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Abstract

There are a variety of well-established neuropsychological tests that are helpful in identifying
global and specific verbal memory deficits. In contrast, tests of visual memory have produced less
consistent results likely due in part to confounding variables such as verbal encodability,
administration difficulties, and insufficient differentiation of among types of visual memory. The
Brown Location Test (BLT) was designed to specifically measure visual memory for location of
identical objects (dots) and address limitations found in commonly employed visual memory tests.
This paper describes the empirical basis for the BLT and reports the psychometric properties of
the test. Results indicate good internal and alternate form reliabilities. Factor analysis of a brief
test battery confirmed that BLT performance is generally independent of verbal memory and
global intellectual abilities. BLT performance declined with age, but there was no association
between performance and gender, education, or intellectual functioning. In view of the favorable
psychometric properties observed during preliminary studies, additional normative and validation
studies in healthy and patient populations are warranted.
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INTRODUCTION

There are a variety of verbal memory tests (Delis, Kramer, Kaplan, & Ober, 2000; Reynolds
& Bigler, 1994; The Psychological Corporation, 1997a) with demonstrated value in
identifying mild cognitive impairment (Bozoki, Giordani, Heidebrink, Berent, & Foster,
2001; Fox, Olin, Erblich, Ippen, & Schneider, 1998) and more advanced forms of dementia
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(Zakharov, Akhtina, & Yakhno, 2001). Evidence of the ecological validity of such tests has
also been reported (Chaytor & Schmitter-Edgecombe, 2003). Furthermore, criterion validity
of verbal memory tests has been obtained in studies of patients with left temporal lobe
epilepsy (Sawrie, Martin, Gilliam, Knowlton, Faught, & Kuzinecky, 2001; Siegel et al.,
2001; Wilde et al., 2003) and lesions in the left hippocampus (Jutila et al., 2002; Saykin et
al., 1992).

Numerous visual or nonverbal memory tests have also been developed (Baxendale,
Thompson, & Paesschen, 1998; Benedict, Schretlen, Groninger, Dobraski, & Shpritz, 1996;
Bucks & Willison, 1997; Della Sala, Gray, Baddeley, & Wilson, 1997; The Psychological
Corporation, 1997a), and shown to have validity in identifying global memory deficits
(Benedict & Groninger, 1995; Bucks & Willison, 1997; Shum, Harris, & O'Gorman, 2000).
Traditional visual memory tests have, however, demonstrated limited ecological validity
(Chaytor & Schmitter-Edgecombe, 2003). In addition, they have shown poor ability to
detect deficits in patients with right hippocampus resections, even when such navigational
memory deficits are observed using experimental measures (Abrahams et al., 1999;
Abrahams, Pickering, Polkey, & Morris, 1997).

Early studies on memory in patients with focal lesions indicated reduced verbal memory test
performance for those with damage to the left hippocampus, while visual memory tended to
be reduced in patients with damage to the right hippocampus (e.g., Milner, 1965, 1968).
Since these early investigations, a sizeable body of literature has lent considerable support to
the association of verbal memory with left hemisphere abnormalities, in particular those
involving the hippocampus (Jutila et al., 2002; Sawrie et al., 2001; Saykin et al., 1992;
Siegel et al., 2001; White et al., 2002; Wilde et al., 2003). By contrast, larger-scale studies
have failed to observe a consistent relationship between performance on clinical tests of
visual memory and integrity of the right hippocampus (Giovagnoli, Casazza, & Avanzini,
1995; Gleissner, Helmstaedter, Schramm, & Elger, 2002; Kessels, Dehaan, Kappelle, &
Postma, 2001; Lee, Yip, & Jones-Gotman, 2002; Plenger et al., 1996; White et al., 2002;
Wilde et al., 2003).

Some researchers have argued that the human tendency to rely on language renders it highly
unlikely that a “pure” test of visual memory, uncontaminated by verbal memory, could be
developed (Heilbronner, 1992). This stance would be understandable if all possible methods
for developing a pure test of visual memory were already adequately attempted. However, a
review of previous visual-spatial memory research suggests that there remains a great deal
of room for improvement in the area of visual-spatial memory assessment, such as reducing
drawing demands (Benedict & Groninger, 1995; Benedict et al., 1996; Paolo, Troester, &
Ryan, 1998), and using stimuli less affected by verbal abilities and shown to be associated
with the right hippocampus by both lesion and neuroimaging studies (Kessels, Hendriks,
Schouten, Vanasselen, & Postma, 2004; Lee et al., 2002; Golby et al., 2001).

In conclusion, it would appear that the field of clinical neuropsychology is in need of a
visual memory test with a greater likelihood of measuring deficits associated with right
hippocampal abnormalities, that is stronger in its ability to measure practical difficulties
(such as becoming lost or losing one's keys), and which provides data that are distinct from
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already established verbal and visual memory tests. We begin by reviewing the strengths
and limitations of established visual memory tests in differentiating visual and verbal
memory, discuss how these strengths are incorporated into a new measure of visual memory
(Brown Location Test, BLT), and report the psychometric properties of the BLT along with
preliminary findings supporting the discriminant validity of the BLT.

STRENGTHS AND LIMITATIONS OF PREVIOUSLY DEVELOPED
MEASURES

Dependence on Drawing Skills

Since the early days of memory assessment, clinicians have been using visual-spatial
memory tests that rely heavily on drawing skills (Benton, 1974; Osterrieth, 1944; Wechsler,
1945). These tests typically involve showing either a series of abstract designs (Benton,
1974; The Psychological Corporation 1997a; Wechsler, 1945) or more complex designs
(Osterrieth, 1944) to an examinee who is then asked to reproduce the designs from memory.
More recently developed tests have attempted to measure individual learning rates by
including multiple trials (Benton, 1974; Jones-Gotman, 1986), but the basic aspect of
reproducing abstract designs is similar.

An extensive review of drawing based tests is beyond the scope of this article (see Moye,
1997, for review), but there are some clear limitations to such tests. One problem is that it
may be difficult to disentangle whether performance deficits are due to impoverished
drawing skills, memory impairment, or some combination of memory and drawing
difficulties. As a result, drawing-based tests may have restricted utility for patients with
limited upper extremity mobility or dexterity, such as many patients with Parkinson's
disease, even though other evidence suggests that visual memory deficits may be present
(Cousins, Hanley, Davies, Turnbull, & Playfer, 2000; Leplow, Holl, Zeng, Herzog, Behrens,
& Mehdorn, 2002; Whittington, Podd, & Kan, 2000). Instructions to allow for more lenient
scoring of drawing-based test protocols in patients with impaired motor skills are
questionable on the grounds that they may reduce inter-rater reliabilities on such measures
(Moye, 1997). In addition, large-scale empirical studies do not typically support the efficacy
of drawing-based tests in assessing specific visual memory deficits (Bornstein & Chelune,
1988; Gleissner et al., 2002; Lee et al., 2002; Weiss & Price, 2001).

Verbal Encoding

Several tests of visual memory have been developed that place little or no demand on
drawing or other motor skills, but have demonstrated inconsistent clinical validity and/or
measure constructs closely related to those in previously established drawing-based visual
memory tests that have also demonstrated limited validity. For example, the Visual Spatial
Learning Test (Malec, Ivnik, & Hinkeldey, 1991) requires the individual to place abstract
designs in a previously shown location. Unfortunately this test has not demonstrated the
expected material specifically associated with right hemisphere functioning (Malec et al.,
1991). The Continuous Visual Memory Test (CVMT: Larrabee, Trahan, & Curtis, 1992)
also eliminated manual skill requirements by using only a recognition memory format.
However, the validity of the CVMT was examined by correlating participants' performance
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with more established drawing-based tests, which is of limited usefulness given that such
tests are strongly associated with verbal abilities (Lee et al., 2002; The Psychological
Corporation 1997a).

Traditional methods of assessing test validity such as factor analysis (Bornstein & Chelune,
1988; Weiss & Price, 2001) and lesion-based studies (Lee et al., 2002) suggest that verbal
and visual memory tests are often strongly correlated. However, it has been the advent of
functional neuroimaging studies that has allowed researchers to more directly assess the
relationship of test stimuli, brain structures, and verbalization of visual material. Kelley and
colleagues (1998) presented healthy controls with word lists, faces, and abstract line
drawings, which they were asked to encode. Results revealed primarily left hemisphere
activation for the word list, bilateral activation for the line drawings, and stronger activation
in the right than left hemisphere for faces.

These findings were expanded to include information about the effects of verbal interference
by Golby and colleagues (2001) who examined the impact of verbal interference on visual
mnemonic processing, as well as medial temporal lobe activation, during fMRI scanning in
two experiments. Participants were visually presented information (words, scenes, faces, and
random patterns) in either a noninterference or verbal interference condition. Verbal
interference consisted of presenting participants with a five-letter consonant string that they
would later be asked to recall. Longer response latencies were assumed to reflect verbal task
interference with perceptual cognitive processing. The reaction time during scenes was the
slowest, followed by the response to faces, while participants responded the fastest to the
random noise patterns, suggesting the latter was the least impacted by the verbal task. In a
second experiment using fMRI, participants were presented with words, faces, scenes, or
visual patterns and were asked to remember the words for a later test. Encoding of the words
resulted in left medial temporal lobe (MTL) activation. Pattern encoding resulted in
significantly greater right than left MTL activation, whereas scenes and faces resulted in
bilateral activation that was only slightly greater for the right than left hemisphere (Golby et
al., 2001) indicating a high agreement between the functional imaging and verbal
interference aspects of mnemonic functioning.

In summary, reaction time and functional neuroimaging studies provide additional evidence
that many clinical measures of “nonverbal” memory-use stimuli that may be relatively easy
to verbalize. Furthermore, there appear to be degrees to which stimuli may be influenced by
verbal skills, with line drawings and scenes most strongly correlated with left hemisphere
activation, followed by slightly more right hemisphere activation when encoding facial
stimuli, and even greater right hemisphere activation with random visual patterns (Golby et
al., 2001; Kelley et al., 1998). Thus, these results suggest that a memory test designed to
minimize verbal encoding should not use line drawings or scenes as stimuli.

Differentiating Types of Visual Memory

Another aspect of visual memory tests that may be contributing to the difficulty in
establishing a strong association with right MTL integrity is the confounding of memory for
objects and designs with memory for specific locations. Several recent studies suggest that
tasks which combine object and location memory may produce a binding effect associated
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with the left hippocampus, while tasks requiring memory for identical objects (e.g., dots or
squares) are more strongly associated with the right hippocampus (Abrahams et al., 1999;
Abrahams et al., 1997; Kessels et al., 2004; Kessels, Postma, Kappelle, & deHann, 2000).

Several measures have been developed that assess memory for location without using
different objects as stimuli. The 7/24 Spatial Recall Test (Barbizet & Caney, 1968) requires
individuals to demonstrate knowledge of spatial location by placing checkers on a grid, but
data suggest that it is prone to ceiling effects in healthy adults (Rao, Hammeke, Mcquillen,
Khatri, & Lloyd, 1984). This ceiling effect may also have contributed to the 7/24's inability
to identify visual memory difficulties in left and right temporal lobe epilepsy patients (Barr,
1997). Similarly, the 10/36 Spatial Recall Test, based on the 7/24, also appears susceptible
to ceiling effects (Weinstein, Schwid, Schiffer, McDermott, Giang, & Goodman, 1999). The
use of a grid may have affected performance on these tests by increasing the ability to use
verbal strategies (e.g., first stimulus is located in first row, second column).

Development of a visual memory test that uses a single type of stimulus (e.g., dots) that does
not use a grid pattern may help reduce verbalization, and to some extent this has been
previously attempted. The nonverbal selective reminding test (NVSR) is a dot location
learning test that correctly identified 70% of right temporal lobe epilepsy patients with
visual memory difficulties (Fletcher, 1985). This test was later adapted and normed for
children and adolescents as part of the Test of Memory and Learning (TOMAL; Reynolds &
Bigler, 1994). Performance on the NVSR was worse in pre-surgical patients with right as
compared to left temporal lobe epilepsy when patients with co-occurring dyslexia were
excluded (Breier, Fletcher, Thomas, & Brookshire, 1997). However, this test takes practice
to administer and score correctly, which may have contributed to limited reliability in the
standardization study of the TOMAL-2, an updated version of the TOMAL for use with
adults (Reynolds, personal communication 2002). Nonetheless, the test has some important
characteristics such as pointing to the dots one at a time in a non-grid pattern, instead of
simultaneous presentation of dots in a grid (such as the 7/24 and 10/36). Thus, it may be
useful to develop a visual memory test that uses a flip-book format to ensure ease of
administration (such as used in the 7/24) as well as presenting dots one at a time in a random
array (such as used in the NVSR).

Multiple Learning Trials

An additional strength of tests such as the NVSR and 7/24 is that they use multiple learning
trials. Data on the Benton Visual Retention Test (Benton, 1974) and Biber Figure Learning
Test—Extended version (Glosser, Cole, Khatri, Dellapietra, & Kaplan, 2002) suggest, albeit
weakly, that right temporal lobe dysfunction may be associated with impaired learning
curves, but not necessarily delayed recall, on drawing-based tests with multiple learning
trials (Glosser et al., 2002; Majdan, Sziklas, & Jones-Gotman, 1996). Such results suggest
that tests with multiple learning trials may be more sensitive to certain clinical conditions
than single trial measures. Furthermore, multiple learning trials allow for greater comparison
between well-established verbal memory measures such as the California VVerbal Learning
Test (CVLT-II; (Delis et al., 2000). Therefore, a new visual memory measure would benefit
from inclusion of multiple learning trials.

Clin Neuropsychol. Author manuscript; available in PMC 2014 May 07.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Brown et al.

Page 6

DESCRIPTION OF THE BROWN LOCATION TEST

In the present paper, we discuss the development of a new visual-spatial memory test, the
Brown Location Test (BLT). Development of this test was informed by our review of the
empirical literature on currently available visual memory tests and their strengths and
limitations. The BLT consists of five recall learning trials, an interference trial, short delay
recall, and long delay free recall and recognition trials, a design characteristic comparable to
the CVLT-II (Delis et al., 2000).

Similar to the NVSR (Fletcher, 1985), the BLT uses identical large dots whose locations are
presented individually. However, instead of pointing to a group of dots all on a single page,
the examiner presents a series of 12 pages in a flip-book format, for 4 seconds each, in the
learning trials. Each page consists of an identical array of 58 circles in a non-grid pseudo-
random format with a different circle on each page filled with a red dot. After the 12 pages,
the examinee is presented with a blank page of the circle array, but without any dots present.
The examinee is given 12 red checker-like chips, which he/she places on the circle where
they believe a dot was presented earlier. The red chips are 1 inch in diameter and 0.5 inches
thick to reduce the demands of fine motor dexterity. Following completion of the first
learning trial, the chips are cleared away, and the 12 pages presented again, followed by the
individual placing the chips again. This is repeated for a total of five learning trials.

Following the five learning trials, the examiner presents another series of 12 pages that have
one black dot on each page. The black dots are presented in different locations than the red
dots, but the random circle array is identical to that used in the learning trials. The examinee
then places black chips on the circle array to indicate the locations of the black dots. After
this interference trial, the examinee is asked to place the red chips on the circle array to
indicate the locations of the red dots in a free recall format (short delay recall). Twenty
minutes after the immediate recall trial, the examinee again places the red chips on the circle
array (long delay recall). After the long delay recall is completed, the examiner then turns
the circle array 90 degrees to the right and again asks the examinee to place the red chips on
the circle array. The rotation trial was created to measure allocentric memory, or the
memory for location from a view other than originally encoded, which has been associated
with right-hemisphere dysfunction (Abrahams et al., 1997; Parslow et al., 2004). The test
concludes with the examiner presenting 24 pages, each with a red dot in one circle. The
examinee is asked to indicate with a yes or no whether there was a dot in that location
earlier. The yes/no recognition trial includes the 12 correct red dot locations and 12
distracter locations. The Learning and Free Recall Trials are scored according to the total
correctly identified locations. The BLT Recognition subtest yields an overall total correct
score, a true positive score, and false positive score.

To examine the psychometric properties and validity of the BLT, we examined split-half
reliabilities of the learning trials, and test-retest reliability using an alternate form. We also
examined the discriminate validity and factor structure of the BLT in a brief test battery that
included verbal memory, visual-scanning speed, and intellectual functioning measures. It
was hypothesized that the BLT scores would load on a distinct factor than measures of
verbal memory and intellectual functioning. Finally, we examined the relationship between
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BLT performance and demographic characteristics (age, gender, education, and intellectual
functioning), and predicted decreasing performance with increasing age, consistent with
results for other memory tests (Delis et al., 2000; The Psychological Corporation, 1997a;
Wechsler, 1987).

The overall sample consisted of 110 participants (79 females, 31 males). The ethnic
composition of the sample included 84% Caucasian, 11% African American, 4% Asian
American, and 1% Hispanic individuals. The average age was 33.15 years (SD = 16.1), the
average education was 14.8 years (SD = 2.43). Participants were recruited via word of
mouth, newspaper advertising, flyers, and onsite advertising. Participants who reported a
history significant for neurological, cardiovascular, or psychiatric disorders were excluded
from analysis in this study. All participants provided informed consent and signed a form
indicating their understanding that participation was voluntary and that they could withdraw
at any time. The human subjects committees at each appropriate institution reviewed and
approved this study. Participants were recruited at universities in Louisiana, New
Hampshire, and Connecticut.

Participants were administered the Vocabulary and Matrix Reasoning subtests from the
Wechsler Abbreviated Scale of Intelligence (WASI: The Psychological Corporation, 1999)
or the Wechsler Adult Intelligence Scale, Third Edition (WAIS-I11: The Psychological
Corporation, 1997b) to provide an estimate of overall intellectual functioning. These two
subtests correlate most highly with overall intellectual functioning as measured by the
WAIS-1I1 (The Psychological Corporation, 1997b, 1999). The two versions of these tests
were used for practical reasons and are supported by the high correlations between both
versions of the Vocabulary (r = .84) and Matrix Reasoning (r = .68) subtest. These
correlations are similar to the test-retest correlations on the Vocabulary (r = .89 to .94,
depending on the age group) and Matrix Reasoning (r = .75) subtests from the WAIS-I11
(The Psychological Corporation, 1997).

Average intellectual functioning as estimated from Vocabulary and Matrix Reasoning
subtests was 115.3 (SD = 11). Out of the overall sample, 78 participants (54 female, 24
males) completed the entire short battery required for factor analysis. In addition, 41
participants (30 females and 11 males) agreed to an alternate form test—retest condition
where they were administered BLT-A and BLT-B (two versions of the test). Selection for
these groups was based entirely on practical considerations; those willing to complete the
entire battery and return for retesting. This subgroup did not significantly differ from the
overall sample according to age, education, ethnicity, gender, or estimated intellectual
functioning according to one-way ANOVAs (all p > .05).

All participants were administered the BLT-A (Form A) which is described above, Matrix
Reasoning and Vocabulary from the WASI (The Psychological Corporation, 1999) or
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WAIS-III (The Psychological Corporation, 1997b), and a mental health screening
questionnaire pertaining to neurological and psychiatric problems; only individuals who
denied a history of such illnesses were included in the study. Individuals who agreed to
participate in the test—retest condition were also administered the BLT-B, an alternate form
of the BLT-A. The BLT-B used a different random circle array than the BLT-A, and had
different dot locations. However, it was otherwise identical to the BLT-A with the same
number of dot locations in the interior and exterior sections of the circle array, and the same
amount of potential false and true positive items in the recognition section. Those willing to
complete the entire brief battery for factor-analysis were also administered the California
Verbal Learning Test, Second Edition (CVLT-II; Delis et al., 2000) to measure the
participants' verbal memory, and the Mesulam Nonverbal Cancellation Test (Mesulam,
1985) to evaluate visual scanning speed.

Tests were administered in a distraction-reduced office. The examiners consisted of a
licensed psychologist with postdoctoral neuropsychology training, two graduate students,
and two upper-level undergraduate students trained by the psychologist and test developer in
administration and scoring of the tests. A one-way ANOVA did not reveal any significant
examiner difference in BLT scores between the examiners.

The learning, interference, and immediate recall trials of the either the BLT or CVLT-II
were administered first, depending on a randomly assigned order and whether the
participants agreed to complete the entire battery. During the 20-minute delay of the first
test, the learning, interference, and immediate recall trials of the second test were
administered. Since the first half of both the BLT and CVLT-II each take about 10 minutes
to administer, demographic, mental health surveys were administered during the remaining
time delay. At the time of this study, there was no research to suggest that the completion of
questionnaires during the time delay of verbal memory tests substantially influences
performance. Following the administration of the BLT and CVLT-I1I Delay Recall and
Recognition trials, the examiner administered the Matrix Reasoning, Vocabulary, and
Nonverbal Cancellation tests. Those participants who reported less than an hour of available
time for the study were not administered the CVLT-II or Nonverbal Cancellation Test.
Instead, they were administered the BLT with the surveys and Vocabulary subtest
administered during the delay. The Matrix Reasoning Subtest was administered after the
BLT was completed.

Similar to the CVLT-II standardization study (Delis et al., 2000), the unequal-length
Spearman-Brown formula was used to determine internal reliability of Trials 1-5. The
relationship between scores on the BLT-A and BLT-B was analyzed using Pearson
correlation coefficients and t-tests. Linear regressions were performed to examine the
relationship between the continuous demographic variables and BLT performance, and
gender effects were assessed with a one-way analysis of variance. Factor analysis was
conducted to determine whether the BLT may have significant associations with other
cognitive skills. The analysis included scores from the BLT, the CVLT-II, the VVocabulary
and Matrix Reasoning subtest scaled scores, and time to complete the Mesulam Cancellation
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Test. Principal component analysis with eigenvalues set at 2.0 and varimax rotation was
used to simplify the interpretation of factors.

Unequal-length Spearman-Brown formula split-half reliabilities for Learning Trials 1-5
were .82 for the BLT-A (N = 110) and .78 for the BLT-B (N = 41). Alternate form test-retest
reliabilities based on Pearson correlation coefficients were significant (p < .01) for each
subtest of the BLT and were comparable to those reported for the CVLT-II standardization
sample (Table 1). The means and standard deviations of BLT Trials 1-5 suggest a steady
learning curve, and subtest scores were comparable for forms A and B (Table 2).

Demographic Variables and Performance

Performance on all of the BLT subtests decreased with age; including Trials 1-5 (r = .36, p
<.001), the Interference Trial (r = .35, p <.001), Short Delay Recall (r = .29, p =.002),
Long Delay Recall (r = .42, p <.001), Rotated Long Delay Recall (r = .27, p = .004),
Recognition Total (r = .39, p <.001), Recognition True Hits (r = .35, p <.001), and
Recognition False Positives (r = .42, p <.001). There were no significant relationships
between education or estimated intellectual functioning and BLT performance. One-way
analyses of variance did not reveal any gender effects for the BLT.

Factor Analysis

Results revealed three factors that accounted for 59% of the variance (see Table 3). The first
factor accounted for 31.31% of total variance and consisted of all the BLT subtest scores.
The second factor accounted for 19.65% of variance and consisted of all the CVLT-II
subtest scores. The third factor accounted for 8.17% of variance and consisted of the
Vocabulary, Matrix Reasoning, and Estimated Intellectual Functioning standardized scores.
The Cancellation test loaded minimally on each of the three factors.

DISCUSSION

The BLT learning trials demonstrated good internal reliability, with results being very
similar to those obtained during the development of the CVLT-II (Delis et al., 2000). This is
particularly promising since the BLT was designed to be a visual-spatial memory test
comparable in structure to the CVLT-II. Alternate form reliability of BLT Forms A and B
was also comparable to those for the CVLT-II and its alternate form (Delis et al., 2000), and
the means and standard deviations for the two forms were generally equivalent. The BLT
may thus be a useful measure for examining cognitive changes over time given its relative
stability across forms in a healthy population.

It should be noted that, while alternate-form reliabilities were strong, the first two learning

trials of the BLT in this study and the CVLT-II in the standardization study are both slightly
lower (.51-.65) than the alternate form reliabilities for the later learning trials, the total of 1-
5 trials, and the delay recall subtests (.70-.90). This pattern may be due to the early learning
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and interference trials being more influenced by attentional capacity (Blagrove, Alexander,
& Horne, 1995), whereas later trials reflect longer-term memory capacities, which may be
more stable. Further investigations to determine what other cognitive skills or non-cognitive
variables (e.g., fatigue and caffeine use) may be impacting on early versus later learning
trials of the BLT would be informative.

The reasons for the lower reliabilities of the recognition subtest of the BLT are less clear.
The nature of the stimuli (humerous circles) may have contributed to reduced examinee
certainty since there are only subtle differences between the correct and incorrect locations.
Anecdotally, examinees often appeared less certain of their responses during the recognition
trial of the BLT, making spontaneous comments such as “I feel like | am guessing.” It may
be that the recognition formats of the BLT-A and BLT-B are not comparable; however, each
version has the same amount of true positives, true negatives, and interference stimuli,
which makes that explanation less likely.

Examination of the relationship between BLT performance and demographics revealed that
test scores were not associated with education or gender, but decreased performance was
observed with increasing age. This finding is consistent with prior studies showing
decrements in visual memory with age (e.g., Delis et al., 2000; The Psychological
Corporation, 1997a; Wechsler, 1987). Further study in samples consisting of a wider range
of ages among participants is required to confirm this finding. BLT scores were not
significantly associated with estimated intellectual functioning. The present sample,
however, consisted largely of individuals with average to higher than average estimated
intellectual functioning. It remains to be determined whether there is an association between
BLT performance and intelligence at lower levels of intellectual functioning or in combined
samples. Although gender differences were not noted on the BLT, further examination of
gender in larger samples appears warranted given contradictory findings regarding gender
effects on other tests of memory functioning (Duff & Hampson, 2001; Postma, Jager,
Kessels, Koppeschaar, & Vanhonka, 2004).

Evidence for the construct validity of the BLT was also obtained in the present investigation.
Factor analysis of a brief neuropsychological test battery revealed that all of the BLT
subtests loaded on a single visual memory factor. BLT scores did not load on the other two
factors, which consisted of the CVLT-II scores that formed a verbal memory factors, and an
intellectual functioning factor composed of the Vocabulary, Matrix Reasoning, and Full
Scale 1Q scores. This factor structure suggests that performance on the BLT is not
influenced significantly by either verbal memory or intellectual functioning. Furthermore,
performance on the Nonverbal Cancellation Test was only weakly associated with the visual
memory factor, indicating that visual scanning and attention skills likely have a limited
impact on BLT scores, at least in the current healthy adult sample.

Future studies will be needed to examine the structure of the BLT in the context of a larger
neuropsychological battery that includes additional measures of verbal and visual memory,
as well as measures tapping other cognitive processes that may impact the learning and
retention of spatial information. Factor-analytic and discriminative validity studies in
clinical populations would also provide additional information about the validity of the BLT,
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particularly in patient samples with neurological disorders that affect visual or verbal
memory functions, such as left and right medial temporal lobe epilepsy, mild Alzheimer's
disease, and Parkinson's disease.

In summary, the current findings support the reliability and validity of the BLT, a new
measure of visual-spatial learning and memory. Additional studies in clinical populations
and larger factor-analytic studies will be useful to further characterize the structure and
clinical utility of the test. Normative data from individuals who are beyond 60 years of age
and from a wider range of educational backgrounds will be especially useful to improve the
clinical utility of the test. Finally, we are currently developing a computerized version of the
BLT for administration during fMRI to examine the neural circuitry engaged by this task.
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Table 1

Alternate form reliabilities for the BLT and CVLT-II

Alternateform reliability (BLT-Aand BLT-B) BLT N=41 CVLT-11%N = 288
Trial 1 67" 52"
Trial 2 52 61"
Trial 3 72" 7
Trial 4 71 70
Trial 5 90™* a1
Trials 1-5 total 84" 79"
Interference Trial 50" 51"
Short Delay 78" 73"
Long Delay 84" 76"
Rotated Long Delay 78" N/A
Recognition Total Correct 46" N/A
Recognition True Hits 36 64""
Recognition False Positives 39" 76"

*
Correlation is significant at the 0.05 level (two-tailed).

*%

Correlation is significant at the 0.01 level (two-tailed).

a o .
CVLT-II data taken from the standardization sample (Delis et al., 2000).
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Mean scores for the two forms of the BLT

Subtest score BLT-AN=105 BLT-BN=46
M SD M SD
Trial 1 502 1.87 517 228
Trial 2 6.80 221 6.63 2.11
Trial 3 8.06 245 8.15 1.99
Trial 4 9.24 215 9.46 2.00
Trial 5 10.17 1.92 1043 1.72
Trials 1-5 39.28 857 39.85 835
Interference 458 213 459 164
Short Delay 880 250 9.00 240
Long Delay 8.81 259 8.93 248
Rotated Long Delay 756 271 833 233
Recognition total 19.02 273 19.41 2.68
True hits 9.87 157 10.04 1.30
False positives 270 175 246 195
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Table 3

Factor-analytic study of the BLT

Subtest score Factor 1  Factor 2 Factor 3
BLT Total 1-5 .937 .095 .002
BLT Interference trial 490 .095 -.043
BLT Short Delay .889 .085 .057
BLT Long Delay 919 .068 -.051
BLT Rotated Long Delay .850 .051 .019
BLT Recognition Total .878 .056 .067
BLT True Positives .642 .081 .070
BLT False Positives -.794 -.012 -117
CVLT-II Trials 1-5 Total .063 .961 .009
CVLT Interference .002 A74 -.200
CVLT Short Delay 139 779 114
CVLT Long Delay -.022 792 .073
CVLT True Positives .086 470 .051
CVLT False Positive .007 -.054 .080
Vocabulary T-Score -.113 .239 .798
Matrix Reasoning T-Score .203 -.068 .765
Full Scale I1Q -.042 128 978
Visual Cancellation (ms) -.244 .138 -.114
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