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Summary

The person trade-off (PTO) is increasingly being used to elicit preferences in health. This paper explores the
measurement properties of the PTO method in the context of a study about how members of the public prioritise
between patients of different ages. In particular, it considers whether PTO responses satisfy the transitivity principle;
that is, whether one PTO response can be inferred from two other PTO responses. The results suggest that very few
responses to PTO questions satisfy cardinal transitivity condition. However, this study has produced results that
suggest that cardinal transitivity will hold, on average, when respondents who fail to satisfy the ordinal transitivity
condition have been excluded from the analysis. This suggests that future PTO studies should build in checks for
ordinal transitivity. Copyright # 2002 John Wiley & Sons, Ltd.
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Introduction

There is a rapidly growing literature within health
economics that addresses the issue of what patient
characteristics should be taken into account when
setting health care priorities [1–7]. A number of
studies have elicited the preferences of the general
public about whether characteristics such as the
severity of the condition, age, lifestyle, or family
responsibilities should be taken into account, and
if so, how they should be traded-off against the
maximisation of health gain. A method that is
often used in such empirical studies is the person
trade-off (PTO) method, in which respondents are
asked to specify the number of people with one set
of characteristics that would make them indifferent
between treating that group and a different

number of people with another set of character-
istics [6–12]. The method has also been used to
quantify preferences regarding the relative value of
different health states [9,13] and is used by the
World Bank and others to value disease states in
terms of disability adjusted life years (DALYs)
[14,15].

This paper explores the measurement properties of
the PTOmethod in the context of an interview-based
study about how members of the public prioritise
between patients of different ages. In particular, it
considers whether PTO responses satisfy the transi-
tivity principle; that is, whether one PTO response
can be inferred from two other PTO responses. To
our knowledge, there have only been two other
published studies – both using convenience samples
– that have addressed this issue, and which found
that transitivity did not hold [16,17].
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Methods

Five groups of different ages – 5-year olds, 20-year
olds, 35-year olds, 55-year olds and 70-year olds –
were chosen to represent different stages in the life
cycle. Respondents were told that each group
would die in a few days, and were asked to rank
the groups in the order in which they would choose
to give an extra 5 years of life. After this ranking
exercise, respondents were asked three PTO
questions that asked them to consider pairs of
programmes that targeted different groups. The
age groups used were those that the respondent
had ranked first, third and fifth in the previous
question. They were asked to indicate how many

people would have to be treated by the programme
aimed at the more preferred age group (relative to
a fixed number of people treated by the pro-
gramme aimed at the less preferred age group) for
the two programmes to be of equal social value.
See Figure 1 for an example of the layout of the
questions.

If responses to PTO questions are to be used to
reflect the relative importance of one patient group
as compared to another, then the results should
have ratio scale properties, and will thus satisfy
cardinal transitivity. In other words, the marginal
rate of substitution (MRS) between, for example,
the fifth and third ranked ages multiplied by the
MRS between the third and first ranked ages

Programme A Programme B
Number of ___ year olds who will live
for five years

Number of ___ year olds who will live
for five years

for A

1000 1000

1000 990

1000 980

1000 970

1000 960

1000 950

1000 900

1000 800

1000 700

1000 600

1000 500

1000 400

1000 300

1000 200

1000 100

1000 50

for B

Figure 1. An example of the PTO question. The interviewer wrote in the respondent’s first, third, or fifth ranked age in the space

provided
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should be equal to the MRS between the fifth and
first ranked ages i.e. MRS5v3�MRS3v1=MRS5v1.
Thus, by examining the relationship between the
actual MRS5v1 and the predicted MRS5v1, ob-
tained via the other two MRSs, the ratio scale (or
cardinal transitivity) property of PTO responses
can be tested. The calculation of the predicted
MRS5v1 is then analogous to the calculation of
‘chained’ values for health states, where inter-
mediate health states are evaluated against some
severe state, which in turn is evaluated against
death, so that the valuation of the initial state
against full health and death becomes indirect, or
‘chained’.

If respondents are also concerned about the
difference between the number of people in the two
groups, as well as about the ratio between them,
then MRS5v3�MRS3v1>MRS5v1 i.e. the respon-
dent is willing to trade-off fewer people in the fifth
versus first ranked ages question than would be
implied by their responses to the two other
questions. If respondents do focus on the absolute
difference, then the gap between the predicted and
actual MRS5v1 will increase as the baseline number
of people in the PTO question increases. For this
reason, the interviews were carried out in two
rounds. The starting point was 100 people in each
age group in the first round of interviews (R1), and
1000 people in the second round (R2). Further, to
determine whether there were any ordering effects,
half the respondents in each round of interviews
received the order MRS5v1, MRS5v3, then MRS3v1
(O1), and half received the order MRS3v1,
MRS5v1, then MRS5v3 (O2). Therefore, there were
four experimental cells.

Scatterplots of the relationship between the
actual MRS5v1 and the MRS5v1, predicted from
responses to the two other PTO questions, are
produced for all four variants. The predicted
MRS5v1 is regressed on the actual MRS5v1 with
no intercept to test whether or not these are equal
to each other. The w2 test is used to test for
whether certain respondents are located above or
below the 458 ray of the scatterplot (i.e. whether
their predicted MRS5v1 is larger or smaller than
the actual MRS5v1). Regression analysis using the
ratio of the predicted and actual MRS5v1 is
employed to see whether certain respondents are
nearer to or further away from the 458 ray. In each
case, the explanatory variables are: the variant of
the questionnaire respondents were given; their
background characteristics (age, sex, employment,
dependants, smoking status, illness); and the

‘pattern’ of age preference they have (a pattern is
called ‘linear’ when the first, third, and fifth
preferred ages are in ascending age order, and
‘non-linear’ otherwise). A significance level of 0.1
is used throughout.

The three PTO questions can also be used to test
the ordinal transitivity of responses. Since the
distance, in terms of strength of preference,
between the fifth and first ranked ages should be
greater than each of the distances between the fifth
and third and third and first ranked ages, there are
two consistency conditions that each respondent’s
PTO responses should satisfy: namely, MRS5v1>
MRS5v3 and MRS5v1>MRS3v1.

Letters of invitation were sent out to 1500
people on the electoral register in three wards in
York (this amounted to every eighth person). They
were invited to attend an interview for which they
would be paid £15. Of these, 467 people (31%)
agreed to participate. These potential respondents,
who provided information about their sex and age
on their reply slips, were more likely to be female
and in the older age groups. Therefore, men and
the younger age groups were over-sampled so that
the final sample would be representative of the
wider population. Of the 140 people selected for
interview, 130 turned up and these were indeed
broadly representative of the general population
in terms of their sex and age distribution. The
interviews were conducted by three trained inter-
viewers and took place at the University of York.
The full interview lasted for about 1 h, of which
about 15min was spent on the questions analysed
in this paper.

Results

Figures 2(a)–(d) show scatterplots of the relation-
ship between the actual MRS5v1 and predicted
MRS5v1. For all four variants, there are very few
respondents on, or close to, the 458 ray, suggesting
that very few respondents satisfy cardinal transi-
tivity. The side of the 458 ray a respondent lies was
found to be related to the variant of the
questionnaire they were given, with predicted
values higher than actual ones more likely in R1
than R2, and in O2 than O1. Respondent age was
also found to have a significant effect, with only
3% of respondents in the 65+ age group having
predicted values higher than actual ones compared
to 30% in the under 65 s. While 55% of
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respondents had a linear pattern of preferences
and 45% had a non-linear pattern, this had no
effect on which side of the 458 ray a respondent is
located. In terms of the distance from the 458 ray,
there were no statistically significant differences by
questionnaire variant, respondent characteristics,
or pattern of preference.

Table 1 presents aggregate level results. For
three of the four questionnaire variants, the mean
actual MRS5v1 is greater than the mean predicted
MRS5v1, as shown by the proportion of those with
ratios >1 and b coefficients that are significantly
different from 1.00. The exception is variant R1-
O2, where the actual and predicted values are very
close to one another. On the whole, then,

respondents are trading off less on average in
the fifth-ranked versus first-ranked age PTO
question than they would if they were satisfying
cardinal transitivity. For example, take R1-O1
where, on an average, MRS5v3=0.59 and
MRS3v1=0.52. To satisfy cardinal consistency,
the average respondent should set MRS5v1
equal to 0.59� 0.52=0.31. However, average
MRS5v1=0.43, suggesting that they are taking
account of the absolute difference in the number of
people in the two groups. Changing the starting
point from 100 people in round one to 1000 people
in round two has the predicted result: that is, the
actual value exceeds the predicted value by an even
greater amount.
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Figure 2. Scatterplots of individual responses: the numbers on the x-axis refer to the actual number of first-ranked age that is

equivalent to 100 (or 1000) fifth-ranked age, and the numbers on the y-axis refer to the response that is predicted from the two other

PTO questions
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Overall, the results do not look very good for
the cardinal transitivity condition, but what about
the weaker condition of ordinal transitivity? The
rate of ordinal intransitivity was related to
questionnaire variant, being higher for R2 than
R1, and for O1 than O2. Ordinal intransitivity was
also related to the age of the respondent, with the
highest rate (40%) found in the 65+ age group
and the lowest rate (17%) in the 16–34 age group.
The remaining background variables and the
pattern of preferences had no effect.

Table 2 replicates Table 1, but after excluding
those respondents who violate at least one of the
two ordinal transitivity conditions. Notice the
large variation in the exclusion rate, reflecting
the difference in ordinal intransitivity rates across
the questionnaire variants. Compared to Table 1,
there is a marked improvement in the match
between the actual and predicted values for
MRS5v1. None of the regression coefficients are
statistically significantly different from 1.00, im-
plying that, on an average, the actual MRS5v1 is
approximately equal to that predicted from
responses to the other two PTO questions.

Discussion

It is clear from the scatterplots in Figure 2 that
very few responses to PTO questions in the study
satisfy the cardinal transitivity condition. Many
respondents have a MRS between the most and
least preferred ages that is lower than would be
predicted from the other two PTO responses,
particularly when the starting number of people in
the PTO is 1000 as opposed to 100. Similar
violations of cardinal transitivity were reported
in [16] where about 75% of respondents had a
lower MRS (across different conditions) than
would have been predicted from other responses.
The authors conclude that, whilst ‘this inconsis-
tency should be of great concern to proponents of
the person trade-off method’, it ‘may be correct-
able by modifying the way person trade-offs
are elicited’. In the other study that tested for –
and found similar evidence of – violations
of cardinal consistency, the authors pointed
out the inconsistencies to respondents and this
reduced the number of violations in PTO
responses [17].

Table 1. Aggregate PTO results

Group N Actual
MRS5v1

Predicted
MRS5v1

a
% Actual >
predicted

Actual/
predictedb

b Coefficientc

R1, O1 29 0.43 0.33 83 1.30 0.73*
R1, O2 31 0.31 0.34 52 0.91 0.92
R2, O1 34 0.37 0.25 85 1.48 0.64*
R2, O2 36 0.36 0.24 81 1.50 0.62*

aCalculated as MRS5v3�MRS3v1 at the individual level and then averaged.
bCalculated at the individual level and then averaged.
cFrom the regression equation PRED=bOBS+e, through the origin, run on individual data – the asterisks indicate that p50:1 for
the two-sided t-test that b ¼ 1:00.

Table 2. Aggregate PTO results excluding inconsistent respondents

Group Excluded
(%)

Actual
MRS5v1

Predicted
MRS5v1

a
% Actual >
predicted

Actual/
predictedb

b Coefficientc

R1, O1 31 0.33 0.33 75 1.00 0.92
R1, O2 10 0.28 0.35 48 0.80 1.13
R2, O1 41 0.27 0.28 75 0.96 1.00
R2, O2 28 0.25 0.24 73 1.04 0.93

aCalculated as MRS5v3�MRS3v1 at the individual level and then averaged.
bCalculated at the individual level and then averaged.
cFrom the regression equation PRED=bOBS+e, through the origin, run on individual data – p > 0:1 for the two-sided t-test that
b ¼ 1:00 for all b.
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This study has produced results that suggest
that cardinal transitivity will hold, on average,
when respondents who fail to satisfy the ordinal
transitivity condition have been excluded from the
analysis. Of course, this means using the data from
only a subset of respondents and, depending on
the variant used, could mean excluding as many
40% of respondents. O2 performs much better in
this respect (only three respondents are excluded
from R1-O2). O2 also performs better in terms of
cardinal transitivity, at least at the aggregate level,
and so these results may have implications for
chained PTO studies. O1 is the ordering where the
PTO question involving the most preferred and
least preferred ages comes before PTO questions
involving the middle-ranked age, while O2 is the
ordering where the intermediate combinations
precedes the extreme combination. This implies
that, when PTO studies chain the responses of less
severe states to the worst state, transitivity may be
more closely approximated when the extreme
combination (i.e. the valuation of the worst state
against full health and death) comes after the
evaluations of the intermediate states.

There is at least one caveat that is worth adding;
namely, that respondents may change their minds
regarding the rank ordering of the five ages as they
go through the PTO exercise. In this case, the issue
is not one of intransitivity, but one of instability.
However, this is a complicated issue to address
since, even if the ranking exercise is repeated after
the PTO, it will be difficult to determine at which
point the respondent changed his mind, or indeed,
how many times he changed his mind. In any event,
it is important that the robustness of findings
reported here is tested in future studies. If they are
found to be robust, then future PTO studies,
especially those that involve a chaining procedure,
should build in checks for ordinal transitivity.
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