present study reflect the characteristics of this particular
study cohort and should not be considered to be univer-
sally-applicable to the broader SCI population.
Moreover, further work is needed to determine
whether offset-adjusted scores can be compared to stan-
dardized normative values. For cognitive domains that
do not involve a processing speed component (eg. episo-
dic memory), this study is in accord with previous
studies that identify cognitive impairment after SCI.
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