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Invariance and Inconsistency in Utility Ratings

Dena M. Bravata, MD, MS, Lorene M. Nelson, PhD,
Alan M. Garber, MD, PhD, Mary K. Goldstein, MD, MS

Purpose. To assess utilities of composite health states for de-
pendence in activities of daily living (ADLs) for invariance
(i.e., when subjects provide a utility of 1 for all health states)
and order inconsistency (i.e., when subjects order their utili-
ties such that their utility for a combination of ADL depend-
encies is greater than their utility for any subset of the combi-
nation). Methods. Each of the 400 subjects, age 65 y and older,
enrolled in one of several regional medical centers of the Kai-
ser Permanente Medical Care Program of Northern California
and provided standard-gamble utilities for single ADL de-
pendencies (e.g., bathing, dressing, continence) and for de-
pendence in 8 other combinations of ADL dependencies. For
order-inconsistent responses, the authors calculated the
maximum magnitude of inconsistency as the maximum dif-
ference between the utility for the combined ADL depend-
ence health state and that of its inconsistent subset. Results.
A total of 76 subjects (19%) gave a utility of 1.0 for all health
states presented to them; 19 (5%) gave the same utility other
than 1.0 for all health states; 130 (33%) gave at least 1 utility <
1.0 and had no order inconsistencies; and 175 (44%) had at

least 1 order inconsistency. Invariance was associated with a
Mini-Mental Status Examination score < 28.6 (P = 0.01), with
education < 12 y (P = 0.004), with race/ethnicity other than
non-Hispanic White/Caucasian (P = 0.001), and with shorter
time spent on the utility elicitation task (P < 0.0001). Among
the inconsistent subjects, 69% had a maximal magnitude of
inconsistency that was within 1 standard deviation of the
mean utilities. The maximal magnitude of inconsistency was
associated with longer time spent on the elicitation task (P <
0.0001) and race/ethnicity other than non-Hispanic White/
Caucasian (P = 0.005). The mean (s) utility for dependence in
continence among consistent subjects who were not invariant
(0.88 [0.24]) was higher than among inconsistent subjects
(0.80 [0.27]; P = 0.01). Conclusions. Invariance and order in-
consistencies in utility ratings for complex health states oc-
cur frequently. Utilities of consistent subjects may differ from
those of inconsistent subjects. Utility assessments should at-
tempt to measure and report these patterns. Key words: ac-
tivities of daily living; quality of life; utility theory. (Med Decis
Making 2005;25:158–167)

There has been considerable effort to develop meth-
ods to minimize inconsistencies in patient prefer-

ences that result from interviewer bias, respondent fa-
tigue, framing effects, order effects, and search
procedures.1–5 However, there is no clear consensus as
to the best method for comprehensively evaluating in-
consistencies in patient preferences, for assessing the
populations most at risk for inconsistencies, or for
managing inconsistent responses when they are found.

The literature describes 3 methods for evaluating in-
consistencies in assessed utilities. First, inconsistency
has been measured as the degree to which a respon-
dent’s reported utilities deviate from expected ordering
(e.g., a subject may be expected to prefer the state of
monocular blindness to binocular blindness).6–8 Rates
of these order inconsistencies range widely from 17%
to 49% of subjects asked to rank multiple health states,
depending on the clinical condition and subjects sur-
veyed.9–11 Second, some researchers have evaluated
consistency by asking subjects to rank the outcomes of
interest prior to assessing preferences and then com-
pared reported utilities with this ranking (e.g., if out-

come A is ranked above outcome B, then the utility for
A should be greater than the utility for B).1,10,11 Finally,
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others have attempted to verify that subjects consis-
tently order utilities across methods of preference
assessment.1,3,12–14

Another form of potentially invalid utility responses
is invariance, where a subject assigns the same utility
value to all states assessed. Among preference assess-
ments that include more than 1 health state, researchers
have noted that some subjects assign the same utility rat-
ing to all health states. Although there is little literature
on invariance, Rutten-van Molken and colleagues
found that 8 of 85 (9%) patients with fibromyalgia and
11 of 144 (8%) patients with ankylosing spondylitis gave
the same rating (0.95) to all 3 health states evaluated.8,15

Order and other logical inconsistencies have been
associated with respondent characteristics and factors
related to the preference elicitation. Specifically, incon-
sistencies tend to be more common in respondents who
are older and those who have poor numeracy, cognitive
defects, worse health status, or less education.9,16–18 In-
consistencies are also more common when interview-
ers have little experience in preference assessment and
when the standard-gamble and time-tradeoff methods
are used as compared with the rating scale.1,9–11,19

Three approaches have been reported to “repair” or
manage inconsistent responses. First, some interview-
ers (and computer-based elicitation programs) allow
subjects to change their stated preferences as their un-
derstanding of the issues deepens.9,20 Second, some
computer-based elicitation programs will not allow
subjects to give a rating for a severe health state that is
better than a previously reported rating for a milder
health state and vice versa.9 Finally, some researchers
eliminate the utilities of respondents whom the inter-
viewer viewed as having poor comprehension of the
utility task and of respondents whose utilities differed
markedly from the mean or median of the population
studied.21,22 For example, 74 of 293 respondents in the
Health Utilities Index Mark 2 study were excluded for
illogical rankings.23,24 Excluding inconsistent re-
sponses may alter the mean utility for a health state if
the preferences of those excluded differ from other
population subgroups or from the general mean. A con-
sensus report on what should be included in the meth-
ods section of a paper reporting utilities has been pub-
lished25; however, there is no consensus statement on
how to handle utilities from respondents who were in-
consistent or invariant. Available reports on inconsis-
tency and invariance are scant; additional data are
needed that explore these response types and can be
used to inform a plan for managing them.

We sought to evaluate the rates of both invariant re-
sponses and inconsistent ordering among elderly sub-

jects providing standard-gamble utilities for health
states of single and combined dependencies in the per-
sonal self-care capacities known as activities of daily
living (ADLs; eating, bathing, dressing, continence, us-
ing a toilet, and transferring in and out of a bed or
chair).26,27 We hypothesized that the frequency of both
invariant and inconsistent responses would be more
common among respondents who were older, had
more medical problems, and had lower educational
and socioeconomic status. Finally, we attempted to
evaluate differences in utilities between consistent and
inconsistent respondents and to explore how includ-
ing and excluding invariant and inconsistent
responses affect mean utilities.

MATERIALS AND METHODS

Subject Recruitment

Eligible subjects were patients age 65 y or older en-
rolled in one of several regional medical centers of the
Kaiser Permanente Medical Care Program of Northern
California. We wrote and then called 1382 randomly
selected subjects to verify eligibility and to recruit suit-
able patients for the study. A total of 201 subjects were
excluded because they were deceased or had left Kai-
ser, could not speak English, had a terminal illness, or
had significantly impaired cognition, sight, or hearing.
An additional 75 subjects were excluded because their
contact information was not up to date or because they
could not be reached by telephone after many attempts.
Of those who were eligible and able to be contacted,
661 did not elect to participate. For those eligible and
willing to participate, we offered to conduct the inter-
view at a time and place convenient to subjects,
whether at their homes, in a nearby Kaiser facility, or at
our offices. Subjects were paid $20, and each provided
informed consent. Our protocol received Human Sub-
jects’ Committee approval from Stanford University.

Data Elicitation

A research assistant interviewed each subject to
obtain demographic information and scores on the
Mini-Mental State Examination (MMSE).27 Subjects
with scores of 23 or lower on the MMSE, indicative of
cognitive impairment, were excluded. The remaining
subjects were interviewed with the computer utility
elicitation program Functional Limitations and Inde-
pendency Ratings, version 1 (FLAIR1).28 FLAIR1 be-
gins with a general introduction followed by training
and practice in use of the pointer, trackball, and the
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buttons on the screen.28–30 Subjects are then introduced
to the general concept of dependency in ADLs, pro-
vided with a description of each ADL, and asked to
classify themselves as either needing or not needing
help to perform that ADL. For example, 1 question
reads, “Dressing includes getting clothes from closets
and drawers and putting the clothes on. Some people
get dressed by themselves but may just need someone
else to tie their shoes. Other people need someone to
get the clothes, and to help them put them on . . . Please
tell us if, currently, you think you need help with this
activity most of the time.”

After an explanation of standard-gamble utility rat-
ings, subjects practiced rating 2 sample health states
(having a head cold and being blind) and were offered
an opportunity to discuss the procedure with the re-
search assistant if they were unsure of the task. Sub-
jects were then asked to give standard-gamble utilities
for their current health (on a scale anchored by perfect
health and death) and for 15 additional health states
defined by 1 or more ADL dependency (on a scale from
cure to death). All subjects were asked to rate the health
states in the following order: each of the 7 single ADL
dependencies, then the health state of dependence in
all 7 ADLs, and finally 7 other combinations of ADL de-
pendencies (2 combinations of 2 ADLs, 2 combinations
of 3 ADLs, and 1 combination each of 4, 5, and 6 ADL
dependencies). Within each group of single or multiple
ADL dependencies (e.g., health states that consist of 2
ADL dependencies), the health states were presented
to each subject in random order. Of the 127 potential
combinations of the 7 ADL dependencies, we elicited
utilities for the 30 combinations that account for 98%
of ADL dependencies among the elderly (although
each subject rated only 15 of those combinations).31

The risk of death that subjects were willing to accept
to avoid dependence in a given ADL or combination of
ADLs was obtained as follows. Subjects were asked if
they would be willing to accept a 1% risk of death and
99% chance of cure. If they answered yes, they were
asked the question again with probability values varied
in a converging ping-pong fashion by alternating be-
tween high and low values: 90% risk of death/10%
chance of cure, 10% risk of death/90% chance of cure,
80% risk of death/20% chance of cure, and so on.32 If
subjects answered no to the initial question of whether
they would be willing to accept a 1% risk of death and
99% chance of cure, they were asked if there was any
risk of death they would be willing to accept to avoid
dependence in the health state.

The program required that subjects answer the first 2
questions with a yes or no response so that they would

consider both a low risk of death and a high risk of
death to minimize anchoring bias. After answering the
first 2 yes/no (ping-pong) questions, subjects who had
completed their response could directly provide their
preferred risk by clicking on up/down arrows to
change the numerical value presented to them. These
utilities obtained on a scale with an upper anchor of
cure could be rescaled to an upper anchor of perfect
health using the current health utility; however, such
rescaling is not necessary for an evaluation of
consistency.

Subjects were given 2 opportunities to review their
ratings and to make changes: first, after rating the
health states of dependence in single ADLs and de-
pendence in all 7 ADLs, and second, after rating the
other combinations of ADL dependencies. The review
screens showed all the ratings given in the previous
segment and invited the subjects to review them and
make any changes they wished. For example, subjects
were asked, “In this section we will ask you to review
all the ratings you have just done. The ratings are ar-
ranged from least to most chance of death that you said
you would accept. The health condition ‘All Activities’
is the condition in which you need help with all 7 ac-
tivities. We would expect that you would accept the
highest risk for ‘All Activities’. Think about each of the
activities compared to the others. Would you like to
change any of your ratings?”

Subjects were randomly selected to receive a
computer-generated consistency reminder. If 1 of the
167 subjects (42%) selected to receive the reminder
rated any health state worse than the combination of all
7 ADL dependencies, he or she received an alert show-
ing his or her rating for dependence in all 7 ADLs and
calling attention to the lower rating he or she had given
to the other health state. He or she was then given an
opportunity to alter his or her response. This reminder
was presented only once for any inconsistent rating;
that is, it did not force the subject to change his or her
response. A sample size of 400 subjects yielded 80%
power at an α level of 0.05 to demonstrate a 15% higher
rate of consistency in the reminder group.

After the preference assessment, the research assis-
tant administered a paper-based health status ques-
tionnaire (SF-36).33 A research assistant was present for
all portions of the interview. For the computer portion
of the interview, research assistants answered techni-
cal questions about navigation with the trackball but
did not help subjects interpret the utility questions
(one of the reasons for using a computer-based elicita-
tion was to standardize the elicitation process and to
minimize interviewer bias).
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Probability Transformation

All preferences were elicited as a probability of
death (i.e., as a percent risk from 0% to 100% that the
respondent was willing to accept). These values were
converted to a utility on a scale from 0.0 (equivalent to
death) to 1.0 (equivalent to perfect health for the cur-
rent health rating and to cure of the ADL dependency
for ADL health states) by computing (100 – the elicited
probability)/100.

Invariance and Inconsistency Evaluations

Because only those utilities that vary from each
other have the potential for inconsistent ordering, we
first determined whether a subject rated every health
state at a single utility level (invariant). We then as-
sessed the remaining subjects’ ratings for potentially
inconsistent ordering. By “potentially inconsistent,”
we mean that we could not determine whether a sub-
ject may have had a valid reason for giving utilities that
did not conform to our expected ordering. We defined
“consistent” subjects as those who ordered utilities
such that the utility for any single ADL dependency
was greater than or equal to the utility for any combina-
tion of ADL dependencies in which it is contained (e.g.,
that the utility for dependence in bathing is greater
than or equal to the utility for dependence in both bath-
ing and continence). We also defined consistent sub-
jects as those who ordered utilities such that the utility
for being dependent in all 7 ADLs was less than or
equal to any other utility given for any single ADL de-
pendency or combination of dependencies. It is possi-
ble that an individual with an unusual preference
structure might believe that having multiple ADL de-
pendencies would be better than having just one be-
cause, for example, they believe that they would have
more help available to them if they have multiple
dependencies.

For each inconsistent response, we calculated the
magnitude of inconsistency as the difference between
the utility for the composite health state of multiple
ADL dependencies and that of its inconsistent subset.
Additionally, we calculated a maximum magnitude of
inconsistency for each subject as the largest magnitude
of inconsistency given by that subject.

Statistical Analyses

We calculated descriptive summary statistics (i.e.,
mean ± s) for subjects’ demographics, current ADL de-
pendencies, MMSE scores, time spent at the computer,

and utility ratings. To evaluate the generalizability of
our results to the Kaiser population, we compared the
gender, race/ethnicity, and educational levels of the in-
cluded subjects and the Kaiser Permanente population
from which they were recruited using a t test. For this
analysis, we used a Bonferroni correction to adjust for
multiple comparisons such that the null hypothesis
was rejected for a P value < 0.017 (0.05/3 = 0.017). We
used multinomial logistic regression analysis to assess
the likelihood of the 3 mutually exclusive outcomes:
invariance, order inconsistency, and order consistency
when not invariant, according to subject characteris-
tics (i.e., age, gender, race/ethnicity, marital status,
education, MMSE score, and number of current ADL
dependencies); time spent during the computer elicita-
tion; and whether subjects received the consistency re-
minder. We also used ordinary least squares regression
to assess the association of these subject characteris-
tics, whether the subjects received the consistency re-
minder, and time spent during the elicitation with the
maximal magnitude of inconsistency.

RESULTS

Study Subjects

Of the 445 subjects who agreed to participate, 3 (1%)
failed the MMSE, 9 (2%) refused to complete any of the
computer study, 4 (1%) refused to complete part of the
computer study, and 29 (7%) served as beta testers for
the FLAIR2 elicitation tool. Our summary data are
based on ratings from the remaining 400 subjects who
completed the utility ratings for the single ADL health
states using FLAIR1 (Tables 1 and 2). The average age of
the included subjects was 73.2 y (s 5.7 y; range 65 to 91
y) and average MMSE score was 28.6 (s 1.6; range 24 to
30). Thirty-eight (10%) reported dependence in at least
1 ADL. When compared with the Kaiser population
from which subjects were recruited (Table 1), the in-
cluded subjects were more likely to be non-Hispanic
White/Caucasian (P < 0.002) but were similar with
respect to age and gender.

Patterns of Invariance

Seventy-six subjects (19%) gave a utility of 1.0 for all
health states of ADL dependence. Nineteen subjects
(5%) gave the same utility, other than 1.0, for all health
states of ADL dependence (14 of whom gave a rating of
0.99 for all health states). These 95 subjects were all
considered invariant and order consistent.
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Order Inconsistency

One hundred thirty subjects (33%) gave some utili-
ties less than 1.0 and had no order inconsistencies,
whereas 175 subjects (44%) had at least 1 order incon-
sistency (Table 3). Ninety-one subjects (23%) provided
a utility for dependence in all 7 ADLs that was greater
than their utility for 1 or more of the single ADL de-
pendencies (Table 3).

Magnitude of Inconsistency

The mean maximum magnitude of inconsistency
was 0.19 (s 0.24; range 0.01 to 0.99). Among the incon-
sistent subjects, 15% had a maximal magnitude of in-
consistency of 0.01, 54% had a maximal magnitude of
inconsistency of 0.1 or less, and 69% had a maximal
magnitude of inconsistency of 0.2 or less, which is
equivalent to about 1 standard deviation about each of
the mean utility ratings (Figure 1).

Inconsistency as a Function of Number of ADL
Dependencies

To determine whether fatigue was primarily respon-
sible for subjects’ inconsistencies, we evaluated
whether subjects provided their 1st inconsistent re-
sponse early or late in the elicitation process. The 1st
inconsistent utility for 91 subjects (23%) was for the
combination of all 7 ADL dependencies, the 1st oppor-
tunity to demonstrate inconsistency. An additional 57
(14%) gave their 1st inconsistent response when they
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Table 1 Subject Demographics

Kaiser Population from
Included Subjects Which Subjects Were Recruiteda

Characteristic Nb Ntotal Percentage Nb Ntotal Percentage

Female gender 222 400 56 583 1012 58
Race/Ethnicityc:

Non-Hispanic White/Caucasian 367 397 92 771 1011 76
Other than non-Hispanic White/Caucasian 30 397 8 240 1011 24

Education (highest completed)
8th grade or less 3 387 1 — — —
Some high school 94 387 24 — — —
High school graduates 637 1012 63
Some college 199 387 51 — — —
Some postgraduate education 91 387 24 — — —
a. The average age of the Kaiser population from which subjects were recruited was 74.4 y (s 6.8 y).
b. N = number of subjects for whom these results were recorded.
c. The included subjects were more likely to be non-Hispanic White/Caucasian than the eligible subjects who were not included (P < 0.002).

Table 2 Mean Standard-Gamble Utilities
for Current Health and ADL Dependencies

Health State Mean s

Current healtha 0.89 0.21
Dependence in dressing 0.89 0.23
Dependence in bathing 0.88 0.24
Dependence in continence 0.86 0.25
Dependence in toileting 0.86 0.25
Dependence in transferring 0.86 0.26
Dependence in walking 0.85 0.25
Dependence in eating 0.85 0.27
Dependence in any single 0.86 0.25

ADL dependency
Dependence in combinations 0.83 0.27

of 2 ADL dependencies
Dependence in combinations 0.82 0.27

of 3 ADL dependencies
Dependence in combinations 0.81 0.28

of 4 ADL dependencies
Dependence in combinations 0.79 0.29

of 5 ADL dependencies
Dependence in combinations 0.79 0.30

of 6 ADL dependencies
Dependence in all 7 ADLs 0.76 0.32

Note: ADL = activity of daily living.
a. Whereas the rating for current health was on a scale from perfect health to
death, the ratings for the other health states were on a scale from cure to
death. The utilities obtained on a scale with an upper anchor of cure could
be rescaled to an upper anchor of perfect health using the current health
utility; however, such a rescaling is not necessary for consistency
evaluation.
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assigned a utility to a combination of 2 ADL dependen-
cies, the 2nd opportunity for inconsistency. Thus, 148
of the 175 inconsistent subjects (85%) had already pro-
vided inconsistent ratings before beginning to rate
health states of 3 or more ADL dependencies.

Predictors of Invariance and Inconsistency

The average time subjects spent with the computer
elicitation program was 40.7 min (s 15.8 min). On aver-
age, the invariant subjects spent 31.6 min (s 14.6 min)
on the computer elicitation program, those who were
order consistent but not invariant spent 42.0 min (s
12.9 min), and those subjects who were order inconsis-
tent spent 44.8 min (s 16.6 min; P < 0.0001 for differ-
ence among the 3 groups).

In a multinomial logistic regression with the de-
pendent variable comprising inconsistency compared
with consistency and invariance compared with con-
sistency, the consistency reminder was not associated
with greater consistency and no subject characteristic
was associated with order inconsistency (Table 4).
Invariance was associated with below-average MMSE
scores (less than 28.6), with lack of current dependence
in any ADLs, with below-average education levels (less
than 12 y), with race/ethnicity other than non-Hispanic
White/Caucasian, and with a relatively short time spent
on the computer elicitation program. In a linear regres-
sion with maximal magnitude of inconsistency as the
dependent variable, only the coefficients for time spent
during the computer elicitation and race/ethnicity other
than non-Hispanic White/Caucasian were significant
(P < 0.0001 and 0.005, respectively; adjusted R2 = 0.19).

Differences in Utilities between Consistent and
Inconsistent Subjects

The consistent subjects tended to have higher utility
ratings for all states presented to them than the incon-
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Table 3 Frequencies and Magnitudes of Order Inconsistencies

Mean Magnitude of
Type of Order Inconsistency n (%)a Inconsistency (s)b

Utility for a single ADL dependence < Utility for dependence in 7 ADLs 91 (12) 0.18 (0.24)
Utility for a single ADL dependence < Utility for dependence in 2 ADLs 115 (16) 0.15 (0.21)
Utility for dependence in 2 ADLs < Utility for dependence in 7 ADLs 44 (6) 0.19 (0.28)
Utility for a single ADL dependence < Utility for dependence in 3 ADLs 94 (13) 0.17 (0.23)
Utility for dependence in 3 ADLs < Utility for dependence in 7 ADLs 41 (6) 0.18 (0.27)
Utility for a single ADL dependence < Utility for dependence in 4 ADLs 84 (11) 0.17 (0.22)
Utility for dependence in 4 ADLs < Utility for dependence in 7 ADLs 37 (5) 0.20 (0.28)
Utility for a single ADL dependence < Utility for dependence in 5 ADLs 85 (12) 0.17 (0.22)
Utility for dependence in 5 ADLs < Utility for dependence in 7 ADLs 42 (6) 0.19 (0.27)
Utility for a single ADL dependence < Utility for dependence in 6 ADLs 69 (5) 0.17 (0.24)
Utility for dependence in 6 ADLs < Utility for dependence in 7 ADLs 36 (5) 0.22 (0.29)

Note: ADLs = activities of daily living.
a. n refers to the number of order-inconsistent responses. The denominator for the percentage calculation is 738, referring to the total number of inconsistencies.
b. Mean (s) magnitude of inconsistency for each type of order inconsistency.
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Figure 1 Maximal magnitude of order inconsistency. The maxi-
mum magnitude of inconsistency is calculated as the maximum dif-
ference between the utility for the combined activity of daily living
(ADL) dependence health state and that of its inconsistent subset. In
this figure, the maximal magnitude of order inconsistency per subject
along the x-axis is plotted against the number of order-inconsistent
subjects on the left-hand y-axis (denoted by the black bars), and the
cumulative frequency distribution of order-inconsistent subjects is
plotted on the right-hand y-axis (denoted by the small squares and
the line).
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sistent subjects. The mean (s) utility for dependence in
continence among consistent subjects who were not in-
variant (0.88 [0.24]) was significantly higher than
among inconsistent subjects (0.80 [0.27]; P = 0.01).

DISCUSSION

This 400-subject study, which assessed utility rat-
ings for 15 health states that have an implicit ordering,
offers an unusual opportunity to examine invariance
and inconsistency in assessed preferences. Our results
contribute to the literature in 3 ways: First, we compre-
hensively evaluated utilities for invariance and order
inconsistencies. Second, we sought both patient char-
acteristics and factors associated with the elicitation
task itself (such as the reminder and the time spent on
the task) that predicted invariance and inconsistency.
Understanding these factors can inform efforts to im-
prove elicitation tasks and minimize invariance and
inconsistency. Finally, we evaluated the extent to
which the utilities of inconsistent, invariant, and con-
sistent (but noninvariant) subjects differed. This infor-
mation is important when considering whether to re-
port utilities from all subjects or just from a sample of
subjects (e.g., the consistent subjects).

Our study produced 5 key findings: First, our pri-
mary hypothesis was confirmed—even among a large
number of relatively well-educated subjects,
invariance and order inconsistencies are common. Our
finding that 44% of the subjects had at least 1 order in-
consistency is within the range of published utility
elicitations that have performed similar inconsistency
assessments (12% to 59%).1,8–11,15 The finding that 5%

of our subjects gave an invariant, non-1.0 rating for all
health states is also similar to a previous study.8 Sec-
ond, subjects who give order-inconsistent utility rat-
ings do so early in the elicitation process and are likely
to take longer at the elicitation task than subjects with-
out order inconsistencies. Third, a simple consistency
reminder does not improve order consistency. Fourth,
the maximum magnitude of order inconsistencies for
most subjects is relatively small. Finally, the utilities
that consistent subjects assign to certain health states
may systematically differ from the ratings of inconsis-
tent subjects, raising questions about whether to in-
clude inconsistent ratings. We note that in our dataset
the ratings of order-inconsistent subjects fell within 1
standard deviation of mean utilities for all subjects, so
that including the ratings of the inconsistent subjects in
the calculation of the mean utility ratings would not
change the overall mean utility ratings by much.

Invariance

Nearly 20% of our subjects assigned a utility of 1.0 to
all health states. We note that despite the finding that
the invariant subjects spent less time at the elicitation
task than other subjects, the 76 subjects giving fixed
utility ratings of 1.0 were not providing the “response
of least resistance” because they had to click through
several questions to get to a response indicating 1.0.
This type of invariance—with all utility ratings equal
to 1.0—is rarely reported in the literature possibly be-
cause multiple utilities must be elicited from the same
individual to demonstrate invariance. There are, how-
ever, previous reports of utility ratings that include a
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Table 4 Odds of Being Invariant Compared with Being Consistent
and of Being Order Inconsistent Compared with Being Consistent

Odds of Being Invariant Odds of Being Order
Compared with Inconsistent Compared with
Being Consistent Being Consistent

Factors OR 95% CI OR 95% CI

Received consistency reminder 1.31 (0.70, 2.44) 1.14 (0.70, 1.84)
Age greater than or equal to 73.2 ya 0.62 (0.33, 1.16) 0.73 (0.45, 1.18)
Mini-Mental State Examination score greater than 28.6a 0.45 (0.24, 0.82) 1.01 (0.61, 1.66)
Currently dependent in at least 1 ADL 0.33 (0.11, 0.98) 0.85 (0.38, 1.90)
Greater than 12 y of education 0.38 (0.20, 0.73) 0.75 (0.43, 1.30)
Female gender 1.01 (0.60, 1.70) 0.96 (0.63, 1.47)
Race/ethnicity other than non-Hispanic White/Caucasian 4.60 (1.85, 11.45) 1.82 (0.82, 4.03)
Time spent on the computer elicitation greater than average 0.09 (0.04, 0.20) 1.16 (0.71, 1.90)

Note: Goodness of fit for this model: χ2 108.0, 16 df, P < 0.0001; OR = odds ratio; ADL = activity of daily living.
a. For age and Mini-Mental State Examination scores, these values represent the mean for all 400 subjects.
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surprisingly high proportion of ratings equal to 1.0. For
example, Tsevat and colleagues found that 35% of
1348 seriously ill hospitalized patients who provided
time-tradeoff utilities for current health had utilities of
1.0.34 Thus, we believe that this type of invariance may
be more common in utility assessments than previ-
ously recognized. We recommend that utility
elicitations with multiple health states include assess-
ments of invariance. If an invariant utility of 1.0 is more
common than previously recognized, it may account
for some of the high utilities reported for even severe
health states (particularly among standard-gamble
assessments).35–37

All subjects who completed the computer ratings
appeared to the research assistants to understand the
rating procedure, thereby meeting the usual criterion
for inclusion in utility elicitations. However, it is possi-
ble that at least some of these subjects did not under-
stand the full complexity of the task. We found that
invariance was associated with lower MMSE scores,
education levels, and race/ethnicity other than non-
Hispanic White/Caucasian—factors similar to those
that have been associated with poor task comprehen-
sion and higher rates of inconsistencies in other prefer-
ence assessments. This highlights the need for evaluat-
ing whether such subjects understand the rating task
and are truly unwilling to accept any risk of death (in-
variant, utility = 1.0) or have a set amount of risk that
they are willing to accept for most health states (invari-
ant, utility < 1.0). Invariant respondents could be asked
to provide reasons for their responses. In addition, util-
ities for extreme undesirable health states could be
elicited for comparison with the target health state:
some respondents may be willing to risk dying for such
states but not for milder states, suggesting that their rat-
ing of utility = 1.0 for the target health state is valid. In-
variant subjects could be asked to provide additional
preferences for the target health states by other meth-
ods (e.g., willingness-to-pay) to determine whether
they would provide varying ratings if a different mea-
sure of overall value were used in the case of invariance
with a utility of 1.0, or if there is any health state that is
so seriously impaired that they would assign a rating
lower than 1.0.

Order Inconsistency

Although order inconsistencies were common
among our subjects, our findings about the magnitudes
of inconsistency demonstrate that, for many inconsis-
tent subjects, the maximum magnitude of inconsisten-
cies was relatively small. Given the large number of
health states that subjects were asked to rate, even with

the opportunity to review their ratings, it may not be
surprising that subjects were found to have small
inconsistencies.

Including the ratings of inconsistent subjects with
small magnitudes of inconsistency may have only
modest effects on mean reported utilities. Because
there is no consensus about including utilities of in-
consistent subjects in calculating mean utilities, it is
prudent to report the magnitude of inconsistency and
to determine whether mean utilities differ between
consistent and inconsistent subjects to allow users of
utility data to choose whether to include or exclude
subjects with order inconsistencies. It is unclear why
the consistent and inconsistent subjects should differ
in their utilities for dependence in continence. We
regard this as a preliminary finding that requires
confirmation.

We found that the rate of order inconsistency was es-
sentially the same between the subjects who received
the consistency reminder and those who did not, a
nonsurprising finding given the weak nature of the re-
minder, which did not force order consistency. We are
currently evaluating whether reminding subjects of
their ranking of health states on a visual analog scale is
more likely to result in greater order consistency.

When we observed that the order-inconsistent sub-
jects spent more time at the elicitation task than consis-
tent subjects, we wondered whether order inconsisten-
cies may have resulted from subject fatigue. Subjects in
our study rated a relatively large number of health
states. However, fatigue alone is unlikely to be respon-
sible in that 85% of order-inconsistent subjects pro-
vided an inconsistent response by the time they had
rated health states of 2 ADL dependencies, before they
had reached the more taxing tasks of weighing health
states with particular combinations of 3, 4, or 5 ADL
dependencies.

Although invariance and inconsistencies could in
part be a consequence of the assessment instrument,
the FLAIR1 program was designed to minimize such
effects. FLAIR1 was tested extensively on older adults
to improve usability and was designed with multiple
consistency-enhancing measures. First, it is a multime-
dia tool incorporating sound, photographs, animated
graphics, video, and text that provides a detailed de-
scription of hypothetical health states, allowing the re-
spondent to form a clear image of the health state while
preserving uniformity from 1 presentation to the next.
Second, the program included priming activities to fa-
miliarize the respondents with the health states and
encourage them to think seriously about the health
states by providing responses about their own depend-
ence or independence in the activities. Third, to mini-
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mize framing effects, all risks were shown in both posi-
tive and negative terms, that is, as both risk of death and
chance of perfect health/cure. Fourth, to minimize an-
choring effects, the respondents were required to con-
sider yes/no questions presenting both high and low
risks of death. Fifth, the program allowed respondents
to review previously rated health states. Finally, the
program was designed to be easy for subjects with no
computer experience and to be accessible for subjects
with arthritis or poor vision: respondents were
required only to move a large trackball and depress a
single button.

Our study had 2 primary limitations. First, 48% of
the randomly selected subjects chose not to participate.
Although the included subjects were similar to the Kai-
ser population from which they were recruited with re-
spect to age and gender, the included subjects were
more likely to be non-Hispanic White/Caucasian.
Thus, our results may not be generalizable to the entire
spectrum of Kaiser Permanente patients or, indeed, to
all elderly patients. Second, we do not have interview
or other data to determine whether the utility ratings
are consistent with the beliefs and preferences of the
subjects. To address both of these limitations, in our on-
going evaluation of FLAIR2, we have oversampled sub-
jects with race/ethnicity other than non-Hispanic
White/Caucasian and are performing exit interviews.

Our data set allowed us to explore trends in
invariance and order inconsistency on a larger scale
than previous preference assessments. The high preva-
lence of invariance and inconsistency is not unique to
these data. Consequently, we recommend that prefer-
ence assessments measure and report both invariance
and inconsistency. If including invariant and inconsis-
tent responses does not alter mean reported utilities,
researchers may choose to include these ratings. How-
ever, if subjects have large magnitudes of inconsisten-
cies or if inconsistent responses differ significantly
from mean responses, we recommend that researchers
report mean utilities both with and without these
subjects.
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