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Awareness of executive functioning deficits in multiple
sclerosis: Self versus informant ratings of impairment

Megan M. Smith and Peter A. Arnett

The Pennsylvania State University, University Park, PA, USA

This study investigates the accuracy of self and informant ratings of executive dysfunction in a multiple sclerosis
(MS) and control sample. Participants completed a neuropsychological battery. Participants and informants com-
pleted depression measures and the Dysexecutive Questionnaire (DEX). MS participants rated themselves more
impaired than controls, while informants’ ratings were not statistically different. MS participants’ performance on
executive tasks was more highly correlated with self than informant DEX ratings. Discrepancies between inform-
ant DEX ratings and executive performance were related to executive functioning for the MS participants only.
Overall, results indicate that MS patients were able to accurately rate their executive functioning.

Keywords: Multiple sclerosis; Awareness; Cognition; Caregivers; Questionnaire; Neuropsychology.

INTRODUCTION

The accuracy with which neurological patients can rate
their cognitive functioning is an important issue for
assessment and rehabilitation. However, many cogni-
tively impaired patients also demonstrate impaired
awareness of their deficits. Because of this tendency
towards inaccurate self rating, many clinicians and
researchers use informant ratings or take the discrepancy
between self and informant ratings of cognitive dysfunc-
tion as an indication of the patient’s level of awareness
(Fleming, Strong, & Ashton, 1996). This reliance on
informants is based on the assumption that they are
more objective and accurate raters of cognitive dysfunc-
tion than patients themselves. However, as Fleming et al.
(1996) note, significant others of patients with brain
injury or disease “themselves may demonstrate varying
levels of denial and decreased awareness” (p. 4).

In the multiple sclerosis (MS) literature, research into
self-awareness of cognitive deficits has been inconclu-
sive, with a number of studies suggesting that people
with MS are generally accurate in their report of their

cognitive functioning (Basso et al., 2008; Benedict et al.,
2004; Chiaravalloti & DeLuca, 2003; Kujala, Portin, &
Ruutiainen, 1996; Matotek, Saling, Gates, & Sedal,
2001; Randolph, Arnett, & Higginson, 2001), and others
disputing this (Beatty & Monson, 1991; Christodoulou
et al., 2005; Gold et al., 2001; Hoogervorst et al., 2001;
Maor, Olmer, & Mozes, 2001; Marrie, Chelune, Miller, &
Cohen, 2005; Middleton, Denney, Lynch, & Parmenter,
2006). Researchers have tended to use measures that
assess awareness of overall cognitive functioning. How-
ever, Allen and Ruff (1990) found that brain-injured
patients’ accuracy in rating their abilities varied by cogni-
tive domain, suggesting that examining awareness of over-
all cognitive functioning may mask this variability. For
this reason, the present study examines a single cognitive
domain—executive functioning, which is often impaired
in MS and is related to self-awareness (Bivona et al.,
2008). Because executive functioning involves complex
behavior, planning, and self-awareness, impairment in
these areas may significantly affect quality of life.

It is not clear from the existing literature in MS (Carone,
Benedict, Munschauer, Fishman, & Weinstock-Guttman,
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2005; Randolph et al., 2001; Taylor, 1990) whether signi-
ficant others of MS patients are more accurate in rating
patients’ cognitive impairment than are patients them-
selves. Using informant ratings or their discrepancy
from patient ratings, as is common practice, would be
misleading if patients are accurate in rating their own
level of cognitive dysfunction. Additionally, if inform-
ants are generally unaware of patients’ cognitive impair-
ments, they may have unrealistic expectations of their
daily functioning.

In addition to actual cognitive functioning, other fac-
tors may influence patients’ and informants’ ability to
make an accurate evaluation. Depression has been found
to affect the reporting of general cognitive (Benedict
et al., 2004; Carone et al., 2005; Maor et al., 2001; Matotek
et al., 2001; Middleton et al., 2006) and memory impair-
ment (Bruce & Arnett, 2004; Randolph, Arnett, &
Freske, 2003) in that depressed patients overreport their
cognitive dysfunction. Therefore, it is hypothesized that
those patients who overestimate the extent of their cog-
nitive difficulties will score higher on measures of depres-
sion. Other variables that may affect patient and informant
ratings of executive dysfunction include age, sex, level of
education, symptom duration, and diagnosis duration
(Marrie et al., 2005).

Chiaravalloti and DeLuca (2003) examined self- and
informant-rated frontal systems functioning and their
correlation to actual test performance in a sample of 26
MS patients and 15 healthy controls using the Frontal
Systems Behavior Scale (FrSBe), a questionnaire that
assesses apathy, executive dysfunction, and disinhibition
(Grace & Malloy, 2001). They found that patient and
family ratings on the FrSBe significantly correlated with
performance on measures of information processing,
working memory, and executive functioning. It is nota-
ble, however, that the MS participants in this study
scored significantly worse than controls on only 1 of the
13 index scores of the cognitive tests administered. In an
investigation of the relationship between FrSBe ratings
and cognitive and functional impairment, Basso et al.
(2008) found that self ratings on the FrSBe were signifi-
cantly correlated with performance on executive mea-
sures in a sample of 42 MS patients and 13 healthy
controls.

The present study examines the accuracy of self and
informant ratings of executive dysfunction in MS. Given
that executive functioning is critical to awareness, it is
hypothesized that the patients who underreport their
cognitive impairment will demonstrate more significant
executive dysfunction. It is worth considering whether it
is reasonable to expect patients or informants to be able
to accurately assess their own or another person’s level
of cognitive functioning. This study also investigates the
relationship between self and informant ratings of exec-
utive dysfunction relative to objective cognitive mea-
sures in neurologically healthy people. The present study
expands on previous work (Basso et al., 2008; Chiaraval-
loti & DeLuca, 2003) by using a significantly larger and
more cognitively impaired (Chiaravalloti & DeLuca)
sample of MS patients, a well-matched and larger control
group, and by examining discrepancies (both under- and

overestimating problems) between self ratings and objec-
tive cognitive performance and between informant rat-
ings and objective cognitive performance.

METHOD
Participants

The MS participants were recruited from a local MS
society, while control participants were referred by MS
participants or were recruited through flyers posted in
the community. Exclusion criteria included a history of
substance abuse, neurological disorder other than MS,
uncontrolled hypertension or diabetes, attention deficit/
hyperactivity disorder, learning disability, or inability to
be evaluated at the testing center due to severe physical,
sensory, motor, or neurological impairment. All partici-
pants provided informed consent (reviewed and
approved by the Institutional Review Board) and were
treated in accordance with the ethical standards of the
American Psychological Association. Participants were
reimbursed $75 for their time and received a written cog-
nitive screening evaluation and verbal feedback. Multiple
sclerosis diagnoses were confirmed by a board-certified
neurologist who also assessed disease course based on
Lublin and Reingold’s (1996) criteria. All but 2 patients
met McDonald et al. (2001) criteria for MS, with these 2
patients having possible MS—these participants were
excluded from the data analysis. No MS participants
were experiencing an exacerbation at the time of testing.
The MS participants (n = 95) consisted of 17 men (18%)
and 78 women (82%). Most participants had a relapsing—
remitting course of MS (73, 77%)), followed by secondary
progressive (17, 18%), primary progressive (4, 4%), and
progressive relapsing (1, 1%). The control participants
(n = 27) included 5 men (18.5%) and 22 women (81.5%).
All MS participants were Caucasian, as were the major-
ity of the controls (26, 96.3%). The informants in the
study for both participants with MS and healthy con-
trols were selected by the participants as someone who
knew them well. The majority were spouses (65.5%),
while others were friends (10.3%), adult children (8.6%),
siblings (6.0%), parents (6.0%), or unmarried partners
(3.4%). The nature of the relationship to the participant
was not indicated by 8 of the informants.

Executive measures

The neuropsychological tests comprising the executive
index (described in a later section) were the Visual Elevator,
Controlled Oral Word Association Task (COWAT),
Animal Naming, Stroop, Shipley Abstraction scale, and
a reading span task. The Visual Elevator (VE) is a
subtest of the Test of Everyday Attention (Robertson,
Ward, Ridgeway, & Nimmo-Smith, 1994) that measures
set switching and speeded attention. Participants are pre-
sented with a series of pictures of elevators and direc-
tional arrows and must state what “floor” they are on as
quickly as possible. The raw score for this test is the number
of correct “switches” (changes in elevator direction) made
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per second. The COWAT and Animal Naming are
widely used measures of phonemic and category-specific
verbal fluency, respectively; both are sensitive to execut-
ive-functioning deficits (Lezak, Howieson, & Loring,
2004). The Trenerry version of the Stroop Color—Word
test (Trenerry, Crosson, DeBoe, & Leber, 1989) requires
consistent inhibition of an overlearned response (Lezak
et al., 2004; Malloy, Cohen, & Jenkins, 1998). The Shipley
Institute of Living Scale Abstraction subscale provides a
measure of conceptual reasoning, a component of exec-
utive functioning (Lezak et al., 2004; Zachary, 1986).
The reading span task (RS) used in this study is a com-
puter-administered test similar to the task developed by
Daneman and Carpenter (1980; Daneman & Merikle,
1996). Participants read aloud from a display of sen-
tences followed by target words (e.g. “The brilliant trial
attorney dazzled the jury with his mature knowledge of
the case. like”) and are asked to remember the target
words. As the task progresses, examinees are presented
with up to five sentences before they are asked to report
the target word, and demands on working memory
increase. The total number of target words recalled dur-
ing the task was the dependent variable for this study.

The Dysexecutive Questionnaire (DEX) is a 20-item
self-report measure of executive dysfunction that targets
emotional functioning, motivation, behavior, and cogni-
tive functioning (Wilson, Alderman, Burgess, Emslie, &
Evans, 1996). Possible scores range from 0 to 60. The
DEX is available in self-rated and informant-rated ver-
sions. It has been used extensively in research examining
awareness of executive functioning deficits in neurologi-
cal populations, such as traumatic brain injury (Alderman,
Dawson, Rutterford, & Reynolds, 2001; Bennett, Ong, &
Ponsford, 2005; Odhuba, van den Broek, & Johns, 2005),
alcoholism (Heffernan, Ling, & Bartholomew, 2004), and
schizophrenia (Evans, Chua, McKenna, & Wilson,
1997). The informant-rated version of the DEX has been
shown to correlate highly with neurologic patients’ total
score on the Behavioral Assessment Of Dysexecutive
Syndrome (BADS; Wilson, Evans, Emslie, Alderman, &
Burgess, 1998), suggesting that the DEX is sensitive to
executive dysfunction. In controls, Chan (2001) reported
a trend for participants to rate themselves as experienc-
ing more pathological behavior than their significant
others rated them as experiencing.

Disability and depression measures

The Kurtzke Extended Disability Status Scale (EDSS;
Kurtzke, 1983), a widely used measure of disease severity
in MS, is a rating scale derived from a standard neurolog-
ical examination. The EDSS provides a rating of disability
due to MS, ranging from no disability (0) to death due to
MS (10) in half-point increments. For this study, the
EDSS was converted into a self-rated questionnaire in
consultation with a board-certified neurologist, described
in our prior work (Arnett, Higginson, & Randolph, 2001).

The Beck Depression Inventory-II (BDI-II) is a fre-
quently used, 21-item, self-rated depression measure
(Beck, Steer, & Brown, 1996). The Chicago Multiscale

Depression Inventory (CMDI) is a self-rated depression
inventory that was developed for use in medical patient
populations (Nyenhuis et al., 1998). The scale’s 42 items
can be categorized into mood, evaluative, and vegetative
subscales or combined to create an overall score. The
mood and evaluative scales can be used to estimate
depression in medical patients whose depression scores
might otherwise be inflated by their somatic symptoms.
Participants completed a self-rated version, and inform-
ants completed an informant-rated version of the
CMDI. The combined mood and evaluative scales were
used.

Procedure

Participants and informants were sent the EDSS
(patients only), DEX, and CMDI (informants only) by
mail approximately one week prior to the testing day
and brought the completed questionnaires to the testing
session. Prior to any test administration on the day of
testing, participants completed a brief psychosocial
interview. Following this interview, participants com-
pleted the BDI-II, the CMDI, and all cognitive mea-
sures. The tests were administered as a part of a larger
testing battery in four different, alternating orders to
control for fatigue and administration order effects on
test performance.

Data analytic strategy

The cognitive test data were initially examined for out-
liers utilizing a 3-standard-deviation cutoff (Ratcliff,
1993). All outliers were eliminated, resulting in the loss
of four scores from the analyses. The DEX and all cogni-
tive test raw scores were converted into z scores utilizing
control data means and standard deviations. One-way,
between-subjects analysis of variance (ANOVA) tests,
multivariate analysis of variance (MANOVA), and ¢
tests were used to evaluate group differences for the
DEX ratings, cognitive performance variables, and
most demographic and illness variables. Tukey’s Hon-
estly Significant Difference (HSD) test was performed
post hoc. In cases where Levene’s Test of Equality of
Error Variances was significant, the Browne—Forsythe
statistic, a robust test of equality of means, was used in
addition to ANOVA. In cases where initial ANOVAs
revealed group differences on a particular variable, this
variable was subsequently controlled for in the statist-
ical analyses. Paired-samples ¢ tests were conducted to
examine differences between self- and informant-rated
DEX scores within each group. Chi square tests for
independence were used to examine differences between
groups on categorical variables. Pearson correlations
were also used to determine the nature of the relation-
ship between self-rated and informant-rated versions
of the DEX and to examine the relationship between
the DEX ratings and the executive index. Executive
index (VE, COWAT, Animal Naming, Stroop, Shipley
Abstraction Scale, and RS) scores were formed by
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obtaining the average z score across the measures
(internal consistency = .80).1

RESULTS

Demographic, mood, and neuropsychological
characteristics of the groups

The MS and control groups were not significantly different
in age, years of education, or sex (see Table 1). The groups
were also not significantly different on self- and informant-
rated CMDI scores, though they were significantly differ-
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TABLE 2
Neuropsychological data
Controls
MS (n=95) (n=27)
Neuropsychological
test M (SD) M (SD)
VE 4.36 (1.44) 3.65 (0.71)
COWAT 38.77 (12.01) 44.23 (11.70)
Animal Naming 20.12 (5.05) 22.27 4.19)
Stroop 0.89 0.21) 1.02 (0.23)
Shipley Abstraction 27.60 (7.35) 28.23 (7.43)
Reading span 34.37 (5.97) 38.65 (5.71)

ent based on the BDI-II. As expected, one-way ANOVA
revealed that the MS group performed significantly worse
than controls on the executive index (VE, COWAT, Ani-
mal Naming, Stroop, Shipley Abstraction Scale, and RS);
F(1,120) = 10.45, p < .005, nzp =.080 (see Table 2).

Group differences on the DEX

Cronbach’s o revealed adequate interitem reliability for
both the self-rated (o = .86) and the informant-rated (o =
.90) DEX.2 The MS patients (range 0-46) rated them-
selves significantly higher on the DEX (more executive

TABLE 1
Demographic and mood data
Controls
MS (n=295) (n=27)

M (SD) M  (SD)

Age (years) 4736  (9.04) 45.63 (12.46)
Education (years) 14.31 (2.02) 15.07 (2.13)
EDSS 4.56 (1.54) —

Symptom duration (years)  14.87  (8.71) —
Diagnosis duration (years)  10.87  (7.87) —

Self-rated CMDI-ME 41.97 (15.59) 36.93 (10.80)
Informant-rated CMDI-ME 47.52 (17.67) 42.31 (14.00)
BDI-IT#** 11.68  (7.18) 7.11  (6.68)

n(”o) n(”())
Sex (n, % women) 78 (82) 22 (81)

Note. MS = multiple sclerosis. CMDI-ME = Chicago Multi-
scale Depression Inventory-Mood and Evaluative Scales.
BDI-II = Beck Depression Inventory-II. EDSS = Kurtzke
Extended Disability Status Scale. ***p < .005.

IThere were 16 missing cases for the Stroop test and 2 missing
cases for the RS. The large number of missing cases for the
Stroop was due to the fact that this test was added to the battery
after the study initially began. There were no other missing
cases for any of the cognitive tests, and no participants were
missing more than 2 test index scores. For participants who
were missing test data, their index scores reflect the average of
the available tests.

2No self-rated DEX scores were missing from the data; how-
ever, three informant-rated DEX scores (2 in the MS group and
1 in the control group) were missing.

Note. MS = multiple sclerosis. VE = Visual Elevator time (seconds)
per correct switch. COWAT = Controlled Oral Word Association
Task total correct. Stroop = Stroop Color—Word correct items
per second.

TABLE 3
Group DEX means

DEX N M (SD) F 7,
Self-rated 4.08* .033

MS 95 0.59 (1.42)

Controls 27 0.00 (1.00)
Informant-rated 1.16 .010

MS 93 0.26 (1.12)

Controls 26 0.00 (1.00)

Note. DEX = Dysexecutive Questionnaire. MS = multiple
sclerosis. Means: z scores. *p < .05.

dysfunction) than did the control participants (range 0-29,
see Table 3). However, informant-rated DEX scores for
the MS patients (range 0-52) and controls (range 0-43)
were not significantly different.

Within the MS group, self-rated DEX scores were sig-
nificantly higher than informant-rated DEX scores, #(92)
= 2.136, p < .05. However, within the control group, self-
rated and informant-rated DEX scores were not signifi-
cantly different. Self-rated and informant-rated DEX
scores were significantly correlated with moderate effects
for both the MS (r = .38, p < .001) and the control
groups (r = .41, p < .05).

Primary data analysis

In order to assess whether MS patients are accurate in
rating their executive dysfunction, correlations were
completed for the self-rated DEX scores and executive
index scores. These tests were significant and had a
medium effect size (r = —.41, p < .001); the correlation
was nonsignificant for the controls (r = —.21). In order to
examine what factors might contribute to discrepancies
between DEX self-ratings and objective performance,
discrepancy scores (difference between the self-rated
DEX and the executive index) were calculated for all
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participants. As in Cavallo, Kay, and Ezrachi (1992),
cutoffs were established to divide the participants into
three groups. Cutoffs were based on quartiles obtained
from the control sample to divide each population into
accurate raters (25th—75th percentile of discrepancy
scores; self ratings on the DEX and objective testing
mostly agree), problem overestimators (< 25th percen-
tile; self ratings on the DEX indicate more problems
than objective testing), and problem underestimators
(= 75th percentile; self ratings on the DEX indicate fewer
problems than objective testing). ANOVA was used to
determine whether the discrepancy scores indicate valid
differences between the accuracy groups on objective
cognitive tests. This method allows for the independent
examination of participants who overestimate their
problems and those that underestimate them.

In the MS group, there were 26 problem overestima-
tors, 46 accurate raters, and 23 problem underestima-
tors. Levene’s Test was significant for age, F(2, 92) =
4.00, p < .05, symptom duration, F(2, 92) = 3.43, p < .05,
and diagnosis duration, F(2, 92) = 4.00, p < .05, so the
Browne-Forsythe statistic was used in addition to
ANOVA for these variables. There were no significant
differences for sex, age, symptom duration, or diagnosis
duration between the three accuracy groups. However,
the three groups were significantly different on years of
education, F(2, 92) = 5.66, p < .005, nzp = .11. Tukey’s
HSD revealed significant differences between the accu-
rate group (M = 14.98, SD = 2.12) and the problem
overestimator group (M = 13.50, SD = 1.84, p < .01).
Analysis of covariance (ANCOVA) with years of educa-
tion as the covariate comparing the accuracy groups on
the executive index was nonsignificant. Though it was
predicted that the problem overestimators would dem-
onstrate significantly higher levels of depression than the
accurate raters and the problem underestimators,
ANOVA did not reveal a significant difference between
the three groups. Results for the control group were sim-
ilar to those found for the MS group and can be seen in
Table 4.

In order to assess whether the informants were accu-
rate in rating the MS participants’ executive dysfunction,
correlations were completed for the informant-rated
DEX scores and executive index scores. Informant-rated

DEX z scores for the MS patients and the executive
index scores were significantly correlated, though a small
effect size was observed (r = —.21, p < .05). However, as
was true for the controls’ self ratings, the correlation
between informant-rated DEX z scores and the executive
index scores was nonsignificant (r = —.05). To examine
how participants with discrepancies between informant
ratings and their actual performance differed from par-
ticipants whose informants’ ratings were accurate, dis-
crepancy scores (difference between the informant-rated
DEX and the executive index) were calculated for all
participants, and the participants were categorized based
on the accuracy of their significant others’ ratings, fol-
lowing the same procedure as that described for the self-
rated accuracy groups. Using the cutoffs described previ-
ously, there were 14 informant problem overestimators,
54 accurate informants, and 25 informant problem
underestimators in the MS groups. The three accuracy
groups were not significantly different on any demo-
graphic or illness variables. However, they were signifi-
cantly different on executive functioning, F(2, 90) = 8.53,
p < .001, nzp = .16. Tukey’s HSD revealed significant
differences between the informant problem underestima-
tors (M = —1.09, SD = 0.91), the informant problem
overestimators (M = —-0.14, SD = 0.77, p <.001), and the
informant accurate group (M = —0.44, SD = 0.71, p <
.005; see Figure 1). The groups were not significantly dif-
ferent on depression. Similar results were found in the
control group (see Table 5 and Figure 1), in that the
three groups were significantly different on executive func-
tioning, F2, 23) = 4.59, p < .05, 1%, = .29.

DISCUSSION

In this community-based sample, MS participants per-
formed significantly worse than control participants on
the majority of the cognitive tests. As a group, the MS
participants both self-reported and displayed higher lev-
els of executive dysfunction than the control group.
Additionally, higher self ratings of executive dysfunction
in the MS group correlated with poorer performance on
the executive functioning measures, suggesting that
using a simple, quick-to-administer screening measure

TABLE 4
Means (SDs) by discrepancy group

Problem overestimator

Accurate Problem underestimator

MS (26) Control (7) MS

(46) Control (13) MS (23) Control (7)

Age 48.15 (6.06) 41.71 (15.09)  46.39
Symp. duration  15.62 (9.55) — 14.33
Diag. duration 11.46 (8.60) — 10.39
Education 13.50  (1.84), 16.43 (2.23), 1498
Exec. index 038 (0.15)"  0.37 0.26)"  —0.54
CMDI 0.74 (1.44) 0.51 (1.24) 0.48

(9.83) 4569  (12.82) 4839 (10.29) 49.43  (9.02)

(7200 — 1513 (10.64) —

625 — 1117 (9.98) —

(2.12), 1515 (204 1387 (1.58) 1357  (1.27),
0.12) 006  (0.18)" -0.83 (0.16)7 -048  (0.26)
(1.54)  —0.02  (0.95) 013  (1.22) 047  (0.65)

Note. MS = multiple sclerosis. Means with different subscripts (a,b) are significantly different in the Tukey HSD comparison. Symp. =
symptom. Diag. = diagnosis. Exec. = executive. CMDI = Chicago Multiscale Depression Inventory. Age, duration, and education in years.
Estimated marginal mean values and standard error values reported due to covariate.
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TABLE 5
Means (SDs) by accuracy group

Informant problem overestimator

Informant accurate Informant problem underestimator

MS (14) Control (6) MS

(54) Control (14) MS (25) Control (6)

Age 45.57 (8.08)  38.50 (13.47)  46.17
Symp. duration  14.57 (8.75) — 15.04
Diag. duration 9.07 (5.54) — 10.61
Education 1436  (1.91) 15.50 (1.64) 14.24
Exec. index -0.14 (0.77), 0.41 0.76), -0.44
CMDI 0.44  (1.00) 0.62 (1.24) 0.40

(8.95)  46.64  (11.39) 5144 (9.01) 5033  (14.07)
(8.57) — 1496  (9.51) —

(197 — 1244 (8.92) —

(2.10)  15.00 (1.88) 1427 (2.01) 1517  (3.25)
0.71),  0.07 0.58) —1.09 (0.91), -0.63  (0.52),
(143) 0.4 0.59)  0.68 (1.72) 007  (1.42)

Note. MS = multiple sclerosis. Means with different subscripts (a,b) are significantly different in the Tukey HSD comparison. Symp. =
symptom. Diag. = diagnosis. Exec. = executive. CMDI = Chicago Multiscale Depression Inventory. Age, duration, and education in years.
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Figure 1. Executive functioning by informant accuracy group.

such as the DEX may assist health professionals in refer-
ring patients to neuropsychologists for more compre-
hensive evaluations. However, for the control
participants, DEX self ratings did not significantly cor-
relate with performance on the cognitive tasks, similar to
previous research (Chan, 2001). Furthermore, within the
control group, participants varied in their ability to
accurately rate their executive functioning. This finding
suggests that there may be normative variability in meta-
cognitive skill. It may also be that cognitive errors are
more personally relevant for MS patients, and this
heightened awareness leads to more accurate reporting.
However, this finding may also be related to the
restricted range of the controls’ performance on the cog-
nitive tasks and their responses on the DEX.

It was hypothesized that individuals higher in execut-
ive dysfunction would be more likely to underreport on
the DEX though this hypothesis was not supported by
the results. It may be that for this mildly executively
impaired group, awareness was not affected. Alterna-
tively, other factors, such as coping style, personality, or
cultural, occupational, familial, and environmental
demands may play a larger role in determining aware-
ness of executive-functioning deficits (Ownsworth,
Clare, & Morris, 2006). Additionally, it was hypothe-
sized that individuals higher in depression would be
more likely to overreport on the DEX. However, when
the participants who overestimated their executive

dysfunction were examined, they were not significantly
more depressed than the accurate or underestimating
participants in either group, unlike previous studies that
have shown a correlation between depression and self-
report of either general cognitive impairment (Benedict
et al., 2004; Carone et al., 2005; Maor et al., 2001;
Middleton et al., 2006) or memory impairment (Bruce
& Arnett, 2004; Randolph et al., 2003). It may be that
the specificity of the DEX (i.e., addressing executive dys-
function only) is responsible for this difference. It may
also be that the relatively low levels of depression in the
MS participants were not sufficient to affect reporting
style as found in previous work (Maor et al., 2001; Marrie
et al., 2005).

However, in both the MS and control groups, the
accuracy groups’ level of education differed. In the MS
group, the accurate self-rating group had a higher level
of education than the problem overestimators, consist-
ent with Randolph et al.’s (2001) findings in metamem-
ory in MS. More broadly, this finding is also consistent
with research suggesting that older adults with higher
levels of education tend to be more accurate in rating
their cognitive functioning (Jonker, Geerlings, & Schmand,
2000; Podewils, McClay, Rebok, & Lyketsos, 2003).
However, in the controls, the problem overestimator
group had a higher level of education than the accurate
and problem underestimating groups. It is possible that
individuals with higher levels of education are more
likely to rate their executive functioning negatively. The
differences between the MS and control accuracy groups
could then be explained by considering that ratings
indicative of executive impairment are more likely to be
accurate in a group of individuals with MS rather than in
a group of controls, where such ratings are likely to be
problem overestimates.

Although the informant-rated DEX scores of the MS
participants were significantly correlated with their
actual performance on the executive measures, the effect
size was much smaller than that of the self ratings (r = —.41
vs. r = =.21). In addition, the MS informant-rated DEX
scores were not significantly different from the control
informant-rated DEX scores. Taken together, these find-
ings indicate that the significant others of the MS partic-
ipants were not sensitive to the greater executive
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dysfunction that the MS participants were experiencing
relative to the controls. It may be that the types of exec-
utive errors that the participants with MS observed and
reported on the self-rated DEX are not witnessed by
family members. Many executive errors may reflect
internal experiences rather than observable behaviors in
mildly impaired patients who retain good insight. The
participants in this investigation may still have been able
to conceal subtle cognitive impairment around family
members, but this impairment was detected on cognitive
testing. Additionally, when examining the discrepancies
between informant ratings and cognitive performance, it
was found that the informant problem underestimator
group performed significantly worse on the cognitive
tests than the accurate and the informant problem over-
estimator groups. Not only were these participants’ sig-
nificant others inaccurate in rating their level of
executive functioning, but these patients were the most
impaired participants in the sample. Clearly, if clinicians
were to use informant ratings as a gold standard in a
community-based population such as our MS partici-
pants, they would be greatly underestimating the level of
dysfunction experienced.

Regarding the control participants, the only variable
found to be significantly different for the three inform-
ant accuracy groups was their performance on the exec-
utive index. As was true for the MS group, the controls
in the informant problem overestimator group per-
formed the best on the cognitive measures while the con-
trols in the informant problem underestimator group
performed the worst. This finding indicates that even in
neurologically healthy samples, there is variability in the
ability of informants to make accurate ratings of execut-
ive dysfunction.

As it is noted throughout this investigation, this sample
of individuals with MS was only mildly to moderately
cognitively impaired. However, this limited impairment is
characteristic of community-based samples. It may be
that investigation in a more significantly impaired popula-
tion could address whether the relationship between
impairment and awareness is nonlinear. It should also be
noted that this examination did not include a measure of
planning ability, a component of executive functioning, or
some of the more widely used tests of executive function-
ing, such as the Trail Making Tests and the Wisconsin
Card Sorting Test. Therefore, our ability to assess aware-
ness of executive dysfunction is necessarily limited to the
elements of executive functioning measured by the tests in
our battery. Another limitation is the size of the control
sample, in that a larger sample would have afforded more
power to the statistical analyses.

CONCLUSIONS

These data indicate that individuals with MS who dem-
onstrate mild to moderate cognitive impairment can
provide accurate self ratings of executive dysfunction.
Even though their cognitive performance on measures of
executive functioning was well below that of the con-
trols, the MS participants’ self ratings of executive

dysfunction were more highly correlated with objective
cognitive testing than that of their significant others.
These findings suggest that self-report measures of cog-
nitive dysfunction such as the DEX may be an economi-
cal screening measure for subsequent referrals to more
comprehensive neuropsychological testing. These data
also indicate that it is possible to preserve some level of
self-awareness of deficits even with executive functioning
impairments that affect daily behavior and performance
on objective cognitive tests. Replication of these findings
may suggest avenues to pursue in increasing our under-
standing of the relationship between executive functioning
deficits and impaired awareness of these deficits.
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