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Introduction

This dissertation consists of four chapters treating two different themes in the field of economic
statistics. The first two chapters concern methodological contributions in smooth transition
autoregressive (STAR) modelling. The first essay on this theme focuses on modelling single­
equation relationships and the second essay develops understanding in methods of modelling
systems of equations.

The last two chapters regard contributions to the understanding of applied health economics. The
first essay on this theme regards patient satisfaction and how to make optimal improvements
within asthma treatment area in Sweden. The second essay compares two different methods of
estimating the patient's willingness to pay for improved treatment. This work is applied in the
area of anticoagulant treatment in Sweden.

Contents:

Chapter I, The Net Barter Terms Of Trade: A Smooth Transition Approach. (Co-authored with
Timo Terasvirta. Published in the International Journal of Finance and Economics, Vol. 8,
2003, pp81-97).

The modelling of time series islikely to be drastically affected by the selected starting point of
whether or not the series is stationary. The claim of the
Grilli-Yang series on relative prices of primary commodities having a negative linear trend has
generated considerable empirical research. This essay, however, examines how much evidence
there is against the hitherto neglected assumption that the series is stationary, and our alternative
to a linear autoregressive model is the Smooth Transition Autoregressive (STAR) model.

These types of models allow for smooth transitions between a continuum of extreme regimes.
The bounded function of the continuous transition variable, which may be a lagged value of the
modelled variable or another observable variable, determines the locally linear transitions.

The nonlinearity in the logarithmed series, supported by statistical tests, is described by an
Exponential STAR (ESTAR) model. The power of the linearity test against ESTAR when data
have been generated by a linear model with a time trend is investigated. The dynamics of the
model are illustrated by use of parametrically estimated local spectra and generalized impulse
response functions. Our model encompasses models from several previous studies and we
demonstrate that a careful study of this time series lends support to the starting point of weak
stationarity which is in contrary to the hypothesis of a negative linear trend.

Chapter 11, Co-shifting.

The purpose of this essay is to develop tests for detecting common features shared by
autoregressive processes in a VAR system where the shifts are assumed to be smooth, while so
far existing tests have taken only abrupt common trendbreaks into account. Common nonlinear
smooth changes in the time-varying intercept of a pair of economic time series are defined as co-



shifting in the essay whereas common nonlinear smooth seasonal patterns are refered to as co­
seasonality.

Monte Carlo simulations are used to investigate the empirical size and power of the test statistics
that are applied to two time series, Japanese income and Japanese consumption. These series turn
out to be weakly and strongly co-shifting according to the performed test.

Chapter Ill, Measuring Asthma Patient Satisfaction in Sweden using Partial Least Squares. (A
simpler version of this paper was published in the International Journal of Health Care
Quality Assurance, Vo!' 17, 4, 2004, pp 221-229).

The main purpose of this essay is to identify the most important characteristics involved in
overall asthma treatment, with the intention of making powerful recommendations for optimized
improvements. Patient perceptions of the separate factors involved in asthma treatment and the
impact of each factor on overall satisfaction is investigated using Partial Least Squares (PLS),
which are well suited for structural equation modeling when the distribution of the variables is
unknown or differs severely from a normal distribution.

The structure of the suggested model is well supported by the data and has been tested on 599
respondents from a questionnaire survey.

The results show that optimizing improvements in overall asthma treatment requires efforts to
strive for higher scores for "The physician's manner" and "The physician's medical
competence".

The resource use of patients who grade their health-related quality of life high and low
respectively is compared. The study implies that improvements in the specific aspect of health­
related quality of life lead to reduced resource use.

The dissertation version differ from the published version in the following way:
An estimation algorithm, which we refer to as double PLS-estimation, to reduce remaining
multicollinearity in the model is added to this study. Bootstrapping technique is performed to
simulate the otherwise unknown precision for the estimated coefficients when using the double
PLS-estimation.

Furthermore, the dissertation version also contains some additional variance analysis regarding;
cost for patients treated at asthma health care centres versus patients treated at ordinary health
care centres, and cost for patients in the different treatment groups.



Chapter IV, Willingness to pay for anticoagulant treatment: A comparison of conjoint
analysis and contingent valuation. (Accepted for publication in the
PharmacoEconomics).

Willingness to pay estimates provide information on how patients value different aspects
of their overall treatment, and thus they are a worthy tool in the decision of whether the
drug should be included in the health insurance. The aim of this study is twofold: to
examine preferences and willingness to pay for improved oral anticoagulant treatment,
and to compare conjoint analysis and contingent valuation when estimating the patients'
mean willingness to pay for alternative treatment.

682 patients, currently treated with warfarin, are asked to value the treatment
characteristics corresponding to a new oral drug, of which they have no experience, along
with aspects of their current treatment. Medical studies indicate that the effect of the new
drug, with fewer side effects and fewer limitations in daily life, is as good as, and in
many times better than, the standard warfarin treatment.

To test for a scope effect in the contingent valuation study, the limitations in daily life are
varied between "few limitations in daily life" and "many limitations in daily life" in two
different sub-samples. In the conjoint analysis, the patients rank 18 treatment concepts
including the standard treatment and the two treatment alternatives in the contingent
valuation study.

Confidence intervals and variances for mean willingness to pay estimates have been
bootstrapped, and thus significant differences in mean willingness to pay estimated using
contingent valuation and conjoint analysis can be tested for.

The analysis suggest that patients are willing to pay a substantial amount for the
improved anti coagulant treatment, and that the dichotomous choice contingent valuation
method and conjoint analysis produce relatively similar results. The estimated scope
effect is significantly smaller with contingent valuation than with conjoint analysis.





THE NET BARTER TERMS OF TRADE: A SMOOTH
TRANSITION APPROACH
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Abstract

This paper analyzes the net barter terms of trade measured by the primary com­
modity price index relative to the indexes of unit values of export of manufactures
from industrial countries. The starting point is that the series is stationary but pos­
sibly non-linear. Statistical tests indicate that the logarithmed series is non-linear,
and we estimate a Smooth Transition Autoregressive model to describe the process.
The dynamics of the model are illustrated by use of parametrically estimated local
spectra and generalized impulse response functions. Our model encompasses mod­
els from several previous studies, and our conclusion is that the starting point very
much decides the outcome.
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1. Introduction

The claim of Prebisch (1950) and Singer (1950) that the relative prices of primary com­
modities have a negative trend, has generated a lot of empirical research. Economically
their claim implies that in relative terms, the developed countries gain more and more
from the trade with developing countries. Several researchers have since found support
for this argument by taking an appropriate price index and fitting a linear trend to
it. The coefficient estimate of this trend has turned out to be negative, either for the
pre-World War 11 period (Spraos, 1980) or also for the post-World War 11 period (Saps­
ford, 1985). The latter finding was based on assuming a structural shift in the series
in 1950. Thirlwall and Bergvin (1985) found negative trends for individual commodity
price series for the post-World War 11 period. Grilli and Yang (1988), who constructed
the primary commodity price index for the period 1900-1986, obtained similar results.
Some of these studies did, however, ignore the possibility that the residuals of the model,
after fitting a constant and a linear trend to the data, are nonstationary. If this is the
case, standard inference is not valid and the findings can be questioned.

Cuddington and Urzua (1989) avoided this difficulty by assuming that the Grilli­
Yang series had a unit root. They tested this hypothesis and did not reject it. Discussing
the findings of Sapsford (1985) they further argued that "there is no particular reason
to assume that a structural shift occurred only in 1950, rather than to assume that
such shifts are of regular occurrence - as they would if certain shocks are 'permanent'
while others are 'temporary'." Cuddington and Urzua then assumed a structural shift
of their own in 1921 (but not one in 1950 or any other point of time) and fitted a MA(3)
model, completed with an impulse dummy to account for the shift, to the difference
series. The main reason for introducing this structural shift seems to have been large
residual in 1921 in their original model, although a worldwide decrease in wholesale
prices in the aftermath of World War I was used as a justification. The main conclusion
of the modelling exercise was that the price series was difference stationary without a
drift parameter but with a break in 1921. This clearly contradicted the hypothesis of
Prebisch and Singer.

Ardeni and Wright (1992) in turn claimed that the hypothesis of difference station­
arity was not sufficiently supported by the data. Furthermore, they also argued that
the hypothesis of stationarity of the original series had received insufficient attention in
the literature. Their solution was to avoid both hypotheses and model the series con­
sisting of the years 1900 to 1988 using a structural time series model; see Harvey (1989,
pp.31-51). The results seemed to reconfirm the Prebisch-Singer hypothesis as the trend
component turned out to have a deterministic (negative) slope. On the other hand,
the authors reported that there was a 64-year cycle in the data. They also pointed out
that their model fitted the data better than that of Cuddington and Urzua. Moreover,
Ardeni and Wright noted that the negative trend was unaffected by the assumption of
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a structural break in 1921, but, on the other hand, they did not find the evidence for
such a break in the series convincing.

Newbold and Vougas (1996) found that the strength of the evidence for the Prebisch­
Singer hypothesis depended on whether the time series of relative prices were assumed to
be trend stationary or integrated of order one. In the former case, the analysis supported
the Prebisch-Singer hypothesis, in the latter it did not. The authors also introduced
temporal structural breaks and breaks in the trend in this models but noticed that they
did not affect the conclusion.

Trivedi (1995) examined the Grilli-Yang data from 1900 to 1986 by allowing for
an unknown structural break in the trend. Helg (1991) also made use of this idea.
Trivedi (1995) applied the statistical theory in Zivot and Andrews (1992) and tested
the null hypothesis of a unit root against alternatives of stationarity with a break-point,
estimated by means of DGP 's allowing for change in the mean and the slope of the trend.
He was not able to reject the unit root hypothesis. The evidence in the sample pointed
at a break-point in 1920. Assuming this break known it was possible to reject the
null hypothesis at the 10% significance level. Such a rejection implies accepting trend
stationarity and hence finding support for the Prebisch-Singer hypothesis. Following a
critical discussion of the data set the conclusion of 'frivedi (1995) was that the empirical
results are not clear-cut and that more work would be needed to obtain more robust
unit root tests than those hitherto applied in this context.

The bivariate study by Powell (1991) argued that all individual price series were
integrated of order one and were thus difference stationary. He rejected the Prebisch­
Singer hypothesis in favor of structural breaks in 1921, 1937 and 1975.

Lutz (1999) extended the Grilli-Yang series to cover the years 1900-1995. In this
study univariate and bivariate time series from recent studies were nested. Contrary
to other multivariate studies the results by Lutz (1999) supported the Prebisch-Singer
hypothesis. This support was weak when a univariate trend stationary model was used
in the analysis.

In this paper our initial assumption is that the original series is stationary. Selecting
this starting-point means that the hitherto neglected hypothesis of stationarity will
receive attention. The purpose of the paper is to consider the validity of the Prebisch­
Singer hypothesis from this angle. Should stationarity hold then, taking the extended
series of Lutz (1999), this would imply that the relative prices of primary commodities
would have been mean reverting between 1900 and 1995. While accepting stationarity
as our working hypothesis we also include the possibility of the series being nonlinear.
Because all previous work has been based on the assumption of linearity we begin by
testing this hypothesis against a parametric nonlinear model. This model is a variant of
the well-known smooth transition autoregressive (STAR) model. The results show that
starting from the stationarity hypothesis leads to sensible results. In fact, the STAR
model we develop encompasses most of the other models that have been applied to
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analyzing the problem. We do not claim that we have found the right model, however.
A more prudent, and at the same time more realistic, interpretation of our findings is
that they support the conclusion of Newbold and Vougas (1996). These authors argued
that the present amount of information in the series allows an investigator to arrive at
different conclusions depending on the starting-point of the analyses.

The plan of the paper is as follows. Section 2 describes the data. Section 3 is devoted
to the STAR modelling of the series. A set of misspecification tests are conducted for
the estimated model. The dynamics of the estimated nonlinear model are illustrated by
local spectra and by a generalized impulse response function. In Section 4 we compare
our model with previous efforts by using encompassing tests. Section 5 contains the
conclusions.

2. The Data

Grilli and Yang (1988) analyzed, among other things, the long run movements in nonfuel
primary commodity prices (Grilli and Yang Commodity Price Index, GYCPI) relative to
the prices of manufactures (Manufacturing Unit Values, MUV), between 1900 and 1986.
The ratio GYCPI/MUV is a measure of purchasing power at international prices of non­
fuel primary commodities in terms of traded manufactures. It is used as a measure of the
distribution of gains from trade between commodities produced in developing countries
and manufactures produced in industrial countries, the net barter terms of trade.

In this study we use the extended Grilli-Yang series from 1900 till 1995. Following
others we consider the logarithm of the net barter terms of trade series, denoted LPV
(Logarithm Price Values), whose values from 1900 to 1995 are graphed in Figure A.1.
The index contains the prices of 54% of all non-fuel commodities in trade between 1977
and 1979, with the world export values for each commodity between 1977 and 1979
as weights. Furthermore 49% of all food products, 83% of all non-food agricultural
products, and 45% of all metals are covered.

The time series does not have the same quality in all years since the manufacturing
unit values contains missing values for the periods 1914-1920 and 1939-1947 due to the
two World Wars. Trivedi (1995) discussed possible consequences of this fact as far as
detecting structural breaks was concerned. Grilli and Yang thus constructed the MUV
index by interpolation. Another problem might arise when it comes to interpretation of
the long run movements in the GYCPI/MUV ratio because the effects of the technical
progress on price trends of primary commodities are not the same as those on price
trends of manufactures.
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3. Modelling the LPV series between 1900 and 1995

3.1. Specification, estimation and evaluation

We begin our analysis by assuming that the LPV series is stationary. This implies that
the Prebisch-Singer hypothesis does not hold, but our aim is to find out how much evi­
dence there is in the data against this assumption. We also assume linearity, but because
the series is rather irregular with sharp fluctuations we must be prepared to consider the
possibility that it cannot be adequately characterized by a linear autoregressive model.

Our alternative to the linear autoregressive model is the Smooth Transition Autore­
gressive (STAR) model

Yt = q/Wt + ()'WtG('y, c; St) + Ut, (3.1)

where Wt = (1, Yt-1, ... , Yt-p)' , 1J = (cPo, cP1' ... , cPp)', () = (Bo, (J1, ... , (Jp)', and
{Ut} f"V nid(O, 0-

2). Furthermore, G is a transition function with the stationary transition
variable St. In this paper, following Jansen and Terasvirta (1996), we first assume that
either

G(ry, c; St) = (1 + exp {-ry(St - c)} )-1, ry > 0,

the simple logistic (LSTAR(l)) model or

G(ry, c; St) = (1 + exp {-ry(St - C1)(St - C2)} )-1, ry > 0, C1:S C2,

the second-order logistic (LSTAR(2)) model, where ry > °and Cl :S C2 are identifying
restrictions. These functions are bounded between zero and unity. In a univariate
setting, St is typically a lag of Yt; see, for example, Terasvirta (1994). In this case, we
want the model to mimic sharp fluctuations of the LPV series around the mean of the
process. We should also allow a realization to wander either above or below the mean of
the process without a strong tendency to return to the mean. Thus we also consider the
first differences ~kYt-1 = Yt-1 - Yt-(k+1), k = 1, ... , K, as possible transition variables.

In order to model Yt (LPV) we apply the modelling sequence proposed in Granger
and Terasvirta (1993, ch. 7) and Terasvirta (1994). It consists of three stages: speci­
fication, estimation, and evaluation. The first step of the specification stage is to test
linearity against (3.1). In order to do that we first specify a linear AR(p) model for
the LPV series to serve as our null hypothesis. Applying Ale (Akaike, 1974) and this
leads to choosing p = 3 as the maximum lag. The set of possible transition variables is
defined to be S = {Yt-I, Yt-2, Yt-3; ~lYt-I, ~2Yt-1, ~3Yt-1}' The LM type linearity
tests are described in detail in Terasvirta (1994), and the results appear in Table A.1.
It is seen that linearity is just rejected when ~3Yt-1 is the transition variable, and we
proceed with the assumption that the series has been generated by a STAR model.
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Note that testing separately for each potential transition variable means that we do not
control the overall significance level of the testing procedure. As tests here are primarily
a model building device this is not our main concern. Possible misspecification is likely
to be discovered at either the estimation or the evaluation stage of the modelling cycle.

The next empirical issue, the choice between LSTAR(l) and LSTAR(2), is based
on the same short test sequence as in Terasvirta (1994). The tests clearly suggest an
LSTAR(2) model as the p-value PF3 is less than PF4 and PF2' see Terasvirta (1994) for
motivation for this conclusion and Table A.1 for the results.

A referee remarked that our linearity test may simply detect a misspecification
when the true process is trend stationary but the trend is ignored in testing. In order
to investigate that possibility we fitted an AR(l) model

Yt = ao + alt + (3Yt-1 + (JEt

where {ct} rvnid(O,l), to the LPV series and used the estimated model to generate
10000 series with both 100 and 1000 observations. It may be noted that the t-value of
QI was about -3.1. We tested linearity of the 20000 series at the 5% level of significance
using an AR(2) model without a trend as the null model. The results can be found in
Table A.2. They show that the linearity tests only have weak power when T = 1000 and
none at all when T = 100. As the LPV series contains less than 100 observations, the
outcome does not give us reason to believe that our test results are just a consequence
of ignoring a linear trend in the process.

The estimation of the parameters of the STAR model turned out to be numerically
difficult but the results finally obtained suggested setting Cl = C2. Instead of imposing
this restriction directly, however, we switch to the exponential transition function

which is a close approximation to the LSTAR(2) type logistic one with Cl = C2. The
switch is made for ease of interpretation as the exponential transition function is bounded
between zero and unity for all positive values of 1 and c. On the other hand, the second­
order logistic function is bounded between <5 and unity where <5, 0:::; <5 :::; ~' is a function
of 1, Cl and C2. Note that <5 = ~ for Cl = C2 and <5 = 0 for Cl i= C2 when 1 ~ 00.

This exponential STAR model is estimated by non-linear least squares. The sim­
plifying restrictions if;j = -Bj , j = 1, 2, 3, and if;3 = 1 - if;l - if;2 are supported by
the data and consequently imposed. These give the model a "local unit root" when
G = O. This happens at a single point, so that having "local unit root behavior" in the
model is an event with zero probability. However, the model does display "near unit
root behaviour" , more of this later.
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(3.2)

The estimated model with data from 1900 to 1995 has the form
Yt == 1.21 Yt-1 - 0.39Yt-2 + 0.18Yt-3 + (- 1.21 Yt-1 + 0.39Yt-2 - 0.18Yt-3)

(0.087) (0.12) (0.087) (0.12)

X [1- exp (-0.236. (~3Yt-1 - 0.041)2 /o-2(A y ))] + Ut
(0.050) (0.027) U3 t-l

R2 == 0.82
LlB == 3.79(0.052)
Skewness == -0.28

s == 0.0994
LM - ARCH(2) == 0.58(0.63)
Excess kurtosis == 0.44

where o-f~3Yt-r) is the sample variance of ~3Yt-1, used to make the slope parameter 1
scale-free, and s the standard deviation of the residuals. The figures in parentheses below
the coefficient estimates are standard deviation estimates whereas the ones following the
values of test statistics are p-values. The residual variance of (3.2) is 86% of that of the
corresponding AR(3) model. Furthermore, LlB is the Lomnicki-Jarque-Bera normality
test statistic, and LM- ARCH(2) the LM test statistic of no linear autoregressive
conditional heteroskedasticity against at most second order ARCH. Note that the model
is quite parsimonious with just four free parameters.

We evaluate model (3.2) further by using misspecification tests constructed for STAR
models in Eitrheim and Terasvirta (1996). The results of tests of no error autocorrelation
and parameter constancy in (3.2) can be found in Table A.3. The table also contains
the results of testing the hypothesis of no additive non-linearity. The null hypothesis is
not rejected for any of these tests at any conventional significance level. We take this
as an indication that we have an adequate model for LPV in 1900-1995.

3.2. Interpretation of the dynamics of the estimated model

To consider the dynamic properties of the model we first look at the equilibrium solution
of the deterministic counterpart of (3.2). Numerical calculations suggest that there
exists an equilibrium Yoo == 0 and that it is unique: all the trajectories we computed
converged to that point independent of the starting-values. The equation thus seems to
satisfy the necessary condition for stability in Granger and Terasvirta (1993, p. 11).

The transition function of (3.2) as a function of the transition variable is graphed in
Figure A.2.c. Every circle corresponds to an observation. It is seen that the function
never attains value unity in the sample. Figure A.2.c shows the behaviour of the tran­
sition function over time. Note that the series shows "near unit root behaviour" when
1~3Yt-11 is not large, that is, when the transition function has a low value. Figure A.l
and Figure A.2.a-b show that a large majority of observations belong to this regime.
The series then fluctuates without a strong tendency to return to the equilibrium level
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even when it has wandered rather far away from it. On the other hand, there also exist
large values of the transition function in the sample that correspond to "near white
noise behaviour". They cause a sharp return towards the equilibrium (zero) level if
the process has strayed away from it. The model is thus capable of generating sharp
fluctuations that are present in the series; see Figure A.1. Figure A.2.a shows the value
of the transition function: note that the early 1920s, 1921 in particular, but also early
1930s, mid-1970s and late 1980s are periods during which the transition function has
obtained a few high values. Comparing this information with Figure A.1 gives an idea
of how the model works.

Our estimated ESTAR(l) model also gives us a possibility to discuss the existence
of cycles in LPV. Our tool for doing that is the local or sliced spectrum; see Skalin and
Terasvirta (1999) for discussion and another application. It is defined for all local lag
polynomials

p

1 - L(<pj + ()jG('Y, c; St))zj
j=l

with the roots inside the unit circle as follows:

(3.3)

for -7r ~ W ~ 7r. The local spectra are estimated by the autoregressive spectral es­
timation method (see, for example, Priestley, 1981, p. 601), that is, by replacing 'Pi
and ()i by their estimates from (3.2). The local spectra standardized to integrate to
unity can be found in Figure A.2.d. Every curve corresponds to an observed value of
St = D,.3Yt-l. The dominant feature in the figure is the peak at frequency zero that
declines as G --+ 1. Thus , while there are sharp movements in the series no evidence
of cycles seems to be present in the local spectra. Cuddington and Urzua (1989) de­
composed the series into a permanent and a cyclical component using their IMA(l, 3)
model with a dummy variable for 1921. Their conclusion was not different from ours as
the cyclical component was not oscillatory. Note, however, that the local spectra only
give a "local" picture of the dynamics. An estmate of the "global" spectrum may in
this case, the model being non-linear, only be obtained by simulation; for discussion see
Skalin and Terasvirta (1999).

The dynamic properties of (3.2) may also be characterized by using the generalized
impulse response function as defined in Koop et al. (1996). These authors point out
that non-linear models are both history- and shock-dependent. This makes it necessary
to generalize the standard impulse response function to account for this fact. The
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impulse response is thus defined as an average over both history and the distribution of
the shocks, where conditional expectations of the process on its past form the baseline.
We randomly draw 100 times with replacement from the vector of residuals from the
estimated ESTAR(l) model to produce 100 realizations of the shock for each observed
value of the time series used as histories. For the prediction sequence n == 0,1, ...20
we generate 800 replications. The first horizon is generated both with and without
the randomly drawn shock, whereas the randomly drawn shocks are used as noise for
each horizon thereafter. From these two types of horizon sequences we calculate the
means of the 800 replications. The generalized impulse response function is calculated
by taking the differences between these two means for each of the 21 horizons (see
Koop et al. (1996) for details). We use highest density regions (see Hyndman, 1996)
to illustrate the estimated densities graphically. The 50% and 95% highest density
regions for n == 0,1, ...20 are graphed in Figure A.3. While the shocks appear quite
persistent there is little evidence of asymmetry in the response. This accords with the
type (ESTAR) of the non-linear model we have selected and estimated.

4. Encompassing previous models

The conclusion of the preceding section indicate that we have managed to build an ad­
equate univariate time series model for LPV in 1900-1995 starting from the assumption
that the original series is stationary. The results (not reported here) turn out to be
similar for the shorter sample period (1900-1986) as well.

Nevertheless, as the reason for modelling the series is to investigate the Prebisch­
Singer hypothesis we have to test our model against it. This is done by extending the
ESTAR model by an intercept and a linear trend implied by this hypothesis, where the
residuals are still not autocorrelated. This gives us the Minimal Nesting Model (MNM:
see Mizon and Richard, 1986) which nests our specification and the nonstochastic variant
of the Prebisch-Singer model with a linear time trend. We then test the joint null
hypothesis that the intercept equals zero and the trend variable has a zero coefficient in
the MNM. A rejection implies support for the Prebisch-Singer hypothesis. The test is
carried out as a standard F -test. From Table A.5.a. it is seen that the null hypothesis
cannot be rejected. We may thus conclude that our ESTAR model encompasses (Hendry,
1995, ch. 14) the Prebisch and Singer model, meaning that the structure of the former
explains the findings of the latter.

Next we check whether or not our model explains the findings of Cuddington and
Urzua (1989). Since their model contains a unit root and is formulated in first dif­
ferences we can approximate the MNM by completing model (3.2) linearly by a level
dummy variable for 1900-1920 and four unrestricted lags of Yt. The residuals are not
autocorrelated. The four lags approximate the IMA(1,3) process in the Cuddington
and Urzua equation (the approximation is quite adequate because the (inverse) roots
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of the MA(3) lag polynomial are small in modulus). In this case the encompassing test
consists of testing the null hypothesis that the lags and the dummy variable have zero
coefficients. The results reported in Table A.5.a indicate that our ESTAR(l) model
(3.2) encompasses the Cuddington-Urzua specification.

Considering the findings of Newbold and Vougas (1996), we approximate the MNM,
without autocorrelation in the residuals, by completing model (3.2) linearly by a con­
stant, trend and seven unrestricted lags of Yt. These lags constitute a finite approx­
imation to the AR((0) representation of the ARMA(2,2) process in Table 9 (higher
autoregressive weights are of little importance). The encompassing tests consists of
testing the null hypothesis that the constant, the trend and the additional lags have
zero coefficients. The results reported in Table A.5.a indicate that our ESTAR(l) model
(3.2) encompasses the the ARMA (2,2) model in Table A.13 by Newbold and Vougas
(1996).

In Table A.5.b we show the two MNMs when the ability of model (3.2) to encompass
the two equations in Trivedi (1995) is considered. The encompassing tests is performed
by testing the null hypothesis that the intercept, the dummy, the time trend, lag and
lag-differences have zero coefficients in the MNM. From Table A.5.b we can see that our
ESTAR model encompasses equations (A.5) and (A.6) in Trivedi (1995).

Building an MNM for comparing our results with those of Ardeni and Wright (1992)
appears difficult because the two models have a very different structure. Note, however,
that some of their models have a very good fit and they variance encompass model
(3.2). The only thing we did was to re-estimate their structural time series model using
a more recent version of the STAMP programme, STAMP 5.0. (When we tried to
reproduce the results of the authors we noticed that they had used STAMP 3.0. The
estimation algorithms in the two versions of the program are different from each other.)
Re-estimation changes some of the previous results; see Tables 3 and 4. While STAMP
3.0 yields a deterministic level and slope for the models, these become stochastic when
STAMP 5.0 is used for parameter estimation. In the estimation by STAMP 3.0 the
cyclical component is reduced to an AR(l) process (no cycle) for all models. Using
STAMP 5.0 results in an AR(l) process instead of a cycle for all deterministic trend
models but not for stochastic trend models. The slope of the trend is more negative in
STAMP 5.0 results. Thus the general tenor of the results remains the same although
some details of the models are different from the results obtained by STAMP 3.0. This
turns out to be true even for the shorter sample period, from 1900 till 1986.

5. Conclusions

In this paper we find an adequate nonlinear model for the LPV ratio starting from the
assumption that the data-generating process is stationary, which excludes any deter­
ministic trend. We also show that our ESTAR model encompasses the Prebisch-Singer

10



model with a negative linear time trend. It also encompasses the ARMA model based
on the assumption of a unit root in the LPV ratio and a structural break in 1921, the
breaking trend models of Trivedi (1995) and the "best" specification of Newbold and
Vougas (1996). Because the intercept and linear trend model implied by the Prebisch­
Singer hypothesis is encompassed by the ESTAR model of this paper, a straightforward
conclusion would be that the Prebisch-Singer hypothesis is not valid. Furthermore, the
encompassing results suggest that a difference stationary model may not be a viable one
either. This, however, may be too hasty an interpretation of the situation. First, Ardeni
and Wright demonstrated that at least a stochastic trend variant of the Prebisch-Singer
hypothesis is supported by what appears to be a statistical sound model. Although
fitting the model to the extended series yields somewhat different results, the general
conclusion remains unchanged. Even more importantly, it seems clear that the outcome
of the analysis depends on its starting-point. Newbold and Vougas (1996) arrived at the
same conclusion. If it is assumed that their variant of the LPV index is trend-stationary,
a subsequent modelling exercise leads to accepting the Prebisch-Singer hypothesis. If
the starting-point is difference stationarity, that is, a unit root in the price index, then
the analysis based on that assumption does not find evidence in favour of this hypoth­
esis. Trivedi (1995) finds that by starting from the assumption of a unit root and a
possible trend break at an unknown point the Prebisch-Singer hypothesis does not re­
ceive support. If it is assumed that the trend breaks at a known point in the series,
in 1920, the conclusion is the opposite. Economically this would mean that developed
countries still gains from the trade with developing countries, but not systematically
more and more.

Mean reversion in the LPV index is in contrary to the Prebisch-Singer hypothesis.
We have demonstrated that if this or, in other words, weak stationarity is selected to be
the starting-point of the analysis then a careful study of the time series lends support
to this starting-point. Thus the idea that the LPV index is mean reverting, although
it may stay far away from its mean extended periods of time, cannot at this stage be
dismissed. Our results thus strengthen the conclusion of Newbold and Vougas (1996),
namely, that a longer time series is needed to decide whether or not the Prebisch-Singer
hypothesis is a feasible one. We could also join Trivedi (1995) and ask for more robust
inference. Nevertheless, given the many possibilities for selecting the starting-point, it
does not seem likely that the validity or otherwise of the Prebisch-Singer hypothesis is
an issue that can be settled with the current amount of sample information.
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A. Figures and tables

Figure A.i. Logarithmed values of the net barter terms of trade series
from 1900 to 1995.
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Figure A.2.a-d. Graphs of the transition function and the transition variable
Figure A.2.a.
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Figure A.2.a-d. Graphs of the transition, transition variable and the local spectra
Figure A. 2. c.
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Figure A.3. Generalized impuls responses
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Table A .1. Results of linearity tests.

p-values ( PFL ) for different transition variables,
P-values of the tests in the model selection sequence ( PF4 ,PF3 ,PF2)'

the selected nonlinear family.
Tests Transition variable

PFL

PF4

PF3

PF2

STAR

Yt-l

0.83
Yt-2 Yt-3

0.16
6.1Yt-l

0.52 0.35
6.3Yt-l

0.050
0.26
0.019
0.40
LSTAR(2)

*) Test is not computed. Moment matrix near-singular.

Note: For details on the decision rule in the choice between LSTAR(l) and LSTAR(2) models see

Tedisvirta (1994) or J ansen and Terasvirta (1996).

Table A.2. Power of the linearity test against STAR, when the data

have been generated by a linear model with a time trend, for

series with 100 and 1000 observations. Nominal significance

level is 5%. Number of observations are 10000.

Number of observations Transition variable

100
1000

Yt-l

0.56
0.0237

Yt-2

0.053
0.233

Yt-3

0.043
0.066

0.044
0.046

0.044
0.096

6.3Yt-l

0.041
0.075

Note: The test is the same as the one applied in Table A.I.
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St = Yt-l

St = Yt-2

St = Yt-3

St = ~lYt-l

St = ~2Yt-l

St = ~3Yt-l

Table A. 3. Misspecijication tests.
p-values of LM tests of no error autocorrelation.

Number of lags
1 234
0.46 0.74 0.88 0.79

Note: See Eitrheim and Terasvirta (1996) for details.

p-values of LM type parameter constancy tests.
Parameters LMl LM2 LM3

Intercept and lags 0.15 0.11 0.23
Intercept only 0.078 0.19 0.103

Note: LM1 allows for monotonic parameter changes over time. LM2 allows for symmetric parameter changes

vis-a-vis a time-point over time.LM3 allow each parameter to change non-symmetrically over time which is the

richest alternative of the three. See Eitrheim and Terasvirta (1996) for details.

p-values of tests of no remaining nolinearity.
Transition variable pFL

0.55
0.19
0.72
0.76
0.28
0.35

Note: See Eitrheim and Terasvirta (1996) for details.
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TableA.4. Estimated ESTAR(l) model with the shorter sample between 1900 and 1986
Yt = 1.24Yt-l - 0.24Yt-2 + (-1.24Yt-l + 0.24Yt-2)

(0.10) (0.10)

[1 - exp (-0.211 . (6.3Yt- l - 0.061) 2 / fr2(~ y ))] + Ut,
(0.042) (0.022) 3 t-l

R2 = 0.74 s = 0.101
LlB = 2.81(0.24) LM - ARCH(2) = 1.62(0.20)
Skewness = -0.35 Excess kurtosis = 0.57

The residual variance of the above equation is 87% of that of the
corresponding AR(2) model.

(A.1)
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Table A.5.a Encompassing tests of model (3.2) against other alternatives

Model (3.2) compared to a model implied by the Prebisch-Singer
hypothesis. Minimal nesting model (MNM):

Yt = cPIYt-l + cP2Yt-2 + (1 - cPl - cP2)Yt-3 + cP3 + cP4t
+ (-cPIYt-l - cP2Yt-2 - (1 - cPl - cP2)Yt-3) . G("'/; c; ~3Yt-l) + Ut

Ho: cP3 = cP4 = 0
Standard F-test:
p - value = 0.24

Model (3.2) compared to Cuddington and Urzua (1989). MNM:

Yt = cPIYt-l + cP2Yt-2 + (1 - cPl - cP2)Yt-3 + cP3Yt-3 + cP4Yt-4 + cPs dum
+ (-cPIYt-l - cP2Yt-2 - (1 - cPl - cP2)Yt-3) . G("'/; c; ~3Yt-l) + Ut

Ho : cP3 = cP4 = cPs = 0
Standard F-test:
p - value = 0.85

Model (3.2) compared to the SBC1 model in Table A.9,
ARMA(2,2)

Newbold and Vougas (1996). MNM:

Yt = cPIYt-l + cP2Yt-2 + (1 - cPl - cP2)Yt-3
+cP3Yt-4 + cP4Yt-S + cPsYt-6 + cP6Yt-7 + cP7 + cPst
+ (-cPIYt-l - cP2Yt-2 - (1 - cPl - cP2)Yt-3) . G("'/; c; ~3Yt-l) + Ut

Ho : cP3 = cP4 = cPs = cP6 = cP7 = cPs = 0
Standard F-test:
p - value = 0.61
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Table A.5.b Encompassing tests of model (3.2) against other alternatives

Model (3.2) compared to eq. (A.3), Trivedi (1995). MNM:

Yt = cP1Yt-1 + cP2Yt-2 + (1 - cP1 - cP2)Yt-3
-. 6

+ cPo + cP3 DU()..)t + cP4t + I: 'Pj~Yt-j
j=l

+ (-cP1Yt-1 - cP2Yt-2 - (1 - cP1 - cP2)Yt-3) . G(1; c; ~3Yt-1) + Ut
2<TB<95 , and )..= ~:' DU(~) = 1 if t > ).TB and 0 otherwise.

Ho : cPo = cP3 = cP4 = 'Pj = 0 j = 1...6
Standard F -test:
p - valueTB=1920 = 0.91 and p - valueTB=1946 = 0.62

Model (3.2) compared to eq. (A.4) in Trivedi (1995). MNM:

Yt = cP1Yt-1 + cP2Yt-2 + (1 - cP1 - cP2)Yt-3
-. -. 6

+ cPo + cP3 DU()..)t + cP4tcP3 + cPsD(TB()")h + I: 'Pj~Yt-j
j=l

+ (-cP1Yt-1 - cP2Yt-2 - (1 - cP1 - cP2)Yt-3) . G(1; c; ~3Yt-1) + Ut
We have that D(TB().)) = t-).TB ift > ~TB and 0 otherwise.

Ho : cPo = cP3 = cP4 = cPs = 'Pj = 0 j = 1...6
Standard F-test:
p - valueTB=1920 = 0.98 and p - valueTB=1946 = 0.71
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A.1. Reestimation of the model of Ardeni and Wright (1992)

A structural time series model with stochastic trend, a cyclical component and a residual
component can be written as

Yt = /Lt + 'lfJt + et t = 1, ... ,T, et f"V nid(O, (j;).

where /Lt is the stochastic trend, and 'lfJt the cyclical component and et is the residual
component. The stochastic trend is defined as

/Lt = /Lt-l + f3t + 'Tlt t = 1, ... ,T, 'Tlt f"V nid(O, (j~),

f3t = f3t-l + ~t t = 1, ... ,T, ~t f"V nid(O, (j~).

The cyclical component is defined as

where we assume that K-t and K-; are uncorrelated irregulars with the same variance
(j~. Furthermore, A is the cycle frequency in radians, and the damping factor, p, of the
amplitude is imposed to make the model more flexible. See Harvey (1989) for details
and discussion.

When A equals 0 or 1r we have the limiting case where the cyclical component reduces
to a first-order autoregressive process, with the AR coefficient strictly less than one in
absolute value (i.e., constrained to be stationary). The cyclical component is then
reformulated as an AR(1) process in the following way

Vt = Pv Vt - 1 + K-t t = 1, ... ,T, (t f"V nid(O,(j~),

with Pv in the range 0 < P
v

< 1.
The disturbances driving the components in the model are mutually uncorrelated.
Ardeni and Wright (1992) estimated two types of models: (a) a stochastic trend

model, and (b) a deterministic trend model. When an AR(1) process is proposed by
the data it is imposed.
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Table A.6. a Structural time series models

Definitions:
(j2 = Irregular, (j2 = Level, (j2 = Slope, (j2 = Cycle, (j2 = Pred. error var.,

e 7J e K, P

P = Damping factor, A = Frequency, (21r / A) = Cycle period,
L = Log likelihood, R; = Measure of goodness of fit,
Dum!: dummy variable defined as 1 in 1921 and 0 elsewhere,
Dum2: dummy variable defined as 0 up to 1920 and 1 after that.

Analysis of period 1900-1995 using STAMP 3.0

Model (j2 (j2 (j: (j; p
Cycle per.

L (j2 R2 Slope
7J e (21r/A) p D

(a) 0 0 0.0107 0 0.75 - (AR) 160.43 0.010 0.20 -0.0064
(b) 0.0107 0 0.75 - (AR) 160.43 0.010 0.20 -0.0063

(aI) 0 0 0.0091 0 0.79
Dum 1

166.37 0.0084 0.33 -0.0064
- (AR)

(bI ) 0.0091 0 0.79 - (AR) 166.37 0.0084 0.33 -0.0064

(a2) 0.0098 0 0 0 0.90
Dum 2

166.15 0.0098 0.22 -0.00042
- (AR)

(b2) 0.0089 0 0.82 - (AR) 167.58 0.0082 0.35 -0.0017

able A.6.b Analysis of period 1900-1995 using STAMP 5.0.

Model (j2 (j2 (j: (j; p
Cycle per.

L (j2 R2 Slope
7J e (21r/A) P D

(a) 0.049 0 0.010 0 0.68 9.01 208.41 0.011 0.11 -0.0069

(b) 0.011 0 0.75 - (AR) 207.43 0.011 0.14 -0.0063

(aI) 0.0057 0 0.0029 0 0.79
Dum 1

214.30 0.0091 0.26 -0.0059
4.92

(bI ) 0.0091 0 0.78 - (AR) 212.86 0.0089 0.27 -0.0064

(a2) 0.0045 0 0.77
Dum 2

217.33 0.0085 0.31 -0.00100.0040 0
5.74

(b2) 0.0090 0 0.83 - (AR) 214.07 0.0087 0.29 -0.0017
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A.2. Reestimation of the model of Trivedi (1995)

First, Trivedi (1995) tested the null hypothesis of a unit root against two alternative
models, an additive outlier model and an innovational outlier model as proposed by
Perron (1989, 1990) and Perron and Vogelsang (1992). The null model is

Yt = J-l + Yt-l + et (A.2)

The alternatives to the null are the following additive outlier model and innovational
outlier model:

k k
Yt = ~wjD(TB)t_j + aYt-l + ~Cj~Yt-j + lit t = k + 1, ... ,T, (A.3)

j=l j=l

k

Yt = J-l + ,DUt + dD(TB)t + aYt-l + ~ Cj~Yt-j + lit t = k + 1, ... ,T, (A.4)
j=l

where Yt denotes the residuals from the regression of Yt on a constant and DUt , DUt = 0
if t::; TB and 1 otherwise, D(TBh = 1 if t = TB + 1 and 0 otherwise.

In model (A.4) the mean-shift in the series is not instantaneous so that the level
of Y depends upon the dynamics of the process. With TB = 1920, the ta-statistic for
testing Ho : a = 1 against the alternative of the additive outlier model (A.3) can be
found in Table A.l:

Table A. 7. t a -ratios from additive outlier model (A. 3)

k 1 2 3 4 5 6

1900 - 1986 ta -4. 13:t':t' -3.16 -3.00 -3.43 -2.87 -3.28

1900 - 1995 ta -3.49 -2.41 -2.05 -2.21 -1.78 -2.02

** = significant at 5% level. The critical values are -3.68 and -3.40 for the 5 and 10 percent level respectively.

For the shorter sample period the unit root is rejected at the 5 percent level for
k = 1 but not for other values of k. Due to different value in the Grilli-Yang series in
1945 compared to our series, Trivedi rejected the unit root at the 5 percent level for
k = 1, 2 but not for larger values of k. For the longer sample period the unit root is not
rejected for any k at the 5 percent level.

The values of the ta-statistic for testing the same null hypothesis against the inno­
vation outlier model (A.4) appear in Table A.2:
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Table A.B. ta-ratios from innovational outlier model (A:4)

k 1 2 3 4 5 6

1900 - 1986 ta -4.31** -3.31 -2.95 -2.91 -2.33 -2.47

1900 - 1995 ta -3.55** -2.43 -1.91 -1.77 -1.30 -1.38

** = significant at 5% level. The critical values are -3.65 and -3.36 for the 5 and 10 percent level respectively.

Table A.2 says the same about unit root rejection as table A.l: for the shorter
sample periods the unit root is rejected at the 5 percent level for k = 1 but not for
larger values of k, and for the longer sample period the unit root is not rejected for
any k at the 5 percent level. With Trivedi's series, from 1900 to 1986, the null was not
rejected for any values of k.

Second, Trivedi (1995) reexamined the conclusions of Perron and Vogelsang (1992)
in accordance with Zivot and Andrews (1992). These authors proposed a new variant
of the Perron test in which the break-point is estimated rather than fixed. Here the
data-generating processes allow for a change in the mean and the slope of the trend
function. The two alternatives to the unit root considered are

and

-. 6
Yt = 1-£ + "'(DU()..)t + et + aYt-l + L: cjllYt-j + Vt

j=l
(A.5)

-. -. 6
Yt = 1-£ + "'(DU(A)t + et + f3D(TB(A))t + aYt-l + L: CjDt.Yt-j + Vt (A.6)

j=l

where DU(X)t = 1 if t > XT and 0 otherwise, D(TB(X))t = t - XT if t > XT and 0
otherwise. The critical values for infAEAta(X) are given in Zivot and Andrews (1992).
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To implement the test specifications (A.5) and (A.6) were estimated with the break
point TB ranging from t = 2 to t = 87 for the shorter sample, and to t = 96 for the
longer sample. The test results can be found in Tables A.3 and A.4.

Table A.9. to:-ratios from the stationary model with estimated

breakpoint, equation (A. 5)

lowest to: second lowest to:
1900 - 1986 -4.13 at TB=1920 -2.97 at TB=1949*

1900 - 1995 -3.28 at TB=1920 -3.24 at TB=1945

*) TB=1946 in Trivedi (1995). The 5 percent critical value are -5,08.

Table A.l0. to:-ratios from the stationary model with estimated

breakpoint, equation (A. 6)

lowest to: second lowest to:

1900 - 1986 -4.13 at TB=1920 -3.49 at TB=1945*

1900 - 1995 -3.54 at TB=1945 -3.24 at TB=1920

*) TB=1946 in Trivedi (1995). The 5 percent critical value are -5,08.

From Tables A.3 and A.4 we see that for the case with an unknown breakpoint the null
hypothesis of a unit root is not rejected in any case.

Trivedi finds some evidence for a structural break in 1920 using the smaller sample
size. This result is time-dependent as the corresponding conclusion from the longer
sample 1900 to 1995 is different.
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A.3. Reestimation of the model of Newbold and Vougas (1996)

Newbold and Vougas (1996) found that the evidence for the Prebisch-Singer hypothesis
depend on whether the time series of relative prices were assumed to be trend stationary
or integrated of order one. However, they were using a slightly different series than ours,
called GYPI" /MUV (see Grilli and Yang (1988) for details), ranging from 1900 to 1992.
In the following we have replicated the analysis by Nwebold and Vougas (1996) for the
two sample periods; the shorter sample period from 1900 to1986, and the longer sample
period from 1900 to 1995.

We begin by considering the possibility that the generating process is stationary.
Let yt denote the logarithm of the relative price of primary commodities. Then

yt = a + f3t + Ut (A.7)

where the random variable Ut is stationary with mean zero. Here we are interested in
the slope parameter f3. However, it is important also to consider the possibility that
Ut is not stationary but rather an autoregressive process with a unit root. Differencing
through the above equation gives

(A.8)

where the generating process for Vt is stationary and invertible and the parameter of
interest is still f3.

Newbold and Vougas argue that the statistical distinction between trend stationary
and integrated processes will necessarily be very vague. Any model from one class is
arbitrarily close to a model from the other. Furthermore they point out that the analysis
should be carried out under each of the alternative choices for the order of integration.
Our finding is that inference about the parameter f3 in both the above equations depends
rather dramatically on whether the generating model is taken to be trend stationary or
integrated of order one.

As a first step, we considered trend-stationary models of the form (A.7), with Ut

generated by the ARMA(p, q) process

Ut - cPlUt-l - ... - cPpUt-p = ct - ()lct-l- ... -()qct-q (A.9)

where ct is white noise. We fitted all possible models with p + q :::; 6 to the series. The
employed selection criteria are the Schwarz Bayesian Information Criterion (SBIC) and
the Akaike Information Criterion (AIC). SBIC is known to estimate consistently the
model order when the true model is included in the set considered.
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Results from the three highest ranked models according to SBlC (where SBJCl is
highest ranking) and the preferred model according to AlC can be found in Table A.7.

Table A.lt. Estimated trend-stationary models

1900 - 1986 SBJC1 SBJC2 SBJC3,AJC
ARMA(l,O) ARMA(l,l) ARMA(3.3)

a 0.095** (0.038) 0.14** (0.055) 0.0083 (0.015)

100,8 -0.17** (0.69) -0.25** (0.98) -0.16 (0.027)

cPl 0.71 (0.082) 0.59 (0.13) 0.83 (1.32)
** **

cP2 0.53 (2.00)

cP3 -0.40 (0.72)

(}l 0.26 (0.52) -0.094 (1.32)

(}2 -0.86 (0.41)

(}3 -0.17 (0.47)

1900 - 1995 SBC1 SBC2 SBC3,AJC
ARMA(2,2) ARMA(l,O) ARMA(l,l)

a 0.0041 (0.010) 0.097** (0.036) 0.15** (0.053)

100,8 -0.10** (0.018) -0.18** (0.067) -0.28** (0.096)

cPl 1.57** (0.12) 0.72** (0.074) 0.58 (0.12)

cP2 -0.60** (0.12)

(}l -0.79** (0.14) 0.29 (0.13)

(}2 -0.32** (0.16)

** = significance at 5% level. Estimated standard errors within bracets.

A downward drift in relative prices of 0.17% per year in the shorter sample period
and 0.10% per year in the longer sample period. The coefficient estimates is significant
in the models selected by SBlC1 for both sample periods, and we se no strong evidence
for a unit autoregressive root.

Next we estimate ARlMA(p, 1, q) models. Table A.10 summarizes the results in line
with Table A.7.
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Table A.12. Estimated I{l) models

1900 - 1986 SBIC1,AIC SBIC2 SB1C3
ARIMA(4,1,2) ARIMA(2,1,4) ARIMA(l,l,l)

100/1 -0.26 (0.26) -0.14 (0.25) -0.19** (0.087)

rPl 0.046 (0.47) 0.16 (0.52) 0.70** (0.088)

rP2 0.29** (0.38) 0.15 (0.48)

rP3 -0.027 (0.18)

rP4 0.092 (0.13)

e1 -0.41 (0.43) -0.53 (0.47) -0.97** (0.019)

()2 -0.82 (0.56) -0.59 (0.65)

()3 -0.047 (0.27)

e4 -0.043 (0.29)

1900 - 1995 SB1C1 SB1C2 SB1C3,A1C
ARIM A(2,1,2) ARIMA(1,1,2) ARIMA(3,1,3)

100/1 -0.19 (0.21) -0.13 (0.19) -0.25 (0.029)

rPl 0.19 (0.31) 0.46** (0.14) 0.17 (0.50)

rP2 0.22 (0.24) 0.076 (0.39)

rP3 0.13 (0.25)

()l -0.52** (0.26) -0.76** (0.14) -0.46 (0.47)

()2 -0.65 (0.34) -0.36** (0.16) -0.56 (0.50)

()3 -0.18 (0.39)

** = significance at 5% level.

Here the point estimates suggest a downward drift in the relative prices of about
0.2% per year for both sample periods, but the 1(1) models provide less evidence of
any decline. For both sample periods the point estimate is insignificant for the models
selected by SBIC1.

To test the unit root hypothesis formally using the augmented Dickey-Fuller test
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we estimated the model

K
~yt = Q + {3t + ,rt-l + 2: 5j~rt-j + et

j=l
(A.10)

for various values of K. The test statistic is the t-ratio associated with -;y in (A.10). The
results are summarized in Table A.9.

1900 - 1995

** = significance at 5% level.

For both sample periods the null hypothesis of a unit autoregressive root is rejected
at the 5% level K = 0,1, whereas it is not rejected for higher values of K. In that case,
the approximated autoregression requires K larger than four. The augmented Dickey­
Fuller test does not provide strong evidence against the hypothesis that the generating
model is integrated of order one.

The conclusion of Newbold and Vougas (1996) holds for our version of the data for
both sample periods: while there appears to be evidence of downward drift based on
fitted trend-stationary models, the evidence is far less strong when integrated models
are estimated. This means that tere are some evidence in favour for the Prebisch-Singer
hypothesis if the starting point is that the time series is trend stationary, while if the
time series is assumed to be integrated of order on the analysis did not support the
Prebisch-Singer hypothesis.
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Abstract

This paper focuses on time series with deterministic shifts, and specifically on
common features shared by the equations in a VAR system where the shift is as­
sumed to be smooth. We apply the three main test principles in econometrics and
an F-approximation for likelihood-ratio based tests for detecting common nonlin­
ear smooth changes in the time-varying intercept of a pair of economic time series
co-shifting, and common nonlinear smooth seasonal pattern, co-seasonality. Monte
Carlo simulations are used to evaluate the sample performance of the test statistics.
Our tests are applied to two time series, Japanese income and Japanese consump­
tion.

Key words. Common features, VAR system, co-shifting, co-seasonality, monte
carlo simulations, Japanese income, Japanese consumption.
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1. Introduction

The notion of time series moving together is an important one in econometrics, and the
concept of cointegration has a central role in the analysis of nonstationary economic
time series. The idea of time series sharing a common feature, for example, the same
autocorrelation structure, is a similar but in a way more general concept. It does not
require nonstationarity, but the cointegration is a special case of a common feature.
The definition of a common feature in two time series or model equations in Engle and
Kozicki (1993) is based on linearity. Two series have a common feature if they both
have a feature, for example, autocorrelation, but there exists a linear combination of the
series that does not have the feature. Engle and Kozicki (1993) tested for a common
international business cycle, and they detected a feature by a hypothesis test taking
no feature as the null, and a common feature is detected by a test that finds linear
combinations of variables with no feature.

Granger and Terasvirta (1993) introduced univariate nonlinear models which can
account for asymmetries in an economic data series. Anderson and Vahid (1998) ap­
plied the results of Granger and Terasvirta (1993) to multivariate systems of variables.
Anderson and Vahid (1998) presented a method of moments test for common nonlinear
features in a VAR system. Their test statistics were based on the canonical correlations
between the series in the system. Estimating a fully multivariate nonlinear model is
complex and it may even be impossible when the sample size is small. Anderson and
Vahid (1998) developed a pre-specification test for reducing nonlinearity in a multivari­
ate system. Many economic variables which are interrelated in systems turn out to have
common factors even though they are not cointegrated. Earlier studies, like King et
al. (1988) and King et al. (1991) and Fama (1992) uses linear specification to investi­
gate such common component models, however Anderson and Vahid (1998) show that
a nonlinear specification would be more relevant in these cases.

Instead of entertaining completely flexible nonparametric nonlinear trends and defin­
ing the common feature using them, we restrict ourselves to parametric shifts in the
processes. These shifts are parameterized using the logistic function as in smooth transi­
tion models. More specifically, we assume that the intercept in the individual models we
are comparing is time-varying and defined in terms of a logistic transition function. Our
aim is to broaden the alternatives of tests to detect common features. In this paper, the
feature of the series is that the series is shifting, in other words, the model characterizing
the series has a time-varying intercept. More generally, if we consider shifting within a
system of equations, a shift means a shift in an equation of the system: the equation
in question has a time-varying intercept. The former definition is a special case of the
latter in the sense that in the former one, the individual models are univariate and the
only links between them are the possibly nonzero contemporaneous error covariances.
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For seasonal time series, an extension of the definition is obtained by defining the fea­
ture as changing seasonality. In this situation the existence of a linear combination of
the series with a constant seasonal pattern is tantamount to co-shifting, which on this
occasion is called co-seasonality. This concept is useful in situations where it is of in­
terest to find out whether or not changes in the seasonal pattern of a pair of series have
a common source. We develop different test statistics of co-shifting and co-seasonality
and we apply them to Japanese disposable income and private consumption.

The plan of the paper is as follows: In section 2 we define co-shifting and co­
seasonality, and we discuss models having these co-features. In section 3 we present
different test statistics for tests of co-shifting and co-seasonality. Section 4 is a sim­
ulation study to investigate the empirical size and power of the tests of co-shifting
and co-seasonality. Chapter 5 is devoted to an empirical example and chapter 6 is a
conclusion.

2. The models and definitions

Consider the following bivariate vector autoregressive model with a smoothly changing
intercept vector:

Yt=A(t)+et , t=l, ... ,T

where Yt = (Ylt, Y2t)', t = 1, ... , T, are observation vectors, and

(2.1)

(2.2)

is the time-varying intercept vector, and k = 1,2, and t* = tiT. Furthermore, et rvIN(O,
(}2 1). In (2.2) Al = (A ,A )' and A2 = (A ,A )', whereas the transition matrix

101 201 102 202

G (t*; " c) = diag (G1 (t*; 1 , C ), G (t*; 1 , C ))
1 1 2 2 2

G(t*; 1
j

, Cj ) = (1 + exp{-1
j

(t* - cj )})-1, 1
j

> 0, j = 1,2 (2.3)

equation (2.2) jointly with (2.3), defines a smooth transition in the intercept of model
(2.1). The intercept changes smoothly from Al to Al +A2 over time. If 1

j
--+ 00, then

the transition in the intercept becomes a break at cj • For more discussion on smooth
transitions and smooth transition models see, for example, Granger and Terasvirta
(1993) or Terasvirta (1994).

Using the terminology of Engle and Kozicki (1993), the time-varying intercept of
form (2.2) is the feature of the individual equations in model (2.1). We are interested
in the case where Ylt and Y2t evolve in harmony in the sense that the time-varying
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intercepts ;\10k (t) and ;\20k (t) move together. To this end, we define two co-features for
the equations in (2.1):

Definition 1. Variables Ylt and Y2t are weakly co-shifting if 1
1

= 1
2

and Cl = c2

in (2.1).
Under Definition 1 there exists a linear combination {3'Yt of Ylt and Y2t such that

{3'G(t*; " C)A2 == 0, so that (2.1) collapses into

{3'Yt = (3'A(t) + (3'ct

This definition only implies a rather weak relationship between Ylt and Y2t in the
sense that although the variables shift simultaneously, they may shift in different direc­
tions. This is the case when ;\102 and ;\202 have a different sign. When 1

1
= 1

2
~ 00,

weak co-shifting becomes intercept co-breaking: see, for example, Hendry and Mizon
(1998) for a definition. This may be the most common form of co-breaking in prac­
tice. The definition of weak co-shifting could be weakened further by substituting
I Cl - c2 1 < 6 for Cl = c2 • This would allow for some freedom in the timing of the shift.
As discussed above, the definition requires that both equations are nonlinear, that is,
the slope parameters, 1

1
and 1

2
, are positive. The following definition is stronger than

Definition 1 in that the two processes shift in the same direction.
In Bierens (2000) flexible nonparametric nonlinear trends are explored. In this

study, two series are nonlinear cotrending if both series are piecewise quadratic and
differentiable and those pieces are linearly dependent, i.e. there exist cotrending vectors.

Definition 2. Variables Ylt and Y2t are strongly co-shifting if 1
1

= 1
2

, Cl = c2

and ;\102 = ;\202 in (2.1).
In this case, the "co-feature vector" f3 = (1, -1)' or any nonzero multiple of f3. An

even stricter definition may be obtained by adding the requirement ;\101 = ;\201 in this
definition, but that is not done here. Both definitions are based on the assumption of
weak stationarity of Yt. Note that these definitions only make sense if Ylt and Y2t are
measured in the same units. This is usually not a problem if Ylt and Y2t are logarithmic
variables or, for example, interest or unemployment rates. Nevertheless, thaye may be
standardized such that they have the same sample standard deviation.

Assume now that Y t = ~Xt = (~xlt, ~X2t)' where ~ is a difference operator.
Sequence {xt } is now nonstationary, but we may want to define similar concepts for
that case as well. Thus we have the following definitions:

Definition 3. Variables xlt and x 2t are weakly co-bending if Yt = ~Xt and 1
1

=
1

2
and Cl = c2 in (2.1).
Definition 4. Variables xlt and x 2t are strongly co-bending if Yt = ~Xt and 1

1
=

1 2 , Cl = c2 and ;\102 = ;\202 in (2.1).
Even here, we may allow extra flexibility by substituting IC1 - c2 1 < 6 for Cl = c2 •

Note that we do not assume x It and x 2t to be cointegrated. In fact, our definitions
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of co-bending are aimed at characterizing some situations where two 1(1) variables
move together without being linearly cointegrated. Furthermore, in some cases we may
assume that 1fijk = 0, i =1= j, k = 1, ... , p.

In general, we have two univariate or bivariate models with a feature: a smoothly
time-varying intercept. If the processes are co-shifting or co-bending, then the feature
is a co-feature. This means, loosely speaking, that the individual features have common
properties. In fact, strong co-shifting and strong co-bending imply that while the indi­
vidual series or bivariate equations have the feature, there exists a linear combination
of them which does not have the feature. We shall return to this property later on.

Consider now a bivariate VAR process with seasonality with a certain periodicity
and assume that this seasonality can be adequately characterized by seasonal dummy
variables with smoothly time-varying coefficients. Adding these seasonal dummies to
(2.1), one obtains

Yt = A(t)dt + et, t = 1, ... ,T (2.4)

where dt = (dIP ... , dS _ I t)' are the 8 - 1 seasonal dummy variables when the period
length equals 8, and the '(2 x (8 - 1)) smooth transition coefficient matrix

A(t) = Al + G(t*; " c)A2 (2.5)

with A k = [Aijk], k = 1, 2. In model (2.4), the seasonal pattern of the two variables
changes smoothly over time according to the transition defined in (2.5). There exists
recent univariate evidence of such change in quarterly industrial production series; see
Van Dijk et al. (2003). We can consider this change a feature and, analogously to
previous considerations, obtain two definitions of a co-feature that is simply called co­
seasonality. The first one is as follows:

Definition 5. Variables Ylt and Y2t are weakly co-seasonal if ry1 = ry2 and Cl = c2

in (2.4).
A tighter definition of co-movement in seasonal patterns is also obtained in concor­

dance with previous considerations:
Definition 6. Variables Ylt and Y2t are strongly co-seasonal if ry 1 = ry2' Cl = c2

and Alj2 = A2j2 , for j = 0,1, ... , 8 - 1.
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3. Test statistics

All three classical testing principles, LM- LR- and Wald-test, may be used for deriving
an appropriate asymptotic test. The three test statistics have the following definitions:

LM-test:

LR-test:

Wald-test:

......... (1 ......... 11_ 1-1)T/2lr = 0 0 0

(3.1)

(3.2)

(3.3)

where n and no are the residuals from the unrestricted and the restricted systems
respectively.

Not that these definitions of the LM-test and the Wald-test are simple test statis­
tics to compute, as suggested by Doornik and Hendry (1997). They are based upon
information from both the unrestricted and the restricted systems, but are easier to
compute than the code for the appropriate variance-covariance matrix.

According to Candelon and Ltitkepohl (2001) and Doornik and Hendry (1997) an F­
approximation for likelihood-ratio based tests might have superior properties, especially
in relatively small samples, and the statistic have the following definition:

where

- 1-(1-R;)1/s (Ns-q)
Rao = ( 2)1/ . k r:::J F(nk,Ns - q)1-Rr s n2

(3.4)

(3.5)

with k1being the number of regressors in the restricted model, k2 the number of
regressors involved in test and:

(3.6)

Se also He et al. (2005) for discussion of the test.
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3.1. Testing hypothesis

Definitions 1-4 in section 2 are testable hypotheses within (2.1) and definitions 5-6 within
(2.4). Before doing anything else, we have to ensure that the transition functions Cl and
C 2 in (2.2) and in (2.5) are not identically constant, in other words, that the condition
'Y

j
> 0 holds for j = 1, 2. This can be done by testing parameter constancy in both

equations of (2.1) and (2.4) respectively by applying the parameter constancy test in
Lin and Terasvirta (1994). If both null hypotheses 'Y

1
= 0 and 'Y

2
= 0 are rejected, we

can consider the present testing problem. We assume that the log-likelihood function of
model (2.1) and model (2.4) satisfies the regularity conditions required for consistency
and asymptotic normality of the maximum likelihood estimators when 0 < 'Y

j
< 00,

j = 1, 2. The null hypothesis of weak co-shifting is

HO : 'Y1 = 'Y2' Cl = c2 in (2 ~ 1).

The corresponding null hypothesis of strong co-shifting is

(3.7)

Ho : 'Y
1

= 'Y2 , Cl = c2 and A102 = A202 in (2.1). (3.8)

Letting 'Y* = 'Y2 - 'Y1 and c* = c2 - Cl' the null hypothesis of weak co-seasonality is

H(; : 'Y* = 0, c* = 0 in (2.4) (3.9)

The strong co-seasonality is given by the existence of a vector (3 such that Ylt - (3Y2t is
linear in (2.4). Under the null of strong co-seasonality we have the following restrictions:

Ho: 'Y1 ='Y
'Y2 ='Y
Cl = C (3.10)
c2 = C

A1j2 = (3)..2j2 j = 0,1, ... ,3

where (3 is unknown. The estimation of parameters in the restricted model is carried
out using a conditional Nonlinear Least Squares (NLS) procedure and restricted Least
Squares (LS). That is, given ((3, 'Y , c) , the model is linear and the parameters can be
estimated by restricted 0 LS. In the first step, we assume that ((3, 'Y, c) is given and
conditionally on them we estimate the other parameter by restricted LS. In the second
step, ((3, 'Y, c)' is estimated by NLS.

We carried out the restricted LS in a slightly different way. The parameters of the
first equation are estimated by LS, and then the parameters (A202 , A212 , )..222' A232 )' of the
second equation are computed using (3 and the relationship implied by Ho.
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Letting Vt == G(·) (>'202 + t >'2i2dit2) , to estimate (A202 , A212 , A222 , A232 )' we use the
J=l

Frisch-Waugh-Lovell Theorem in Davidson and MacKinnon (1993) as follows:
1. Regress Y2t on Vt and compute the residuals, say u.
2. Regress X t == (1, dIt2 , d2t2 , d3t2 )' on Vt and compute the (T x 4) matrix XO

which is orthogonal to v.
3. Finally, to estimate (A202 , A212 , A222 , A232 )' regress uon xo.

4. Simulation study

In this section we consider the small-sample properties of our test statistics. For weak
and strong co-shifting, the simulation procedure starts by generating pair of series which
both must be shifting, whereas for weak and strong co-seasonality, we generate pairs of
series which both have the kind of seasonality described in section 2. Data generating
process for size and power simulations for the weak and strong co-shifting tests:

where a:* is the variance of t* == t == T, used to make the slope parameters 1
1

and 1
1

scale free.
Data-generating process for size and power simulations for the weak and strong

co-seasonality tests:

Y It A101 + AlII dIt + A121 d2t + A131 d3t +

( (
1 ))-1(A + A d + A d + Ad) 1 + exp -"V • - (t* - c ) + C

102 112 It 122 2t 132 3t 'I a~* 1 It

Y
2t

A
201

+ A
2ll

d
It

+ A
221

d
2t

+ A
231

d3t +

( (
1 ))-1(A + A d + A d + Ad) 1 + exp -"V • - (t* - c ) + C

202 212 It 222 2t 232 3t ' 2 a~* 2 2t
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4.1. Simulation setup for size simulations

The following parameter setup was held fixed for the size simulations:
Weak and strong co-shifting under Ho:

Ylt 0.5 + 1.7 (1 + exp ( -10· ()~* (t* - 0.5)) ) -1 + clt (4.1)

Y
2t

= 0.5+1.7 (l+exP (-10. ()~*(t*_0.5)))-1+c2t

weak and strong co-seasonality under Ho:

Y
lt

1 + 0.2d
lt

+ 0.3d
2t

+ (-0.4)d
3t

+

(1 + OAd
lt

+ 0.3d2t + (-0.3)d
3
,) (1 + exp ( -10. ():* (t* - 0.5))) -1 + Clt

Y
2t

1 + 0.2d
lt

+ 0.3d
2t

+ (-0.4)d
3t

+ (4.2)

(1 + OAd
lt

+ 0.3d
2t

+ (-0.3)d
3
,) (1 + exp ( -10· ():* (t* - 0.5)) ) -1 + c2t

4.2. Simulation setup for power simulations

The following is the parameter setup for the power simulations:
Weak co-shifting under HI:

Ylt 0.5 + 1.7 (1 + exp ( -10· ()~* (t* - 0.5)) ) -1 + clt (4.3)

Y2t = 0.5 + 1.7 (1 + exp (-"1
2

• ():* (t* - C2 )) ) -1 + C2t

where "{2 and c2 were varied in the following way: "{2 = 15,20 and c2 = 0.55,0.58.
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Strong co-shifting under HI:

0.5 + 1.7 (1 + exp ( -10· <7~* (t* - 0.5)) ) -1 + clt

0.5 + {1.2} (1 + exp ( -'2 . <7~* (t* - C2 )) ) -1 + c2t

where "'1
2

and c2 were varied in the following way: "'1
2

= 15,20 and c2 = 0.55,0.58.
Weak co-seasonality under HI:

(4.4)

Y
lt

1 + 0.2d
lt

+ 0.3d
2t

+ (-0.4)d
3t

+

(1 + O.4d
lt

+ 0.3d
2t

+ (-0.3)d
3
J (1 + exp ( -10· <7\ (t* - 0.5)) ) -1 + Clt

Y
2t

1+ 0.2d
lt

+ 0.3d
2t

+ (-0.4)d
3t

+ (4.5)

(1 + O.4dlt + 0.3d2t + (-0.3)d
3
J (1 + exp ( -'2 . <7~* (t* - c2 )) ) -1 + c2t

where "'1
2

and c2 were varied in the following way: "'1
2

= 10.7,11.1 and c2 = 0.508,0.512.
To get power in the simulation, only small variations in "'1

2
and c2 were needed.

Strong co-seasonality under HI:

Y
lt

1 + 0.2d
lt

+ 0.3d
2t

+ (-0.4)d
3t

+

(1 + O.4d
lt

+ 0.3d
2t

+ (-0.3)d
3
J (1 + exp ( -10· <7\ (t* - 0.5)) ) -1 + Clt

Y
2t

1 + 0.2d
lt

+ 0.3d
2t

+ (-0.4)d
3t

+ (4.6)

{3.5} + {1.6} dlt + {1.5} d
2t

+ {-1.5} d3t (1 + exp ( -'2 . <7~* (t - C2 )) ) -1 + c2t

where "'1
2

and c2 were varied in the following way: "'1
2

= 100,1000 and c2 = 0.65,0.8.
Note that to get power in the simulation, were much larger variations in "'1

2
and c2 were

needed compared to the weak co-seasonality simulations.
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(4.7)

In order to reduce the importance of the starting values, the first 200 observations
are excluded from the reported results. That is, T +200 observations are generated and
the sample sizes used are T = 200, 500, 1000.

Using
P-PHo

rv N(O, 1),viPHQ(l;:PHO )

with total N = 1000 replications reported from each experiment, and n = 1000, a 95%
confidence interval of [0.0362, 0.0638] can be calculated, which we think is sufficient
precision. We obtain a 95% confidence interval of [0.0305, 0.0695] and [0.0192, 0.0808]
for n = 500 and n = 200 respectively.

In order to find sufficient power,.-., = 10 will be generated for the co-shifting and
2

the co-seasonality tests, which gives us a transition function with a typical S-shape as
in Figure B.1.

For different simulated numbers of observations, n, different amounts of the trials
failed in the simulation exercise:

n = 200
93

n = 500
19

n = 1000
2

4.3. Graphical techniques for reporting result

Davidson and MacKinnon (1997) discuss simple graphical methods that appear to be
very useful for characterizing both the size and the power of test statistics, since they
convey much more information than tables can do.

The empirical distribution function, or EDF, of the P values of the test statistics is
used to create all of the following graphs. In a Monte Carlo experiment N realizations
of some test statistics T are generated using a data-generating process (DGP) that is a
special case of the null hypothesis. Denote these simulated values by x

j
' j = 1, ... , N.

The P value of x
j

is the probability of observing a value of x as or more extreme than

x., according to some distribution F(x).
J

EDF of the pi s, evaluated at m points q., i = 1, ... , m, is defined as
j '/.

-. 1 N
F(q.) == N LI(p. ~ q.)

'/. j=l J '/.

(4.8)

where I(p. ~ q.) is an indicator function that takes the value 1 if its argument is true
J '/.

and 0 otherwise.
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The following choice of the XiS is recommended in Davidson and MacKinnon (1997)

qi == 0.001,0.002, ... ,0.010,0.015, ... ,0.990,0.991, ... ,0.999 (m == 215).

The P value plot is simply a plot of F(q.) against q.. If the distribution of T used
to compute the PjS is correct, the resulting tgraph shouid be close to the 45° line. The

P value discrepancy plots, a plot of F(q.) - q. against q., is much more informa­
tive when we are dealing with test statistics

t
that tare "well-behaved". However, some

of this information is spurious according to experimental randomness. Davidson and
MacKinnon (1997) therefore discuss semiparametrical methods for smoothing them.

In order to plot power against true size, size power curves, according to David­
son and MacKinnon (1997), we need to perform two experiments. In the first experi­
ment, the null hypothesis holds, and in the second it does not. Let the points on the
two approximate EDFs be denoted F(q) and F*(q), respectively. Plotting the points
(F(q), F* (q)), including the points (0, 0) and (1, 1), generates a size-power curve on a
correct size-adjusted basis.

In the next section, we will discuss these types of plots for the simulations.

4.4. Simulation results

4.4.1. The empirical size of the tests

In Appendix A, Table A.1, we can see the results for the size simulations. For weak
co-shifting, strong co-shifting and weak co-seasonality simulations all four tests have the
correct size when for all n. However, for strong co-seasonality simulations when n == 200
the Wald-test is significantly slightly oversized when the nominal size is 5%.

In Appendix B the P value plots in Figures B.3 - B.16 contain more information
about the size of the tests. We have chosen to show P value plots only for sample sizes
1000 and 200.

Sometimes spurious information in the curves makes them hard to interpret. In such
situations Davidson and MacKinnon (1997) suggest smoothing the P value discrepancy
plots. However, in our cases the P value discrepancy plots are easy to interpret which
is why we have chosen not to present the smoothed P value discrepancy plots.

Firstly, we can observe that the LM-, LR- and the Wald-tests behave very similar in
all simulations, while the Rao-test behave differenctly and this difference is more obvious
in the co-shifting simulations. In Figure B.3 for weak co-shifting when n == 1000, we see
that the LM-, LR- and the Wald-tests seams to be correctly sized up to the 10%-level,
and then they becomes slightly over-sized. The Rao-test becomes systematically more
and more under-sized for higher size levels. In figure B.4 for weak co-shifting when
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n == 200 we se that the LM-, LR- and the Wald-tests seams to be correctly sized up to
the 5%-level, whereafter they then becomes slightly over-sized. The Rao-test becomes
systematically more and more under-sized for higher size levels. Figures B.6 and B.7
concern the P value plots for strong co-shifting simulations, and these graphs show the
same result as the weak co-shifting simulations.

The P value plots for the weak co-seasonality simulations are shown in Figures B.ll
and B.12. For n == 1000 we can see that all four tests seems to be correctly sized for all
size levels. For n == 200 the Rao-test seams to have correct size up to the l8%-level while
it then becomes under-rejecting. the LM-, LR- and the Wald-tests seams to become
over-rejecting for size levels over 2%.

Finally, for strong co-seasonality simulations in Figures B.15 and B.16, the P value
plots show that the tests fluctuate around the zero-line with a tendency to be over­
rejecting all the time except for the Rao-test which have a tendecy to become under­
rejecting for size levels over 12% when n == 1000. When n == 500 we can see that the
LM-, LR- and the Wald-tests are over-rejecting up to the 10%-level, while they then
have a tendency to become under-rejecting. The Rao-test are under-rejecting for all
size-levels.

4.4.2. The empirical power of the tests

Appendix A Tables A.2 - A.5 contain the results for the power simulations. We can
see that we are able to get reasonable power in all simulation studies for n == 1000
and n == 500. However, in order to find sufficient power in the strong co-seasonality
simulation, the slope parameter in the second equation in model (4.6) is quite large,
'r

2
== {lOO, 1000}, whereas 'r

2
lies between 10.7 and 20 in the other simulation studies.

In the case of strong co-seasonality simulations, the transition is rather quick, see
Figure B.l for the transition function as a function of the transition variable, t, of an
LSTAR(l) model for different speed of transition.

The size-power curves proposed by Davidson and MacKinnon (1997) in Figures B.5 ­
B.14 are generated in a way that gives us graphs of the power on a correct, size-adjusted
basis. Size-power curves on a correct, size-adjusted basis make conservative tests and
over-sized tests hard to interpret. As we can see from the size-power graphs, for the
weak and strong co-shifting simulations the Rao-test does not reach power as fast as
the LM-, LR- and the Wald-tests. This is due to the fact that the Rao-test, as we have
seen from the p value plots, have a tendency to be under-rejecting. For the weak and
strong co-seasonality simulations however, all four tests lies so close that they are hard
to distinguish from each other.
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5. Empirical example

Let's apply the tests to two time series, Japanese income and Japanese consumption,
see Figure B.2. We begin by testing for weak and strong co-bending. We transform the
series to percentage changes by differencing the logarithms of the original series. The
transformation makes them stationary. In order to perform the tests for weak and strong
co-bending, we must check if the series are bending. Before doing anything else, we have
to ensure that the transition functions are not identically constant, in other words, that
the condition "'( > 0 holds for both Japanese income and consumption. The first step
is to specify linear AR(p) models for the series. Applying Ale (Akaike, 1974) leads to
choosing p = 10 for both income and consumption. Next we test the constancy of the
intercept in both series (see Lin and Terasvirta, 1994). The results appear in table A.6.
The test shows significant shifting of four-quarter difference for Japanese income and
consumption, and changing seasonality of first difference of income and consumption.

We now want to see if the fourth quarter difference of the income and consumption
series is co-shifting, weakly and strongly, and if the first difference of japanese income
and consumption is co-seasonal, weakly and strongly. We apply the tests proposed in
Sections 3 and 4, and the first step is to model the series under the null hypothesis of
co-features and under the alternative hypothesis of no co-features. The algorithms do
not converge when the models are estimated simultaneously. However, the Wald-test
we have used in the simulation study is the simpler test, suggested by Doornik and
Hendry (1997), that needs information from both the restricted and the unrestricted
systems respectively. An ordinary Wald-test needs estimation only under HI and can
easily be derived from the Wald-test used in the simulation study:

the log-likelihood is given by:

TIT
l = c - "2 In 12:1- 2L (Yt - f (xt ;B))' 2: -1 (Yt - f (xt ;B))

t=1

where

and
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Furthermore

e1 (,8:1' ,8:2 ' 1 1' Cl)'
e2 (,8~1 ' ,8~2 ' 12, C2 )'

For weak co-shifting we have that Ho : 1
1

= 1
2

, Cl = c2 • Let e
Ho : Re = 0, where

[
0' 0' 1 0' 0' 0' -1 0'

R = 0' 0' 0' 1 0' 0' 0' -1

The Wald-statistic becomes

(e~ ,e~ )" then

Wald = 7fR' (RV- I R'fI Re

where V = eav ( v'TB). V-I is obtained from the estimation under H 1 • The Wald­

test for strong co-shifting, weak and strong co-seasonality respectively can be derived
similarly.

The results when we use this Wald-test appear in Table A.7. It can be seen that the
Wald-test indicates that Japanese income and consumption are weakly and strongly
co-shifting. The estimated model for co-shifting and co-seasonality under H 1 are shown
in Tables A.8 and A.9 respectively.
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6. Conclusions

It is important to understand the economic relationship between nonlinear compo­
nents in time series. Existing tests to detect common features shared by autoregressive
processes in a system with trend breaks allow only for an abrupt change.

Vector Autoregression (VAR) systems have proven to be useful for analyzing common
features in data series. Engle and Kozicki (1993) introduced a class of statistical tests for
the hypothesis that some feature that is present in each of several variables is common
to them. In the study by Engle et al. (1993), Japanese disposable income and private
consumption are examined. The result of this study is that the support for cointegration
at the annual frequency is weak. Furthermore, Hall et al. (1997) tested the sensitivity
of the model of Engle et al. (1993) to changes in the sample period using the approach
by Hylleberg et al. (1990). The result is that the modelling exercise of Engle et al.
(1993) is not robust over time. Hall et al. (1997) instead find that a model allowing for
regime changes is supported by the data.

Bierens (2000) recently underlined the need to have a form of co-movement between
the series other than cointegration. He defined a number of series as cotrending if they
individually are stationary around a nonlinear trend but there exists a linear combina­
tion of the series that is trend stationary around a linear trend or a constant. Bierens
developed a nonparametric nonlinear trend that allows the nonlinear trend to be very
flexible if necessary. On the other hand, trends with discontinuities such as kinked
trends also fit into his definition. There is also a useful discussion in the article about
the need for a concept of nonlinear cotrending and its possible uses.

In a recent article, Anderson and Vahid (1998) considered nonlinearity as the feature
of the time series. If there exists a linear combination of the series that eliminates this
nonlinearity, the nonlinearity is a common feature called common nonlinearity. As a
possible specification of the feature, the authors used the smooth transition regression
model; see, for example, Granger and Terasvirta (1993) and Terasvirta (1998). Our
approach combines that of Bierens (2000) and Anderson and Vahid (1998). We let the
common feature shared by the models of 1(0) processes in a VAR system be that the
shifting is assumed to adjust smoothly between different values like in Leybourne et
al. (1996). Tests are developed for detecting common nonlinear smooth changes in the
time-varying intercept of a pair of economic time series, weak and strong co-shifting,
and common nonlinear smooth seasonal pattern, weak and strong co-seasonality. The
sample performance of the test statistics of the three main test principles in economet­
rics and an F-approximation for likelihood-ratio based tests (see for example Doornik
and Hendry,1997; and Candelon and Ltitkepohl, 2001) is evaluated using Monte Carlo
simulations.

From the results for the size simulations for weak co-shifting, strong co-shifting and
weak co-seasonality, all four tests have approximately the correct size when the number
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of observations in the series, n, is around 1000 and 500. When n = 200 the Wald-test
for the strong co-seasonality simulation is slightly over sized.

We also show that we are able to get reasonable power in all simulation studies when
n = 1000. When n = 500 we have acceptable power in the simulation studies for weak
and strong co-shifting but not for weak and strong co-seasonality, and when n = 200
we do not have acceptable power in any of the simulation studies. In the weak co­
seasonality simulations the Rao-test seams to have better performance than the other
three tests, in all other simulation studies the LM-, LR- and the Wald-tests behave
better.

We apply our tests to the two time series, Japanese income and Japanese consump­
tion, and it can be seen that Japanese income and consumption are weakly and strongly
co-shifting according to the Wald-test.
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A.Tables

Table A.l. Size of the weak and strong co-shifting and the weak

and strong co-seasonality tests. Rejection frequencies at the 5%-level of

the null hypothesis are presented. Number of replications are 1000, and n is

the number of generated observations. Models (4.1) and (4.2)

Simulation study Test statistics
weak co-shifting n LM LR Wald Rao

200 0.052 0.053 0.06 0.045
500 0.046 0.049 0.051 0.045
1000 0.049 0.049 0.049 0.046

I strong co-shifting

200 0.06 0.063 0.067 0.051
500 0.055 0.055 0.056 0.051
1000 0.047 0.047 0.048 0.046

I weak co-seasonality c=J
200 0.057 0.058 0.063 0.039
500 0.067 0.068 0.069 0.061
1000 0.054 0.055 0.055 0.054

I strong co-seasonality c=J
200 0.072 0.080 0.086 0.049
500 0.053 0.056 0.056 0.045
1000 0.053 0.053 0.055 0.052
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Table A.2. Simulated power of the test for weak co-shifting.

Rejection frequencies of the null hypothesis at the 5% level

are presented in the table. Model (4.3).

1000 replications. n is the numbrer of observations.

Parameter Test statistics
variation n LM LR Wald Rao

c2 == 0.55 200 0.21 0.22 0.23 0.19
500 0.38 0.38 0.38 0.37
1000 0.67 0.67 0.67 0.66

C2 == 0.58 200 0.41 0.41 0.42 0.39
500 0.79 0.79 0.79 0.78
1000 0.97 0.97 0.97 0.97

'12 == 15 200 0.17 0.18 0.18 0.16
500 0.32 0.32 0.32 0.30
1000 0.55 0.55 0.55 0.55

'12 == 20 200 0.38 0.39 0.39 0.36
500 0.72 0.73 0.73 0.71
1000 0.95 0.95 0.96 0.95
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Table A.3. Simulated power of the test for strong co-shifting.

Rejection frequencies of the null hypothesis at the 5% level

are presented in the table. Model (4.4).

N == 1000, n = number of generated observations

Parameter Test statistics
variation n LM LR Wald Rao

c2 = 0.55 200 0.19 0.2 0.2 0.17
500 0.34 0.34 0.34 0.32
1000 0.59 0.59 0.59 0.59

c2 = 0.58 200 0.39 0.4 0.42 0.36
500 0.73 0.73 0.74 0.71
1000 0.95 0.95 0.95 0.95

"'12 == 15 200 0.18 0.18 0.18 0.16
500 0.3 0.3 0.31 0.29
1000 0.57 0.57 0.58 0.56

"'12 == 20 200 0.39 0.4 0.41 0.36
500 0.7 0.7 0.71 0.69
1000 0.95 0.95 0.95 0.95

a2 == 1.2 200 0.24 0.25 0.26 0.22
500 0.48 0.49 0.49 0.41
1000 0.8 0.8 0.8 0.8
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Table A.4. Simulated power of the test for weak co-seasonality.

Rejection frequencies of the null hypothesis at the 5% level

are presented in the table. Model (4.5)

N 1000, n == number of generated observations

Parameter Test statistics
variation n LM LR Wald Rao

c2 == 0.508 200 0.11 0.11 0.12 0.081
500 0.21 0.21 0.21 0.2
1000 0.43 0.43 0.42 0.42

c2 == 0.512 200 0.22 0.23 0.24 0.18
500 0.48 0.48 0.48 0.46
1000 0.77 0.77 0.78 0.77

--r2 == 10.7 200 0.11 0.12 0.12 0.095
500 0.18 0.18 0.18 0.16
1000 0.36 0.36 0.36 0.36

--r2 == 11.1 200 0.19 0.2 0.2 0.15
500 0.41 0.41 0.41 0.38
1000 0.71 0.71 0.71 0.70
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Table A. 5. Simulated power of the test for strong co-seasonality.

Rejection frequencies of the null hypothesis at the 5% level

are presented in the table. Model (4.6)

N 1000, n == number of generated observations

Parameter Test statistics
variation n LM LR Wald Rao

c2 == 0.65 200 0.12 0.13 0.15 0.11
500 0.18 0.19 0.2 0.17
1000 0.35 0.36 0.37 0.35

C2 == 0.8 200 0.28 0.26 0.28 0.20
500 0.44 0.44 0.45 0.42
1000 0.69 0.70 0.70 0.68

1 2 == 100 200 0.11 0.13 0.14 0.086
500 0.3 0.32 0.33 0.28
1000 0.63 0.64 0.65 0.62

1 2 == 1000 200 0.15 0.16 0.18 0.12
500 0.4 0.41 0.43 0.37
1000 0.79 0.79 0.8 0.78

..\202 == 3.5 200 0.4 0.42 0.44 0.36
500 0.55 0.55 0.56 0.53
1000 0.8 0.81 0.81 0.79

..\212 == 1.6 200 0.21 0.23 0.25 0.17
500 0.41 0.43 0.43 0.39
1000 0.77 0.77 0.77 0.76

..\222 == 1.5 200 0.22 0.24 0.26 0.18
500 0.48 0.49 0.51 0.46
1000 0.83 0.83 0.84 0.83

..\232 == -1.5 200 0.25 0.27 0.29 0.2
500 0.62 0.62 0.64 0.59
1000 0.93 0.93 0.93 0.92
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Table A.6. Test for shifting of four-quarter difference and changing seasonality of
first difference of Japanese income and consumption. The test is applied by

constructing AR(p) models and tests the constancy of the intercept in the different series
I Tested data series LM1 LM2 LM3 I

4th difference of Japanese income, AR(13) 0.0004 0.029 0.0059
4th difference of japanese consumption, AR(13) 0.0067 0.07 0.12
1st difference of japanese income, AR(10) 2.7e-7 0.004 0.001
1st difference of japanese consumption, AR(10) 0.032 0.13 0.1

The tests are based on Taylor expansion as in Lin and Terasvirta (1994)

Table A. 7. Test for co-shifting of four-quarter difference and co-seasonality of

first difference of Japanese income and consumption.

Test statistics (p-values in parentheses)
Wald

weak co-shifting 4.49(0.11)
strong co-shifting 3.71(0.29)

weak co-seasonality 9.69(0.0079)
weak co-seasonality 43.94(0.00)
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Table A.8 Estimated model for co-shifting under HI
four-quarter difference of Japanese consumption == ~4Yl

four-quarter difference of Japanese income == ~4Y2

R'1- == 0.83 s == 0.013

~4Yl t == 0.061 + 0.49~4Yl t-l + 0.27~4Yl t 2 - 0.60~4Yl t 4 + 0.28~4Yl t 6 - 0.17~4Yl t 8
, 0.013 0.087 ' 0.092 ' - 0.085 ' - 0.097 ' - 0.089 ' -

-0.035 [1 + exp {-12.34 (t* - 0.40) /0.084}] -1 + ~lt
0.0072 14.98 0.0077

R'1- == 0.63 s == 0.024.

~4Y2 t == 0.10 + 0.14~4Y2 t-3 - 0.29~4Y2 t-4
, 0.013 0.098 ' 0.10 '

-0.070 [1 + exp {-4.54 (t* - 0.44) /0.084}] -1 + ~2t
0.012 3.96 0.021

Log Likelihood == 504.86

Table A.9 Estimated model for co-seasonality under HI
first difference of Japanese consumption == ~Yl

first difference of Japanese income == ~Y2

R2 == 0.98 s == 0.013
~YCl t == 0.18 - 0.16~ycl t-l - 0.12~ycl t-5 - 0.13dl - 0.17d2 - 0.3d3, 0.015 0.15 ' 0.11 ' 0.016 0.039 0.04

( -0.07 - 0.07dl + 0.045d2 - 0.091d3 ) [1 + exp {-0.76 (t* - 0.32) /O=Yl}] -1 + ~lt
0.02 0.023 0.018 0.032 0.40 0.061

R'2 == 0.99 s == 0.021
~yi2 t == 0.35 - 0.55~yi2 t-l - 0.33~yi2 t-2 - 0.32d1 - 0.36d2 - 0.58d3 +, 0.023 0.1 ' 0.12 ' 0.059 0.044 0.019

( -0.075 - O.Oldl + 0.17d2 - 0.02d3 ) [1 + exp {- 94 (t* - 0.54) /O=Y2}] -1 +e2t0.024 0.032 0.03 0.03 0.34 0.032
Log Likelihood == 531.02
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B. Figures

Figure B.l. Transition function as a function of the transition
variable t of an LSTAR(l) model, for different speed of transition.
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Figure B.3. P-value plots, weak co-shifting.
LM-test (circled), LR-test (quadratic), Wald-test (triangled) ,
Rao-test (filled triangled) and 45°/zero-line (crossed).
1000 observations.
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Figure B.4. P-value plots, weak co-shifting.
LM-test (circled), LR-test (quadratic), Wald-test (triangled)
Rao-test (filled triangled) and 45°/zero-line (crossed).
200 observations.
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Figure B.5. Size-power curves, weak co-shifting.
The size power curves for the LM-, LR-, Wald-test
lies so close that they cannot be distinguished from each other. The dashed line is the Rao-test.
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Figure B.7. P-value plots, strong co-shifting.
LM-test (circled), LR-test (quadratic), Wald-test (triangled) and 45°/zero-line (crossed).

1000 observations.
0.24 ,.....-~-.,...-......-...,..-...,.---r---.--,.....-~~

0.16

0.12

0.08

0.04

oO. 000 ~iL...L""""''''''''''''''''''....L...oII .......................a:a:*****,~~t:*JtJrE:jt::A::**::!:=:=:=:::=:l
0.00 002 0.0" 0.06 0.08 0.10 012 0.1" 0.16 0.18 0.20

Truncated P value plot

O.O.:t ......- .....- .....- ......- ......- .......- .......- ......- ......---.--.

-0.04

-O.OB

-01:?

-0.16

o O:? 0.04 0.06 0.08 0.1 0 0 12 o. 1 ~ 0.16 0.1 8 0 20

Truncated P value
discrepancy plot

63



Figure B.8. P-value plots, strong co-shifting.
LM-test (circled), LR-test (quadratic), Wald-test (triangled) and 45°/zero-line (crossed).

200 observations.
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Figure B.9. Size-power curves, strong co-shifting.
The size power curves for the LM-, LR-, Wald-test
lies so close that they cannot be distinguished from each other. The dashed line is the Rao-test.
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Figure B.ll. P-value plots, weak co-seasonality.
LM-test (circled), LR-test (quadratic), Wald-test (triangled) and 45°/zero-line (crossed).
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Figure B.12. P-value plots, weak co-seasonality.
LM-test (circled), LR-test (quadratic), Wald-test (triangled) and 45°/zero-line (crossed).
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Figure B.13. Size-power curves, weak co-seasonality.
The size power curves for the tests LM-test, LR-test, Wald-test
lies so close that they cannot be distinguished from each other. The dashed line is the Rao-test.

1000 observations.
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Figure B.15. P-value plots, strong co-seasonality.
LM-test (circled), LR-test (quadratic), Wald-test (triangled) and 45°/zero-line (crossed).
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Figure B.16. P-value plots, strong co-seasonality.
LM-test (circled), LR-test (quadratic), Wald-test (triangled) and 45°/zero-line (crossed).

200 observations.
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Figure B.17. Size-power curves, strong co-seasonality.
The size power curves for the tests LM-test, LR-test, Wald-test
lies so close that they cannpt be distinguished from each other. The dashed line is the Rao-test.

1000 observations.
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Abstract
This paper examines the relationships between different aspects involved in asthma treatment.
Each aspect's impact on overall patient satisfaction with their asthma treatment (Patient
Satisfaction Index, PSI) is analysed. We also study how outcome variables such as
"compliance with physician's recommendations", "Health-related quality of life" and
"resource use" are affected by the degree of patient satisfaction. The results from this study
refer to the asthma patients as a group but not necessarily to each patient as an individual.

The statistical technique applied for this analysis is Partial Least Squares (PLS), which is well
suited for structural equation modelling when the focus is on identifying the most important
characteristics involved in the asthma treatment, aimed at making powerful recommendations
for optimised improvements. The suggested generic model is tested on 599 respondents from
a questionnaire survey. The structure of the suggested model is well supported by the data.

Key words. asthma, compliance, self-management, health-related quality of life, Patient
Satisfaction Index (PSI), Partial Least Squares (PLS)
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1 Introduction

Asthma and asthma treatment are evaluated from a number of different perspectives,
including clinical effects, health-related quality of life (HRQL hereafter), costs and cost­
effectiveness. The medical and health economic studies are often designed as randomised
clinical experiments (see for example Anderson et aI., 2000; Zetterstrom et aI., 2000;
Berggren and Ekstrom, 1999). These types of studies show clinical effects and cost­
effectiveness of drug treatment under well-controlled conditions.

A distinguishing characteristic in asthma treatment is the importance of "Compliance with the
physician's recommendations", and "Self-management" of the overall asthma treatment.
Gibson et aI. (2000) show in a meta-analysis that asthma treatment which focuses on "Self­
management" number of days spent by the patients at hospital and the number of days they
are absent from work, compared to standard asthma treatment (see also Liljas and Lahdensuo,
1997). "'"

A number of Swedish studies show that "asthma health care centres" reduce the number of
emergency visits, asthma attacks, days in hospital, antibiotic treatment and days of absence
from work (see Lorentzson, 1995; Dahlberg et aI., 1997; Lisspers and Osterlund Efraimsson,
1998). One problem, though, with these studies is that they are designed as before/after
studies, and that the number of patients is relatively small, which leads to difficulties when
drawing conclusions that are definite (see Swedish Council on Technology Assessment in
Health Care, 2000; National Board of Health and Welfare, 2003).

The compilation by the Swedish Council on Technology Assessment in Health Care (2000)
and the National Board of Health and Welfare (2003) regarding knowledge of treatment of
asthma and Chronic Obstructive Pulmonary Disease (COPD hereafter) also includes drug
treatment evaluations. Thus, there are many factors playing an important role in the results of
the asthma treatment of adults as well as regarding its effectiveness and cost. However, the
documentation and the knowledge are insufficient. The Swedish Council on Technology
Assessment in Health Care (2000) and the National Board of Health and Welfare (2003)
conclude that there is a need for surveying the best way of organizing the treatment of patients
with asthma and COPD. There is also a need for more knowledge about which components
involved in the asthma treatment (e.g. the physician, asthma nurse, education about asthma as
a disease, availability) are of greatest importance for an optimal treatment of the patient.

The main purpose of this study is to identify the most important factors involved in the
treatment of asthma, and how asthma patients rate these factors. For this purpose, we analyse
patients' perceptions of the separate factors involved in asthma treatment and the impact of
each factor on the overall satisfaction with their asthma treatment: the Patient Satisfaction
Index (PSI hereafter). These results will then be linked to "Compliance with the physician's
recommendations" about the asthma treatment, degree of "Self-management" in the asthma
treatment, resulting HRQL, and "Sesource use". A secondary objective of the study is to
investigate asthma treatment at "asthma health care centres" compared to asthma treatment at
ordinary health care centres. An "asthma health care centre" was defined as a centre where
patients can make appointments and call regularly; which can perform spirometry and has a
structured way of working based on a programme of care; does PEF measurement,
reversibility testing, planning of care, and gives information on inhalation technique.
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The plan of the paper is as follows. Firstly, we will discuss the data collection and the design
of the study. Secondly, we give a short summary of the PLS method chosen for this study.
Thirdly, the empirical results of the PLS analysis will be discussed. In section 4, the empirical
results will be summarized. In the fifth section, we will shortly discuss the patients' resource
use, and finally we will conclude the paper.

2 Data collection

2.1 Comprehensive design of the study

Based on qualitative interviews!, a questionnaire was designed that was tested on two focus
groups for verification (see appendix Table Al for the questionnaire). The next phase was a
multi-centre study based on the questionnaire, where the patients were told to rate the
activities defining their asthma treatment. Each question was evaluated on a 1 to 10 scale by
the patients. In these types of surveys the questions that are graded like this and the
constructed factors are interpreted as interval scales (i.e. equidistance is assumed between the
grades in the scale (see Fomell, 1992; Fomell and Cha, 1994; Fomell et al. 1996; EPSI
Technical Committee, 1998; Anderson and Fornell, 2000).

Based on the interviews and the questionnaire, a hypothetical model was constructed. In this
model, the questions that are closely related, excluding the background questions, are grouped
into factors, or so-called latent variables (see appendix Table A3 for the first two eigenvalues
for each factor, respectively, where the unidimensionality is verified by factor analysis). If the
first eigenvalue is above one and the second eigenvalue is less than one (no more than 0.8
preferably), the factor is considered to be unidimensional.

Among the factors are the Patient Satisfaction Index (PSI), which is a measure based on three
questions that are weighted together as an index (see section 3.2): "Overall how satisfied are
you with your asthma treatment", "How well does your asthma treatment meet your
expectations" and "Imagine an asthma treatment that is perfect in every sense. How close is
your current asthma treatment to this ideal".

PSI is a measure of how satisfied the patients are with their overall asthma treatment. In
Figure 1 the empirical model is described where other factors involved in the asthma
treatment are affecting PSI: "The pysician's manner", "The nurse's manner", "Availability of
the health centre" and "The drug". The purpose is to identify the most important factor
involved in the overall asthma treatment in order to make concrete recommendations for
optimised improvements in PSI. This will in turn lead to more compliance with physician's
recommendations, better HRQL and less resource use for the patients. Therefore, the patients'
perceptions of the separate factors involved in the asthma treatment and the impact of each
factor on PSI are analysed.

2.2 Study population

Patients were recruited from 17 health care centres: 11 in Region Skane and 6 in Stockholm
County, respectively. Questionnaires were sent out to 796 patients, in total, of which 644
patients responded. Of these patients 20 were of the wrong age according to the inclusion
criteria below, and were therefore excluded. Further, 26 patients who only answered less than

1 Interviews were held with physicians, politicians and civil servants from Region Skane and from Stockholm
County Council, the Asthma- and Allergy Association, experts at AstraZeneca, and 10 patients.
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two-thirds of the questions in the questionnaire were also excluded. The final result was 599
analysed respondents.

The following patients are part of the study population:
• Patients with an asthma diagnosis, treated at health care centres in Region Skane, and

in Stockholm County.
• The patients should have been under the given prescription for at least 6 months:

Group A = glucocorticoid + short-term-acting beta-2-agonists in one inhaler.
Group B = glucocorticoid + long-term-acting beta-2-agonists in separate inhalers.
Group C = glucocorticoid + long-term-acting beta-2-agonists in one inhaler.
Note that patients within group Band C probably have a more severe type of asthma
as compared to A.

• Patients who can read and write in Swedish without any problems.
• Patients between 18 and 65 years of age.

Patients with a COPD diagnosis, patients with a known abuse problem and patients taking
part in any other scientific study at the same time were, however, excluded from the study
population.

The study was approved by the Research Ethics Committees at Lund University and
Karolinska Institutet, Stockholm.

3 Methodology

3.1 Choice of analysis technique

In order to identify the most important factors involved in the asthma treatment and how
asthma patients rate these factors, a generic structural equation model was constructed. The
empirical model can be seen in Figure 1. Different factors involved in asthma treatment are on
the left-hand side of the model; so-called control variables of PSI. On the right-hand side of
the model we have goal variables - "Compliance with physicians recommendations",
"Asthma control" and patients HRQL. The hypothesis is that increased PSI will lead to
increased "Compliance with physicians recommendations", more "Asthma control" and
higher HRQL, that in turn will have positive effects for the costs to society.

Wold (1966) proposed an analysis technique, Partial Least Squares (PLS), which has evolved
in many different directions since then. The CFI Group carried out the statistical analysis in
this study, using the methodology developed by Claes Fomell (see Fomell and Cha, 1994).
This method is prepared for estimating the causal relations between respondents' perceptions
of a) different aspects of their situation, b) their general situation and c) the behavioural
outcome. The method has been carefully evaluated and finally chosen as the method of
measuring perceived quality by customers at branch level in Europe (EPSI) (see Fomell,
1992; EPSI Technical Committee, 1998), and in USA (ACSI) (Fomell et al. 1996; Anderson
and Fomell, 2000; Johnson et al. 2001).
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(2)

The PLS-technique, which is not based upon any distributional assumptions in the variables,
is well suited for structural equation modelling when the focus is on predictive power in the
model (see for example Joreskog and Wold, 1982). This is an important factor in favour of the
PLS-technique as apposed other techniques, because in practice the distribution of variables is
often unknown, or greatly differs from a normality distribution. In our data this is true for all
of the variables, which are skewed towards the higher scores and far from normally
distributed. In those cases, analysis by covariance structure modelling, as in LISREL, is not
feasible. Thus, several recent studies use the PLS-methodology (Westlund, 1994; Eckerlund
et al. 1997; Henriksson et al. 1997; Westlund, et al. 1998; Eckerlund et al. 2000).

The PLS-method, that is a variance-based analysis technique, is also different from
covariance-structure-modelling, such as LISREL, in the way that the PLS-method delivers
scores on factor level, so-called latent variables, while covariance-structure-modelling does
not. The factors are estimated by means of weighted relations (see, for example, Fomell and
Cha, 1994). The causal relationships between the factors in the model are optimised according
to the iterative PLS estimation that is summarized below (see also Dijkstra, 1983). Questions
that do not contribute to the analysis are left out (see section 4.2.1 Reliability and Construct
validity for explanation).

3.2 Model structure

Each factor in the hypothetical model; for example, "Competence of the physician" (see Table
Al in the appendix) is a so-called latent variable. Latent variables are not directly observable
but estimated through weighted relations by a group of statements, or manifest variables, from
the questionnaire. The inner relations between the factors are assumed to be linear, as
represented by arrows in the model shown in Figure 1.

PLS modelling consists of three parts, (see Fomell and Cha, 1994): inner relations, outer
relations and weighted relations. The inner relations, or the relations between the factors, can
be written as follows:

(1)

where vectors of endogenous and exogenous factors are 11 and ,respectively, while (is a

residual vector. Band r are matrices of regression coefficients.
The outer relations describe the relations between the factors and the directly observed
manifests, or statements, which form the factors:

y = A y1]+&y

x=Ax~+&x

where 11 and ,are the vectors of endogenous and exogenous factors respectively, y and x are

the observed indicators, or statements, the so-called manifest variables of 1] and ~

respectively. Ay and Ax are matrices of loadings, which relate the factors to their measures.
Finally, &x and By are the residuals, here assumed white noise.
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(3)

The outer relations are also ruled by predictor specification:

E[yl17]= A y17
E[xl~]= Ax~

where E[yl17] and E[xl~] are the means, or the expected values of the observed indicators y
and x respectively, given the vectors of endogenous and exogenous factors 17 and ~

respectively.

The last relation required in the PLS-estimation is the weight relation. In PLS, each case value
of the factors is estimated as follows:

(4)

where 017] and O1~ are the weights.

In PLS, some parameters are estimated by means of multiple regression technique while other
parameters are held fixed at the time. (and c, are handled separately (see Wold, 1966; Cassel
et aI., 1999) and thus approximations of the estimates are delivered successively, part by part,
in an iterative process. Estimation, thus, aims at minimizing Var [(] for each endogenous

factors and minimizing Var [c] for each outer relation.
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4 Empirical results

The operational model is shown in Figure 1. The model should be interpreted in the following
way: "The physician's manner" has, for example, a regression coefficient of 1,7 on PSI; this
means that the impact of a score increase in "The physician's manner" by 5 units2 will result
in a score increase of the PSI by 1,7 units, ceteris paribus. Hence, 5 units score increase in
"The physician's medical competence" will result in 4.2 units score increase in "The
physician's manner".

Figure 1. Empirical model of the Patient Satisfaction Index
Scores are presented in circles on the left hand side of the factors, and OLS regression coefficients in the boxes
to the right (where **, *** means significant at 5%- and 1%-level respectively).

Ilealt.h related
(Jualitv of life

Note that a higher score means fewer problems. See questions in appendix Table 1.
Estimated coefficients by ordinary PLS- and double PLS-technique are presented in Appendix Table A5.

2 The choice of describing the impact of a five-unit score increase instead of a one-unit score increase is because
a five-unit increase is a reasonable goal, whereas a one-unit score increase would not be significantly notable.
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4.1 Implications from the empirical model

Looking at Figure 1 we can see that to attain an increased PSI, score increases in "The
physician's manner" and "The drug" would make the greatest contribution, since both factors
have the largest impact (regression coefficients) of 1.7 on PSI. "The nurse's manner" also has
a relatively greatest impact, whereas the impact of the "Availability of the health centre",
although significant, is relatively small.

The "The physician's medical competence" and the "The nurse's medical competence"
impact the "The physician's manner" and the "The nurse's manner" respectively. This means
that the "The physician's medical competence" and the "The nurse's medical competence"
have only an indirect impact on PSI.

"Ease of usage of the drug" and "Absence of side effects" have the greatest impact on "The
drug", whereas "The effect of the drug " and "Absence of price sensitivity" have relatively
little impact.

"The drug" is the factor having the greatest impact on "Compliance". As "Ease of usage of
the drug" and "Absence of side effects" to large extent determine whether the patients are
satisfied with "The drug" they indirectly have a great impact on "Compliance". "The
physician's manner" also has a great impact on "Compliance".

"Asthma control" is determined by PSI and "The drug". Furthermore, "Asthma control" has a
considerable impact on HRQL factors. Good "Asthma control" leads to "Few mental
symptoms" and "Fewer symptoms at night". "The drug" and the "The physician's manner"
also have an indirect effect on compliance through the PSI.

It is interesting to notice that PSI is relatively high while at the same time the patients rate
their HRQL relatively low. Among the HRQL factors, "Few other physical symptoms" is the
factor having the lowest score of 43.

Ranking the different factors according to scores and regression coefficients/impacts can
summarize the results and implications of the empirical model. Factors with a relatively low
score but relatively large impact are set to "priority in first hand", which would be "The
physician's manner" and "The physician's medical competence". Thus, even if the scores are
not low for either "The physician's manner" or "The physician's medical competence" they
are relatively lower than the scores for other factors. This means that a further score increase
in "The physician's manner" and "The physician's medical competence" would have a
relatively high impact on PSI. Furthermore, we can conclude that it is important to maintain
the patient's perception of "The drug" and "The nurse's manner". These factors have higher
scores compared to other factors in the model, but improvements will still have a considerable
effect on PSI.

This does not imply, however, that all other factors are unimportant. Firstly, all factors
included in the empirical model (Figure 1) are important, or else we would not have taken
them into account. Secondly, the model is dynamic over time, which means that this is the
case only for the point in time when the survey was conducted. Once you start to work with
the improvements in asthma treatment, and the patients notice those improvements, the
impact structure starts to change. Likewise, if you forget to work with improvements in some
factors that have been given low priority at one point in time, to the degree that the patients
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may think these factors are below a certain 'hygienic level', then these factors may be high
priorities next time you measure. The implication is that you need to follow up these types of
analyses continuously in order to make an effective action plan over time.

Patients treated at asthma health care centres compared to patients treated at ordinary health
care centres, and patients in the different treatment groups A, Band C, experience their
asthma treatment differently. The results show that patients treated at asthma health care
centres are significantly more satisfied with the overall asthma treatment; that they are
significantly more "Compliant" and have significantly better "Asthma control" compared to
patients treated at an ordinary health care centre, as can be seen from Table 1.

Table 1. Differences in scores for patients treated at asthma health care centres versus
patients treated at ordinary health care centres.

I tOO5 bIt t t th th d . th'p-va ues, a , or e ow, on - es s vs. eo er group are presente In paren eSlS.
Factors Asthma health care centres Ordinary health care centres
PSI 78 (0,05) 74
Compliance 85 (0,000) 81
Asthma control 80 (0,000) 76
Few mental symptoms 66 64
Few symptoms at night 70 71
Few other physical symptoms 44 -

Furthermore, from Table 2 we see that patients in treatment group C are significantly more
"Compliant" than patients in treatment group A, and patients in treatment group B rate their
HRQL (i.e. "Few mental symptoms", "Few symptoms at night" and "Few other physical
symptoms") lowest, while treatment groups A and C rate their HRQL rather equally.
However, patients within group Band C probably have a more severe asthma as compared to
group A.

Table 2. Differences in scores between treatment groups
p-values, at 0,05 or below, on t-tests vs. the other groups are presented in parenthesis. pa and

. .fi tl d'f£ t A dBt' IPh means slgnl lcan ly I eren vs. group an respec lve ~y.

Factors Treatment groups
A B C

PSI 76 78 77
Compliance 82 84 85(Pa 0,05)
Asthma control 80 78 78
Few mental symptoms 66 (Pb 0,05) 63 67(pb 0,05)
Few symptoms at night 69 68 72(pb 0,05)
Few other physical 45 (Pb 0,05) 41 44(pb 0,05)
symptoms
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4.2 Tests of the predictive power of the empirical model

Predicted, oriented tests that are well suited for evaluation of a model estimated by PLS­
technique are communality, structural prediction, validity, redundancy and operational
variance (see Lohmoller 1989). These tests are non-parametric; tests that are not based on any
distributional assumptions in the variables, since PLS does not rely on statistical distribution
(see Wold, 1982).

Predictions are made in each of the three PLS-estimation steps described above; thus, we need
several different measures to evaluate overall predictive power in the empirical model. Below
we give a summary of the measures we have used.

4.2.1 Reliability and construct validity

The manifests can be predicted from their respective factors. Cronbach' s alpha provides an
overall measure of the reliability, i.e. the degree to which the measures are free from errors,
and therefore yield consistent results (Fomell and Cha, 1994). A Cronbach' s alpha of around
0.6 and above is considered satisfactory. In our study (see Table A3 in appendix), Cronbach's
alpha is above 0.75 for all factors, except for "The effect of the drug" which has a Cronbach' s
alpha of 0.59.

Average Variance Extracted (AYE) is the part of the variation that has been captured by the
corresponding factor in proportion to the amount of variation due to measurement error, (see
Fomell and Cha, 1994). AVE above 0.5 is considered adequate. The AVE in our study (see
Table A3 in appendix) is above 0.7 for all factors, except for the "Few mental symptoms"
factor that has an AVE of 0.6.

4.2.2 R2
: the amount oftotal variance captured by the model

In regular regression analysis, R2 is the total amount of variance in the endogenous variable
that has been explained by the model. Each inner structural part in the empirical model has
been estimated by OLS, and each inner relation is given a measure ofR2 (see Fomell and Cha,
1994). In Appendix, Table A2, R2 is presented for each estimated inner relation. For the first
four relations the R2 is relatively high, while it is lower for the four following relations (on the
right hand side of the empirical model in Figure 1), but still high enough for being a statistical
relation.

However, it should be noted that R2 is not a measure of the overall quality in a structural
relation. If, for example, the endogenous variable contains a relatively small amount of
variation, the R2 will also be relatively small due to the fact that a small amount of variation is
often rather difficult to 'capture' (see Gujarati, 1995; Ramanathan, 1998).

4.2.3 Measures ofthe degree ofmulticollinearity in the empirical model

The above measures must be completed by an assessment of the degree of multicollinearity in
the model. The condition index is a measure of the degree of multicollinearity in the structural
relation (see Gujarati, 1995). In our study (see Table A4) the largest condition index is less
than 21 for each structural relation. If the largest condition index in a structural relation is
greater than 30, the degree of multicollinearity can be said to be strong, and not desirable.
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Furthermore, we can see in Figure 1 above that all regression coefficients, or impacts, are
significant at the 1% or the 5% level, which also indicates that the multicollinearity is not
severe.

4.2.4 Further multieollinearity reduction

To reduce the multicollinearity further, and to increase the precision in the estimated
regression coefficients, it is possible to perform a PLS-estimation that extracts the information
that is relevant from the factors in the empirical model. The information extracted creates new
variables, from which direct regression coefficients, or impacts, are estimated instead. The
impacts from the factors to the endogenous variable can easily be calculated through the
indirect impacts from the factors to the new variables by multiplication. This method
combined with ordinary PLS-technique, described above, may be called a double PLS­
estimation, but involves extraction of relevant information from overlapping factors instead of
extraction of relevant information from overlapping manifest variables, as described above. In
Table A2 the double PLS-algorithm is presented.

The distribution of regression coefficients estimated by the double PLS-estimation is
unknown. By means of bootstrap-techniques, however, we have simulated the precision for
the estimated coefficients for the double PLS-estimation. The fundamental motivation of
bootstrap is to create the sample distributions from the data at hand when it is difficult, and
even impossible, to depend upon any theoretical distribution. According to the central limit
theorem, estimators tend to be normally distributed (see for example Efron and Tibshirani,
1993). Patient answers were randomly drawn with replacement from the study data,
containing 599 patients. In such a way 1000 new data files, each containing answers from 599
patients, were constructed. We estimated two models by double PLS-estimation technique on
each data set, the one in Figure 1 above and one model with an additional latent variable,
"The health care centre", with direct path to PSI. Hereby we could capture the variance, and
the precision, on the estimated coefficients.

In Table A5 we can see the result. The impact for "The health care centre" that was
insignificant when the model was estimated by OLS-technique, becomes significant at every
reasonable level when the model is estimated by double PLS-estimation technique. In Table
A5 we can see the difference between estimation by OLS, as in ordinary PLS-techniques, and
estimation by the double PLS-technique. The relatively small differences in the estimates
between the two methods indicate again that the degree of multicollinearity is relatively small.
Thus, the insignificant OLS-impact of "The health care centre" is due to the fact that the
variance in that variable has little in common with the endogenous variable. On the other
hand, the variance in "The health care centre" obviously is relatively unique and has little in
common with the other exogenous variables.
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5 Analysis of resource use and society cost

A secondary purpose of this study is to analyse the link between patients' HRQL and
"Resource use", i.e. we want to analyse if patients who grade their HRQL higher, consume
more or less resources from society than patients who grade their HRQL lower. The different
types of resources are: "Absence from work" (number of days during last year), "Emergency
visits" (number of times during last year), "Visit to a physician" (number of times during last
year),. "Visit to a nurse" (number of times during last year), "Inhalation steroids" (dose per
day, during a normal day), short-term beta 2 stimulator (dose per day, during a normal day)
and long-term beta 2 stimulator (dose per day, during a normal day).

Since some of these resources can be operating against each other, we cannot link the aspects
of. HRQL in the empirical model directly to some aggregate of resources by using PLS­
analysis. For example, "Visit to a physician" and "Visit to a nurse" may prevent long-term
sickness so that resources are saved for less "Absence from work".

To establish the link between HRQL and "Resource use" with most power, we have linked
the separate aspects of HRQL, rather than the factor, to the separate types of resources by
using analysis of variance technique. Each aspect of HRQL is put into two groups. Patients
who grade the specific aspect of their quality of life: 1) relatively low (scores 1-6) and 2)
relatively high (scores 9-10), on a 1 to 10 scale. Patients who graded other scores are deleted
to get more power in the test.

The result is shown in Table 3 below. Each value presented in the table implies that
improvements in the specific aspect of HRQL lead to reduced resources, i.e. patients who
grade the specific aspect of HRQL higher consume fewer resources.
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The values presented are the Bonferoni adjusted p-values of the F-tests for each resource type
that are significant on the 5% level or lower. Bonferoni adjustments are based on the number
of tests directly related to the number of categories and measurement level of a predictor. By
Bonferoni adjustments the false-positive error rate (the so-called type 1 error) is better
controlled (see Malhotra, 1999). Note that the number of valid cases is different for different
questions. Where no links are presented, there is no significant difference in resource use
between patients who graded the specific aspect of quality of life high or low.

Table 3. Test by analysis of variance: Reduced perceived problems in the aspects of
quality of life result in reduced respective resource use.
(p-values, of 0,05 level or below, on Bonferoni adjusted F-test are presented).

Types resources
Absence Emergency Visit to a Visit to a Days in Inhalation Short-term acting Long-term

from visits, physician, nurse, number hospital, steroids, beta 2 stimulator, acting beta 2
work, number of number of of times during number of dose per day dose per week stimulator,

Aspects of days times during times last year days during dose per week
during last year during last last year

quality of life last year year
Few mental
symptoms:
I feel worried for
side effects in the
long run due to my
asthma treatment
Few mental 0,001 0,000 0,002 0,005
symptoms:
I feel physically
limited due to my
asthma disease
Few mental 0,046 0,01 0,000 0,000 0,000
symptoms:
I feel worried due to
my asthma disease
Few mental 0,05 0,000 0,000 0,000 0,020
symptoms:
I feel socially
limited due to my
asthma disease

0,000 0,035 0,000 0,000 0,009
Few sym ptoms at
night:
I am troubled
nightly due to my
asthma disease
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Types of resources
Absence Emergency Visit to a Visit to a Days in Inhalation Short-term Long-term

from visits, number physician, nurse, hospital, steroids, acting beta 2 acting beta 2
work, days of times during number of number of number of dose per stimulator, stimulator,

Aspects of during last last year times during times during days during day dose per week dose per week

quality of life
year last year last year last year

Few other physical 0,008 0,01 0,003
symptoms:
I have difficulty
breathing when I
don't take my
asthma drug
continuously
Few other physical 0,023 0,000 0,001 0,037
symptoms:
I cough when I
don't take my
asthma drug
continuously
Few other physical 0,000 0,002 0,000
symptoms:
I feel pressure on
my chest when I
don't take my
asthma drug
continuously
Few other physical 0,000 0,000 0,001
symptoms:
I hear sound from
my chest if I don't
take my asthma
drug continuously

There is only one aspect of HRQL, "I feel worried for side effects in the long run due to my
asthma treatment", which does not have any significant link to any type of resource use that
we have analysed.
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We then look at the cost3 use for patients treated at asthma health care centres compared to
patients treated at ordinary health care centres, and the cost use for patients in the different
treatment groups A, Band C, presented in Table 4 and 5 below:

Table 4. Cost for patients treated at asthma health care centres versus patients treated
at ordinary health care centres.

1 h h h . Ad' . SEKp-va ues on t-test vs. t e ot er group In parent eSIS. verage cost urIng one year In
Type of cost Ordinary health care centres Asthma health care centres

n=140 n=503
Drug 4 150 3763

(0,34)
Visits to physician 1 265 1212

(0,60)
Visits to nurse 406 306

(0,01)
Emergency visits 1 681 346O

(0,13)
Days in hospital 1 098 4391

(0,13)
Absence from work 4539 7711

(0,35)
Other treatment 87 171

(0,08)
Total cost 13253 21137

(0,07)

Table 5. Cost for patients in the different treatment groups A, Band C.
Average cost during one year in SEK. p-values, on t-test for the level on which we have
significant differences, in parenthesis (where pB means test vs. group B and pc means test vs.

C)group
Type of cost Treatment groups

Average cost during one year, SEK
A B C

n=204 n=209 n=230
Drug 2015 3914 6039

(pB=O,OO, pC=O,OO) (pc =0,00)
Visits to physician 1114 1 230 1 383

(pB=0,37, pC=O,OI) (pc =0,09)
Visits to nurse 333 350 459

(pB=0,64, pC=O,OO1) (pc =0,005)
Emergency visits 1 542 2859 1 802

(pB=0,36, pC=0,57) (pc =0,44)
Days in hospital 796 256O 2029

(pB=0,39, pC=0,48) (pc =0,84)
Other treatment 103 75 133

(pB=0,53, pC=0,57) (pc =0,21)
Absence from work 2544 7326 5672

(pB=0,14, pC=0,28) (pc =0,69)
Total cost 8514 18314 17567

(pB=0,02, pC=O,O 1) (pc =0,88)

3 The total cost use per patient is calculated, using cost standards, based on the patients stated doses per day of
the drug, number of visits to physicians and nurses during the last year, number of emergency visits and days in
hospital during the last year, number of days in absence from work during the last year and other treatment.
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From Table 4 we can see that patients treated at asthma health care centres have significantly
lower cost for visits to nurses than patients treated at ordinary health care centres. There is
also a tendency towards lower cost for absence from work and total cost for patients treated at
asthma health care centres, however, due to the few cases in the group treated at asthma
health care centres (140 patients) and in particular the large variance in the patient group, we
cannot say that these types of costs are significantly lower than for patients treated at ordinary
health care centres. The results in Table 5 show for example a significantly lower total cost
for patients in treatment group A compared to patients in treatment groups Band C. This can
perhaps be explained by the fact that patients within treatment group A have a less severe
asthma disease than patients in the other treatment groups. However, we se no significant
difference in total cost between treatment groups Band C, which might be due to the large
variance within the treatment groups. Furthermore, cost for drug is lower in treatment group
A compared to both treatment groups Band C, and costs for visits at physicians and visits at
nurses are lower for treatment group A compared to treatment group C. And, costs for drug
and visits at nurses are lower for treatment group B compared to treatment group C.
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6 Concluding remarks

This study was conducted to determine the most important factors involved In asthma
treatment, aimed at making strong recommendations for optimised improvements.

The factors having the largest impact on overall satisfaction, the PSI, are "The drug" and "The
physician's manner". These factors also have greatest impact on "Compliance", together with
overall satisfaction. The results show that to optimise improvements in overall asthma
treatment requires efforts to strive for higher scores for "The physician's manner" and "The
physician's medical competence". "'"

We also show that patients in the study treated at asthma health care centres are significantly
more satisfied with overall asthma treatment, and that they are significantly more compliant
and have significantly better asthma control compared to patients treated at an ordinary health
care centre.

Furthermore, we see that patients treated with inhaled glucocorticoid + long-term-acting beta­
2-agonists in a single inhaler are significantly more compliant than patients treated with
glucocorticoid + short-term-acting beta-2-agonists.

Patients having separate inhalers for glucocorticoid + long-term-acting beta-2-agonists rate
their HRQL the lowest, while patients having a single inhaler of the same products and
patients who inhaled glucocorticoid + short-term-acting beta-2-agonists rate their HRQL
rather equally. However, patients using a glucocorticoid + short-term-acting beta-2-agonists
probably have a less severe asthma. It is interesting to note that patients having the same
products, either in a single inhaler or having two different inhalers, state their HRQL
differently. The results also show that improved HRQL implies reduced resources, i.e.
patients who grade their HRQL higher consume fewer resources.

Some fields, however, need yet further investigation. For example, our analysis shows that
there is a tendency towards less absence from work and lower total resource use for patients
treated at asthma health care centres compared to patients treated at ordinary health care
centres. Due to the large variance among the patients, perhaps, and few cases in the group
treated at asthma health care centres (140 patients), we cannot prove significantly less
resource use than for patients treated at ordinary health care centres, using current data.

Similarly, we see a tendency for patients treated with glucocorticoid + long-term-acting beta­
2- agonists in separate inhalers to consume more resources in total than patients treated with
glucocorticoid + long-term-acting beta-2- agonists in one inhaler. The variance among the
investigated patients in those different groups is too large, while we cannot see any significant
difference, and further research is needed.
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Appendix
Table Al. Factors and statements in the questionnaire. (Factors are in bold typeface
while each statement is marked with a bullet)
The physician's medical competencs

• that your physician/s is/are competent
within the field of asthma diseases

• the physicians ability to explain in a way
that you understand

• the physician's ability to give you
sufficient information about asthma as a
disease

• the physician's ability to give you
sufficient information ofhow you can
live with your asthma in your daily life

• the physician's ability to give you
sufficient information on how to dose
your asthma medicine
the physician's ability to give you
sufficient information on how to use your
asthma medicine

• the physician's ability to give you
sufficient information on the side effects
of your asthma medicine

The physician's manner
• that the physician gives you time
• that the physician listens to you
• that the physician is considerate
• that the physician shows commitment to

you as a patient

• that you feel confident in your physician
The nurse's medical competence

• that the nurse/s is/are competent within
the field of asthma diseases
the nurse's ability to explain in a way that
you understand

• the nurse's ability to give you sufficient
information about asthma as a disease

• the nurse's ability to give you sufficient
information ofhow you can live with
your asthma in your daily life

• the nurse's ability to give you sufficient
information of how to dose your asthma
medicine

• the nurse's ability to gives you sufficient
information on how to use your asthma
medicine

• the nurse's ability to give you sufficient
information on the side effects of your
asthma medicine

The nurse's manner
• that the nurse gives you time
• that the nurse listens to you
• that the nurse is considerate
• that the nurse shows commitment to you

as a patient

• that you feel confident in your nurse

Availability of the health centre
• that it is easy to book an appointment by

telephone
• that you can book a time for treatment of

you asthma that is suitable for you
that you can reach the physician by
telephone concerning your asthma

• that you can reach the nurse by telephone
concerning your asthma

The health centre
• that it is pleasant
• that it is light and airy
• that it is clean and well-kept

• that it is a place where you can talk with
the staff without interruption

The other staffs manner
• that other staff are available

that the other staff give you time

• that the other staff assist you correctly
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Table Al. Continuation. Statements in the questionnaire
The effect of the drug

• I can feel immediate effect when I have
taken my asthma drug

• my asthma drug makes it easier for me to
control my asthma treatment

The side effects of the drug

• I don't have any side effects of the
asthma drug

The ease of usage of the drug

• that it is easy to use

• that it is easy to have about you

Absence of price elasticity of the drug

• I have always picked up my asthma drug
regardless of my economical situation

The drug

• I am generally satisfied with my asthma
drug

Patient satisfaction index

• overall how satisfied are you with your
asthma treatment

• how well does your asthma treatment
meet your expectations

• imagine an asthma treatment that is
perfect in every sense. How close is your
current asthma treatment to this ideal

Compliance

• I follow my physician's recommendations
about the dose of the asthma drug
carefully

Asthma control

• I feel that my asthma disease is under
control

• I feel that it is I who manage my asthma
treatment

Few mental symptoms

• I feel worried for side effects in the long
run due to my asthma treatment

• I feel physically limited due to my asthma
disease

• I feel worried due to my asthma disease

• I feel socially limited due to my asthma
disease

Few symptoms at night

• I am troubled nightly due to my asthma
disease

Few other physical symptoms
• I have difficulty breathing if I don't take

my asthma drug regularly
I get cough if I don't take my asthma drug
regularly
I can hear sound from my chest if I don't
take my asthma drug regularly

Note: All questions are scored on a 1 to 10 scale by the patients, the higher the score the better.
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Table Al. Continuation. Background variables
Information about whether the patient visits an Number ofvisits to physicians during one year?
asthma health care centre or an ordinary health
care centre.

Gender?

Age?

Type of education?

Life situation?
(Student, working, retired etc.)

When did you first have your asthma diagnosed?

How long before your asthma diagnosis do you
think you have had symptoms due to your asthma
disease?
Number of days with asthma symptoms during a
normal month?
How many physicians do you see for your asthma?

How many nurses do you see for your asthma?

Number of visits to nurses during one year?

Questions about type of drug, how often the drug is
used during one day and how many doses on each
occasion.
Other treatments than the prescribed drug?
(i.e. health food etc.)

Cost for this other treatment during one year?

How many emergency visits during one year due to
your asthma disease?

How many days in hospital during one year due to
your asthma disease?
(If applicable) How many days absence from your
work during one year due to your asthma disease?
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Table A2. The double PLS algorithm.

For the first phantom variable Scaling
- -

Xl=X-X, Yl=Y-Y

Optimising
Max W~X'Yl W~Wl = 1

WJ

Phantom variable
~l =X1Wl
Impact for phantom variable ony

Cl = (~;~k )-1 ~;Yl
Impact for quality component X on y
bl =W1Cl

For the following phantom variable Scaling
X k =X k-l - Ak-l~k-l' Yk =Yk-l - ~k-lbk-l

Optimising
Max W~X~Yk S.t. w~wk = 1

WJ

Phantom variable
~k=XkWk

Impact for phantom variable on y

ck = (~~l~k )-1 ~~Yk
Impact for quality component X ony
bk =WkCk
Total impact

Npv

y= Lbk
k=l
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Table A3. First two eigenvalues of the factors within the model, reliability (Cronbach's
alpha) and average variance extracted

First Second Reliability AVE R2

eigenvalue eigenvalue (Cronbach's
alpha)

The physician's medical competence 5.3 0.5 0.95 0.76

The physician's manner 4.6 0.2 0.98 0.91 0.56
The nurse's medical competence 5.8 0.5 0.96 0.82 0.62
The nurse's manner 4.6 0.2 0.98 0.92
Availability of the health centre 2.8 0.5 0.86 0.71
The health centre 2.8 0.6 0.86 0.71
The other staffs manner 2.7 0.2 - 0.91
The effect of the drug 1.4 0.6 0.59 0.70
The side effects of the dru2 - - 0.76 1
The ease of usa2e of the dru2 1.6 0.4 - 0.81
Absence of price elasticity of the dru2 - - - 1
The dru2 - - 0.93 1 0.44
Patient satisfaction index 2.6 0.2 - 0.88 0.57
Compliance - - 0.83 1 0.15
Asthma control 1.7 0.3 0.77 0.85 0.24
Few mental symptoms 2.4 0.7 0.75 0.60 0.17
Few symptoms at ni2ht - - - 1 0.18

Table A4. Collinearity diagnostics for empirical model, condition numbers.

Largest condition number
The drug 20.32
Patient satisfaction index 17.44
Compliance 14.40
Asthma control 11.00
Few symptoms at night 8.65
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Table AS. Estimated coefficients by ordinary PLS- (OLS) and double PLS-technique
(dPLS). p-values in parenthesis.

Dependent latent variables
Independent

latent variables The physician's The nurse's The drug Patient satisfaction
manner manner index

The physician's OLS 0.81(0.00)
medical

competence
The physician's

manner OLS 0.36(0.00)
dPLS 0.32(0.00)

The nurse's OLS 0.67(0.00)
medical

competence
The nurse's

manner OLS 0.2(0.00)
dPLS 0.14(0.00)

Availability of
the health centre OLS 0.08(0.01)

dPLS 0.086(0.00)

The health dPLS 0.0981 (0.00)
centre

The effect of the
drug OLS 0.38(0.00)

dPLS 0.34(0.00)

The side effects
of the drug OLS 0.12(0.00)

dPLS 0.12(0.00

The ease of
usage of the OLS 0.4(0.00)

drug dPLS 0.41.0(0.00)
Absence of OLS 0.1 (0.00)

price elasticity dPLS 0.1 (0.00)
of the drug
The drug

OLS 0.34(0.00)
dPLS 0.35(0.00)
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Table A5. Continuation. Estimated coefficients by ordinary PLS- (OLS) and double
PLS-technique (dPLS). p-values in parenthesis.

Dependent latent variables
Independent

latent variables Compliance Asthma control Few mental Few symptoms at
symptoms night

The physician's
manner OLS 0.12(0.02)

dPLS 0.12(0.02)

The drug OLS 0.22(0.00) OLSO.12(0.00)
dPLS 0.22(0.00)

Patient
satisfaction OLS 0.16(0.01) OLS 0.41(0.00)
index dPLS 0.17(0.01)

Asthma control OLS 0.37(0.00) OLS 0.15(0.00)

Few mental OLS 0.33(0.00)
symptoms
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Willingness to pay for anticoagulant treatment:
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Abstract

The aim of this study is to estimate the willingness to pay for improved oral anticoagulant
treatment, and to compare two different methods for estimating the willingness to pay
(conjoint analysis and dichotomous choice contingent valuation).

682 patients, currently receiving the standard anticoagulant treatment (warfarin), are included
in the study. The patients are asked to value an oral drug with fewer side effects and fewer
limitations in daily life, in comparison to a new preparation ofwhich they have no experience.

To test for a scope effect, the limitations in daily life are varied between "few limitations in
daily life" and "many limitations in daily life" in two different sub samples. In the conjoint
analysis the patients rank 18 treatment concepts including the warfarin-like treatment and the
two treatment alternatives in the contingent valuation study.

The results suggest that patients are willing to pay a substantial amount for the improved
anticoagulant treatment, and that the dichotomous choice contingent valuation method and
conjoint analysis produce relatively similar results. The estimated monthly willingness to pay
for the improved treatment is about 800 SEK according to the conjoint analysis and 700 SEK
according to the contingent valuation study. The estimated scope effect is significantly
smaller with contingent valuation than with conjoint analysis.

Key words. Oral anticoagulant (OA) treatment, conjoint, contingent valuation, treatment
preferences, warfarin treatment, willingness to pay (WTP).
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1 Introduction
The most common cause of death in industrialized countries is cardio-vascular disease, and in
Sweden it causes almost 50% of all deaths among men and women (National Board of Health
and Welfare - Health and Disease Statistics 2001:7).

Patients with chronic atrial fibrillation (a common heart rhythm disorder) are 5-6 times more
likely to have a heart attack with symptoms (Petersen et al. 1990). It is estimated that around
6,000 strokes per year are caused by atrial fibrillation (se Asplund et al. 1995; and Eriksson et
al. 1987), from the point of view of the prevalence of the risk factor.

Treatment with oral anticoagulants (OA treatment), most many warfarin, protects a large
number of patients every year from thromboembolism when they have venous thrombosis,
atrial fibrillation or mechanical cardiac valve (Sjalander et al. 2003). Since the OA-treatment
increases the risk of haemorrhage causing sudden death, hospitalisation or invalidity, the
treatment demands specialist care (Johnsson, 1999). Severe haemorrhaging places high
demand on health care system and the average cost is high (Terent et al. 1998).

The use of warfarin is increasing, and there are also increased demands from both patients and
society for the treatment to be easy to use, safe and that it should be given on strict indications
(Johnsson, 1999). Warfarin treatment is a balance between high enough doses to prevent
ischemic stroke, but not too high to increase the risk of haemorrhage. Warfarin also interacts
with food and other drugs. These characteristics lead to restrictions in the patients' daily
living.

A substance, which we choose to refer to as H, is a new oral anticoagulant that has been
evaluated in clinical studies for the indication preventing thrombi embolism in patients with
atrial fibrillation (see for example Eriksson, 2002; Olsson, 2003; and Wallentin et al. 2003).
Studies show that H is as good as warfarin in preventing stroke and is associated with reduced
risk of haemorrhage compared to warfarin. (Eriksson, 2002; Olsson, 2003; Wallentin et al.
2003). However, in addition H has another treatment profile: the dosing regime is different,
no need for anticoagulation monitoring, and the limitations in daily life are less since there is
no interaction with food and low potential for interaction with other drugs. The effect ofH
still seems to be as good as, and in many times better than, the treatment with warfarin
(Eriksson, 2002; Olsson, 2003; and Wallentin et al. 2003). However, how the patients value
these treatment characteristics is unknown.

The first purpose of this study is to analyse preferences for different OA treatments among
patients treated with warfarin. The second purpose is to compare conjoint analysis and
contingent valuation when estimating the patients' mean willingness to pay for alternative
treatment. Willingness to pay estimates provide information of how patients valuate a
treatment. Therefore, willingness to pay estimates are valuable when it comes to deciding of
whether the drug should be included in health insurance (see Telser and Zweifel, 2002).

The plan of the paper is as follows. Firstly, we will discuss the data collection and the design
of the study. Secondly, we give a short summary of the conjoint- and the contingent valuation
method chosen for this study. Thirdly, the results of the analysis will be discussed, and finally
we will conclude the paper.
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2 Data collection

2.1 Comprehensive design of the study
This study comprised 682 Swedish patients diagnosed as having atrial fibrillation, and was
performed as a survey-based multi-center preference study on patients' own experiences of
their overall OA treatment. However, each patient was informed of different alternative
treatments with drugs before answering the survey. Between 23 April and 23 June, 29
participating general practitioners and 16 anti coagulation clinics collected the study data
consecutively during standard warfarin treatment checks. No drugs were used in the study.

The risk of including only patients with special qualities, i.e. a risk of getting a systematically
skewed sample, is minimized in a consecutive procedure since it is not likely that patients
with special characteristics are coming in a sequence. Given our study design the non­
response rate and the amount of incomplete answers are also minimized. 678 patients were
used in the analyses and the non-response rate was thus 1%, which must be considered low in
these types of studies (see for example; Ryan and Hughes, 1997; Aristides et al. 2004).

Patients were asked to complete a questionnaire, then answer a question according to the
contingent valuation method and finally to rank treatment concepts according to the conjoint
method (see Figure AI, Table 1 and Table A2). In the questionnaire, patients reported
demographic information including age, gender, exercise, education and economic situation.
The patients filled in the first question regarding their warfarin treatment with assistance from
a physician or nurse. The rest of the questionnaire, the contingent valuation question and the
ranking exercise were completed by the patients themselves.

The general information broke down the warfarin treatment aspects into attributes and levels
that were described in detail, without any substance name or product name. The attributes and
levels were also presented on 18 cards as different treatment concepts (see Table 1). Some
treatment concepts were similar to warfarin treatment (see W1, W2 or W3 in Table 5) or to
treatment with the drug H (see Xl in Table 5); other treatment concepts were hypothetical,
unlike warfarin treatment and H treatment.

Local ethics committees approved the study, and all patients gave their written informed
consent.

2.2 The study population
The study involved patients, regardless of age, who were receiving warfarin treatment.

Inclusion criteria
• Patients diagnosed with chronically atrial fibrillation
• Patients having received warfarin treatment for at least 6 months

Exclusion criteria
• Individuals insufficiently able to read and write in Swedish.
• Individuals with reduced cognitive ability.
• Individuals who were part of another anticoagulant treatment study at the same time.

•
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3 Methodology

3.1 Choice of analysis technique

The first purpose of this study is to analyse preferences for different OA treatments among
patients receiving warfarin treatment.
The second purpose is to compare conjoint analysis and contingent valuation when estimating
the patients' mean willingness to pay for alternative treatment. Willingness to pay estimates
provide information on how the patients' value treatment. Therefore, willingness to pay
estimates are necessary when it comes to deciding whether the drug should be included in
health insurance (see Telser and Zweifel, 2002).

The first purpose of the study was to analyse preferences for different anticoagulant
treatments for patients receiving warfarin treatment. For this purpose, a patient-specific
ranking of hypothetical treatment alternatives in accordance with the conjoint methodology
was performed (see Table 1). The attributes and the attribute levels were based upon extensive
qualitative interviews with physicians and experts. The selected attributes were "Number of
INR checks" (which are checks at physician testing the blood for correct warfarin dose), "Side
effects", "Dose", "Limitations in daily life" and "Monthly cost". The individual patient's
utility is not directly observable in conjoint analysis, but can be derived when the patient
ranks a number of experimentally designed treatment combinations with varying attribute
levels. We find out how the attributes and the attribute levels are preferred compared to each
other, by introducing new hypothetical treatment concepts of which the patient has no
experience.

Conjoint analysis was originally developed for market research to study consumer
preferences, and the method investigates the relative importance of group attributes, e.g.
products with certain properties or more abstract concepts such as treatment procedures (see
for example Green and Srinivasan, 1990; Gustafsson et al. 2001; Cattin and Wittink, 1982). It
has been applied to various aspects of health care (for reviews see Ryan and Hughes, 1997;
Johnson et al. 1998; Aristides et al. 2004; and Telser and Zweifel, 2002).

The second purpose of this study was to estimate the patients' mean willingness to pay for
alternative treatment comparing conjoint analysis and contingent valuation. Telser and
Zweifel, 2002 discuss advantages and disadvantages of the two most commonly used methods
used for this purpose, the conjoint approach and contingent valuation. In our analysis,
however, we compare the two methods and test them against each other.

One of the issues of concern in a conjoint study is choosing the appropriate research design.
Many the task is to choose between choice-based conjoint analysis and traditional design (e.g.
rating, ranking) approaches, both methods are commonly used (see for example Ryan and
Hughes, 1997; Aristides et al. 2004; and Johnson et al. 1998). In the study by Telser and
Zweifel (2002), the patients were asked to state whether or not they would buy the offered
product.

In our study we have chosen the ranking method for a number of reasons. Firstly, choice­
based conjoint data is many collected using interactive media (e.g. touch pads, computer­
assisted questionnaire), which in our case dealing with elderly persons might cause non­
response due to the technology employed. Furthermore, choice-based conjoint analysis
produces relatively precise results when there are few attributes and their interaction is of
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concern (Green and Srinivasan, 1990). The preference study aimed at ranking a large number
of treatment concepts on many attributes, which is why the choice-based conjoint approach
would be less suitable in this study.

Another advantage of including both conjoint analysis and contingent valuation in the study is
that it enables us to estimate the magnitude of starting point bias in the conjoint analysis by
means of the contingent valuation offer (i.e. the anchoring effect towards the bids in the
contingent valuation question). In the contingent valuation question (see Appendix Figure
AI), every patient was given only one price alternative and one treatment concept. However,
the patients were neither given the same price alternative nor the same treatment concept. The
patients answered whether they wanted to pay the given amount of money out of their own
pocket for the treatment. Thus, we divide the patients into 4 groups according to the bids they
were offered, with the purpose of seeing if the patients ranked the treatment concepts
differently in the conjoint analysis due to the offer they were given in the contingent valuation
question.

3.2 Conjoint analysis
In the conjoint analysis, several characteristics or attributes of the treatment are identified (see
Table 1 below), and for each attribute a range ofpossible values, or attribute levels, are
defined. In this way it is possible to create a number of "hypothetical" treatment concepts,
each with different levels for various attributes.

Table 1. Conjoint design. Treatment concepts are constructed using combinations of different
attribute levels.

Attributes! Attribute levels

treatment characteristics

Number of checks
Cl = 18 checks per year

Cz = 12 checks per year

C3 = One blood-test every month for the first six months, after that no more checks

Side effects
SI = Your drug is unlikely to interact with many other drugs including pain killers, which can result in
increased risk for minor bleeding like nose bleeds, bleeding from your gum and bruising.

Sz = Your drug may interact with other drugs, which decreases the risk for minor bleeding like nose
bleeds, bleeding from your gum and bruising.

Dose
DI = One pill twice a day, and the number of pills never changes.

Dz = Pills are taken once a day, but the number of pills can vary during the week.

Limitations in daily life
LI = Many

Lz = Some

L3 = Few

Monthly cost for the treatment, SEK
PI = 975

Pz = 650

P3 = 325

P4 = 30

The number of possible treatment concepts that could be constructed from the attribute levels
in Table 1 is 32 .2 2 ·4 = 144 . In practice, it is impossible for an individual to rank all these
treatment concepts. Instead of presenting the respondent with all alternatives, it is possible to
choose only a fraction of alternatives, i.e. a fractional factorial design. In this study we have
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generated orthogonal main-effect fractional factorial designs, and thus the number of
treatment concepts presented to the patients was reduced to 18 (see Table 5 below for
examples). This was done using the SPSS Orthoplan Procedure (se SPSS, 2004).

Sixteen of the 18 cards were used to calculate preferences, and the remaining 2, the so-called
"holdouts", were used to test the reliability of the results. Holdouts are cards that are ranked
by the patients but that are kept out of the estimation. The ranking of holdouts is compared to
the expected utility for the holdouts based on the estimated function. Kendall's tau is an
established measure of validity in conjoint studies (see for example Wallsten, 1967; Kendall,
1970).

In this study we have chosen Ordinary Least Squares (OLS) as an estimation approach in the
conjoint analysis, because OLS estimation is easy to perform and interpret and because it
seems to be as good as other more complicated and resource-intensive approaches
(Gustafsson et al. 2001).

The patients' rankings are converted into utility estimates and the parameters in each patient's
individual utility functions are estimated. For more details see Ryan, (1996) and Gustafsson et
al. (2001). These individual parameter estimates are the base for the estimation of the
aggregate utility function. It is assumed that the difference between the preference orderings
between any two treatment concepts next to each other in the ranking exercise yields the same
difference in utility all the time. Thus, the difference in utility between treatment concepts
with rankings 1 and 2 is the same as the difference in utility between the concepts with
rankings 3 and 4. It is also assumed that the overall utility can be explained as an additive
decomposition of the utilities of different elements as described below:

J L L

Yk =L L!3j/I(Xj =xj/)+j.1, fork=l, ...,KandVjL!3j/ =0
j=1 /=1 /=1

(1)

where Yk denotes the total utility of concept k, X j denote the attributes, x j/ are the attribute

levels and the parameter estimates, Pj / , are the part-worth utilities. 1(.) is the indicator

function. Preference parameters were estimated by means ofOLS for each patient, which
means that preferences can be expressed for each patient in the survey, or for subgroups of
patients with similar clinical status, socio-demographic profile, or preferences.

All attributes were considered discrete in the estimation. A marginal utility of money (i.e. the
utility/SEK) is calculated using the aggregated utility function in Table 2 below (see for
example Lancaster, 1971 and Aristide, 2004). Mean willingness to pay can then be estimated
for all possible treatment combinations within the price range in the study.

It should, however, be noted that we do not have equidistance between the steps in "Monthly
cost". We wanted the lowest level of "Monthly cost" to be 30 SEK/month, since this was
considered the average monthly cost ofwarfarin treatment in Sweden at the time of the study.
With this price level included in the conjoint study, we were able to perform a simulation
study and compare different treatment concepts with each other with realistic price levels. The
highest level, on the other hand, had to be reasonably low so as not to cause protest answers
and was set as 975 SEK/month. Equidistance between the levels in "Monthly cost" would
have been: 30,345, 660 and 975 SEK/month. However, monthly costs like 345 and 660 are
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not psychologically good choices since they do not seem natural in people's minds, and for
this reason we choose the levels: 30,325,650 and 975 SEK/month respectively instead.

We have chosen not to exclude patients that displayes price insensitivity (so called irrational
traders), since this approach is conservative (see Aristide, 2004). Instead we have chosen to
verify the mean willingness to pay estimated by the conjoint method with mean willingness to
pay estimated by the contingent valuation method, as described below.

Test for starting point bias in the conjoint analysis
There is a potential source of so-called starting-point bias, when using conjoint analysis to
estimate the mean willingness to pay. The intuition behind starting point bias is that the initial
starting values affect the final answer. Thus, in the conjoint analysis the rankings might be
biased towards the initial value. The possible existence of starting-point bias may be
interpreted as unstable responders' preferences (Randall et al. 1978; Brookshire et al. 1980;
Thayer, 1981; and Boyle et al. 1985).

This study is designed to allow for tests of the presence of certain starting point bias. By
means of a contingent valuation question (see Appendix Figure AI), the respondents are
randomized to different starting-bids (monthly cost in SEK): 100,500, 900 and 1300
respectively. Thus the presence of starting point bias towards these bids in the contingent
valuation question can be examined by testing for differences in patients' ranking of treatment
concepts, grouped by starting bids.

Mean willingness to pay estimated by the contingent valuation method and the conjoint
method can be said to be equally relevant since in the contingent valuation method we have
no starting point bias but little information while in the conjoint method we have the reversed
situation.

3.3 Contingent valuation
While the conjoint method allows us to estimate indirect mean willingness to pay by means of
the estimated marginal utility of money, the contingent valuation question can be used to
analyse the patients' direct mean willingness to pay. In the binary contingent valuation
question, we ask whether the patients' are willing to pay a certain amount of money out of
their own pocket an alternative treatment (see Coursey et al. 1987; Hanemann, 1991; and
National Oceanic and Atmospheric Administration, 1993 for discussion). Each patient was
offered only one bid to accept or reject. The limitation with this discrete estimation of direct
mean willingness to pay, however, is that large samples are needed (Herriges and Shogren,
1996).

In the contingent valuation-question we have used the following bid vector: 100, 500, 900,
1300 SEK per month. In the contingent valuation study we compare the presented alternative,
a H alternative, with the patients' treatment today. We assume that the bid alternative 30 SEK
per month would have been trivial, i.e. 100% of the patients would have accepted this bid.
Furthermore, due to the limited group ofpatients included in the study, we could not divide
them into too many groups and still have reasonable power in the results, therefore the choice
was to exclude the bid 30 SEK per month.

In Sweden there is cost minimization on purchases of drugs and treatment by physicians or
nurses. The contingent valuation question, however, has to be presented in the context of the
patients' willingness to payout of their own pocket while we want the patients to value their
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own utility rather than the society's (see for example Johannesson and J6nsson, 1991;
Johannesson, 1993, 1996). In this way the study will be relevant even if the government
changes the conditions for cost minimization.

Usually some assumptions have to be made when mean willingness to pay is estimated by
means of the contingent valuation method. Thus we take such background variables as degree
of illness, income, gender and age into account (see for example Johannesson and J6nsson,
1991; Johannesson, 1993, 1996; and McFadden, 1994).

For mean willingness to pay estimation in the contingent valuation analysis we have chosen
one parametric and one non-parametric approach:

Willingness to pay estimated by logistic regression
In this case a negative willingness to pay can be ruled out. Then, using the logistic cumulative
distribution function, we have that expected willingness to pay, E(WTP), is given by:

00 1 1
E(WTP) = f -AB dB =--In[l + ea ]

ol+e f3 (2)

where B is bid vector, f3 is the marginal utility of income and a is a constant (see Johansson,
1995 for discussion).

Willingness to pay estimated by Kristrom 's method
In Kristrom (1990), a non-parametric estimation of the mean willingness to pay is proposed,
which is based on the proportion of accepts for the contingent valuation offer. The advantage
of this method is its simplicity and that it makes no distributional assumptions. If Yj is the

number of accepts for the bids respectively and N j is the number of non-accepts for the bids

we have that:

where fi is the distribution free Maximum Likelihood estimator of the probability of accepts
in the contingent valuation offer if the sequence is monotonic and non-increasing (see
Kristr6m, 1990). This method makes the assumption thatfi = 1 when the bid equals 0, and fi
= 0 for the highest bid. Furthermore Kristr6m makes the assumption that the true distribution
function is linear.
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4 Results
68% of the patients in the study were men. The average age of the patients was 72, which is in
line with what you would expect. Only 8% were below the age of 60 years. 19% took
warfarin for secondary preventive cause, and of them 84% had a stroke/tia and 16% had a
periphery embolism. The average amount ofwarfarin checks among the patients was 19 per
year.

12% of the patients were gainfully employed, ofwhich 62% worked full time. Of the patients
in gainful employment, 8% were absent from work during the check. 22% of the patients had
a relative or a friend with them at he check, and of those 16°A, were absent from work. 78°A,
took less than an hour offwor for the check, 19% took between one and two hours offwork
and 3% took more than two hours offwork.

The first part of this section studies preferences for different anti-coagulant treatments for
patients that were treated with warfarin. In the second part of this section we compare
conjoint analysis and the contingent valuation method when the patients' mean willingness to
pay is estimated.

4.1 Conjoint analysis
The estimated aggregated utility function was as follows (standard error in parenthesis):

Table 2. Estimated aggregated utility function.
Attribute levels Utility estimates and standard

errors
Cj -0.5 (0.096)
C2 0.34 (0.11)
C3 0.16 (0.11)
Sj -1.44 (0.072)
S2 1.44 (0.072)
Dj -0.037 (0.072)
D2 0.037 (0.072)
LI -1.24 (0.096)
L2 0.31 (0.11)
L3 0.93 (0.11)
PI -2.64 (0.12)
P2 -0.76 (0.12)
P3 1.14 (0.12)
P4 2.26 (0.12)
Constant 8.93 (0.08)

Marginal utility of P4 -Pj
= -0.0052- -money 975 -30

Pearson's R 0.998
Kendall's T 0.950
Kendall's T for 2 1.00
holdouts
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Where U is the aggregated utility, Cn, Sn, Dn, Lnand Pnare the attribute levels in accordance
with Appendix Table 1. A constant term is included in the model, but for rank data the size
will vary as a function of the number of cards, and thus is of no interpretative importance.

The parameter estimates, the part-worth utilities, indicate how each attribute level relates to
preference. Positive and negative values indicate how utility is changed when moving from
one attribute level to another. For each factor, the utilities are normalized so that they sum to
O. Two times the standard error provides an approximate 95% confidence band of the utility
estimate. Thus, from the aggregate utility function in Table 2, we find no significant
difference between the utility estimates for levels C2 = 12 checks per year and level C3 = One
blood test every month the first six months, after that no more checks. The same holds for the
difference between levels D1 = One pill twice a day, and the number of pills never changes
and level D2 = The pills are taken once a day, but the number of pills can vary during the
week. The other differences are significant.

The importance values in Table 3 below measure how important each attribute is to the
preference ordering. Importance values are computed by dividing the range of utility values
for an attribute by the sum of these ranges across all attributes, and multiplying then by 100.
Since the importance values sum to 100, they can be treated as percentages.

In conjoint analysis we can make a statistical test ofhomogeneity in the patients' preference
structure by dividing the patients according to background factors like gender, age and
economic situation. Some of the results are shown in Table 3 below.

3Table • The attributes' relative importance on total utility for three analysed groups.

Attributes/treatment Importance, in percent

characteristics All patients Patients with selfgraded Patients with selfgraded

private economy that is private economy good or

normal very good

Number of checks 8 8 7

Side effects 26 25 28

Dose 1 1 0

Limitations in daily life 20 16 23

Monthly cost for the treatment, SEK 45 50 42

From Table 3 we can see that the attributes' relative importance is only slightly affected by
the economic situation. Individual preference profiles have been calculated for each
individual with complete ranking data for the 18 treatment concepts. Analysis shows that
preference profiles are homogenous with respect to; age, sex, health factors, experiences of
different treatment alternatives and economic background.
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4.1.1 Validity ofthe conjoint study
Pearson's R is the standard product moment correlation coefficient and Kendall' s tau is an
association measure based on the patient's ranking. Both measures are bounded between zero
and unity, indicating a perfect relationship between the patients' rankings and the model
predictions. Kendall' s tau can be calculated for a group of patients as well as for individuals
and for the holdouts (see Wallsten, 1967; Kendall, 1970).

We have used only two holdout cards, meaning that Kendall' s tau might be affected if one
patient's rank order is reversed. If so, the interpretation might be that the group of patients is
not homogeneous and that they could be divided into subgroups, or even a more complex
model could apply to the data or to a group of patients. The former alternative will be
analyzed by means of a cluster analysis.

As the patients seems to be relatively homogenous with respect to demography and
socioeconomic situation, we want to see if we can identify natural groups by means of cluster
analysis. In conjoint analyses, utility functions are estimated for each patient and utility values
are estimated for all attribute levels. The utility estimates are used as cluster variables.
The basic criterion used for this is distance, in the sense that patients close together should fall
into a cluster that would be relatively homogenous but different from those contained in other
clusters. When clustering is successful, the results suggest separate segments within the
overall set of data (see for example Gustafsson et al. 2001; lain et al. 1979; and Green and
Srinivasan, 1990).

Chi-square tests have been used to identify significant differences. In Table 4 below we can
see the results for three identified clusters.

Table 4. Three defined clusters among the patients. The figures are the attributes' relative importance
for total utility.

Importance, in percent

Attributes/treatment concept Cluster /{roups

The hypothetical H patient The patient who likes The price sensitive patient

checks

Number of checks 15 51 9

Side effects 39 16 16

Dose 2 12 0

Limitations in daily life 36 3 11

Monthly cost for the treatment, SEK 7 18 64

From Table 4 above we can see that the hypothetical H patient prefers a drug that results in
fewer limitations in daily life and fewer side effects and shows no preference for number of
checks and doses. Analyses show that the hypothetical H patient works more, is better off and
is somewhat younger than the average patient in the other two segments.
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4.1.2 Simulation study
The attribute utility estimates from the conjoint analysis are applied to the attribute
combination present in the simulation. This generates a utility estimate for the simulation.
Since patients need not see simulation cards, simulations can be designed after the patient data
have been collected.

There are a number of theoretical models concerning how to move from the utilities of a set of
objects to predictions about preference and choice behaviour. In the Bradley, Terry, Luce (see
for example Gustafsson et al. 2001) model the probability of choosing one alternative from a
set is equal to the utility of the alternative divided by the sum of the utilities of all alternatives
in the set. It assumes all alternatives are positive. It is a probabilistic model since it assigns a
probability of choice to each alternative. Under the Bradley, Terry, Luce model, the
probability of choosing product i from a set of G products is:

where Ui is the estimated utility of the i th treatment concept.

In Table 5 two H alternatives and three warfarin alternatives are described. We consider these
treatment concepts to be the most interesting for comparison since they are realistic, and since
they reflect the alternatives in the contingent valuation-offer, see Table 7a and 7b below.

110



In Table 6 we can see the result from the simulation study, showing which treatment concepts
are most preferred by patients on average. In Table 6 we consentrate on realistic warfarin- and
H alternatives, Xl (at varied monthly cost), W1, W2 and W3 (at 30 SEK/month), described
below in Table 5.

Table 5. H and warfarin treatment concepts constructed from the attributes and the attribute levels
described in Table 1.

Attributes Treatmentconcep~

Realistic H H alternative for Realistic warfarin alternative

alternative comparison

Xl X2 Wl W2 W3

Number of checks One blood-test every One blood-test every 18 checks per year 12 checks per year 18 checks per year

month the first six month the first six

months, after that no months, after that no

more checks more checks

Side effects Your drug is unlikely Your drug unlikely to Your drug may Your drug may Your may interact...

to interact... interact ... interact. .. interact. ..

Dose One pill twice a day, One pill twice a day, The pills are taken The pills are taken The pills are taken

and the number of and the number of once a day, but the once a day, but the once a day, but the

pills never changes. pills never changes. number of pills can number of pills can number of pills can

vary during the week. vary during the week. vary during the week.

Limitations in daily Few Many Many Some Some

life

Monthly cost, SEK Varied Varied 30 30 30

Table 6. Most preferred treatment concepts by patients on average. Only the realistic H alternative
and the warfarin alternatives at 30 SEKlmonth are shown.

Xl, at all pnce alternatIves, IS preferred to Wl at 30 SEKJmonth.

XI W

) W2 W3
Monthly cost, SEK 30 I 325 I 650 I 975 30 30
Ranking 1 I 2 I 3 I 6 5 4
')

The three most preferred treatment concepts as can be seen in Table 6 are H alternatives, Xl
at 30 SEK/month and Xl at 325 SEK/month. The first two of these alternatives are also the
most preferred concepts of all the ranked cards, even if we have chosen only to present the
ranking between the realistic H and warfarin alternatives.
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4.1.3 Test for startingpoint bias in the conjoint analysis
Conjoint studies tend to be affected by starting point bias, implying that respondents make
estimates by starting from an initial value, which is adjusted to yield the final answer. This
will lead to valuations that are biased towards the initial value (se Boyle et al. 1985; and
Stiilhammar, 1996).

To test for starting point bias we asked the patients to answer a question according to the
contingent valuation method before they performed the ranking of the conjoint cards. The
contingent valuation question is described in Appendix Figure Al. However, with the
contingent valuation question we are only testing for anchoring against the bid in the
contingent valuation question. An anchoring problem between the different conjoint questions
can still exist, and this is not tested for in the analysis.

From Appendix Table A2 and A3 we see that the conjoint ranking is hardly affected at all
when we group the patients according to starting bids in the contingent valuation question. In
Table A2 the importance levels for the attributes are very similar across the starting bids and
in Table A3 the H-like alternatives at 30,325 and 650 SEK/month are the most prefered
treatment concepts for all starting bids, which means that the anchoring effect towards the
contingent valuation bids is very small in the conjoint analysis.

4.1.4 Mean willingness to pay by conjoint analysis
The mean willingness to pay for the different attribute levels, as shown in Table 7a and 7b, is
easily calculated from the utility function (see Table 2) by dividing the estimated coefficient
of a selected attribute level by the negative average marginal utility of money, (see Lancaster,
1971). Mean willingness to pay for a special treatment concept is calculated by taking the sum
of the individual mean willingness to pay for the included attribute levels. The average
marginal utility of money is -0.0052 according to the average utility function, and using this
"price coefficient" we can calculate the mean willingness to pay for each single movement
from one attribute level to another within each attribute.

Since the distribution of the mean willingness to pay is unknown in a conjoint analysis, the
confidence interval is not directly available when using OLS to estimate the aggregate utility
function. However, the confidence interval for the mean willingness to pay has been
calculated by means of bootstrap distributions of 1000 so-called pseudo-samples (re-sampling
with replacements from the original data set, see Efron and Tisbshirani, 1993; Tambour and
Zethraeus, 1998).
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The three warfarin treatment concepts Wl, W2 and W3 are compared with the H alternative
Xl (warfarin alternative W3 is also compared with H alternative X2 for comparison to the
contingent valuation offer with "Many limitations in daily life" see Table 10 below).

Table 7a. Mean willingness to pay for movements in attribute levels. 95% confidence interval is
shown within brackets.

Changes in Mean willin2ness to pay, SEKlmonth
attribute WTP/ Xl vs. WI Xl vs. W2 Xl vs. W3

levels attribute level

Cl to C2 162.0
Cl to C3 127.3 127.3 127.3
C2to C3 -34.7 -34.7
SI to S2 555.4 555.4 555.4 555.4
Dl to D2 14.3 -14.3 -14.3 -14.3
Ll to L2 299.0
Ll to L3 418.5 418.5
L2to L3 119.6 119.6 119.6

Mean 1089[954:1230] 626[528:728] 788[648:876]
willingness to
pay

Table 7b. Mean willingness to pay for movements in attribute levels. 95% confidence interval is
shown within brackets.

Changes in Mean willin2ness to pay, SEKlmonth
attribute WTP/ X2 vs. WI X2 vs. W2 X2 vs. W3

levels attribute level

Cl to C2 162.0
Cl to C3 127.3 127.3 127.3
C2 to C3 -34.7 -34.7
SI to S2 555.4 555.4 555.4 555.4
Dl to D2 -14.3 -14.3 -14.3 -14.3
Ll to L2 299.0 -299 -299
Ll to L3 418.5
L2to L3 119.6
Mean 668[575:764] 207[138:285] 369[293:453]
willingness to
pay
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4.2 Contingent valuation
To estimate the mean willingness to pay for an alternative, H-like, treatment as described in
Figure AI, we have chosen to use one parametric estimation alternative, logistic regression,
and one non-parametric alternative, Kristrom's model. The result for the logistic regression is
shown in Table 8 below. Illnessl and illness2 are dummy variables for degree of illness
where; Illnessl is coded as 1 for patients who got warfarin for a primarily preventive reason
and Illness2 is coded as 1 for patients who received warfarin due to the fact that they had had
stroke (base line is patients who received warfarin due to the fact that they had had periphery
emboli). Gender is coded as 1 for female patients. Age is continuous. Income is a dummy
variable coded as 1 for patients who declared that they had a good income (base line is
patients who declared that their income was not so good). Work is a dummy variable coded as
1 for patients who declared that they were in gainful employment. Average time for checks is
continuous (our hyposesis for this variable is a positive sign, indicating that that patients who
spend much time for an average check are more willing to pay for an alternative treatment).
Scope variable is a dummy variable coded as 1 for patients who received "Few limitations in
daily life" as contingent valuation offer.

h .'hiT bl 8 L ..a e OgIStlC regressIons, p-va ues WIt n parent eSIS.
Variables (1) (2) (3)

All patients included. Patients included who Patients included who
Scope variable "Many received the offer: received the offer: "Few

limitations in daily life" is "Many limitations in limitations in daily life"
coded as O. daily life"

Constant 0.325 (0.77) 1.365 (0.40) -0.695 (0.67)
Bid -0.00190 (0.00) -0.00199 (0.00) -0.00179 (0.00)
Illness1 0.0771 (0.7) 0.661 (0.45) 1.005 (0.25)
Illness2 0.923 (0.16) 1.004 (0.28 0.968 (0.30)
Gender 0.241 (0.22) 0.0969 (0.74) 0.387 (0.15)
Age -0.0169 (0.19) -0.0297 (0.11) -0.00141 (0.94)
Income proxy 0.554 (0.003) 0.397 (0.15) 0.670 (0.01)
Work -0.160 (0.61) -0.378 (0.46) 0.0621 (0.88)
Average time for checks 0.00339 (0.12) 0.00644 (0.16) 0.00172 (0.52)
Scope variable 0.435 (0.063)

n 646 329 349
Nagelkerke R2 0.20 0.22 0.19
Log likelihood -372.10 -172.50 -197.68
Correct prediction 70.90 75.24 66.47

X
2

105,01 53.18 51.43
E(WTP), SEK/month 580 501 661

Including only significant parameters, at the 5%-level, in the equations does not significantly
change resulting mean willingness to pay: 593 SEK/month in equation (1), 523 SEK/month in
equation (2) and 664 SEK/month in equation (3).

If the scope effect is tested by setting the scope variable to 0 and 1 respectively when
calculating mean willingness to pay in equation (1) we get: 504 SEK/month for scope variable
= 0 and 656 SEK/month when scope variable = 1. This is not significantly different from
mean willingness to pay in equation (2) and (3) respectively.

From Table 8, column (1) it can be seen that two variables significantly affect the probability
of accepting; the Bid and Income.
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The estimated parameter for the Scope variable is positive in Table 8, and furthermore, it can
be seen that mean willingness to pay in the group who received the offer "Few limitations in
daily life", is higher than mean willingness to pay for the group who received the offer "many
limitations in daily life". This indicates consistency in the contingent valuation study and is in
line with economic theory since you would expect higher mean willingness to pay if the
treatment few affects your daily life.

In Kristr6m,s model the mean willingness to pay is established by studying the number of
accepts. As we can see in Table 9 still 21% percent of the patients who received the highest
bid, 1300 SEKlmonth, accepted the offer.

Table 9. Willingness to pay estimated by Kristroms (2) method, All patients.
Bid Interval Midpoint Number of Total Fraction of E(WTP)

accepts in the accepts
offer

0 0 - - 1 0
100 0-100 50 119 168 0.71 14.58
500 100-500 300 51 166 0.31 120.33
900 500-900 700 45 171 0.26 30.85
1300 900-1300 1100 36 171 0.21 57.79

Extrapolation: 2140 0 0 0 450.52
1300-2980

Total 251 676
E(WTP) 674

It can also be seen from Table 9 that between the offers 500 to 900 SEK/month, the number of
accepters has decreased by 5%, and this is also the case between the offers 900 to 1300
SEKlmonth. If this 'trend' is used for extrapolation, we will have no further accepts when the
price is 2980 SEK/month, and the mean willingness to pay will be 674 SEKlmonth (called
Kristr6m (2) in Table 10 below). If the highest bid, 1300SEKlmonth, is used for truncation,
the mean willingness to pay will be 539 SEK/month (called Kristr6m (1) in Table 10.
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4.3 Conjoint analysis versus contingent valuation
To test how the scope variable "Limitations in daily life" affects the willingness to pay in the
contingent valuation study the patients have been divided into two groups: patients who
received the offer "Few limitations in daily life" in the contingent valuation question and
patients who received the offer "Many limitations in daily life" in the contingent valuation
question.

Confidence interval for mean willingness to pay estimated by logistic regression and
Kristrom's method are calculated by means of bootstrapping in the same manner as described
in the conjoint study above (see Efron and Tisbshirani, 1993).

With contingent valuation-offer "Many limitations in daily life", we can see from Table 10
below that mean willingness to pay lies in the interval 369 to 603 SEKlmonth. Mean
willingness to pay estimated by Kristrom (2) in the contingent valuation analysis and by
logistic regression are significantly different at the 5%-level from mean willingness to pay
estimated by conjoint analysis when tested by at-test.

Expected mean willingness to pay lies in the interval 593 to 788 SEKlmonth for patients with
contingent valuation-offer "Few limitations in daily life" ifwe take the W3 treatment concept
as the most realistic warfarin-like treatment today compared to Xl as the most realistic H-like
alternative (see for example Eriksson, 2002; Olsson, 2003; and Wallentin et al. 2003). Then
the mean willingness to pay estimated by the conjoint method compared to mean willingness
to pay measured by all three methods in the contingent valuation study are not significantly
different from each other at the 5%-level when tested by at-test.

As we can see from Table 10 above, the difference in the scope effect is significantly larger at
all reasonable levels when tested by a t-test for conjoint analysis compared to all three models
used in the contingent valuation analysis.
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Table 10. Summary: estimated mean willingness to pay in the study. 95% confidence interval is
shown within brackets. p-values are shown on t-test of significant differences between mean
willingness to pay estimated by respective model compared to mean willingness to pay estimated with
conjoint analysis.

Estimation WTP estimates and t-tests of differences between the models:
methods p-values are shown on t-test of significant differences between mean willingness to

pay estimated by respective model compared to mean willingness to pay estimated
with conjoint analysis

offer: offer: Scope effect
"Many limitations in daily "Few limitations in daily life"

life"
MeanWTP p- values MeanWTP p- values on Estimated p- values on

on t-test t-test scope effect t-test
Kristrom (1) 484 [394:609] 0,23 593 [500:712] 0,08 109 0,00

Kristrom (2) 603 [465:796] 0,00 744 [602:930] 0,51 141 0,00

Logistic 159 0,00
Regression 501 [462:597] 0,04 661 [612:745] 0,14

Conjoint X2vs. W3 Xl vs. W3 419
369 [293:453] 788 [648:8761
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5 Conclusions
Cardio-vascular diseases cause 50% of all deaths in Sweden, and the most common oral anti
coagulant (OA) treatment today is warfarin treatment, giving protection against severe illness
but involving a high risk of side effects. A new drug, H, has proven in clinical tests to be an
effective drug involving fewer INR checks, the same dose all the time, fewer side effects and
fewer limitations in daily life for the patients (see Eriksson, 2002; Olsson, 2003; and
Wallentin et al. 2003).

This study aims firstly to analyze preferences for different AC-treatments among 682 patients
treated with warfarin for at least 6 months. For this purpose the conjoint approach has been
frequently used (see for example Ryan and Hughes, 1997; Johnson et al. 1998; Aristides et al.
2004; and Telser and Zweifel, 2002). Results show that the treatment characteristics preferred
in the alternative OA treatment were fewer side effects and fewer limitations in daily life.
Characteristics such as number of checks and dose of the drug were of less importance.
Furthermore, two H-like treatment concepts, at 30 SEKlmonth and 325 SEKlmonth, receive
the highest utility.

Secondly, in the decision as to whether H should be included in health insurance, mean
willingness to pay estimates are of great importance, and the case for either the conjoint
approach and the contingent valuation approach can be proposed (see Telser and Zweifel,
2002). In this study we actually compare the two methods to each other.

There are not many studies to be found on the comparison of the contingent valuation and the
conjoint techniques. Other studies to be mentioned are for example Stevens et al. (2000) who
studied willingness to pay for ecosystem management, the estimation of willingness to pay for
water purification programs of Barrett et al. (1996), the study of Boxall et al. (1996) on
willingness to pay for moose hunting, the willingness to pay study for risk reduction ofMagat
et al. (1988) and the Desvouges and Smith (1983) study on water quality. In all the above
studies the estimation of willingness to pay by the two techniques differed substantially.
Boxall et al. showed willingness to pay estimated by contingent valuation higher than those
estimated by the conjoint method whereas the other studies obtained the opposite result.

According to Stevens et al. (2000) conjoint willingness to pay estimates might be biased
upwards since conjoint studies count "maybe" responses as "yes" responses, while Magat et
al. (1988) argue that the willingness to pay estimates by the contingent valuation approach
would be biased downwards since this technique does not provide the respondent with a
trade-off situation.

In the contingent valuation question in the present study, patients were randomly given the
offers "Many limitations in daily life" and "Few limitations in daily life". For patients who
were given the contingent valuation-offer "Many limitations in daily life" mean willingness to
pay lies in the interval from 484 to 603 SEKlmonth estimated by logistic regression and
Kristrom's method. The corresponding estimate with conjoint analysis is 369 SEK/month.

Furthermore, mean willingness to pay lies in the interval from 593 to 744 SEKlmonth for
patients who were given the contingent valuation-offer "Few limitations in daily life" with
logistic regression and Kristrom's method. With conjoint analysis mean willingness to pay
becomes 788 SEK/month.
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Also woth noticing is that the difference in the scope effect is significantly larger when we
use conjoint analysis compared to the methods used in contingent valuation analysis.

This paper indicates that there is a substantial willingness to pay for a H-lik~ treatment
concept with conjoint analysis as well as with contingent valuation analysis, suggesting that H
could be included in the reimbursement system. However, our study differs compared to the
other studies mentioned above in that mean willingness to pay estimated by the conjoint
method and the contingent valuation method are close.
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Appendix

. bIT bI At Q fa e ues lonnalre on patIent varla es.
Questions answered by nurses or physicians: Answers:
Date of today's warfarin check YYYYMMDD
Year of birth YYYYMMDD
Gender Female/Male
Is the patient taking warfarin for primarily preventive reason, i.e. the patient has not had stroke or
periphery emboli? YeslNo

Ifno, why is the patient taking warfarin? Stroke/periphery emboli
Date for prescription ofwarfarin treatment? YYYYMMDD
How many warfarin checks has the patient had during the last three months, today's check included?

Questions answered by the patients: Answers:
How did you travel there? Taxi (disabeled transport)/

Public transport!
Car (own or relatives)/
Other way

Have you taken time off work to attend this appointment? YeslNo/I don't work
Has anyone helped you to get there? A relative/Social workerlNo

If a relative or friend helped you, did this person take time off work to do so? YeslNo
What is your occupation? Studying/

Full time employment or own
company/
Part time employment or own
company/
Retirement due to illness/
Retirement due to age/
Long time illness/
Unemployed!
Other

On average, how long does it take you to attend a warfarin check (total time inclusive travelling?
How would you grade your private income? Very good!

Relatively good!
Neither good nor bad!
Relatively bad!
Very bad
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Table A2. Study of starting point bias in the conjoint analyses. Importance (in percentage)
£ th tt'b t £ t' d d' b'd' h . I' estionor earl u es or pa lents groupe accor lng to I s In t e contIngent va uatIon qu

Patients grouped by bids, in SEKlmonth, in the offer
Figures are importance in percentage

100 500 900 1300
Monthly cost 43.8 45.3 46.2 40.4

Side effect 26.7 25.3 25.8 28.2
Limitations in 21.1 19.4 18.8 21.5

daily life
Checks 7.3 8 8.4 8.6

Dose 1.1 2 0.8 1.3

Table A3. Study of starting point bias in the conjoint analyses. Most preferred treatment
concepts in different groups based on bids in the contingent valuation question. Monthly cost
. SEK' h .In In parent eSlS.

Different bids, in SEKlmonth, in the offer
100 500 900 1300

Xl (30) Xl (30) Xl (30) Xl (30)
Xl (325) Xl (325) Xl (325) Xl (325)
Xl (650) Xl (650) Xl (650) Xl (650)
W2 (30) W2 (30) W2 (30) W2 (30)
W3 (30) W3 (30) W3 (30) W3 (30)
W2 (325) Xl (975) W2 (325) W2 (325)
Xl (975) W2 (325) W3 (325) Xl (975)
W3 (325) W3 (325) Xl (975) W3 (325)
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Figure Al. The contingentvaluation offer.

You have atrial fibrillation, which involves a higher risk of thromboembolism that can cause
stroke. To prevent this risk you are treated with warfarin - an anti coagulant drug.

Assume that there is an alternative treatment to your current one. This new treatment
alternative gives the same protection against thrombi embolism and stroke as your current
treatment. This means that even if you perceive improvements in some aspects on this
hypothetical treatment alternative compared to your current treatment, you will not run a
higher risk of thromboembolism or stroke.

Assume that the drug that protects you from thrombi embolism and stroke involves the
following:

Number of checks
One blood test every month the first six months, after that no more checks.

Side effects
Your drug is unlikely to interact with other drugs, which lesses the risk of
minor haemorrhage such as nose bleed, bleeding gums and bruising.

Dose
One pill twice a day, and the number of pills never changes.

Limitations in daily life
The following attribute levels were randomised among patients: Many

Few

We are interested in your opinion. This will not affect the cost of your medication in the
future.
Assume that the treatment presented above would cost you (the following prices were
randomized among the patients): 100, 500, 900, 1300 SEK per month out of your own pocket.
Would you be willing to pay this extra cost to get the proposed treatment instead of your
current treatment?

D
D

Yes

No

You may give reasons for your answer here:
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