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Abstract

For over 50 years, cognitive psychologists and neuropsychologists have relied almost exclusively
on a method for computing semantic clustering on list-learning tasks (recall-based formula) that
was derived from an outdated assumption about how learning occurs. A new procedure for
computing semantic clustering (list-based formula) was developed for the CVLT-II to correct the
shortcomings of the traditional method. In the present study we compared the clinical utility of the
traditional recall-based method versus the new list-based method using results from the original
CVLT administered to 87 patients with Alzheimer’s disease and 86 matched normal control
participants. Logistic regression and score distribution analyses indicated that the new list-based
method enhances the detection of differences in semantic-clustering ability between the groups.
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INTRODUCTION

Individuals vary considerably in the strategies they use to learn lists of words. Examples of
common learning strategies include those based on (a) the categorical membership of the
words (i.e., semantic clustering); (b) the position of the words on the list (i.e., primacy—
recency effect); (c) the order in which the words are presented (i.e., serial clustering); and
(d) idiosyncratic strategies such as recalling pairs of words consecutively based on their
functional or phonemic properties (i.e., subjective clustering). A number of studies have
demonstrated the clinical utility of incorporating formal measures of these different learning
strategies into memory instruments (Baldo, Delis, Kramer, & Shimamura, 2002; Bayley et
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al., 2000; Delis et al., 1991; Greene, Baddeley, & Hodges, 1996; Hermann et al., 1996;
Ribeiro, Guerreiro, & De Mendonca, 2007; Woods, Rippeth, & Conover, 2005).

Past research in cognitive psychology and neuropsychology has found that, in group
analyses, semantic clustering is the most effective strategy for learning categorizable lists of
words. This strategy serves as a kind of “mental filing system” in which the individual
words are organized into a smaller number of semantic units or “chunks” for more efficient
encoding into and retrieval from long-term memory (Bousfield, 1953; Craik, 1981; Hunt &
Love, 1972). The vast majority of cognitive and neuropsychological studies of semantic
clustering have used a formula for computing this strategy that was developed over 50 years
ago by the cognitive psychologist Bousfield (1953). Interestingly, this formula is based on
an assumption about how learning occurs that runs counter to many modern theories of
learning and memory. Nevertheless, cognitive psychologists and neuropsychologists have
continued to use this formula for computing semantic clustering simply because it has been
the method of choice in past studies; however, the assumption underlying this formula has
rarely been discussed, questioned or even known. Consistent with the widespread use of
Bousfield’s formula in cognitive psychology in the early 1980s, this formula was used to
compute semantic clustering on the original version of the California Verbal Learning Test
(CVLT,; Delis, Kramer, Kaplan, & Ober, 1987; Massman, Delis, Butters, Levin, & Salmon,
1990).

During the development of the second edition of the CVLT, our research group closely
examined the original assumption underlying Bousfield’s formula for computing semantic
clustering and discovered that it ran counter to current views of learning and memory (Delis,
Kramer, Kaplan, & Ober, 2000; Stricker, Brown, Wixted, Baldo, & Delis, 2002).
Specifically, the traditional formula assumes that examinees initiate semantic organization
of a word list after they have retrieved as many words as they can from memory. As a result,
the traditional formula’s correction for chance-expected semantic clustering is based, in
large part, on the number of categories represented in the examinee’s recalled words, rather
than on the number of categories represented in the original target list (for this reason, we
call the traditional method “recalled-based” semantic clustering).

The problem with the traditional recalled-based method is illustrated in the following
example. Consider the examinee who, on a particular recall trial of the original CVLT,
recalls only “Grapes, tangerines, plums, and apricots.” This recall reflects good semantic
clustering, since all of the words retrieved are categorically organized. However, application
of the traditional recall-based method results in a semantic-clustering score that is only at
chance level. Although the observed semantic-clustering score (the number of consecutively
recalled word pairs from the same category) in this example is high relative to the total
number of words recalled (i.e., 3), the chance-expected semantic-clustering score, as
quantified by the traditional recall-based formula, is also high (i.e., 3). The reason for this
high chance-expected score is that, since all four words recalled came from only one
category, then, assuming that organization occurs after retrieval, it would be impossible not
to cluster the words semantically, even by chance. That is, since “fruits” is the only category
represented in the examinee’s recall, then it is impossible not to cluster all the fruit items
together. Thus, the chance-expected cluster score for this example is the same as the
observed score. In other words, according to the traditional recalled-based formula, it is
impossible to cluster beyond a chance level when words are recalled only from one
category.

In contrast to the assumption underlying the recall-based clustering formula, modern
theories of learning and memory typically view semantic clustering as occurring during the
learning process, not after target words have already been retrieved from memory (Butters &
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Cermak, 1980; Squire, 1987). Semantic organization is thought to be an active, dynamic
process that examinees engage in even as the target words are being presented to them. Such
re-organization of words during list learning facilitates both encoding and retrieval processes
of memory. In order to derive a semantic-clustering formula that more accurately reflects
modern views of learning and memory, a new formula for computing semantic clustering
was developed for the second edition of the CVLT (CVLT-II; Delis et al., 2000; Stricker,
Brown, Wixted, Baldo, & Delis, 2002). This method, explained in detail in Stricker et al.
(2002), assumes that semantic organization occurs during the learning process, not
afterwards. By assuming that organization occurs during the presentation of the word list,
this method uses the number of categories represented on the target list as a correction
factor, not the number of categories represented in the examinee’s recall. For this reason, we
call the new method the list-based semantic clustering formula.

As noted above, an examinee who recalls only “Grapes, tangerines, plums, and apricots”
does not receive any credit for semantic clustering above a chance level when using the
traditional recall-based formula, because the formula assumes that the examinee has mental
access to only one category (i.e., fruits). However, recall of these responses would receive a
relatively good chance-corrected clustering score when using the new list-based formula,
because this formula assumes that the examinee has mental access to all four possible
categories represented on the target list during the recall process. The fact that the examinee
was able to recall four items consecutively from a single category (i.e., fruits) in the face of
having access to a total of four possible categories clearly indicates that the examinee is
semantically clustering above a chance level (see Delis et al., 2000; Stricker et al., 2002).

Although the list-based formula intuitively appears more accurate in charactering the role
that semantic clustering plays during encoding and retrieval, the question arises as to
whether this formula, as a clinical measure, is more sensitive than the traditional recall-
based formula for detecting deficits in semantic clustering in neurological populations. In
the present study we compared the two methods for computing semantic clustering—the
traditional recall-based formula versus the new list-based formula—in a large sample of
patients with Alzheimer’s disease (AD) and matched normal control (NC) participants. We
hypothesized that the list-based formula would be superior to the recalled-based formula in
quantifying semantic-clustering deficits in the AD participants relative to the NC
participants.

The 173 participants in this study were selected from a larger subject pool enrolled in the
Alzheimer’s Disease Research Center (ADRC) at the University of California, San Diego,
School of Medicine. Participants were selected without regard to gender, ethnicity, or race.
Written informed consent was obtained from all participants (or their carers) after the
protocol of the study had been fully explained. The diagnosis of “possible” or “probable”
AD was made by two senior staff neurologists according to the criteria developed by the
NINCDS-ADRDA (McKhann et al., 1984). Extensive medical, laboratory, and
neuropsychological testing was performed to rule out other possible causes of dementia. The
sample of AD patients (N=87) had DRS scores ranging from 97-134. Scores from the
CVLT, including the semantic clustering measure, were not used by the neurologists in
making the AD diagnoses. The normal control (NC) group (N=86) was chosen based on a
neurologist’s diagnosis of normal functioning and a DRS score of 135 or greater (Lucas et
al., 1998; Mattis, 1988; Monsch et al., 1995). Individuals comprising the NC group had been
followed at the ADRC with annual neuropsychological and neurological evaluations, and
were deemed “normal” for at least 3 subsequent years. The NC participants were matched
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individually with the AD patients based on age and education (within 3 years of each). No
significant differences were found between the NC and AD groups in terms of age,
education, or gender (see Table 1).

Measures and procedures

RESULTS

As a part of the annual visit at the ADRC, the NC and AD participants were administered
the original CVLT by a trained psychometrist. The CVLT involves the oral presentation of a
16-word list (List A) over five immediate-recall trails. An interference list (List B) is then
presented for one trial, followed by short- and long-delay recall and recognition testing of
List A. The test results were scored using the CVLT computer-assisted scoring program
(Fridlund & Delis, 1987). This scoring program provides the traditional recall-based
measure of semantic clustering, originally developed by Bousfield (1953), in which the
observed semantic-cluster score is divided by the chance-expected semantic-cluster score.
The observed semantic-cluster score is computed by adding the number of times a correct
target word is recalled immediately following another correct target word from the same
category. The chance-expected semantic-cluster score (Bousfield, 1953; Delis et al., 1987) is
computed using the following formula:

[Tn;(Tn; — 1)]

4
Expected Sem Cl,:z e

n-1

where: n=category type (four categories per list); i=a given trial; Tn;=number of correct
words recalled from category type n on trial i; MX;=total number of words recalled on Trial
i, including intrusions and repetitions.

For all participants, we then computed the new list-based measure of semantic clustering
developed by Stricker et al. (2002) in which the observed semantic-cluster score is
subtracted from the chance-expected score. The observed semantic-cluster score is
computed in the same way for the list-based measure as for the traditional recall-based
measure. The following formula is used to compute the list-based chance-expected score
(see Stricker et al., 2002, for further details about the formula):

[(r = D(m - 1]

Expected Sem Cl;= N, -1

where: r=number of correct words on trial i; i=a given trial; m=number of members of each
semantic category on the original list; N| =total number of words on the original list.

For both the recall-based and list-based measures, the total chance-corrected semantic
clustering score was computed across Trials 1-5.

Comparison of recall-based and list-based clustering measures

The results of the study indicate that the NC group exhibited significantly higher semantic-
clustering scores than the AD group when computing this strategy using either the
traditional recall-based measure, t(171)=10.0, p<.001; Mean NC=2.31, SD=0.89 vs Mean
AD=1.1, SD=0.74, or the new list-based measure, t(171)=10.7, p<.001; Mean NC=2.23,
SD=1.97 vs Mean AD=—-0.07, SD=0.38. Logistic regression analyses were performed to
evaluate the utility of the list-based and recall-based formulas in classifying participants as
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either AD or normal control. The results from these analyses indicate that while both
semantic clustering formulas significantly predicted group membership—List-based
measure: y2=114.506 (1, 172), p<.0001; Recall-based measure: y2=76.326 (1, 172), p<.0001
—the new list-based formula accounted for more of the variance in diagnostic status
(approximately 64%) than the traditional recall-based formula (approximately 47%). In
addition, the overall classification rate improved with the list-based formula, with 89.7% of
the AD patients successfully predicted with the list-based formula and only 80.5% of the AD
patients successfully predicted with the recall-based formula (see Tables 2 and 3 for
classification rates).

Further analyses were undertaken to better characterize differences in the score distributions
for the traditional recall-based and the new list-based formulas. Specifically, Levene’s
heterogeneity of variance test was utilized to determine whether the variance of the score
distributions for each group were more divergent for the new list-based semantic-clustering
formula relative to the traditional recall-based formula. The results of Levene’s test indicate
that the variance of the score distributions significantly differed between groups for both
semantic-clustering formula, but to a greater extent for the new list-based formula
(F=158.76, p<.0001) relative to the traditional recall-based formula (F=6.41, p<.012). These
differences in the distributions of scores for the two semantic-clustering formulas are clearly
illustrated in the scatterplots shown in Figures 1a and 1b in which each semantic-clustering
formula is represented on the y-axis and Mattis DRS score is represented on the x-axis. First,
examination of the score distributions of the normal controls for the two semantic-clustering
formulas clearly illustrates that the scores for the new list-based method produced a larger
range of scores than that of the traditional recall-based formula, which is desirable in a
normative sample. Second, as can be seen in Figures 1a and 1b, the score distribution for the
AD patients was more restricted for the list-based than the recall-based formula, which
would be predicted in this clinical population.

These scatterplots also reveal a limitation with the recall-based method: a number of
individual AD patients displayed comparable levels of semantic-clustering performance
compared to NC participants when using the traditional recall-based formula (see the
overlap in scatterplots of scores in Figure 1a). In contrast, the scatterplots illustrate that,
when applying the new list-based method, the majority of the AD patients clustered around a
chance level of semantic-clustering performance and most of the NC participants achieved
higher scores when using this method (see Figure 1b). Box plot representations of these data
also reveal the greater separation of the participant groups when using the new list-based
method relative to the traditional recall-based formula (see Figure 2). Taken together,
Figures 1 and 2 clearly reveal a greater separation in semantic-clustering performance
between normal controls and the AD patients for the list-based relative to the recall-based
methods. Results from the logistic regression and score distribution analyses indicate that
the list-based measure is superior to the recall-based formula for detecting deficits in
semantic clustering in AD patients.

Finally, we calculated the sensitivity, specificity, and the predictive values associated with
different cut-off scores for the list-based semantic clustering measure (see Table 4). For
example, based on the output from the logistic regression model, a list-based clustering
score of —.22 has a probability of .85, indicating that AD is likely present, and the positive
predictive value for this score is 92.1%. In contrast, a list-based clustering score of 1.14 has
a probability of .15, indicating that AD is likely not present, and the negative predictive
value for this score is 98.1%. Given that predictive values are prevalence dependent and that
the base rate of individuals with AD in our sample (i.e., 50%) is higher than in the general
population, the predicted probability values should be interpreted with caution.

Clin Neuropsychol. Author manuscript; available in PMC 2011 April 29.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Delis et al. Page 6

Nevertheless, the cut-off scores for the list-based measure may provide clinicians with
additional information for diagnosing AD.

DISCUSSION

The measurement of semantic clustering is an important part of the neuropsychological
evaluation of list-learning abilities, because it reflects the degree to which individuals are
able to use higher-level organizational strategies when attempting to learn verbal material. In
this study we compared two methods for computing chance-corrected semantic clustering—
the traditional recall-based formula (Bousfield, 1953) and a new list-based formula (Delis et
al., 2000; Stricker et al., 2002)—in terms of their sensitivity to clustering deficits in AD
patients relative to NC participants. It was hypothesized that the list-based method would be
superior to the recall-based method because the list-based formula is more consistent with
modern theories regarding when semantic organization occurs during the learning process.
The results of the study revealed that, relative to the NC group, the AD patients were
significantly impaired in semantic clustering when either the list-based or recall-based
formulas were used. However, consistent with our hypothesis, the new list-based method
was superior to the traditional recall-based method in terms of yielding (a) better overall
prediction of diagnostic status; (b) greater percentage of variance explained; and (c) greater
differentiation in the distribution of scores between the groups for the list-based method due
to an increase in score variance in the normal control group along with a reduction in
variance for the AD patients. Taken together, these findings indicate that the list-based
method enhances the dissociation in semantic-clustering ability between the NC and AD
groups. Additional studies are needed to determine the utility of the list-based method for (a)
differentiating individuals with distinct dementia etiologies; and (b) identifying the earliest
cognitive changes associated with AD.

In summary, the current findings indicate that, in both research and clinical practice, the
assessment of chance-corrected semantic clustering on word-list memory tasks is better
served by employing measures that are derived from list-based rather than recall-based
formulas (see also Delis et al., 2000; Stricker et al., 2002). The results also suggest that
deficient organization of target information may play an important role in the memory
dysfunction of AD patients.
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Figure 1.

(a) Scatterplots of the traditional recall-based semantic clustering scores relative to DRS
scores in normal control (NC) participants and Alzheimer’s disease (AD) participants. Note
the significant overlap in semantic-clustering scores of the NC and AD participants. (b)
Scatterplots of the new list-based semantic clustering scores relative to DRS scores in
normal control (NC) participants and Alzheimer’s disease (AD) participants. Note the
greater separation of scores between the two participant groups.
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Figure 2.
Box plot representations of the test results reveal the greater separation of the NC and AD
groups when using the list-based method relative to the recall-based formula.
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Table 1

Demographic and CVLT-II results for the AD patients and normal controls

NC AD
N 86 87
Age 70.8(7.6)  71.03(7.6)
Age range 52-88 50-87
Education 15.5(2.8) 14.8 (2.7)
Education range 8-20 6-20
Gender % female 55.8 49.4
DRS 1405 (25) 1160 (10.3)"
DRS range 135-144 97-136
Total words recalled for trials 1-5 from the CVLT 51 (9.5) 20 (6.7)""

DRS=Dementia Rating Scale, standard deviation in parentheses.

*
p<.001;

*

3
p<.0001.
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Table 2

Classification table for the new list-based method

Observed diagnosis

Controls AD  Predicted diagnosis % correct

Controls
AD

Overall percentage correct

67 19 77.9
9 78 89.7
83.8
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Table 3

Classification table for the traditional recall-based method

Observed diagnosis

Controls AD  Predicted diagnosis % correct

Controls
AD

Overall percentage correct

61 25 70.9
17 70 80.5
75.7
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