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Abstract

The Judgment of Line Orientation (JLO) test is a commonly used measure of visuospatial
perception. Because of its length, several short forms have appeared in the literature. We
examined the internal consistency of the JLO and eight of its published short forms among 128
undergraduates, 203 healthy older adults, and 55 chronic kidney disease patients. The full test
demonstrated good reliability for traditional neuropsychological assessment, but the majority of
short forms were adequate only for screening purposes, where greater measurement error is
typically permitted in exchange for brevity. In contrast, a recently developed short form based
upon item response theory (Calamia, Markon, Denburg, & Tranel, 2011) demonstrated promise as
a stand-alone measure.
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Judgment of Line Orientation (JLO; Benton, Hamsher, Varney, & Spreen, 1983), a 30-item
test of visuospatial perception, is commonly administered in neuropsychological assessment.
Whereas many tests of visuospatial functioning involve constructional-motor demands, such
as copying (e.g., the Rey Complex Figure Test; Meyers & Meyers, 1995) or assembling
blocks (e.g., Block Design from the Wechsler Scales; Wechsler, 1987), the JLO is purely
visual. In practice, the information provided by the JLO is occasionally offset by
administration times that can last up to 15 minutes and be frustrating, particularly for older
examinees (Strauss, Sherman, & Spreen, 2006). Brief cognitive test batteries and research
protocols are often limited by time, making instruments like the JLO inefficient for routine
use. Several authors have suggested that shortened versions of the JLO can provide
clinicians and researchers with an estimate of visuospatial functioning. Because short forms
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compromise reliability, this project sought to examine the reliability of the full JLO and its
various short forms that have appeared in the literature.

Table 1 lists published reliability coefficients of the JLO and its short forms. The reliability
of the standard forms of the JLO has generally been strong, with Cronbach’s alpha
coefficients ranging from 0.84 to 0.90 in mixed neurologic and psychiatric samples (Benton,
Hamsher, Varney, & Spreen, 1978; Qualls, Bliwise, & Stringer, 2000; Vanderploeg,
LaLone, Greblo, & Schinka, 1997; Winegarden, Yates, Moses, Benton, & Faustman, 1998;
Woodard et al., 1996). Various short forms of the JLO, which are comprised of items from
the standard JLO and contain between 10 and 20 items, are less reliable, with Cronbach’s
alpha and split-half reliability coefficients ranging from 0.61 to 0.82 (Mount, Hogg, &
Johnstone, 2002; Qualls et al., 2000; Vanderploeg et al., 1997; Winegarden, et al., 1998;
Woodard et al., 1996). It appears as though many of the short forms are acceptable in
clinical samples, but these psychometric properties are not necessarily transferrable to
healthy persons or to those with subtle impairments, where more accurate performance
generally produces less variability in scores and, consequently, lower reliability coefficients.
For example,Woodard et al. (1998) found an odd-even correlation of 0.55 among healthy
older adults. Although shortened versions of the JLO may reduce administration time with
relatively healthy adults, the cost to reliability may be too great.

Of interest, an innovative JLO short form was recently developed by Calamia, Markon,
Denburg, and Tranel (2011) using item response theory (IRT), a method that has been
successfully applied to other neuropsychological tests (Graves, Bezeau, Fogarty, & Blair,
2004). Based upon data from 524 neurological patients, items were reordered according to
difficulty estimates, and basal and ceiling rules were subsequently applied to reduce
administration time. An average of 20.4 items were administered, and the mean difference in
short and full form scores was 0.60 points. Further, when a clinical cutoff score was applied,
classification rates of impairment differed in only 3% of participants. This preliminary
evidence suggests that this IRT-based form may offer advantages over other short forms, at
a minimum. To our knowledge, Calamia et al.’s findings have yet to be independently
replicated.

The present study thus examined the reliability and, where feasible, classification rates, of
the JLO and seven of its short forms by examining their internal consistency across three
samples: undergraduate students, healthy older adults, and older adults with chronic kidney
disease. We also examined Calamia et al.’s (2011) IRT-based short form in terms of (a) time
savings and (b) classification success in comparison to the JLO full form. These analyses
permitted a critical examination of JLO short forms across multiple samples.

The present study used data from three samples: Undergraduate students, cognitively
healthy older adults, and older adults with chronic kidney disease, a condition that is
associated with cognitive impairment (Seliger et al., 2004).

Sample A: Sample A consisted of 128 undergraduate students [80% male; mean age = 21.5
years (SD = 4.4); education = 14.3 years (SD = 1.9)] enrolled in a study of memory and
executive functioning. Participants were free of major medical, neurological, and psychiatric
disease.

Sample B: Sample B consisted of 203 stroke- and dementia-free, community-dwelling older
adults [56% male; mean age = 66.3 years (SD = 6.9); mean education = 16.3 years (5D =
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2.8)] enrolled in a study of cardiovascular risk factors, brain, and cognition. Participants
were free of major medical (except mild to moderate hypertension), neurological, and
psychiatric disease. Participants were initially screened for dementia with the Mini Mental
State Examination (Folstein, Folstein, & McHugh, 1975) at the Geriatric Assessment Clinic
at the Baltimore Veterans Affairs Medical Center.

Sample C: Sample C consisted of 55 stroke- and dementia-free, community-dwelling older
adults [91% male; mean age = 71.2 years (SD = 8.1); mean education = 12.9 years (5D =
2.8)] enrolled in a study of chronic kidney disease, brain, and cognition. Participants were
free of neurological disease and serious mental illness. No patients required dialysis or
transplantation.

The JLO is presented in flip-book style where two lines appear at the top page and a
standard fan-shaped array of 11 lines appear at the bottom. Examinees must identify the two
lines from the bottom page that match the angles of the two lines of the top page. The two
standard versions of the JLO, forms H and V, contain the same test items but are presented
in different sequences.

Eight short forms of JLO Form V, ranging from 10 to 20 items, were identified from the
literature (see Table 1). These versions included odd items, even items, items 1-10, 1-20,
11-30, Form Q (items 2, 6, 7, 9, 12, 16, 17, 19, 20, 21, 22, 24, 26, 28, 30), and Form S
(items 1, 3, 4,5, 8, 10, 11, 13, 14, 15, 18, 23, 25, 27, 29). The latter two short forms were
sorted byQualls et al. (2000), who endeavored to create short forms of equivalent length and
difficulty. Lastly, the short form based upon Calamia et al.’s (2011) findings was generated.
Calamia and colleagues utilized IRT to reorder items according to item difficulty, designated
item 16 as the start item, and then applied 6-item basal and ceiling set rules. We directly
applied these rules to the three samples in the present study. Because the 6-item basal and
ceiling set rules resulted in a mean of 20.4 items, a decrease of only 9.6 from the short form,
we also applied 3-item basal and ceiling set rules to examine the costs and benefits of using
a shorter discontinuation rule.

Participants in all three samples were administered batteries of neurocognitive instruments,
including the JLO. Samples A and B were tested at the University of Maryland, Baltimore
County, whereas sample C was tested at the General Clinical Research Center at the
University of Maryland Medical Center in Baltimore, Maryland.

All statistical analyses were performed using SPSS, version 17.0. Cronbach's alpha
coefficients were used to examine internal consistency reliability of seven of the eight short
forms. The composition of the eighth form (Calamia et al., 2011), with variable numbers of
items administered, precluded examination of internal consistency in this way. Alpha
coefficients were interpreted as: alpha = 0.9 = “very high,” 0.9 > alpha = 0.8 = “high,” 0.8 >
alpha = 0.7 = “adequate,” 0.7 > alpha = 0.6 = “marginal,” and 0.6 > alpha = 0.5 = “low,”
(Strauss et al., 2006). Of note, an internal consistency coefficient is probably an optimistic
estimate of a test’s reliability. Though the above guidelines were applied to avoid being
overly conservative in our interpretations, Nunnally and Bernstein (1994) provide sound
rationale for use of 0.9 as a “bare minimum” and 0.95 as “the desirable standard” (p. 265).
Pearson correlations were computed to investigate the split-half reliability of odd vs. even
items and Form “Q” vs. Form “S” items, as well as the strength of associations between
each of the short JLO forms and the full form. T-tests and item-level examination of
percentage of correct responses were used to examine relative item difficulty levels across
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different test forms. Descriptive statistics, including frequencies, were used to examine
classification success (i.e., impaired vs. non-impaired) of short forms, as compared with
classification according to the full JLO form. We applied a cut-off score of =21 (as
unimpaired), consistent with common usage (Lezak, Howieson, & Loring, 2004; Strauss et
al., 2006) and Calamia et al.’s (2011) original publication. Misclassifications rates were
compared using McNemar’s test for correlated proportions. Lastly, for descriptive purposes,
Pearson correlations and one-way analyses of variance (ANOVA) were used to examine
JLO performance differences across sex, age, and level of education.

Table 2 displays the means and reliability coefficients of the full JLO and its short forms.
The alpha coefficient for the full JLO test was 0.84 in sample A and 0.81 in samples B and
C. The internal consistency of the different short forms ranged from 0.60 to 0.77. The odd-
even split-half correlation ranged from r=0.72 to 0.75, and the Form "S™ and "Q" split-half
correlation ranged from 7= 0.67 to 0.76 across the different samples.

T-tests revealed no significant differences in difficulty among the four 15-item short forms
(i.e., odd vs. even items, Form “Q,” vs. Form “S”). The other short forms, however, were
not of equal difficulty due to the pattern of ascending item difficulty across the full version.
For example, participants responded correctly to items 24 and 27 less than 50% of the time,
whereas items 4, 6, and 11 were answered correctly by over 95% of participants. As a result,
the short forms, including items 1 through 10 and items 1 through 20, were easier than the
standard test and the short form consisting of the final 20 items.

For theCalamia et al. (2011) IRT-based form, in which items were ordered according to
difficulty level and basal/ceiling rules of 6 were applied, the average number of items
administered was 20.5 (SD = 5.2, range = 12—30) across all three samples, a substantial time
savings over the full 30-item form. One-way ANOVA with post-hoc Tukey HSD
comparisons showed that sample C required significantly more items (M= 23.4, SD=5.5)
than samples A (M=20.1, SD=5.0) or B (M=20.1, SD=5.1), A2, 383) =10.1, p< .01.
When basal/ceiling rules of 3 were applied (instead of 6), an average of only 14.8 items
(SD=3.8) was required.

The Calamia short form correlated at 0.98 with the full JLO form, which is higher than any
other short form that was examined (range = 0.806 — 0.966). Table 3 summarizes
correlations between all of the JLO short forms and the full form, as well as
misclassification rates for relevant short forms (i.e., those with available or calculable
impairment cut-points) across all three samples. The Calamia short form demonstrated the
lowest misclassification rate; classifications of participants as impaired vs. unimpaired
(using cut-off score of >21) across all three samples differed in only 2.8% of cases, an
estimate nearly identical to that cited by Calamia and colleagues (3%). Specifically, 99
participants were classified as having impaired scores according to the full JLO, and among
them 88 were also classified as impaired using Calamia’s method. Conversely, of the 287
participants designated as unimpaired on the full JLO, all 287 were also designated as
unimpaired according to the Calamia short form. Regarding individual samples, n=4, n=5,
and n=2 had differing classifications across samples A, B, and C, respectively. When basal/
ceiling rules were reduced from 6 to 3, the misclassification rate rose substantially to 8.8%.
McNemar’s tests for correlated proportions indicated that the misclassification rate for the
Calamia short form was significantly lower than the short form with basal/ceiling rule of 3
(p<.01) and items 11-30 only (p = .02), which had the next lowest misclassification rate.
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Associations between JLO performance and demographic characteristics

ANOVAs demonstrated that males obtained higher scores than females on the standard 30-
item JLO in samples A [M=25.9 (3.6) vs. 23.2 (5.0); F=6.23, p=.01]and B [M=25.5
(3.7) vs. 22.9 (4.6); F=19.80, p<.001]. Because sample C contained only five women, it
was not possible to have an adequate test of the effect of sex on JLO performance.
Performance was not significantly correlated with age among men (r=-0.05, ns) or women
(r=-0.06, ns) across the healthy participants of samples A and B, nor among the
participants of sample C (r=-0.18, ns). JLO performance was correlated with years of
education in samples B (r=.24, p=.001) and C (r= .43, p=.001) but not in sample A,
presumably because these participants had a restricted range of education.

Discussion

The JLO is a widely used test of visuospatial perception that has been criticized for
excessive administration time (Strauss et al., 2006). Results from the current study indicate
that the standard 30-item JLO has "high" reliability among diverse samples (Strauss et al.,
2006). Practitioners desiring shorter administration times have several options for shortened
versions of the JLO. Findings from the current study strongly suggest that adopting an item
response theory approach, as was initially validated by Calamia and colleagues (2011),
yields a short form that is psychometrically superior to other published short forms. The
present study also found associations between JLO performance and demographic
characteristics to be highly similar to those in the published literature. In general terms, men
performed better than women, education was positively related to performance, and age was
unrelated to performance.

Prolonged test administration, particularly when impairment is obvious early on in the
process, can be tedious and laborious to examiners and cognitively taxing and occasionally
distressing to examinees. Short forms of standard neuropsychological tests are attractive to
the degree to which they shorten administration time while minimizing a loss of useful data.
The IRT system of Calamia and colleagues (2011) produced a short form that sacrificed
little useful psychometric data. In a test like the JLO, an IRT approach takes advantage of
the fact that test items are not of equivalent difficulty. Unlike other short forms, which pre-
determine which items to omit, an IRT approach omits items based on examinee
performance. Accordingly, this approach maximizes efficiency by omitting the least
informative items on the test. Among the short forms examined, the Calamia system had the
largest correlation with the standard JLO, and had the lowest misclassification rate for
"impaired" scores. Findings from the samples examined in the current study closely
resemble those obtained by Calamia, in that the IRT approach reduces administration time
by nearly one-third, produces a score that correlates .98 with the full JLO, and leads to
concordant classification decisions in 97% of individuals. Other short forms of the JLO have
lower correlations with the JLO and produce discrepant decisions in at least 7.8 percent of
cases.

All short forms of the JLO should be examined for test-retest reliability. In clinical and
research settings, repeated testing is often performed to track changes in functioning over
time. Test-retest data, including information on expected performance changes over repeat
administrations, is needed to understand the basic psychometric properties of the forms, as
well as facilitate clinical decision-making.

Additional research is needed to examine the reliability and validity of the Calamia method
in its reordered form. Neither the current examinees nor those of Calamia et al. used the
prescribed reordered JLO (i.e., reordering occurred post hoc). Further, it is assumed that
administering practice items to participants is sufficient to introduce the test. It is also
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assumed that briefer administration time is preferable to examinees. Research is needed to
test these hypotheses, as it is possible that easy test items are useful in getting participants
comfortable with the task and boosting confidence. Overall, though each of the JLO short
forms considered herein may be sufficient for screening purposes, the Calamia IRT-based
short form demonstrates the most promise as a stand-alone measure within
neuropsychological batteries.
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Published Internal Consistency Data for the Full Versions of the Judgment of Line Orientation (JLO) and its

Short Forms

Source Sample JLO Version M (SD) Reliability
Benton et al. (1978) 144 general medical and neurologic patients, 49% male, age Full Form H (n=40) NR 4 #
range = 1678 years
Full Form V (n=124) NR 89 #
Calamia et al. (2011) 524 neurological patients with focal brain lesions, 53% male,  IRT-based Short Form  N/A N/A
mean age = 47 (16) / 82 healthy elderly, 45% male, mean age
=73.3(6.8)
Mount et al. (2002) 72 traumatic brain injury patients, 66.7% male, mean age = Odd Form V 11.2(26) 71 #
33.8(10.8
(108) Even Form V 11.3(2.3)
Qualls et al. (2000) 100 mixed neurologic patients, 66% male, mean age = 54.7 Full Form V NR 9 @
(16.2)
Short Form “Q” NR 82 @
Short Form “S” NR 81 @
Vanderploeg et al. (1997) 81 neurologic and psychiatric patients, 99% male, mean age Full Form V (n=60) 21.1(6.00 g7 @
=48.3(17.9)
0Odd Form V (n=60) 205(63) 7@
817%
Even Form V (n=60) 218(63) 77 @
Winegarden et al. (1998) 230 neurologic and psychiatric patients, 97% male, mean age  Full Form V NR 84 @
=48.9 (14.4)
Items 11-30 NR 80 @
Items 1-20 NR 75@
Items 1-10 NR 61@
Woodard et al. (1996) 386 neurologic and psychiatric patients, 48% male, meanage  Full Form V 209(554) g @
=52.2 (18.3)
Odd Form vV 209059 7@
(doubled)
Even Form V 209(6.2) 5@
(doubled)
Woodard et al. (1998) 82 healthy older adults, 78% female, mean age = 65.8 (6.7) Odd Form V 116(24) 55#
Even Form V 11.5(2.1)

Note: Papers are identified by first authors;

Abbreviations: IRT = item response theory, NR = Not Reported, N/A = Not applicable,

#split—half correlation,

@Cronbach’s alpha coefficient

J Clin Exp Neuropsychol. Author manuscript; available in PMC 2014 January 28.



Page 9

Spencer et al.

VIN VIN (6'9) €81 VIN VIN (e9)eve VIN VIN (6'5) 62 (€ 40 Buniao/reseq) paseq- Ly
VIN VIN (€9) 98T VIN V/IN (Sv) L've VIN VIN (Ts)zve (9o Buiniey/feseq) pased- Ly
T G9° (82)¢6 T G9’ (edeer A% G9' 28T uan3
143 69 (62) €6 e 89’ wa e 8T’ oL (82) 61T pPO
ST oL (0€)ze e 69° (wa)oer LT vl (L2e6TT uS., Wiod
T 99’ (82) 56 T G9’ (zdeer eT L9 (S e6TT O wiod
vT 9L (6€)€TT v Ll (s€)zst €T Gl (se) 81 0e-T1T
YT 6L 98 TvT e 0L (CFAR-PA! T’ Ll (62 LT 0¢-1
9T ) (02 vL T 09’ (CRIRA] ve 178 (21) 68 01-T
€T 18 (') 28T €T 18 (ev) eve ST 8’ (6'7) 8°€T wiod [in4
uolrep.liod uolrepliod uoirepliod
well-eu| eyd|y well-eu| eyd|y wel-Pu| eyd|y
ues N s.yoequotd  (as) W ues N s.yoequotd  (as) W ues N s.yoequold  (As) W w.o4 O1C
(55=u) s1ired aMD D 9|dwes (e0z=u) s)npv Bp|O :gs|dwes (8zT=U)S)npy Buno A ;v adwres

(@x2) aseasiQ Asupry 91UOIYD YuMm sjualied pue ‘s)npy JapjO ‘sHnpy BunoA ul eled Aujigeljsy pue sAnduosaq
¢ 9lgqel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

J Clin Exp Neuropsychol. Author manuscript; available in PMC 2014 January 28.



Page 10

Spencer et al.

*31eJ UOITRDIJISSEIOSIW JO UOIRINDeD 10} pairedwiiun se TZ< 40 440-1nD Jo uonealjdde 0y Jjoud pajgnop 8109

't

*318J UOITROI4ISSEIISILL JO UOIRINDJ.D 0} pasn (66T “[e 18 uspJeBaulpn) pasredwiun se €T< JO 4J0-InD

gl
*(Uo1SI8AU0D aAIRII A INW ajdwis ©

10 uonesijdde Buipnjoaid Agaiayl) SI8UI0 01 AIRa] SWI0Y 1I0YS 3Say} JO AJnaiip uedasdsip (g) pue spo-1nd paysijgnd o aouasae () 03 anp alel UOIEIIISSBIISIW JO UOIIR|NJJeD 40} 4J0-1nd deudoidde oN
P

88 616" 7’91 0.8 6L 916’ 0L 1443 (€ 40 Bui1ed/jeseq) paseq- Lyl
82 286 8¢ 9.6’ 5z £€86° T 8.6° (9 4o Bury1zo/1eseq) pased- LI
8L 9g6’ re 1€6° vl 226 €9 926° ¢ uend
70T 6 gL 656 €01 86 L1 S # PPO
70T oV’ 60T 816° 80T 626° 98 6’ # #Sw W0
90T 086 o1 906° 66 ST6° 6 €6’ # #On Wiod
19 996 55 676" 9 596 8. 696 4 0E7TT
VIN 626 VIN w6’ VIN €68 VIN Ge6° £ 0077
VIN 208" VIN 06L VIN o1 VIN 058’ » 0171

(%) arey o1 (%) o1y o1 (%) arey o1 (%) o1y o1

uoledll [N UMM UOIEdYl  [INJ UMM OOl [N UMM UoIdlI  [Ind yim

SSE[OSIN UOIlRRJJ0D  SSeioSI|N UOIleRJI0D  SSe[dSI|N  UoIeRJIo)  SSessiiN Uollep.lod

(98e=u) (5=u) (e0z=u) (8eT=U)
a|dures [ejo L siuelled AN :D2|dwes  s)NpY Bp|O :gajdures  sINpy BunoA v a|dwes

sajdwes || SS0J0e Sajey UOIRDILISSEIISIAl PUB SUOIR[AII0D A W04 [[N4 OTIC PUR W04 1oys OTr 1o uostiedwo)

NIH-PA Author Manuscript

€9lgel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

J Clin Exp Neuropsychol. Author manuscript; available in PMC 2014 January 28.



