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A large body of evidence suggests that some psy-
chotropic substances commonly prescribed in the treat-
ment of schizophrenia may have significant adverse ef-
fects on learning and memory (Buffett-Jarrott &
Stewart, 2002; Medalia, Gold, & Merriam, 1988;
Moritz, 2002). Cognitive deficits are most common
with medications containing anticholinergic properties,
such as anti-parkinsonian agents (e.g., benztropine;
Saint-Cyr, Taylor, & Lang, 1993; Spohn & Strauss,
1989; Sweeney, Keilp, Haas, & Weiden, 1991). These
medications frequently are administered to ameliorate
the neurological side effects of conventional neuroleptic

drugs like haloperidol. In addition, memory decline has
occasionally been associated with clozapine (Carter,
Thrasher, & Thornicroft, 1994). However, most studies
have revealed beneficial effects of clozapine on mem-
ory performance (Grace et al., 1996; Lee, Jayathilake,
& Meltzer, 1999; see also Moritz, 2002, for a review).
In addition, other so-called atypical neuroleptics such
as risperidone and olanzapine have been found to im-
prove some aspects of memory performance (Meltzer
& McGurk, 1999). Because memory deficits in schizo-
phrenia have a strong negative impact on the functional
outcome, such as independence and social relations
(Green, 1996), and have also been found to negatively
affect symptomatic outcome (Moritz et al., 2000;
Moritz, Perro, Woodward, & Krausz, 2002), detection
and treatment of such dysfunctions is important.

The aim of this study is to help clinicians deter-
mine if a patient with schizophrenia has suffered from
drug-induced memory decline or has benfited from a
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neuropsychological or psychopharmacological inter-
vention by providing statistical parameters for determin-
ing meaningful change based on objective memory as-
sessment. Such an inference should not be based solely
on clinical judgment or patients’ self-reports; clinical
judgments can differ from objective neurocognitive re-
sults. Furthermore, patients’ self-reports might be biased
by influences other than core neurocognitive complaints. 

To meet our objective, we used a modification of the
widely used reliable change (RC) methodology initially
proposed by Jacobson and Truax (1991). The RC
methodology has been featured prominently in the psy-
chotherapy literature (e.g., Hageman & Arrindell, 1993;
Hsu, 1989; Jacobson & Revenstorf, 1988; Jacobson,
Roberts, Berns, & McGlinchey, 1999; Jacobson &
Truax, 1991; Ogles, Lambert, & Masters, 1996; Speer,
1992; Speer & Greenbaum, 1995). More recently, this
methodology has been used in clinical neuropsychology
(e.g., Chelune, Naugle, Luders, Sedlak, & Awad, 1993;
Heaton et al., 2001; G. Iverson, 1999; G. I. Iverson
2001; G. L. Iverson, 1998; Temkin, Heaton, Grant, &
Dikmen, 2000) and sports neuropsychology (Barr
& McCrea, 2001; Hinton-Bayre, Geffen, Geffen,
McFarland, & Friis, 1999). This methodology provides
indexes of change that are unlikely to occur as a result of
chance. For this study, the Rey Auditory Verbal Learning
Test (RAVLT) was used, a widely used memory test to
measure learning difficulties (Lezak, 1995). 

Methods

Participants

Forty-nine inpatients treated for schizophrenia at the
University Hospital of Hamburg (Hospital for Psychiatry

and Psychotherapy) were initially recruited. Diagnoses
were confirmed by at least two clinicians following a
semistructured interview. Exclusion criteria were sub-
stantial drug or alcohol abuse and substantial neurologi-
cal impairment (e.g., stroke, concussion, epilepsy), or
any medical condition incompatible with a diagnosis of
schizophrenia, such as Alzheimer’s dementia. Patients
with comorbid diagnoses such as depression or anxiety
were not excluded, because we wanted a representative
sample of patients with schizophrenia. Patients under-
went initial neuropsychological assessment 2 weeks af-
ter being stabilized on atypical neuroleptics following a
short wash-out phase (3–7 days). Patients receiving anti-
parkinsonian medication (n = 1) or clozapine (n = 3)
were excluded. Participants were reassessed after
2 weeks. Memory data on both occasions was available
for 38 patients. A control group composed of 31 healthy
participants was recruited mainly from hospital staff or
members of the German armed forces. Healthy partici-
pants were free of any psychiatric and neurological dis-
turbances. Demographic characteristics of the samples
are provided in Table 1. The control group was used to
(a) demonstrate that patients with schizophrenia typi-
cally perform more poorly on the test of learning and
memory, (b) examine the test–retest reliability of the
German alternate forms of the test, and (c) determine
whether there are practice effects on the alternate forms
of the test.

Measure

Version A of the RAVLT was administered at baseline
and version B 2 weeks later. Both lists were a direct Ger-
man translation (Heubrock, 1992) of the English test
(Lezak, 1995). Participants were instructed that a list of
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Table 1. Demographic Characteristics and Memory Performance of the Samples

Healthy Participantsa Schizophreniab

Variable M SD M SD Statistics

Sex (male/female) 20/11 26/12 χ2 = .12; p > .7
Age 33.03 11.26 32.45 9.98 t (67) = .23; p > .8
Education 11.77 1.45 11.47 1.48 t (67) = .84; p > .3
Premorbid Functioning (MWT-B) 31.06 3.44 28.44 5.77 t (67) = 2.22; p = .029
Hospitalizations — — 3.14 4.63 —
Length of Illness — — 5.75 6.91 —
RAVLT Sum 1–5 (baseline) 59.16 6.09 46.34 12.26 t (67) = 5.65; p < .001
RAVLT Sum 1–5 (retest) 57.84 8.51 45.66 12.06 t (67) = 5.91; p < .001

Note: MWT–B = The Mehrfachwahl-Wortschatztest (Multiple Choice Vocabulary Test) assesses passive knowledge of German words;
RAVLT = Rey Auditory Verbal Learning Test.
an = 31. bn = 38.



words would be read to them that they had to recall
immediately afterwards. The experimenter then read
the words slowly in a monotone voice. The list was pre-
sented five times. Subsequently, a new list was pre-
sented (Interference List), and participants were asked
to recall the words from that list. Participants were then
asked to recall the words from the original list (i.e.,
short-delay free recall) without prior presentation.
After a 20-min delay, participants were asked to recall
the original list again. The total number of correctly
recalled items from the first five trials was the primary
dependent variable. 

Data Analyses

The RC methodology allows the clinician to mini-
mize the impact of measurement error on test interpre-
tation. To assess clinically significant improvement, it
is important that the change score be statistically reli-
able. However, a statistically reliable change does not
necessarily imply a clinically meaningful change. For
example, if a patient with schizophrenia demonstrated
significant memory problems that appeared to be
medication related, and then obtained a memory test
score that showed statistically reliable improvement
after a change in medications (yet the score was still
very low). This might not indicate clinically meaning-
ful improvement if the score remains in the impaired
range and real-world memory problems persist.

The standard error of the difference (Sdiff) can be
used to create a confidence interval (CI; a prediction
interval in the statistical literature) for test–retest dif-
ference score. Essentially, this confidence interval rep-
resents the probable range of measurement error for
the distribution of difference scores. The formula for
calculating the Sdiff is as follows:

SEM1 = SD����1 – r12���

Standard deviation from time 1 multiplied by the
square root of 1 minus the test–retest coefficient.

SEM2 = SD����1 – r12����

Standard deviation from time 2 multiplied by the
square root of 1 minus the test–retest coefficient.

Sdiff = �����SEM 2
1 +����SE���M 2

2����

Square root of the sum of the squared SEMs for each
testing occasion.

Note that the formula for the Sdiff includes the SEM
for time 1 and time 2. The formula, as originally
presented in Jacobson and Truax (1991), was incorrect.
Unfortunately, nearly every study reported in the psy-
chotherapy and neuropsychology literature uses the in-
correct formula, including the most recent studies
(e.g., Barr & McCrea, 2001; Temkin et al., 2000). This
formula should be considered an estimated Sdiff (esti-
mated Sdiff = �����SEM2

1��; Hageman & Arrindell, 1993; G. I.
Iverson, 2001; G. L. Iverson, 1998), not the actual Sdiff.
This formula represents an estimated standard error of
difference because the SEM for time 1 is prorated instead
of using the SEM for time 2. This formula can be
used out of necessity when participants have not under-
gone follow-up testing (e.g., G. I. Iverson, 2001;  G. L.
Iverson, 1998). Under these circumstances, the Sdiff is es-
timated from a single testing session.

The confidence interval for the test–retest difference
score is obtained by multiplying the Sdiff by a value
from the z distribution. Multiplying by a value of 1.64,
for example, results in a change in score in either direc-
tion that would be unlikely to occur by chance ( p < .05
in each tail). Multiplying by a value of 1.28 forms a .80
CI ( p < .10 in each tail).

One of the biggest controversies with the RC
methodology has been how to handle regression to
the mean. Speer (1992) attempted to improve the re-
liable change interval reported by Jacobson, Follette,
and Revenstorf ’s (1984) by correcting for the effects
of regression to the mean. Hsu (1989, 1999) and
Speer (1992) proposed alternate RC formulas to cor-
rect for the effects of regression to the mean. Further
refinements to the methodology are proposed by
Hageman and Arrindell (1993, 1999a, 1999b). The
issue is far from resolved. We chose to use the
method that does not correct for regression, but
does correct for practice (Chelune et al., 1993; G. L.
Iverson & Green, 2001) when practice effects are
present.

Results

As seen in Table 1, the patients and controls did not
differ in age, sex, or education. However, healthy con-
trols displayed significantly higher premorbid func-
tioning as measured by a multiple choice vocabulary
test (Lehrl, 1995). As expected, healthy participants ex-
hibited significantly better memory performance than
patients with schizophrenia. Patients’ psychiatric and
medication status remained stable over time—Brief
Psychiatric Rating Scale total score: 41.0 (13.5), post:
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38.2 (SD = 14.9), t = 1.23, p > .2; medication base-
line: 358.3 mg (202.2), post: 358.3 (224.7), t = .00, 
p > .9.

RAVLT test–retest reliability coefficients for healthy
controls and patients with schizophrenia were as follows:
Trial 1 (healthy: r = .39; schizophrenia: r = .41), Trial 2
(healthy: r = .51; schizophrenia: r = .49), Trial 3 (healthy:
r = .57, schizophrenia: r = .63), Trial 4 (healthy: r = .53,
schizophrenia: r = 73), Trial 5 (healthy: r = .51, schizo-
phrenia: r = .58), Interference Trial (healthy: r = .32;
schizophrenia: r = .34), Trial 6 (healthy: r = .73, schizo-
phrenia: r = .63), Trial 7 (healthy: r = .63; schizophrenia:
r = .41), and Total Score (sum of Trials 1–5; healthy: 
r = .72; schizophrenia: r = .69). In both samples, no prac-
tice effects were evident—healthy participants, baseline:
59.2 (6.1) post: 57.8 (SD = 8.5; t = 1.12, p > .2,); schizo-
phrenia, baseline: 46.3 (12.3) post: 45.7 (SD = 12.1; 
t = 0.44, p > .6. 

Reliable change estimates for the RAVLT total
score were calculated for the schizophrenia sample.
The SEM for time 1 was 6.83 and for time 2 was 6.71.
The Sdiff was 9.58. The 80%CI for measurement error
was 12.26 words, and the 90%CI was 15.70 words. For
the healthy participants, the SEM for time 1 was 3.22
and for time 2 was 4.50. The Sdiff was 5.54. The 80%CI
for measurement error was 7.09 words, and the 90%CI
was 9.08 words. 

The distribution of difference scores for the patients
with schizophrenia was examined to determine if it
conformed reasonably well to the RC calculations. Ap-
plying the 90%CI, based on the theoretical normal dis-
tribution, there should be 5% of participants falling in
each tail. In the actual distribution, 2.6% of partici-
pants fell in each tail. Applying the 12-point cutoff
score, which represents the .80CI, 7.9% of the sample
improved and 13.2% declined.

Discussion

The goal of this study was to provide indexes of reli-
able change for memory performance in patients with
schizophrenia to help clinicians determine if medication-
related memory decline occurred. Baseline scores are
best determined shortly before a patient is first taking a
medication that might impair cognitive functioning
(e.g., anti-parkinsonian agents). Retest scores should be
assessed 2 weeks later. Baseline and retest assessment
of an individual on the same medication, however,
should be avoided, because detrimental effects to
memory may already have occurred before baseline
assessment.

None of the patients in this study received anti-
parkinsonian agents or clozapine. This restriction was
imposed to avoid distorting the range of probable change
by including at-risk patients. Furthermore, our sample
was medicated on both time points to provide scores that
are unconfounded by changes in psychiatric status or
medications. However, we suggest replication of our re-
sults with samples that are assessed while on wash-out to
determine if results remain the same.

We used the sum of correctly recalled words from
Trials 1 to 5 of the RAVLT as a learning and memory
parameter, because composite scores are, in most
cases, more reliable than single scores. In keeping
with this principle, the test–retest reliability of the
composite score in the sample of patients with schizo-
phrenia (r = .69) and in the healthy controls (r = .72)
was higher than most scores from single trials. Prac-
tice effects were absent in both the healthy controls
and in the patients with schizophrenia. This is attrib-
uted to the fact that we used alternate forms of the
RAVLT (versions A and B). Therefore, carryover ef-
fects resulting from identical material did not occur. In
line with previous research (Aleman, Hijman, de
Haan, & Kahn, 1999; Moritz, Heeren, Andresen, &
Krausz, 2001), patients performed significantly worse
than healthy controls on both occasions. 

When using alternate forms of the RAVLT with pa-
tients with schizophrenia, a clinician can be 80% con-
fident that an improvement or decline of 12 words in
the total score is not the result of measurement error,
and 90% confident that a change of 16 or more points
in the total score is not the result of measurement error
(for healthy participants, the corresponding values are
7 and 9). It is important to stress that the RC difference
scores are meant to supplement, not replace, clinical
judgment. It is clearly possible for patients to experi-
ence real decline or improvement even if their scores
do not exceed the .80CI for measurement error. The
clinician simply should have less confidence in clinical
inferences based on changes that fall within the proba-
ble range of measurement error, and seek more ancil-
lary evidence to support his or her opinion.
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