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conducted by the European Commission for the European Union. Using the
probability method to quantify the qualitative answers different distribution
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of the data properly. The forecasting ability of respective series is assessed
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1 Introduction

Expectations are an important ingredient and tool of economic theory and policy. Particu-
larly if the decisive factors are real variables the expected inflation rate plays a prominent
role. If consumers expect the inflation rate to be very low for the next years it is more likely
that they postpone expenditures than if they anticipate it to be particulary high. Trade
unions as well will try to achieve higher nominal wages if they anticipate the inflation
rate to be rather high.

Within the context of the transmission mechanism of monetary policy inflation expecta-
tions should be carefully regarded. Like many other central banks, the European Central
Bank pursues price stability as its main goal. To keep inflation at a low level, expected
inflation as well should be held at a low level, due to its substantial influence on the actual
inflation rate (European Central Bank, 2000).

To analyze the behaviour of the expected inflation rate to obtain results concerning its
characteristics some direct measure of expectations is needed. Possible direct measures
are financial market instruments and surveys (Chan-Lee, 1980). Even if suitable finan-
cial market instruments exist, e.g. inflation indexed bonds, their liquidity is mostly not
sufficient to produce reliable estimates. Therefore survey based data are a good choice to
obtain time series of inflation expectations.

There exists a great variety of surveys concerning the expectations of consumers, pro-
ducers or so called experts regarding the future development of prices, production, em-
ployment or other economic variables. One well-known survey is, for example, the Liv-
ingston survey, which is being conducted already since 1946 and is directed to professional
economists. Other popular surveys that have been exploited by various economists are
e.g. the one of the Michigan Survey Research Center, the Consensus Forecasts, the U.K.
Gallup Poll or the survey conducted by the ifo-Institute.

These surveys can be differentiated with respect to several characteristics, e.g. the
number of answer possibilities, the choice of consumers or producers as target group or
the frequency of the questioning, but the probably most decisive difference is whether it is
a quantitative or qualitative survey. Quantitative surveys ask the participants directly for
their expectations and receive a specific point estimate as answer. Qualitatively conducted
surveys instead merely request a tendency and therefore have to be quantified prior to
further empirical investigation. For this quantification process some assumptions have to
be made that are crucial for the resulting series. For the quantification the probability
method, the regression method and the simple balance statistic can be employed. In the
following the main focus will lie on the probability method as this allows the most flexible
modelling. In the context of the probability method a certain distribution function has
to be specified as well as a parameter to scale the expected inflation rate.
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This paper is organized as follows. The next section contains a description of the
quantification technique used for the empirical application especially for the design of
the consumer survey conducted by the European Commission (EC). In section 3 the
empirical results concerning the distribution function, the time horizon of the individuals
and the forecasting ability of the different scaling parameters are presented as well as a
comparison of the probability method with the balance statistic. The paper is closed with
some concluding remarks.

2 Quantification technique

2.1 Probability method

The probability method was first employed by Theil (1952) and has been reused very
frequently by various authors.1 Due to their seminal article it is also well known as
Carlson-Parkin method (Carlson and Parkin, 1975).

The original method has been derived for a trichotomous survey, i.e. the survey par-
ticipants have three possible answer categories. Focusing on price expectations, these are
’price will increase’, ’price will decrease’ and ’no change in price’.2

As in this paper data from the EU consumer survey is used, the technique has to be
adapted to the design of the respective questionnaire (Batchelor and Orr, 1988). Therefore
not the trichotomous, but the pentachotomous case3 will be considered, which has the
five following answer categories: Prices will ’fall slightly’, ’be stable’, ’increase at a slower
rate’, ’increase at the same rate’ or ’increase more rapidly’.

In general, the probability method is based on the following assumptions:4

Assumption 2.1 The survey participants form their expectations according to a subjec-
tive probability distribution defined over the percentage change of prices expected for the
following period.

Assumption 2.2 The individual subjective probability distributions can be aggregated
to give the joint probability distribution f(xt+1|Ωt), where xt+1 is the future percentage
change of prices at time t for the period t + 1 and Ωt the information set at time t. It is

1Studies using data from the EU consumer survey are e.g. Berk (1999, 2000), Geberding (2001), Reck-
werth (1997) or Papadia (1983).

2In some surveys there is an additional answer category ’don’t know’, but these answers will be divided
up proportionally and added to the other categories as this category is not relevant for quantification.

3The terms trichotomous and pentachotomous originate from the Greek words τρίχα and πένταχα,
which mean threefold and fivefold.

4For a comprehensive description of this method see e.g. Pesaran (1987) or Visco (1984).
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assumed that this distribution has finite first and second order moments and that

E[xt+1|Ωt] = tµt+1,

where tµt+1 is the expected value of x at time t for the period t + 1.

In this context the individual expectations can be seen as independent drawings from this
joint probability distribution.

These preceding assumptions are valid for all kinds of surveys while the following as-
sumptions and corresponding results depend on the design of the survey and will therefore
be presented only for the pentachotomous survey of the European Commission.

Assumption 2.3 There exists an interval (−δL
t , δU

t ) around 0, with δL
t , δU

t > 0, such
that the participants report ’no change’ in prices if the price change expected by them lies
within this interval. There exists also an interval (µ̃t − εL

t , µ̃t + εU
t ) around the subjective

mean perceived inflation rate µ̃t, with εL
t , εU

t > 0, such that the individuals report that
prices ’increase at the same rate’ if the expected price change is covered by this interval.
The participants answer therefore in the following manner: Prices will

(i) fall slightly, if xt+1 ≤ −δL
t

(ii) be stable, if −δL
t < xt+1 ≤ δU

t

(iii) increase at slower rate, if δU
t < xt+1 ≤ µ̃t − εL

t

(iv) increase at same rate, if µ̃t − εL
t < xt+1 < µ̃t + εU

t

(v) increase more rapidly, if µ̃t + εU
t ≤ xt+1.

Writing the proportions of the total response, denoted as tAt+1 ’fall slightly’, tBt+1 ’be
stable’, tCt+1 ’increase at slower rate’, tDt+1 ’increase at same rate’ and tEt+1 ’increase
more rapidly’ in terms of the aggregated probability distribution leads to5

P (xt+1 ≤ −δL
t ) =

−δL
t∫

−∞
f(xt+1)dxt+1 = F (−δL

t ) = tAt+1 (1)

P (−δL
t < xt+1 < δU

t ) =

δU
t∫

−δL
t

f(xt+1)dxt+1

= F (δU
t ) − F (−δL

t ) = tBt+1 (2)

5The variable xt+1 stands from now on for the future percentage price conditional on the information
set Ωt. For notational simplification it is abstained from an additional super- or subscript Ωt.
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Figure 1: Quantification of pentachotomous survey data

P (δU
t < xt+1 < µ̃t − εL

t ) =

µ̃t−εL
t∫

δU
t

f(xt+1)dxt+1

= F (µ̃t − εL
t ) − F (δU

t ) = tCt+1 (3)

P (µ̃t − εL
t < xt+1 < µ̃t + εU

t ) =

µ̃t+εU
t∫

µ̃t−εL
t

f(xt+1)dxt+1

= F (µ̃t + εU
t ) − F (µ̃t − εL

t ) = tDt+1 (4)

P (xt+1 ≥ µ̃t + εU
t ) =

∞∫
µ̃t+εU

t

f(xt+1)dxt+1

= 1 − F (µ̃t + εU
t ) = tEt+1, (5)

where F (·) is the cumulative distribution function of f(xt+1). Figure 1 illustrates this
classification for an arbitrary distribution function. The shaded regions are the two in-
difference intervals. Using a standardized variable and specifying a distribution function
yields6

−δL
t − tµt+1

tσt+1
= F−1(tAt+1) = tat+1 (6)

δU
t − tµt+1

tσt+1
= F−1(tAt+1 + tBt+1) = tbt+1 (7)

6As tAt+1 + tBt+1 + tCt+1 + tDt+1 + tEt+1 = 1, one of them is redundant.
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µ̃t − εL
t − tµt+1

tσt+1
= F−1(tAt+1 + tBt+1 + tCt+1) = tct+1 (8)

µ̃t + εU
t − tµt+1

tσt+1
= F−1(tAt+1 + tBt+1 + tCt+1 + tDt+1) = tdt+1. (9)

From now on it will be assumed that the indifference intervals are symmetric, i.e.
δL
t = δU

t = δt and εL
t = εU

t = εt.7 Rearranging equations (6)-(9) leads to the general
solution of the unknown parameters:

tµt+1 = µ̃t · (tat+1 + tbt+1)tqt+1 (10)

tσt+1 = −µ̃t · 2tqt+1 (11)

δt = µ̃t · (tat+1 − tbt+1)tqt+1 (12)

εt = µ̃t · (tct+1 − tdt+1)tqt+1, (13)

with tq
−1
t+1 = tat+1 + tbt+1 − tct+1 − tdt+1.

As the proportions tAt+1, tBt+1, tCt+1 and tCt+1 are known, tat+1, tbt+1, tct+1 and

tdt+1 can be computed assuming a specific distribution function. Hence, the parameters
depend crucially on the choice of the distribution function as well as on the perceived
inflation rate µ̃t.

Distribution function The choice of the distribution function is not a simple task. Carl-
son and Parkin (1975) propose to use a normal distribution and justify this assumption
by appeal to the Central Limit Theorem. Many empirical studies follow this suggestion
also out of convenience, because the normal distribution is easy to handle and extensively
explored and tabulated.

Assuming a normal distribution, mean and standard deviation of the expectations are
given by equation (10) and (11) with

tat+1 = Φ−1(tAt+1) (14)

tbt+1 = Φ−1(tAt+1 + tBt+1) (15)

tct+1 = Φ−1(tAt+1 + tBt+1 + tCt+1) (16)

tdt+1 = Φ−1(tAt+1 + tBt+1 + tCt+1 + tDt+1), (17)

where Φ(·) is the cumulative standard normal distribution function.
7This is not a necessary assumption, but is made to simplify matters. Seitz (1988) e.g. estimates

asymmetric indifference intervals, which could possibly improve the forecasts.
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Despite these advantages the normal distribution might not cope with the empirical
findings. There are theoretical and empirical reasons to reject the assumption of normality.
One deviation observed e.g. by Carlson (1975) and Lahiri and Teigland (1987) while
analyzing inflation forecasts and correspondingly by Vining and Elwertowski (1976) for
actual price changes is the peakedness which is not in line with the normal distribution. To
account for this deviation the logistic and the central t-distribution, the latter suggested
by Carlson (1975), are employed, both are more peaked than the normal distribution.

The logistic distribution function is defined as

H(xt+1|Ωt) =
1

1 + e
− xt+1−tµt+1

βt

, (18)

where βt is a scaling parameter and tσt+1 = π√
3
βt. Using this definition the mean is

calculated as given in equation (10) and the standard deviation as:8

tσt+1 = −µ̃t · 2π√
3
· tqt+1, (19)

where

tat+1 = ln
(

tAt+1

1 − tAt+1

)
(20)

tbt+1 = ln
(

tAt+1 + tBt+1

1 − (tAt+1 + tBt+1)

)
(21)

tct+1 = ln
(

tAt+1 + tBt+1 + tCt+1

1 − (tAt+1 + tBt+1 + tCt+1)

)
(22)

tdt+1 = ln
(

tAt+1 + tBt+1 + tCt+1 + tDt+1

1 − (tAt+1 + tBt+1 + tCt+1 + tDt+1)

)
. (23)

The central t-distribution is defined as9

TC =
Y1√
Y2/n

,

where Y1 follows the standard normal distribution and Y2 is independently distributed
as χ2 with n degrees of freedom. The variance of the central t-distribution is given by

n
n−2 , n > 2. Praetz (1972) shows that to model the distribution of share price changes
best a central t-distribution, scaled with its standard deviation, is used. Therefore the

8Remind that this π is not connected with the inflation, but only the number 3.14159 . . ..
9See Dudewicz and Mishra (1988).
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standardized variable is scaled with θ(1) =
√

n
n−2 and equations (6)-(9) change to

tăt+1 = θ(1)
tat+1 = T−1

C (tAt+1) (24)

tb̆t+1 = θ(1)
tbt+1 = T−1

C (tAt+1 + tBt+1) (25)

tc̆t+1 = θ(1)
tct+1 = T−1

C (tAt+1 + tBt+1 + tCt+1) (26)

td̆t+1 = θ(1)
tdt+1 = T−1

C (tAt+1 + tBt+1 + tCt+1 + tDt+1), (27)

where TC(·) is the central t-distribution with n degrees of freedom. Mean and variance
are now given by

tµt+1 = µ̃t · (tăt+1 + tb̆t+1)tq̆t+1 (28)

tσt+1 = −µ̃t · 2θ(1)
tq̆t+1, (29)

with tq̆
−1
t+1 = tăt+1 + tb̆t+1 − tc̆t+1 − td̆t+1.

Another non-normal feature found by Carlson (1975) and Lahiri and Teigland (1987)
and discussed e.g. by Foster and Gregory (1977) and Batchelor (1981, 1982) is the asym-
metric behaviour of price changes. According to Lahiri and Teigland (1987) and Batchelor
(1981) inflation expectations are predominantly positively skewed. Carlson (1975) relates
the skewness parameter to the level of inflation, i.e. the expectations tend to be positively
skewed in periods with high inflation and exhibit negative skewness when the inflation
rate is rather low. Besides the empirical findings already the design of the possible an-
swers indicates that the price expectations are positively skewed, because there are three
potential answers for rising prices and only one for falling prices.

To model this possible asymmetric behaviour, two different skewed distributions are
suggested, the noncentral t-distribution and the χ2-distribution.

The noncentral t-distribution is defined as10

TN =
X1√
Y2/n

,

where X1 follows a normal distribution with mean γ and variance 1 and Y2 is again an
independent χ2-distribution with n degrees of freedom. Mean and variance depend now
on the noncentrality parameter γ. According to Evans et al. (1993) the standard deviation
of the noncentral t-distribution is

θ(2) =

√
n

n − 2
(1 + γ2) − n

2
γ2

[
Γ((n − 1)/2)

Γ(n/2)

]2

,

10See Dudewicz and Mishra (1988).
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where n are again the degrees of freedom and Γ(·) is the gamma function, i.e. Γ(c) =∫ ∞
0 e−uuc−1du. Mean and standard deviation are calculated similarly to those of the

central t-distribution, only the scaling parameter θ(1) has to be replaced by θ(2) in equation
(24)-(29).

The noncentrality parameter γ cannot be determined within the system since it is
related to the distribution function, which is assumed to be given. Regarding the empirical
results and the theoretical argument a time-variant parameter should be chosen that is
positive over most of the analyzed time period. Possible measures are the difference
between the last official inflation rate and the average of inflation rates in the previous 12
months, proposed by Berk (1999), or the deviation of actual inflation during each month
from its mean over the whole sample period, used by Batchelor (1981). Problems can arise,
when these parameters are negative for quite a lot of sample points. The second measure
is also questionable, because it uses information that was not available to the respondents
at the time the questionnaire was completed. To ensure that the time-variant parameter
of asymmetry is positive and resembles the development of the prices, the inflation rate
itself regarding the publication lag can be chosen as well.

The second positively skewed distribution is the χ2
n-distribution, whose shape depends

on n, the degrees of freedom. The mean of the χ2
n-distribution is n and the variance 2n.

The parameter n should not be chosen too low to ensure that the distribution function
copes with the empirical findings. Because the χ2

n-distribution is originally defined for
values that are greater or equal 0 it has to be shifted. To base the shift-parameter on
empirical outcomes it is chosen such that the mean of the resulting distribution equals the
mean of the actual inflation over the whole sample. Besides this the mean of the expected
series is given by equation (10) with tat+1, tbt+1, tct+1 and tdt+1 defined as in equation
(14) - (17), where the Φ−1(·) is replaced by the inverse of the χ2

n-distribution function.
Due to the structure of this distribution, the variance of the expected series cannot be
expressed in a way similar to the preceding distributions.

It is not clear whether the allowance for these deviations actually improves the accuracy
of the forecasts or not. Balcombe (1996) allows in a general framework for skewed and
kurtotic distributions and concludes that the reduction to the normal distribution cannot
be rejected and that the standard model by Carlson and Parkin is the best. Berk (1999)
furthermore states that the results based on the noncentral t-distribution are less accurate
than those based on symmetric distributions and also Carlson (1975) admits that by
incorporating skewness just a marginal improvement can be obtained.

Therefore all five distribution functions are applied in the empirical application to assess
the possibility of improvements by allowing for non-normal features.
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Threshold parameter In the case of a pentachotomous survey the perceived inflation rate
µ̃t performs a scaling role for the expected inflation rate and is consequently important as
soon as the level of the expected time series is subject of investigation. Various measures
for this scaling parameter can be thought of and have been used in the literature.

As it should reflect the observed inflation rate, the most recent rate available to the
survey participants, i.e. πt−1, where πt is the officially published inflation rate, is one
choice. Due to the delay in publication the lagged inflation is considered rather than
πt. A second possibility is the mean of the actual inflation rate over the whole observed
period, 1

T

∑T
t=1 πt, but this would imply that the participants base their decisions in part

on information that is not available at the time the decision is made. Therefore not the
mean over the whole sample can be used, but instead the mean over the period that
precedes the time of the decision.

Another possibility that does not necessarily rely on the officially published rate is to
further exploit the survey results. In the context of the EU consumer survey and also
some other surveys it is not only asked for the future development of prices, but also for
the perception of the price development in the past. The question is designed in a similar
way as the one discussed above. It is asked: ’Compared to 12 months ago, prices are...?’
and the possible answers are: ’lower’, ’the same’, ’a little higher’, ’quite a bit higher’ and
’very much higher’. The quantification of this question can now be accomplished with
two different methods. On the one hand it can be quantified similarly to the question
discussed above and on the other hand it can be interpreted as trichotomous question.
The answer possibilities ’a little higher’, ’quite a bit higher’ and ’very much higher’ can
be comprised within a category ’up’, which leaves three possible answers.

But whatever quantification approach is followed, still a scaling parameter is needed.
Considering the question as pentachotomous the scaling parameters discussed above can
be applied, i.e. the lagged actual inflation rate or its mean. Taking it as trichotomous
survey the indifference interval is the decisive variable.

2.2 Balance statistic

To compute the balance statistic is the easiest way to quantify qualitative data. This
balance statistic is also published for various surveys.

It is based on the assumption that the expectations follow a discrete random variable.
Depending on the design of the survey, the possible outcomes are -1, 0 and 1 for a tri-
chotomous survey and -1, -0.5, 0, 0.5 and 1 for a pentachotomous survey. These outcomes
are associated with the sample proportions tAt+1, tBt+1, tCt+1 and tAt+1, tBt+1, tCt+1,

tDt+1, tEt+1 respectively, which are defined in the previous section. The expected mean
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of this random variable, denoted as tµ
B
t+1 is then for a trichotomous survey defined as:

tµ
B
t+1 = −1 · tAt+1 + 0 · tBt+1 + 1 · tCt+1

= tCt+1 − tAt+1, (30)

and for a pentachotomous as:

tµ
B
t+1 = −1 · tAt+1 − 0.5 · tBt+1 + 0 · tCt+1 + 0.5 · tDt+1 + 1 · tEt+1

= tEt+1 + 0.5tDt+1 − 0.5tBt+1 − tAt+1. (31)

This balance statistic is easily calculated, but also rather restrictive compared to the
probability method, which allows for a more flexible modelling.

3 Empirical application

3.1 Data

The data used have been obtained from the European Commission, Directorate Gen-
eral for Economic and Financial Affairs.11 The European Commission (EC) conducts a
monthly consumer survey in the 15 member countries of the European Union and pub-
lishes the seasonally adjusted12 results for the single countries and for the two aggregates
’European Union’ (EU) and ’Euro Area’ (EA).13 This questionnaire contains questions
about the financial and general economic situation, price expectations and unemployment.
Concerning the price expectations two questions are of interest, which have already been
introduced in the context of the quantification techniques. One question asks how prices
are now compared to 12 months ago and the other aims to find out what the survey
participants expect of the future price development. Both questions offer five answer
possibilities,14 so this is a pentachotomous survey, for which the quantification techniques
have been explained in the previous section.

The availability of the data restricts the time period to January 1985 to October 2001.
In the following the aggregate of the member countries of the EU will be considered, not

11The help of the DG ECFIN A-3, especially of Antonio Fuso is gratefully acknowledged.
12For copyright reasons it is not possible to obtain seasonally unadjusted data from the EU. For seasonal

adjustment the program Dainties, developed by EUROSTAT, has been used.
13The member countries of the EU are for the whole analyzed period Belgium, The Netherlands, Lux-

embourg, France, Germany, Italy, Ireland, the United Kingdom, Denmark and Greece, from 1986 on
Portugal and Spain, and since 1995 Finland, Sweden and Austria. The EA encloses the participants
of the monetary union, which means all countries of the EU except Denmark, the United Kingdom,
Sweden and Greece (only until the end of 2000).

14Actually there is a sixth possible answer ’don’t know’, which will be divided up proportionally and
added to the other five categories as this category is not relevant for the quantification.
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the results for the single countries.15 In Figure 3 and 4 the monthly and in Figure 5 and
6 the annual proportions for the EU are depicted. From Figure 5 and 6 it is obvious that
some answer categories, especially ’prices are lower’ and ’prices will fall slightly’ appear
with very low percentages and that most participants perceive and expect an increase in
prices.

To compute the actual inflation rate the Consumer Price Index for the EU is used,
provided by the OECD16 and shown (in logarithms) in Figure 2, together with the annual,
semiannual and three-months inflation rate.
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Figure 2: Consumer Price Index (p), annual (π(12)), semiannual (π(6)) and three-months
(π(3)) inflation rate

15The survey is not conducted in Luxembourg, which is therefore not part of the sample. The single
results are aggregated with a certain weighting scheme published by the EU, which bases on the value
of consumers’ expenditure, see European Economy, Supplement B (1979-).

16OECD, Main Economic Indicators, 025241K.
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Figure 4: In the next 12 months, prices will.... (in percent)
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Figure 5: Compared to 12 months ago, prices are....
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3.2 Distribution function

In a first step the non-scaled expected inflation and its also non-scaled standard deviation
is analyzed, i.e. referring to equation (10) and (11) tµt+12

µ̃t
= (tat+12 + tbt+12)tqt+12 and

tσt+12

µ̃t
= −2tqt+12. Because of the time horizon of the question, which is 12 months, and

the use of monthly data, the expected inflation for t+12 is calculated. As discussed in the
previous section, the choice of the distribution function could be crucial for the resulting
expected series.

To allow for peakedness and skewness deviating from normal, five different distribution
functions are employed, the normal, logistic, central and non-central t-distribution and
the χ2-distribution. Regarding both t-distributions the result obtained by Carlson (1975)
on the basis of χ2-tests with grouped data is used, that six degrees of freedom provide
the best estimates. The respective formulae for mean and standard deviation that have
been derived in section 2.1 are used.

At first the symmetric distributions, i.e. the normal, the logistic and the scaled central
t-distribution are compared.17 The two latter distributions are introduced, because they
are more peaked than normal and could therefore indicate if the consideration of this
feature changes the outcome. In Figure 7 it becomes clear that as long as only symmet-
ric distributions are presumed, no large differences exist between the expected inflation
resulting from them.18

0.6

0.7

0.8

0.9

1.0

1.1

1.2

86 88 90 92 94 96 98 00

µ(N) µ(L) µ(CT)

Figure 7: Non-scaled expected inflation

17Calculations have been made with EViews 4.1 and Gauss 3.5.
18In Figure 7 and 8 N, L and CT denote normal, logistic and central t.
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The two peaks in September/October 1990 and January/February 1991 can be associ-
ated with the Gulf war and the threat of accelerating prices.

Also the standard deviation, shown in Figure 8 underpins that the symmetric distribu-
tions do not differ much. There are some deviating movements at the end of the observed
period, but these are neither large enough to seriously distort the results nor can they be
associated with some specific event and will therefore be left unaccounted for. No decisive
improvements can therefore be achieved by introducing non-normal peakedness.
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Figure 8: Non-scaled variance

To incorporate also possibly existing skewness, the scaled noncentral t-distribution and
the χ2-distribution are assumed. In the case of a noncentral t-distribution with constant
noncentrality parameter, e.g. the mean of the inflation over the whole sample, the shape
of the resulting expected series does not change, it is only shifted downward, a fact
that is not relevant any longer as soon as the series is scaled. Therefore a time-variant
noncentrality parameter has been employed. Following the explanations in section 2.1 it
has to be ensured that this parameter is positive over most of the sample and resembles
the development of the prices. This rules out the measures proposed by Berk (1999) and
Batchelor (1981), because they turn out to be negative for quite a lot of months within
the sample. The postulated criteria are met by the inflation rate itself regarding the
publication lag. But also the utilization of this measure does not provoke an expected
series that differs significantly from the shape generated by the symmetric distributions
and is for this reason not depicted here.
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A similar result can be obtained by using the χ2-distribution. Considering the number
of degrees of freedom to be between 5 and 10 and shifting the distribution to the left to
equalize the mean of the resulting distribution and the mean of the actual inflation over
the whole sample does again lead to an expected series that is shifted downwards, but has
the same shape as the ones achieved by the symmetric distributions. This finding corrob-
orates the results of Berk (1999) and Balcombe (1996), who also reject that asymmetric
distribution functions could be of advantage.

Concluding, it can be stated that peakedness and skewness do not change the shape of
the expected inflation series and can therefore not improve the accuracy of the forecasting
ability of this series.

Hence, for the following analysis the scaled central t-distribution with 6 degrees of
freedom is chosen, but this choice is somehow arbitrary. In Figure 9 the non-scaled
threshold parameters δt and εt for this distribution are shown. The series of the threshold
parameters are obviously not perfectly constant, but their variation is not very large.
Referring to the mean ± 2 · standard deviation of the respective series, which is also
depicted, most of the data lies within these bands, leading to the conclusion that the
assumption of constancy would not be inappropriate.
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Figure 9: Non-scaled threshold parameters (with mean and mean ± 2 · standard deviation
of the respective series)

3.3 Time horizon

To compare the expected inflation with the actually realized inflation without considering
the problem of scaling, both time series have been standardized.19 In the questionnaire

19That means that the respective variable xt has been transformed in the following manner to obtain the
standardized variable zt: zt = xt−x̄√

s2
x

, such that E[zt] = 0 and V ar(zt) = 1, where x̄ and s2
x are the
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it is asked for the expected inflation concerning the next 12 months. Therefore one of
the series, either the actual or the expected inflation, has to be shifted such that both
samples coincide. In the following always the expected inflation is shifted backwards to
match the actual series, i.e. the actual inflation is compared with the expectation that
has been formed 12 months before. Due to the shifting the analyzed time period changes
to January 1986 - December 2001. In Figure 10 the standardized expected inflation and
the standardized actual annual inflation rate are shown.
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Figure 10: Standardized expected, µ, and actual annual inflation, π(12)

The fact that the expected inflation rate lags behind the actual inflation can lead to
two different interpretations. On the one hand this can be explained by an adaptive
expectations formation of the individuals. They revise their expectations according to
the errors they have made with past forecasts and are consequently at least one period
behind. On the other hand this could result from a time horizon of the participants
deviating from the given 12 months. To examine this further, the standardized expected
inflation rate, shifted backwards 6 months and 3 months respectively, has been compared
with the semi-annual and the three-months actual inflation rate, both standardized as
well. The result is shown in Figure 11.

empirical moments of xt.
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Figure 11: Standardized expected, µ, and standardized actual semi-annual, π(6) (left),
and three-months inflation rate, π(3) (right)

It becomes clear that the second interpretation is suitable, because the expected series
comes closer to the actual rate as the time horizon decreases, while the lagging should
persist in the context of adaptive expectations.

It should, however, be noted that at the end of the observed time period the expected
and the actual inflation diverge for all three analyzed actual inflation rates. It seems that
during this time the expectations were not in line with the actually realized inflation.

Nevertheless, based on these results it can be concluded that the survey participants
do not consider a twelve-months period when they are answering the questionnaire, but
rather a shorter time span like three or six months. This will be regarded in the context
of the following empirical analysis.

3.4 Scaling parameter

After having chosen a certain distribution function, the expected series has to be scaled
with the perceived inflation rate µ̃t. As discussed in section 2.1 different scaling parameters
are possible. It is now the goal to find the scaling parameter that delivers the best forecast,
which is done by means of the root mean square error (RMSE). The RMSE is calculated
in general by20

RMSE =

√√√√ 1
n

n∑
t=1

(yt − ŷt)2, (32)

20See Greene (2003).
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where yt is the actual time series, i.e. in this case the actual non-standardized inflation
rate, ŷt the forecasted time series, here the various scaled expected series, and n the
number of observations. By selecting the scaled series with the minimal RMSE the scaling
parameter can be determined that provides the best forecast.

Two different approaches will be followed. First the expected inflation is scaled directly
with

(i) the most recent inflation rate available to the survey participants, or

(ii) the mean of the actual inflation including all data points up to the time the answer
is made.

This approach will be denoted as ’direct’ in Table 1.
As a second option the survey can be exploited further, denoted as ’survey based’. In

the context of the survey the participants are asked: How are prices compared to 12
months ago? Referring to the previous section this question can be interpreted either as
pentachotomous or as trichotomous. Considering it as pentachotomous it can be quan-
tified like described above, but then again the perceived inflation as scaling parameter is
needed. For this, once more the two measures (i) and (ii) can be applied.

Regarding it, in contrast, as trichotomous, not the perceived inflation, but the indif-
ference interval is used as scaling parameter. To obtain it, two different methods are
employed. One is to follow the presumption of Carlson and Parkin (1975) and to impose
that the expectations are on average unbiased. The other adopts the approach of Bennett
(1984), suggesting to relate the official data with the expected data and to assume that
the indifference interval is the same for the realized and the expected series. Hence, one
obtains this interval by regressing the official inflation rate on the unscaled mean expected
inflation rate.

In the light of the results obtained by analyzing the standardized series, not only a time
horizon of twelve months, but also a 6- and 3-months horizon is considered. The results
for these 18 differently scaled series are shown in Table 1.

It is consistent for all time horizons that the option ’survey based (pentachotomous)’
scaled with the mean leads to the minimal RMSE.21 That means that by taking the
information delivered by the question of the survey concerning the past price development
into account, regarding it as pentachotomous, and scaling this with the mean of the past
inflation, the most accurate forecast can be achieved.

It is not surprising that the two survey based measures assuming trichotomy lead to very
similar results. The first option, to propose unbiasedness and the second choice, regressing

21The different time horizons cannot be compared directly, because different reference series have been
used.
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Table 1: Root mean square error of different scaling procedures

Time horizon

Scaling parameter 12 months 6 months 3 months

direct
recent inflation 1.068 0.523 0.320

mean inflation 1.425 0.676 0.364

survey based
(pentachotomous)

recent inflation 1.411 0.704 0.392

mean inflation 1.033 0.518 0.303

survey based
(trichotomous)

unbiasedness 1.057 0.587 0.347

regression 1.040 0.575 0.340

Due to the shifting to obtain synchronous series the samples are different for the different time
horizons: 12 months 1986:01-2001:12 (n=192), 6 months 1985:7-2001:12 (n=198), 3 months
1985:4-2001:12 (n=201).

the official inflation rate on the unscaled mean, induce basically the same estimators, and
should therefore not produce different empirical results.
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Figure 12: Expected and actual semi-annual inflation rate (left) and three-month inflation
rate (right)

Consequently the three expected inflation rates obtained by using this scaling param-
eter are included in the further analysis. The scaled series, again shifted backward the
respective months, and the actual inflation rates for the three time horizons are shown in
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Figure 12 and 13.
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Figure 13: Expected and actual annual inflation rate

Similar to section 3.3 it is obvious that the expected inflation lags behind the actual
inflation when a time horizon of 12 months is considered. That changes with the reduction
of that time period.

3.5 Comparison with balance statistic

To compare the balance statistic, calculated according to equation (31), with the non-
scaled expected mean obtained with the probability method, both series have been stan-
dardized. The result is shown in Figure 14. As can be seen the balance statistic, a rather
simple measure, does not perform worse than the one achieved by applying the probability
method.

This fact is not very surprising, but instead validates the result from Lankes and Wolters
(1988). In their work they demonstrate that the probability method results can be ap-
proximated by the weighted balance statistic. Lankes and Wolters (1988) show that this
relationship exist for a trichotomous survey, but it should be adaptable to a pentachoto-
mous survey and in general to a polychotomous one.

Nevertheless, the balance statistic is rather restrictive. The flexible modelling possible
with the probability method, especially in the case of a pentachotomous survey, allows
not only to extract the expected mean, but also the inflation variance and the threshold
parameters, that can be interpreted economically. Therefore the further examination of
the probability method is necessary and reasonable, if the aim is to analyze the expected
series in detail.
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Figure 14: Standardized balance statistic, µ(B), and non-scaled expected inflation (prob-
ability method) µ

4 Concluding remarks

Qualitative survey data from the Consumer Survey conducted by the European Commis-
sion is used to calculate inflation expectations for the European Union for the period from
January 1985 to October 2001. The probability method is employed to quantify the quali-
tative responses. Investigating non-scaled, but standardized series of expected and actual
inflation leads to the conclusion that the time horizon survey participants consider, while
answering the questionnaire, is not 12 months, as implied by the question, but rather 6
or even 3 months.

Different distribution functions are presumed to allow for peakedness and skewness
deviating from normal, but as the empirical analysis shows, no improvement of the forecast
can be achieved by incorporating these properties.

Concerning the scaling parameter various measures are used and the forecasting ability
of the constructed series is assessed. It turns out that the best forecasts can be achieved
by employing a survey based measure scaled with the mean of the past inflation.

A comparison with the balance statistic shows that there is no large difference between
this and the series obtained by applying the probability method. Still, the probability
method has advantages in modelling the other parameters, like the uncertainty and the
threshold parameters.

Nevertheless, there are many topics that can be analyzed in future work. Asymmetric
indifference intervals e.g. should be included. An important issue is moreover to assess
the other parameters of the resulting series, especially the uncertainty.
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