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Abstract

Purpose/Objective: The National Institutes of Health Toolbox Cognition Battery (NIHTB-CB) 

includes a group of brief measures (i.e., 30 min) designed to assess language, processing speed, 

working memory, episodic memory, and executive functioning. These subtests can be combined to 

create composite scores that reflect fluid and crystallized cognition, as well as overall cognition. 

The battery is of limited utility with individuals who have impaired upper extremity motor 

functioning. This manuscript examines the accuracy of the Oral Symbol Digit Modalities Test as a 

substitute for the Pattern Comparison Processing Speed Test for computing motor-free composite 

scores.

Research Method/Design: Individuals with spinal cord injury (SCI; n [H11005] 188), 

traumatic brain injury (TBI; n [H11005] 159), or stroke (n [H11005] 180) completed the NIHTB-

CB. We used the Oral Symbol Digit Modalities Test to create a Motor-Free Pattern Comparison 

score; this was used to create revised, Motor-Free Composite scores for Fluid Cognition and 

Overall Cognition.
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Results: Although there were statistically significant overall differences between the two Fluid 

and Overall Cognition composite scores for some of the clinical groups (scores based on the 

motor-free approach were significantly higher than the original score), these differences were 

small and partly because of overclassification of impaired processing speed in participants with 

motor impairment. There was good to substantial agreement with regard to “impairment” 

classification between the two sets of Original and Motor-Free composite scores.

Conclusions/Implications: Although the Motor-Free scores are not a perfect match for the 

Original Composite scores, they provide a reliable and valid way to examine overall and fluid 

cognition in individuals with upper extremity motor impairments.

Impact and Implications—Although the National Institutes of Health Toolbox Cognition 

Battery (NIHTB-CB) is designed as “common currency” measures that are useful across the life 

span (ages 3–85) and clinical conditions, there are limitations to administering the full battery to 

individuals with certain disabilities, especially those with limited upper extremity motor 

functioning. This study examined the clinical utility of Motor-Free Composite scores that can be 

used in individuals with upper extremity motor functioning impairments. While the Motor-Free 

Composite scores are not perfect matches with the Original Composite scores, they provide 

reliable and valid alternatives when using the NIHTB-CB in individuals with upper extremity 

motor impairments that interfere with their ability to complete subtests that include a motor 

component. proceeding Data from this study provide clinicians and researchers with an accessible 

version of the NIHTB-CB for individuals with upper extremity motor impairments.
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Introduction

The National Institutes of Health (NIH) Blueprint for Neuroscience Research was initiated 

to “accelerate the pace of discovery” in neuroscience research and practice 

(www.neuroscienceblueprint.nih.gov). As a part of this initiative, the NIH Toolbox (NIHTB) 

for Neurological and Behavioral Function was developed to provide a series of common data 

elements across four domains (cognition, emotion, motor, and sensory-perceptual 

functioning) that could be used across clinical populations and settings. The NIHTB 

Cognitive Functioning Battery (NIHTB-CB), one of the four components of the NIHTB, 

includes a brief series (i.e., 30 min total) of measures designed to assess language, 

processing speed, working memory, episodic memory, and executive functioning (Weintraub 

et al., 2013, 2014). The NIHTB-CB is comprised of seven core subtests (Picture Vocabulary, 

Oral Reading Recognition, Picture Sequence Memory, Pattern Comparison Processing 

Speed, List Sorting Working Memory, Dimensional Change Card Sort, and Flanker 

Inhibitory Control and Attention). In the development process of the NIHTB-CB, two of the 

current authors (NEC and DST) suggested potential use of a motor-free supplemental 

processing speed subtest (Oral Symbol Modalities Test [OSD]; Koh et al., 2011; Rao et al., 

1991) as an alternative to the Pattern Comparison subtest.
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Although the seven core subtests can be combined to create composite scores that reflect 

fluid cognition (comprised of Picture Sequence Memory, Pattern Comparison Processing 

Speed, List Sorting Working Memory, Dimensional Change Card Sort, and Flanker 

Inhibitory Control and Attention) and crystallized cognition (comprised of Picture 

Vocabulary and Oral Reading Recognition), as well as overall cognition (comprised of the 

average of the fluid and crystallized measures; Heaton et al., 2014), the OSD test was not 

included in the composite scores, nor reported previously in NIHTB-CB publications. Yet at 

the same time, there are limitations to administering the full battery to individuals with 

certain disabilities, especially the individuals with limited upper extremity motor 

functioning, which prohibits or interferes with completion of multiple NIHTB-CB tests; in 

fact, previous work has indicated that nonstandard administration is needed in some 

individuals with disabilities because of problems with accessibility (Magasi et al., in press). 

This particularly limits the ability to utilize the composite scores in clinical research with 

individuals who have upper extremity impairments. In such individuals, poor performance 

on tests like the Pattern Comparison Processing Speed Test may result from impaired motor 

function rather than processing speed. To at least partially remedy this problem, we provide 

detailed information about the OSD, and present motor-free composite scores that can be 

utilized when testing with individuals who have relevant motor disabilities. Data from a 

larger study that examined the full NIHTB in individuals with spinal cord injury, traumatic 

brain injury, and stroke (Carlozzi et al., in press; Carlozzi et al., in press; Cohen et al., in 

press; Tulsky et al., in press) were used.

Thus, this article is designed to provide details for converting the NIHTB OSD to Motor-

Free Pattern Comparison T scores, and information about using these scores to generate 

Motor-Free Composite scores; we also provide preliminary normative standards to support 

these scores so that they can be used as an accommodation when individuals have a 

disability with upper extremity limita tions. These data will enable NIHTB-CB users to 

obtain scores when tests that require upper extremity motor functioning cannot be validly 

administered (standard Pattern Comparison Processing Speed, Flanker Inhibitory Control 

and Attention, and Dimensional Change Card Sort).

Method

Participants

There were 527 individuals with a medically documented traumatic spinal cord injury (SCI; 

n = 188), traumatic brain injury (TBI; n = 159), or stroke (n = 180) who completed the 

NIHTBCB. Participants were recruited through the Rehabilitation Institute of Chicago, the 

University of Michigan, and Washington University. Participants were at least 18 years old, a 

minimum of 12-months postinjury, able to comprehend English, and had a medically 

confirmed diagnosis of SCI, TBI, or stroke (described below). Exclusion criteria consisted of 

cognitive impairments because of other diagnoses or conditions, and the presence of aphasia 

as determined by the Frenchay Aphasia Screening Test (Enderby & Crow, 1996; Enderby, 

Wood, Wade, & Hewer, 1987; Salter, Jutai, Foley, Hellings, & Teasell, 2006). Data were 

collected in accordance with approvals by local institutional review boards. Participants with 

SCI included individuals with a medically documented acute traumatic lesion of neural 

Carlozzi et al. Page 3

Rehabil Psychol. Author manuscript; available in PMC 2018 December 06.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



elements in the spinal canal that resulted in permanent sensory or motor deficits (American 

Spinal Injury Association, 2002). Individuals with TBI had a medically confirmed diagnosis 

of complicated mild (Williams, Levin, & Eisenberg, 1990), moderate (Traumatic Brain 

Injury Model Systems National Data Center, 2006), or severe TBI (emergency room 

Glasgow Coma Scale score and neuroimaging results were used to confirm TBI severity; 

Traumatic Brain Injury Model Systems National Data Center, 2006). Stroke diagnosis 

required medical documentation of rapidly developing clinical signs of focal or global 

disturbance of cerebral function, with symptoms lasting more than 24 hr, and with no 

apparent cause other than that of vascular origin (WHO MONICA Project Principal 

Investigators, 1988). Certain analyses were performed with separate subgroups of 

participants without and with dominant upper extremity motor impairment, defined as 

absence or presence of NIHTB-Motor Battery dominant hand 9-Hole Pegboard Task T score 

<40(i.e., more than 1 SD below the demographically corrected normative mean on this test 

of manipulatory speed).

Instruments

The NIHTB-CB (Weintraub et al., 2013).—The NIHTB-CB includes seven core 

measures: two crystallized cognition measures (Picture Vocabulary [Gershon et al., 2014, 

2013] and Oral Reading Recognition [Gershon et al., 2014, 2013]) and five fluid cognition 

measures (Picture Sequence Memory [Dikmen et al., 2014], Pattern Comparison Processing 

Speed [Carlozzi et al., 2014], List Sorting Working Memory [Tulsky et al., 2014], Flanker 

Inhibitory Control and Attention [Zelazo et al., 2013], and Dimensional Change Card Sort 

[Zelazo et al., 2014, 2013]). In addition, the current study included a supplemental motor-

free measure of processing speed: the Oral Symbol Digit Modalities test.

The Oral Symbol Digit Modalities Test (OSD; Koh et al., 2011; Rao et al., 1991).
—This OSD is a measure of processing speed that involves visual scanning, tracking, and 

oral response, but no speeded motor response with the dominant upper extremity; it was 

selected (but unfortunately not as a regular component of the NIHTB-CB norming study) as 

a supplemental test to provide a motor-free measure of processing speed. The examinee has 

120 s to match symbols (i.e., geometric line drawings such as “ [H11005] “) with digits (i.e., 

the numbers 1 to 9) as quickly as possible according to a “key” that is provided at the top of 

the page. The examinee responds by orally providing the corresponding digits for each of 

the symbols provided on the screen (out of a possible 144 symbols); the examiner records 

correct responses by checking a box according to key that is provided on a separate screen. 

Raw scores reflect the number of correct responses provided during the 90 s administration 

period. For the purposes of this study, scores were used to generate a Motor-Free Pattern 

Comparison score (described below).

The NIHTB 9-Hole Pegboard Test, Dominant Hand (Wang et al., 2011).—This 

provides a measure of speeded fine motor dexterity and the ability to coordinate the fingers 

and manipulate objects. Scores reflect time to completion (in seconds) for the dominant 

hand; higher scores indicate worse functioning. For some analyses of the current study, this 

measure was used to identify participants with and without motor impairments. Specifically, 

to be classified in the “motor impairment group,” participants must have a T score <40 on 
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the dominant hand NIHTB 9-Hole Pegboard Test (i.e., score >2.0 SD below the mean; n = 

101 individuals with SCI, n = 78 for individuals with TBI, and n = 89 for individuals with 

stroke). For individuals identified as having motor impairment, missing scores were 

winsorized (a process of limiting extreme values, or in this case missing values to due 

significant motor impairments that precluded test administration, in statistical data) for all of 

the NIHTB tests that required timed motor responses (i.e., participants were given a T score 

that was 1 point lower than the lowest obtained score for the aforementioned timed tests).

Scoring for the Motor-Free Pattern Comparison.—We examined fully corrected 

(age, education, sex, and race/ethnicity) NIHTB-CB scores for the Core Battery Measures 

(Casaletto et al., 2015; described below) and developed a Motor-Free Pattern Comparison 

score using data from the OSD. We used equipercentile linking (Choi, Schalet, Cook, & 

Cella, 2014; Kolen & Brennan, 2014; Noonan et al., 2012) to generate estimated raw Pattern 

Comparison scores from raw OSD scores for participants with normal T scores (≥40) on the 

Dominant Hand Pegboard (analyses were conducted in LEGS Version 2.0; Brennan, 2004); 

Table 1 provides the raw score conversion table. Then, using the published norms (Casaletto 

et al., 2015), fractional polynomial models were applied to these estimated raw Pattern 

Comparison scores to obtain fully corrected T scores (corrected for race/ethnicity (i.e., Non-

Hispanic White or Asian, African American, Hispanic), age, education, and sex). The 

resulting Motor-Free Pattern Comparison T score represents an individual’s processing 

speed performance relative to normal age-, education-, sex-, and race/ethnicity-matched 

peers.

Scoring of the other NIHTB-CB tests.—With regard to the remainder of the measures 

within the NIHTB-CB, demographically corrected normative standards were also utilized 

(Casaletto et al., 2015). In cases where there were substantial effects of demographic factors 

(race, ethnicity, age, education, and sex) on raw scores, fractional polynomial models were 

created from the raw scores of each test separately for each race/ethnicity (i.e., Non-

Hispanic White or Asian, African American, Hispanic) and regressed on demographic 

characteristics (i.e., age, education, sex). The resulting T scores (M = 50, SD = 10) for each 

test represents an individual’s cognitive performance relative to their matched normal peers 

(matched on age, education, sex, and race/ethnicity). Composite scores were examined that 

reflected the NIHTB-CB Crystallized Cognition Score, Fluid Cognition Score (“Original 

Fluid Cognition”), and an Overall Cognition Score (“Original Overall Cognition”) that 

averaged the Crystallized and Fluid Composites (Heaton et al., 2014); see Table 2.

Development of “Motor-Free” Fluid and Overall Composite scores.—Heaton et 

al., (2014) created three composite scores for the NIHTB-CB (Fluid, Crystallized, and 

Overall Cognition; Heaton et al., 2014). While the Crystallized composite score is 

constructed of nonmotor tests, three of the five tests within the Fluid category require quick 

responses with one’s hand (e.g., clicking a mouse, pointing to stimuli on the screen) that, in 

the standardized administration procedures, limit the use of the test and/or the interpretation 

of the resulting scores and composite scores. Magasi and colleagues (in press) have provided 

alternative administration instructions as an attempt to make reasonable accommodations, 

but it is unclear what the impact of these alternative administration and response outcomes 
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will have on scores. For the current manuscript, we created revised, “Motor-Free” 

Composite scores for Fluid Cognition and Overall Cognition that utilized the measures that 

did not rely on motor responses. Table 2 describes the measures used to calculate the 

“Motor-Free Fluid Cognition Score” and the “Motor-Free Total Cognition Score.” The 

Dimensional Change Card Sorting Test and the Flanker Tests were not included in this 

revised composite measure. The following formulas were used to generate the new T scores:

White/Asian:

• Motor-Free Fluid Cognition T Score = 50 + 10*(((Mean of 3 fully corrected T 
scores for Motor-Free Pattern Comparison, Picture Sequence Memory, List 

Sorting) − 50.1414)/6.9041);

• Motor-Free Overall Cognition T Score = 50 + 10*(((Mean of 2 fully corrected T 
scores for Motor-Free Fluid composite and Crystallized Composite) − 50.1133)/

8.2739).

African American:

• Motor-Free Fluid Cognition T Score = 50 + 10*(((Mean of 3 fully corrected T 
scores for Motor-Free Pattern Comparison, Picture Sequence Memory, List 

Sorting) − 50.0399)/6.9322);

• Motor-Free Overall Cognition T Score = 50 + 10*(((Mean of 2 fully corrected T 
scores for Motor-Free Fluid composite and Crystallized Composite) − 50.0058)/

8.6584).

Hispanic:

• Motor-Free Fluid Cognition T Score = 50 + 10*(((Mean of 3 fully corrected T 
scores for Motor-Free Pattern Comparison, Picture Sequence Memory, List 

Sorting) − 50.0562)/7.1593);

• Motor-Free Overall Cognition T Score = 50 + 10*(((Mean of 2 fully corrected T 
scores for Motor-Free Fluid composite and Crystallized Composite) − 49.8723)/

8.2570).

Analysis Plan

Descriptive statistics for the study sample will be provided. In addition, descriptive 

information for the NIHTB-CB Core measures, Motor-Free Estimate Pattern Comparison 

(based upon OSD), Original Composite Scores, and Motor-Free Composite Scores will be 

presented separately for participants with and without motor impairments. Separate paired 

sample t tests were used to examine differences between the raw Original and raw Motor-

Free Pattern Comparison scores separately for the three clinical groups that did not exhibit 

motor impairments.

Relationships among Motor-Free Composites and Original Composite scores.
—In addition, interclass correlations between each Motor-Free and its corresponding 

Original Composite T score were conducted. Low correlations <0.4 were considered poor, 

0.4 to 0.6 adequate, and ≥0.6 good/very good evidence for test score interpretation of 
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convergent validity (Campbell & Fiske, 1959). For the combined group of individuals with 

brain injuries (i.e., TBI and stroke; n = 339), classification of cognitive impairment (i.e., the 

identification of participants that scored >1 SD below the mean; i.e., T scores <40) was also 

compared between the two sets of Fluid Composite scores and the two sets of Overall 

Cognition scores using McNemar’s test to establish known groups validity. The overall 

proportion of agreement was examined; ≥ 90% was considered excellent, ≥ 80% good, ≥ 

70% as fair, and <70%, poor agreement (a priori minimum was specified as ≥70%). Cohen’s 

κ coefficients also were calculated; a κ score between 0.81 and 1 was considered almost 

perfect agreement, 0.61–0.80 was considered substantial agreement, 0.41–0.60 was 

moderate agreement, 0.21–0.40 was deemed fair agreement, and lower than 0.20 indicated 

no agreement (Cohen, 1960; McHugh, 2012).

A series of paired t tests were also conducted to determine if the Motor-Free Fluid 

Composite scores differed from the Original Fluid Composite scores (individuals with SCI, 

TBI, and Stroke [each of these three groups included both individuals with and without 

motor impairments] and a combined group of individuals with brain injuries). Effect size 

calculations were computed comparing the Original scores to the Motor-Free composites for 

each of the six clinical groups. Effect sizes are reported as Cohen’s d, with cutoffs of .20, .

50, and .80 indicating small, medium, and large effects, respectively (Cohen, 1992) and with 

d < .20 considered not a meaningful difference.

Results

The study sample included 188 individuals with SCI (27% paraplegic complete, 22% 

paraplegia incomplete, 23% tetraplegia complete, 28% tetraplegia incomplete, and 1% 

unknown severity), 159 individuals with TBI (38% complicated mild, 10% moderate, 51% 

severe, and 1% unknown severity), and 180 individuals with stroke (31% mild, 26% 

moderate, 43% severe, and 1% unknown [numbers do not sum to 100% because of 

rounding]; 67% ischemic, 29% hemorrhagic and 4% unknown). Table 3 provides 

demographic information for each diagnosis group, and the total sample. Table 4 provides 

summary information for all NIHTB-CB core measures, as well as Motor-Free Estimate 

Pattern Comparison (based upon OSD) and Motor-Free Composite Scores; data are 

presented separately for participants with and without motor impairments. Because the only 

groups without any known brain injury are individuals with SCI, it is noteworthy that mean 

Original and Motor-Free scores for Pattern Comparison and the Fluid and Total Composite 

scores are all within the normal range (t ≥ 49) for individuals with SCI without motor 

impairment; by contrast, while the Original NIHTB scores on these measures were well 

below average (t = 39.31 to 46.58) for individuals with SCI with motor impairment, the 

Motor-Free scores were much higher and normal (t = 49.23 to 52.32). There were also 

significant differences between the Original and Motor-Free Pattern Comparison scores for 

all three clinical groups without motor impairments (SCI: t(60) = 3.13, p = .003; TBI: t(77) 

= 3.68, p < .0001, and stroke, t(85) = 4.30, p < .001); in all cases, the Motor-Free means 

were higher than the Original means (with the most profound difference in individuals with 

SCI). It was also noted that in individuals without motor impairment, the Motor-Free Pattern 

Comparison scores were significantly higher than the original scores on this test (all ps <.

004); however, these differences did not translate into meaningful differences in the NIHTB 
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Composite scores (in all cases, mean Motor-Free and Original Composite score differences 

were not significant.

Relationships Among Motor-Free Composites and Original Composite Scores

Table 5 presents the intraclass correlations among the different composite scores; in all 

cases, the Original and its matched Motor-Free Composite score were correlated ≥0.74, 

supporting convergent validity.

An exact McNemar’s test indicated significant differences in the number (%) of individuals 

with brain injury who were classified as cognitively impaired using the Motor-Free vs. 

Original Composites, with Motor-Free being somewhat higher (both p < .001; Table 6). With 

regard to both the Fluid and Overall Cognition Composites, the overall proportion of 

agreement was excellent, and the κ statistic indicated substantial agreement (see Table 6). 

Findings generally provide support for known-groups validity.

Table 7 presents the findings comparing the Motor-Free to the Original Composite scores. 

There were significant differences between the Motor-Free and Original Composite scores 

for individuals with SCI for both the Fluid Composites and the Overall Composites, with 

medium and small-to-medium effect sizes. In each case, the Motor-Free scores were higher. 

Although some statistically significant Overall Cognition differences were seen for the 

individuals with brain injury (TBI and stroke), effect sizes for these differences were below 

the cutoff for “small” (cutoff d = .20; observed d’s of −0.08 and −0.11).

Discussion

Findings provide support for utilizing Motor-Free composite scores in cases where a 

participant is unable to complete the standard NIHTB-CB processing speed measure (Pattern 

Comparison) because of upper extremity motor impairment. Correlations among each 

Motor-Free Composite with its matched Original Composite were moderate to strong.

Perhaps the best test of the usefulness of the Motor-Free Pattern Comparison can be seen in 

individuals with SCI without versus those with upper extremity motor impairments (see 

Table 4). Note that neither of these subgroups had any diagnosed brain injury, so they would 

not be expected to have cognitive processing speed deficits; thus, expected T scores for fluid 

and crystallized tests would be approximately 50. Consistent with that expectation, 

individuals with SCI without motor impairments had a mean Crystallized Composite score 

of 50.46, and mean Original and Motor-Free scores on Pattern Comparison, Fluid 

Composites, and Total Composites from 49.42 to55.63. It is the individuals with SCI with 

motor impairments that would be expected to show the largest difference between motor-

free and original scores, because of the confounding effect of motor impairment on what is 

intended to be a cognitive test of processing speed. In fact, this is what is seen in Table 4: 

again, where a mean T score of about 50 would be expected (because of the absence of brain 

injury), for those individuals with SCI with motor impairment, the mean original Pattern 

Comparison score is 39.31, whereas the mean for Motor-Free Pattern Comparison is 52.32; 

similarly, related differences can be seen in the Composite scores.
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Interpretation of original versus motor-free results for the combined group of individuals 

with brain injuries (TBI and stroke) is more complicated, because the mean T scores in 

Table 4 suggest that subgroups with motor impairment strongly suggest that they probably 

have more serious brain injuries and associated cognitive deficits. Thus, subgroups with 

motor impairments consistently obtained worse T scores on all NIHTB-CB tests that are 

untimed and not susceptible to motor confounds (i.e., Crystallized Cognition subtests and 

composites, as well as Picture Sequence Memory and List Sorting). On the other hand, it is 

possible that the higher scores of all individuals with brain injuries (i.e., those individuals 

with TBI and/or stroke with and without motor impairment) on the Motor-Free Pattern 

Comparison than the Original Pattern Comparison reflect somewhat reduced sensitivity of 

the Motor-Free scores to brain injury. Nevertheless, even if this may be true, data in Table 7 

suggest that the Motor-Free Fluid and Total Composites (that include Motor-Free Pattern 

Comparison) are at least as sensitive to brain injury than are the Originals.

For the combined group of individuals with brain injury, there was also substantial 

agreement between the Motor-Free and Original Fluid Cognition scores and Motor-Free and 

Original Overall Cognition scores. While our findings indicate that the Motor-Free 

Composite scores are not a perfect match with the Original Composites (especially for the 

Fluid Reasoning scores), they are close enough to use with confidence in individuals that are 

precluded from completing the core NIHTB-CB measures because of physical limitations.

While the current study provides a possible, Motor-Free alternative to Pattern Comparison 

for individuals using the NIHTB-CB in clinical populations, it is also important to 

acknowledge several study limitations. First, analyses focused on three different clinical 

groups, but other diagnoses were not considered and we did not examine the impact that 

injury severity has on findings. Future work is needed to understand how injury severity 

impacts these Motor-Free Composite scores. In addition, since the OSD was designed as a 

Motor-Free substitute for the Pattern Comparison Processing Speed Test and there are no 

motor-free executive function tests that are available as part of the NIHTB-CB, the current 

Motor-Free composite scores do not include tests that evaluate executive function. While 

processing speed is typically a quite sensitive measure of cognitive impairment after brain 

injury (DeLuca, Chelune, Tulsky, Lengenfelder, & Chiaravalloti, 2004; Donders, Tulsky, & 

Zhu, 2001; Gontkovsky & Beatty, 2006), executive function is also commonly compromised 

in these individuals (Podell, Gifford, Bougakov, & Goldberg, 2010; Rabinowitz & Levin, 

2014). Thus clinicians and researchers should consider including additional motor-free 

measures of executive function for a comprehensive assessment of cognition in individuals 

whose motor impairments may confound assessments of cognitive processing speed. 

Furthermore, suboptimal effort and litigation status were not evaluated for study 

participants, although our testing was being done for research (not clinical) purposes and 

examiners did not note any evidence of poor effort. In addition, while an oral version of the 

Pattern Comparison Processing Speed Test would provide a better analytical or measurement 

match with the original test, this type of assessment is currently not available for the 

NIHTB-CB. As the OSD was already available and conormed as a part of the NIHTB-CB, 

this presented the best motor-free option for a processing speed measure within this battery. 

Thus, future work could consider developing a more closely matched motor-free version of 

the Pattern Comparison Processing Speed Test that could be fully standardized, normed and 
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integrated within the NIHTB-CB for use in individuals with motor impairments. Finally, 

only a small portion of the NIHTB normative sample completed the OSD, resulting in an 

inadequate and nonrepresentative subsample that precluded conorming the OSD with the 

NIHTB-CB tests. Future work is also needed in both clinical and healthy populations to 

examine test–retest reliability and norms for change over time of these Motor-Free 

Composites.

Regardless of these limitations, findings provide important information for the clinical utility 

of the NIHTB in individuals who have upper extremity motor impairments. Specifically, 

rehabilitation psychologists should consider administering the OSD from the NIHTB-CB 

when examining their patients, especially if these individuals have associated motor 

impairments that may compromise their performance on tests requiring speeded motor 

responses. This subtest can provide clinically relevant information about processing speed, 

and can be used to generate Motor-Free Composite scores that can ultimately maximize the 

clinical utility of the NIHTB-CB in individuals with upper extremity physical functioning 

limitations. Such data allow clinicians and researchers to gather clinically relevant 

information while simultaneously using the “common currency” that was intended in the 

original conceptualization of the NIHTB.
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Table 1

Oral Symbol Digit Raw Score to Pattern Comparison Raw Score Conversion Table

OSD raw score Pattern comparison raw score

3 23

4 23.7

5 24.7

6 25.7

7 28.7

8 28.8

9 28.8

10 28.8

11 28.8

12 28.8

13 28.8

14 28.8

15 29

16 29.3

17 31.5

18 31.8

19 32

20 32.2

21 32.5

22 32.5

23 32.8

24 33

25 34

26 35

27 35.5

28 36

29 36

30 36

31 36

32 36.2

33 36.6

34 36.6

35 36.7

36 37

37 37.3

38 37.4

39 38

40 39

41 39.6
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42 40.2

43 41.2

44 42.7

45 43.6

46 44.4

47 45.5

48 47.1

49 47.7

50 48.2

51 48.9

52 49.2

53 49.2

54 50.3

55 51.7

56 52

57 52.4

58 53.6

59 55.2

60 56.5

61 57

62 57.4

63 57.8

64 58.2

65 58.7

66 59.2

67 59.7

68 60.2

69 60.7

70 61

71 61.3

72 61.7

73 62.5

74 62.9

75 63

76 63.6

77 65.2

78 65.8

79 66.2

80 66.7

81 67.1

82 67.4

83 68.2

84 69.5
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85 70.6

86 71.1

87 71.4

88 72

89 72.9

90 73.1

91 73.4

92 74

93 74.7

94 75.2

95 75.8

96 76.5

97 77

98 77

99 77

100 77

101 77

102 77.4

103 78.6

104 79

105 79.2

106 79.4

107 79.5

108 80

109 80.5

110 82.5

111 85.5

112 85.5

113 85.5

114 85.5

115 85.5

116 87

117 87.5

118 87.5

119 87.5

120 88

121 88.5

122 88.5

123 88.5

124 88.5

125 88.5

126 88.5

127 88.5
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128 88.5

129 88.5

130 88.5

131 88.5

132 89.3

133 90

Note. OSD [H11005] Oral Symbol Modalities Test.
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Table 5

Intraclass Correlations (ICC) Among Motor-Free Composite Scores and Original Composite Scores for 

Combined Sample

Fluid Reasoning Overall Cognition

Original Motor-Free Original

NIHTB-CB measure/score n ICC n ICC n ICC

Fluid Reasoning

 Original Composite — —

 Motor-Free Composite 497 .80

Overall Cognition

 Original Composite 492 .86 492 .74

 Motor-Free Composite 492 .77 522 .93 492 .91

Note. NIHTB-CB = National Institutes of Health Toolbox Cognition Battery. The Original Fluid Cognition Composite Score is comprised of 
Picture Sequence Memory, Pattern Comparison Processing Speed, List Sorting Working Memory, Flanker Inhibitory Control and Attention, and 
Dimensional Change Card Sort; the Original Overall Cognition Composite Score is comprised of all 7 Core measures within the NIHTB-CB; the 
Fluid Cognition Motor-Free Composite Score is comprised of List Sorting Working Memory and Motor-Free Pattern Comparison; the Overall 
Cognition Motor-Free Score is comprised of the Oral Reading Recognition Test, Picture Vocabulary, Motor-Free Pattern Comparison, and List 
Sorting Working Memory. Sample sizes are variable due to missing data for participants that were unable to complete tasks that involved a motor 
response.
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