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Semantic priming in multiple sclerosis
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Previous studies have demonstrated that some patients with multiple sclerosis (MS) exhibit
a broad spectrum of deficits in access to lexical and semantic information, including impairments
on verbal fluency tasks and naming objects portrayed in line drawings. In an effort to character-
ize the naming disturbance in MS, a semantic priming task, previously shown to be sensitive
to deficits in patients with Alzheimer’s disease or Huntington’s disease, was employed. Regard-
less of their performance on tests of global mental status or naming, the MS patients showed
normal performance on the semantic priming task. Since a previous study had shown normal
performance by MS patients on a test of lexical priming, the difficulties these patients experience
gaining access to lexical knowledge appear to reflect retrieval failures rather than a breakdown

in the structure of lexical memory.

It is widely recognized that deficits in memory and
problem solving are frequently observed in patients with
multiple sclerosis (MS), but most researchers have believed
that language remains intact in this disease (Rao, 1986).
However, recent studies (Beatty, Goodkin, Monson, &
Beatty, 1989; Beatty, Goodkin, Monson, Beatty, &
Hertsgaard, 1988; Caine, Bamford, Schiffer, Shoulson, &
Levy, 1986) demonstrating marked impairments on ver-
bal fluency tasks and deficits in naming objects portrayed
in line drawings in some patients challenge this view.
Although MS patients’ difficulties on verbal fluency tasks
might be attributed to their inability to process informa-
tion quickly—a common cognitive symptom of their dis-
ease (Beatty, Goodkin, Monson, & Beatty, 1989; Beatty
et al., 1988; Litvan, Grafman, Vendrell, & Martinez,
1988; Rao, St. Aubin-Faubert, & Leo, 1989)—it is not
clear that dysnomia in MS can be accounted for in this way,
since adequate time (usually 20 sec) is generally allowed
for responding on tests of confrontation naming.

Using the Boston Naming Test (BNT; Kaplan, Good-
glass, & Weintraub, 1983), we have found that more than
40% of patients with chronic progressive MS, and nearly
20% of patients with relapsing remitting MS, exhibit dys-
nomia, which is only partially alleviated by cuing. In sub-
sequent studies, we have found that MS patients with dys-
nomia (as defined by performance on the BNT) exhibit
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a broad spectrum of deficits in access to lexical and seman-
tic information. These deficits include reduced accuracy
and increased latency to name familiar target words
regardless of whether the targets were elicited by semantic,
visual, or rhyming cues (Beatty & Monson, 1989); low
Wechsler Adult Intelligence Scale-Revised vocabulary
scores (Beatty & Monson, 1989); and inefficient searches
of their semantic memories on a version of the super-
market fluency test (Beatty, Monson, & Goodkin, 1989).

Although these findings demonstrate the generality of
the naming-impaired patients’ difficulties in accessing lex-
ical knowledge, the reasons for their impairment remain
unclear. All of the tests described above require an ac-
tive and systematic search of semantic memory, and, in
addition, fluency tests are highly effortful and place a
premium on rapid responding. Hence, these task features,
rather than a more general breakdown in the structure of
semantic memory, might be responsible for the patients’
poor performance.

Priming paradigms allow patients to display semantic
knowledge relatively ‘‘automatically’’ by minimizing the
requirements for active processing. Stem-completion
priming requires production of words on the basis of or-
thographic or other lexical cues, whereas semantic prim-
ing demands production of words that are related in mean-
ing. Previous studies of alcoholic Korsakoff patients have
revealed normal performance on both lexical and seman-
tic priming tests (Salmon, Shimamura, Butters, & Smith,
1988; Schacter, 1985; Shimamura, Salmon, Squire, &
Butters, 1987), while mildly and moderately demented
patients with Alzheimer’s disease (AD) show little or no
evidence of either lexical or semantic priming (Salmon
et al., 1988; Shimamura et al., 1987). Patients with
Huntington’s disease (HD) perform normally on lexical
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priming tests (Salmon et al., 1988; Shimamura et al.,
1987), but show diminished sensitivity to the influence
of association strength on a semantic priming task (Smith,
Butters, White, Lyon, & Granholm, 1988). This latter
effect was particularly evident among moderately (as op-
posed to mildly) demented HD patients who also evi-
denced dysnomia on the BNT. Smith et al. interpreted the
reduced impact of association strength on semantic prim-
ing by HD patients as evidence for disruption in the sys-
tem of spreading activation in a lexical-semantic network.

Since there are many similarities in the overall neuro-
psychological profiles of MS and HD patients (Caine
et al., 1986; Cummings & Benson, 1984; Rao, 1986),
it might be expected that their performance on priming
tests would also be similar. Consistent with this predic-
tion, we observed normal lexical priming by MS patients
regardless of whether they were normal or impaired in
naming (Beatty, Goodkin, Monson, & Beatty, in press).
In the present study, we examined semantic priming by
MS patients with normal or low naming ability.

METHOD

Subjects

Sixty-four subjects participated in the study: 42 patients (15 male,
27 female) who met criteria for clinically definite MS (Poser et al., 1983)
and 22 neurologically intact normal controls (8 males, 14 female). On
the basis of their regular neurological examination closest in time to
the present tests, 18 patients carried the diagnosis of chronic progres-
sive MS and 9 patients carried the diagnosis of relapsing remitting MS.
Operational definitions of these disease types are reported elsewhere
(Beatty, Goodkin, Monson, & Beatty, 1989). Fifteen patients had shown
no significant change in neurological status during the 2 years preced-
ing this study, and were considered to have a stable disease course. Pa-
tients and controls with histories of alcohol or drug abuse, learning dis-
abilities, major psychiatric illness, recent or complicated heart attacks,
metabolic diseases, uncontrolled hypertension, or neurological diseases
(other than MS for the patients) were excluded.

Level of disability (for the patients only) was assessed at the time of
neuropsychological testing using the ambulation index (AI; Hauser et al.,
1983). In a study of 85 MS patients, we (Beatty, Goodkin, Hertsgaard,
& Monson, 1990) found that scores on the Al and the expanded dis-
ability status scale (Kurtzke, 1983) were very highly correlated (r = .96).

Materials and Procedure

As a measure of overall cognitive function, we administered the screen-
ing examination for cognitive impairment in multiple sclerosis (SECIMS).
The SECIMS was developed because the Mini-Mental State Exam
(MMSE; Folstein, Folstein, & McHugh, 1975), which we have used
in previous studies, has proved insensitive to cognitive impairment in
MS patients (Beatty & Goodkin, 1990). The SECIMS is identical to
the MMSE, except that the number of words to be recalled immedi-
ately and after delay is increased to seven and the two naming items
(pencil, watch) are replaced by a 15-item version of the BNT, which
is known to be highly correlated with the 60-item version of the test
and is equally sensitive for detecting dysnomia in AD patients (Mack,
Henderson, & Freed, 1988).

Maximum score on the SECIMS is 51. A sample of 52 normal con-
trols, who were closely matched in age (M = 42.9 years) and educa-
tion (M = 14.2 years) to the MS patients served by our clinic, aver-
aged 48.3 £1.6 on the SECIMS and 14.2+1.0 on the 15 naming items.
If the fifth percentile is used to define impairment, then the cutoff scores
for impairment are below 46 for the entire SECIMS and below 13 for
the naming items. These operational definitions were employed in the
present study.

On the letter-fluency (FAS) test, the subjects were asked to name as
many different words as possible that began with the letters F, A, and
S. Sixty seconds were allowed for each letter, and proper names were
not permitted.

The stimulus materials for the semantic priming task were identical
to those used by Salmon et al. (1988) and Smith et al. (1988) and are
described in detail in their reports. In brief, 48 stimulus words were
paired with two response words: one a strong associate (rank order 1-3),
the other a moderate associate (rank order 8-11). Half of the resulting
96 associates were *‘functional pairs’’ (e.g., NEEDLE-THREAD) and half
were *‘categorical pairs’’ (e.g., BIRD-ROBIN). Six additional word pairs
with no apparent semantic relationship (i.e., ‘‘unrelated pairs’’) were
used to control for the possibility that the subjects might respond to stimu-
lus words during the free-association phase simply because the words
had been paired together, not because an existing semantic association
had been primed. Word pairs were printed individually on 10.2X15.4 cm
cards for presentation to the subjects during the rating phase of the test.
Stimulus words were printed individually on similar cards for presen-
tation during the free-association phase of the task.

The test was administered in three identical blocks; each block was
composed of a rating task and a free-association task. On the rating task,
the subjects were shown cards containing pairs of words, which they
rated on a 5-point scale (1 = not at all related, 5 = very closely related).
The scale was printed on a 10.2 X 15.4 c¢m card, which remained in the
subject’s view at all times. Each block comprised four strong associ-
ates, four moderate associates, two unrelated word pairs, and two fillers.
Filler pairs were presented first and last in the series of 12 word pairs.

Immediately after completing the ratings for each block, the free-
association task was presented. The subjects were shown cards on which
either the first word of a pair seen in the rating task or a distractor word
(one that the subject had not seen during the rating task) was printed.
They were asked to say “‘the first word that comes to mind’’ in response
to each stimulus word, and the examiner never mentioned that the free-
association task was related to the previous rating task. In each block,
10 stimulus words and 8 distractors were presented in a random order.
Inclusion of the distractors provided a baseline that allowed an esti-
mation of the probability of a correct response due solely to chance.
The use of word pairs as targets or distractors was counterbalanced be-
tween subjects.

The subjects responded orally and the examiner recorded their
responses. The same procedures were followed for the second and
third blocks.

A preliminary analysis indicated that there were no significant differ-
ences between categorical and functional pairs; therefore, the data were
collapsed across this variable.

RESULTS

Table 1 summarizes the demographic, clinical, and psy-
chometric data for the MS patients and the normal con-
trols. A preliminary analysis showed that the MS patients
with low naming ability also attained lower overall scores
on the SECIMS than the patients of normal naming abil-
ity. Hence, any differences among groups on the seman-
tic priming task might be due to differences in overall cog-
nitive function. To evaluate this possibility, a third group
of patients (the low-SECIMS group) was formed. These
patients scored below 46 on the SECIMS, but their nam-
ing scores were within the normal range (BNT: 13-15).

The resulting four groups (i.e., normal controls and the
three patient subgroups) did not differ significantly in
terms of age (F < 1) or education [F(3,61) = 2.27,
p > .05]. Patient groups with low SECIMS scores tended
to be somewhat more physically disabled than the patients
with normal SECIMS scores, but these differences were



PRIMING IN MS 399

Table 1
Demographic, Clinical, and Psychometric Characteristics
of Multiple Sclerosis (MS) Patients and Control Subjects

Subjects

MS-Normal MS-Low MS-Low

BNT and SECIMS SECIMS
Controls SECIMS and BNT Normal BNT

(n =22 (n = 25) n="7 (n = 10)
M SD M SD M SD M SD
Age (years) 49.0 16.7 46.3 13.2 51.3 9.8 433 7.2
Education (years) 14.3 2.0 14.5 2.3 12.1 2.2 13.7 22
Ambulation Index 3.6 2.7 5.7 32 4.7 3.7

Disease Type
CP/RR/S 7/6/12 6/0/1 5/3/2

SECIMS 48.7 1.4 48.1 1.5 40.6 1.6 42.2 2.7
BNT 14.5 0.8 14.7 0.5 11.3 0.5 13.6 0.7
FAS 449 11.8 35.8 11.3 22.4 7.0 23.4 9.7

Note—BNT = Boston Naming Test, SECIMS = screening examination for cognitive impairment
in multiple sclerosis, CP/RR/S = chronic progressive/relapsing remitting/stable, SECIMS = screen-
ing examination for cognitive impairment in multiple sclerosis, FAS = letter-fluency test.

not significant (F = 1.58). Likewise, there was no sig-
nificant difference among groups in the proportion of pa-
tients of different diagnostic types [x%(4) = 8.10,
p > .05]. All of the MS patient groups produced fewer
correct words on the FAS test than did the controls
(ps < .01). Patients who performed normally on the
BNT and the SECIMS produced more correct words on
the FAS test than did the patients in the other two groups
(ps < .01).

Despite differences in naming ability and overall level
of cognitive functioning, all of the MS patient groups per-
formed normally on the semantic priming task (see Ta-
ble 2). Statistical analysis of the overall priming score re-
vealed no difference among groups (F < 1). The same
pattern of highly similar performance by all groups was
evident when net priming scores (the difference between
the primed and baseline conditions) were considered
separately for strongly and moderately associated pairs
(Fs < 1). The percentage of hits for previously presented

but unrelated pairs was low for all groups (F < 1),
which indicates that nearly all of the subjects treated the
task as one of free association rather than as a test of ex-
plicit recall.

DISCUSSION

Like patients with HD (Salmon et al., 1988), the MS patients tested
in the present study exhibited normal overall levels of semantic priming.
Whereas the impact of associative strength on priming is less for HD
patients than for controls (Smith et al., 1988), no such trend was evident
among the MS patients we studied, even in the patient groups with low
BNT scores or impaired mental status without naming deficits. In other
work with MS patients, we have observed normal performance on tests
of lexical priming (Beatty, Goodkin, Monson, & Beatty, in press) and
on release from proactive interference after a categorical shift in the
to-be-remembered stimuli (Beatty, Goodkin, Beatty, & Monson, 1989).

Taken together, these observations indicate that the structure of seman-
tic memory remains intact in MS. This suggests that the mild impair-
ments in confrontational naming, as well as the more severe impairments
on verbal fluency tests exhibited by many MS patients, are examples
of a general difficulty in retrieval of established verbal knowledge (Beatty

Table 2
Percentage of Primed Target Hits for Multiple Sclerosis (MS) Patients and Control Subjects
Subjects

MS-Normal MS-Low MS-Low

BNT and SECIMS SECIMS
Controls SECIMS and BNT Normal BNT
M SD M SD M SD M SD

Strong Associates
Primed 46.6 249 583 197 524 165 433 200
Baseline 246 119 253 145 286 106 158 149
Net 220 273 330 224 238 140 275 222
Moderate Associates

Primed 18.6 18.4 19.3 21.1 11.9 11.6 11.7 9.8
Baseline 0.4 1.8 1.3 3.1 3.6 4.5 0.8 2.6
Net 182 188 180 216 83 127 108 8.8
Overall Priming Score  20.1 20.1 255 19.0 16.1 12.1 19.2 13.6
Unrelated Pairs 83 143 4.7 9.0 24 6.3 33 7.0

Note—BNT = Boston Naming Test, SECIMS = screening examination for cognitive impairment

in multiple sclerosis.
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& Monson, 1989; Beatty, Monson, & Goodkin, 1989). Because MS
patients process information slowly (Beatty et al., 1988; Litvan et al.,
1988; Rao et al., 1989), this postulated retrieval deficit is more easily
demonstrated if the task places a premium on rapid responding.
The possible clinical significance of the low scores on the BNT at-
tained by some patients has yet to be addressed. Although their BNT
and fluency scores are often as low as those of mildly or moderately
demented AD patients, MS patients do not typically exhibit the word-
finding difficulties and circumlocutions that are often evident in the every-
day speech of AD patients. Our research on lexical and semantic prim-
ing in MS supports the conclusions from clinical observations—namely,
that the nature of the dysnomias in MS and AD is quite different. How-
ever, a subtle disturbance in word finding by MS patients with low BNT
scores, as might be evident if they were asked to describe a complex
but well-known activity (e.g., wrapping a package), cannot be ruled out.
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