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Abstract
Objectives: To develop and test the feasibility and validity of a computer-based utility assessment
tool that used standard gamble (SG) method for measuring asthma-specific health utilities.Meth-
ods: A computer-based SG (CBSG) tool was developed using Microsoft R© PowerPoint 2007 to value
asthma-specific health states inMalaysia. Eight hypothetical health stateswere considered, includ-
ing two anchor states (healthy and dead), three chronic (C) states and three temporary (T) states
(each numbered 1 through 3, with increasing severity) in addition to the subject’s current health
state. Twenty adult asthma patients completed the CBSG tool in addition to paper-based Asthma
Control Test, three health status measures (EQ-5D, EQ-VAS, and Mini Asthma Quality of Life Ques-
tionnaire (MiniAQLQ)), and VAS utility assessment tool. Patients and interviewers rated the diffi-
culty of the VAS and CBSG tools. Correlations between current health state values derived from
the various measures were determined. Results: The SG and the VAS received similar difficulty rat-
ings. 17 patients completed the CBSG tool within 30minutes. Themean utilities determined by the
CBSG tool for the T1-T3 asthma health statesmet the expected logical order of 1>2>3, but those for
the C1-C3 states did not. Correlation between current health state values derived from the CBSG
tool and other measurement tools was poor. Conclusion: The CBSG tool developed for measuring
utilities of asthma health states showed acceptable feasibility and overall validity.

Introduction

Health-related quality of life (HRQoL) is an important outcome
measure of asthma disease due to its association with history
of respiratory symptoms such as shortness of breath. HRQoL
measurement tools can be categorized based on the scope
of their construct (generic vs. disease-specific), and how the
construct is developed (non-preference vs. preference). Non-
preference based tools such as SF-36 [1] and Mini Asthma
Quality of Life Questionnaire (MiniAQLQ) [2] typically do not
provide a single summary score of HRQoL (or valued HRQoL)
that alsomeets the necessary requirements for use in cost-utility
analysis, unlike the preference-based ones [3].

The values for preference-based tools are traditionally
derived according to the Von Neumann-Morgenstern utility
theory using the standard gamble (SG) method, which directly
measures preferences in the decision making process under
uncertainty [4]. Respondents are asked to choose between stay-
ing in a known health state or gambling on a change with a
given probability of achieving a better health state or a worse
health state. Another example of direct preference-based tool
is the Visual Analogue Scale (VAS). This tool consists of a line
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from 0 to 100 at either end [5]. Because SG is typically time-
consuming and cognitively challenging, multi-attribute health
status classification tools such as the EuroQol 5D (EQ-5D)
[6] are more commonly used to derive valued HRQoL. These
tools indirectly measure preferences by scoring the patient’s
descriptive responses using pre-determined weightage. Differ-
ences in preference weights between countries [7] emphasize
the need to establish and use specific value sets for specific
sub-populations.

Currently, there are few good asthma-specific preference
based tools of HRQoL that are appropriate for the Malaysian
population [8, 9], mostly due to lack of Malaysian value sets
for asthma health states. To address this issue, we developed a
computer-based visual tool to measure the utilities of different
asthma health states using the SG method. We chose the SG
approach because it measures the true utilities according to the
Von Neumann-Morgenstern utility theory [4]. The computer-
based SG (CBSG) tool was developed as a way to reduce the
burden and complexity to the respondent. We also developed
descriptions of asthma control and exacerbation health states.
These states, together with the respondents’ own health state,
were valued using the CBSG tool and VAS.

This preliminary study aimed to test the feasibility and valid-
ity of the newly developed CBSG tool. To test the feasibility,
respondents and interviewers were asked to rate the degree of
difficulty for completing both VAS and CBSG tools. To test the
validity, the utility of own health state measured by CBSG was
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compared with those measured by VAS, EQ-5D, MiniAQLQ
and EQ-VAS.

Methods

Development of VAS and CBSG tools for valuing asthma
health states

Nine asthma health states were defined based on recent inter-
national guidelines and literatures [10–12] for use in the VAS
and CBSG tools: two anchor states (healthy and dead), three
chronic states (C1-C3, corresponding to descending degrees of
asthma control (well, partial, poor) and lasting for 10 years),
three temporary states (T1–T3, corresponding to ascending
degrees of asthma exacerbation (moderate, severe with urgent
or Emergency Department visit, severe with hospitalization)
and lasting for 3 months), and respondent’s own health state
over the past 2 weeks (O, lasting 10 years). The health states
were made available in both the English and Malay languages.
Full health states are described in Appendix 1.

A vertical VAS with clearly defined endpoints of ‘0’ as the
least desired health state and ‘100’ as the most desired health
state was developed to value the health states. The CBSG tool
was developed in Microsoft PowerPoint 2007 (Microsoft Cor-
poration, United States of America), based on Gudex’s descrip-
tion [13] (Appendix 2). The conventional SG method was used
to value C1-C3, O, and the temporary state which had been ini-
tially valued as worst using the VAS. A chained SG procedure
(worst state used in place of death) was used for the other two
temporary health states.

Subjects

Verbally consenting and literate (in either the Malay or
English language) adult asthma patients were consecutively
enrolled cross-sectionally in Penang, Malaysia. The sample
size required for the study is 20, based on the estimate of a
linear regression test of ρ = 0 (α = 0.050 two-sided) with
one normally distributed covariate and 90% power to detect
a ρ of 0.590 [14]. This sample size is also sufficient for non-
parametric Mann–Whitney U-test and Wilcoxon Signed Ranks
test to have approximately 95% of the parametric Student’s t-
test statistical power [15]. The Medical Research Ethics Com-
mittee of the Ministry of Health Malaysia approved this study
conduct (NMRR-12-372-11920).

Study procedure

Two trained interviewers were assigned to one respondent at
a time. The interviewers administered the study tools guided
by a bilingual (English and Malay) interviewer script in a
pre-determined order (Figure 1). Respondents were probed to
justify the choice they made if the values were logically incon-
sistent, but were not asked to revise their preferences. Because
lengthy interviews may indirectly cause cognitive bias, respon-
dents were told that they could exit the interview at any
point.

Data analysis

Logically inconsistent responses to the VAS defined as death
ranked at 100 while all other health states were ranked worse

than death, and to the CBSG tool defined as choosing to live in
themeasured health state rather than a 100% probability of hav-
ing perfect health, were excluded from the analysis. The util-
ity for the EQ-5D health state was obtained using Malaysia’s
value sets [16]. The MiniAQLQ score was calculated by divid-
ing the sum of the responses to each question by the total num-
ber of questions [2]. The VAS preference scores and utilities
measured during conventional and chained SG for each health
state were calculated as defined in Appendix 3.

The categorical ratings of difficulty for VAS and CBSG in
both English and Malay were compared using the Chi-Square
test to assess the feasibility of the CBSG. The calculated pref-
erence scores from the VAS and SG for each health state were
compared using theWilcoxon Signed Ranks test, since the data
were not normally distributed. The face and content validity of
the health state descriptions were assessed by logical consis-
tency, i.e., whether the order of the utilities and values corre-
sponded to the levels of severity associated with each health
state. Hence, responses that did not follow the hypothesized
order were not excluded from the analysis. Linguistic validity
was assessed by comparing the preference scores between the
Malay and English language (used during the interview) using
theMann–Whitney U-Test and logical consistency.We hypoth-
esized that the utilities would rank in this order: C1 > C2 >

C3 and T1 > T2 > T3. The correlation between the values of
EQ-5D, EQ-VAS, MiniAQLQ, VAS (O), and SG (O) was ana-
lyzed using a Spearman correlation because the distribution of
data was not normal. Correlation results were used to assess
construct validity of the CBSG tool.

Results

Twenty-five adults were approached for this study but only 20
participated in the study (response rate 80%; Table 1). Then,
65% (N = 13) of the respondents completed the entire inter-
view within an hour, and half of them answered in English.
All respondents indicated that they understood the SG exercise
on the first attempt. The mean time for CBSG completion
was 24 ± 10.2 minutes; 85% (N = 17) of the respondents
completed the CBSG tool within 30 minutes. The overall
difficulty ratings for the VAS and CBSG tools were similar
(no significant differences), according to both the respondents
and interviewers (Table 2) and between those who answered
in English and Malay.

The mean values of the study subjects’ current health sta-
tus as measured by EQ-5D, EQ-VAS, MiniAQLQ, VAS (O)
and SG (O) are shown in Table 3. The mean values for the C1-
3 and T1-3 asthma health states as measured by the VAS and
CBSG tool are presented in Figure 2. Logically inconsistent
cases (one for VAS, eleven for SG) were excluded from the
calculation of mean values. The logical inconsistencies were
attributed to respondents who felt that the health states were
not severe enough to warrant treatment, and living in the mea-
sured temporary health state was equivalent to recovering from
the worst state.

The order of the VAS values for both the chronic and tem-
porary states was logically consistent, fulfilling the hypothe-
sis that the rankings would be ordered C1 > C2 > C3 and T1
> T2 > T3. 90% of respondents ranked T3 as the worst tem-
porary health state in the VAS. The VAS values for a given
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1. EQ-5D-3L: a generic indirect 
preference-based measure across five 
domains (mobility, self-care, usual ac�vi�es, 
pain/discomfort and anxiety/depression) 
with three levels of severity for each.

2. EQ-VAS: a ver�cal VAS for overall 
health with clearly defined endpoints: 
0=worst imaginable health state and 
100=best imaginable health state.

3. Asthma Control Test (ACT): a 
measure of asthma control level.

4. MiniAQLQ: an asthma-specific non-
preference-based measure across four 
domains (symptoms, ac�vity limita�on, 
emo�onal func�on and environmental 
s�muli).

5. VAS: using the nine asthma 
health states, as described above.

6. SG: using the nine asthma health 
states, as described above.

7. Respondent and interviewer 
rated the level of difficulty that 
the VAS and SG prop presented 
to that pa�ent.

8. Demographics and clinical 
characteris�cs

Explana�on on how SG works

Understand?

NoYes

Three  examples  of   
displaying  

 of dying and becoming 
 were shown to respondents 
they     

NoYes

Correct?

Respondent rated as 
‘understand’, and 
then proceed with 
the actual SG.

Respondent rated 
as ‘don’t 
understand’. 

chance  boards
different propor�ons

healthy
and

describetoaskedwere

Figure 1. The flow chart of the study procedure. The interview was conducted according to the numeric order.

asthma health state were significantly different from the val-
ues for the neighboring states, except for C2 vs C3. The order
of the CBSG tool utilities was logically consistent for the tem-
porary asthma health states, although the difference between
T1 and T2 utilities was not significant. However, the order of
the CBSG tool utilities for the chronic states was not logically
consistent, and the differences were not statistically significant.
Thus, the temporary health state descriptions had good face and
content validity, but the chronic health state descriptions did
not. Nevertheless, the bilingual descriptions had good linguistic
validity because whilst the logical consistencies were identical,
the preference scores between the two languages used were not
significantly different from each other.

There was a strong relationship between 1) EQ-5D and
MiniAQLQ (r= 0.77) and 2) VAS and MiniAQLQ (r= 0.55),
and a medium relationship between 1) EQ-VAS and Mini-
AQLQ (r= 0.43) and 2) EQ-5D and VAS (r= 0.45) (Table 4).
The own health state value derived from the CBSG did not cor-
relate well with any of the other tools.

Discussion

This preliminary study evaluated a newly developed CBSG
tool for feasibility and validity in valuing asthma health states.
Outcomes from the SG were compared with those from VAS,
and from three other established health status measurement
tools. The overall validity of a preference-basedmeasure can be
assessed in three ways [17]: (1) descriptive validity of its health
state description; (2) the theoretical soundness of its valuing
preference method; and, through empirical validity.

Descriptive validity comprises ‘content and face’ and con-
struct validity. CBSG was found to have valid ‘content and
face’ description, but with poor construct validity based on the
weak correlations with other preference measures. The weak
correlation between CBSG and other tools was similar to the
findings from Juniper et al. [11] study. However, no fair com-
parison can be made between these two studies because the
sample size differs by a half. Notwithstanding that this result
implied a poor construct validity of SG as a tool to measure
HRQoL in asthma, SG technique is itself considered valid

http://dx.doi.org/10.3109/02770903.2016.1156694
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Table 1. Demographic and clinical characteristics of study subjects.

n (%)

Age (years) 21 – 30 7 (36.8)
31 – 40 6 (31.6)
41 – 50 4 (21.1)
51 – 60 1 (5.3)
61 – 70 1 (5.3)

Gender Male 3 (15)
Female 17 (85)

Ethnicity Malay 13 (65)
Chinese 3 (15)
Indian 4 (20)

Employment Working 11 (55)
Student 6 (30)

Housewife 1 (5)
Retired 2 (10)

Smoking status Never smoked 18 (90)
Ex – smoker 1 (5)

Refused to answer 1 (5)
Asthma duration (years) <2 2 (10.5)

�2 17 (89.5)
Last asthma symptoms (days) <60 9 (47.4)

�60 10 (52.6)
Asthma control Poora 8 (40)

Partialb 9 (45)
Fullc 3 (15)

Missing data (where n < 20) was due to respondents’ refusal to answer.
aAsthma Control Test score �19.
bAsthma Control Test score 20–24.
cAsthma Control Test score 25.

to measure utilities, since it conforms to the axioms of the
Von Neumann–Morgenstern utility theory [18]. Further stud-
ies, particularly in larger sample size (because magnitude of
correlation is unstable in small sample size [19]) should be con-
ducted to accumulate more evidence and confirm the validity
of SG method in asthma.

In the second validation, SG is a technique that itself is valid
tomeasure utilities because it is a choice-basedmethod that fol-
lows the axioms of the Von Neumann–Morgenstern utility the-
ory [18]. Furthermore, the utilities were elicited from asthma
patients themselves. And the feasibility data shows that CBSG
can be used (at least, on literate patients) to elicit utilities that
reflect the patients’ preferences. Despite the general perception
that SG method is more taxing for respondents than the VAS
method, the difficulty ratings for the newly developed CBSG
tool and VAS were similar. This might be caused by the design
of the tool (bright colors, pie charts, computer administration)
that helped respondents to understand how SG works, and/or
clear explanations of the SG process by the interviewers. Given

Table 2. Difficulty ratings for VAS and SG measurement tools.

VAS SG
Level of Difficulty n (%) n (%)

Respondent
Easy 3 (16.7) 6 (30)
Neither easy or difficult 9 (50) 8 (40)
Difficult 6 (33.3) 4 (20)
Very difficult 0 2 (10)
Interviewer
Very Easy 2 (10) 1 (5)
Easy 7 (35) 6 (30)
Neither easy or difficult 7 (35) 7 (35)
Difficult 4 (20) 4 (20)
Very Difficult 0 2 (10)

Table 3. Mean values of health state measurements.

Outcome Measure n Maximum value Mean (SD)

EQ-5D-3L 20 1 0.84 (0.09)
EQ-VAS 20 100 76.95 (16.83)
MiniAQLQ 20 7 4.84 (1.06)
VAS (O) 19 1 0.44 (0.36)
SG (O) 18 1 0.49 (0.33)

SD: standard deviation.
O: own health state over past 2 weeks.

that the CBSG tool was not rated more difficult than VAS, it
should be considered feasible.

For the third, empirical validity looks at whether or not the
measured utilities do indeed reflect patients’ preferences in
real-life practice. One method is by comparing the measured
utilities against hypothesized preferences, similar to what this
study has done. As the results implied, the chronic health states
were not empirically valid unlike the temporary health states.
The utilities of the temporary states as measured by the CBSG
can be considered valid since they conform to the logical order,
with significant differences between the values. However, the
utilities of the chronic states as measured by this CBSG tool
could not be considered valid because C2 was valued as worse
than C3 and the differences among the three mean utilities were
not significant.

This was unlikely due to misunderstanding of interview-
ers’ words / directions, because this situation did not arise for
the temporary health states; the directions (except the duration
spent) supplied in the interviewer script were the same for all
health states. Language barriers are unlikely to have played a
role in this situation because in addition to the non-significant
differences in the difficulty ratings between English and Malay
language, respondents were strictly selected in this aspect, and
their comprehension and literacy were indirectly assessed dur-
ing self-administration of questionnaires. Instead, we believed
that the C2 andC3 health state descriptionswereworded almost
identically, except for the qualifiers “any of the following” for
C2 vs. “any three of the following” for C3, which may have
contributed to the apparently illogical ordering of the values.

Respondents might have missed that difference during the
SG while paying more attention to the death outcome or prob-
abilities. The VAS values, although based on the same health
state descriptions, did comply with the validity tests. The utili-
ties measured by the CBSG tool might be improved if the health
state descriptions, particularly for C2 and C3, were revised.
Further studies should be done to assess this possibility.

Given these mixed outcomes, the authors concluded that the
CBSG tool has an acceptable overall validity. It would be unfair
to conclude that the overall validity of the CBSG tool is poor
just because of the weak construct validity and the utilities for
chronic health states did not follow the hypothesized order.

The major limitation of this study is its lengthy interview.
However, none of the respondents took the option of leaving
the interview early. Even though there were no formal transla-
tions of the health state descriptions, non-rejection of utility and
difficulty difference hypothesis between those who responded
to either language showed that the bilingual descriptions were
equivalent as a function of language. It may be argued that the
linguistic validity results were compromised by the small sam-
ple size of this study. However, the use of Mann–Whitney U-
test is justifiable because our sample size (N = 20) exceeded
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Figure 2. Mean (standard deviation represented by the error bar) preference scores of the hypothetical health states as measured by VAS and SG. For
each health state, logical inconsistent responses were excluded from the calculation of the mean. For the VAS, n=19. For the SG, n’s are as follows: C1:
18; C2: 19; C3: 19; T1: 18; T2: 18; T3: 19. ∗ p < 0.05.

Table 4. Correlation coefficients between outcome measure values.

Outcome
measure EQ-VAS MiniAQLQ VAS(O) SG(O)

EQ-5D-3L 0.45∗ 0.77∗ 0.13 − 0.09
EQ-VAS 0.43 0.26 0.06
MiniAQLQ 0.55∗ − 0.22
VAS(O) − 0.16

∗p < 0.05.
O: own health state over past 2 weeks.

the minimum (7 or less) that is needed by the test to detect a
difference [20] between Malay and English-language group.

In terms of the values measured by VAS, these were exposed
to a) context bias: the score for a health state depends on the
number and type of other states presented at the same time,
i.e., if a state is among other worse states, its preference score is
inflated [4] and b) end-aversion bias: on average, respondents
tend to place a health state 1.78 times away from the healthy
end – they tend to shy away from the near ends of the scale [5].
Given that existing correction methods are not yet well estab-
lished [5], these likely biased values were not corrected prior
to comparison with other measured values.

Due to the small sample size and the health state descrip-
tions of chronic health states which could have affected the
construct and empirical validity of CBSG respectively, future
studies with larger sample size and better health state descrip-
tions are necessary to improve the current state of construct and
empirical validity. Another limitation of this study is that the
reliability of utilities (in repeated measure) measured by the
CBSG tool was not examined in this preliminary study.

Conclusion

The CBSG tool developed for measuring utilities of asthma
health states showed acceptable feasibility and overall valid-
ity. However, due to the weak construct and empirical validity
of the chronic health states utilities, the current CBSG tool is

more appropriate to be used to measure or elicit utilities that
reflect patients’ preferences for temporary health states.
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Appendix 1. Health states description [1–3].

C1: You have asthma with all of these following features: You have asthma but it affects your life a little or none at all. You may experience
asthma symptoms such as shortness of breath or wheeze twice or less in a week. You can do as much daily activities as you wish. You also
sleep well through the night. You use your blue inhaler twice or less in a week.

C2: You have asthma with any of these following features: You have asthma and it affects your life moderately. During daytime, you
experience asthma symptoms such as shortness of breath or wheeze more than twice a week. You find it difficult to do your daily activities.
You are awake from your night sleep due to asthma symptoms. You use your blue inhaler more than twice a week.

C3: You have asthma with three or more of these following features: You have asthma and it affects your life moderately. During daytime,
you experience asthma symptoms such as shortness of breath or wheeze more than twice a week. You find it difficult to do your daily
activities. You are awake from your night sleep due to asthma symptoms. You use your blue inhaler more than twice a week.

T1: You are breathless even when talking. At this time, you prefer to sit and rest. You can only talk in short phrases. You start to increase the
use your blue inhaler gradually until you don’t feel breathless anymore. You may also be sent to the Accident & Emergency department for
the medication through the mask to make you able to breathe better, but the pharmacy does not supply any five to seven-day duration of
small white tablets.

T2: You are breathless even when resting. At this time, your body lurches forward and wheezes loudly. You can only talk in few words. You
start to increase the use your blue inhaler gradually. The pharmacy supplies five to seven-day small white tablets, regardless being sent to
the Accident & Emergency department for the medication through the mask to make you able to breathe better.

T3: You are breathless even when resting. At this time, your body lurches forward and wheezes loudly. You can only talk in few words. You
start to increase the use your blue inhaler gradually. But the situation becomes worse that you are admitted to the ward, requiring
medications such as the small white tablets or injections.

O: Think about how your asthma has bothered you during the last two weeks. Try to remember whether your asthma made you wheeze or
feel short of breath and whether it limited you in your activities such as work, sports, social activities or hobbies. Think about whether you
were bothered by such things as cigarette smoke, dust or pollution. Remember whether your asthma woke up at night. Consider whether
asthma has made you feel frustrated or afraid.

http://www.ginasthma.org/
http://www.graphpad.com/guides/prism/6/statistics/index.htm?how_the_mann-whitney_test_works.htm
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Appendix 2. An example of the conventional (top) and chained (bottom) SG prop, and a brief description on how these work [4].

Respondents were asked to choose between two alternatives: to accept treatment or not. If they are not willing to accept treatment, then they will remain
in a certain health state for a specified duration. However, if they choose to accept treatment for that certain health state, then they will face risk of
either dying (X%) or becoming healthy again (100-X%). In chained SG procedure, they will instead face risk of either worsening (Y%) or becoming
healthy again (100-Y%). In this study, the worst state is the worst among the three temporary health states as ranked in VAS. The risks were changed
by 10%, oscillating between the high and low ends of the scale in a “ping-pong” fashion, until 1) the indifference point was reached where keeping the
previous choice on a better health state at a given probability were valued equally by the respondent or 2) the respondent kept his previous choice when
the probability was changed. The SG exercise also considered situations that were worse than death and the worst state. These situations arise when the
respondent chooses to accept the treatment even though that choice carries a 100% probability of dying or declining into the worst state.

http://dx.doi.org/10.3109/02770903.2016.1156694
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Appendix 3. Calculation of preference scores

VAS
The VAS preference scores for each health state were initially transformed to a 0-to-1 scale and then the final values were calculated as follows:

VAS score = (x – d)/(1 – d) [4]
where x was the scale score of the health state in question and d was that of the death state.
Conventional SG
Taking p as the probability of becoming healthy after treatment, the utilities (hi) measured during the conventional SG for situations better than
death were

1) the p at the point of indifference [4] or
2) the sum of p at that point when the previous choice was kept and one half of the increment [5](i.e., one half of 10%, or 5%).

For situations worse than death, the hi were

1) -p / (1 – p) at the point of indifference [4] or
2) - (p + 5%) / (1 – (p + 5%)) at that point when the previous choice was kept.

The hi for this situation was further transformed to a -1-to-0 scale by
U′ = hi / (1 - hi) [6]

where U’ was the transformed utility. This transformation was essential for reducing the effect of distribution skewness for an equal distance from
death when compared to situations better than death (0-to-1 scale).

Chained SG
The utilities in the chained SG for situations better than the worst state were calculated as follows:

hQ = p + (1 – p)∗hA [4,7]
where hQ was the utility of the measured health state and hA was the utility of the worst temporary health state. In situations worse than the worst
state, the utility of the measured health state was calculated as follows:

hQ = (hA – p)/(1 – p) [7,8]
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