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ABSTRACT

Objective: This study evaluated the comparability of two 5-point symptom self-report
rating scales: Intensity ~from “not at all” to “very much”! and Frequency ~from “none of
the time” to “all of the time”!. Questions from the Functional Assessment of Chronic
Illness Therapy ~FACIT!-Fatigue 13-item scale was examined.

Methods: Data from 161 patients ~60 cancer, 51 stroke, 50 HIV! were calibrated
separately to fit an item response theory-based rating scale model ~RSM!. The RSM
specifies intersection parameters ~step thresholds! between two adjacent response
categories and the item location parameter that ref lects the probability that a problem
will be endorsed. Along with patient fatigue scores ~“measures”!, the spread of the step
thresholds and between-threshold ranges were examined. The item locations were also
examined for differential item functioning.

Results: There was no mean raw score difference between intensity and frequency
rating scales ~37.2 vs. 36.4, p 5 n.s.!. The high correlation ~r 5 .86, p , .001! between the
intensity versus frequency scores indicated their essential equivalence. However,
frequency step thresholds covered more of the fatigue measurement continuum and were
more equidistant, and therefore reduced f loor and ceiling effects.

Significance of results: These two scaling methods produce essentially equivalent fatigue
estimates; it is difficult to justify assessing both. The frequency response scaling may be
preferable in that it provides fuller coverage of the fatigue continuum, including slightly
better differentiation of people with relatively little fatigue, and a small group of the most
fatigued patients. Intensity response scaling offers slightly more precision among the
patients with significant fatigue.
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INTRODUCTION

Over the past 20 years, interest in extending treat-
ment evaluation beyond traditional clinical end-
points has led to an increased effort to systematically

measure patient-reported well-being and quality of
life ~QOL; Coons & Kaplan, 1992; Kong & Gandhi,
1997!. The emergence of QOL as an important health
outcome has been bolstered by the recognition that
~1! physiologic measures do not always correlate
well with patient-reported health outcomes, and ~2!
new drug evaluation should include outcomes im-
portant to people’s lives that include, but are not
limited to clinical efficacy and toxicity ~MacKeigan
& Pathak, 1992!. It is often desirable to measure
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self-reported symptoms in patient populations in
order to track disease progression over time or to
evaluate the effects of various treatments on the
symptom-related aspects of QOL.

Fatigue is both a common symptom of many
illnesses and a side effect of many treatments. Con-
sequently, a number of instruments have been de-
veloped to measure it with a variety of rating scales.
A summary of the properties of commonly used
fatigue instruments is shown in Table 1. Most fa-
tigue instruments assess severity or intensity of
fatigue symptoms, whereas the others assess the
degree to which respondents endorse a particular
statement about fatigue. None of the common fa-
tigue instruments measures frequency of symptom
occurrence. However, a survey conducted by the
Fatigue Coalition specifically questioned patients
about the frequency of their fatigue symptoms ~Curt
et al., 2000!. In addition, the Medical Outcomes
Study item pool has many items that assess fre-
quency, and these have been found to be more sen-
sitive than other response choices to differences at
the ceiling of measurement ~Stewart & Ware, 1992;
Hays et al., 1994!.

The purpose of the present study was to compare
two rating scales in measuring fatigue, a common
symptom in chronic illness ~Vogelzang et al., 1997;
Yellen et al., 1997; Cella, 1998; Stone et al., 2000;

Cella et al., 2001! using item response theory model.
One rating scale asks patients to answer fatigue
items by endorsing the severity of their fatigue
~from “not at all” to “very much”! and the other asks
patients to endorse fatigue items according to fre-
quency of their fatigue ~from “none of the time” to
“all of the time”!.

METHODS

Participants

Data were collected from 161 patients ~60 cancer, 51
stroke, 50 HIV! as a part of a larger project con-
ducted to develop a fatigue item bank and comput-
erized adaptive testing platform to measure fatigue
in various patient populations. Sociodemographic
data were collected by interview from patients prior
to completing the computer-based testing and were
recorded on a standardized form at interview and
later entered into a Microsoft Access database.

Cancer patients were approached either follow-
ing a nurse referral while undergoing chemother-
apy or in the waiting area after a visit with their
physician. Stroke and HIV patients were recruited
while in the waiting area before or after a clinic
visit. Thirty-two patients ~24 cancer, 8 stroke! were
recruited from Evanston Northwestern Healthcare,

Table 1. Properties of commonly used fatigue instruments

Instrument
No. of
items

No. of
response

categories Rating scale category

Fatigue Symptom Inventory ~FSI;
Hann et al., 1998!

14 11 Intensity ~“not fatigued at all” to “as
fatigued as I could be”!

Brief Fatigue Inventory ~BFI; Men-
doza et al., 1999!

9 11 Intensity ~“not fatigued at all” to “as
bad you can imagine”!

Multidimensional Fatigue Symptom
Inventory ~MFSI; Stein et al., 1998!

83~LF!
29~SF!

5 Intensity ~“not at all” to “extremely”!

Fatigue Severity Scale ~FSS; Krupp
et al., 1989!

9 7 Agreement ~“strongly disagree” to
“strongly agree”!

POMS-Fatigue ~McNair et al., 1971! 7 5 Intensity ~“not at all” to “extremely”!
POMS-Vigor ~McNair et al., 1971! 8 5 Intensity ~“not at all” to “extremely”!
Multidimensional Fatigue Inventory

~MFI; Smets et al., 1995!
20 5 Agreement ~“no, that is not true” to

“yes, that is true”
Piper Fatigue Inventory ~revised;

Piper et al., 1998!
27 11 Intensity ~“none” to “severe”!

Schwartz Cancer Fatigue Inventory
~Schwartz, 1998; Schwartz &
Meek, 1999!

29 7 Agreement ~“strongly disagree” to
“strongly agree”!

FACT-Fatigue ~FACT-F; Yellen et al.,
1997!

13 5 Intensity ~“not at all” to “very much”!

FACT-Anemia ~FACT-An; Cella,
1997!

20 5 Intensity ~“not at all” to “very much”!
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86 ~36 cancer, 50 HIV! from Northwestern Memo-
rial Hospital, and 43 stroke patients from the Re-
habilitation Institute of Chicago.

Sociodemographic and clinical characteristics of
these patients are presented in Table 2. Cancer
patients comprised the following diagnoses: 22%
breast, 17% non-Hodgkin’s lymphoma, 14% colorec-
tal, 7% lung, 5% ovarian, 4% esophageal or head0
neck, 3% cervical, 3% endometrial, 2% melanoma,
2% pancreatic, 20% other cancer, and 4% unknown.
Most ~70%! of the strokes were of the infarct type,
while 30% were due to bleeding. For HIV patients,
mean CD4 count was 458 ml ~range 5 6 to 1,248!.

Instrument and Procedures

Item response data on the Functional Assessment
of Chronic Illness Therapy ~FACIT!–Fatigue ~Cella,
1997; Yellen et al., 1997! were collected. The 13
items, developed specifically to measure fatigue in
chronically ill populations ~Yellen et al., 1997!, were
administered twice amidst a larger set of 131 ques-
tions about fatigue. The 131 questions were admin-
istered using a touch-screen laptop computer. Each
question appeared one at a time on the screen with
the response categories. The set of 131 items was
divided into five blocks of related questions. The
two 13-item sets of interest in this report comprised
two of the five blocks. Blocks of questions were
counterbalanced in order, ensuring that the two
13-item fatigue question sets were never positioned
together. The two 13-item sets utilized two different
rating scales. One addressed the intensity of fa-
tigue items ~“not at all,” “a little bit,” “somewhat,”
“quite a bit,” “very much”! and the other addressed
the frequency of fatigue symptoms ~“none of the
time,” “a little of the time,” “some of the time,”
“most of the time,” “all of the time”!.

Analysis

Rating Scale Model (RSM)

The two rating scale item response data were ana-
lyzed separately using Andrich’s ~1978a, 1978b,
1978c! rating scale model ~RSM!. The RSM is an
item response theory ~IRT!-based measurement
model and has been implemented in the WIN-
STEPS computer program ~Linacre & Wright, 2001!.
This model was chosen because it allows examina-
tion of the category structure of the two rating
scales. The RSM specifies two facets ~person latent
trait, Bn; item location, Di!, and the step threshold
~Fi!. The probability of person n responding in re-
sponse category j to item i can then be expressed by
the formula

ln@Pnij 0Pni ~ j21! # 5 Bn 2 Di 2 Fj ,

in which Pnij is the probability of person n endors-
ing or choosing in category j of item i, Pni~ j21! is the
probability of person n endorsing or choosing in
category j 2 1 of item i, Bn is the latent trait
measure ~e.g., fatigue! of person n, and Di is the
location of item i, and Fj is the step threshold
between categories j 2 1 and j. In the present study,
for example, F1 for the intensity scale is the tran-
sition from intensity category 1 ~“not at all”! to
category 2 ~“a little bit”! and F4 is the transition
from category 4 ~“quite a bit”! to category 5 ~“very

Table 2. Sociodemographic and clinical
characteristics of patients (N 5 161)

Characteristics N ~%!

Gender
Male 95 ~59%!
Female 65 ~41%!

Age ~x 6 SD! 53.7 6 11.5
Diagnosis

Cancer 60 ~37%!
Stroke 51 ~32%!
HIV 50 ~31%!

Ethnicity
Caucasian 99 ~62%!
African American 43 ~27%!
Hispanic 13 ~8%!
Other 5 ~3%!

Education
Grade , 12 11 ~7%!
H.S. degree 27 ~17%!
Some college 45 ~28%!
College degree 49 ~31%!
Grad. degree 28 ~17%!

Marital status
Never married 53 ~33%!
Married 66 ~41%!
Live w0partner 12 ~7%!
Separated 6 ~4%!
Divorced 15 ~9%!
Widowed 8 ~5%!

Current occupational status
Homemaker0unemployed 16 ~10%!
Retired 41 ~26%!
On disability or leave 47 ~29%!
Employed full-time 46 ~29%!
Employed part-time 10 ~6%!

ECOG performance status
0 ~normal activity, no symptoms! 49 ~31%!
1 ~some symptoms, no bed rest! 76 ~47%!
2 ~bed rest , 50% of day! 31 ~19%!
3 ~bed rest . 50% of day! 4 ~3%!
4 ~confined to bed! 0 ~0%!

Total N does not always add up to 161 due to missing
data.
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much”!. That is the point on the latent trait scale
~i.e., fatigue! at which two consecutive category
response curves intersect.

Each of the three terms ~Bn; Di; Fj! on the right
side of the equation above can be compared using
intensity versus frequency scaling. In this way, we
can directly compare the measurement properties
of intensity scaling to those of frequency scaling.
We will refer to these as person fatigue measure
~Bn! equivalence; item location ~Di! equivalence;
and step threshold ~Fj! equivalence. Each of these
terms is now described.

Person Fatigue Measure (Bn ) Equivalence

This refers to the actual fatigue score obtained
using either intensity or frequency scaling. This
was evaluated using correlational data of individ-
ual scores using each rating scale and a simple
comparison of the average fatigue measures ob-
tained with both approaches. Scores obtained from
the two rating scales were also plotted against each
other to depict their relationship.

Item Location (Di ) Equivalence

“Item location” is also referred to as item difficulty.
Whether the 13 fatigue items measured the same
underlying construct ~fatigue! with the two rating
scales was determined by comparing the two sets of
item locations obtained via RSM. The hierarchical
structure of item locations ~from “easy” to “hard,”
ref lecting less fatigue to more fatigue! represents
the underlying concept for each rating scale as well
as its qualitative meaning for study participants and
ideally is independent of the two rating scales being
used. Items that are located at different points along
the continuum are said to display differential item
functioning ~DIF!. Items that displayed DIF were
identified using a pairwise comparison between the
two sets item locations ~difficulties; i.e., intensity ver-
sus frequency!. The item locations from each sepa-
rate calibration were centered and plotted against
each other ~e.g., frequency on the y-axis and inten-
sity on the x-axis!. An identity line with a slope of 1
was drawn through the origin of each plot. Statis-
tical control lines ~95% confidence intervals! were
drawn to guide interpretation, and the plots were
examined visually and statistically to see if any items
fall outside the control lines, thereby ref lecting DIF.
Standard z statistics ~see Wright & Stone, 1979,
pp. 94–95! were calculated to statistically deter-
mine the significance level of DIF.

Step Threshold (Fj ) Equivalence

To make quantitative comparisons, it is essential to
establish cross-category equivalence of the same

questionnaire to facilitate an unbiased comparison,
if one or the other response category was chosen for
data collection. Comparability between the two sets
of item step thresholds was evaluated by investi-
gating response category curves.

Overall Test Information

When two or more different rating scales are used
to collect information using the same set of ques-
tions, it is also important to compare the scales in
terms of their measurement precision along the
continuum being measured. This can be evaluated
by comparing “test information curves,” generally
bell-shaped, at any given level of fatigue. The amount
of information ~I ! provided by a set of items at any
given level of fatigue is inversely related to the
standard error ~SE ! of the fatigue measure esti-
mate at that level ~I~Bn! 5 @10SE ~Bn!# 2!. The smaller
the standard error of measurement, the greater the
precision of measurement, or “test information.”

RESULTS

Person Fatigue Measure
(Bn) Equivalence

Using the rating scale model, two sets of person
fatigue measures from the “intensity” and “frequen-
cy” response scales and two sets of raw fatigue
scores ~summation of response categories! were ob-
tained for comparison. There was a very high cor-
relation between the two raw scores ~Spearman’s
rho 5 .90, p , .001!. There was also a very high
correlation between transformed interval-level fa-
tigue measures using the two different rating scales
~Pearson’s r 5 .86, p , .001!. These relationships
are depicted in Figure 1.

Table 3 further shows that average fatigue scores
were comparable across response scales, for both
raw scores and transformed interval scores ~paired
t tests not significant!.

Item Location (Di) Equivalence

Item difficulties for the two response categories are
listed in Table 4, and Figure 2 further depicts the
relationship between the two sets of item difficul-
ties. The Pearson’s correlation between the two sets
of item locations for the combined samples ~n 5
161! was .95 ~ p , .001! indicating substantial equiv-
alence. Figure 2 and the z statistics in Table 4 show
that two items displayed differential item function-
ing ~DIF!: An7 ~“I am able to do my usual activi-
ties”! and An5 ~“I have energy”!. It is noteworthy
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that these two questions are also the only two of the
13-item scale that are worded in a positive direction.

Step Threshold (Fj) Equivalence

Figure 3 displays the steps thresholds of the two
response scales. As predicted by the measurement
model, there was no step misorder, meaning that
the step measures increase from less to more cor-
responding to the increase in intensity or frequency
for the total sample. Response category curves in
Figure 4 further depict this relationship. The pat-
terns for each set of response scales look similar
along the measurement continuum ~level of fa-
tigue!. However, the spread of the step measures of
frequency response scale is more equidistant and a

bit wider ~from 22.61 to 2.44 logits! than the in-
tensity response scale ~from 22.25 to 2.14 logits!.

Overall Test Information

Figure 5 depicts the two test information curves for
the same 13 fatigue items using the intensity and
frequency response scales. “Test information” peaks
with reduction in measurement error, ref lecting
more precise measurement. Thus, the higher the
curve at any given vertical plane, the better the
measurement. Therefore, one can conclude from
Figure 5 that the intensity response scale provides
greater information ~more precision! within the
21.80 to 11.60 range when measuring fatigue,
where about 45% of patients fall. But the frequency

Fig. 1. Scatter plots of raw and IRT-derived scores for the two rating scales.

Table 3. Mean raw and transformed (IRT-derived) score comparisons

Raw score IRT-derived score

Intensity Frequency t Value Intensity Frequency t Value

Cancer Mean 38.9 38.1 1.8 2.0 2.1 2.2
~n 5 60! ~SD! ~10.5! ~10.6! ~1.9! ~1.9!

Stroke Mean 38.0 37.6 0.4 1.7 2.0 21.7
~n 5 51! ~SD! ~9.6! ~10.9! ~1.5! ~1.8!

HIV Mean 34.3 33.1 1.7 1.2 1.2 0.3
~n 5 50! ~SD! ~12.5! ~12.2! ~2.0! ~2.0!

Total Mean 37.2 36.4 1.9 1.7 1.8 21.1
~N 5 161! ~SD! ~11.0! ~11.3! ~1.8! ~1.9!

Note: None of the paired comparisons ~intensity vs. frequency! is statistically significant at .05 level.
Higher scores indicate less fatigue.
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Table 4. Item location (difficulty) of the two rating scales (N 5 161)

Item location Rank

Item content Intensity Frequency
z

value Intensity Frequency

An12. I am too tired to eat. 21.92 21.79 .59 1 1
An14. I need help doing my usual

activities
20.57 20.63 .34 2 2

HI12. I feel weak all over. 20.42 20.35 .41 3 3
An1. I feel listless ~“washed out”!. 20.19 20.15 .24 4 4
An8. I need to sleep during the day. 20.15 20.09 .35 5 6
An3. I have trouble starting things

because I am tired.
20.07 0.11 1.11 6 8

An15. I am frustrated by being too
tired to do the things I want to do.

20.06 0.15 1.29 7 9

An4. I have trouble finishing things
because I am tired.

0.07 20.11 1.11 8 5

An16. I have to limit my social activity
because I am tired.

0.07 0.08 .06 8 7

An2. I feel tired. 0.5 0.72 1.41 10 11
HI7. I feel fatigued. 0.64 0.91 1.74 11 13
An7. I am able to do my usual activities. 0.85 0.27 3.56* 12 10
An5. I have energy. 1.24 0.88 2.31* 13 12

Note: Item labels are those used in the Functional Assessment of Chronic Illness Therapy–Fatigue
questionnaire.
*p , .05.

Fig. 2. Detecting differential item functioning.
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response scale shows measurement precision better
than the intensity scale at any given level of con-
tinuum outside that range ~21.80,11.60!, where
about 55% ~2.5% 1 52.8%! of patients fall.

DISCUSSION

Patient fatigue scores ~both raw and IRT-derived!
are highly correlated regardless of whether pa-

tients rate intensity or frequency. The hierarchical
structure ~order of item locations! of the 13 fatigue
items is very similar for both scales. Differential
item functioning analysis revealed that two items
displayed DIF across the two rating scales. They
both were positively worded, as opposed to the other
11 negatively phrased questions, and were posi-
tioned at the extreme ~positive! end of fatigue mea-
surement. The ordering of the step thresholds

Fig. 3. Coverage of the fatigue measurement continuum: intensity versus frequency versus intensity. Step thresh-
old 5 estimated parameter from the rating scale model based on 13 fatigue item responses. This equals the point on
the fatigue measurement continuum where the probability of endorsing the lower category to any and all items
equals that of endorsing the higher category.

Fig. 4. Response category curve by intensity and frequency response scale. All step thresholds from Figure 3 can be
“traced” to the x-axis as illustrated by the tracing of the “not at all” step which corresponds to the level of fatigue
where the probability of endorsing “not at all” is equal to that of endorsing “a little bit.” 0 5 “Not at all” for intensity
~“None of the time” for frequency!; 1 5 “A little bit” ~“A little of the time”!; 2 5 “Somewhat” ~“Some of the time”!; 3 5
“Quite a bit” ~“Most of the time”!; 4 5 “Very much” ~“All of the time”!.
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between the two scales was similar ~but not identi-
cal!, and the correlation between the two sets of
step thresholds was high.

These results suggest that there is little differ-
ence in the use of fatigue items utilizing response
categories that assess intensity or frequency of fa-
tigue symptoms. This finding should reassure those
who doubt that a single rating scale for a symptom
is enough assessment to characterize a group of
patients. Whether this holds true for other symp-
toms commonly measured in chronic illness re-
mains to be determined.

One interesting finding is that the use of an
intensity response scale provides more precision
~less error! in measuring fatigue at the middle range.
However, when measuring people at the high and
low extreme of fatigue, test information was supe-
rior using frequency ratings. This is particularly
true for the majority ~53%! of patients that had
relatively less fatigue. Thus, frequency scaling may
have the advantage of differentiating people better
when measuring people with comparatively low level

of fatigue. Intensity scaling, however, may be supe-
rior for more symptomatic patients. A similar find-
ing with the Medical Outcome Study suggested that
frequency ratings may be more sensitive to mea-
surement distinctiveness at the ceiling ~extreme
good health! end of the continuum ~Hays et al.,
1994; Stewart & Ware, 1992!.

The distinction between intensity and frequency
scaling is relevant to clinical care. It is not of much
clinical concern if a patient has mild fatigue only
occasionally, while mild fatigue “all of the time” can
have a dramatic impact on function. An intensity
scaling approach would classify such a person on
the relatively healthy end of the continuum with
constant mild fatigue, whereas frequency scaling
would suggest more concern. On the other hand, a
person who has severe fatigue, but only occasion-
ally, could be classified as very impaired with an
intensity scale, yet less so with a frequency scale.
The high correlation coefficient between rating
scales in this study suggests that such disparities
rarely occur. However, when they do, intensity scal-

Fig. 5. Test information of the 13 fatigue items by response scale. I 5 Intensity rating; F 5 Frequency rating.
“Information” ~ y-axis! 5 the amount of information provided by a set of items at any given level of fatigue. This is
calculated as @10~standard error of measurement!# 2. Intersections ~21.80! and ~1.60! are the points along the level
of fatigue continuum where items using either intensity or frequency response scale yield the same precision of
measurement. 1.9% and 2.5% of people fall below the ~21.80! cutoff using intensity and frequency response scale,
respectively. A total of 45.3% and 44.7% people fall within the ~21.80, 1.60! range using intensity and frequency
response scale, respectively. A total of 52.8% people fall above the ~1.60! cutoff for both rating scales.
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ing maybe be preferable for more symptomatic pa-
tients, whereas frequency scaling maybe preferred
for less symptomatic patients ~as well as small
fraction of patients at the symptomatic extreme, or
f loor of measurement!.

Should both intensity and frequency therefore be
used? Probably not, as there was far more evidence
for equivalence than distinction, and the burden on
the patient must be considered. It can also be ar-
gued that a good clinical assessment of fatigue
would include not only frequency and intensity, but
duration over time ~chronicity!. However, outside of
the individual clinical assessment situation, asking
about more than one component of fatigue is diffi-
cult to justify in light of these results. The gener-
alizability of these results with symptoms other
than fatigue needs to be empirically determined.
For example, fatigue tends to be an ongoing and
chronic symptom in many chronically ill popula-
tions ~Coons & Kaplan, 1992; Smets et al., 1995;
Cella, 1998; Cella et al., 2001, 2002!, whereas other
symptoms may be more acute and episodic and0or
distinctively tied to treatment ~i.e., a side effect,
such as nausea!. In these cases, frequency and
intensity may be more distinguishable aspects of
the symptom. Comparable studies in other symp-
toms can shed light upon this question in other
symptoms.

Future research can also collect data from differ-
ent patient populations and evaluate its generaliz-
ability beyond patients diagnosed with cancer,
stroke, and HIV disease. Responsiveness to change
as a function of rating scale might also be a fruitful
avenue for future study.
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