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Abstract
This thesis is an attempt to develop a cognitive psychology model which enhances our
understanding of inflation expectation. It investigates inflation expectation formation in
both individual and aggregate level. At the individual level, empirically proven cognitive
psychology is taken to build a conceptual framework and then extended to form a
mathematical model that describes how economic agents form inflation expectations. It
also argues that inflation expectation is based on inflation perception and some
macroeconomic information perceived by agents. At the aggregate level, this thesis
investigates the statistical distribution of inflation expectations which is generated by the
mathematical model. It shows that, due to the central limit theorem for median, shapes of
the distribution of price perception and hence inflation expectations have similar
distributions in different countries. Furthermore, we use this model to understand what
information agents used to form inflation expectations.
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Chapter 1
Introduction: Inflation Expectations
1.1 A classical definition of “inflation”
1.1.1 How to measure the process?
1.1.2 What are the prices?
1.1.3 What does it mean by “continuously”?
1.2 Typology of inflation
1.2.1 Official inflation rate
1.2.2 Theoretical inflation rate
1.2.3 Perceived inflation rate
1.2.4 Inflation expectation
1.3 Methodology
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This study investigates inflation expectation formation in both individual and aggregate level.
At the individual level, empirically proven cognitive psychology is taken to build a
conceptual framework and then to develop a mathematical model that describes how
economic agents (i.e. decision makers) form inflation expectations. We argue that inflation
expectation is based on inflation perception and some macroeconomic information perceived
by agents. At the aggregate level, we study the distribution of inflation expectations
generated by the mathematical model. We show that, despite of informational heterogeneity,
universality caused by central limit theorem for median shapes the distribution of price
perception and hence inflation expectations have similar distributions in different countries.
Furthermore, we use these models to understand what information agents used to form
inflation expectations.
It is a commonly known fact in dynamic macroeconomics that economic agents’ expectation
can affect the outcome of the economy hence policy makers should understand inflation
expectation formation for policy making. Therefore, the motivation to study inflation
expectation formation is simply a further contribution to existing economic theories. This
raises the following question: why is a psychological approach used given that inflation
expectation is a matter of economics?
The answer to this question is that the recent series of global financial crisis together with the
empirical failures of the rational expectations hypothesis (REH) have led many researchers to
develop alternative approaches to study expectations (Frydman & Phelps 2013). A possible
alternative is to incorporate psychology in economic models that are able to capture the
psychology of economic agents. In fact, as early as the 1980s, Muth, the founder of REH,
suggested incorporating cognitive bias into expectations theory (Hoover and Young
2013).Two recent problems bring psychology into consideration.
First, the main reason for the failure of REH is the lack of factual assumptions. Existing
economic theories heavily rely on REH when it comes to any form of economic expectations.
During the course of the evolution of REH economists strived to relax different underlying
assumptions in the hope of creating a more realistic version of the REH. For instance, certain
latest studies allow agents to have some learning rules (e.g. Sargent 1993). The motive
behind these efforts is that REH has been proven to be inconsistent with empirical data. For
example, Curtin (2010, p.58) used the famous University of Michigan inflation expectation
2
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survey data and found that economic agents are not fully rational, not to mention economists.
He suggested that “analysis at the micro level still needs to more fully incorporate aspects of
bounded rationality or other innovations of behavioural theory” (Curtin 2010, p.58).
Although there is no guarantee that the psychological approach is capable of predicting future
economic events perfectly, it can be viewed as an alternative to economic modelling. In fact,
new approaches in economic modelling, such as dynamic stochastic general equilibrium
(DSGE) and agent-based (AB) models, place emphasis on micro level behaviour.
Psychology, as a specific study of human mind and behaviour, is the most appropriate choice
of academic discipline to help improving economic models that involve human behaviour.
Second, recent studies that attempted to relax REH have failed to eliminate one of the most
fundamental assumptions of economic analysis – namely, full pre-determination.1
Economists have been assuming the fully pre-determined model of inflation expectation
formation. They assume that economic agents follow some mechanical rules to form
expectations and that the effects of any changes to these rules can be predetermined in
advance. In other words, there is no non-routine change, i.e. a “change that cannot be
specified in advance with mechanic rules and procedures that are programmable on a
computer” (Frydman & Phelps 2013, p.5). Unfortunately, to relax this assumption, one has to
replace a rule with another but since the new rule cannot be fully pre-determined, one may
end up not having any model in hand for economic analysis. The problem of relaxing full
predetermination is that the rules followed by economic agents change over time in
unpredictable ways. As addressed in the famous Lucas critique (Lucas 1976), a model that is
unaffected by non-routine changes should incorporate fundamental parameters that govern
individual behaviour. This critique has led to the microeconomic foundations for
macroeconomics in which it is claimed that utility maximisation behaviour is the
fundamental rule of macroeconomics. Yet, a series of global financial crisis arouse the
rethinking of the microeconomic foundation. Common sense tells us that the general public
does not have the knowledge and computational power to maximise utility, questioning the
use of utility maximisation as the foundation of macroeconomics. Alternatively, we should
seek a factual fundamental rule that governs individual behaviour. In doing so, it is important
to study how human cognitive works and this is what psychology focuses on.

1

Some recent studies like Branch (2004) partly relax this assumption by considering agents switching between
different fully pre-determined models

3

Understanding Economics of Inflation Expectation in Light of Modern Cognitive Psychology

In addition to the need to incorporate psychology into macroeconomics for a better
understanding of the macroeconomy, psychology can serve as a useful tool for understanding
inflation expectation formation from survey data. In mainstream economic expectation
hypotheses, such as the naïve, adaptive and rational expectation hypotheses, agents’
perceptions are restricted to be consistent because otherwise there would be many
possibilities of individual inflation expectations (Sargent 1993). Clearly, individual inflation
expectations have no deterministic regularity when perceptions are unrestricted. However,
they have statistical regularity and such regularity can be observed in the empirical data of
different countries. Empirical analyses have shown that the distribution of inflation
expectations data in most countries tend to follow some positively skewed and long-tailed
distribution. Since different economies are subjects to different dynamics or processes and
economic agents are heterogeneous in both psychological and economic perspectives, one
would not expect the inflation expectation distributions of different economies to be similar.
Yet, there appears to be some form of universality. So far there is explanation in the
literatures to this form of universality among different economies, although some central
banks have done studies on their own domestic data: e.g. Jaramillo and Piantini (2008, 2013)
for the Central Bank of Chile, Ozer and Mutluer (2005) for the Central Bank of the Republic
of Turkey, and Brischetto and de Brouwer (1999) for the Reserve Bank of Australia. Existing
empirical studies on inflation expectations tend to focus on the time series of averaged
empirical inflation expectation. As such the distribution of inflation expectations is
completely ignored. As we will see in Chapters 4 and 5, theories in cognitive psychology can
explain inflation expectation and empirical distributions of inflation expectations can provide
useful information about inflation expectation formation.
How do we study inflation expectation with a psychological perspective?
Here, we provide only a brief answer to this question; more details will follow in Section 1.3.
Mainstream economics starts with the aggregation of all economic agents’ into a single
representative agent. It is assumed that the representative agent forms his/her expectations
according to certain expectation hypothesis and the time path of the inflation expectation,
which can be considered as the evolution of averages, are fed into some explicit statistical
model that is derived from certain expectation hypothesis (the most common choice is REH).
This process is graphically illustrated in the top of Figure 1.1.
4
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Mainstream economics:

This treatise:

Individual
inflation

Aggregation  Averages 
Behavioural  Time series
modeling
expectations
Individual
Cognitive
Probability
inflation




Behavioural
Aggregation
model
distribution
modeling
expectations

Figure 1.1: Comparison of methodologies used in mainstream economic and this treatise.
In contrast, this thesis considers individual inflation expectations described by a cognitive
model based on cognitive psychology theories, on the information processing approach and
on Herbert Simon’s works in particular. Although the agents are assumed to be
heterogeneous in terms of cognition and information, this cognitive model aims to seek the
behavioural invariant of human behaviour. Indeed, recognising that most of the agents in the
economy are not economists, we seek a common ground of most agents in terms of their
cognitions. By allowing heterogeneity in information and cognition, inputs of the cognitive
model are treated as random variables. As a result, individual inflation expectations are also
random variables that follow certain distributions. As already mentioned, we found that most
countries have similar inflation expectation distributions.
Before any further discussion of the above unorthodox treatment to inflation expectation
data, some preliminaries (Section 1.1 and 1.2) are necessary to define some key terms and to
address certain issues for future references. The end of this thesis (Section 1.3 and 1.4)
highlights the methodologies and the structure of this thesis.
The remaining of this thesis is constructed as follows. Chapter 2 gives a review of the
literature related to this study. Some basic theories of cognitive psychology are introduced to
provide a theoretical background for the conceptual framework and mathematical model
building in Chapter 3. These theories include the typology of memory and the operation of
the memory system. The remaining sections of the chapter summarise all different types of
expectation hypotheses in both economic and cognitive psychology realms.
Chapter 3 first gives an introduction to information processing (IP) approach to cognitive
psychology including how and why this approach should be taken. In the light of the IP
approach, we start to describe how agents represent inflation expectation formation as a task;
5
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how they perform information search and how they process information to form inflation
expectation. Given the results of empirical findings, we formulate a conceptual framework
that best describes inflation expectation formation of the agents.
Chapter 4 express the conceptual framework in a mathematical form by introducing the use
of heuristics by agents. By combining the findings in Chapter 3 and the heuristics used by
agents, we can restrict the mathematical form of and the factors contributing to inflation
expectation formation. The factors included in this model are price perception and reactions
to macroeconomic information. We then further investigate how price perception and
macroeconomic information reactions are formed. Due to its complexity, there is a relatively
lengthy discussion about macroeconomic information reactions.
Chapter 5 consists of two major parts. The first part concerns inflation expectations at the
aggregate level. As the mathematical model built in Chapter 4 is believed to describe the way
individuals form inflation expectations, we can view this model as the generator of the
distribution of inflation expectations. Based on the finding in Chapter 4 we can explain the
universality of inflation expectation distribution in which the empirical inflation expectation
distributions of different countries appear to share the same characteristics. In addition, we
investigate the relationships between the empirical distributions and macroeconomic
variables. The second part includes two additional topics. The first one studies extreme
values in the empirical distributions while the second one aims to study the weights of the
CPI components.
Chapter 6 serves to review the methodologies used in this thesis, to highlight important
findings, and to introduce future research directions.

1.1 A classical definition of “inflation”
A classical definition of inflation can be found in Laidler and Parkin (1975):
“Inflation is a process of continuously rising prices”.
This definition is used in a number of literature about inflation including “Theories of
Inflation” (Frisch 1983) and “The New Palgrave Dictionary of Economics, 2nd edn” (Durlauf
and Blume 2008). Three questions are posed for further refinements of this definition.
1. How to measure inflation
6
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2. What are the “prices”?
3. What does it mean by “continuously”?
By answering these questions the refinements of the above classical definition are seen.
1.1.1 How to measure inflation?
This section discusses measuring inflation. From a mathematical point of view, such
quantification is a mapping from time and prices to the magnitude of inflation and hence it
can be a function or a functional. Generally speaking, a function is a map from a scalar field
to the same or another scalar field (clearly, the magnitude of inflation is a real number and
hence



), while a functional is a map from a vector space to a scalar field (i.e. V 

). As such there are two approaches to measure inflation. In a numerical approach, the
measure of inflation is defined as,

 t    Pt  where Pt  { pt , pt 1 ,...} and pi 
Here the measure of inflation is generated by the inflation measure function,  , with the past
and the current prices as input. The advantage of the numerical approach is that the inflation
measure function only takes prices as the input thus it requires minimal amount of
calculations such as basic arithmetic. Typical examples include,

 t ,1  1 ( Pt ) 

pt  pt 1
pt 1

(1.1)

 t ,2   2 ( Pt )  ln  pt   ln  pt 1 

(1.2)

 t ,3   3 ( Pt )  pt  pt  pt 1

(1.3)

where  i ( Pt ) is an element of a set of functions  called “the inflation measure function
space” that contains all possible inflation measure functions, i.e.  i ( Pt )   . However, the
equation,

pt  pt  pt 1  a  pt 1 (b  1)
is not an inflation measure function since it implies that
7
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pt  a  pt 1b
in which the current price is a function of the previous one.
There is no strict procedure for choosing a suitable inflation measure function. The choice of
the function heavily depends on the nature of the prices. For instance, one may choose
between Eq(1.1) and Eq(1.2) (see Carroll (2002) as an example of using Eq(1.2)). To see the
difference between these two functions let us rearrange them in the following way so as to
incorporate the price ratio, pt / pt 1 :

 t ,1  1 ( Pt ) 

pt
1
pt 1

and

 pt 

 pt 1 

 t ,2   2 ( Pt )  ln 

Figure 1.2 below shows the difference between these two functions, 1 ( Pt )   2 ( Pt ) , within
the price ratio interval [0.5,1.5] .

Figure 1.2: The difference between two inflation measure functions.
Figure 1.2 shows that there is no difference between these two inflation measure functions if
the price ratio is exactly one; that is, there is no inflation at all. However, the difference
between them exceeds 1 percentage point if the price ratio falls outside the interval

[0.8651,1.1482] . In other words, the difference between these two measure functions exceeds
1 percentage point if the inflation rate measured by 1 ( Pt ) is below -13.49% or above
14.82%. In practice, Eq(1.2) gives fairly close approximation to Eq(1.1) for measuring
inflation in low inflation (or deflation) countries. On the other hand, attention should be paid

8
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when choosing a function for measuring the inflation of stock prices as the magnitude of
stock price changes can be drastic.
In addition, note that inflation measure functions do not have a time subscript since the same
function should be applied at every point of time. This allows objective comparisons between
inflation measures computed at different points of time.
Unlike the numerical approach, the algebraic approach involves the use of functionals
instead of functions. This implies that the input is a price function. Namely,

 t    Pt  where Pt  { pt  , pt 1  ,...} and pi  is a function
The resulting inflation measure is the output of a functional,  .
As an example, the Swedish price level St (the Swedish Consumer Price Index (CPI)) from
January 2006 to February 2012 can be represented by the following equation,


1 

St  S0 exp  1   22  t   2 Bt 
2 



(1.4)

where Bt is Brownian motion and the  ’s are the parameters to be estimated. Then, by taking
the geometric Brownian motion stochastic differential equation (SDE) as the functional that
maps the above price function, the inflation measure is given by,
dSt
 1dt   2 dBt
St

A commonly used estimation for 1 and 2 is the maximum likelihood estimation of the
conditional density function of St given by (Iacus 2008, pp.46-47),
2
 
1 2  
  log( St )  (log( S0 )  (1  2 )t )  
1

2
 
exp  

 (t , St | S 0 ) 
2
22t
2 St 2t





which has conditional mean and conditional variance,

9
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E ( St | S0 )  S0e1t
var ( St | S0 )  S02 e 2 1t (e2t  1)
2

The above estimation assumes that St is lognormally distributed. To test if St is indeed
lognormally distributed we apply the least squares estimator then test the normality of the
increments of the realisation of Bt , Bˆt . The estimation gives the estimates 1  0.00101 and

 2  0.01 . The increments of Bˆt pass the Shapiro-Wilk test and Jarque-Bera test with pvalues 0.1538 and 0.2293 respectively. Thus the Swedish CPI does follow a geometric
Brownian motion and the inflation measure functional is
dSt
 0.00101dt  0.01dBt
St

To explain, Eq(1.4) is a function that describes the price level. Then Eq(1.5) acts as a
functional transforming the price function to an inflation measure in the form of a stochastic
differential equation. Figure 1.3 below plots the Swedish CPI against time periods in months.
The dash line shows how well the deterministic component fits the data while the differences

290
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between the data and the dash line are governed by the stochastic component.
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Figure 1.3: The plot of Swedish CPI from January 1996 to April 2013.
(The red line is the expected value of Eq(1.4))
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The advantage of the algebraic approach is that the price function, pi   , can be estimated
with the use of other variables such as oil price, wage level, money supply and foreign
inflation rate. Schwartz (1997) demonstrated the use of a system of SDEs to describe oil
price inflation that contains other variables. The last two models introduced in his paper
incorporate the SDEs of one variable and two variables respectively. This helps
understanding the determination of inflation. However, this approach involves elaborate
works in practice.
As an example, consider the solution of a stochastic partial differential equation (SPDE) in
Schwartz (1997),

 1  e  kT  
  1  22  1 2  
1 2 1  e 2 kT
  r     

 
T   2
k
k  2 k2
k 
4
k3
 

( p,  , T )  p exp
 
 2  1  e kT

       k   1 2   22 
k
k  k2
  








(1.6)

where  ( p,  , T ) is the solution of the below SPDE,

1 2 2  2
 2 1 2  2

 
1 p




p
 2
 (r   ) p
 (k (   )   )

 0 (1.7)
1 2
2
2
2
p
p 2

p
 T
where  is the convenience yield; r is the convenience yield risk that cannot be hedged and
hence its market price is  ; p is the oil price;  is the correlation between the stochastic
components of oil price and convenience yield;  1 ,  2 , k and  are constant parameters
controlling the volatility of the stochastic components and the drifts of the following system
of SDEs describing the dynamic of oil price and convenience yield,



dp
 (    )dt   1dW1
p

(1.8)

d  k (   )dt   2 dW2

(1.9)

dW1dW2   dt

(1.10)

The system of SDEs Eq(1.8), Eq(1.9) and Eq(1.10) describes the differentials of oil price and
the convenience yield. The bivariate Ito Lemma gives the SPDE Eq(1.7) in which Eq(1.6) is
11
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the solution. Note that Eq(1.8) gives the inflation measure. Simply put, Eq(1.6) and the SPDE
Eq(1.7) are the implicit functions for pi   while the SDE Eq(1.8) acts as a functional that
maps Eq(1.6) and Eq(1.7) together with the parameters to an inflation measure.
Instead of solving the system of SDEs Eq(1.8), Eq (1.9) and Eq (1.10) to reach the solution
Eq (1.6) which is the usual way to estimate oil price dynamic, one has to estimate the
parameters in Eq(1.6) from the data then to compute the inflation measure,  , according to
Eq(1.8). Although the work is intense, the estimated inflation rate is substantially supported
by the data of convenience yield described by the SDE Eq(1.9). Furthermore, the stochastic
component of oil price SDE Eq(1.8) is also supported by the stochastic component of the
convenience yield SDE Eq(1.9) through the correlation function Eq(1.10).
The two approaches discussed in this section give a general theory about inflation measures.
Any inflation measure applied to a specific type of prices can be created according to the
above theory. As for CPI the most common measure is Eq(1.1) which will be the formal
definition of inflation rate for the study.
1.1.2 What are the “prices”?
This section discusses the “prices” involved in inflation and in measuring inflation. The last
section showed how prices in different time periods are used in measuring inflation.
However, what is the price of each time period? Clearly the price of a good, such as a piece
of bread, is not taken as the price here since it does not include the prices of other goods and
services in the economy. In fact, the price is the so-called “general price level”. The general
price level is a weighted measure of a basket of goods which is the “the prices” mentioned
before. Depending on the purpose, the content of the basket of goods may differ.
The general price level being focused here is the Consumer Price Index (CPI). There are two
reasons why to disregard other general price level measures such as GDP deflator and
Producer Price Index (PPI). First, CPI is the most common general price level used in
computing inflation rate. Second, this study deals with consumer survey data and hence CPI
is more relevant than the GDP deflator and PPI.
We begin this section by the computation of CPI and then we introduce an algebraic model
as a prologue of further developments and refinements in the succeeding chapters.
12
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At the bottom level of construction, a CPI is based on a set of prices collected from sampled
outlets such as supermarkets and stores. For each item such as bacon (some countries may
further subdivide the group of bacon into middle bacon, back bacon, etc.) the prices of bacon
are used to compute the so called elementary aggregate of bacon. Three commonly used
formulae for elementary aggregates are (International Labour Organisation 2005),
n

1 n p
Carli : p   i ,t
n i 1 pi ,0

Dutot : p 

p
i 1
n

i ,t

p
i 1

Jevons : p 

n

n

pi ,t

p
i 1

(1.11)

i ,0

i ,0

where p is the elementary aggregate, pi ,t is the price of an item at outlet i at time t and pi ,0
is the price of the same item at outlet i at time 0 which is the base period. Note that the Carli
formula is simply the arithmetic mean, while the Jevons formula is the geometric mean of the
price relatives ( pi ,t pi ,0 ). Since the 21st century, most countries have been using the Jevons
formula instead of the Carli and Dutot. Some examples of countries using these elementary
aggregates are shown in Table 1.1 below (Evans 2012).
Previously used
Currently used
Year of change
formula
formula
Australia
Carli
Jevons
1998
France
Dutot
Jevons
1997-1999
Ireland
Dutot
Jevons
2002
Netherlands
Dutot
Jevons/Dutot
2010
New Zealand
Dutot
Jevons
2006
Norway
Dutot
Jevons
1999
Sweden
Dutot
Jevons
2005
Laspeyres (estimated
US
Jevons
1999
weights)
Table 1.1: Examples of countries using Carli, Dutot and Jevons formula for computing
elementary aggregates
Country

Because of its current popularity, we shall focus on the Jevons formula when we talk about
the construction of CPI.
The produced elementary aggregates are then used to create elementary indices. Higher
levels of indices are generated and further aggregated in a similar way until the highest level
of aggregates, called divisions, are obtained and used to create the CPI. For example, the
elementary aggregates of beacon, pork, beef and related fresh meat are combined to create an
13
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elementary index of the group livestock with some weights. Then the elementary index of
livestock is combined with other elementary indices such as poultry to create a higher level
of aggregate index called meat. Then this index may be combined to create an even higher
level of index up until the highest level, and the CPI is the weighted average of all these
highest level indices (division indices).
In the following, we will develop three different expressions of the CPI in terms of the unit in
different levels of aggregation with their corresponding weights. That is, we express the CPI
in price quotations, in elementary aggregates and in division indices. The reason for these
different forms is that, due to the empirical data collected from different sources in different
countries, we need to have different expressions of CPI for certain statistical modelling and
testing in the succeeding Chapters and that, as we will see, these forms are closely related
and the connections between them are useful in further explaining inflation expectation
distribution in an economic psychology approach.
To begin with, we consider the division indices – the highest level of aggregation. The CPI
for any particular period t is a weighted average of all section indices computed from prices.
That is, we have the following division index form,

CPI t  wt , I t

(1.12)

where I t is a vector containing all division indices and wt is a vector containing all
corresponding weights. As the section index is the highest level of aggregation, dim( I t ) is
usually small. For example, both British and Swedish CPI are designed to include 12 sections
(Office of National Statistics 2012; Statistics Sweden 2001). Due to linear aggregation, the
CPI is a linear combination of all elementary aggregates. Therefore we have the following
elementary aggregate form,

CPI t 



t pt  t , pt

(1.13)

for all pt

where t is the product of all weights from the lowest level of aggregation up to the highest
level of aggregation for each elementary aggregate pt . Clearly, each t is strictly less than
one. Moreover, the more levels the aggregation is stratified, the smaller t for each
elementary aggregate.
14
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Below is an example of Eq(1.12). Consider that prices of seven elementary aggregates are
collected and the index of all items is constructed according to the following three-level
structure:
All
aggregates

Divisions

Groups

Elementary

Group A

p1

(0.2, 0.8)

p2

Section X
All item index

p3

(0.3, 0.7)

Group B

(0.9, 0.1)

(0.1, 0.3, 0.6)

p4
p5

Section Y

Group C

p6

(1)

(0.5, 0.5)

p7

Corresponding weights in parentheses
Weights at the group level can be represented by the following diagonal matrix,

0
0
0
0
0 
 0.2 0


0
0
0
0 
 0 0.8 0
 0
0 0.1 0
0
0
0 


G  0
0
0 0.3 0
0
0 
 0
0
0
0 0.6 0
0 


0
0
0
0 0.5 0 
 0
 0
0
0
0
0
0 0.5 

while weights at the division level and all item level can be represented by the following
matrix S and A ,

0
0
0 0 0
 0.3 0


0
0 0 0
 0 0.3 0
 0
0 0.7 0
0 0 0


S  0
0
0 0.7 0 0 0 
 0
0
0
0 0.7 0 0 


0
0
0
0 1 0
 0
 0
0
0
0
0 0 1 


0
0
0
0
0 
 0.9 0


0
0
0
0 
 0 0.9 0
 0
0 0.9 0
0
0
0 


A 0
0
0 0.9 0
0
0 
 0
0
0
0 0.9 0
0 


0
0
0
0 0.1 0 
 0
 0
0
0
0
0
0 0.1
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Then the vector  is the diagonal of the product of G , S and A . The diagonal of the
product matrix GSA is,

0.054 
0.216 


 0.063


  0.189 
 0.378 


 0.05 
 0.05 


Also, the trace of such matrix must be one. Finally the all item index is,
CPI   , p  0.054 p1  0.216 p2  0.063 p3  0.189 p4  0.378 p5  0.05 p6  0.05 p7

Finally, we introduce the price relative form. By introducing the Jevons formula into
Eq(1.13)for each elementary aggregate pt in CPI t 



t pt ,

for all pt

1/ n

p 
t pt  t   i ,t 
i 1  pi ,0 
n

n  p 
 Tt   i ,t 


i 1  pi ,0 

where

1/ n

p 
t   i ,t 
i 1  pi ,0 
Tt 
n 
pi ,t 



i 1  pi ,0 
n

and n refers to the number of price relatives in the elementary aggregates, that is, to the
number of prices collected. Note that all price relatives are equally weighted within the same
elementary aggregates as we simply substitute the Jevons formula into Eq(1.13). Also note
that, if the price relatives are lognormally distributed with shape  and location parameter  ,
then we have the following,
1/ n

p 
t   i ,t 
i 1  pi ,0 
Tt 
n 
pi ,t 



i 1  pi ,0 
n

1/ n

1 n  pi ,t 
2





n i 1  pi ,0 
1 e
e 2
 t
 t


2
t
n   2
n
1 n  pi ,t 
e



n i 1  pi ,0 

since, for lognormal distribution, the geometric mean is the median.
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In the case of the Carli formula, we substitute the Carli formula of Eq(1.11) into Eq(1.13).
We get,
n  p

1 n pi ,t
t pt  t 
 Tt   i ,t 


n i 1 pi ,0
i 1  pi ,0 

where

Tt 

t
n

Applying the above form to all elementary aggregates in Eq(1.13) we get the price relative
form,
m

pi ,t

i 1

pi ,0

CPI t   Ti ,t

 Tt ,

pt
p0

(1.14)

where m refers to the total number of price relatives used to construct the CPI. In reality, m is
usually a very large number. Examples can be seen in Table 1.2.
In summary, the CPI can be expressed in three different inner product forms,
Division index form :

CPI t  wt , I t

Elementary aggregate form :

CPI t  t , pt

Price relative form :

CPI t  Tt ,

pt
p0

The price relative form is the most fundamental form of a CPI and hence

pt
may contain
p0

more than ten thousand price relatives while the division index form is the most simplified
form. For the Swedish CPI there are twelve sections. In general,

p 
dim  t   dim( pt )  dim( I t ) . Table 1.2 below gives some examples of the numbers of
 p0 
division indices, elementary aggregates and price quotations of a few different countries.
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Country

Organisation

Division indices

Elementary
aggregates

Price quotations

Australian
Bureau of
11
Approx. 1000
8000
Statistics
Statisticshes
Germany
Bundesamt
12
Approx. 700
300,000
Deutschland
Statistics
Iceland
12
1000
50,000
Iceland
Bureau of
Japan
10
585
233,000
Statistics
Statistics
Norway
12
810
330,000
Norway
Statistics New
487 (686
New Zealand
11
150,000
Zealand
subitems)
Statistics
Sweden
12
600+
25,000+
Sweden
Table 1.2: Examples of the numbers of division indices, elementary aggregates and price
quotations of a few different countries
Australia

A CPI producer has to determine the weights of each item in different levels. Such
determination is solely based on the purpose – “A CPI measures changes in the cost of a
representative basket of goods and services. This involves weighting together aggregated
prices for different categories of goods and services so that each takes an appropriate share to
reflect the budgets of the household covered by the index” (United Nations 2009) –
regardless of practicality like the accessibility of data and feasibility of computations.
Therefore, the weights should reflect the pattern of household consumption while the prices
are those households pay for in their purchases. Such CPI is a theoretical one as it does not
take any practical issues into account and thus we need another definition for practical
purposes.
Definition 1.1: The target CPI is the one that should reflect the pattern of household
consumption regardless of practicality such as accessibility of data and feasibility of
computation. Furthermore, in notations,
CPI tTarget  Tt ,

ptT
p0T

(1.15)

where the superscript “ T ” refers to the elements of the target CPI formula. Prices simply
refer to the prices households pay and they may not be perfectly obtainable due to different
18
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reasons such as the number of prices in the target population and the complexity of the price
structure. Examples of complicated price structures include purchases with vouchers and
items on special sales. Weights here reflect the consumption pattern of households. Clearly
the sum of all weights must equal to one and each weight represents the proportion of a
category or an item in the entire consumption.
Hansen (2006) stated two reasons to have the target index although its production may not be
feasible in practice. First, it acts as a reference for the actual CPI. Second, a target is required
to measure any potential bias when the actual CPI is produced. These lead to the definition of
the actual CPI.
Definition 1.2: The actual CPI is an estimator of the target CPI such that (1) the weights of
the actual CPI are approximates of those in the target CPI and (2) the prices of the actual CPI
are the sampled ones of those in the target CPI.
CPI tActual  At ,

ptA
p0A

(1.16)

where the superscript “ A ” refers to the elements of the actual CPI formula.
What distinguishes the weights of the actual CPI from those of the target CPI is the
accessibility and the measurability of data (Dalen 1992). On one hand, weight data may not
be accessible in statistical practice due to budget restrictions. For example, it is not feasible to
interview every household about her consumption pattern. On the other hand, there might not
be direct measures on weight thus alternatives are needed. For example, in Sweden, national
account data is used in aggregate level while Household Budget Surveys (HBS) are used in
lower levels (Statistics Sweden 2001). These indirect measures then form approximates to the
weights.
We finish the section by summarising the construction of the official CPI. In doing so, we
provide graphical illustration (Figure 1.4) that can be further developed in future Chapters in
which we find a close relationship between inflation expectations and CPI. The target CPI is
based on the prices of the current and base period. The weight vector T is typically unknown
as information about household consumption is limited. That is, there is no way to obtain
perfect information. The target price relative ptT / p0T represents all price quotations of all
19
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households’ consumption and hence it is a theoretical one. Alternatively, if price relatives are
assumed to be continuous the weight vector can be expressed as a probability density





function Tt ptT / p0T . In practice, the actual CPI is computed. This is done by approximating
the weights thus we have the weight vector A in Figure 1.4. On the other hand, prices are
sampled so the resulting price relatives are the sampled ones which are denoted by the vector

ptA / p0A . Finally, the official inflation rate at t is

ptA
At , A
p0
ptA1
At 1 , A
p0

1 .

Note that this is, in fact, Eq(1.1).

p0

pt

Official

CPI

Statistics

or







Target
t

ptT
 Tt , T
p0

pt  pt   pt 
Tt   d  
p0  p0   p0 

where Tt ( ) is the density form of Tt

Sampled / Approximated

CPI tActual  At ,
or







ptA
p0A

pt  pt   pt 
At   d   where At ( ) is the density form of At
p0  p0   p0 
Inflation measure



ptA
At , A
p0
ptA1
At 1 , A
p0

1

Figure 1.4: The summary of the official statistics of CPI and inflation
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This section discussed the “prices” involved in measuring inflation with CPI in particular.
The general representation of CPI was introduced. This helps investigating the CPI in theory
and the CPI in practice based on the prices used in CPI computation. The results of this
section will be important to understand price expectations in later chapters.
1.1.3 What does it mean by “continuously”?
This section shows that the term “continuously” actually refers to “continuously in trend”. As
we shall see, general price fluctuates in real time but a discernible trend is observed if price
data is collected periodically.
To begin with, a few definitions of inflation are stated taken from different texts including
those of Ben Bernanke and Oliver Blanchard.
“A situation in which the prices of most goods and services are rising over time”
(Abel, Bernanke & Croushore 2008)
“A sustained rise in the general level of prices” (Blanchard & Sheen 2004)
“A persistent tendency for prices … to increase” in Oxford Dictionary of Economics
(Black 2002)
The common denominator of the above definitions is that inflation is not necessarily a
continuous increase in prices or in the general price level. Rather, an increasing trend of
prices or general price level is sufficient to constitute inflation. For the sake of illustration,
consider the CPI of the US between January 2002 and December 2012. It was 177.1 in
January 2002 and 229.6 in December 2012 thus there was a rise in the general price level
during this decade. However, this does not mean that CPI increased continuously within this
decade. In reality it may increase or decrease within a decade but it eventually increases to a
higher level since we know the beginning and the end of the decade. If we take a closer look
at the semi-annual scale we see that the price level oscillates but around an increasing trend.
It appears to be more oscillating if we take a monthly scale. Figure 1.5 below shows the
semi-annually and monthly CPI of the US between January 2002 and December 2012.
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Figure 1.5: CPI dynamic of the US between January 2002 and December 2012 in semiannually and monthly scale
The Billion Prices Project (official webpage http://bpp.mit.edu/ ) conducted by Alberto
Cavallo and Roberto Rigobon from MIT collected prices of a few different countries on a
daily basis and these prices are used to create daily CPI. Similar enough to the official
monthly CPI, they compute the CPI according to the official CPI methodology but with the
use of the online prices collected by a computer programme. In Cavallo (2013) the daily CPI
is plotted with the monthly CPI for the case of Brazil, Chile, Colombia and Argentina. Plots
of all these countries show that the daily CPI fluctuates frequently around a trend that is in
line with the official monthly CPI.
The next question is that why this happens? Consider that, in fact, prices covered by the CPI
come from numerous outlets. Since outlets do not change their prices at exactly the same
time we see that price change may occur within any time interval. As a result, the CPI which
is computed based on these prices changes between time intervals. For instance, a store
increases its price of pasta by $0.5 creating a very slight increase in CPI. The next hour
another store decreases its price of pork by $0.1 making a very small decrease in CPI. These
changes occur everywhere in anytime. Although the price of a particular item in a particular
outlet does not change frequently, prices of different items in different outlets change very
frequently.
Clearly, by collecting the price data quarterly or monthly, one cannot study the price
dynamics in between quarters or months. Fortunately it can be estimated by interpolation. In
a discrete time case, one has the following expression for the inflation rate,
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t   t t 

CPI t t
CPI t t  CPI t
 1  CPI t   t t 
CPI t
t

To estimate the CPI of any given point of time, the above expression can be transformed into
a continuous time case,
CPI t   t  dt 

dCPI t
dt

Then the solution of the above ordinary differential equation is,
t

 t dt
CPI t
 e 0  CPI t  CPI 0et t
CPI 0

By setting a fractional time scale, t  [0,1] and T  1 , the following expression is derived,
CPI t  CPI 0e

t
t
T

(1.17)

As an example, suppose that the yearly inflation rate is 4% and the CPI rises from 100 to
104. The expected CPI of any particular time within this year is given by,
CPI t  100et t

On the other hand, the actual price dynamics fluctuates and reaches 104 at the end of the
year. A possible expression to this is to incorporate a stochastic component to Eq(1.17). This
yields,
t

t

1
dWs
s 0 T  s

CPI t  CPI 0e T  (T  t ) 

t

where Ws is the Brownian motion. This stochastic term is the Brownian bridge (see
Appendix A1.3.4 for more information) process that guarantees that the process starts at

CPI 0 and ends at CPIT while the intermediate process is completely stochastic. Figure 1.6
below shows a sample path of Eq(1.18) with the dotted line showing Eq(1.17).
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Figure 1.6: Expected intermediate of CPI and a sample path of CPI with Brownian bridge
Therefore the price level fluctuates and exhibits a trend of increase. Such trend exists simply
because the CPI in the end of the year is higher than that in the beginning and hence the
intermediate path must show certain increasing pattern.
However, the intermediate path is never known in practice. A reasonable estimator for the
intermediate path is provided by Eq(1.17) as it converts inflation rate to different levels of
CPI based on the time variable. This equation clearly shows a continuously increasing pattern
and hence it is reasonable to assume that price level increases continuously.
The main assertion of this section is that price dynamics, in general, fluctuates, as seen in the
example, and that it is assumed to be increasing continuously given that there is an increase
in CPI from one point of time to another. Therefore, the term “continuously” is an
assumption.
This section has seen the definition of inflation as well as propositions and issues of related
concepts. The three questions considered helped bring in different dimensions of studying
inflation. First, a differentiation must be made between inflation and inflation rate. The
inflation rate is a quantitative measure of inflation. This differentiation is important since,
seen in the next section, it determines the nature of individual inflation expectation – an
expectation about inflation formed by an individual.
Second, the concept of the price level has been studied through investigating the design and
construction of the CPI. Related concepts such as theoretical and actual CPI are introduced as
a basic set up for further investigations of price expectations in coming chapter.
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Finally, the classical definition of inflation leads to a consideration of the nature of price
level dynamics. It is shown that price level dynamics is a fluctuating path and it can be
assumed that price level increases continuously.

1.2 Typology of inflation rate
This section gives some definitions and brief discussions of the following terms about
inflation and price: official inflation rate, theoretical inflation rate, perceived, inflation rate
and inflation expectation.
1.2.1 Official inflation rate
This is the inflation rate released by the government and is usually computed by the
government entity that is responsible for official statistics. This is shown in Figure 1.3 as,

At ,



ptA
p0A

pA
At 1 , t A1
p0

1

(1.19)

Clearly, it is a statistic since weights are approximated and prices are sampled. This implies
that there are two sources of sampling error.
1.2.2 Theoretical inflation rate
This is the rate of change of the theoretical CPI and therefore it is a parameter and is never
known. The estimator for this is the official inflation rate introduced above. Although its
mathematical form is not stated explicitly, one can, by using the notations in Figure 1.3,

Tt ,
imagine that it has the form  TARGET 

ptT
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ptT1
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1 .

1.2.3 Perceived inflation rate
The perceived inflation rate plays a key role in inflation expectation since individuals cannot
form reasonable expectations without acknowledging past prices. After acknowledgement is
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a process that constructs mental representations of the information available in the
environment and the result of such process is a perception (Kellogg 2003).
When an individual produces an inflation perception, she has some ideas about what inflation
is. However, she may not know the official formula for inflation rate (Eq (1.1)). As a result,
she has some other inflation rate formulation in mind. Since this formulation is different form
the official, it is called “heterological inflation perception”. If an individual knows the exact
form of the official inflation rate, then her inflation rate formulation in mind is the same as
Eq (1.1).
In the light of Section 1.1.1, the mathematical presentation of the homological (Eq (1.20))
and heterological (Eq (1.21)) perceived inflation formed at time t based on current ( t ) and
past ( t  1 ) prices is given by the following equations respectively,
tp 
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Clearly Eq(1.20) and Eq(1.21) are both inflation measure functions and are both elements of
the inflation measure function space  described in Section 1.1.1. In both equation, there are
perceived prices involved and, by the definition of perception, the perceived price can be
described as mental representations of prices in the environment. The natures and the
formation of perceived prices will be discussed in succeeding chapters.
1.2.4 Inflation expectation
Inflation expectation refers to the inflation rate that an individual formed about the future
inflation. Similarly to the perceived inflation rate, this kind of inflation rate is subject to
individual heterogeneity due to different inflation measure functions. They are called
“homological inflation expectation” and “heterological inflation expectation”. As an analogy
to Eq(1.20) and Eq(1.21), the homological and heterological inflation expectation of t  1 at

t is given by,
e
t t 1 

t
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te1 refer to the inflation expectation about t  1 formed at t . Also note that price

expectations t pte1 are involved in inflation expectations.

1.3 Methodology
As the title suggests, this treatise is concerned with analysing inflation expectation based on
an economic psychology approach and hence the methodology used is also closely related to
psychology.
The branch of psychology that concerns inflation expectation formation is cognitive
psychology as it studies the science of mind. Like in economics, theories in cognitive
psychology are considered valid and sound if they are supported by appropriate hypothesis
tests. It is worth to note that there are several alternative theories compatible with a certain
phenomenon. That is, there is no unique solution to certain problems. Furthermore, there may
not be conflicts between these explanations – they may coexist with compatibility. There are
mainly two approaches in cognitive psychology namely behaviourism and the information
processing (IP) approach. The following statement made by van der Heijden and Stebbins
(1990, p.197) perfectly summarises the difference between these two approaches,
“The ‘standard’ account of behaviour, phrased in strictly external terms, was replaced by a
‘realist’ account, phrased in terms of internal entities and process”
Psychology, like other sorts of sciences, can be viewed as explaining different phenomena by
discovering the interior of the black box that produces these phenomena. Behaviourism tends
to explain cognitive phenomena in “external terms”, such as observable variables, ignoring
the mental process inside the black box. In doing so, it emphasises the observable stimulusresponse relationship (input-output relationship). On the other hand, the IP approach studies
the mental process. As the name “information processing” suggests, it assumes an individual
perceiving and processing information before an output is created. This assumption is clearly
in doubt due to its abstraction. In fact, any cognitive architecture theory created by the IP
approach psychologists is proved based on empirical data and relevant theories. Palmer and
Kimchi (1986, pp.60-62) summarises the methodology used in the IP approach,
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“Many IP psychologists use personal introspection as a source of ideas and hypotheses about
cognitive events. Of course, these must then be subjected to more rigorous evaluation by
measuring observable behaviour in others to be scientifically respectable, but this is a
standard procedure for much IP work in cognitive psychology”
In short, behaviourism and the IP approach studies the exterior and the interior of the black
box respectively.
This treatise follows the IP approach for three reasons. First, behaviourism heavily relies on
the experimental setting as it is focusing on stimulus and response and experimental setting is
usually not possible in studying macroeconomics. Although one may design an experiment
with subjects perceiving inflation information and forming their inflation expectations, such
experiment would not be realistic due to the fact that, in reality, economic agents are exposed
to numerous different types of information and the choice of information used to form
inflation expectation is subjective. Moreover, one may simply interview different economic
agents for their inflation expectation and attempt to study inflation expectation formation.
Yet, although information (the stimulus) in the economy is observable, it is not possible to
identify what information the agents have used and hence the stimulus-response relationship
cannot be well investigated. Second, behaviourism does not allow mathematical modelling
the formation of inflation expectation. The stimulus-response relationship focuses on the
input and output of the black box and the black box is not studied. As a result, it is not
possible to understand and model the process of forming inflation expectation. For instance,
Pavlov’s dog experiment for studying classical conditioning describes how the conditioned
stimulus (the bell) replaced the unconditioned stimulus (food) in the stimulus-response
relationship. Third, behaviourism has been a declining branch in cognitive psychology due to
its failure in explaining certain complex behaviour. Several arguments have successfully
challenged behaviourism including the famous Chomsky’s critique of behaviourism
(Chomsky 1959). Finally, due to its popularity, the IP approach has become the dominate
approach to study cognitive psychology. These studies, of course, have found that people
adopt the IP approach when making decisions. These studies include economic literature
(Schoemaker 1982).
What the IP approach leads to our study of inflation expectation formation is, first, a
conceptual framework that explains how inflation expectation is formed in mind, and then a
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mathematical model that allows us to study inflation expectation formation in a quantitative
setting. As already discussed, this model is based on theories in cognitive psychology which
provide a solid theoretical background.
The second part of our study concerns estimating and testing the mathematical model on
empirical data. On one hand, cognitive psychology specifies the underlying distribution of
the perception based on the central limit theorem for median. On the other hand the
mathematical model of perception is a function of random variables. Therefore, inflation
expectation, the output of the mathematical model, should follow some distribution. Since
economic agents are heterogeneous in terms of cognition and information perceived and
experimentation is not possible, we use raw survey to test the model by comparing the
distribution of the empirical data and the hypothesised distribution derived from the model.
Furthermore, we apply this mathematical model to investigate how agents utilise information.
Survey data have a few advantages, both theoretical and empirical. First, rather than
proposing hypotheses about how agents form expectations, we may simply go and ask for
their expectations about future inflations. Unsurprisingly, survey is a commonly used method
in psychology research. Second, survey data contains useful information about the future
average inflation rate. Englander and Stone (1989) assesses future inflation forecast
performance of three different surveys: the University of Michigan Institute for Social
Research Survey (MICH) capturing the expectation of consumers (ordinary economic
agents), the Decision Makers Poll (DMP) capturing the expectations of individuals active in
the financial markets and the Blue Chip Consensus (BCC) capturing the expectations of
professional economists and industry-based forecasters. In between February 1982 (when
DMP became available) to August 1988, BCC had slightly lower root mean-squared errors
(RMSE) than MICH while DMP had the highest RMSE. When considering only BCC and
MICH based on all available data dated from February 1980 to August 1988, MICH
outperformed BCC with lower RMSE. This shows that consumer survey has the greatest
predicting power. Third, survey data is useful to understand consumers’ psychology in the
sense that survey respondents, in fact, act on their survey responses. For examples,
Armantier, Bruine de Bruin, Topa, van der Klaauw and Zafar (2012) conducted two surveys
of inflation expectation and an investment experiment to see if inflation expectations and
investment decisions are correlated and found that consumers do act on their survey
responses. A possible explanation to this is that, although survey studies are often thought of
29

Understanding Economics of Inflation Expectation in Light of Modern Cognitive Psychology

being unreliable due to the limited incentive of respondents to predict future inflation rate,
respondents have limited or even no incentive at all to form inflation expectation in reality. In
low inflation countries, inflation rates fluctuate in a rather small range and households
generally do not have consumption plans for a long horizon partly because of unpredictable
future income. Furthermore, even if there is such incentive to predict future inflation rate,
resources and effort devoted to accurately predict future inflation rate may outweigh the
benefits brought by correctly predicting future inflation rate. We shall discuss this in details
in Chapters 4 and 5.
The above is a general preview of the methodologies applied in this treatise. Other research
methods and mathematical tools used in more subtle and detailed sections include survey in
an experimental setting in Chapters 3 and 4, and random matrix theory, time series analysis
and extreme value analysis in Chapter 5.
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This chapter starts with a preview of cognitive psychology with a strong focus on memory as
any thinking, reasoning and hence decision making is based on the information and
knowledge we have in our memory. The main contention is that human cognition is limited
in the sense that only a certain amount of information can be retrieved from the memory and
that only very simple computation can be carried out. What follows is a discussion of current
expectation hypotheses in the realm of economics. Finally, we reach the discussion of
expectation theories in psychology. This order of discussion has the advantage that
preparatory materials in psychology should be addressed before we can discuss expectation
hypotheses from a psychology perspective.

2.1 Cognitive psychology background: Theories of the memory system
So why is the theory of memory discussed? Simon (1981) suggested three levels of
developing human cognitive processes. At the lowest level is the study of neural processes in
which a biological approach is taken. At the intermediate level are the elementary
information processes in which memory is one of the most important topics. Problem solving
and judgement making are at the level of higher mental processes. In fact, the IP approach
develops cognitive theories at the intermediate level. Simon (1964) suggested that “human
thinking can be explained in information-processing terms without waiting for a theory of the
underlying neurological mechanisms”. It is because, as Simon explained, when the most
fundamental theories, such as those in neuroscience, are well understood, we can emerge a
higher level of theories in a parsimonious way. For instance, most high school calculus
textbooks introduce the formula
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In addition to parsimony, any information utilised for reasoning and decision making must be
stored in some form of memory. In order to form inflation expectation, one must have some
inflation related information learned in the past. Yet, whether the necessary information is
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available for use in future depends on successful retrieval from the memory. Thus it is
impossible to study inflation expectation formation without studying the memory system.
The objective of this section is to (1) provide some preparatory materials for studying
expectation hypotheses from a psychology perspective and (2) provide a solid foundation for
building a cognition model in the coming chapters. As such, our focus on studying memory
system is restricted to problem solving and reasoning rather than some primary level of
cognition like visual pattern recognition and sensory information perception. Moreover, in
doing so, we place a strong focus on how information is involved in the memory system.
It is always easier to have a glance of the big picture before digging into deeper level of
discussion. The figure below briefly outlines how the entire memory system works in terms
of information exchanging. This model was first proposed by Atkinson and Shiffrin (1968)
and is virtually used in every textbook in cogntive psychology.

Sensory
memory

Input

Short term
memory

Long term
memory

Output
Figure 2.1: Information exchanging in the memory system.
To explain, a real life example is used. Consider one is asked “What is the answer of twelve
times two?” This question forms the input of the memory system and it is inserted into the
sensory memory when it is asked. This question is quickly passed to the short term memory
for further processing. To solve for the answer, she has to recall the following pieces of
information: the numbers “12” and “2” and the operator “  ”. These are retrieved from the
long term memory. In addition, the skills required to calculate the answer is also retrieved
from the long term memory. All information including the facts (in this example, the
numbers and the multiplication operator) and the skills (the skills to calculate) are combined
to work out the answer in the short term memory. This is shown by the bent arrow
representing recursion in the short term memory. Finally the output is produced once the
calculation is done.
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Another example involves learning the multiplication rules. Consider that one is studying the
multiplication table by reading it. The image of the table is shortly stored in the sensory
memory and the image of the table and the abstract multiplication rules in the short-term
memory. They then are passed to the long-term memory for future recalls. When a task
requires these rules, such as in the previous example, these multiplication rules are retrieved
from the long-term memory.
These examples are similar in the extent that both require the exchange of information
between different components of the memory system. Yet, as we shall see, the short-term
memory can be studied in two different approaches depending on the purpose of storage and
the state of mind.
2.1.1 Sensory memory: The first encounter of information
The first component of the memory system that encounters the perceived information is the
sensory memory which can be further categorised into two forms: iconic memory and echoic
memory. The former refers to the image perceived by eyes while the latter refers to auditory
information perceived by ears. Here we just briefly summarise the research related to these
two forms of sensory memory as they are not important components in understanding
inflation expectation formation. In an experimental setting, Sperling (1960) found that iconic
memory only lasts for 200 – 300 milliseconds yet its capacity is very large and almost all
content shown to the subjects could be recalled. Similar finding of short duration also
appeared about echoic memory – Darwin, Turvey and Crowder (1972) found that echoic
memory lasts for 2 seconds far longer than iconic memory. Yet last studies show that part of
the echoic memory was already in the short-term memory and hence echoic memory also
lasts for approximately 200 – 300 milliseconds (Crowder 1982 and Penney 1989).
2.1.2 Short-term memory (STM): The intermediate storage
The term “Short-term memory” is a relatively old term as more recent studies have shown
that it is more than simply an intermediate storage of information; it also maintains
information during a cognitive task such as reasoning and problem solving and hence the
short-term memory is also called the working memory. To distinguish this concept from the
traditional view of short-term memory, we shall discuss the working memory in the next
section.
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Our focus is on the limitation of the short-term memory as it equips us with practical
information for building a mathematical cognition model. One limitation of the short-term
memory is the duration. Depending on the materials used in the experiment and the method
of estimation, it is generally believed that the duration of the short-term memory is between
10 to 30 seconds (Cowan 1988). It is because the short-term memory is an intermediate one
such that information is temporarily staying before it may or may not pass through to the
long-term memory. Another limitation of the short-term memory is its capacity. In Miller’s
“The magical number seven, plus or minus two: some limits on our capacity for processing
information” (1956), one of the most famous papers in studying memory, it was shown that
one can remember seven items with plus or minus two for individual differences. In short, the
capacity of the short-term memory is very small.
We finish the section by discussing the issue of separating the short-term and long-term
memory. In fact, the difference between the short-term and long-term memory lies within
their duration and capacity. An experiment conducted by Peterson and Peterson (1959) found
that information cannot be recalled after a short period of time implying another form of
memory for longer term. On the other hand, Miller’s finding suggests that the short-term and
long-term memory are different in terms of capacity.
2.1.3 Working memory (WM): The operational side of STM
Working memory is the operational side of the short-term memory. It was first discovered by
Baddeley and Hitch (1974) but since then numerous developments and refinements have
been made. The latest integrated work on working memory is Baddeley’s “Working
Memory, Thought, and Action” (2007). This is a very well organised book that integrates the
latest research in this area by outlining the findings and gives brief explanations without
addressing the details of the corresponding experiments.
Baddeley’s study makes a distinction between the short-term memory and the working
memory due to the purpose of storage and information manipulation. First, it appears that the
working memory retains information during cognitive events such as calculation, as seen in
the first example in the beginning of this chapter, while the short-term memory retains
information as an intermediate form of storage before passing into the long-term memory, as
seen in the second example. For example, in the first example of calculating twelve times
two, one may choose to first solve the problem of “two times two” then “one times two” in
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order to make the final answer of twenty-four. Yet in between these two steps of calculation,
it is required that the answer of four from calculating “two times two” is temporarily stored
in the working memory such that the answer of two from calculating “one times two” is not
forgotten. Under the framework of the short-term memory, there is no room for temporary
storage for the intermediate answer of four from calculating “two times two”. Therefore,
there is a need to describe some form of memory that allows for temporary storage during
“working”. In other words, the short-term memory is a static intermediate storage while the
working memory is an active temporary storage for cognitive events such as reasoning and
problem solving.
Second, it is found that the working memory is involved in information manipulation and
processing. The latest model of working memory developed by Baddeley (2007 and 2011) is
a highly complicated model. Unlike the short-term memory which is described as a unitary
model, the model of the working memory is a multicomponent model consisting of a central
executive that administrates tasks between the other three components: the visuospatial
sketchpad, the phonological loop and the episodic buffer, as shown in Figure 2.2.
Central
executive

Visuospatial
sketchpad

Episodic
buffer

Phonological
loop

Long-term memory
Figure 2.2: Inside the working memory. Note: the model developed in Baddeley (2011 and
2012) removed the connections between the central executive and the two peripheral
components (as shown by the two blue arrows) while in the older version of Baddeley
(2007) and literature before this features a completely connected model.

Similarly to the short-term memory, the working memory is connected to the long-term
memory as well as to those three peripheral components in particular. However it is different
from the short-term memory that the working memory itself is not just a unitary store.
Rather, it has a central executive that instructs the three peripheral components for
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information processing and manipulation. The reason behind this is that the working memory
has the function of manipulating iconic and echoic information since iconic and echoic
information, if available for retrieval in future, are stored in the long-term memory in a
semantic form (Sachs 1967). Such information manipulation is in fact transforming and
combining iconic and echoic information into a semantic one. As a result, the phonological
loop and the visuospatial sketchpad are part of the working memory.
Here we only give a brief statement about these peripheral components as they are of no high
importance to inflation expectation formation. The phonological loop is a store for (1) verbal
and (2) auditory information including auditory rehearsal mechanism in which information is
rehearsed to prevent information from decay. The visuospatial sketchpad stores visual and
spatial information. It is the visual and spatial information equivalence of the phonological
loop except for the fact that rehearsal mechanism is only stored in the phonological loop as
rehearsal is in the form of auditory information. Consider that one tries to memorise a phone
number written on a piece of paper. She tries to memories it by rehearsing the number in the
form of reading it in mind or reading it out. Thus rehearsal does not take the form of visual
information and it is stored in the phonological loop. The episodic buffer serves to
manipulate and combine the information from the visuospatial sketchpad and the
phonological loop (as shown by the dashed arrows in Figure 2.2) hence information can be
encoded into or retrieved from the long-term memory. What follows is that this multiple
component system requires central supervision and this is done by the central executive. The
central executive acts as a central processor of the whole system and hence has no room for
storage. It is believed to contain some execution functions but the details of these functions
are still under research (Baddeley 2012). It is worth to note that the working memory model
is still under development and refinement. The Baddeley (2007) model assumes connections
between the central executive and the two peripheral components, as shown by the blue
arrows. However, a refinement was made in Baddeley (2011 and 2012) assuming that the
episodic buffer is the centre of the entire system. This change is still on the agenda of future
research as Baddeley described the graphical illustration of this new model as “speculative”
(Baddeley 2012).
Despite that the working memory model may sound abstract and sophisticated, the validity of
this model is verified by positron emission tomography (PET) and functional magnetic
resonance imaging (fMRI). fMRI applies the fact that the active part of the brain requires
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more oxygen and thus, by observing the change in blood content in different parts of the
brain, one can find out the particular part of the brain used for particular cognitive events.
The working memory framework is verified by observing the shift of the change in blood
content representing the shifts of activation between different components in the working
memory (Smith & Jonides 1995; Roberts, Robbins & Weiskrantz 1996).
2.1.4 Long-term memory (LTM): The ultimate storage
The long-term memory is the largest component of the memory system in terms of capacity
as well as the longest duration. Generally speaking, any information in the mind that is not
stored in the sensory and short-term memory is stored in the long-term memory. By
considering the nature of the information, the long-term memory can be viewed as formed by
explicit and implicit memory.
Explicit memory refers to fact related information such as the price of a kilogram of potatoes,
when the food was bought, etc. That is, facts that can verbally be recalled. Explicit memory
can further be divided into episodic and semantic memory. The former refers to experience
related information while the latter refers to factual and conceptual information. The
difference between them is that episodic memory is tied to experience and is time related. For
example, one remembers that she went to a supermarket and saw that the price of a kilogram
of beef was eight dollars. This is an experience and is time related thus is part of the episodic
memory. In contrast, the actual fact that the price of a kilogram of beef was eight dollars is
part of the semantic memory. Two implications can be drawn here. First, semantic memories
tend to last longer than episodic memory because episodic memories can be lost leaving only
semantic memories (Goldstein 2010). For instance, it is easier to remember the fact that the
price of a kilogram of beef is eight dollars than that going to the supermarket four days ago
and seeing the price of a kilogram of beef being eight dollars. Second, it is easier to recall an
episodic memory with a relevant semantic memory as a cue, or vice versa. This is due to the
association between the cue and the memory.
Implicit memory refers to unconscious memory such as driving and mental calculation.
Although implicit memory can be verbally described it cannot be verbally recalled. Three
different types of memory fall within the group of implicit memory; namely priming,
procedural memory and conditioning. Here we only focus on procedural memory due to its
relevance to inflation expectation formation. Priming refers to the effect that a pervious
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stimulus is primed and such prime affects the response of a later stimulus. Procedural
memory refers to skill memory such as mental arithmetic. Conditioning refers to cognitive
learning behaviour. An important class of conditioning is classical conditioning. An example
of this type of conditioning is the well-known Pavlov’s dog.
2.1.5 Concluding remarks on the memory system
This section serves as a summary of the memory system. A few points are addressed here
since the previous sections discuss the different types of memories separately and slightly
different findings have been found upon different approaches.
The Atkinson and Shiffrin model categorises different components of the memory system
according to capacity and duration. This is summarised in the below table.
Sensory memory

Short-term memory

Long-term memory

Duration

200-300 milliseconds

10-30 seconds

Years

Capacity

Large

7 ± 2 items

Very large

Table 2.1: Summary of the memory system
The emphasis here is that although the entire memory system is characterised by a multiple
component model, the distinctions between the components lie in different length of
durations and different levels of capacity (Cowan 2008).
To avoid any confusion, we summarise the major differences between the short-term memory
and the working memory. First, the short-term memory is a relatively old concept in which
the short-term memory is a single-component memory that serves as a static storage. Second,
the working memory is a multiple-component memory within which different components
closely interact with other components, such as the long-term memory, outside the working
memory but within the entire memory system under the supervision of the central executive.
Third, the working memory and the short-term memory are not separate entities – the
working memory is simply the operational side of the short-term memory that provides some
insights of how the short-term memory works with other components in the entire memory
system in a coherent way. Despite the above mentioned differences, it is worth to note that
both the working memory and the short-term memory are of very limited capacity and short
duration, with the exception of the central executive which has no storage due to its
supervision role.
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In the coming section, we continue to discuss the memory system. Yet we do not consider
each component separately because our discussion is applicable to all components.
2.1.6 How memory works: encoding, storage and retrieval
The previous sections of this chapter addressed different components in the memory system
by discussing the characteristic differences between them, namely their durations and the
capacities. In this section, we focus on how the short-term (also the working memory) and
long-term memory work.
Briefly speaking, an information flow involves three stages: a piece of information is first
encoded into the memory and then stored until it is retrieved. These three stages are
illustrated by Figure 2.3 below. For a piece of information to be recalled successfully, there
cannot be failure in any of these stages.

Encoding

Retrieval

Storage
Memory

Figure 2.3: The three-stage process of how the memory works
Encoding is the process in which information is written into the memory. There are mainly
two factors contributing to successful encoding. The first is repetition and rehearsal.
Repetition and rehearsal are similar in the sense that in both cases information is perceived
repeatedly. However, repetition refers to repeating an information perception externally, such
as looking at the price tag repeatedly during shopping; while rehearsal refers to repeating this
perception in mind, such as rethinking and recalling the price or, visually, reimaging the price
tag in mind. Repetition and rehearsal are very important in keeping information in the shortterm memory; they are necessary for not forgetting. Repetition and rehearsal also help
encode a piece of information into the long-term memory. In fact, it was thought traditionally
that repetition and rehearsal were the only ways to transfer information from the short-term
memory to the long-term memory.
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Later on, studies found that the level of processing is another factor that influences
information encoding in the long-term memory (Craik & Lockhart 1972). This refers to the
way information is encoded. For instance, assume one has to remember a 4-digit number
“$15.62”. How likely this 4-digit number is remembered depends on how deep it is encoded.
Although one may simply rehearse it in mind twice, a deeper way to encoded is to create a
“story”. For example, one may view this 4-digit number as two runs of numbers – “1-2” and
“5-6”. Alternatively, one may notice that the locations of these four digits form a
parallelogram on the number pad of the computer keyboard as shown in the figure below.
7

8

9

4

5

6

1

2

3

0

.

Figure 2.4: The sequence “1,5,6,2” form a parallelogram on the number pad of a
computer keyboard
The second component of how memory works is related to storage. For any information to be
remembered there should be no loss in the storage process. There are two common theories
to explain information loss in storage – the decay theory and the interference theory. The first
study related to the decay theory was done by Hermann Ebbinghaus in 1885. His work “Über
das Gedächtnis” describes how much information can be recalled after different periods of
time. Peterson & Peterson (1959) conducted an experiment to see how much information the
subjects can recall over time. A plot of the number of correct recalls against time shows a
decreasing trend. An explanation to this is that neuron storing information dies out over time.
Later it was found that the amount of information that can be recalled follows a power law
(Wixted & Ebbesen 1991) given by,
R  kT  a

where R is the retention level such as the probability of recall or the proportion of
information recalled, T is time and k and a are constants. In contrast, the interference theory
suggests that time is not the reason of forgetting. Instead, information is properly stored and
it is forgotten only if some new piece of information interferes with it.
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The last component of how memory works is retrieval. Two factors control successful
retrieval: availability and accessibility. Availability refers to the availability of information to
be retrieved. That is, a particular piece of information can be retrieved only if it is in the
storage available for retrieval. Yet this is only a necessary but insufficient condition for
retrieval. Retrieval also requires accessibility, which heavily depends on the association
between the information and the retrieval cue. For instance, the term “prices” is easily
retrieved when one is exposed to the term “inflation”.
As a final note, it is worth to mention that information is stored in groups called chunks.
When information is encoded in chunks, it is also compressed, so there might be information
loss. For instance, after one has seen the price “$29.90”, this price might be stored in a chunk
as “$30”.
2.1.7 Summary
Before reviewing the theories of expectation in the coming sections, some key points of the
theories of memory should be emphasised. These key points are useful in explaining different
sorts of psychological behaviour including forming inflation expectations. These key points
are:


Long term memory is similar to the hard disk of a computer in which permanent
information is stored. It is connected to the short term and working memory in which
information is successfully retrieved from the long term memory to the short term and
working memory.



Due to their limitations, short term and working memory can only carry out simple
information processing such as simple arithmetic and temporary storage of
information. The usual capacity is a chunk which is approximately 7 items depending
on the compression and complexity of the information.



Also due to the limitation of the short term and working memory, there is a bottleneck between the long term memory and the short term memory in the sense that,
although there is a massive amount of information in the long term memory, only a
small amount of information can be retrieved and processed in the short term and
working memory.
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Successful retrieval of information depends on a number of factors: (1) successful
encoding (repetition and rehearsal) and the level of processing; (2) successful storage
(information should be free from decay and interference with other information), and
(3) successful retrieval (availability and accessability).

2.2 Expectations hypotheses in economics: Its evolution and current
research direction
This section provides a brief review of the evolution of expectation hypothesis in economic
literature. Rather than giving all different sorts of arguments in supporting or criticising the
different hypotheses, here we focus on the development of expectation hypotheses and on the
behavioural approach.
2.2.1 Perfect foresight
Perfect foresight is the earliest form of expectation hypothesis in economics. It simply means
that agents can perfectly predict the future price. In other words,
t

pte1  pt 1

where t pte1 is the price expectation about t  1 formed at t . The notion of perfect foresight is
closely related to the concept of equilibrium. Hayek (1928) suggested that at any given point
of time there are different price movements in the market. For an equilibrium to exist prices
must be coherent such that market participants have perfect foresights about future prices.
However, succeeding expectation hypotheses challenge this view by studying equilibria
under different hypotheses and, anyway, the idea that one can perfectly predict the future
seems to be an unrealistic assumption in economic analysis.
Moreover, perfect foresight is a descriptive concept, not a predictive one..
2.2.2 Naïve expectation (NEH)
Similarly to the perfect foresight hypothesis, the naïve expectation hypothesis has a very
simple form,
t

pte1  pt
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In this case, agents simply take the current price as their expectation of the price in the next
period, so the current price is the predictor. Although this expectation hypothesis might
oversimplify how agents actually form their expectations, its use in the traditional cobweb
model provides a solid reasoning for analysing the dynamics of supply and demand. The
naïve expectation hypothesis is also closely related to the existence of equilibria under
different situations (e.g. Kaldor 1934 and Ezekiel 1938).
2.2.3 Adaptive expectation (AEH)
The adaptive expectation hypothesis emerged in the 1930s (Fisher 1930) and became popular
in the 1950s (see e.g. Cagan 1956 and Nerlove 1958). It has the following form:
t

pte1 

t 1

pte   ( pt  t 1 pte )

where 0    1 and the bracketed term is the error the agent committed in the previous
period. Alternatively, we can write
t

pte1   pt  (1   ) t 1 pte

meaning that the expectation formed this period about the next period is a weighted average
of the current price and the previous expectation. The parameter  determines the role of the
current price in forming the new expectation. Clearly, with   1 the naïve expectation is just
a special case of the adaptive expectation. Finally, by backward iteration we obtain
n

t

pte1    (1   )i pt i  (1   ) n 1 t n 1 pten
i 0

This shows that for large n the latest expectation is the exponentially weighted average of all previous
expectations.

2.2.4 Rational expectation (REH)
While NEH and AEH assume that agents only use price or price related information to form
expectation, according to the rational expectation hypothesis (REH) agents use all available
information as information is scarce. This ground breaking idea and the related hypotheses
have been dominating macroeconomic expectations since the 1960s. For the sake of review
we shall go through the development of this hypothesis chronologically.
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The origin of REH is Muth’s famous paper “Rational Expectations and the Theory of Price
Movements” (1961). Because of the different interpretations2 or even misinterpretations of
REH3, we first focus on the Muthian REH. It has the following six characteristics.
First, it asserts a homogeneous information set. Muth suggested that the “expectation of firms
(or more generally, the subjective probability distribution of outcomes) tend to be
distributed, for the same information set, about the prediction of the theory (or the “objective
probability distributions of outcomes)” (Muth 1961, p.316). Mathematically,
Ii  I

(2.1)

where I refers to the information set and i refers to individual i and for the sake of
simplicity the notation of time is dropped. This implies that every agent has the same set of
information for expectation formation.
Second, in the abstract of the paper, Muth suggested that expectations “are essentially the
same as the predictions of the relevant economic theory” (Muth 1961, p.315). This means
that,
pie  fi ( I )

(2.2)

where f i refers to the “relevant economic theory” or model used by individual i .
Third, Muth suggested that “it does not assert … that predictions of entrepreneurs are perfect
or that their expectations are all the same” (Muth 1961, p.317). This implies that their
predictions may or may not be the same. That is the expectation of individual i and j ,
pie  p ej or pie  p ej

(2.3)

Fourth, what follows from Eq(2.2) and Eq(2.3) is that,

The long history of REH and the ambiguity in Muth’s paper has led to diverse interpretations. A massive
amount of recent studies do not cite Muth’s paper. According to Hoover and Young (2013), citations that do not
condition on the term “Muth” was 509 in the 1970s, 3150 in the 1980s and 2854 in the 1990s.
3
As Muth wrote in his letter to Lovell about the failure of REH to pass the empirical test, “My original paper
was largely a reaction against very naïve expectation hypothesis juxtaposed with highly rational decisionmaking behavior and seems to have been rather widely misinterpreted” (Hoover and Young 2013, p. 1186).
2
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fi ( I )  f j ( I ) or f i ( I )  f j ( I )

(2.4)

That is, given the same information set but different predictions among agents, the “relevant
economic theory” used by agents must be different. Therefore, REH implies heterogeneous
predictors.
Fifth, in regard to expectation formations and the structure of the economy, Muth asserted
that “there is, however, little evidence to suggest that the presumed relations bear a
resemblance to the way the economy works” (Muth 1961, p.315). It means that,
fi  F

(2.5)

where F refers to the true structure of the economy.
Finally, in regard to expectations and their realisations, Muth suggested that “the random
disturbances are normally distributed” (Muth 1961, p.317) and that “the profit opportunities
would no longer exist if the aggregate expectation of the firms is the same as the prediction
of the theory” (Muth 1961, p.318). Therefore, disturbance can be expressed by the following
expression,
( pie  p) ~ N (0, 2 )

(2.6)

In addition to the above characteristics of REH asserted by Muth in his paper, several
implications of expectation formations at the individual and aggregate level can be drawn.
The first implication concerns expectation formation at the individual level. Muth stated that
“…this purely descriptive hypothesis with a pronouncement as to what firms ought to do, we
call such expectation ‘rational’ ”. This means that (1) REH itself is not behavioural; it does
not attempt to describing how agents actually form expectations. This has been clarified by
Lucas, a supporter of REH, that “As Muth made clear, this hypothesis (like utility
maximization) is not “behavioral”: it does not describe the way agents think about their
environment, how they learn, process information, and so forth. It is rather a property likely
to be (approximately) possessed by the outcome of this unspecified process of learning and
adapting”. (2) Lucas interpretation implies that REH is not the only hypothesis capable of
explaining the data. It is because, unlike the outcomes (expectations), the process of learning
46

Understanding Economics of Inflation Expectation in Light of Modern Cognitive Psychology

and adapting is not observable and REH attempts to explain the dynamic of expectation with
certain assumptions imposed. Clearly, there exist other ways to explain this dynamic given
the observable outcomes. (3) Muth has put forth very clear that REH is a definition; it gives
criteria of what expectations should be called “rational”.
The second implication is about expectation formation at the aggregate level. (2.6) suggests
that the aggregate expectation is equal to the true value of the economic variable – the nonsystematic errors among agents cancel out at the aggregate level. Since the observable
outcome is the aggregate expectation of agents, REH is (at least, seem to be) testable. In fact,
Muth (1961, p.316) put “the objective of this paper is to outline a theory of expectations and
to show that the implications are – as a first approximation – consistent with the relevant
data”. Combining (2.2) and (2.6), Muth implies that the “relevant economic theory” together
with the “relevant data” proves that REH is valid. Put it precisely in mathematical terms,
 relevant economic theory 
 relevant data
consistent with

(2.7)

Since Muth did not specify what “relevant economic theory” and “relevant data” are (that is,
not all theories or data), this allows us to apply the existential quantifier. (2.7) suggests that
REH is, in fact, not a working hypothesis; it cannot be proved if it is true or false since
“relevant economic theory” and “relevant data” are not specified. However, one may decide
whether REH is true or false by considering different economic theory and data, resulting in
an endless debate. On the one hand, economists supporting REH can always define certain
“available information” (or, alternatively, economic theory or data) so that REH is immune
from falsification (Attfield, Demery & Duck 1985). On the other hand, the opponents of REH
can specify an econometric model to falsify REH, though economists supporting REH can
always refute by criticising the econometrical model or the explanatory variables used.
Since the rise of REH, economists have been trying to interpret Muth (1961) in different
ways as certain statements and terms are left unexplained. The literature on interpreting and
applying REH is vast so it is not discussed here. Yet, it is worth to mention that two major
forms (strong and weak form) of REH have been derived based on, again, Muth (1961,
p.316) that “expectation of firms (or more generally, the subjective probability distribution of
outcomes) tend to be distributed, for the same information set, about the prediction of the
theory (or the “objective probability distributions of outcomes)”. Thus the strong form about
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the probability distribution derived by Lucas (1976) is that the subjective distribution ( DS )
and objective distribution ( D ) are distributionally equal
dist

DS  D
for p ~ D

about the above expression applied to every period but the time subscript is dropped for
simplicity. The weak form derived by Sargent and Wallance (1976) refers to,
t

pte1  Et  pt 1 | It 

Clearly, the strong form implies the weak form but not vice versa. The connection between
these two forms is that the weak form is the averaged rational expectations while the strong
form is more restricted. Pesaran and Weale (2005) show that the weak form rational
expectation (RE) exists even if agents have different subjective distributions. Assuming
heterogeneous subjective distribution, the average subjective density about pt 1 over N
individuals is4,
N

D( pt 1 | I t )   wit Di ( pt 1 | I it )
i 1

where

N

N

i 1

i 1

 wi  1 and It 

I it . Here the authors first do not assume homogeneous

information set. Enforcing Muthian REH about public information (there will be profit
opportunities if it private information brings extra benefits (Muth 1961, p.318)) yields,
D( pt 1 | I t )  D( pt 1 | I t )

Then REH requires the following condition,

4

The original paper of Pesaran and Waele (2005) considers the RE of a vector of economic variables. Here we
are only interested in price so we use the scalar version.
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N

E ( pt 1 | I t )   wit Ei ( pt 1 | I it )  E ( pt 1 | I t )
i 1

This proves the existence of the weak form of RE. Pesaran and Weale further show that RE is
compatible with biased and serially correlated individual expectation errors. They assume
that an individual expectation can be decomposed into a public information component and
an individual specific component uit ,
Ei ( pt 1 | I it )  hi E ( pt 1 | I t )  uit

where the constant hi denotes the public information component towards individual
expectation5. Then the individual expectation error is



ei ,t 1  pt 1  Ei ( pt 1 | I it )  pt 1  hi E ( pt 1 | I t )  uit



Substituting the expectation error of using public information,
et 1  pt 1  E ( pt 1 | I t )  pt 1  et 1  E ( pt 1 | I t ) ,



ei ,t 1  pt 1  Ei ( pt 1 | I it )  et 1  E ( pt 1 | I t )  hi E ( pt 1 | I t )  uit



 et 1  (1  hi ) E ( pt 1 | I t )  uit

(2.8)

The above equation implies that, for individual expectations, REH does not hold if hi  1 and

uit is serially correlated. By averaging,
et 1  et 1  (1  h ) E ( pt 1 | I t )  ut
N

N

N

i 1

i 1

i 1

where et 1   wit ei ,t 1 , h   wit hi , ut   wit uit . Therefore, in comparison to Eq(2.8),
Eq(2.9) is less restricted; being biased and serially correlated.

5

In the original paper it is a matrix

H i instead of a constant hi since a vector of economic variable is

considered.
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Given the above properties of the weak form REH, numerous studies showed that the REH
does not hold on empirical data. One of the popular approaches in testing REH is to test the
unbiasedness of the expectation errors6
The reasoning behind testing the unbiasedness of the expectation errors is that if agents use
non-REH predictors for prediction then, by REH, the expectation errors are systematic. It
appears that there are profit opportunities by consulting economists about the predictors they
use. Under REH there should be no such opportunity. Thus Lucas suggests that “if your
theory reveals profit opportunities, you have the wrong theory” (Lucas 2001, p.13) meaning
that under REH agents’ predictions do not exhibit systematic errors. Now one can simply test
the REH without specifying the “relevant economic theory” by testing the relationship
between the forecasts and the actual inflation rates (also called “proof by contrapositive” in
the language of the study of logic7). For instance, by considering Eq(2.6) in the form of
inflation, Figlewski and Wachtel (1981)8 estimate the model (where  is the actual inflation
rate),

 t  a  b te  et
using the Livingston’s Survey data and test the joint hypothesis that a  0, b  1 . The results
reveal that there is a highly significant downward bias implying that REH does not hold.
To conclude this section, in Muth’s paper the term “relevant economic theory” and “relevant
data” are left unexplained. Supporters of REH tend to interpret REH differently resulting in
infinite debate. Yet it is falsified by numerous pieces of empirical evidence.
2.2.5 Rational expectation with learning approach
In spite of the empirical failure of REH, economists have not yet abandoned the use and
development of REH. The next generation of expectation hypothesis concerns with
expectation formation with learning process that, under certain conditions, would converge to
RE equilibrium, although it is not called “rational expectation hypothesis”. In other words,

6

The other being the test of using all available information. Furthermore, in a very famous paper concerning
empirical REH, Lovell demonstrates that cumulative empirical evidence shows that REH does not hold (Lovell
1986).
7
Given a claim “If P then Q” one can show “not P” by proofing “not Q”.
8
Interestingly attempts to test the empirical validity of REH have started long time ago.
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they are de facto REH but with a learning process as a justification or disguise. There are
three major versions of REH with learning approach.
The first learning approach is called educative learning and was introduced by Guesnerie
(1992). In this case the expectation hypothesis is based on a competition-like setting with
game theory as the reasoning foundation. Assumptions include (1) agents know the model
(that is the mechanism of the market) (Guesnerie 2002); (2) rationality: agents only play
strategies with the best response and (3) common knowledge: each agent knows all others
being rational; each agent knows that all others know that all others are rational, etc. This
approach to learning implies that agents learn from mental reasoning in which agents only
take the best strategy and eliminate the rest as reasoning proceeds. This also implies that
learning does not need to be done in real time since mental reasoning is done in mind prior to
action being carried out. Under this game theory setting, Guesnerie investigates the
conditions under which rational expectation equilibrium can be achieved. In other words, the
educative learning approach attempts to justify REH by making a connection between Nash
equilibrium and rational expectation.
The second approach is the recursive least squares (RLS) learning. Bounded rationality by
Sargent (1993) and econometric learning rationality by Evans and Honkaphoja (2001) fall
into this category. They are similar in the sense that they both stem from the famous paper
“Learning, Estimation and the Stability of Rational Expectations” by Bray (1992), which
aims to investigate the conditions that lead to rational expectation equilibrium if agents revise
their expectations by observing the frequency distribution of the economic variable being
forecasted as suggested by Grossman and Stiglitz (1976). On the other hand, the main
differences between Sargent (1993), and Evans and Honkaphoja (2001) are the underlying
nature of the agent (Sargent assumes agents as artificial intelligence while Evans and
Honkaphoja assume agents as econometricians) and the underlying learning rule (decreasing
gain and constant gain).
The econometric learning approach of Evans and Honkaphoja (2001) was developed and
compiled partly from their earlier works such as Evans (1985), Evans and Honkaphoja
(1992), and Honkaphoja (1993). It assumes partial asymmetry between agents and
econometricians by stating that both agents and econometricians know the functional form of
the model but agents do not know the parameters. Yet agents behave like econometricians
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and run least squares regressions recursively with updated information. Eventually, under the
expectational stability conditional, agents know the exact true model like econometricians do.
The expectational stability principle states that whether the equilibrium is stable depends on
the map between the perceived law of motion and the actual law of motion, where the
perceived law of motion is the model agents perceive while the actual law of motion is the
actual functional form of the economy. The difference between the perceived and actual laws
of motion is due to the fact that agents do not know the true parameters. Below is a simple
example (Evans and Honkaphoja 2001, pp.30-31). Consider the following structural model of
demand ( d ) and supply ( s ):
 dt  mI  m p pt  v1t

e
 st  rI  rp pt  rw wt 1  v2t

(2.10)

Where m and r are the parameters of the demand and supply equation and wt 1 is an
observable shock of the previous period. With the market clearing condition, we have the
actual law of motion,
m r
pt   I I
 m
p


  rp
  
  mp

 e  rw 
 pt  
 wt 1  t ;

 mp 

v2t  v1t
 t ~ iid (0,  2 )
m p

(2.11)

The information set possessed by firms at time (t  1) is  pi , wi i 0 and hence their forecast
t 1

rule is given by,
pte  a  bwt 1

(2.12)

This is the perceived law of motion. Stability is achieved when the below mapping maps
Eq(2.12) to Eq(2.11).
  m  r   rp  
 I I   
 a 

 
a
    mp   mp  
T 

 b    rw   rp  
  m    m  b 
  p   p  
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To see why stability is achieved, one can simply substitute Eq(2.12) into Eq(2.11), i.e. insert
the perceived law of motion into the actual law of motion, and find the stability condition by
solving
a a
d a
  T     0
dt  b 
b b

(2.14)

This leads to the following stability condition:
rp  m p

That is, given an upward slopping supply curve and a downward slopping demand curve,
stability is always achieved.
In summary, econometric learning rationality asserts that agents know the true structure but
they do not know the parameters. They learn by running recursive least squares regression
with updated information. Under the expectational stability condition, rational expectation
equilibrium is achieved due to convergence. The implication is that agents behave like
econometricians but they do not show consistent perceptions as they may have different
information for running the regressions.
In the book “Bounded Rationality in Macroeconomics” (Sargent 1993), Sargent attempts to
incorporate “bounded rationality”, a psychological term, into the economic expectation
hypothesis. He adopted Simon’s concept of bounded rationality recognising that it is a
behavioural theory in which the asymmetry between agents and econometricians is
eliminated and then he asserts that “bounded rationality might be implemented by requiring
that the agents in the model be more like the econometricians in one or more several ways”
(Sargent 1993, p.22). He further assumes that agents might behave like classical
econometricians; they know the true structure but they do not know the parameters.
However, similar to econometric learning suggested by Evans and Honkaphoja, they learn by
running regressions with updated information and, under certain conditions, rational
expectation equilibrium is achieved due to convergence. It differs from econometric learning
in the sense that, despite of suggesting agents behave like econometricians, agents are also
like artificial intelligence running regressions in the form of perceptron learning algorithm.
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Assumes that there is a function g that maps some input x to output y . He introduces the
basic idea of a perceptron model that approximates and represents g

 k

yt  S   wi xit 
 i 1

where x, y are the input and output of the model, and S is a monotonically non-decreasing
“squasher” function, S :

 [0,1] . More complex models can be done by compiling

different squashers. For instance, there can be a hidden layer,
q

yt   0    j atj
j 1

 k

atj  S   wi xit 
 i 1

Sargent suggests that the function g ( x) can be approximated by minimising
q

2

g ( x)   0    j atj
j 1

With this perceptron model Sargent suggests that agents run regressions to estimate the true
parameters of the model. In chapter five of Sargent (1993) an example of the cobweb supplydemand model is given. Unsurprisingly, the derived equilibrium is essentially the same as
that suggested in econometric learning.
Although Sargent assumed that agents are like artificial intelligence and that a cognitive
psychology approach is applied, bounded rationality has the same implication as econometric
learning - agents do not have consistent perceptions. The relaxation of the assumption of
consistent perceptions is due to the retreat from REH. Sargent stated two ingredients of REH:
individual optimisation and consistent perceptions. He further explains the interdependence
between these two ingredients. Namely, if perceptions are inconsistent there would be
unexploited utility or profit-generating possibilities, which would rule out the existence of
equilibrium. Consequently, rational expectation equilibrium only occurs in the long-run since
bounded rationality implies inconsistent perceptions during the learning process. This is
compatible with Bray’s explanation of learning with OLS estimation (Bray 1982).
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The underlying learning rule that describes how agents learn by running regression may have
substantial effect on achieving the equilibrium. The two different learning rules, decreasing
and constant gain rule, may yield different conditions of convergence depending on the
model setting, namely non-stochastic or stochastic model. Sargent (1993) adopted Bray’s
decreasing gain rule given by assuming that

t  t 1  (1/ t )( pt 1  t 1 )
where t is the guess at t . The weight 1 / t clearly declines as t   . Evans and
Honkaphoja (2001) first consider the decreasing gain rule then the constant gain rule. That is,
the weight is replaced with a constant,

t  t 1  k ( pt 1  t 1 )
The advantage of this is that a constant gain learning rule allows adjustments for structural
shift. Agents may react to structural shift by altering the weight such that past data can be
down-weighted (Evans and Honkaphoja 2007).
To summarise, rational expectation with learning approach provides a procedural justification
to rational expectation that rational expectation equilibrium can be achieved by learning and
hence it is a long-run phenomenon. The difference between the two learning approaches,
namely those of Sargent (1993) and Evans and Honkaphoja (2001), is that Sargent attempts
to incorporate a more psychological approach to the learning process by assuming that agents
act like AI.
2.2.6 Rationally heterogeneous expectation
While the learning approach discussed in the previous section is a result of relaxing the
assumption of consistent perceptions of agents in REH, a further relaxation is possible by
allowing agents to switch learning rules or expectation formations over time. The basic idea
is to study the probability of an agent or proportion of agents using a particular type of
predictor at a particular point of time given a set of predictors. Branch (2004) gives a general
model of this approach, called rationally heterogeneous expectations,
Η ( te )   H1 ( te ), H 2 ( te ),..., H k ( te )
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The probability of an agent or the proportion of agents using predictor i, H i ( te ) , at time t
can be modelled with the use of a multinomial logit model,

ni ,t 

exp( U i ,t )
k

 exp( U
j 1

j ,t

)

where  is the intensity of choice and U i ,t is the benefits of using predictor i at time t .
The choice of predictors and regressors in U i ,t is the researcher of the study. Table 2.2 below
gives a summary of some of the studies.
Study

Models

Regressors

Brock & Hommes (1997)

Perfect foresight, naive

Realised net profits

Parameterised functions of past prices

Squared forecast errors

Naïve, adaptive expectations, VAR

Mean squared error

Lagged inflation, inflation target

Mean squared error

Perfect foresight, adaptive expectation

Mean squared error

Brock & de Fontnouvelle
(2000)
Branch (2004)
Brazier, Harrison, King &
Yates (2006)
Branch & McGough (2010)

Table 2.2: A summary of studies in rationally heterogeneous expectation hypothesis
All studies use forecast error related measures as regressors except for Brock and Hommes
(1997) in which the selected predictor should lead to the greatest realised net profits.
Despite of being a further departure from REH, the rationally heterogeneous expectation
hypothesis may still seem to be too restricted. One of the reasons for the relaxation of the
REH assumptions is that economic models should be invariant to non-routine changes as
suggested in Lucas critique (1976). Although the rationally heterogeneous expectation
hypothesis model allows agents to switch predictor based on the performance of the
predictors implicitly incorporating the reaction to any non-routine changes, the number of
predictors included in Η( te ) is finite and hence non-exhaustive due to the diversity of
individual differences.
2.2.7 Future research direction and a final note on the origin of rational expectation
hypothesis
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Since the introduction of expectation in economic models, expectation hypotheses have
evolved in response to updated empirical findings. The most recent and most important stage
is the fall of the rational expectation hypothesis which has been rejected by numerous
empirical studies. Although alternatives, including the modified versions of REH, have been
proposed, a fundamental approach (not simply a modification) of the hypothesis with an
emphasis on the behavioural function that is a component of the function describing the
dynamic of the economy has been called (Lucas 1976). A series of global financial crises
called for rethinking the current microeconomic approach that uses utility maximisation as
the fundamental behavioural function. In the light of the Lucas critique that calls for an
ascertainment of the behavioural function, Kydland and Prescott (1982) inaugurated the
microeconomic approach. Yet another possible methodology is the cognitive psychology
approach to discover the fundamental factors governing agents’ behavioural functions.
Although new approaches are on the research agenda, mainstream economists still seem to
embrace REH due to its elegance, in spite the fact that it fails in empirical studies.
Interestingly, Muth himself found that REH did not pass the empirical test. Before Michael
Lovell had his paper “Tests of rational expectations hypothesis” (Lovell 1986) published, he
wrote Muth a letter about the empirical data not consistent with REH and the reply from
Muth was that “I came up with some conclusions similar to some of yours on the basis of
forecasts of business activity compiled by the Bureau of Business Research at Pitt” (Hoover
and Young 2013). He then suggested two future directions of research: “Two directions seem
to be worth exploring: (1) explaining why smoothing rules work and their limitations and (2)
incorporating well known cognitive bias into expectations theory (Kahneman and Tversky). It
was really incredible that so little has been done along these lines” (Hoover and Young
2013).
In addition to the empirical failure of REH that calls for other approaches in studying
expectations, the ambiguity Muth’s paper brings confuses its supporter, Robert Jr. Lucas. In
his professional memoir, Lucas wrote “Of course, we all knew and admired Jacks’s [John
Muth] paper “Rational Expectations and the Theory of Price Movements”, but none of us
knew how to exploit this idea econometrically” (Lucas 2001). Later on, econometricians
express REH econometrically by developing different statistical models such as VAR which
turned out to fail in empirical tests. Yet researchers still embrace REH due to its elegance; to
implement REH in a macroeconomic model, the researcher selects the “relevant economic
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theory” on his own choice, then he assumes that economic agents share the same knowledge
about this “relevant economic theory”. As such the researcher does not have to consider
psychological factors. Clearly this is tidy and self-gratifying (Manski 2004). Yet, the
researcher should not expect that the model works empirically. That is, REH can be
implemented in “pure economics”, in which the logic of economic theories is studied
regardless of its empirical validity, but not in applied economics when economic decisions
are being made. Despite of being a theory that fails empiricism, pure economics serves as the
standard model for educational purpose. Further, it totally fulfils theoretical completeness.

2.3 Expectations in psychology: An application to inflation expectation
formation
This section serves to review some important developments of expectation hypotheses
advocated by cognitive psychologists as opposed to economists. To begin with, we first
introduce early bounded rationality theories by Herbert Simon (hereafter “bounded
rationality” not to confuse with Sargent’s bounded rationality) and their developments by
Gerd Gigerenzer and Reinhard Selten, etc. as well as their implications to modelling inflation
expectation formation. Unlike the economic expectation hypotheses, these theories are rather
general and conceptual and hence their implementation heavily depends on one’s
interpretation. Moreover, most of these theories are presented in the form of examples and
metaphors hence resulting to a vast amount of literature referring to the same central idea.
2.3.1 Conceptualisation of economic and psychological expectation hypotheses
The early literature on bounded rationality tended to differentiate economic expectation
hypotheses from the psychological counterparts in terms of their conceptualisations. Simon
suggested two types of rationality. Substantive rationality refers to the behaviour that is
“appropriate to the achievement of given goals within the limits imposed by given conditions
and constrains” while procedural rationality refers to the behaviour that is “the outcome of
appropriate deliberation” (Simon 1976).
Such distinction is made due to the approaches in studying human behaviour in the economic
and psychology sphere. What substantive rationality emphasises is that behaviour is goal
consistent implying that the process that leads to this is a goal consistent behaviour and the
characteristics of the agent are not important. Having it applied to mainstream economic
analysis, the REH of the traditional approach of economics assumes that agents have
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consistent perceptions such that there is no unexploited utility or profit since agents always
optimise their utilities. In reality agents do not perform optimisation yet their behaviour can
be justified by the utility maximisation model with certain assumptions imposed although the
process generating the behaviour is unknown. Furthermore, the reasoning behind the
assumption of utility optimisation reveals that substantive rationality imposes no limit the
agents’ cognitive limitations.
If we consider human behaviour more realistically we recognise the agents’ limitations in
terms of information and computational power. Then we must consider the difference
between the actual structure of the economy and the agents’ perception of it and their
reasoning about it (Simon 1986). This forces us to study the actual process of inflation
expectation formation and this is the psychological conceptualisation of expectation
hypothesis called procedural rationality.
We may now summarise the differences between these two conceptualisations. First,
substantive rationality (economic expectation hypotheses) refers to the notion that the
decision reflects rationality while procedural rationality refers to the notion that the process
of making such decision reflects rationality. Second, in the application of inflation
expectation, the prediction resulting from substantive rationality must be correct (if no shocks
occur in the economy) since agents do not suffer from cognitive limitations; while the
prediction resulting from procedural rationality may not be correct due to cognitive
limitations yet the method of making prediction is rational given these limitations
(“appropriate deliberation” in Simon’s definition of procedural rationality). Third, to study
inflation expectation formation under the regime of substantive rationality, it is sufficient to
study the structure of the economy alone since agents perfectly understand how the economy
works given no cognitive limitations. In contrast, studying inflation expectation formation
under the procedural rationality regime requires the study of human cognition as well as the
environment the agents live in.
Given these two conceptualisations of rationality, we may wish to empirically test their
validity. To prove substantive rationality one only needs to show the consistency between the
outcomes of process and the empirical data since the process is not the focus of substantive
rationality. One may pin down an assumption of inflation expectation formation and justify
its validity by showing that the outcomes it generates are consistent with the empirical data.
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However, to prove the validity of procedural rationality one needs to investigate the process
of inflation expectation and have it validated by empirical data. Since behaviour generally
goes through a complex multiple step procedure, we need to decompose these steps and test
each of them. Empirical studies help validating the steps within some conceptual framework
describing the procedure of inflation expectation formation.
2.3.2 Simon’s bounded rationality
In further development of procedural rationality, Simon’s views can be decomposed into two
related dimensions. First Simon agreed that people have motivations. There are reasons for
what people do and they use reasons to respond to the motivations they have (Simon 1986).
The second dimension is bounded rationality which was what Simon focused on. Here we
shall leave the discussion of motivation to Chapter 3 and focus on Simon’s bounded
rationality.
In the light of procedural rationality, Simon (1957) wrote the following about the principle of
bounded rationality:
“The capacity of the human mind for formulating and solving complex problems is very
small compared with the size of the problems whose solution is required for objectively
rational behaviour in the real world – or even for a reasonable approximation to such
objective rationality”
He then further stated that this principle leads to two consequences. First, bounded rationality
requires an individual to form a simplified structure of the real world and his behaviour to be
rational with respect to this structure. Second, given the limitations to human rationality are
not static in the sense that they depend on the environment in which the agent’s decision
making takes place.
These two consequences hence represent two dimensions of bounded rationality: the
characteristics of the agent and the structure of the environment. On one hand, the image of
the environment (hence subjective) that the problem takes place is formed by the agent and
this image is likely different from the actual (objective) one due to human cognitive
limitations. The difference is due to the cognitive limitations (see Section 2.1) that constrain
the perception of the agent to form the subjective environment. In particular, the limitations
of the working memory (or the short-term memory) create a bottleneck between the long60

Understanding Economics of Inflation Expectation in Light of Modern Cognitive Psychology

term memory and the working memory causing significant omission of information in
processing (Simon 1959). Therefore, the subjective environment encompasses only a small
fraction of the objective environment and the complexity of the information leads to an even
smaller fraction of information processed by the agent (Simon 1959). Moreover, the resulting
solution to the problem solved in this way is far from the optimal solution as agents do not
process all information of the objective environment and the limited capacity of the working
memory forbids the use of sophisticated information processing technique. On the other
hand, the way an agent deals with the environment also depends on the structure of the
environment. First, information available in the structure places a constraint on the agent.
This constraint is external as it does not depend on the characteristics of the agent.
Information available depends on its complexity and uncertainty and in the latter the
information is not even knowable. Second, the way the agent solves a problem is
environment specific. Simon (1956) mathematically showed that failure easily occurs if the
wrong strategy is adopted. He illustrated with the example of an organism seeking food in a
vast environment in which food is randomly distributed. Two strategies were adopted by this
organism based on its cognitive limitations such as lacking the ability of long-term planning:
seeking food randomly or with the use of clues. It is mathematically shown that the strategy
of seeking food randomly leads to rapid extinction of the organism. Therefore, certain
strategies are rational in terms of its adaptation to the subjective environment. This notion has
been recently developed into a concept called “ecological ratioanality”.
In accordance to the above ideology of bounded rationality we draw the following
propositions for inflation expectation formation:
-

The economic structure known by the agent is different from the actual economic
structure due to cognitive limitations such as that of the memory system. This
immediately rules out Muthian rational expectation.

-

The information possessed in the agent’s subjective economic structure is a small
fraction of the information available in the actual economic structure. Information in
the actual economic structure that is not possessed by the agent can be classified as
not known, when it is available but the agent fails to perceive; or non-knowable,
when it is not possible for the agent to know due to its complexity.

-

The information used in forming inflation expectation is a small fraction of the
information known by the agent in the subjective economic structure.
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-

The technique in processing this small amount of information is less computational
due to the limitation of the working memory in which computationally demanding
techniques are not possible.

-

The technique the agent uses depends on what she knows about the economic
structure including the problem of inflation expectation formation itself. In addition,
this technique does not involve long-term evaluation such as anticipating long-term
inflation rate.

Empirical and experimental evidence has revealed three elements of bounded rational
decision making (Sadrieh et al 2001): (1) simple heuristics, (2) problem decomposition and
(3) dominance relations. Simple heuristics can be classified into three building blocks that
operate in a particular order. The first building block is for search guiding in which the
direction of search is determined. The second is the one for stop searching. Searching process
must cease at some point and this building block serves to determine when to stop. A simple
aspiration-level stopping rule can be used (Gigerenzer and Todd 1999) in which the
information found reaches a pre-determined aspiration level. The last building block
concerns the decision making process. Once sufficient information is found under the
guidance of the other two building blocks, decision making requires processing this
information. Again this processing is computationally simple due to cognitive limitations.
The second element shown by empirical and experimental evidence is problem
decomposition. This is due to the fact that human cognition does not allow computationally
demanding information processing, thus a complex task is decomposed into serial sub-tasks.
Furthermore, decomposing a complicated task into smaller ones reduces the effort of
coordination compared to solving the entire task as a whole since by solving each smaller
task controlling is facilitated (Sadrieh et al 2001). Finally, in dominance relations, if an
alternative is at least as good as or even better than the other one the dominating one must be
chosen. Yet this only applies if the individual can clearly determine which one is dominating.
The above empirical and experimental evidence suggests that, in the application of inflation
expectation formation, agents decompose the future inflation rate prediction problem into
sub-problems. Moreover, heuristics are used in these sub-problems. In particular, there are
rules guiding the direction of information search for predicting future inflation rate, when to
stop the search, and how information should be processed. During information search,
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information that appears to provide a better estimate is chosen. However, information that the
agent is not sure does not enter the dominance relation.
2.3.3 The complete spectrum of expectation hypotheses
While Simon’s works tended to distinguish psychological expectation hypotheses from the
economic expectation hypotheses, recent movements in the development of psychological
expectation hypotheses rather incorporate economic expectation hypotheses into an
expectation hypothesis spectrum. Gigerenzer (2001) asserts three premises for evaluating
different sorts of rationality. The first premise concerns cognitive limitations which is one of
the foundations of Simon’s bounded rationality. The second is ecological rationality. The
ecological rationality of a strategy is measured by the degree of adaption to the structure of
the environment (Gigerenzer 2001). A strategy is ecologically rational if it is procedurally
rational in a specific environment. That is, it is appropriate to the achievement of the goal by
considering the structure of the environment. This implies the third premise, that strategies
are domain specific. A strategy that is procedurally rational in a situation may not be
procedurally rational in another situation. Under these premises, there are totally three types
of rationality models, including those in economic expectation hypotheses. Combining
Gigerenzer and Todd (1999), Gigerenzer and Goldstein (2011) and Gigerenzer and
Gaissmaier (2011) the structure of different rationality models is constructed in Figure 2.5
below.
Vision of Rationality

Bounded Rationality

Demons

Unbounded
Rationality

Optimisation
under
constraints







Heuristics
Satisficing
Recognition heuristic
Fluency heuristic
Mapping model
Etc.

Figure 2.5: Visions of rationality (Gigerenzer and Todd 1999; Gigerenzer and Goldstein
2011; Gigerenzer and Gaissmaier 2011)
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In each of the four coming sections, we shall only focus on unbounded rationality and
optimisation under constraints, and some of the heuristics that are relevant to inflation
expectation formation. A full list of different heuristics including those that are irrelevant to
the study of inflation expectation formation can be found in Gigerenzer and Gaissmaier
(2011) and Gigerenzer and Brighton (2011).
2.3.4 Demons: Unbounded rationality and optimisation under constraints
The unbounded rationality psychologists refer to is the Muthian rationality in which
cognitive limitations are not assumed. Recall from the notion of substantive rationality, an
unboundedly rational agent can search for all possible alternatives for the solution of a task
and compute and maximise even long horizon utility. For example, the dynamic stochastic
general equilibrium (DSGE) model assumes that the representative maximises utility for
infinite periods. Therefore, unbounded rationality was not in Simon’s spectrum of rationality
since such spectrum contains procedural rationality models.
As discussed earlier the retreat from unbounded rationality (i.e. REH) led to the development
of learning approach rationality and rationally heterogeneous expectation hypothesis. These
expectation hypotheses concern optimisation under constrains in the sense that agents try
their best to run regression models subject to limited amount of information. There are two
issues concerning these two expectation hypotheses. First, to update information for running
regression regularly and hence obtaining the true parameters of the model, the agent has to
perform information search. Then based on the constrained utility maximisation theory, the
agent has to determine when to stop the search. The usual rule is that the information search
process should stop when the costs outweigh the benefits (Gigerenzer and Todd 1999; Stigler
1961). Yet, this leads to second-order costs for computing the cost and benefits with no
cognitive limitations and hence unbounded rationality sneaks into constrained utility
maximisation through the back door (Gigerenzer and Todd 1999). Second, the assumption
that the agent knows the true model and runs regressions is not factual. In the learning
approach by Evans and Honkaphoja (2001) and in the rationally heterogeneous expectation
hypothesis, agents are assumed to be able to run regressions. Clearly this is not realistic since
general public has no knowledge on regression, not to mention the true economic model. It
may be argued that agents can learn to run regressions. However, the general public is
unlikely to know anything about regression since the term “regression” is typically first heard
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by university students in their first year of tertiary education. In Sargent’s bounded
rationality, it is even further assumed that agents act like AI in which regression can be done
in mind. Furthermore, leaving aside this unrealistic assumption, the methodology Sargent
used in his bounded rationality claims to comply with the studies in neural network stems
from a cognitive psychology school called Connection, as opposed to Herbert Simon’s
information processing approach.
2.3.5 Satisficing
The notion of “satisficing” was first introduced by Simon to serve as a more practical
framework of how an individual makes decisions under bounded rationality. In fact, it can be
considered as a direct product of bounded rationality (Marris 1992). In most problems of
daily life, exact algorithm for the solution may not be feasible due to cognitive limitation,
time pressure or because there is no solution at all. As such, one may not seek the optimal
solution but a ‘good enough’ solution. This leads to a heuristic of solving the problem in
which a strategy or information is adopted when a subjectively satisfactory level of the
solution is reached. This satisfactory level is called aspiration level. For illustration, Simon
(1972) uses the computer chess program as an example. The program chooses the move in a
game by evaluating the possible moves and by taking the best one. Clearly it is impossible to
evaluate all moves since the game is dynamic, so a stopping rule must be predetermined. In
principle, one may assign a value to each piece and choose the best move by evaluating and
comparing the value lost or obtained from every possible move. However, unless a certain
move leads to a dead position, possible moves are not finite. As such, a satisfactory level of
values of moves (aspiration level) is set. Once any of the moves reaches this aspiration level,
it is chosen. For example, the program first considers 3 moves named Move A, B and C, and
evaluates 4 moves ahead. It is found that the value of these three moves have the values 5, 5
and 4. If we set the aspiration level as 5 then only Moves A and B will be considered and
another extra move ahead needs to be considered. Now suppose that after this extra move (so
now totally 5 moves), the aspiration levels are 8, 3 and 2. Then clearly we choose Move A. A
problem requires information search. If it is believed that the search fails to reach the
aspiration level, further search should be conducted. Once the information reaches the
aspiration level the information found is used to make decisions.
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Using the above example, Gigerenzer gave specific criteria of satisficing. Clearly these
criteria depend on his interpretation of Simon’s works. These criteria include (Gigerenzer
1997):
-

Step-by-step procedure: Cognitive limitations forbid parallel information processing,
hence evaluating if a particular piece of information reaches the aspiration level is
conducted serially.

-

Limited search (simple stopping rules): Cognitive limitations the amount and the
complexity of information, or even worse time pressure, do not allow extensive
information search. Therefore simple rules are applied to terminate the search
process. Moreover, again due to the limited computation power of human cognition,
this rule is not computationally demanding.

-

One-reason decision making: Similar to the case of applying the stopping rule, one
reason is used to make decision due to the limitation of human cognition.

-

Exploitation of a lack of knowledge (how to make positive use of one’s ignorance):
Limited information can be used when there is a lack of knowledge in a particular
case of decision making. For instance, in the chess program example, values are
assigned to each move to make decisions since the computer is not able to know the
exact reactions of the opponent.

-

Exploitation of structures of information (structures of environments): In the chess
program example, the method of assigning values to moves exploits the structures of
information in the sense that the goal is to win the game by attacking different pieces
and that assigning value to the moves based on the pieces give measurable guidance
in assessing how likely each move can lead to this goal.

To apply to the problem of inflation expectation formation, the agent needs to search for
information serially for forming inflation expectations. The search does not cease until the
information found is adequate in forming expectation and meets the aspiration level set by
the agent. Generally, the search does not last long since the longer the search is the more
information is found and hence more computationally demanding the process of expectation
formation is. This implies that the amount of information used is small and that information
considered is within a short horizon for both backward and forward. Ignorance of the
economic structure that the agent has limited or no knowledge about enables the agent to
form inflation expectation quickly with small amount of inflation and computationally less
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demanding techniques. Furthermore, inflation expectation is formed from limited information
the agent exploits from the subjective economic structure.
2.3.6 Recognition heuristic
The formal definition of recognition heuristic is given by Goldstein and Gigerenzer (2002):
“Recognition heuristic: If one of two objects is recognized and the other is not, then infer that
the recognized object has the higher value with respect to the criterion”
In the case of choosing from multiple objects, serial information processing restricts objects
being valued in pairs. The logic behind this heuristic is that, in the case of not knowing the
alternative objects well, the recognised object is chosen since ignorance filters the alternative
objects and leaving the recognised object as a seemingly reasonable choice. Clearly, it is not
always ecologically rational to apply this heuristic. It is ecologically rational only if
recognition is correlated to the criterion value (Goldstein and Gigerenzer 2002). For example,
in the task of forming inflation expectation, given the information set of the current inflation
rate and the return on the S&P-500 index, an agent from the general public will choose the
current inflation rate to form inflation expectation instead of the return on the S&P-500 index
since the general public may not be familiar with the latter, or even if some have heard of the
S&P-500 index, they might not know the interpretation and the construction of the index.
The use of recognition heuristic is now ecologically rational since, although the general
public may not notice, empirically the inflation rate follows an autoregressive process and the
current inflation rate is correlated with the future inflation rate.
2.3.7 Fluency heuristic
In some situations multiple alternatives are recognised hence by the theory of recognition
heuristic they both have the same criterion value. To further differentiate the use of
information when multiple alternatives occur, fluency heuristic can be applied. Gigerenzer
and Goldstein (2011) provide the following definition:
“If both alternatives are recognized but one is recognized faster, infer that it has the higher
value on the criterion”
Despite of being defined by Gigerenzer and Goldstein, fluency heuristic stems from the
earlier work by Jacoby and Dallas (1981) in which the authors concluded that there are two
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bases of recognition memory; one has a higher fluency in recognition while the other requires
longer retrieval time. This has placed the theory of recognition heuristic from a dichotomous
(i.e. recognised or not recognised) into a quantitative measure (how quick it can be
recognised). As a result, fluency heuristic is ecologically rational if the speed of recognition
is correlated with the criterion (Gigerenzer and Goldstein 2011). Imagine that in the previous
example we augment the information set of the current inflation rate and the return on the
S&P-500 index by information “oil price shock”. Now both “current inflation rate” and “oil
price shock” are recognised. However, current inflation rate is assigned a high criterion value
in forming inflation expectations since, in comparison to “current inflation rate”, “oil price
shock” is a more conceptually remote term to “future inflation rate” and “current inflation
rate” is recognised faster. In fact, the term “inflation rate” or “current inflation rate” should
be the first term being recognised regardless of what other terms are contained in the
information set. Recall from Section 2.1.6 that successful retrieval from the memory requires
availability and accessibility. Due to the coverage of the media, the general public knows the
term “inflation rate” so this term is available. Furthermore, when an agent is asked what she
thinks about the future inflation rate the term “inflation rate” immediately serves as a
retrieval cue and the first piece of information she retrieves from her mind is clearly inflation.
2.3.8 Mapping model heuristic
The mapping model heuristic (the term coined by von Helversen and Rieskamp 2008)
attempts to explain heuristic people use for creating quantitative estimates. This model uses
the median as an estimator. The value of an object is estimated based on the values of some
other objects that share the same cue values. That is, the estimated value of the object is the
median of the values of those other objects. Take estimating the price of a commodity as an
example. Suppose that in the agent’s memory there are the prices and relevant knowledge of
five commodities of the same kind (for example mobiles as used in von Helversen and
Rieskamp (2008), Commodity A, B, C, D and E. When the agent is asked to estimate the
price of Commodity X, first cues are used to assess if any of these five explanatory
commodities are similar and hence can be referenced to estimate the price of Commodity X.
These cues are dichotomous. The below table shows an example,
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Cues / Commodity
A
B
C
D
E
X
Cue 1
+
˗
+
+
˗
˗
Cue 2
+
+
+
˗
˗
+
Cue 3
˗
+
+
+
˗
+
Cue sum
1
1
3
1
-3
1
pA
pB
pC
pD
pE
Price
?
Table 2.3: Cues used in the example of mapping model heuristic
For example, if “size” is Cue 1 then a commodity of relatively large size has the cue value of
“+” while a commodity of relatively small size has the cue value of “˗”. The cue sum is then
the sum of these cue values and is used to indicate if any of the five commodities is similar to
Commodity X. In our example, only Commodity A, B and D are considered as similar to
Commodity X. Finally, the estimated price of Commodity X is the median of the price of
Commodity A, B and D.

2.4 Summing up economics and psychology
In this section we focused on two separate issues regarding the relationship between
economic and psychology expectation hypotheses. First, we discussed the difference and
similarities between economic and psychology expectation hypotheses and then we discussed
what impacts the introduction of psychology expectation hypotheses has on the
microeconomic foundation of macroeconomics.
2.4.1 Differences and similarities between economic and psychology expectation
hypotheses
Although there are different expectation hypotheses within the realm of economics, they all
share some degrees of similarity. This is surely the same for expectation hypotheses within
the realm of psychology. The table below summarises their characteristics.
Economics

Psychology

Type of model

Time series model

Conceptual model

Level of study

Aggregate

Individual

Focus of study

Structure of the economy

Cognitive structure

Table 2.4: A comparison of economic and psychology expectation hypotheses
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There has been a strong emphasis on the use of time series model in economics. There are
two reasons contributing to this. First, there is the belief that there is a true structure of how
the economy works. Then the structure of the economy can be described by a time series
model that involves how macroeconomic variables evolve over time. The problem with the
assumption is that these time series models, as they are explicitly expressed in mathematics,
are far too restrictive. The complexity of the economy may not be naively simplified to a
VAR model (for instance a structural change), hence a well-defined statistical model forms a
strong assumption on about how the actual economy works. Moreover, it is assumed that
economists know the true structure of the economy since, as discussed earlier, under the
rational expectation hypothesis if economic theory is not right systematic mistakes are made
leaving unexploited utility and profits. This has placed economists in the realm of unbounded
rationality. Also, in estimating a time series model, economists use sample data for
estimation. The results are clearly statistics instead of true parameters. Therefore, it is not
correct to say that economists know the true models since, similar to the general public, no
one actually knows the true parameters unless one has the entire population for estimation.
On the other hand, cognitive psychology, unlike economic time series models that focus on
the economic structure, focuses on the characteristics of the agent. Due to the complexity and
abstraction of human cognition, the resulting model is a conceptual one that describes this
cognitive structure. The disadvantage is that these conceptual models only provide verbal
descriptions about how humans make decisions. They lack quantitative predicting ability.
One may argue that under controlled experimental setting a quantitative model of human
cognition can be discovered. It is possible but the investigator confronts two difficulties.
First, there are many factors contributing the human decision making hence there is a need to
have many experiments to investigating these factors. Second, humans tend to use different
strategies in different situation so models built are task-specific. This is discussed earlier
upon the notion of bounded rationality.
Another difference between economic and psychology expectation hypotheses is the level of
study. For economics, the human actor described in macroeconomic analysis is the
representative agent that “was rarely explicitly justified” (Duarte and Lima 2012). When it
comes to empirical analysis, the quantitative measures of the representative agent are
aggregated data usually by averaging individual level data. There are two potential problems
with the use of averaged data. The first is that it does not reflect individual behaviour. It is
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incorrect to say that the aggregated data of inflation expectation exhibits rationality hence
individuals’ inflation expectation formation is rational. To illustrate, assume that aggregated
inflation expectation follows an AR(1) process,
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The aggregated can be expressed them in terms of the individual raw data,
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where πt   ij nT is a matrix representing the raw data of n individuals over T periods and

w   1n n1 is the averaging vector. The same fashion applies to πt 1 .
Substituting this into the AR(1) process yields,

πt w  Fπt 1w  v t  (πt  Fπt 1 )w  v t
( πt  Fπt 1 ) is then a T  n matrix. The above will have infinite solutions for the individual
inflation expectations as long as T  n which is almost surely true. Therefore, given the
aggregated data and the well-defined time series model, we are not able to tell the behaviour
of individual inflation expectation formation. The time series simply statistically describes
the time path of the averaged inflation expectation. If the time series does not lead to the
rejection of REH, we can at most say that the average inflation expectation is Muthian
rational but there is no sufficient evidence to conclude that individual expectations are also
rational. This is illustrated by Pesaran and Weale (2005) and is discussed in section 2.2.4.
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The second potential problem is that the average may not truly reflect the characteristics of
the individual data. The breakdown point of the mean is zero, so in the presence of extreme
values in the cross-sectional individual data it is clearly not a good descriptive measure. As
such the median should be used given its breakdown point of 0.5. Moreover, if the true
underlying distribution of the individual data has finite mean and variance, the ‘classical’
central limit theorem asserts that the sample mean tends to be normally distributed as the
sample size increases, with the expected value of the sample mean being the population
mean. However if the true underlying distribution of the individual data does not have a finite
variance, according to the generalised central limit theorem of Gnedenko and Kolmogorov
(1954), the sample mean follows a stable distribution with a stability parameter 0    2 . If

1    2 , the first moment of the sample mean exists but the second moment does not.
However, neither moments of the sample mean exists if 0    1 . Therefore, unless it is
confirmed that the underlying distribution of the individual data has a finite variance, the
‘classical’ central limit theorem does not apply and the sample mean should not be used as an
aggregate in economic analysis.
Since psychology studies human cognition, research is done at the individual level. Yet,
findings at the individual level may be found invalid at the aggregate level due to the noise in
aggregated empirical data caused by individual differences. The challenging issue is to
explain the noisy empirical data in the light of psychology theories that seek human cognitive
invariance.
Despite of the very different approaches and hypotheses, economics and psychology may still
share some similarities. First, the search of behavioural models in economics related to the
expectation hypothesis in line with cognitive psychology is now on the research agenda in
the fields of behavioural and experimental economics in particular. The rational expectation
hypothesis, due to its mathematical beauty and convenience, may still be a mainstream
approach to economic expectations. However, its empirical failure has led to alternative
approaches. As early as in the 1970s the Lucas critique already pointed out the importance of
including factors that fundamentally govern human behaviour into economic analysis. Much
effort in developing this approach is required in future. Mainstream economists have been
trying their best to defend REH by putting forth economic models with non-factual
assumptions imposed. For example, in order to justify REH, the educative learning approach
requires an agent to possess computationally demanding mental reasoning. Despite of the
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theoretical completeness of the REH, the failure of empiricism raises critical challenges to
the application of REH in applied economics; it would be impractical to allow empirically
failed theories in policy making.
Second, both Muth’s REH and Simon’s bounded rationality serve to provide a norm to
evaluate the actual rationality of agents. Muth (1961, p.316) stated that “at the risk of
confusing this purely descriptive hypothesis with a pronouncement as to what firms ought to
do, we call such expectations ‘rational’ ”. This has placed REH as a norm of assessing
agents’ rationality. As for the purpose of Simon’s bounded rationality, Gigerenzer & Selton
(2001, p.6) states that “it provides an alternative to current norms, not an account that
accepts current norms and studies when humans deviate from these norms. Bounded
rationality means rethinking the norms as well as studying the actual behaviour of minds and
institutions”. In other words, other than explaining actual human behaviour, bounded
rationality also serves as a norm to assess actual human rationality and this immediately leads
to an implication that bounded rationality does not mean irrationality as the notion REH
suggests.
2.4.2 Impacts the introduction of psychology expectation hypotheses has on the
microeconomic foundation of macroeconomics
As discussed earlier, the Lucas critique calls for an ascertainment of the behavioural function.
One of the approaches to this is the microeconomic foundation. Upon this approach, we see
the connections between microeconomics and macroeconomics. Microeconomics has given
macroeconomics the utility maximisation narrative. To overcome the empirical failure of
macroeconomics brought by economic expectation hypotheses in which agents are assumed
to maximise utility, we replace these economic expectation hypotheses with the psychology
ones. This will immediately remove the microeconomic foundation from the current
macroeconomic dynamic analysis. At the first sight it seems that the philosophy of
economics is destroyed since we do not consider utility maximisation. However, we are just
returning to the birth of the Lucas critique in 1976 when there was a call for studying
behavioural function but DSGE approach has not been invented yet and microeconomics and
macroeconomics were separate stories. Is this a bad thing? The answer is no. Interestingly, if
the inclusion of microeconomic foundation succeeds macroeconomics disappears and what is
left is economic theory (Lucas 1987). Furthermore, microeconomics and macroeconomics
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are in fact in two essentially different domains to be studied separately. In physics, classical
and quantum mechanics are studied in different approaches. While classical mechanics
studies the motion of objects that are visible to naked eyes, quantum mechanics studies the
motion of objects (particles) at the atomic and sub-atomic scale. It is found that certain
theories in classical mechanics do not apply in quantum mechanics hence they are studied
separately. However it does not mean that the classical theories are wrong and that quantum
mechanics does not form a foundation of classical mechanics. There are two lessons
economists can learn from physicists. First, different mathematical tools might be necessary
in two different domains. For example, in classical mechanics a numerical measure such as
angular momentum (a quantified rotational inertia) of a moving object can be described by a
function of simple numerical variables as L  r  p ; the cross product between the position
vector and the linear momentum. Yet in the atomic scale particles are not directly measurable
and physicists use a wave function to describe the state of a system instead of a single
particle. The state function cannot yield the exact total angular momentum but its statistical
distribution by applying the angular momentum operator to the wave function. In the same
way, in case of a complex system of a macro economy, if the individual behaviour is not
directly observable, it is acceptable to describe the system as a whole leaving the study of
individual behaviour for another domain. Second, theories that are attempted to be applied to
two different domains may be modified correspondingly to suit empirical data. There are
theories in classical mechanics that have their equivalence in quantum mechanics but they are
modified to suit these two different domains. For instance, angular momentum in classical
mechanics, as just addressed, is defined as L  r  p . However, the Stern-Gerlach experiment
in 1922 showed that it does not apply in quantum mechanics. To suit the result of the
experiment, physicists had to modify the classical mechanics angular momentum by a
component called spin that has no counterparts in classical mechanics (Beck 2012). The total
angular momentum ( J ) is then the sum of the spin ( S ) and the orbital angular momentum (
L ) which is the quantum mechanics equivalence of angular moment. By the same fashion,

the exact form of utility maximisation in microeconomics may not need to hold in
macroeconomics. Modifications can and must be done to suit empirical findings.
This chapter viewed, or rather previewed, the studies done in both cognitive psychology and
economics. We first introduced the cognitive psychology theories of the memory system that
help consolidating the foundation and understanding of Simon’s bounded rationality. The
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conclusion in Section 2.1 was that memory system does not simply store information; it also
has a dynamic role in which information processing is held in the working memory. In
addition, the very limited capacity of the memory system, short-term and working memory in
particular, forbids demanding information processing and temporary storage during
processing as seen in the subsection of the working memory. We then focused on the
economists’ hypotheses of expectation formation in a retrospective way. Finally, we
discussed the psychologists’ hypotheses of expectation formation.
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Microscopic inflation expectation
formation: A conceptual framework
3.1 Information processing approach
3.1.1 Psychological arousal factor: Motivation
3.1.2 Psychological arousal factor: Self-efficacy
3.1.3 Process of decision making: Problem recognition
3.1.4 Process of decision making: Information search
3.1.5 Process of decision making: Information processing
3.2 Concluding remarks and a summary
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Following Herbert Simon’s bounded rationality, we adopt his approach to understand human
cognition – the information processing approach. Unlike connectionism in which
neuroscience is emphasised, the information processing approach views human cognition as
a computer that receives and processes information and then creates outputs. Moreover,
according to bounded rationality, this “human computer” suffers from limitations as
introduced in Chapter 2 as human decision making is subject to cognitive limitations and the
structure of the environment. the information processing approach is used to build a
conceptual framework that generalises the procedure of how an economic agent forms an
inflation expectation under bounded rationality as opposed to Muthian REH (Simon 1979).
To make this theoretical model applicable to empirical data, it is developed into a
mathematical model that attempts to decompose inflation expectation into two components
which are observable and statistically testable.
This chapter discusses inflation expectation formation at the microscopic level while Chapter
4 discusses it at the macroscopic level based on survey data collected from numerous agents.
Section 3.1 describes and explains the details of this theoretical model. Section 3.2 discusses
the refinement of this model by providing empirical results. Such refinement leads to
inflation expectation decomposition. Section 3.3 and 3.4 explain the two components of this
decomposition model. The concluding remarks in Section 3.5 consist of explaining the
underlying price expectation of the decomposition model and how this decomposition model
is used in the macroscopic level.

3.1 Information processing approach
The core idea of the information processing (IP) approach is that human cognition works as a
machine that processes information. Five postulates characterise the information processing
machine: (1) behavioural invariance, (2) individual differences, (3) task decomposition, (4)
serial processing, and (5) adaptivity.
The fundamental goal of science is to find invariants (Simon 1990). In the same way, the IP
approach aims to describe how this information processing machine works. Although
everyone is different to some degree and invariants among individuals do not seem to exist,
studies in cognitive psychology have found numerous invariants. A classic example is the
power law of forgetting discussed in section 2.1.6. Although recallability depends on
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individual differences and the complexity of the materials to be recalled, the power law of
forgetting is generally valid. As opposed to behavioural invariants, individual differences
occur in the population. Despite of being a well-defined mathematical equation attempting to
capture invariants, the constant term in the equation allows the consideration of individual
differences. Therefore, by using the IP approach, we seek the invariance of inflation
expectation formation that can be described by a mathematical model that also allows
individual differences.
Due to cognitive limitation, we tend to solve problems and make judgements in a
decomposed and serial manner. Our limited ability to process information and the limited
capacity of our memory force us to segment every problem and task we confront.
Furthermore, this segmentation aims to allow us to solve these sub-problems one by one due
to, again, cognitive limitations. Recognising this view, the IP approach gives a theoretical
description of a sequence of steps or stages through which this processing is accomplished
(Massaro and Cowan 1993).
Viewing the human as an information processing machine, we may use a computer as a
metaphor of human mind. Simon (1990) addressed a good example on this issue. He wrote,
“A computer, it is said, can only do what it is programmed to do (which may be quite
different from what the programmer intended it to do). Generally, it is not instructed to do
specific things at all (e.g. to solve a particular linear programming problem), but to adapt its
behavior to the requirements of a given task chosen from a whole population of tasks (e.g. to
solve any linear programming problem lying within given size limits). Then its behavior in
response to each task is adapted to the requirements of the task, and it behaves differently, in
appropriate ways, with each task it is given. In short, it is an adaptive system.”
The core idea here is that we can only apply what we have in mind; a primary school student
is not expected to be able to solve a differential equation simply because she has not learned
anything about calculus. Furthermore, again, adaptivity depends on cognitive limitation.
Although some of us have learned about the least squares method and maximum likelihood
estimation, we may still not be able to perform the necessary calculations in our mind; simply
because of our cognitive limitation.
At the very general level, the model can be viewed as a black box with input and output. This
is shown in Figure 3.1 below.
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(Problem)

Black box

Output
(Inflation expectation)

Figure 3.1: The black box of information processing
In the task of inflation expectation formation, one initially confronts a problem that leads to
inflation expectation formation. This problem is the input of the black box. How the problem
solver faces the problem is important because, as we will discuss, it affects how the problem
solver perceives the problem and then how the problem is represented in mind. We may
outline three different cases as examples. A household has to plan for future consumption.
When it does she may find that she has to consider the inflation rate in future. In this case it
faces the problem of inflation expectation formation in planning for future consumption.
Another situation is that a business manager is projecting the expenses for the future and
hence future inflation rate is needed. Again the business manager, as the problem solver,
faces the problem of inflation expectation formation. He faces this problem because he needs
to minimise the future uncertainty encountered by the company. Finally, an economist may
wish to form inflation expectation in studying the economy. The economist faces this
problem as she attempts to understand the future state of the economy. In these examples
each problem solver faces the same problem but how they face this problem is context
dependent.
Based on the above mentioned procedure, we can describe the inside of this black box as a
sequence of stages that describe the inflation expectation formation in terms of a process of
decision making. To start with, the problem is faced and perceived by the problem solver. It
is then represented in the solver mind which is the first step stage of the black box. Once the
problem is well represented the solver starts to search for information required to solve the
problem. Finally the solver processes the information according to the method of processing.
The driving force inside each of these stages is further controlled by the individual’s
consideration of motivation and self-efficacy. That is, what an individual exactly does in each
stage of the process is controlled by these two psychological arousal factors – they determine
what the individual does and hence achieves in each of these processes. Figure 3.2 below
gives a graphical illustration.
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Figure 3.2: Inside the black box: The process of inflation expectation formation
The three stages represented by the three boxes in Figure 3.2 refer to Simon’s bounded
rationality. These stages are in a specific consecutive order due to serial processing as
suggested in Section 2.3.2. It is clear that, there must be some degree of information search
and information processing that occurs in an agent’s mind for reasoning with limited
computational power. These two stages refer to the characteristics of the agent – only small
fraction of all information stored in the long-term memory can be searched and hence
processed due to the bottleneck between the long-term memory and the short-term memory.
On the other hand, the inclusion of the problem representation stage is also important. Simon
(1986) states that the theory of bounded rationality “must include not only the reasoning
process (i.e. information search and information processing stage) but also the processes that
generate the actor’s subjective representation of the decision problem”. This refers to the
structure of the environment in which a subjective structure of the environment is formed in
the agent’s mind depending on the objective structure of the environment. Then due to the
amount and complexity of information, only a small fraction of the information can be
perceived. This was discussed in section 2.3.2 earlier. In summary, as graphically illustrated
in Figure 3.2, the subjective structure of the environment is depicted in the first two stages
while the characteristics of the agent are depicted in the last two stages. The middle stage,
information search, comprises both subjective structure of the environment and the
characteristics of the agent.
The upper box in Figure 3.2 represents the agent’s emotional side of mind and it was not
intensively investigated by Simon. His study about motivation was limited to assessing the
economic approach to motivation (the use of utility functions) and the difficulty in the
quantitative determination of noneconomic and economic motivations (Simon 1963). To
develop a conceptual framework in the agents’ motivation we need to consult psychology
studies in consumer behaviour.
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3.1.1 Psychological arousal factor: Motivation
Four factors help explain motivation:
(1) Personal relevance
(2) Goals
(3) Needs
(4) Perceived risk
An individual is motivated to engage in an activity when she feels the involvement in such an
activity. For instance, a macroeconomist is more motivated to pay attention to official
inflation rates than a doctor is as official inflation rate is one of the study areas of
macroeconomics. Furthermore, motivation may also be influenced by different degree of
personal relevance. For instance, a macroeconomist with a special interest in inflation
targeting is motivated to pay more attention to official inflation rates than a macroeconomist
with a special interest in labour markets is. Finally, motivation is not constant overtime even
for the same individual. A professional macroeconomic analyst might be motivated to pay
attention to news reports on inflation during her lunchtime of work but she might not be
motivated to pay attention to it when she is at home enjoying family time. The above
examples show that (1) personal relevant knowledge is “activated in memory in a particular
situation” (Celsi and Olson 1988) and that (2) there are different degrees of motivation.
Motivation is also goal-driven. An individual has to have a goal to be motivated to engage in
certain activity. When an individual is motivated to do certain activity she already has a goal
in mind to keep herself engaged in such activity. For example, a household who does not
plan for next year’s consumption is not likely to be motivated to form inflation expectations.
Needs are also a factor of motivation. Psychologically, it is “an internal state of tension
caused by psychological state” (Hoyer and MacInnis 2003). For instance, an individual may
ask herself if there is such a need to study econometrics to form inflation expectation. This
clearly depends on other factors; she may find that there is such a need if she is a manager
making an investment plan. She may find there is no such a need if she is making a plan of
her weekly budgets and she is living in a low-inflation country. As in the psychology
approach, Maslow (1943, 1970) developed an abstract model describing the hierarchy of
needs. This model consists of five levels of needs: physiological, safety, love, esteem and
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self-actualisation. A need at a higher level can be satisfied only when a lower level need has
been satisfied. Physiological needs refer to those that are essential to life such as water and
food. Safety needs are things that make one feel safe such as shelter and being free from
danger. Love needs are feelings gained from relations and free from loneliness such as
friendships. Esteem needs are also psychological such as self-confidence and respect. Selfactualization is an abstract idea. Maslow (1943) gave the following explanation of this level
of need, “Even if all these needs [refers to the four lower levels of needs] are satisfied, we
may still often expect that a new discontent and restlessness will soon develop, unless the
individual is doing what he is fitted for”. It can be summarised as one is able to fully fulfil
her potential.
For instance, a person who has not eaten for two days would not find a need to socialise her
friends. It is because the need for food is at the lowest level of needs (physiological) and
socialisation is at the level of love. Anything that is at a higher level of the hierarchy is not
required unless needs at lower levels are satisfied. In our example, an individual may find the
need to answer the question about future inflation due to the respect to the person asking the
question and such need is classified at an esteem level need. However, the need for searching
for economic data and econometrically forecasting future inflation rate would not be at any
these levels unless, as already mentioned as an example, she is a manager responsible for
investment plans. Her duty requires her to forecast future inflation rate precisely in which
two needs are found. First, carrying out this forecast properly would lead to a job promotion
and thus the need for applying econometrics is at the esteem level. Second, the increase of
salary due to the job promotion is a physiological level need.
Not surprisingly perceived risk is also a factor of motivation. Clearly one is not motivated
when she thinks that it is risky to engage in certain activity. Jacoby and Kaplan (1972)
categorised three different types of perceived risks. Three types of perceived risks are
relevant to the context of inflation expectation formation. They are financial risk, time risk
and performance risk.
In the example of being asked about future inflation rate, an individual clearly does not incur
any financial risk in answering that question – she does not have to pay to answer that
question. However she may incur financial risk if she purchases some economic data in order
to forecast future inflation rate. Furthermore, to an extreme extent, she may incur high
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financial risk if she goes to a university to study econometrics so as to forecast inflation rate.
In contrast, there is no financial risk if she simply approximates future inflation rate by
retrieving price changes in her mind.
Time is a resource and losing time is a type of risk. Time risk is low if the individual decides
to answer the question. Yet time risk is high when she engages in searching for information
about the economy such as finding economic data on the internet or the library. Time risk is
also high if she attempts to learn econometrics by reading or by attending classes. In contrast,
time risk is low if she applies heuristics in forming inflation expectations.
Performance risk refers to the risk brought by the outcome of the chosen decision. In the
context of inflation expectation formation, the performance risk of applying econometrics is
lower than heuristics since the former should produce more accurate results. Individuals may
consider the method used to form inflation expectations based on performance risk.
3.1.2 Psychological arousal factor: Self-efficacy
Although one is motivated to engage in an activity, she might not do it before taking
capability into account. In the context of forming inflation expectation, an individual may
consider ability in two dimensions; resources and cognition.
There are two resources required to form inflation expectations. An individual would
consider if she has sufficient money to carry out a forecast of future inflation. Although most
people can afford economic data, some people might not find it worth purchasing. This goes
back to the issue of motivation discussed in the previous section. To some extreme extent,
one may need to learn econometrics to forecast future inflation rate. Yet not everyone is able
to afford tertiary education. Time is another resource. In most cases, people have other
commitments so they do not have sufficient time to analyse data. On the other hand, some
may seriously consider devoting more time on forecasting. However, the decision of
spending less time on other commitments depends on other factors such as motivations.
The cognitive aspect of ability deals with information. The amount of information is one of
the three key factors. One may find it difficult to process too much information and hence
heuristics will take place. Rather than quantity causing cognitive difficulty, the quality of
information may also lead to difficulties in processing. Certain information is too
complicated to process. Yalch and Elmore-Yalch (1984) found that numerical information
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tends to be difficult to handle since numerical information is complex. Complexity of
information also includes the interpretation of the information. For instance, one may not be
able to estimate future inflation rate if she does not understand or misunderstands how
inflation rate is computed from price levels. Different understandings of inflation rate by
different people lead to the differentiation between homological and heterological inflation
expectations as discussed in Section 1.2.4.
The last factor of cognitive ability is forgetting. This includes failure to encode, store or
retrieve information as discussed in Chapter 2. This occurs mainly due to the capacity of the
working memory. An individual may not be able to recall certain information gained from
reading newspaper or watching news report if she attempts to form expectations by
heuristics. Also even if she applied econometrics she may not remember all possible models
or certain relevant information used for forecasting.
Motivation and self-efficacy are the two elements that determine what an individual does. In
other words they are universal in different stages of decision making. As it is shown in Figure
3.2, the three-stage decision making process is routine based while each of the stage is task
specific. Motivation and ability determine what exactly to do in each of these stages. From
the view point of the information processing approach, the process of decision making is
decomposed into three stages and there is an information flow in between the stages in a
serial manner - the output of a stage is the input of the succeeding one. On the other hand,
motivation and ability appear to be parallel processing in which they control all three stages
of the decision making process.
3.1.3 Process of decision making: Problem representation
An individual begins forming inflation expectation at the stage of problem representation.
This includes the understanding of the term “inflation”. Suppose an individual is asked in a
consumer survey what she thinks about the inflation rate a year from now. She must first
define what inflation means prior to further considerations.
The understanding of the term “inflation” consists of two stages. First, one may understand
the general and verbal definition such as “Inflation is about the change in prices” while the
second one is more technical. This involves the quantitative measure of inflation and this is
discussed in Chapter 1. Again, the major issue is the difference between homological and
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heterological inflation expectations since different understanding of the term “inflation” leads
to different measures of inflation (the mathematical function used to compute inflation rates)
and hence different considerations in the proceeding stages of decision making.
To understand how an individual recognises a problem in decision making, a descriptive
theoretical model introduced by Cowan (1986) can be applied. Although this model was
originally developed for an organisational situation, due to its information processing
approach, its framework can be applied to individual decision making as well. This model
involves three stages: gestation, categorisation and diagnosis. Before an individual is asked
about inflation, she already has some knowledge in her mind. For example, she already might
be familiar with the definition of inflation or she might have experienced price changes in
real life. This process is known as gestation. It mainly refers to certain ideas being formed in
memory such that it can be retrieved in future. The second stage, categorisation, involves
being aware of the problem. It refers to categorising and identifying the concept which is, in
our case, inflation. This stage should not take long since most people have heard of the term
“inflation”. The last stage is diagnosis in which an individual attempts to achieve details of
the term such as the computation method and related concepts.
This model is similar to the memory process described in Chapter 2. Gestation is like
information encoding while categorisation is similar to information retrieval when certain
cues, such as a question about future inflation, activate the information stored in memory.
Diagnosis involves a further retrieval of information that requires some further thinking
about the term “inflation”.
Empirical studies on how individuals understand inflation are limited and the sample size of
subjects to be studied is usually small. Leiser & Drori (2005) interviewed 198 people in
Israel about their knowledge of inflation. The participants represented four different
segments of the population; technical high school students, shopkeepers, university students
and teachers. Among others they were asked to give terms or phrases related inflation. The
frequency of the terms mentioned are summarised below (Leiser & Drori 2005).
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Terms & phrases

Frequency

Technical high school students

N = 50

Economics

18

Money

18

COL index

16

Price increases

15

Interest

13

Shopkeepers

N = 49

Price increases

30

Devaluation

14

Work

13

COL index

11

Interest

11

University students

N = 50

COL index

26

Price increases

19

Interest

18

Money

16

Devaluation

16

Teachers

N = 49

Price increases

30

COL index

19

Devaluation

16

Work

16

Foreign currency

13

Table 3.1: Results of the questionnaire of the knowledge of inflation
To understand the overall knowledge of inflation of all participants, we can simply consider
the relative frequency of each term. The result is reported in Table 3.2 below.
Price increases
47.17%
Cost-of-living index 36.36%
Devaluation
23.23%
Interest
21.21%
Money
17.17%
Work
14.65%
Economics
9.09%
Foreign currency
6.57%
Table 3.2: Relative frequency of inflation related terms mentioned in Leiser & Drori
(2005)
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Unsurprisingly, the term “Price increase” has the highest frequency indicating that most
subjects thought that price increase is the most related concept of inflation. The term “Costof-living index” and “Devaluation” (refers to loss of value of money by Leiser & Drori 2005)
has the second and third highest frequency suggesting that the public noticed that inflation is
about general price level. Therefore, in comparison to other concepts such as interest, work
and foreign currency, the public is aware of the relationship between inflation and prices.
Yet, the public does not seem to be aware of what general price level exactly is. In a survey
on American literacy, Walstad (1997) found that, only 35% of the subjects knew that CPI
was the most widely used measure of inflation. To conclude, the public knows that inflation
is related to general price level but the concept of CPI is less familiar.
In contrast, the numerical measure of inflation may not be known by everyone. To see how
well individuals understand the numerical measure of inflation, a questionnaire was
conducted (See Appendix A1.1.1). One of the questions was:
(5) Which of the following, you think, describe(s) inflation rate? (choose one or
multiple)
( Pt denotes price at current time period t while Pt 1 denotes that of the previous
period t  1 )

 Pt  Pt 1 

 100%
 Pt 1 

 Pt  Pt 1  100%

Pt
100%
Pt 1

 Pt

 1 100%

 Pt 1 

50 subjects were given the questionnaire. At the time of conducting the questionnaire, these
50 subjects were undertaking the first semester of their finance course. Although they had
only limited knowledge in finance
, 93.75% could correctly point out the correct formulae for computing inflation rate. Hence
we can conclude that the public understands that inflation is related to increases in price and
those who have some knowledge of finance or economics are probably also familiar with the
numerical measure of inflation. However, they may not know that the prices used in
calculating inflation rate are the CPI. To explain in the language of bounded rationality,
Table 3.2 represents how agents subjectively form the environmental structure of the
inflation expectation formation – the terms in the table are recognised as explained by the
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recognition heuristic in Section 2.3.6 and the index tells us the order of recognition as
explained by the fluency heuristic in Section 2.3.7.
3.1.4 Process of decision making: Information search
Information search, as the name suggests, involves an individual searching for information
required to form inflation expectation. There are two types of information search: internal
and external. Internal information search refers to retrieving information from mind. It means
that information is already in the memory system and the searching process is memory
retrieval. On the contrary, external information search refers to any searching process whose
output is some information that is not stored in one’s mind. Examples of external information
search include browsing the Internet for economic data, reading newspapers and having a
conversation with others.
These two information search methods and their corresponding information sets have two
important properties. First, internal information search is vital to external information search.
Suppose that one would like to know the current inflation rate. Although she would like to
conduct an external information search for this information, she still has to start with an
internal information search to see where the current inflation rate can be found. For example,
she might remember that newspapers report the current inflation rate so she might turn to
some newspapers looking for the current inflation rate. This would constitute an external
information search. In other words, internal information search is a pre-requisite of any
external information search.
Second, information sets, as a result of a search, have some important properties. Figure 3.3
below illustrates the time path of the relationship between internal and external information
sets.

EXTT t

EXTT  2


INTT t

EXTT 1





INTT  2



EXTT


INTT 1



INTT

Figure 3.3: Time structure of internal and external information sets
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At any particular point of time t , the internal and external information sets (not information
search) are likely to be mutually exclusive. The reason is that if one conducts an internal
information search for a particular piece of information and this piece of information has
been found, there is no need to conduct an external information search for the same
information. Internal information search is the primary information search method. Risk
involved in internal search method is very low – it does not cost any money and does not take
much time. As such, in assessing the ability of performing an internal information search,
monetary and time resources are not a problem. Yet, as discussed in Chapter 2, the limited
capacity and ability of the short-term memory and the working memory restrict the amount
and the complexity of the information to be recalled. Due to these limitations, one may or
may not choose to perform an external information search. Again, this depends on one’s
assessment of motivation and ability. External information search takes time and might be
costly. Yet the information gained in such search is of better quality and greater quantity.
Therefore, in the case that the required information cannot be retrieved in mind, if factors in
motivation and self-efficacy (as discussed in 3.1.1 and 3.1.2) support conducting an external
information search, the individual first performs an internal search to see where the required
information can be found then an external search is conducted to find this information
There is a dependent relationship between the internal and external information sets of two
different periods. The information set resulted from an external information search may be
stored in the memory system and hence will be available for an internal information search in
future. Clearly, not all information resulted from an external information search can be
available in future when internal information search is conducted. There are three reasons
preventing certain information from being available in an internal information search. These
reasons are closely related to theories of forgetting discussed in Section 2.3.5. The first
reason is the failure to encode information from the short-term memory (STM) to the longterm memory (LTM). Failure in storage is another reason that prevents certain information
from being available in an internal information search. Possibilities, as discussed in Section
2.3.5, include decay of neurons and interference of other information. The third reason is the
failure to retrieve; cues might not provide sufficient activation to recall the information from
the LTM to the STM. To sum up, any particular piece of information that is available for
future use must be free from the failure of encoding, storage and retrieval. Furthermore,
information resulted from an external search is the subset of the information set of an internal
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search in future. That is, EXTT 1  INTT . How much information can become a part of the
information of the future internal search depends on successful encoding, storage and
retrieval. Put it differently, there exists an inclusion map between EXTT 1 and INTT , and
such inclusion map is defined on the level of encoding, storage and retrieval.
In the context of forming inflation expectation the actual contents of the internal and external
information sets can be categorised into prices and macroeconomic information. As
discussed in the previous section, the public understands that prices are closely related to
inflation and hence prices are a vital ingredient of forming inflation expectations. Others
include interest rate, unemployment rate and GPD growth rate, etc.
Specifically, the external information set may contain only pieces of macroeconomic
information but the actual nature of this information depends on the individual. As discussed
earlier, if an individual is motivated enough to perform an external information search there
is no need to perform an internal information search of this piece of information. If an
external information search is performed, the individual is likely to search for
macroeconomic information such as the official inflation rate as it is a closer proxy to future
inflation rate than prices. However, whether an individual performs an external information
search depends on motivation and self-efficacy discussed in previous sections of this chapter.
Surprisingly, it is easier to understand the content of internal information search since its
content virtually only depends on the memory system which shows some invariance among
different individuals due to similar cognitive structure. Recall from Chapter 2 that in the
human memory system, information is successfully retrieved when there is no failure in
encoding, storage and retrieval. Thus, we can determine the recallability of price and
macroeconomic information based on these three procedures.
For the general public, prices are the most common inflation related information in daily life
thus there is a high degree of repetition. Furthermore, most consumers would think about the
price of certain goods and services before purchase. This rehearsal enhances the encoding of
the prices in mind. The level of processing of prices is generally low since consumers usually
do not attempt to memorise prices. If there is such a need to memorise the price, due to
chunking, the price would be memorised after rounding. A typical example is $19.95 is easily
memorised as $20. In contrast, macroeconomic information such as inflation rate,
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unemployment rate and GDP growth are not commonly seen in daily life. Unless the
consumer confronts these macroeconomic variables frequently, the degree of repetition is
very low. Furthermore, it is very rare that the consumer rehearse some macroeconomic
information in mind. Similarly to prices, consumers generally do not attempt to memorise
macroeconomic information. In summary, by considering the factors in encoding process,
price information tends to be the common information in consumers’ mind.
The decay theory suggests that recallability depends on when the price and the
macroeconomic variable is seen. For applying interference theory to prices and
macroeconomic information, it is likely that prices just seen have influences on the prices in
mind since prices are very commonly seen in daily life. On the other hand, macroeconomic
variables are measured monthly or even yearly and therefore they are not frequently exposed
to consumers and interference is not likely to happen.
Finally, availability and accessibility, the two factors of successful retrieval, heavily depend
on encoding. As already discussed, macroeconomic variables are not common information in
consumers’ mind thus they have lower availability to be retrieved. For accessibility, the cue
for retrieval is the crucial factor. Since the cue if usually inflation, information that is thought
to be closely related to inflation is very likely to be retrieved. As discussed earlier, in Leiser
& Drori (2005) subjects found prices to be the most related information to the term
“inflation” followed by other macroeconomic information such as interest and money.
To sum up the above theoretical reasoning, in an internal information search prices are more
likely to be recalled than macroeconomic information due to their popularity in daily life. In
fact, a number of studies show that the public cannot correctly recall macroeconomic
variables. In a study by Walstad & Larsen (1993) only 11% of the participants in the survey
knew the official American inflation rate; 46% of them did not know and the remaining
reported incorrect inflation rates. Another survey conducted between April and May of 2007
report that 20% of the respondents reported that they had never heard of the official
unemployment rate; approximately 33% of them reported that they had never heard of the
official change of CPI and 40% of them reported that they had never heard of the official
GDP (Curtin 2009). In a survey in Italy only 29.3% of the respondents reported the official
inflation rate. The average, the median, the 25th and the 75th percentiles were 3.8, 2.2, 2.0 and
3.0 respectively while the true official inflation rates at the time of the survey were 1.8
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(March) and 1.7 (April) (Malgarini 2008). Consistent with the theories of cognitive
psychology, it is unlikely that the internal information sets of economic agents contain
macroeconomic information for forming inflation expectations. In contrast, economic agents
seem to have knowledge of prices in mind regardless of the accuracy of the knowledge. In
the same survey conducted in Italy, 66.7% of the respondents responded to the question
about inflation perceptions. In a survey conducted in the US, respondents were asked to rate
ten topics they thought about when forming inflation expectations (de Bruin, et.al. 2010). The
five highest rated topics were “Prices you pay”, “Prices Americans pay”, “Changes in cost of
living”, “US inflation rate” and “Specific prices” with average ratings of 5.70, 5.33, 4.86,
4.61 and 3.81 out of 7 respectively. Interestingly, “Prices you pay”, “Prices Americans pay”
and “Changes in cost of living” were rated higher than “US inflation rate”. This suggests that
people possess price information in the internal information set rather than the inflation rate
and other pieces of macroeconomic information.
In addition to these empirical studies, the survey mentioned in the previous Section 3.1.3
asked the following questions (see Appendix A.1.1 for the entire questionnaire),
(1) Do you know the most recent …
… inflation rate
… unemployment rate
… interest rate
… GDP growth rate

If yes please specify: __________
If yes please specify: __________
If yes please specify: __________
If yes please specify: __________

(2) Do you know any historical …
… inflation rate
… unemployment rate
… interest rate
… GDP growth rate

If yes please specify: __________
If yes please specify: __________
If yes please specify: __________
If yes please specify: __________

For question 1, only 22% of the 50 respondents could correctly recall some of the most recent
macroeconomic measures. For question 2, none of the respondents could recall any of the
historical macroeconomic measures. The results suggest that even finance students did not
have macroeconomic information in their internal information sets.
In conclusion, internal information search is the primary search method and it is vital to
external information search. The external information set is likely to contain macroeconomic
information since, once the agent starts to perform an external information search,
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information that is closely related to the term “future inflation” is preferred. On the other
hand, the likeliness of an agent conducting an external information search depends on
motivation and self-efficacy of the agent. Due to cognitive limitations such as limited
capacity and ability of the memory system, price information, relative to macroeconomic
information, is more likely to be contained in the internal information set. Even if
macroeconomic information exists in the internal information set, it is considered after price
information. Leiser & Drori (2005) found price information to be the most related
information to inflation while de Bruin, et.al. (2010) found that the general public rated price
information higher than the official inflation rate. Together with the recognition and fluency
heuristic, satisficing suggests that agents will first search for price information then
macroeconomic information. Depending on the agent’s aspiration level, if price information
reaches the aspiration level of the agent then search process stops. Otherwise, further search
is performed and macroeconomic information will be sought until the aspiration level is
reached. The properties of internal information including both price information and
macroeconomic information will be discussed in Chapter 4.
3.1.5 Process of decision making: Information processing
The final stage of the process of decision making is information processing. It refers to the
method used to process the information gathered in the stage of information search so as to
make a judgement about future inflation. Like information search, information can be
processed in one’s mind or with the use of external tools.
Low effort judgement refers to processing information internally. Feasible methods of low
effort judgements are limited. In the light of bounded rationality, any form of cognitive
activities is restricted by cognitive limitation. The very limited capacity and operating ability
of the work memory and short term memory limits the speed and ability of information
processing. These result in task decomposition and serial processing. If the internal
information set contains only one piece of information the agent will clearly process this
piece of information. In the case of multiple pieces of information, the agent decomposes the
structure of the information and has each piece of information processed individually in a
serial manner. The order of processing will depend on the fluency heuristic since it
determines the value of criterion as discussed in Section 2.3.7; that is, how literally close it is
to the term “inflation”. This implies that the method used in processing information depends
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on the information set. As we have found that economic agents tend to have price
information rather than other sorts of information, methods can be used to map price
information to inflation expectation are very limited. Furthermore, adaptivity suggests that
agents can only apply methods that are already in their mind. For the general public,
sophisticated statistical tools are not accessible even if we unrealistically assume agents have
the ability to carry out complicated algorithm. The above propositions lead to the conclusion
that agents first process price information then may even process macroeconomic
information in mind and the method for processing is simple and not computationally
demanding.
Unfortunately, the heuristics discussed in the previous chapter does not specify the exact
form of information processing. However the work of Tversky and Kahneman may shed
some light on this. They give the following definition of the term “heuristics”,
“The term judgmental heuristic refers to a strategy – whether deliberate or not – that relies
on a natural assessment to produce an estimation or a prediction. One of the manifestations
of a heuristic is the relative neglect of other considerations” (Tversky and Kahneman 1983).
There are two elements in heuristics; the relative neglect of other considerations and a natural
assessment. What considerations are neglected depends on the individual. Again, this brings
us to motivation and self-efficacy. An individual chooses what method to or not to apply
based on an assessment of her goal, needs, personal importance, time risk, financial risk, etc.
Furthermore, as bounded rationality suggests, certain considerations are to be neglected due
to their demanding computations and to the amount of complexity of information. A natural
assessment depends on the perception of the events and the comprehension of messages
(Tversky & Kahneman 1983). This brings us to the theories of memory. How an individual
perceives the events depends on what cues the events give to retrieve relevant information
from the memory system.
There are numerous heuristics. Three important ones are introduced here. Representativeness
heuristic refers to the use of analogy for estimation or prediction. For instance, in a
probability judging context, the representativeness heuristic is used when one evaluates the
probability of an uncertain event or a sample by applying analogy that share similar
properties to its parent population and that reflects salient features of the process by which it
is generated (Kahneman and Tversky 1972). In the context of numerical prediction, the
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experiment conducted by Kahneman and Tversky (1973) showed how individuals apply
representativeness heuristic. Two groups of subjects were required to give an evaluation and
a prediction respectively after viewing some information. The idea is that if the evaluation is
similar to the prediction then this implies the connection between this subjective evaluation
and the prediction. If representativeness heuristic is not applied, prediction is rather objective
and hence has no connection with the subjective evaluation. In short, this heuristic includes
two steps. First, using the language of bounded rationality, evaluation is based on the
subjective environmental structure since the objective environmental structure is not known
to the agent. Moreover, subjectively perceived information is used to create prediction due to
similarity. To apply this heuristic to inflation expectation formation, we can conclude that
agents use some inflation related information to form inflation expectation due to similarity.
Given that, as previously documented, agents usually do not know the most recent official
inflation rate, they have to rely on their subjective environmental structure about inflation.
The closest substitute of the most recent inflation rate would be the most recent perceived
inflation rate.
Another important heuristic is availability heuristic. This refers to making judgement by
using the information available in memory. Although it is described as a heuristic, it is rather
an extension of the postulate of the IP approach. Recall from Section 3.1 that adaptivity is
one of the elements of the IP approach. Any piece of information to be used must already
exist in mind. The availability heuristic is in fact about how agents use information that is
already available in their minds. In the word frequency experiment by Tversky and
Kahneman (1972), subjects are asked if it is more likely the letter R to appear in the first or
the third position in a word. Since it is easier to search for words by the first then the third
letter, subjects report that the letter R is more likely to appear in the first position in a word.
The general reasoning behind this heuristic is simple; one searches for the available
information in mind to make judgement although the available information only forms a very
small fraction of the information in the objective environment. The implication to inflation
expectation formation is that, as already discussed in the previous paragraph about
representativeness heuristic, perceived inflation rate is formed based in available information
in mind. Since agents are likely to have price information in their minds as discussed in
Section 3.1.3 and 3.1.4, this available information is likely to be prices rather than other
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information. If this available information is non-price related it is more likely to be
macroeconomic information as it is closely related to inflation.
The last heuristic is the anchoring and adjustment heuristic. Tversky and Kahneman (1974)
give the following reasoning of this heuristic,
“In many situations, people make estimates by starting from an initial value that is adjusted
to yield the final answer. The initial value, or starting point, may be suggested by the
formulation of the problem, or it may be the result of a partial computation” Tversky and
Kahneman (1974, p.1128)
The above description implies that this heuristic involves two steps. First, the initial value or
starting point is obtained by the formulation of the problem or by some partial computation.
Then, the final answer is obtained by adjusting this initial value. To apply to inflation
expectation formation, this initial value is clearly perceived inflation. As the starting point of
the formulation of inflation expectation formation, while the internal information set virtually
contains only price information and macroeconomic information, price information is used at
the very primary stage as supported by the recognition, fluency and representativeness
heuristic and, by empirical findings discussed in previous sections. As a starting point of the
result of a partial computation, perceived inflation is computed based on the available prices
as discussed in the previous paragraph and hence so called partial computation. Second, it is
adjusted with some other information. According to the fluency heuristic, this information
has the second highest criterion value after prices and therefore the perceived inflation is
likely to be adjusted with macroeconomic information.
Furthermore, it may happen that there is only anchoring but no adjustment. Since both
anchoring and adjustment require different types of information, price information and
macroeconomic information, and these two pieces of information follow a serial manner of
search process as bounded rationality suggests. Upon satisficing, an agent with relatively low
aspiration level may already find the price information satisfied and hence stop the
information search. As a result, there is no macroeconomic information processed in the
information processing stage.
To summarise low effort judgement, the representativeness heuristic implies that inflation
expectation is closely related to perceived inflation due to similarity and the subjective
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perception of the environmental structure. By the availability heuristic, perceived inflation is
formed by prices. Finally, the perceived inflation is adjusted with macroeconomic
information.
Surprisingly, methods for high effort judgement are also limited. Since inflation is a
macroeconomic variable, the best way to form an expectation is to use econometric tools.
Popular tools include those addressed in Chapter 2 such as AR models and VAR models. Our
focus is then how likely agents are engaged in high effort judgement. Consider an ordinary
agent with no knowledge on economic and econometrics. The use of these econometric
models involves two steps. First, one has to know that there exist econometric models.
Unfortunately, most people have no knowledge on economic and econometrics; they do not
even know the presence of these models in the surrounding environment. In the language of
bounded rationality, these econometrics models exist in the objective environment but not in
the subjective environment. In the second stage, one has to know how to use these models for
forming inflation expectations. Clearly the effort necessary in this stage is far greater than in
the previous stage as it must take more resources, including cognitive resources, to learn how
to use these models than to know briefly what these models are.
Motivations and self-efficacy also play a role in high effort judgement. The first step
described in the previous paragraph requires the agent to be motivated to search for
algorithmic tools to form inflation expectations. This is not to say that the agent is motivated
to search for precisely the econometric model since the agent does not even know the
existence of these models at this stage. She has to be highly motivated to search the objective
environment until she notices that there are econometric models for predicting future
inflation. The second step requires the agent to be motivated to learn these models and to
assess if she is able to learn to use these models. Again, she needs to assess if she has the
basic knowledge to understand econometrics; if she has the monetary and time resources to
learn to use these models and, even if she has, she may question if it is worth learning to use
these models.
To see if agents are able to make high effort judgement, the questionnaire addressed
previously in Section 3.1.3 also asks the following question (See Appendix A.1.1),
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(3) Do you know any of the following terms?
OLS
AR
VAR

If yes please specify: __________
If yes please specify: __________
If yes please specify: __________

Surprisingly, none of the 50 subjects knew any of the above econometric terms and hence
could not specify any of them. Therefore it is unlikely they would use econometric models
for inflation expectation formation. To further investigate this issue, the following question
was also asked:
(4) How did/would you make a guess, estimate or forecast future inflation rate?
(please choose either Heuristic or Algorithm)
Heuristic (rule of thumb) such as the following,
 Mental calculation (approximating in your mind) based on prices
 Macroeconomic variables in your memory (precise or vague)
Algorithm (statistical or econometrical) such as the following,
 Linear regression model or time series model with data already in your mind
 Linear regression model or time series model and you are willing to spend time to
search for data

The results reveal that about 64% of the subjects employed heuristic while the remaining
36% employed algorithm. It is suspected that these 36% subjects did not provide genuine
response as they could not give correct answer about what OLS, AR and VAR refer to
question (3).
To conclude, information processing can take two forms: low and high effort judgement.
Low effort judgments involve the use of heuristics. More specifically, three heuristics are
believed to be commonly used as suggested by Tversky and Kahneman in their research in
heuristics and cognitive biases. These three heuristics are representativeness, availability and,
anchoring and adjustment heuristics. In contrast, high effort judgements involve the use of
econometric models that require extensive external search for data and computational
software as human cognition does not enable demanding computation.

3.2 Concluding remarks and a summary
This chapter adopts the results of Chapter 2 that, under Simon’s bounded rationality, a
conceptual framework of inflation expectation formation is derived. To be specific, the
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information processing approach is employed to explain the procedurally rational process of
forming inflation expectations. This framework consists of five postulates ((1) behavioural
invariance (2) individual differences, (3) task decomposition, (4) serial processing and (5)
adaptivity) and three serial stages (problem representation, information search and
information processing) interacting with two emotional factors (motivation and selfefficacy). The details of this chapter describe specifically how agents form inflation
expectations upon this framework and empirical findings.
At the problem recognition stage, agents are able to recognise inflation as a concept closely
related to prices and macroeconomic variables. Hence inflation expectation is a function of
prices and macroeconomic variables. At the stage of information search, agents search for the
relevant information that is found to be closely related to inflation in the problem recognition
stage. There are two types of information search and information sets. While external
information sets may contain all possible information, internal information set may contain
only a very small amount of information in which, as shown empirically, prices are the most
common. Furthermore, how much information is found depends on the aspiration level of the
agent. At the final stage, information processing may be carried out with high or low effort.
In low effort judgments, information is processed in a simple heuristic way that is less
computationally demanding and representativeness, availability and, anchoring and
adjustment heuristics are employed. In contrast, algorithmic econometric models are used in
high effort judgements.
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While the last chapter aims to provide a conceptual framework of inflation expectation
formation under bounded rationality, the objective of this chapter is to develop a
mathematical model that describes individual inflation expectation formation under bounded
rationality. This chapter is organised as follows: First, information search and information
processing is reviewed. Then different types of agents are categorised depending on the type
of information they use and the type of information processing strategy they employ. This
will assist us to locate bounded rationality in the spectrum of all different approaches of
rationality and hence further determine the functional and components of the mathematical
model. The core section of this chapter derives the actual heuristic law of inflation
expectation according to different ideologies previously introduced in Chapter 3 which is
subsequently supported by observational and experimental empirical data. Finally we focus
on investigating the components in the heuristic law of inflation expectation.

4.1 Categorising heterogeneous agents
This section contains three different subsections. First we review the last two stages of
inflation expectation formation, namely information search and information processing.
Second, we categorise different types of agents that may exist in the economy. Third, we pin
down the proposition that most agents employ low effort strategy in information processing.
4.1.1 Information search and information processing revisited
Although information search and information processing were introduced in Chapter 3 as two
different stages in forming inflation expectations, serial processing annexes dependence to
them. Dependence stems from the fact that information search does not only include
searching for data but also algorithmic information - one needs to search for the relevant data
and the algorithm used to process the data. This fact leads to two propositions.
(1) External information search leads to high effort processing. In high effort processing
statistical or data processing software is required due to agent’s computational limitation. The
use of any software already constitutes an external information search. Moreover, as
discussed in Section 3.1.4, once external information search has been conducted and
information is found, there is no need to perform an internal information search. If an agent
uses some software to process information, it is likely that data can also be found by such
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external search. Besides, the use of software implies that the data being processed is there is
no need to seek the assistance of computation devices.
(2) Internal information search leads to low effort processing. It is likely to have external
information search and low effort processing. If external information search has been
conducted the agent can also search for high effort information processing strategy instead of
computing in mind as it can be computationally demanding given the amount and complexity
of the information found externally.
4.1.2 The spectrum of different types of agents
The dependence between information search and information processing reveals that there
exist different types of agents in the economy. Agents forming rational expectations, learning
approach rational expectation or rationally heterogeneous expectation belong to the cohort of
high effort processing and hence use of external information. The external information used
in forming these expectations is macroeconomic information. For instance, both REH and the
econometric learning approach REH assert that agents know the true structure of the
economy and that expectation formation takes place in macroeconomic modelling. Therefore
information used in these models is macroeconomic information. In contrast, agents who
form their expectations according to adaptive and naïve expectation use price information. In
summary, REH, learning approach REH, rationally heterogeneous expectation, adaptive
expectation and naive expectation hypothesis require the use of external information which is
macroeconomic and price related.
Information used in bounded rationality is price oriented as discussed in Section 2.3
(bounded rationality) and 3.1.4 to 3.1.5 (information search and processing). This is mainly
due to the fact that only a small amount of information is used, processing strategy is not
computationally demanding and is heuristic based. Figure 4.1 below graphically illustrates
the spectrum of all agents.
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High effort

Macroeconomic
information

Low effort

Rational Expectation;
Learning Approach RE,
Rationally Heterogeneous
Expectation
Bounded rational
expectation

Price information

Adaptive expectation;
Naïve expectation

Figure 4.1: The spectrum of agents
It is observed from the above figure that bounded rationality is a broad category. This is true
since, as discussed in Section 2.3.9, expectation hypotheses assume the expectation is formed
with the use of explicitly defined time series models. This approach is restricted to the use of
a single type of information; either macroeconomic or price related.
4.1.3 The common cohort
To determine which of the above types of agents is the most typical in an economy, we focus
on the popular type of information search. Recall from Section 3.1.4 that search behaviour
depends on motivations and self-efficacy as discussed in Section 3.1.1 and 3.1.2. Here we
provide empirical findings and conclude that agents generally perform limited or even no
external search at all.
In terms of motivations, agents’ perceived risk suggests no external search is performed. This
occurs when the cost of external search exceeds the benefits. For example, Jonung and
Laidler (1988) found that freely available and useful information remained unused. They
further argued that the costs of gathering and processing information on perception errors are
high relative to benefits gained from improving inflation perceptions. For instance, these
costs can be the cost of obtaining macroeconomic data and the cost of using some software
that incurs monetary cost to purchase and effort to learn and use. Clearly, the agents
themselves do not know the exact cost of gathering more information. Yet they try to
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evaluate the potential costs and benefits. The concept associated with this situation is rational
ignorance (Downs 1957) in which, in an uncertain world, agents acquire limited amount of
information since costs of gathering information exceed the benefits brought by the
information. Jacobson and Obermiller (1990) hold the same argument that cost of obtaining
information typically outweighs its benefits. They explained that it is unlikely for a consumer
to purchase information from a better informed individual before any purchase. Their
argument is based on the empirical data that agents’ forecasts are both biased and inefficient.
Another factor contributing to motivation is personal relevance. One of the most important
factors determining the inflation of an economy is the policies carried out by the central bank
due to its role of setting interest rates and the goal of inflation targeting. The survey results
reported by van der Cruijsen et al (2010) show that Dutch agents do not find important to be
informed about the policies of the European Central Bank (ECB). In comparison to internal
search, external search requires much more effort, both monetary and time, hence we expect
agents to perform external search if they consider being informed really important In van der
Cruijsen et al (2010) only 18.4% of the interviewed agents fall into this category. In addition,
agents generally think that policies by the ECB are of importance for the economy rather than
individuals. Most agents considered the effects of the ECB policy on personal or family
income, purchasing power of money as “somewhat important” while the effects on
business/job/profession and the values of the agent’s investment as “not important at all”. In
contrast, most agents considered the effect of the ECB policy on the economy as “very
important”. This suggests that agents generally do not consider macroeconomic variables
such as interest rate and money supply as personally relevant.
Goal may also be considered a driving factor of external information through motivation. For
example, certain costly purchases with intertemporal payments may tempt the buyer to
perform external search for inflation expectation before purchase. In this case, external
search is driven by the goal of purchase. In a survey Linden (2010) studied approximately
400,000 observations of 27 European countries. The hypothesis of a costly purchase causing
more information search was tested. Agents were asked how likely they would buy a car, a
house and spend money on home improvement. They could choose one of the following
options “Very likely”, “Fairly likely”, “Not likely”, “Not at all likely” and “Don’t know”. If
it is more likely to spend more money on a purchase since more information is believed to
lead to more precise inflation perception and expectation. Excluding the “Don’t know”
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option, the hypothesis of a costly purchase causing more information search is not rejected if
the perceived, or alternatively, the expected inflation deviates less from the actual inflation
rate. If this hypothesis is correct, the plot of perceived and expected inflation rate against
likeliness to buy should show a downward trend since agents tend to overestimate inflation
rate. This is demonstrated by Figure 4.2 below.

Percevied /
Expected
inflation
More likely to buy a car/a house/to spend money on home improvement

Figure 4.2: Hypothesis of a costly purchase causing more information search
However, the graphical illustrations (Figure 11.7 for perceived inflation and 11.8 for
expected inflation of Linden (2001)) plotting perceived and expected inflation against
different scales of likeliness appear to be U-shaped – Perceived and expected inflation appear
to be higher for the scale “Very likely” than “Fairly likely” for all different types of
purchases namely “Buying a car”, “Buying a house” and “Home improvement” suggesting
that more information search leads to even higher perceived and expected inflation and,
greater deviation from the actual rate of inflation. Figure 4.3 is briefly display the pattern of
Figure 11.7 and 11.8 in Linden (2010)

Percevied /
Expected
inflation
More likely to buy a car/a house/to spend money on home improvement

Figure 4.3: Actual finding of testing the hypothesis of a costly purchase causing more
information search
The above result suggests that the goal of costly purchases does not urge buyers to perform
extensive search for perceived and expected inflation. Instead of extensive search on inflation
related information, agents may perform extensive search on price in situations of costly
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purchases. However, after reviewing a number of studies, Guo (2001) concludes that, in
general, consumers do not conduct extensive information searches even for expensive items.
Other than motivations, as discussed in Section 3.1.2, self-efficacy can also cause external
information search. Here we consider two aspects affecting self-efficacy: the complexity of
the information and the ability to financially support information gathering. Research
suggests that the complexity of information is inversely related to the extent of external
information search (Hu et al. 2007). An agent with high self-efficacy is likely to engage in
external search. If she thinks that her knowledge or intelligence is good enough she believes
she is enable to process complex information and hence achieve positive outcomes (Brucks
1985, Strebel et al. 2004, Urbany et al. 1989). Furthermore, her knowledge also allows her to
perform search quicker than agents with low self-efficacy as she is more likely to know
where to find useful information (Brucks 1985). For the case of macroeconomic information,
the general public may not be of high self-efficacy since macroeconomic information is
technical. The general public is not likely to understand the relationship between
unemployment rate and inflation, interest rate and inflation, etc. therefore it is unlikely that
agents search for macroeconomic information to achieve positive outcomes. In addition, the
agents with no macroeconomic knowledge are likely to perform external search due to their
low awareness of what information is needed (Cooper et al 1995).
Cost of the information is considered to be one of the most important factors governing
external information search. One may be tempted to assert that low search cost may induce
external information search. However, Guo (2001) found that this is not the case. He argued
that low search cost alone is not sufficient to instigate a massive search. In a survey
conducted by Loibl and Hira (2009), 880 high income (annually $75000 or above) household
investors in the US were interviewed over the phone about the information search they
performed for their investments. The interviewed household member was selected as the
“most knowledgeable about saving and investing” in the household and 76% of all
respondents hold a Bachelor of Science degree or above. One may argue that these
households are likely to engage in massive external search due to their high income and
education level. Surprisingly, results reveal that 78% of them conduct at most a broad but
less frequent information search strategy. For inflation expectation which has no strong
personal relevance to the general public, we can insist that external information search for
forming inflation expectation is very unlikely to occur.
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We examined both theoretical and empirical findings of the likeliness of performing external
information search in different circumstances. The fact that the cost of external information
search exceeds the benefits it brings suggests that financial risk is high thus agents are not
motivated to perform external search. The Dutch survey about the general public’s thought
about the ECB policies tells us that agents do not find central bank’s policies of personal
relevance. Rather, they think these policies are important to the economy. Linden’s survey
shows that goal driven information search is likely to be internal due to the large deviation of
perceived and expected inflation from the actual inflation indicating inadequate information
used. In terms of self-efficacy, it is empirically found that the complexity of information
reduces information search; not only the agent’s belief of being able to process information
but also the agent awareness of what to search. In addition to the complexity of information,
empirical findings suggest that well educated agents with more than sufficient financial
resources may still not perform extensive search for their investments despite of the fact that
information search is highly relevant to their investments. Hence, we conclude that generally
agents do not perform external information search.
Empirical results under experimental settings also report similar findings. Roos and Luhan
(2013) conducted an experiment in which subjects were given incomplete information.
Functions that were used to create the economic dynamic, including the objective function of
the trade union (a function of real wage and employment), the firm’s profit function (a
function of output and employment), the production function (a function of productivity and
employment) and aggregate price level function (the geometric mean of all industry prices)
were known to subjects. However, the functional form and the parameters of the demand
function were unknown to subjects. Other than giving the subjects the realisation of wage,
employment, output and price after each period, subjects could choose to buy information;
cross-section or/and time series information about the market variables. Results revealed that
only 26.2% of all subjects bought information and 83.7% of those who bought information
bought cross-sectional information. These results suggest that agents in general do not
perform external search as they simply rely on the given realisation of the variables. Also the
choice of cross-sectional information suggests the use of short-horizon information and hence
short-horizon planning. This is in stark contrast to DSGE models in which agents are
assumed to maximise expected utility over a fairly long or infinite horizon. It is also
interesting that no relationship has been detected between information bought and
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performance of prediction. Roos and Luhan (2013) argue that this shows that subjects learn
from experience rather than information updating as the learning approach REH suggests.
These observational and experimental analyses strongly rule out the possibility of rational
expectation in reality. Although it is commonly known that numerous empirical studies are at
odds with REH, the supporters of REH are not too bothered by these studies (Webley et al.
2001). These empirical studies support the above conclusion that external search is unlikely
to be. Despite the overwhelming evidence of rejecting REH, rational expectations may be
found in experiments when subject are given full information about the economy. In an
experiment administered by Pfajfar and Zakelj (2009), different subjects were put into
different groups in which different monetary policy reaction functions were employed. These
included inflation forecast targeting, Taylor rule and inflation targeting. Also, unlike in the
previously discussed experiment, subjects always had historical series on all relevant
macroeconomic variables and their past predictions. Results suggest that 35.6% of subjects
exploited all information at the 5% level of significance and that 47.8% of all subjects at the
1% level of significance. These results suggest that with all relevant information fully
available approximately half of the agents form rational expectations. The reason that not all
agents form rational expectations might stem from that, under the experimental setting,
agents could not use computation assisting devices for information processing.

4.2 Inflation expectation decomposition under bounded rationality
The last section sees that most agents are likely to perform internal information search and
hence low effort information processing. Current economic expectation hypotheses have
already put forth the precise form of high effort processing. The objective of this section is to
put forth a precise form of low effort processing upon bounded rationality. The mathematical
model will be based on Section 2.3.5 to 2.3.7 where it was found that agents employ
satisficing, recognition, fluency and mapping model heuristic. Furthermore,
representativeness, availability and, anchoring and adjustment heuristic put forth by Tversky
and Kahneman discussed in Section 3.1.5 will also be applied to derive this mathematical
model.
The inflation in t  1 expected in t can be decomposed into a current inflation and a
macroeconomic inflation component, as given by the following equation,
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t

 te1   t  t

(4.1)

where  t and t is current inflation and the macroeconomic information component
respectively. The additive functional form captures the fact, as discussed in 4.1.2, that
bounded rational expectations are formed based on price and macroeconomic information.
Recall from Section 2.3.6 of recognition heuristic that current inflation and macroeconomic
information are recognised in the information set hence they are essential to inflation
expectation formation. Further, due to fluency heuristic, current inflation is recognised before
macroeconomic information. The macroeconomic information component does not capture
the exact numerical value of the macroeconomic variable; for example recognising an
increase in interest rate by 0.25% does not mean that t  0.25% . Rather it captures the
impact of recognising the macroeconomic information. For instance, an increase of interest
rate by 0.25% may instigate the agent to believe that future inflation will decrease by 1% and
hence t  1% . Details of this macroeconomic information component will be studied in
Section 4.4.
Unless the agent remembers the current inflation rate, which is not likely as discussed in
Section 3.1.4, external search is required. Yet, as discussed previously in Section 4.1.3, in
general the public does not perform external information. Behrend (1966) and Blomqvist
(1983) found that inflation expectations tend to be derived from inflation perception rather
than actual inflation. An explanation to this is that agents employ representativeness
heuristic; that is, taking perceived inflation as the current inflation. Mathematically put, they
assume that

 t   tp
In Section 3.1.3 we saw that most agents can tell that the inflation rate is about price
increases and cost-of-living index. Since they have no information about the actual inflation
rate and external search is not performed, the closest substitute that is available in the internal
information search is the perceived inflation rate. Replacing the current inflation rate in
equation (4.1) with perceived inflation yields,
t

 te1   tp  t
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Due to recognition and fluency heuristic, perceived inflation is recognised prior to
macroeconomic information. In fact, Gestalt psychologists have shown that past experience
tends to dominate expectations (Katona 1975). This in turn leads to the use of anchoring and
adjustment heuristic; inflation is first used as anchor and macroeconomic information as
adjustment if the agent sees such need. The anchoring effect suggests that inflation
expectation is closely related to inflation perception. Unsurprisingly this is a common
phenomenon found in many inflation expectation surveys. For instance, Christensen et al.
(2006) using Dutch data (sample size of 1376), found that the current inflation perception is
highly significant in regressing inflation expectation and dominates past inflation perception.
This suggests that inflation expectation is based on recent perception and agent tend to shorthorizon anchoring which is consistent with bounded rationality. The Swedish data showed
that inflation perception exerts a strong positive influence on inflation expectation (Jonung
1981). Furthermore, using the UK survey data Simmons and Weiserbs (1992) found that
respondents use the perceived inflation rate as the base for forecasting future inflation rate.
Similarly, Easaw et al. (2013) found that Italian household inflation expectations are
determined by inflation perceived inflation while they absorb professional forecasts from
other sources. In the experiment previously discussed in Section 4.1.3, Roos and Luhan
(2013) found that expectations are formed by using the anchoring-and-adjustment heuristic in
which the last observation serves as the anchor and some other information as the adjustment
rule.
In addition, recognition, fluency, and anchoring and adjustment heuristic implies the
hierarchical structure of information use in forming inflation expectations. For example, Eq
(4.2) suggests that inflation perception is the primary factor in forming inflation expectations.
In the UK, a few studies conducted by the Bank of England indicate that most households
consider inflation perception as a “very important” or “important” factor in forming inflation
expectations. From 2008 to 2012, 80 to 90% UK households considered inflation perception
as an important factor in forming inflation expectation. Table 4.1 below is constructed based
on the information reported by Harimohan (2012).
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Factors

2009

2010

2011

2012

 p (past 6 months)

80-90%

80-90%

80-90%

80-90%

 p (past 1 year)

80-90%

80-90%

80-90%

80-90%

Current interest rate

Approx. 65%

Approx. 65%

Approx. 65%

Approx. 60%

Current strength of
the UK economy

75-80%

75-80%

75-80%

75-80%

Inflation target

55-60%

55-60%

Approx. 65%

55-60%

Table 4.1 Factors UK household considered as “important” in forming inflation
expectations (2009-2012)
Barnett et al. (2010) reports that, since the beginning of the survey in 1999, the median of
inflation perception has been highly correlated with inflation expectation although there
appears a significant discrepancy between perception and expectation in 2008 and 2009. Yet
the correlation is still significantly high. The discrepancy in 2008 and 2009 is likely due to
the global financial crisis. In fact, in 2008 between 40 to 45% of survey respondents
considered inflation perception over the past 6 months and 1 year as “very important”
followed by “Strength of the British economy” accounted for 35 to 40% suggesting the
importance of inflation perception in inflation expectation formation9. However, in 2009
between 45 to 50% and approximately 40% of survey respondents considered inflation
perception over the past 6 months and 1 year as “very important” respectively. For “Strength
of the UK economy”, approximately 50% of survey respondents considered it as “very
important”. These are presented in Table 4.2 below.

9

These figures are different form that reported in Table 4.1 in which households considered these factors as
“important” rather than “very important”.
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Factors

2008

2009

 p (past 6 months)

40-50%

45-50%

 p (past 1 year)

40-50%

40%

Current interest rate

Approx. 35%

Approx. 35%

Current strength of
the UK economy

35-40%

Approx. 50%

Inflation target

Approx. 30%

25-30%

Table 4.2 Factors UK household considered as “very important” in forming inflation
expectations (2008-2009)
This suggests that inflation perception is the primary source of inflation expectation but other
factors are used for adjustment particularly when the economy is highly uncertain in future.
Furthermore, the decrease in the proportion of past 1 year inflation perception and the
increase in the proportion of past 6 months inflation perception suggest that, similar to the
result of Christensen (2006) discussed previously, short horizon anchoring is employed in
forming inflation expectation. An important implication of this interesting result is that while
inflation perception is a backward-looking component of inflation expectation,
macroeconomic information may be served as a forward-looking component in forming
inflation expectation although agents have limited economic knowledge. They are
procedurally rational in the sense that they apply their limited knowledge in making the best
forecast they can. Therefore, these results may well show the validity of bounded rationality.
Lyziak (2010) uses qualitative data of a number of European countries, including non-Euro
area ones, to measure their forward-lookingness. He concludes that in general the weight of
forward-lookingness is small. Detailed conclusions are reported in Table 4.3 below.
Degree of backward-lookingness
Least
Slightly more

Country
The Netherlands
Ireland, Spain, Italy, Austria, Greece and Czech Republic
Germany, the UK, Slovenia, Luxembourg, France,
Medium
Cyprus, Estonia, Poland, Hungary, Finland, Portugal,
Malta, Latvia, Belgium
Sweden, Bulgaria, Denmark, Romania, Lithuania,
High
Slovakia
Table 4.3 Detailed conclusions of Luziak (2010)

112

Understanding Economics of Inflation Expectation in Light of Modern Cognitive Psychology

The anchoring effect of inflation perception suggests that inflation perception is highly
correlated. Fluch and Stix (2005) show that, except for the year of the euro cash changeover
and in some countries the subsequent few years, the comovement between inflation
perception and expectation in the twelve selected Euro Area countries is strong. Some studies
report the numerical measure rather than the time series plot. It is reported that the correlation
between inflation perception and expectation is 0.735 in Ireland between 2002 and 2007
(Duffy and Lunn 2009) and is 0.92 in the UK between 1999 and 2007 (Driver and Windram
2007).
We have seen that Eq (4.2) provides a solid explanation to inflation expectation formation.
To further develop this model we need to employ theories in psychology. Inflation
perception,  tp , in Eq (4.2) can be viewed as a function of perceived prices; as we have
discussed earlier agents know that inflation is connected to prices hence perceived inflation is
related to current and past perceived price. Further, perceived prices are vague and fuzzy; it is
a subjective frame that Behrend called “price image”. Here we briefly discuss three
properties of perceived price, the details will be discussed in Section 4.3. Due to cognitive
limitations, agents may not be able to recall precisely the prices they experienced. At a lower
level of price recollection, they may be able to recognise prices if clues are given. Or at the
lowest level they have some very vague ideas. It is rather an axiom that an agent without any
pathological memory deficiency can at least have some idea about some prices if not all.
Also a price image tends to be formed by multiple prices. As shown in Section 3.1.3 and
3.1.4, Leiser and Drori (2005) and de Bruin et al. (2010) found that agents noticed that
inflation is not about the price of a single commodity or an item as they know inflation is
closely related to concepts like “prices you pay” and “cost-of-living index”. Moreover,
except in the macroeconomic and economic index number context, “general price level” is an
abstract concept. Given that agents know a general price level is about prices of
commodities, they may not be able to tell exactly its formulation. Consequently, we can
formulate inflation perception as

 tp  f ( ptp , ptp1 )
That is, inflation perception is a function of price perception at t and t  1 . The tilde on the
two price perceptions captures the fact that they are rather fuzzy. Without unrealistically
assuming that in the eye of an agent the perceived inflation is the rate of change of price
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perception10, we rely on psychophysics literature and empirical evidence to derive the
function that maps price perceptions to inflation perception. Saini and Thota (2010) found
that price comparisons are conducted by intuitive relative thinking. This suggests the use of
the Weber-Fechner Law to formalise inflation perception formation since it describes the
nature of relationship between subjective experiences and objective stimulus (Lewis 2008,
p.241). First, inflation perception is intuitively relative hence it can be viewed as some sensed
difference  tp  dS which was interpreted by Fechner as the just noticeable difference
(JND). This is supported by the empirical finding that agents seem to remember the direction
of the majority of price changes instead of individual price increases as each of them is so
small and hence they are hardly noticeable (Behrend 1966). Then the law suggests that the
sensed difference is equal to the perceived differences between two intensities of a stimulus
(Monroe 1971), i.e. perceived prices at two different periods. This leads to a psychophysical
law called Weber-Fechner law that describes the relationship between the actual stimulus and
the sensation.,

 tp  dS  k

dp
p

where the parameter k reflects proportionality since the law suggests an incremental
relationship. Replacing the infinitesimal differential with the difference between the “old”
and “new” stimulus (Weber 2004), i.e. the two price perceptions, yields,

 tp  k

ptp  ptp1
ptp1

The confusion here might be that inflation may not be well perceived as it is now expressed
as a function of price perceptions which are vague and fuzzy. In fact, agents may have a
sensation of recent inflation and this sensation (i.e. dS ) is perceived rather unconscious. The
empirical study of Uhl and Brown (1971) has found that consumers are better at perceiving
price changes than identifying the true prices paid. Moreover, consumers’ price perception is
a range of prices rather than the exact price. This supports Behrend’s finding of price image.

10

As we have been building our model upon bounded rationality, we should not naively assume agents know
that inflation is computed as the rate of change of prices and that they can perform mental calculation that
involves two operations (first subtraction then division) in solving the rate of change.
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Hence, we can conclude that a price perception is formed based on price available in the
agent’s mind and that agents employ availability heuristic which is discussed in Section
3.1.5. As we shall see in Section 4.3, this is an important property of price perception and
hence a crucial element of modelling price perception.
For simplicity we may set k  1 or 100%. An experiment conducted by Gärling and Gamble
(2008) has shown that (1) relatively large difference in the nominal representation of prices,
even expressed in different currencies, do not have any strong effect on perceived inflation
and (2) on average, perceived inflation rate is very close to the one computed from the prices
viewed by the subject in the experiment suggesting that, on average, k  1 . Finally, we have
the following Weber-Fechner Law for inflation perception,

 tp 

ptp  ptp1
ptp1

(4.3)

Surprisingly, this equation is in fact the homological inflation perception, Eq(1.20), discussed
in Section 1.2.3. An immediate corollary is that inflation perception always has the form as
Eq(4.3) regardless of the individual acknowledging the official inflation rate equation or not.
Heterological and homological inflation perception yields the same result. As we shall see in
Chapter 5, empirical data supports this corollary.
Some studies, for example Batchelor (1986), have shown that Steven’s Law is preferred to
Weber-Fechner Law in modelling inflation perception. However, in the case of fuzzy price
perception, psychophysics theory supports Weber-Fechner Law. The difference between
these two laws is that while Weber-Fechner Law describes the just noticeable difference,
Steven’s law measures subjective sensation by direct methods such as numbers assigned by
participants in magnitude estimation (Laming 2010). The use of the Weber-Fechner Law in
the context of price and inflation has a long history – Monroe (1971) employs this law to
build a model for estimating buyers’ demand function by assuming price as the stimulus and
quantity purchased as the response. By using the data collected by means of interviewing
shopper just left the supermarket Sirvanci (1993) shows that shoppers’ price sensitivity
supports the Weber-Fechner law. Recently, by using the data of the EU as a whole and a
number of European countries dated from 1997 to 2006, Antonides (2008) found that the
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relationship between perceived inflation and actual price changes supported by WeberFechner Law.
Finally, the substitution of Eq(4.3) into Eq(4.2) yields,

t



e
t 1

ptp  ptp1

 t
ptp1

(4.4)

This is the law of heuristic inflation expectation formation.
Before concluding this section, the use of information should further be discussed as we now
have derived the final form of inflation expectation. As previously discussed the use of
anchoring and adjustment heuristic, there is a hierarchy of information use in forming
inflation expectations. The focus is then when an agent decides an adjustment is needed after
anchoring. Since information needs to be searched in mind sequentially, we may apply the
satisficing heuristic which suggests that if the information found reaches the aspiration level
then the search process stops. This means that an agent first searches for price perceptions to
form inflation perception and then, if inflation perception has not reached the aspiration level,
macroeconomic information is searched. Prabha et al. (2007) study the criteria for stopping
information search of university students (both undergraduate and postgraduate) and
academic staff. Here we list them according to the motivation and self-efficacy model we
outlined in Chapter 3.
Students




Writing research reports
Preparing presentations




Accuracy of information
Same information repeated in
several sources

Time risk



Time available for preparing

Self-efficacy




Concept understood
Required number of pages
was reached
Required number of citations
was reached

Goal

Performance
risk

Need











Academic staff
Preparing lecture notes and
presentations
Delivering lecture notes and
presentations
Writing journal articles
Current or cutting-edge research
was found
Same information was repeated
Time available for lectures and
presentations
Meeting scholarly and research
needs
Publisher’s requirements were
met.

Table 4.4 Satisficing criteria for stopping information search in Prabha et al (2007)
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It can be seen that when to stop an information search depends on a lot of factors. Another
purpose of Eq(4.4) is to categorise the information searched by agents into two major types:
price information and macroeconomic information. As we have seen, price information is the
primary source. So how likely do agent only search for price information and stop the
search? Barnett et al. (2009) report that approximately half of the survey respondents in each
quarterly survey from 2001 to 2007 had their inflation expectations equal to their inflation
perceptions. This suggests that half of the survey respondents stop the search after price
information was found.
This section serves as the core of this study in which the law of heuristic inflation expectation
formation is derived. This law is supported by a number of psychological findings based on
empirical and experimental studies and by numerous empirical findings in the realm of
economics typically in survey data and some experimental data. The remaining of this study
will further investigate this law. In the rest of this chapter we shall focus on the properties of
the components of this law. The empirical study will be discussed in Chapter 5.

4.3 Price information component: Price perception
This section aims to discuss the existing research and properties of price perception. Due to
the complexity of human cognition, understanding the formation of price perception is never
easy. A large amount of research about price perception has been done. Research on price
perception is one of the concerns in consumer psychology as price perceptions affect
consumers’ purchasing behaviour in which price perceptions influence the attractiveness of
the price of a good or service. In this section we first address existing theories in price
perception then further properties of price perceptions are investigated.
4.3.1 Price perception in consumer research: Adaptation level theory and range theory
There are two main theories of price perception in consumer research: adaptation level theory
and range theory. The former is more important in the sense that it provides useful insights in
understanding the properties of price perception. Adaptation level theory suggests that the
reference price is a price formed in a consumer’s mind as a benchmark to assess the
attractiveness of some price the consumer intends to purchase. Hence it involves a two stage
process – first a point reference price is formed then there is a function mapping of this
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reference price and a given price to a numerical measure describing the attractiveness of such
given price. Niedrich et al. (2001) gives the following form of this mapping,

J  a  b( p  p p )
where a and b represent the intercept and slope of this linear model and, J is the price
attractiveness of price p and p p is the reference price and price perception. It is generalised
that the reference price is the perceived price and is formed by using past prices (Kalyanaram
and Winer 1995, Miljkovic and Effertz 2010). Reference price can be further divided into
external and internal reference prices. The former refers to the reference price formed by
using the price experienced at purchase while the latter refers to the one formed by past
prices. Therefore, our definition of price perception refers to the internal reference price
(Miljkovic and Effertz 2010). Here two properties of reference price are advocated.
Property 4.1: The reference price is the median of past prices.
Property 4.2: Prices in the minds of individuals follow a lognormal distribution.
Property 4.1 stems from the empirical finding that agents produce numerical estimation by
using the model mapping heuristic described in Section 2.3.8. When price perception is being
formed, an agent searches in mind the prices of goods that fall into the category of
commodity. That is, the criterion “commodity” is used as a cue. Other empirical findings can
be served as peripheral arguments of this property. It is found that there is a region about the
reference price such that changes in price do not lead to any change in price perception
(Monroe 2003, p.132). If the reference price is the arithmetic mean of prices, then any change
in prices would lead to a change in price perception. Moreover, in an experiment conducted
by Janiszewski and Lichtenstein (1999) it is shown that internal reference price is not
sensitive to the shift in the observed range of prices suggesting the internal price is the
median of the range of prices. It is also assumed by a majority of researchers that the
reference price is a weighted average of past prices (Briesch et al 1997). Thus this weighted
average can be expressed as the median as the weights are not specified.
Property 4.2 is derived from Weber’s law that p / p  K for some constant K . Adam (1969)
shows that, both theoretically and empirically, Weber’s law imply lognormal distribution of
the range of prices in the minds of individuals. Briefly, by employing Weber’s Law, Adam
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(1969) first postulates that two people (person 1 and 2) experiencing different stimulus
(prices) may share the same level of perception intensity. This can be expressed in the
following way,
p1  p1
p  p2
p  p1 p2  p1
K 2
 2

p1
p2
p1
p1

where p is the maximum price as the stimulus. As these prices are not specific and might be
drawn from the population of all prices in the economy, it may be that person 2’s minimum
price is equal to person 1’s maximum price (i.e. p1  p2  p0 ),
p2  p0 p0  p1

p0
p1

This implies that p2 p1  p02 hence it is natural to use logarithmic scale. In addition, it is
reasonable to assume that the distribution of the range of prices is positively skewed. It is
clear that p2  p0  p1  0 . Since p1 is strictly greater than zero but there is no upper limit
for p2 , naturally we assume that ( p2  p0 )  ( p0  p1 ) . Therefore, the distribution of prices
in the minds of individuals may follow a lognormal distribution.
In addition to the approach taken by Adam (1969) to show that price ranges are lognormally
distributed, we show the same result by taking a mathematical statistics approach. Recall that
person 2’s minimum price is equal to person 1’s maximum price hence p2 p1  p02 .Then for
any p0 there exists a relation connecting p0 to two random variables, p1 and p’2. To simply
the notations we have p1 p2  p02 . Such connection can be applied to p1 and p2 as well. That
is, p02 

p3 p4 p5 p6 for p12  p3 p4 and p22  p5 p6 , and p04  p3 p4 p5 p6 . The implication is

that any p0k , for some constant k , is geometrically divisible. More generally,

p0k   pi
i

It is observed that p0k is lognormal since, ln( p0k )   ln( pi ) and ln( p0k ) ~ N by central limit
i

theorem if ln( pi ) are i.i.d. with finite first and second moment. The assumption of i.i.d. with
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finite first and second moment is not very strong considering the number of prices in reality
is very large but finite. Hence, due to the property of lognormal distribution,
p0k ~ LN (k  , k 2 2 ) and p0 ~ LN (  ,  ) for k  0 , i.e. p0 is also lognormal

It is also worth noting that this lognormal distribution does not rely on the distribution of
actual prices due to Weber’s law. Although individuals form price perceptions from the
population of actual prices, Weber’s law suggests that human’s sensation about these prices
follows the log scale irrespective of the underlying distribution of the actual prices. To
express in mathematical notations, we have that,
m
i 1

dist

pini 1  LN (  ,  )

(4.5)

for some constant  and  and pini 1 , the range of prices of individual i , is a ni 1 vector
containing ni prices (different individuals might consider different number of prices).
Equation (4.5) describes that the disjoint union of the range of prices of m individuals
follows lognormal distribution and the population median is e  .
There is also a connection between Properties 4.1 and 4.2. We have seen that the formula
p2 p1  p02 is led by (1) that two people with the same level of intensity of perception and (2)

that one’s maximum price is the minimum price of the other. This suggests that the geometric
mean is an appropriate measure of the central tendency of the range of prices if we consider
that the maximum price and the minimum price of a person are p2 and p1 respectively. More
importantly, the geometric mean is the median if the range of prices follows lognormal
distribution. This directs us back to Property 4.1. In fact, other studies suggest that price
perception is not the arithmetic mean but the geometric mean of the range of prices (Helson
1959, Helson 1964, Emery 1969, Marks and Algom 1998).
Another major theory in price perception is the range theory. Unlike adaptation level theory
in which a reference price is formed based on past prices and then used as a benchmark for
measuring the attractiveness of a given price, the range theory directly maps the maximum
and minimum of some given prices to the degree of attractiveness. That is, it does not involve
the use of price perception. This can be seen by the following equation (Moon and Voss
2009),
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J

p  min(p)
max(p)  min(p)

where p is vector of past prices. Attractiveness can only take the value between 0 and 1.
Figure 4.4 illustrate the price attractiveness function with max(p)  50; min(p)  10 .

Figure 4.4: Price attractiveness according to range theory ( max(p)  50; min(p)  10 )
Therefore, the range theory suggests that prices above the maximum are considered to be
expensive while below the minimum are considered to be cheap. Also, attractiveness is a
linear function of price when prices are between the maximum and minimum.
4.3.2 Recall and recognition
It is of no doubt that price perception is formed based on experienced prices. However, the
cognitive limitations as well as the amount and complexity of price information have serious
impacts on how these past prices are retrieved from the memory. The two major ways of
retrieval are recall and recognition. In the price perception context, recall requires the agent
to state past prices while recognition requires the agent merely to identify the price as having
been seen or experienced previously (Singh et al 1988).
The relationship between these two ways of retrieval has been the subject of an on-going
debate since the 1970s. Experiments and even the use of fMRI (functional magnetic
resonance imaging)11 provide conflicting results (Brassen et al. 2006). Strength theory
considers the recall-recognition relationship as quantitative. Recalling an item requires more

11

The difference between recall and recognition can be determined by observing the changes in blood-oxygenlevel in different parts of the brain during memory retrieval.
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information in storage than recognizing them (Haist et al. 1992). Generate-recognize theory
describes the recall-recognition relationship as qualitative. Candidate items are retrieved in
mind and one of them is recalled due to familiarity. Recognition is viewed as a single step
procedure in which an item is recognized only due to familiarity and candidate item retrieval
is not involved. Also, Ranganath et al. (2004) suggested that recall and recognition undergo
different neural network processes (. It is however generally viewed that “recall is typically
more difficult than recognition because, compared with recognition, recall requires more
extensive reinstatement of the learning event” (Haist et al. 1992).
Studies in consumer psychology put forth two more categories in price memory retrieval.
Consumers may not be able to recall the exact prices but they might recall the relative price
rank (Monroe and Lee 1999), or might be able to notice if a given price is within or outside
the price range (Vanhuele and Dreze 2002).
Empirically, surveys have been used to assess the relationship between recall and
recognition, and the correctness of price perception. By using Italian data, Cestari et al.
(2008) found that there is “no significant difference between the prices indicated by
respondents claiming precise recall and by participants having a vague memory” suggesting
that price perceptions by recall and by recognition do not differ. A survey by Kemp (1991)
interviewed 50 German individuals about their recalled prices. Questions asking the
respondents include how much 250g of butter cost; how much 1kg of ryebread cost and, how
much a stamp for letter within Germany cost a year ago and fifteen years ago. The following
table summarises the results of the survey as well as the actual prices.
Items
General
Stamp
Butter
Ryebread

1987
Perception (median)
9.90
0.80
2.15
3.10

1973
Actual
9.84
0.80
2.15
3.13

Perception (median)
7.00
0.60
1.83
2.27

Actual
5.91
0.40
1.99
1.69

Table 4.5 Results of the survey conducted by Kemp (1991)
Perceptions are generally very close to the actual price. Slight deviations are observed in
perceptions about prices dated fifteen years ago due to the time course. Another survey done
by Kemp and Willetts (1996) interviewed 70 New Zealanders working in the wool industry
and 70 New Zealanders of the general public not working in the industry. Questions asked
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from the participants included the price of 1kg of greasy wool, 500g of butter and a standard
stamp a year ago. The following table summarise the results of the survey.

Wool
Butter
Stamp

Wool industry
(median)
3.26
2.00
0.45

General public
(median)
2.96
1.90
0.45

Actual price
3.27
1.87
0.45

Table 4.6 Results of the survey conducted by Kemp and Willetts (1996)
Again, perceptions are generally very close to the actual ones and respondents working in the
wool industry clearly have more accurate perceptions of wool price.
4.3.3 Further properties of price perception: An experiment
To further understand price perception, an experiment is conducted to test the following
hypotheses:

H1 : Price perception is time invariant if prices learned remain the same.

H 2 : The mean of individual price perceptions equals the median of the price population.
H 3 : The variance of individual price perception and the central tendency of the price
population are independent.

H 4 : Individual price perception is normally distributed due to the central limit theorem of
median.
Hypothesis 1 is based on empirical studies that recognition shows little memory decay (Du
Plessis 1994). In an experiment of recognition and recall conducted by Singh et al (1988),
respondents were asked to recall and recognise the product category and brand name of some
television commercials. Results show that respondents’ memories do not decay significantly.
The aim of our experiment is to see if price perception is free from decay due to the passage
of time.
Hypothesis 2 aims to see the correctness of price perception of all individuals as a whole. As
discussed earlier, price perceptions seem to be consistent with the actual price. Our earlier
discussion also suggests that an individual’s price perception is the median of the range of
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prices. Therefore, the mean of individual price perception should be equal to the median of
actual prices.
Our earlier discussion does not address the variability of price perception – the mean of price
perception should equal the median of all actual prices but there is nothing to say about the
relationship between the variability of price perception and that of the actual prices. One way
to check this is to test the equality of the variances of two sets of price perceptions resulting
from two price populations that share the same variance but different mean or median. This is
suggested by Hypothesis 3.
Hypothesis 4 is an immediate result of Property 4.1 in the previous section. Since an
individual’s price perception is the median of the range of prices and the range of price of all
individuals follows log normal distribution, price perception is the sample median of this
lognormal distribution as suggested by Eq(4.5). Following the central limit theorem of
median (Cramer 1951, p.369), price perception of an individual i is normally distributed.
Formally we have,

 
Medi  p n1   p p ~ N  e  ,  e 
 as n  
2n 


where p n1 is a n 1 vector containing the range of prices; e  is the population median of the
lognormal distribution (not the population median of the actual prices) and,  and  are the
two parameters of the lognormal distribution.
Figure 4.5 below summarises the core ideas of price perception in this section (Section 4.3).
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Figure 4.5: The summary of individual price perception
Note that, first, due to the asymptotic property of the CLT of median, the sample size, the
number of individuals and the prices for forming the price range have to be large. Second, we
expect the mean of all price perceptions (i.e. Medi  p n1  ) to be equal to the population
median of the price population (i.e. the top layer of figure 4.4). It is because the price range
distribution is a set of samples sampled by individuals meaning that each price range is just a
sample of the price population. Therefore we have Hypothesis 2 which is given by,
Actual
E  Medi  p n1    e   1/2

(4.7)

Actual
where 1/2
is the median of the price population (the price universe as individuals form

their ranges of prices from actual prices they experienced). The above is a hypothesis
although it is theoretically supported. Empirically it may not hold since each price range is a
sample of the price population but these price ranges may not be random samples. Further,
the sampling process is conducted by Weber’s Law rather than a completely random process.
To test the above hypotheses, an experiment was conducted. The subjects were 40 students
undertaking Masters in Finance at La Trobe University. They were told that they could
decide not to participate in the experiment if they did not wish to. The experiment was
conducted at the beginning and at the end of a statistics lecture. The 40 subjects were divided
into two groups and subjects in each group were given a list of prices randomly drawn from a
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normal population. Price list 1 came from the population N (10, 2) while price list 2 came
from N (15, 2) . Prices in the two price lists were different and had different means but similar
variances. Below are the actual price lists presented to the subjects and the actual
questionnaires can be seen in Appendix A.1.2 and A.1.3.
L1  {13.23,11.55,10.35,11.78,12.66,10.54,9.77,14.7,12.57,8.28,9.45,9.76,10.28,10.93,16.95}
L2  {17.39,14.64,10.36,15.75,15.35,14.79,17.68,11.64,14.11,15.45,13.63,18.28,15.98,12.27,12.75}

Table 4.7 below gives the descriptive statistics of these two price lists.

Mean
Median
SD

L1

L2

11.52
10.93
2.16

14.67
14.79
2.19

Table 4.7 Descriptive statistics of price list 1 and 2
In the first part of the experiments subjects were given a minute to view the price list. The
price list consists of the following statement as a prologue,
“A good is being sold in numerous different stores in the market. The following is the prices
of this good sold in 15 different stores that were randomly sampled from the market. Please
have a look of them”
Prior to the experiment subjects might already have some price information in mind such as
the price of pasta or the price of a car. Thus the above prologue does not specify what the
good is so to avoid the interference of the pre-existing price memory. The second part was
conducted immediately after the first part. In the second part, subjects were required to
complete a questionnaire containing 30 questions. Each of these 30 questions asked the
subjects how much they agree if the market price of the good is $XX where “XX” is
1,2,…,30 but the “XX” does not follow any particular order across these 30 questions (see
Appendix A.1.4 for the exact copy of the questionnaire). The format of these questions is as
follows,
Do you think the market price is $XX ?
(Strongly disagree) [0] [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] (Strongly agree)
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Subjects were allowed to choose half-scale such as placing a cross between [4] and [5]. The
reason of using the term “market price” is that the market price, if known by consumers, is
used as an objective reference price (Behrend 1966). Since the general public usually does
not know the term “reference price” we use the term “market price” to infer their subjective
reference price. The third part of the experiment was conducted 1 hour after the second part
was completed. Like in the second part, subjects were required to complete a questionnaire
but with different order of questions (the exact copy of the questionnaire can be found in
Appendix A.1.5) in order to avoid subjects recalling what they answered in the previous
questionnaire and hence reporting their genuine response.
This was a recognition test in which potential market prices were presented and subjects did
not need to generate the market price. Moreover, unlike a conventional recognition test in
which subjects could accept or reject a given potential market price (Brown 1976), subjects
were allowed to choose different degrees of agreement due to the fuzziness of price
perception formed by processing difference prices as discussed in Section 4.2. The advantage
of this recognition test is that price perception can be inferred even if subjects cannot recall
the listed prices or their price perceptions are too vague. This is due to the effect of “price
image” discussed earlier. Trends of past prices cannot be recalled as they are homogenised in
memory (Earl & Kemp 1999, p.334). However, the disadvantage of this recognition test is
the modelling method used to infer price perception. Below are examples of the results of the
experiment. The degree of agreement is plotted against the potential market price asked. The
left panel describes the results of Subject 20 in the first questionnaire (the second part of the
experiment) while the right panel describes the results of the same subject in the second
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questionnaire (the third part of the experiment).
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Figure 4.6: Questionnaire results of Subject 20
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It can be observed that there exists some point on the horizontal axis at which the highest
degree of agreement is attained. The degree of agreement then decreases as the potential
market price deviates from the market price. The decrease of the degree of agreement is
linear. This is similar to what the range theory of price attractiveness suggests in individuals’
subjective assessment of attractiveness discussed in Section 4.3.1. Moreover, we see that
degree of agreement is zero outside a certain range. For instance, this range is [2,30] for
Subject 20 at Time 1.
Although the highest value of the degree of agreement may not reach “10”, it still refers to
the most likely market price the subject considers. Whether this point reaches “10” or not
simply reflects the subject’s certainty about that particular price. This point can be modelled
by using conventional data analysis technique. The simplest method is the traditional least
squares method used in regression. Due to the characteristic of the data, namely that the data
points appear to form a triangle, we wish to estimate four regression lines. Two of these four
regression lines form the two sides of the triangle while the other two are horizontal lines
capturing the potential market prices receiving the lowest degree of agreement. Therefore,
the objective function of this four-partition least squares estimation is given by,

  y  (b  b x )

2

arg min

b1 ,b2 ,b3 ,b4 ,b5 ,b6 ,b7 ,1 , 2 , 3 , 4

i

1

2 i

i

1( xi b5 )( xi b6 )    yi  (b3  b4 xi )  1( xi b6 )( xi b7 )
2

i

(4.8)

   yi  (1   2 xi )  1( xi b5 )    yi  ( 3   4 xi )  1( xi b7 )
2

2

i

i

where x is the price and y is the degree of agreement. b5 , b6 and b7 represent the cut-off
points separating the four regression lines. Clearly, 1 ,  2 ,  3 and  4 are all equal to zero
since they are the coefficient of the horizontal lines with y-coordinates of zero. Furthermore,
we may remove the last two summation terms in the above expression to reduce the
complexity and to enhance the stability of estimation since the first two summation terms
already exclude certain observations from the left and right regression lines by conditioning
the cut-off points. This means that the equation collapses to,
arg min
b1 ,b2 ,b3 ,b4 ,b5 ,b6 ,b7

  y  (b  b x )

2

i

i

1

2 i

1( xi b5 )( xi b6 )    yi  (b3  b4 xi )  1( xi b6 )( xi b7 )
2

i

Figure 4.7 below gives a graphical illustration of these estimates.
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b3



slope  b4

slope  b2
b5

b6

b7

b1
Figure 4.7: A graphical example of the four-partition least square estimates
It can be seen that the middle cut-off point ( b6 ) attains the highest degree agreement hence it
is the price range induced price perception. Also note that the challenge here is the estimates
of b5 , b6 and b7 as they are not the usual intercept and slope coefficients.
To assess the goodness-of-fit of the four-partition least squares regression, we need to adjust
the sum of squared residuals by considering four sub-sum of squared residuals due to the
resulting four regression lines. Hence,

SSE  SSE1  SSE2  SSE3  SSE4 

 y 

2

i

i

1( xi b5 )    yi  (b1  b2 xi )  1( xi b5 )( xi b6 )
2

i

   yi  (b3  b4 xi )  1( xi b6 )( xi b7 )    yi  1( xi b7 )
2

i

2

i

The total sum of squares is defined in the usual way. Therefore, the coefficient of
determination is given by,
4

SSEi

SSE
i 1
R  1
 1
SST
SST
2

A computer program is written to estimate the coefficients that satisfy Eq(4.9). The results of
four-partition least squares estimated price perceptions given in Table 4.8 below,
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Subject 1
Subject 2
Subject 3
Subject 4
Subject 5
Subject 6
Subject 7
Subject 8
Subject 9
Subject 10
Subject 11
Subject 12
Subject 13
Subject 14
Subject 15
Subject 16
Subject 17
Subject 18
Subject 19
Subject 20
Mean
SD

G1,t 1

G1,t 2

12.937
10.236
9.800
11.258
8.719
11.903
10.847
10.265
12.797
14.718
11.357
10.581
10.485
11.495
12.956
11.776
14.960
9.800
12.750
11.643
11.564
1.564

11.308
9.425
10.258
11.204
11.042
10.608
12.704
10.153
13.265
14.942
11.653
10.774
11.608
10.387
11.526
12.093
15.261
10.893
12.911
11.577
11.68
1.470

Subject 21
Subject 22
Subject 23
Subject 24
Subject 25
Subject 26
Subject 27
Subject 28
Subject 29
Subject 30
Subject 31
Subject 32
Subject 33
Subject 34
Subject 35
Subject 36
Subject 37
Subject 38
Subject 39
Subject 40
Mean
SD

G2,t 1

G2,t 2

14.216
14.906
16.365
17.474
17.480
15.599
15.000
13.325
16.681
15.017
17.605
13.402
11.340
10.983
13.766
14.752
15.098
19.508
14.747
13.933
15.060
2.033

13.975
14.966
16.470
17.428
16.262
15.745
14.860
13.320
16.890
15.129
16.146
13.300
10.034
10.724
13.914
14.845
15.947
15.992
14.480
13.935
14.718
1.840

Table 4.8 Four-partition least squared estimated price perception

where G1 and G2 refer to Group 1 and Group 2 respectively and
Plots of degree of agreement against potential market prices of all subjects in both second
and third questionnaires can be found in Appendix A.2.1 while the details of four-partition
least squares estimates including all coefficients ( b1 , b2 , b3 , b4 , b5 , b6 , b7 ) and the coefficient of
determinations can be found in Appendix A.2.21.
As previously discussed, price perceptions are fuzzy. However, with the above estimated
price perception we are now able to test our hypotheses.
1. Testing H1 : Price perception is time invariant if prices learned remain the same.
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Testing time invariance for both groups can be done in three different types of tests: (1)
repeated sample t-tests, (2) F-tests for variance equality and (3) Two-sample KolmogorovSmirnov tests. The repeated sample t-tests have the below hypotheses,

H 0 : D,Gi  0

H1 : D,Gi  0

(i  1, 2)
where  D ,Gi is the population mean of the price perception differences between two
questionnaires of Group i . The test statistics and p-values for both groups are reported
below,

G1 : t  0.5018 (0.6219)
G2 : t  1.6448 (0.1174)
where p-values are in parentheses. The null hypotheses are not rejected at any conventional
level of significance hence price perceptions are time invariant. The F-tests for variance
equality have the below hypotheses,

H 0 :  G2i ,t1   G2i ,t2

H1 :  G2i ,t1   G2i ,t2

(i  1, 2)

The test statistics and p-values for both groups are reported below,

G1 :1.132 (0.7891)
G2 :1.2205 (0.6685)
Again, the null hypotheses are not rejected at any conventional level of significance. Thus
time invariant also occurs in the second moment of price perception. Finally, the two-sample
Kolmogorov-Smirnov tests have the following hypotheses,
dist

H 0 : Gi,t 1  Gi,t 2
(i  1,2)

The test-statistics and p-values for both groups are,
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G1 : 0.15 (0.9831)
G2 : 0.2 (0.8320)
Therefore, the null hypotheses are not rejected in both groups. That is, the distribution of
price perception is also time invariant. The above three different types of tests suggest that
price perception is time invariant in terms of the first and second moment and, the
distribution.
2. Testing H 2 : The mean of individual price perception equals the median of the price
population
To test Hypothesis 2 we can construct hypotheses according to Eq(4.7) that the mean of price
perception is equal to the medium of all prices since each individual price perception is the
medium of some range of prices. Therefore,

H 0 : Gi ,t1  Med ( Li )

H1 : Gi ,t1  Med ( Li )

(i  1,2)
H 0 : Gi ,t2  Med ( Li )

H1 : Gi ,t2  Med ( Li )

(i  1,2)
where Med ( L1 )  10.93 and Med ( L2 )  14.79 . In our experiment the universe of all prices is
restricted to the price lists given to the subjects hence Hypothesis 2 is true if the mean of
price perception of Group i is equal to the median of price list i . As we also have two
questionnaires for each group there are totally four tests. The t-test statistics and p-values are
reported below,

H 0 : Gi ,t 1  Med ( Li )

H1 : Gi ,t 1  Med ( Li )

(i  1, 2)
G1 :1.8126 (0.0857)
G2 : 0.5936 (0.5598)
H 0 : Gi ,t 2  Med ( Li )
(i  1, 2)
G1 : 2.2803 (0.0343)
G2 : 0.1749 (0.8630)
132

H1 : Gi ,t 2  Med ( Li )

Understanding Economics of Inflation Expectation in Light of Modern Cognitive Psychology

For Group 2, the null hypotheses are not rejected in both questionnaires meaning that the
average price perception is equal to the true population median at any conventional level of
significance. For Group 1, the null hypothesis is not rejected in the first questionnaire at the
5% level of significance and is also not rejected in the second questionnaire at the 1% level
of significance. We may conclude that price perceptions are correct compared to the
population medium so Hypothesis 2 is true under 1% level of significance.
3. Testing H 3 : The variance of individual price perception and the central tendency of the
price population are independent.
As the two price lists share similar variance but different means, we need to test the equality
of variance between two groups. Further, two questionnaires were administered thus there are
in total four variance equality tests to confirm Hypothesis 3. Table 4.9 below shows the
hypotheses of these four tests.

G1

t 1

H0 :

t 1
G2

t2

2
G1,t 1



t2

H0 :

2
G2,t 1

2
G1,t 2

  G22,t1

H1 :  G21,t1   G22,t1

H1 :  G21,t2   G22,t1

H 0 :  G21,t1   G22,t2

H 0 :  G21,t2   G22,t2

H1 :  G21,t1   G22,t2

H1 :  G21,t2   G22,t2

Table 4.9 Hypotheses of testing Hypothesis 3
The null hypotheses should not be rejected in all four tests if the variance is independent
from the mean since price list 1 and 2 share the very similar variance but different means.
The test statistics are given by Table 4.10 below with p-values in parentheses.

G1

t 1
G2

t2

t 1

t2

0.5922
(0.2624)
0.7228
(0.4859)

0.5229
(0.1667)
0.6382
(0.3361)

Table 4.10 Results of testing Hypothesis 3
Therefore, the null hypotheses cannot be rejected at any conventional level of significance.
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4. Testing H 4 : Individual price perception is normally distributed due to central limit
theorem of median.
 p
 
This is, in fact, about testing Eq(4.6) that Medi  p n1   p p ~ N  1/2
, e
 as n   .
2n 


Unfortunately,  ,  , n are unknown since we do not know the underlying lognormal
distribution. As an alternative, we simply test if the data follow normal distribution with the
mean and the standard deviation equal to their sample counterparts. We performed five
different normality tests to confirm normality: Shapiro-Wilk test, Kolmogorov-Smirnov test,
Anderson-Darling test, Chi-square test and Jarque-Bera test. They take quite different
approaches in testing normality. For instance, Shapiro-Wilk tests is based on the regression
lines of the quantile-quantile plot; Kolmogorov-Smirnov test considers the supremum of the
differences between the empirical and theoretical CDF and, Jarque-Bera test considers
combined third and fourth moment. For simplicity, we give the p-values of these tests in
Table 4.11 below,

G1,t 1

G1,t  2

G2,1

G2,t 2

Shapiro  Wilk
0.539
0.058
0.761
0.071
Kolmogorov  Smirnov
0.920
0.313
0.759
0.812
Anderson  Darling
0.509
0.058
0.524
0.112
Chi  square
0.541
0.267
0.207
0.541
Jarque  Bera
0.650
0.159
0.996
0.148
Table 4.11 Results (p-values) of testing Hypothesis 4 with 5 different normality tests
It is clear that for all tests and all groups in both questionnaires the null hypotheses of
normality are not rejected at any conventional level of significance.
To further support our hypothesis, we use the descriptive statistics reported in Kemp and
Willetts (1996) to show that price perceptions are normally distributed. Table 4.6 already
shows that the median of price perception is very close to the actual price hence this also
supports Hypothesis 2. Table 4.12 below show the IQR and median absolute deviation
(MAD) of 6 different sets of data concerning two population groups (those who work in the
wool industry and the general public) estimating the price of wool, butter and stamp.
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Wool

Butter

Stamp

IQR
MAD
F-test stat
IQR
MAD
F-test stat
IQR
MAD
F-test stat

Wool
industry
0.7
0.32
0.8359
0.4
0.2
1.0000
0
0
N/A

General
public
3.89
2.02
1.0786
0.46
0.27
1.3781
0
0
N/A

Table 4.12 IQR, MAD and F-test statistics calculated from Kemp and Willetts (1996)
The IQR is computed based on the first and third quartile reported. If the data follow normal
distribution then the following equation about the IQR and the standard deviation holds,

  IQR /1.34898
On the other hand, Ruppert (2011) shows the below approximate relationship between the
MAD and the standard deviation of a normal distribution,

  1.4826MAD
Therefore, using the above two properties about normal distribution, we can test the data
follows normal distribution by testing the equality of the two variances induced by the IQR
and MAD. The test statistic is hence,
2
1.4826MAD 
sMAD
F 2 
sIQR  IQR /1.34898 2
2

2
2
where sMAD
and sIQR
are the sample variance induced by the MAD and IQR respectively.

The critical values are 0.6214 and 1.6093 at the 5% level of significance. Therefore, we can
conclude that four out of six sets of data are normally distributed. Those two groups making
estimates about the price of stamps have all respondents correctly estimate the price and
hence there is no IQR nor MAD.
To conclude, all four hypotheses are supported by our experimental data. Although we have
ascertained a few properties about price perception, one issue is left unexplained – it has been
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found that price perceptions are medians of range of prices; are generally correct and, follow
the central limit theorem of median. We have not investigated how many prices are sampled
from the price population to form the range of price. The main difficulty is that different
individuals may have different numbers of prices in their ranges of price and that central limit
theorem of median is asymptotic with n   .
In contrast, our experiment was performed on a small and well defined population of price.
Subjects form price ranges from some or even all prices from the price list. As a result, it
appears that the price perception distribution may not be normally distributed due to the
failure of satisfying these two underlying assumptions of the central limit theorem of median.
The exact distribution of the price perception then, considered as the sample median of the
price list, depends on the “sample size”, that is how many prices are used to form price
perception. Unfortunately, this is different for different individuals. If it is assumed that 1 to
15 all have equal chance of being the sample size in forming the price perception then the
exact distribution is,
Medi p j1 : max( j )  15, p j1  p L 

~ D  Med p k 1 : p k 1  k -permutation of p L , k  1, 2,...,15

(4.10)

where D is the exact distribution. Eq(4.10) says that the price perception of individual i is
the median of a subset of some prices on the price list has the distribution that is the median
of all possible permutations of the prices on the price list. This is similar to making a
frequency distribution of the sum of dots of rolling two fair dice (i.e. the distribution of the
sum of dots based on 30 permutations). The problem with this method of producing price
perception distribution is that it implies most people use all the prices on the price list to form
price perception. This is clearly unrealistic if the number of prices on the price list is not 15
but, say, 50. To illustrate, consider the number of permutations of using k prices in forming
price perception where k  1, 2,..., n and n is the number of prices in the price list or the price
universe. Mathematically we have n Pk 

n!
. Then the probability of having k prices to
(n  k )!

form price perception is,
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Pr( j  k ) 

n
n

Pk


i 1

n

Pi

n!
1
(n  k )!


en !
e(n  k )!
12

The maximum probability is obtained when k  n and k  n  1 . That is, totally 73.58% of
agents use all prices or n  1 prices in forming price perception. This is clearly unrealistic.
A more realistic assumption would be be that the number of prices used is uniformly
distributed. In our experiment that means that equal probability of agents using 1,2,…,15
prices in forming price perceptions. A Monte Carlo simulation was done one billion times to
simulate the price perception distribution. Figure 4.8 displays these Monte Carlo simulated
distributions for both price lists, the distributions of price perceptions for both groups and
both questionnaires and the distributions of the prices on both price lists.

12

Proof:

n

n

i 1

i 1

 n Pi  

n
n 1
n!
1
1
 n !
 n !   n !e
(n  i )!
i 1 ( n  i )!
i 0 i !

n 1

since lim 
n 

i 0

1
e
i!

This approximation gives 3554627472076.07 when n=15 which is very close to the actual value.
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Figure 4.8: Monte Carlo simulated distributions [row,column] [1,1] the Monte Carlo
simulated distribution of price list 1 assuming n  1,...,15 with equal chance. [1,2] & [1,3]
are the price perception distribution of Group 1of the first and second questionnaire. [2,1]
the Monte Carlo simulated distribution of price list 2 assuming n  1,...,15 with equal
chance. [2,2] & [2,3] are the price perception distribution of Group 2of the first and second
questionnaire. [3,1] & [3,2] are the distribution of the prices of price list 1 and 2.
Four Kolmogorov-Smirnov tests were performed to test if the two distribution of price
perceptions of Group 1 for both questionnaire ([1,2] and [1,3] in Figure 4.8) are
distributionally the same as the first Monte Carlo simulated distribution ([1,1] in Figure 4.8)
and if the two distribution of price perceptions of Group 2 for both questionnaire ([2,2] and
[2,3] in Figure 4.8) are distributionally the same as the second Monte Carlo simulated
distribution ([2,1] in Figure 4.8). The test statistics together with the p-values in parentheses
are reported in Table 4.13 below.
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G1
Monte Carlo simulated
distribution of price list 1

t 1

t2

0.2744
(0.0984)

0.2421
(0.1915)

G2
Monte Carlo simulated
distribution of price list 2

t 1

t2

0.2650
(0.1205)

0.3138
(0.0389)

Table 4.13 Kolmogorov-Smirnov tests for testing distributional equality between the Monte
Carlo simulated distributions and the distributions of price perceptions.
The above results show that the null hypotheses cannot be rejected at the 1% level of
significance. Therefore it can be concluded that, at the 1% level of significance, the number
of prices used to form price perception is uniformly distributed.
We may further relax the assumption that the sample size is uniformly distributed. We may
generate a series of Monte Carlo simulated distributions assuming that the sample size is not
uniformly distributed and then perform Kolmogorov-Smirnov tests to check distributional
equality. A suitable distribution for this simulation is the beta distribution due to the
flexibility of its shape. Figure 4.9 below shows the densities of beta distribution with various

100
50
0

Beta PDF

parameters.

0.0

0.2

0.4

0.6

0.8

1.0

Figure 4.9: Beta distributions with different
0<j<15 parameters. Grey(α=1.1,β=14.9),
blue(α=2,β=14), purple(α=5,β=11), green(α=8,β=8), pink(α=11,β=5),
orange(α=14,β=2) and red(α=14.9,β=1.1)
15 Monte Carlo simulated distributions of price perception were created for each of the price
lists (i.e. 30 in total). Five million repetitions were done for each of these distributions. Their
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densities can be found in Appendix B.1.3. 15 simulated distributions were created since each
of these distributions has the mode that can be discretised into the sequence 1,2,…,15
indicating the most popular sample size. Discretisation is done by the following,


 1 
j  ceiling 15 
for a,   1
    2 


where the mode of a beta distribution is

 1
. The chosen distribution parameters also
  2

follow a particular pattern with the exception that the first and the last has α and β of 1.1 such
that the mode is defined (the mode does not exist if     1 ). This can be seen in the first
two column of Table 4.14 below. All four empirical price perception distributions are tested
to see if they are distributionally equal to these Monte Carlo simulated distributions. Their
test statistics are reported in Table 4.14 below.

Alpha
1.1
2
3
4
5
6
7
8
9
10
11
12
13
14
14.9

Beta
14.9
14
13
12
11
10
9
8
7
6
5
4
3
2
1.1

dist .

Mode
(Beta
dist.)

Mode
( j)

0.0071429
0.0714286
0.1428571
0.2142857
0.2857143
0.3571429
0.4285714
0.5
0.5714286
0.6428571
0.7142857
0.7857143
0.8571429
0.9285714
0.9928571

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

H 0 : G1  D( Med ( pL1 ))

t 1

t2

0.1516
0.1508
0.1943
0.2316
0.2584
0.2762*
0.2875*
0.2942*
0.2977*
0.3002*
0.3307**
0.3699***
0.4288***
0.5036***
0.5655***

0.2136
0.1785
0.1641
0.1816
0.2084
0.2262
0.2375
0.2442
0.2595
0.2898*
0.3237**
0.3612**
0.3991***
0.4536***
0.5155***

dist .

H 0 : G2  D( Med ( pL2 ))

t 1
0.1314
0.1617
0.1993
0.2296
0.2534
0.2713
0.2840*
0.2922*
0.2967*
0.3103**
0.3274**
0.3394**
0.3462**
0.3491**
0.3655***

t2
0.1347
0.1528
0.1969
0.2360
0.2693
0.2965*
0.3231**
0.3467**
0.3659***
0.3805***
0.3905***
0.3962***
0.3989***
0.3998***
0.4170***

Null rejected at *10% **at 5% ***at 1%
Table 4.14 Kolmogorov-Smirnov tests for testing distributional equality between the
distributions of price perceptions and the Monte Carlo simulated distributions with
different sample size distributions.
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Kolmogorov-Smirnov tests were performed on multiple Monte Carlo simulated distributions
to check the stability of the p-values. Most p-values remained the same up to the 4th decimal..
A very few p-values changed slightly at the fourth decimal place without altering the results
of the tests at 10%, 5% and 1% levels of significance. There is a clear pattern that subjects
tend to use no more than ten prices to form price perceptions. Although we have selected a
limited range of distribution parameters for the underlying beta distribution of the sample
size, it is a salient pattern that as the mode induced by α and β increases, the test statistic
increases and eventually leads to the rejections of the null hypothesis. Furthermore, the
density plots in Appendix B.1.3 show that as the mode increases, the majority of individuals
use more prices to form price perception hence have more information to estimate the actual
price. As a result, variability of price perception is reduced. Our results show that individuals
tend to use a very limited number of prices to form price perceptions. This is consistent with
Behrend’s finding that “people only learn a very limited number of prices adequately”
(Behrend 1966).
This section discusses the properties of price perception. It is empirically found that (1) price
perception is the medium of some range of prices; (2) due to Weber’s law, the ranges of price
in the minds of individuals follow lognormal distribution; (3) price perception is generally
correct meaning that it is on average equal to the actual price; (4) price perception is time
invariant given that new prices are not learned; (5) price perceptions are asymptotically
normal due to central limit theorem of median; and (6) agents tend to learn a very limited
amount of prices.

4.4 Non-price information component: A multiple psychological state
model
This section serves to create a mathematical model to describe the non-price information
component,  , in the law of heuristic inflation expectation formation (Eq 4.4). This
mathematical model has its origin in quantum mechanics. A major fundamental difference
between classical and quantum mechanics is that while functions in classical mechanics
precisely describe some quantity such as momentum and position of an object, functions in
quantum mechanics rather take a probabilistic approach. For example, quantum mechanics
describes the probability of the position of a particle rather than the exact position itself. An
immediate implication is that the position of a particle can be in one of multiple states.
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The outline of the mathematical model describing  is presented in Section 4.4.1 and further
properties are discussed in Section 4.4.2 and 4.4.3.
4.4.1 Mathematical formalism
In the information-processing approach it is viewed that a human mind processes
information. Therefore, our mathematical model about  must contain these two
components. We begin our model building with the human mind. Simon once stated that in
classical mechanics “the state of the system at any moment of time is specified by the values
of a set of variables, the state variables, at the moment. Then the differential equations
determine how the state variables will change; they predict the state of the system at the next
moment as a function of the present state” (Simon 1992). Then he further stated that “one of
the difficulties that has plagued psychology is that no satisfactory way has been found for
characterizing thought process in terms of the kinds of state variables that are suitable for
classical differential equations”. Here, although we do not employ differential equations, we
can first define a mathematical object, name it  , that describes the psychological state of an
individual. We formally assert the following postulate,
Postulate 4.1: The psychological state of an individual, denoted by  , contains all and only
information about the use of non-price information.
More precisely, since it refers to the psychology of an individual,  , it describes the internal
state of an individual. Therefore, it is unknown to us. Yet psychology theory cannot deny its
existence as every individual has some form of cognition. After creating a mathematical
object about human cognition, we need to define one for information. We assert the
following postulate,
Postulate 4.2: The adjustment matrix A contains the individual’s adjustment of inflation
expectation based on non-price information and the dimension of A suggests the number of
pieces of information used in determining  .
Recall that  is an adjustment component as inflation perception is used as anchoring. The
adjustment matrix serves to contain the information about such adjustment. The use of a
matrix instead of a vector or even a scalar enables us to describe adjustment in details due to
its dimension and hence the amount of variables it can contain. The dimension suggests the
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number of pieces of information. To illustrate, consider that an individual has been exposed
to two pieces of information, “Information 1” leads him to think that future inflation will
increase by 1%. That is, future inflation is higher than the current one by 1%. Also assume
that “Information 2” leads him to think that future inflation will increase by 3%. Putting these
two adjustments into the main diagonal of the adjustment matrix, we have that,

1 0 
A

0 3
If they are not put diagonally there will be a row or a column having zero entries hence this
row or column becomes meaningless. As we shall see, if these pieces of information are not
considered jointly to make the adjustment  , the off diagonal entries of matrix A are zero.
We shall only consider these two pieces of information separately but their joint effect will
be discussed soon. Furthermore, the order of information does not matter, so we could also

3 0
have A  
.
0 1 
Postulate 4.3: Information processing is state consistent meaning that A   .
The idea of Postulate 4.3 is that, first, the adjustment matrix together with the psychology
state creates the actual adjustment for inflation expectation formation. We see that A is
transformed to  by the psychological state. This makes sense since adjustment is produced
by human cognition processing some information. Further entries in A are considered to be
unobservable. Individuals may not be able to recall exactly what information they have been
exposed to or how information leads to their adjustments to inflation expectation. The role of

 is to process information so as to make it observable. Second, A   implies that the
psychological state remains unaffected after processing the information. If the psychological
state is affected by processing information then A    , i.e. the psychological state
changes from  to   . Inconsistent information processing can be seen that if the adjustment
matrix is being processed again, i.e. A  , then we have A      implying that
processing the set of information once and twice might yield different adjustments in
inflation expectation formation. This does not make sense since, for example, viewing the
same economic news twice should not be different from viewing it once.
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The above three postulates are the cornerstones of our mathematical model. Further
refinements can be done based these. The below proposition is derived by Postulate 4.3,
Proposition 4.1: The psychological state is an n 1 vector where n is the dimension of A .
It is clear that given  and A being a scalar and a matrix, it is reasonable to consider that  is
an n 1 vector. Another possibility is that  is an n  n matrix. However,  will always be
equal to 1 since  is a scalar and only one of the rows or the columns of the matrix will get
multiplied by the scalar. Thus,  is a vector instead of a matrix.
Proposition 4.2: Adjustment  is an eigenvalue of the adjustment matrix A and its value
depends on one and only one of the psychological states.
This is an inevitable conclusion from Proposition 4.1. Returning to our example, Proposition
4.2 implies that A can yield two results;   1 or   3 . That is, which adjustment the
individual will produce depends on the psychological state (the eigenvector). Since no
eigenvector is associated with more than one distinct eigenvalues, any individual in a
particular psychological state must only produce one adjustment. Does this explanation make
sense? It does, as noted earlier, it is assumed that there is no joint effect between these two
pieces of information. That is, they have separate effects on adjustments. Thus the adjustment
must be either one of these depending on the psychological state. What if there is a joint
effect? Then we have the following proposition.
Proposition 4.3: Joint effects of information are described by the off-diagonal entries of A .
Given that the two pieces of information may yield   1 or   3 , their joint effects may
produce different adjustment. This can be described by having non-zero off-diagonal entries.
For instance,
 1
 3
A

3 
  3

Then the produced adjustments are   4 or   0 . Clearly, changes in the off-diagonal
entries yield different adjustments. This leads to another question: can the entries of A be
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complex-valued? Yes and no, the diagonal entries must be real while off-diagonal entries can
be complex.
Proposition 4.4: A is a Hermitian matrix (Self-adjoint) meaning that,

A  {aij } where
aii 
aij 

(for i  j )

aij  a*ji

(where ( x  yi )*  x  yi ; i.e. complex conjugate)

In our model A   , only the adjustment is observable therefore it must be real. Further,
the adjustment matrix and the psychological vector can be assumed real and complex as they
are unobservable. In addition, the diagonal entries of A are also real. In the absence of joint
effects, the off-diagonal entries are zero thus the diagonal entries become adjustments which
are real.
Finally the above mathematical formalism suggests that our model is built on a complexvalued vector space. In fact, we should equip such vector space with an extra feature: inner
product. The most appropriate space we build our model on would be Hilbert space. The use
of inner products will be discussed in the next section.
4.4.2 Expected values and realisations
This section concerns the properties about the psychological state vector. Proposition 4.2
implies that the psychological state is the eigenvector of one of the eigenvalues. The focus
here is that what if the psychological state is not an eigenvector. That is, what can Postulate
4.3 say about any psychological state vectors that are not in the eigenspace of any of the
eigenvalues of A . To further develop our model and for the sake of convenience, we need to
introduce some new notations. In line with quantum mechanics, we use the bra-ket notation
invented by Dirac (1939).
1. A ket is a column vector v and is denoted by v while bra is the conjugate transpose of v
and is denoted by v . Therefore, v  v*



where * refers to complex conjugate.
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2. The product between a bra and a ket is a scalar since they imply an inner product. That is,

v v k.
3. Since the multiplication of a bra and a ket is not commutative, we have that v v  V
where V is the outer product of v .
4. Following the above we have the following expression for scalar multiplication,

k v  k* v .
5. Given the Hermitian matrix A that is self-adjoint, we have that v A u  u A v .
*

The entries of psychological state vector  are related to the information used in the
adjustment matrix A . As addressed earlier, they are unobservable. Yet since the eigenvalue
equation implies a system of equations, we may assume that each entry of  implies its
proportion of influence or probability relative to other entries. Clearly not all  has the sum
of its entries equal to one. Therefore we need some normalisation. For, any  , there is a
probabilistic state  such that  




and hence    1 . Such normalisation implies

that, given A , all  associated with a distinct eigenvalue  share the same probabilistic
state. Given any distinct eigenvalue, for any scalar k the vector k forms a span of  and
hence the eigenspace of  denoted by
have the same  since

k
k k



  . All psychological state vectors in a particular  
k
k2



  . Figure 4.10 below, assuming A

being a 2  2 matrix, illustrates this graphically. Normalisation maps each eigenspace in the
psychological state vector space V to a probabilistic state in the probabilistic state vector
space W . Note that the probabilistic state of an eigenspace can also be a psychological state
in that eigenspace. In this case normalisation acts as an identity map.
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Figure 4.10: Psychological state vector space and probabilistic state vector space
Furthermore, the squared sum of all entries in  is equal to one. That is,

 

i

i

2

  1 hence

   represents a probability. Due to normalisation we have that,
2

i

A 

 A
  A  


That is, given  as an eigenvector and  as its probabilistic state, A produces adjustment

 which is a realisation. Now if the vector  is not an eigenvector of any of the eigenvalues
of A , its probabilistic state,  , which is its normalised form, can also be put into A but
since  is not an eigenvector the produced value can be viewed as an expected value of the
psychological state  . Mathematically put,
A 

 A
  A   
 

In general, if an adjustment is observed, it is viewed as a realisation of one of the possible
psychological states in the eigenspace of such adjustment (eigenvalue). In other words, prior
to realisation it is probabilistic in nature.
To illustrate, consider the state of rolling a fair die:  1 6, 1 6, 1 6, 1 6, 1 6, 1 6  .
Assuming that the outcomes 1, 2,…, 6 are placed on the diagonal of the matrix, A gives
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3.5. We know that this is not a possible outcome prior to rolling the die yet it can be viewed
as an expected value. Now consider some “possible states” of this die,

1   0.1, 0.2, 0.1, 0.1, 0.2, 0.3 
2   0.1, 0.1, 0.2, 0.2, 0.1, 0.3 
3   0.2, 0.3, 0.1, 0.2, 0.1, 0.1 
4   0.2, 0.3, 0.1, 0.1, 0.1, 0.2 
Following A the above possible states give 4, 4, 3 and 3.2 respectively. If the actual
outcome of rolling this die is 4, we know that   4 and that the state of this die can be 1 or

2 while others states are purely hypothetical.
Figure 4.10 graphically illustrates the relationship between expected values and realisations.

A maps all eigenvectors in the eigenspace to its corresponding eigenvalue which is a
realisation. Psychological state vectors that are not in any eigenspace are mapped to some  .
The vector space V is formed by the eigenspaces and the non-eigenvectors while the field F
is formed by  and  .

V

F

1

.



2

.

1


2

Figure 4.11: Psychological state vector space, expected values and realisations.
4.4.3 Further properties
In this section we introduce a few further properties of our model. Although in reality the
adjustment matrix and the psychological state are unobservable, they are introduced for the
sake of theoretical completeness.
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To begin with, we address some useful facts about the eigenvalue equation in Postulate 4.3.
Spectral theory gives more precise and well-defined definitions and properties in regarding to
this.
Definition 4.1: The resolvent of an operator A , denoted by R(  , A) , is an operator-valued
function R(  , A)  ( A   I) 1 . Also the resolvent set   A  contains all  such that
R(  , A) exists.

Definition 4.2: The spectrum of an operator A , denoted by   A  , is the set containing all 
such that R( , A) fails to exist.
Then we have the following proposition,
Proposition 4.5 (Helffer 2013, p. 132): If A is self-adjoint and is finite dimensional, the
spectrum is the set of all eigenvalues.
As long as the adjustment matrix is finite dimensional,  being an eigenvalue of A is the
only reason R( , A) fails to exist. Further, an infinite dimensional adjustment matrix is not
allowed in our model since it implies an individual considering an infinite amount of
information for adjustment which is not possible due to cognitive limitations. With the above
facts we will show that,
Proposition 4.6: Pn





 Pn 
represents the probability of n being the adjustment at
 

state  where Pn is the spectral projector as a function of A and n , and is given the
Lagrange interpolation formula, Pn  
n i

A  i
(Meyer 2000, p. 520).
n  i

Clearly  is not in any eigenspace of A and n can never be the adjustment in terms of
realisations. Proposition 4.6 aims to provide a theoretical interpretation of Pn



so our

model stated in Postulate 4.3 is not vague. Although the Lagrange interpolation formula
provides a simple way to compute the spectral projector, it does not explain clearly why
Pn



represents the probability. To illustrate, consider spectral decomposition such that,
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n

A   i Pi

n

and

i

P  I
i

i

The second equation implies that spectral projectors are probabilistic in nature. Formally, the
role of the identity matrix in matrices is the same as that of the scalar “1” in scalars which is
the sum of the probabilities of all possible elementary events. That is to say, the identity
matrix is also the sum of the probabilities of all possible elementary events in the domain of
matrices. To see this, we show that the scalar “1” is the identity element in the real number
ring (a term in abstract algebra; simply speaking a ring of real numbers is a set of real
numbers together with the two operations, addition and multiplication) then we apply the
same proof to show that the identity matrix is the identity element in the matrix ring. For a set
of real numbers xi , the sum of all probabilities is defined by the normalisation,


i

xi

 xi

1

i

then rearrange to get

 x   x 1 thus “1” is the identity element. Further such identity
i

i

i

i

element is unique (Babourki 1989, p.12). For a matrix ring, normalisation is defined as


i

Xi
 T for some matrices Xi and T a matrix which is the sum of all probabilities.
 Xi
i

Rearrange to see that

 X   X  T thus T  I . Therefore, each spectral projector
i

i

i

i

represents a probability. The relationship between the spectral projectors and the resolvent
can prove this. The projection of the resolvent, if exists, in the form of integral us given by,



C

R( z , A)dz

where C denotes the simple closed contour enclosing all eigenvalues of A (i.e. all
singularities of R( z, A) ) as is illustrated in Figure 4.12 below.
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Figure 4.12: Contour integral of Eq(4.11) enclosing all eigenvalues.

Note that the resolvent is analytic on the resolvent set   A  (Lax 2002, p.195). To evaluate
the above integral, follow the Neumann series expansion,

R( z, A)  ( A  zI) 1  ( zI  A) 1 

1



A

zI  
z


 
k 0

Ak
z k 1

For z  A the above series converges. Further, since the resolvent for any eigenvalue does
not exist, the resolvent always exists for z  max  and A , in our case, is Hermitian and
finite dimensional. In fact, we have the following proposition,
Proposition 4.7 (Spectral radius): For A a finite dimensional, and hence compact, and
Hermitian linear operator, at least one of the numbers A and  A is an eigenvalue of A
(MacCluer 2009, p. 89).
Using the Neumann series expansion to evaluate Eq(4.11),



Ak
Ak
I
dz    k 1 dz    dz  2 iI
k 1
C R( z, A)dz   C 
C
C
z
z
k 0 z
k 0

13



2
2
dz
  iRei R 1e i d   id  2 i
C z
0
0
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Then we can see that the spectral projector P is,
1

n

 P  2 i 
i

i

C

R( z , A)dz 

1
(2 iI)  I
2 i

Further, by Cauchy’s residue theorem,
1

n

 P  2 i 
i

i

C

R( z, A)dz 

1 n
 2 iRes[ R(i , A), i ]  I
2 i i 1

since the eigenvalues are isolated singularities of A . Finally, for each eigenvalue i , we see
that,

Pi 

1
2 i

C R( z, A)dz  Res[R(i , A), i ]
i

where Ci is the contour enclosing the eigenvalue i as shown in Figure 4.11. Therefore, the
spectral projector of each eigenvalue is probabilistic in nature since the sum of all negated
corresponding residues is the identity matrix. Therefore, by taking the expected value form of
n

A   i Pi , we see that,
i

n
 Pi 
A   i
  i Pn
 
i
i
n



Despite that  is not part of any eigenspace of A , the expected value of A at state  can be
expressed as an average of eigenvalues with weights Pn  . Moreover, if the state is in the
eigenspace then

 i Pj  i
 i Pi  i
 0 for i  j . This makes sense since A
 1 and
i i
i i

must equal to i if Pn
same logic applies to

i

is defined on  i   i and it is for certain i is the eigenvalue. The

 i Pj  i
0.
i i
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Another useful feature of our model is that it allows changes in the adjustment matrix and
hence in the adjustment accordingly but with the psychological state remains unchanged.
Proposition 4.8: There exists W such that AW i  ki2i i
That is, by applying the scale operator, a particular eigenvalue is scaled but the probabilistic
state is preserved. This is useful when we study the dynamic of individual adjustment given
that the probabilistic state remains unchanged. The scaling operator can be constructed as
follows. Given all n possible probabilistic states for A which is an n  n matrix,

W   ki2 i i . Then for a particular  j and  j ,
i



AW  j  A   ki2 i i   j  A ki2 i i  j  Ak 2j  j  j  j  k 2j  j  j
i
 i

Proposition 4.9: Assume that all individuals share the same adjustment matrix A but with
different psychological states, if all their adjustments are zero, i.e.   0 , then A is a null
matrix. That is, no information has been used.
The proof is rather trivial. The above proposition says that  A   0 for all  then
clearly A  0 . The implication is that if all individuals in a group or the entire economy share
the same macroeconomic information and the same macroeconomic knowledge to process
this information and, they simply choose their inflation perceptions as their expectations
leaving no adjustments then their adjustment matrices are simply null matrices. One possible
explanation is that individuals do not have sufficient technical macroeconomic knowledge to
extract macroeconomic information hence they do not make any adjustments even if they are
exposed to some macroeconomic information. For instance, these individual may not know
the influence of an interest rate cut on inflation and therefore make no adjustments in forming
their inflation expectations even if they are exposed to such macroeconomic information.
4.4.4  and bounded rationality
We now turn our attention to the application of adjustment. We further study  according to
what has been developed in Chapter 3 and 4. Since psychological states and adjustment
matrices are unobservable we can only study  . As such it is of interest to study a popular
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value of  , i.e. the mode. We first explain  with the framework and model we developed
and then we study some empirical data of  .
Our framework and model suggest that the popular value of  is zero. Four reasons
contribute to this. First, unless the individual already knows the official inflation rate, the
closest substitute to future inflation rate is inflation perception due to representativeness
heuristic and hence the individual may not find the need or is not motivated to have further
adjustment. In particular, when recent past inflation rates were low, stable inflation
perception also serves as a close proxy to future inflation as the risk of forming incorrect
inflation expectation is relatively low. Second, there might be insufficient adjustment. This
is due to the anchoring effect. Such effect is rather strong when mental calculations are
involved. For example, in an experiment where subjects were asked to estimate the product “

8  7  6  5  4  3  2  1 ” and “ 1 2  3  4  5  6  7  8 ”, the median estimate of these two
products were 2250 and 512 (Tversky and Kahneman 1974). This is because there is an
anchoring effect of calculating the first few terms and adjustment is insufficient when the
subject attempted to calculate of the last few terms after anchoring. Similar logic applies to
inflation expectation formation where adjustment is insufficient after inflation perception is
employed for anchoring. Third, recall that individuals are likely to engage in internal
information search. Unless the individual is frequently exposed to certain macroeconomic
information, such information is unlikely to stay in the individual’s mind for long. Empirical
studies discussed in Section 3.1.4 earlier support this view; the general public usually cannot
precisely tell the most recent or any past macroeconomic variables. Finally, since economic
theories are technical knowledge the general public may not be able to extract information
from macroeconomic variables even if they have been exposed to them. Although media has
been reporting central banks’ quantitative easing, Harimohan and Jeffery (2012) found that
only 9% of the UK survey respondents knew the primary objective of quantitative easing
while 36% of them reported that they did not know. Moreover, Barnett (2010) found that the
inflation expectation distributions for those who have and have not heard of quantitative
easing were very similar thus suggesting that adjustments do not greatly differ for both
groups and information about quantitative easing does not enter the respondents’ adjustment
matrices. To sum up, the above arguments suggest that most, if not all, adjustments are zero.
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Empirical data supports the above claim. Figure 4.13 below shows the proportion of the UK
survey respondents whose expectations were equal to their perceptions implying   0 . This
figure is taken from Chart 7 of Barnett et al. (2010). It is observed that 50% respondents had
their adjustment being zero prior to the sub-prime mortgage crisis in 2007. Such proportion
started to increase in 2009. Prior to the sub-prime mortgage crisis the proportion of
respondents having adjustments of zero was constant over time.

Figure 4.13: Proportion of the UK survey respondents having    . Source: Barnett et al
(2011)
The Swedish data provided by Konjunkturinstitutet also supports the claim that most
individuals have their adjustment being zero. Figure 4.14 below shows the proportion of
survey respondents with   0 (dated from November 2001 to March 2011 113
observations). Similar to the UK survey data, most Swedish respondents simply take inflation
perception as the expectation. Respondents with non-zero adjustment had their adjustments
spread all over the number line within a wide interval forming a Cauchy distribution like
distribution. Figure 4.15 shows the cross-sectional distribution of adjustment of November
2001, July 2007 and March 2011. Although the proportion of zero adjustment accounts for
less than 50%, zero adjustment is still the mode of all adjustments.
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Figure 4.15: Three cross-sectional distributions of adjustments of the Swedish data (left to
right: November 2001, July 2006 and March 2011)
The sub-prime mortgage crisis also led to a decrease in the proportion of respondents having
adjustments of zero. However, the trend of constantly having approximately 40 to 45%
respondents having adjustments of zero was restored in 2009. This trend seems to hold not
just in the UK and Sweden. Using the data provided by the Reserve Bank of New Zealand,
Figure 4.16 below shows the proportion of the New Zealander survey (data provided by the
Reserve Bank of New Zealand) respondents having adjustments of zero. As the data is
recorded from quarter 2 of 1998 to quarter 3 of 2008 (42 observations), the effect of subprime mortgage is not displayed in the figure. However, a clear trend of constantly having 30
to 40% respondents having adjustments of zero is shown.

156

Understanding Economics of Inflation Expectation in Light of Modern Cognitive Psychology

50
48
46
44
42
40
38
36
34
32
1998

1999

2000

2001

2002

2003

2004

2005

2006

2007

2008

0

10

20

N = 514 Bandw idth = 0.2265

0.7
0.5 0.6
0.4

Density

0.1 0.2

0.2

0.0

0.0

0.1
0.0
-10

0.3

0.6
0.4

Density

0.4
0.3
0.2

Density

0.5

0.6

0.8

0.7

Figure 4.16: Proportion of the New Zealander survey respondents having   

-20

0

20

40

N = 464 Bandw idth = 0.1967

-20

-10

0

10

N = 491 Bandw idth = 0.2042

Figure 4.17: Three cross-sectional distributions of adjustments of the New Zealander data
(left to right: quarter 2 of 1998, quarter 3 of 2003 and quarter 3 of 2008)
Figure 4.17 shows the cross-sectional distribution of the New Zealand data. Similar to the
Swedish data, the majority of zero adjustment makes the distribution of adjustments Cauchy
distribution like. Although the distribution of adjustment is of our interest, we shall leave it to
the next chapter when cross-sectional distributional study is the main focus. The forming
process of adjustment remains unknown. However, existing literature may give us some
insights. By studying Italian data, Easaw et al. (2013) found that Italian households formed
their expectation based on inflation perception but they also absorb professional forecast.
Maag and Lamla (2009) found that the inflation expectation disagreement of German
households is influenced by the content of news stories. Carroll (2003) constructed an
inflation article index from the number of inflation related news stories in New York Times
and Washington Post. He found that US household inflation expectations are more accurate
when there is more news coverage. In a Dutch survey by van der Cruijsen et al. (2010), 42%
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and 33% of 1400 survey respondents reported that television and newspaper is the most
important source of information on the ECB respectively. Radio, magazines and the Internet
also play an important role – 12% of the respondents considered them as the most important
source. Also note that, 12% of the respondents reported “I don’t use any sources on ECB
policy” and “I don’t know”. Therefore, it is believed that news coverage by the media is a
possible source of adjustment.

4.5 Concluding remarks
This section serves to outlines some implications of the model put forth in Chapter 3 and 4
while empirical data analysis is conducted in Chapter 5. These implications are divided into
two sub-sections. The first sub-sections studies the price expectation which is a closely
related term to inflation expectation. In the final sub-section, we derive a hypothesis of
inflation expectation formation based on our findings in Chapter 3 and 4.
4.5.1 Price expectations
Besides inflation expectation, price expectation is another important expectational concept in
economics. One way of formulating price expectation is to apply Eq(4.3) to t  te1 . In the
macroeconomic context, Eq(4.4) becomes,
e
t  t 1 

pte1  ptp ptp  ptp1

 t
ptp
ptp1

Rearrange to get,

e
t 1

p

 ptp

 p  p  t 
 pt 1

p
t

(4.12)

That is, the price expectation of the next period is the current price perception multiplied by a
multiplier which is made up of the proportional price increase (the first term inside the
brackets) and the adjustment. While it is not surprising that price expectation follows a
proportional price increase based on current price perception, the adjustment that serves to
adjust inflation perception now serves as an adjustment of the proportional price increase.
This means that if no adjustment is taken into account, price expectation simply follows a
proportional increase. Thus Eq(4.12) becomes,
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(4.13)

In fact, this claim is supported by Christandl and Gärling (2011) in which an experiment was
set up to test if the Swedish subjects’ price expectations follow proportional increase (Eq
4.13) or additive increase of the form,
pte1  ptp  ( ptp  ptp1 )

(4.14)

Their finding indicates that subjects tend to form price expectation based on proportional
increase extrapolation like Eq(4.13) regardless if they were given just ptp and ptp1 or, ptp ,
ptp1 and ptp2 so long as the time intervals are fixed at a constant interval such as yearly. Yet

if past prices shown to subjects follow a decreasing trend, the corresponding proportional
decrease model does not seem to capture subjects’ price expectations. Following Eq (4.12) it
is possible that the adjustment is non-zero. This might be the case in the experiment
conducted by Christandl and Gärling since, unlike the experiment discussed in Section 4.3.3
where prices given to the subjects did not specify the types of good these prices belong to,
prices given to the subjects were labelled as the prices of real life goods such as vacuum
cleaner, camera, bike and double bed. Previous experiences may interfere with price
expectation in an experimental setting as the Swedish economy is usually inflationary and
decreasing price trend may trigger further adjustments.
Another possible invalidity of Eq(4.12) is that we may not simply apply Eq(4.3) to t  te1 .
t

 te1 is the outcome of some heuristic processes taking price perceptions and adjustments

into account while price expectation may undergo some other heuristic processes. Human
cognition does not simply work in an algebraic way like the manipulation from Eq(4.4) to
Eq(4.12).
4.5.2 Median sample price hypothesis and the law of heuristic inflation expectation
formation
The sub-section summarises two important concepts emerged from the inflation expectation
conceptual framework in Chapter 3 and the mathematical model in this chapter. The law of
heuristic inflation expectation formation is Eq(4.4) that,
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e
t  t 1 

ptp  ptp1
 t
ptp1

It is the result of bounded rationality and information processing approach in particular. Its
mathematical foundation is based on different heuristics developed under bounded
rationality. In reality, the most important part in this law is the inflation perception which is
based on price perception. As already noted, price perception is formed with the use of
mapping model heuristic (Section 2.3.8). Although the price range used in forming price
perception is from the prices individuals experience in daily life, we can view that the price
range is a sample of prices from the distribution of price range since Weber’s law asserts that
individual price ranges form a lognormal distribution. This is already illustrated in figure 4.4.
Formally, figure 4.4 gives the following hypothesis,
Median sample price hypothesis: An individual’s price range is a sample of the individual
price range distribution and therefore price perception is a sample median of such
distribution.
Two important properties are that (1) Weber’s law asserts that individual price range
distribution is lognormal and is price population invariant and (2) price perception is
normally distributed due to the central limit theorem of median.
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Chapter 5
Macroscopic inflation expectation
formation: Empirical data analysis
5.1 Cross-section distribution (CSD) modelling
5.1.1 Distributional universality
5.1.2 Time series analysis: Granger causality and contemporaneous effects
5.2 Inflation perception
5.2.1 Are inflation perceptions rational?
5.2.2 Universality of inflation perception distribution: Median sample price hypothesis
revisited
5.2.3 Impacts of macroeconomic variables
5.3 Adjustment
5.3.1 Random matrix theory
5.3.2 Impacts of macroeconomic variables
5.4 Extreme inflation perceptions
5.4.1 Extreme value analysis
5.4.2 Impacts of macroeconomic variables
5.5 CPI revisited: Estimating the CPI components induced by inflation perceptions
5.6 Concluding remarks
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This chapter aims to apply the developed conceptual framework and mathematical model on
empirical data. Unfortunately, the restriction of our conceptual framework and mathematical
model only allows us to analyse empirical data of certain countries; only survey data asking
respondents about both their inflation perceptions and expectations can be applied. This is
because the law of heuristic inflation expectation formation, Eq(4.4), requires inflation
perceptions.
Due to availability, survey data of Sweden is used for time series analysis (survey data of
New Zealand is also available but its small sample size does not allow time series analysis 14).
For adjustment  , any respondent not providing both perception and expectation has had her
observation removed as adjustment cannot be obtained by Eq(4.4). Table 5.1 below gives a
summary of the data:
Country
Sweden
New Zealand
Period covered
November 2001 to March 2011 Q2 of 1998 to Q3 of 2008
Time structure
Monthly data
Quarterly data
Number of period
113
42
Average number of
1312.88
542.67
observation of  p per period
Average number of
1298.78
540.02
observation of  e per period
Average number of
1235.11
536.93
observation of  per period
Table 5.1: Data summary of the survey data used for analysis
This chapter is constructed as follows. The modelling approach is described in Section 5.1.
Section 5.2 and 5.3 discuss the components of the law of heuristic inflation expectation
formation as well as its implications in macroeconomics. Besides the law of heuristic
inflation expectation formation, extreme values of inflation perceptions and the weights of
CPI are studied in Section 5.4 and 5.5 respectively. Section 5.6 concludes this chapter.

5.1 Cross-section distribution (CSD) modelling

14

Given the sample size of 42, EViews can compute different model selection criteria up to lag 7. Yet most of
these criteria suggest a VAR(7) model. This suggests that higher lag models may fit the data better.
Furthermore, again due to the small sample size, there is no sufficient number of residuals of the VAR(7) model
to conduct a serial correlation LM test and hence the VAR(7) model is not guaranteed.
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In traditional studies of inflation expectations, survey data are averaged to produce the
inflation expectation (or perception) before further time series analysis can take place. The
disadvantages of averaging have already been discussed in Section 2.3.9 and will not be
addressed here again. The advantage of the approach introduced in this section is that it does
not require averaging. Instead, the distribution of the survey data is estimated on the basis of
the heuristic law of inflation expectation formation and the median sample price hypothesis.
Generally speaking, the components in the heuristic law of inflation expectation formation
(that is, the two price perceptions and the entries of the adjustment matrix) can be viewed as
random variables. They are numerically heterogeneous among individuals, but can be
estimated from survey data which is a sample of all individuals in the economy. The law of
heuristic inflation expectation formation then acts as a function of random variables. This
means that inflation perception and adjustment follow some distribution. In cross-section
distribution (CSD) modelling, we estimate the distribution of the cross-sectional data. Then
the distribution parameters are used for further analysis, such as univariate time series
analysis when we study the time path of inflation expectation and multivariate time series
analysis when we study the interaction between inflation expectation and other
macroeconomic variables.
5.1.1 Distributional universality
An interesting phenomenon found in the empirical data of inflation expectation is the
distributional universality. It appears that survey data from many different countries are fattailed positively skewed distributed (although sometimes they are symmetric or negatively
skewed sometimes). Such universality allows us to employ the CSD modelling; if crosssectional distributions are different, the estimated distribution parameters cannot be used for
time series analysis.
Figures 5.1 to 5.11 below show the distributions of inflation perception and expectations of
eleven different countries collected from different sources including central bank
publications, journal articles and raw survey data. These eleven countries are Australia,
Chile, India, Italy, Japan, New Zealand, the Netherlands, South Africa, Sweden, Turkey and
the US. It is interesting that most of these distributions have fat tails and are positively
skewed regardless of the country.
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Figure 5.1: Australia - Inflation expectations; relative frequency on the vertical axis
(Source: Brischetto and Brouwer 1999)
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Figure 5.2: Chile - Inflation expectations; density on the vertical axis (Source: Jaramillo
and Piantini 2008)

Q3 2008

Q3 2008

Q3 2012

Q3 2012

Figure 5.3: India - (Left to right) Inflation perception of Q3 2008 and Q3 2012 and,
inflation expectation of Q2 2008 and Q3 2012; Frequency on the vertical axis. Note that
observations that are less than 1 or greater than 16 are combined in the category of “<1”
and “>16” respectively resulting in the tall first and last bar (Source: Reserve Bank of
India 2010 and 2012)
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Figure 5.4: Italy - (left) Inflation perception and (right) inflation expectation; combined
data from February 2003 to September 2007. (Source: Malgarini 2008)
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Figure 5.5: Japan - Inflation expectation; qualitative survey questions (Source: Economic
and Social Research Institute, Cabinet Office of the Government of Japan)
.4

Q2 1998

.3
.2

Q3 2008

.3

Q2 1998

.20

0

20

40

60

Q3 2008

.20
.16

.10

.12
.08

.1
.0
80 100 120-10

.24

.15
.2

.1
.0
-20

.28

.25

.4

.05

0

10

20

30

40

50

.00
60 -20

.04
0

20

40

60

.00
80 100 120 -20

0

20

40

60

80 100 120

Figure 5.6: New Zealand - (Left to right) Inflation perception of Q2 1998 and Q3 2008
and, inflation expectation of Q2 1998 and Q3 2008; Density on the vertical axis. (Data
provided by Reserve Bank of New Zealand)
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Figure 5.7: The Netherlands - (Left to right) Inflation expectations of July 2009,
December 2009 and July 2010; Note: Weekly survey conducted from July 2009 to July
2010 (Source: Galati et al 2011)
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Figure 5.8: South Africa - Inflation expectation; Frequency on the left scale and
cumulative relative frequency on the right scale (Source: Kershoff 2000)
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Figure 5.9: Sweden - (Left to right) Inflation perception of November 2001 and March
2011 and, inflation expectation of November 2001 and March 2011; Density on the
vertical axis. (Data provided by Konjunkturinstitutet)
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Figure 5.10: Turkey - Inflation expectations; qualitative survey questions; Density on the
vertical axis (Source: Ozer and Mutluer 2005)
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Figure 5.11: The US - Inflation expectation; Density on the vertical axis (Source:
Michigan University)
Studies on the distribution of inflation perception and expectations are limited as attention is
usually paid to the time series of the average of these distributions. Here a few commonly
observed phenomena are addressed. First, respondents tend to give integer answers which
have been called “digit preferences” (Baker 1992). This can be easily been seen in the above
distributions. This is formally mentioned in some literature such as Curtin (2010) for the US
survey data, Brischetto and Brouwer (1999) for the Australian data and Malgarini (2008) for
the Italian data. It is argued that rounded answers are given as the cost of obtaining an exact
answer is high (Curtin 2010). However, a rebuttal is that if an individual produces an
expectation with all available information and a model that correctly describes the structure
of the economy as Muthian rational expectation hypothesis asserts, then the cost of producing
an exact answer is negligible compared to the effort put to form rational expectation.
Moreover, integer answers may suggest that respondents do not produce expectations with
precise algorithm such as rational expectations or any form of econometric methods such as
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the recursive least squares method put forth by Sargent (1993) and Evans and Honkaphoja
(2001). It is very unlikely that these algorithms produce integer estimates. Instead the use of
heuristic is likely to take place as it does not involve any formal algorithmic computation and
hence approximate values are likely to be produced in comparison to econometric methods.
Second, distributions are positively skewed most of the time even in Japan where deflation
persists. Figure 5.12 below shows the time series plots of skewness of the Turkish (Ozer and
Mutluer 2005) and Japanese data (Terai 2010). It can be seen that distributions are positively
skewed most of the time. It also sees that for the Australian data (Brischetto and Brouwer
1999) the mean is greater than the median suggesting positive skewness. This common
phenomenon remains unknown. However our analysis in the next section will help
explaining this.

Figure 5.12: Time series plots of skewness of the Turkish (left) and Japanese (right) data
and time series plot of the mean and median of the Australian data (Source: Ozer and
Mutluer (2010), Terai (2010) and Brischetto and Brouwer 1999)
Finally, heavy tails are commonly observed. Conventionally, the inflation expectation
distribution has long been assumed to be normal. For example, a commonly used method to
convert qualitative inflation expectation (ordinal scale) to a quantitative one is the Carlson168
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Parkin method in which the inflation expectation is assumed to be normally distributed
(Carlson and Parkin 1975). Clearly, the heavy tails, so typical for empirical data, show that
the use of the Carlson-Parkin method may create misleading results. There have been several
attempts to estimate the distribution of inflation expectation but these studies cannot well
capture the heavy tail phenomenon as normal distribution is assumed. Jaramillo and Piantini
(2013) apply a mixture normal distributions on the Chilean survey data, while Garcia-Verdu
(2012) consider the inflation expectation distribution as segmented by two normal
distributions with the same mean but different standard deviations. The idea is that the mean
serves as a fine line segmenting these two normal distributions. The normal distribution with
a greater standard deviation has a relatively heavier tail than the other. This also creates a
skewed distribution. Oral (2013) fits inflation expectation distributions with a stable
distribution since it captures skewness and heavy tails well. In all probability distributions the
author used, a stable distribution yields the lowest mean absolute error of prediction, mean
square error of prediction and Theil’s inequality coefficient suggesting a very good fit. Yet
the use of a stable distribution is difficult to be justified on the theoretical ground – the stable
distribution is the limit distribution in the Generalised Central Limit Theorem which requires
similar assumptions than the Central Limit Theorem but the assumption of finite second
moments is relaxed. The use of a stable distribution (excluding normal distribution) suggests
that inflation expectation is the sum of normalised sums of i.i.d. terms that follow a
distribution with no finite variance. Clearly such interpretation lacks theoretical foundation.
Another approach was taken by Mankiw et al. (2003) in which a VAR(12) model of inflation
rate, interest rate, output gap and inflation expectation is estimated. By assuming that a
certain fraction of individuals obtain new information, the estimated model is used to
produce theoretical distributions. The original paper by Mankiw et al. plots the VAR
predicted distributions and the empirical distribution separately. They focus on the Volcker
disinflation period such that the effect of sticky information is salient. The sticky-information
VAR model predicts that only a subset of individuals obtains new information hence the
entire disinflation period sees a transition of two groups being separated then gradually
blended in the end. For the sake of comparison, we place them together according to the
scale. With some simple graphic manipulation, this is shown in figure 5.13 below. The
distributions in blue refer to the empirical distributions following the left scale while the
distributions in grey refer to the sticky-information VAR predicted distributions following
the right scale.
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Figure 5.13: A comparison between the sticky-information VAR predicted distribution and
the empirical distribution from the Michigan survey data (Mankiw et al 2003)
It is seen that the sticky-information VAR model is able to predict not even the mode at a
satisfactory level. While the distributions in 1979 may be similar, distributions of all quarters
in 1980, 1982 and, quarter 1 and 2 of 1981 are poorly fitted. The central locations of these
distributions are poorly predicted. Further, statement made by Mankiw et al. (2003) that “it
(stick-information model) successfully accounts for the broad features of the evolution of the
distribution of inflation expectations during the Volcker disinflation” is questionable. First,
the empirical distributions are produced with non-parametric kernel density with a normal
kernel-smoothing function. Therefore, whether two segments or more segments of
individuals are observed is very sensitive to the choice of band width of the kernel density.
One can simply increase the bandwidth to remove multimodality. Second, the bimodality and
multimodality may not reflect the two or more groups of individuals in the transition. As
already mentioned, the spikes in inflation expectation distributions might be due to digit
preferences. It can be observed in Figure 5.13 that multiple modes are concentrated at 0, 5 or
10% suggesting digit preference. Finally, the sticky-information VAR model fails to capture
the heavy tails of the empirical distributions.
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In the coming sections, we estimate the distribution of inflation perception, adjustment and
inflation expectation based on what have been developed in the previous chapters. We will
see that the developed conceptual framework and mathematical model provide a solid
theoretical background to fit the distribution well in the sense that it captures skewness and
heavy tails well.
5.1.2 Time series analysis: Granger causality and contemporaneous effects
The use of CSD modelling has further applications. From Section 5.2 to 5.4, CSD modelling
is applied to each of the components in the heuristic law of inflation expectation formation.
Then CSD parameters as time series are blended with macroeconomic variables for
multivariate time series analysis. This methodology is similar to the analysis in Section 4.4.4.
Let us formalise this.


CSD modelling is employed to create estimates of distribution parameters.



Distribution parameters and other macroeconomic variables are then used to form
a multivariate time series model by first pretesting the integration order of these
variables.



Then cointegration test is performed to determine if there is any cointegration. A
VEC model is estimated in the case of cointegration.



Serial correlation LM tests and ARCH LM tests are used to check if there is any
violation of assumption. While increase the lag order of the model can overcome
the serial correlation problem, removing heteroskedasticity is not simple. If
heteroskedasticity is found in relevant equations of the model, residuals will be
volatility-filtered using the procedure stated in Wen and Yang (2009). This
procedure involves fitting the residuals with a GARCH or ARCH model,
q

p

i 1

i 1

2
 t  vt ht where ht   0    i t i   i ht i . Then volatility-filtered residuals

vt   t / ht are obtained.



To test the presence contemporaneous effects, correlations of level residuals are
examined. Granger causality tests are performed following the procedure put forth
by Toda and Yamamoto (1995) and Dolado and Lütkepohl (1996). In this
procedure, an augmented VAR model in levels estimated and then Granger
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causality tests are performed on the coefficients of the lagged variables except
those of the augmenting terms.
The reason of having a multivariate time series analysis with the CSD parameters is that
these parameters, if the selected CSD is correct, should be capable to describe the individual
level data as a whole. Therefore, the use of multivariate time series analysis enables us to
investigate the interaction between individual inflation expectations and the macroeconomy.
In practice, all multivariate time series models we employ to study the Swedish data will
either be VAR models with first differenced variables or VEC models. It is because, as
already discussed in Section 4.4.4, πt , rt and ut are I(1) and any multivariate time series
model we study in the coming sections will include at least three integrated variables. If
cointegration is found, VEC models are employed.
The motivation of using Granger-causality test and testing contemporaneous effects is that, as
discussed in Section 4.4.4, we are interested in how macroeconomic variables affect inflation
expectation formation. Any statistically significant relationship between a macroeconomic
variable and a distribution parameter in a Granger causality test suggests that individuals
obtain this macroeconomic information from official release of media since Granger
causality tests are based on the lags and certain macroeconomic variables are not known to
the public until at least one period after due to processing the collected data. Typical
examples include official inflation rate and unemployment rate. In contrast, testing for
contemporaneous effects allows us to determine if individuals obtain macroeconomic
information from sources outside the official release and the media. If contemporaneous
effects are found to be significant it is suggested that individuals do not obtain certain
macroeconomic information from the official release or media as it is not publicly known yet.
One explanation to such contemporaneous effect is that individuals may obtain
macroeconomic information from experiences in daily life. For example, idea about the
unemployment rate might be obtained by an individual from her experiences of attempting to
get a job or of conversations with people attempting to get a job. Of course, there are
macroeconomic variables available immediately without any delay. A typical example is
interest rate which is usually immediately covered by media. In this case, we are not able to
determine how individual obtain such information. Yet if both Granger causality and
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contemporaneous effects are found we can still conclude that individuals are not aware of
interest rate in forming inflation expectations.
The remaining of this chapter is constructed as follows. As the law of heuristic inflation
expectation formation decomposes inflation expectation into the inflation perception and
adjustment, we apply the CSD approach to the inflation perception and adjustment in order to
obtain the estimates of the distribution parameters. We then apply traditional time series
analysis on these CSD parameters to see how they are affected by macroeconomic
information. This also provides empirical evidence supporting the law of heuristic inflation
expectation formation. Before a conclusion is drawn, we look at the extreme observations of
inflation perception. Usual statistical practice may remove outliers in order to achieve
unbiased results. We follow the CSD approach and perform a time series analysis to see if
extreme observations are informative.

5.2 Inflation perception
This section aims to ascertain inflation perception. We first outline the underlying CSD of
inflation perception implied by the heuristic law of inflation expectation formation then in
Section 5.2.1 to 5.2.3 we study individuals’ rationality revealed by the survey data, the
universality phenomenon of inflation perception distribution and the impacts of
macroeconomic variables in which study is restricted to the Swedish survey data due to the
small sample size of the survey data of New Zealand.
Recall the heuristic law of inflation expectation formation,

t



e
t 1

ptp  ptp1

 t
ptp1

(5.1)

inflation perception is given by,

ptp  ptp1
ptp1
Furthermore, recall that price perception is asymptotically normal. This means that inflation
perception is normal ratio (NR) distributed. Despite that the use of NR distribution is not
popular; literature related to it can be traced back in the 1930’s when Fieller (1932) and
Geary (1930) started to study the distribution of the ratio of two normal variates. Hinkley
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(1969) gives the explicit form of the probability density function (PDF) of the NR
distribution:
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(5.3)
If the two normal variates are independent, Eq(5.3) collapses to the following independent
normal ratio (INR) distribution,
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For notation purposes, a random variable z following the NR and INR distribution is
denoted as,

Z ~ NR(  X , Y ,  X ,  Y ,  )
Z ~ INR(  X , Y ,  X ,  Y )
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Most of the parameters of the NR and INR distributions do not explicitly tell us the location
and shape of the distribution since they rather reflect the location and scale of the underlying
normal distributions of the two normal variates. Marsaglia (1965) studies the shape of the
INR distribution with the two normal variates with unit variance. Figure 5.14 is a replica of
Marsaglia (1965) in which the means of the two varites are taken as 0/3, 1/3,…, 6/3 and 0/8,
1/8,…,8/8.

Y

X

0/3

1/3

2/3

3/3

4/3

5/3

6/3

8/8

7/8

6/8

5/8

4/8

3/8

2/8

1/8

0/8
Figure 5.14: Fig.1 of Marsaglia (1965)

 X and Y can be viewed as shape parameters. Further, they are also location parameters.
Figure 5.15 below shows different densities as one of the means increases while holding the
other constant.
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Figure 5.15: Different INR distributions I.
(Left) red: INR(1,2,1,1) , blue: INR(2,2,1,1) , black: INR(3,2,1,1) .
(Right) red: INR(2,1,1,1) , blue: INR(2,2,1,1) , black: INR(2,3,1,1) .
Similarly,  X and  Y can be also viewed as shape parameters. As a demonstration, Figure
5.16 below shows different densities as one of the standard deviations increases while
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holding the other constant.
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Figure 5.16: Different INR distributions II.
(Left) red: INR(2,2,1,1) , blue: INR(2,2,2,1) , black: INR(2,2,3,1) .
(Right) red: INR(2,2,1,1) , blue: INR(2,2,1,2) , black: INR(2,2,1,3) .
For the NR distribution, the parameter  may have similar role as the other four parameters.
Figure 5.17 shows the densities of the NR(0,0,1,1,  ) and NR(1,1,1,1,  ) with  being -0.8, 0.5, 0, 0.5 and 0.8.
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Figure 5.17: Different NR distributions. Red: ρ = 0.8 , blue: ρ = 0.8 and black ρ = 0
with the dash ones representing ρ = -0.8 and -0.5 .
It can be seen that  may serve as a location and shape parameter. The left panel of Figure
5.17 illustrates that the distribution is scaled and the location has changed while remaining
symmetrical. The right panel shows that  may serve as a shape parameter. The conclusion
is that the parameters of the NR and INR distributions rather reflect the intrinsic properties of
the underlying distributions of the two normal variates. Further, since all these parameters are
shape parameters, they might not have unique solutions.
Finally, some properties of the NR and INR distribution are presented below.
Property 5.1: For any real constant k ,
dist

NR(  X , Y ,  X ,  Y ,  )  NR(k  X , k Y , k X , k Y ,  )
dist

INR(  X , Y ,  X ,  Y )  INR(k  X , k Y , k X , k Y )
This can be shown by having each of the parameters multiplied by k .
Property 5.2: Due to the relationship between normal and Cauchy distributions, we have that
(Cedilnik et al 2004),
dist
  
NR(0, 0,  X ,  Y ,  )  Cauchy   X , X
 Y Y


1  2 


Property 5.3 (Cedilnik et al 2004): None of the moments of NR distribution exists. It is
shown by Cedilnik et al. (2004) that the NR distribution is in fact Cauchy like since NR
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distribution is similar to Cauchy distribution that an NR variable can be viewed as the ratio of
two normal variates but NR distribution is a generalised case that allows the two normal
variates being non-centred.
5.2.1 Are inflation perceptions rational?
As inflation perception is a closely related concept to inflation expectation, one of the most
popular research areas in inflation expectation is how rational individuals’ perceptions are.
One of the assumptions of rational expectation hypothesis is that individuals do not make
systematic errors. In testing so, researchers usually use the time series of the sample mean of
the survey data and have it compared to the actual inflation. However, the use of the sample
mean is misleading. As seen in Property 5.3, none of the moments of the NR distribution
exists meaning that the sample mean is an inconsistent estimator as sampling variability does
not decrease as the sample size increases. As an alternative, inflation perception of all
individuals as a whole can be obtained by using CSD modelling. Since the distribution of
inflation perception can be decomposed into two normal distributions with means  X and Y
and, standard deviation  X and  Y , we can form inflation perception based on these
parameters in the light of Eq(5.2).
p
p
p
For a NR variable Z  X / Y , Eq(5.2) implies that X  pt  pt 1 and Y  pt 1 . Then, we have

E ( ptp1 )  Y

 X  E ( ptp  ptp1 )  E ( ptp )  Y

(5.5)

 E ( ptp )   X  Y
p
2
For the second moments, it is clear that V ( pt 1 )   Y . The other variance requires more

work. First obtain the covariance between the two price perceptions,

 X2  V ( ptp  ptp1 )  V ( ptp )  V ( ptp1 )  2 cov( ptp , ptp1 )
 V ( ptp )   X2  V ( ptp1 )  2 cov( ptp , ptp1 )



cov( ptp  ptp1 , ptp1 )

 XY

  X  Y  cov( ptp , ptp1 )  V ( ptp1 )

 cov( ptp , ptp1 )   X  Y  V ( ptp1 )

(5.6)
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Then we have that
V ( ptp )   X2  V ( ptp1 )  2 cov( ptp , ptp1 )

(5.7)

  X2  V ( ptp1 )  2  X  Y

Finally, inflation perception can be expressed as

E ( ptp )  E ( ptp1 )
 X
E ( ptp1 )

(5.8)

Unfortunately, density estimation is problematic due to over-parameterisation. The NR
distribution consists of five parameters and, as we have seen, these parameters share a very
similar role in controlling the shape and location of the parameters. In fact, when directly
applying the NR distribution (Eq(5.3)) to the survey data negative standard errors are
estimated and therefore some restrictions are to be imposed. Property 5.1 provides us with a
nice restriction on the parameters. As such we may fix Y  1 and the other parameters will
be adjusted accordingly. Furthermore, we may wish to employ the INR distribution. This can
be done by either assuming that the two price perceptions are zero or simply fix   0 .
However the former may create a problem. According to Eq(5.6),  becomes

 Y
and it
X

possible that  is outside the range of [-1,1]. Thus, we may simply fix   0 . These
restrictions mean that our model is INR(  X ,1,  X ,  Y ) . Although this restriction makes
p
density estimation easier, it creates another problem. Having   0 means that V ( pt ) is
p
always greater than V ( pt 1 ) as suggested by Eq(5.7) and this is unlikely the case. Recalled

prices that are less recent are fuzzy and hence should have greater variability than the recent
ones. This phenomenon is observed in Kemp (1991). Subjects were asked to give the price of
a stamp, butter and rye bread in 1987 and 1973. The IQR computed from the lower and upper
quartiles reported by Kemp (1991) is shown below,
Items
1987
1973
General
0.5
2
Stamp
0
0.1
Butter
0.05
0.54
Ryebread
0.24
0.61
Table 5.2: IQR of price estimates (Kemp 1991)
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p
p
Therefore, V ( pt ) and V ( pt 1 ) should be used with care.

Maximum likelihood estimates of the survey data of Sweden and New Zealand can be found
in Appendix B.1.1 and B.1.2 respectively. Using Eq(5.8) we obtain the inflation perception
for Sweden and New Zealand. As a comparison to other traditional methods of computing
inflation perception, the INR estimated inflation perception is plotted with the official
inflation rate, the mean and the median of the survey data. This is shown in Figure 5.18 and
5.19 for Sweden and New Zealand respectively.
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Figure 5.18: Plot of the Swedish official inflation rate and different measures of inflation
perception
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Figure 5.19: Plot of the New Zealander official inflation rate and different measures of inflation
perception

Both plots show that the mean as the traditional measure of inflation perception overstates
the deviation from the official inflation rate. In particular, the mean inflation perception
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appears to be different from other measures. To see how these measures deviate from the
official inflation rates Table 5.3 below reports the root-mean-square deviation (RMSE).
Country
INR estimated
Mean
Median
Sweden
0.9892
1.7168
1.3163
New Zealand
1.0679
3.5416
1.4212
Table 5.3: RMSE as a measure of deviation from the official rate
The INR estimated inflation perception yields the lowest RMSE for both countries.
Furthermore the mean is the most inaccurate measure as the highest RMSE is produced in
both countries.
To see if individuals make systematic error in inflation perception, we perform a paired t-test
to see whether the mean difference is zero provided that the difference is normally
distributed. If there is no systematic error the difference between the official inflation rate
and the INR estimated inflation perception should be zero on average. The results of
Kolmogorov-Smirnov tests and paired t-tests for different measures of inflation perceptions
are shown below,
Sweden
Test statistic
KolmogorovSmirnov test
Paired t-test

INR
estimated

Mean

0.0878††
-4.2423*

New Zealand
Median

INR
estimated

Mean

Median

0.1355†

0.1235††

0.1348††

0.1180††

0.1221††

-10.5843*

5.4895*

-6.0380*

-22.0188*

-8.0793*

Null hypothesis of normality not rejected at ††5% †1%
Significant at *5%

Table 5.4: Results for testing rational perception
For all different measures, null hypothesis is rejected at the 5% level of significance hence
inflation perception is not rational. In addition, it is observed that the mean and median
measures of inflation perception result in higher t-test statistics suggesting stronger evidence
against rational inflation perception.
Instead of considering the overall mean difference of the entire sample period, we can also
consider the difference in individual periods by comparing the official inflation rate to the
95% confidence interval of the INR estimated inflation perception. To construct 95%
confidence intervals we can use the standard errors from the maximum likelihood estimation.
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Maximum likelihood estimates are asymptotically normal hence the 95% confidence interval
for each period is ˆ X  1.96 s.e.( ˆ X ) .
Figure 5.20 and 5.21 shows the 95% confidence intervals and the official inflation perception
for Sweden and New Zealand.
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Figure 5.20: 95% confidence intervals and official inflation rate of Sweden
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Figure 5.21: 95% confidence intervals and official inflation rate of New Zealand
It can be seen that for both Sweden and New Zealand inflation perceptions are rational only
in a few periods.
This raises a question why individuals are not rational most of the time. Reasons to this are
twofold. To explain, we first incorporate Figure 1.3 and 4.6 to see the whole big picture of
the construction of official inflation rate and inflation perception. Figure 5.22 below visually
sums up the developed theories of the official inflation rate and inflation perception.
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Figure 5.22: Construction of official inflation rate and inflation perception
We have seen that price range is lognormal distributed regardless of the price distribution due
to Weber’s law. Then the mapping model heuristic leads to price perception as the median of
the price range hence price perception is asymptotically normal. Finally, the Weber-Fechner
law suggests that inflation perception is NR distributed. Clearly, inflation perception
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rationality depends on how close the relationship between the official inflation rate and
inflation perception is. Similarly to the Muthian rational expectation hypothesis, there is a
strong and a weak form. The weak form simply requires that    p , which we have seen is
unlikely to be true no matter  p is estimated from the NR distribution or, is the mean or the
median of the survey data. The strong form requires  and  p to be distributionally equal,
which is possible. To understand the distribution of  , recall Eq(1.11) that the most common
price elementary aggregates formula is the Jevons formula, p 

n

n

pi ,t

p
i 1

. The base prices,

i ,0

pi ,0 , are fixed and hence are constants as they are used in every year’s CPI calculation.
Therefore, elementary aggregates are asymptotically lognormal provided that prices have
n

finite first and second moment. It is because

pi ,t

p
i 1

can be logarithmic transformed then

i ,0

 pi ,t 
ln

 is normal and central limit theorem applies as n   .

i 1
 pi ,0 

n

n

n

pi ,t

p
i 1

remains

i ,0

lognormal since for a random variable X ~ LN (  ,  ) , X k ~ LN (k  , k ) for k a non-zero
constant. Finally, CPI is asymptotically normal since CPI  , p    p and p has finite
first and second moment. There are usually a very large number of elementary aggregates in
computing CPI thus the asymptotic condition is satisfied. Recall from Table 1.2 in Chapter 1
that a few hundred or even a thousand elementary prices are generally used. We then arrive at
the conclusion that, just like  p ,  is also NR distributed.
Unfortunately, as shown in Figure 5.20 and 5.21, rationality does not frequently occur. The
big picture of the construction of official inflation rate and inflation perception (Figure 5.22)
gives us some hints why rationality does not happen. The validity of Hypothesis 2 in Section
4.3.3 as well as the results of Kemp (1991; also see Table 4.5) and Kemp and Willetts (1996;
also see Table 4.6) suggest that averages based on large enough samples can be pretty close
to actual inflation rates (Warneryd 1986; Jonung 1981). That is, we may assert that price
perception and hence inflation perception generally truly reflect current inflation experienced
by the households. Then whether inflation perception is close to the official inflation rate
depends on how the weight At captures consumption behaviour. In Figure 5.22, we can see
that the official inflation rate would equal inflation perception if At correctly described how
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price population is mapped to the super population since this link is our only not quite well
known part in the formation of inflation perception. This is not surprising since At remains
the same for a few years until it is to be reviewed while the map between the price population
and the super population varies greatly depending on the individual. For instance, it is a wellknown fact that certain goods are not part of the common household basket, different amount
of consumption, the price at which the good was purchased not being part of the sampled
prices for computing the CPI and difference in brands (O’Donoghue 2007). However, the
variation of the map between the price population and super population can also be
considered in another dimension. The cognitive complexity of mapping prices to price
perception tells us that even for the same individual, price perception may be formed based
on the prices of different goods due to different purchasing behaviour even in a very short
period of time (such as within a week). For instance, an individual has just bought a car and
her price perception today is formed based on the price of the car but then her price
perception next month would be based on other goods. Furthermore, cognitive limitation also
plays an important role in the map between the price population and super population. Due to
the limited capacity of the working memory and short-term memory, not many prices can be
retrieved in forming price perception. It is possible that prices belong to regular purchase
may not be retrieved while prices that are too high or too low but do not belong to regular
purchase may be retrieved. Clearly, it is not very possible that At can capture these cognitive
limitations.
After all, the purpose of CPI is to capture the dynamics of the general price level instead of
attempting to describe individuals’ perceptions about the general price. It should not be
surprising that inflation perception deviates from the official inflation rate.
5.2.2 Universality of inflation perception distribution: Median sample price hypothesis
revisited
The last chapter discusses the median sample price hypothesis. Recall that this hypothesis
asserts that, as a result of Weber’s law, the disjoint union of price ranges of all individuals is
lognormal distributed. In other words, an individual’s price range is a sample from the
lognormal distribution. Furthermore, the mapping model heuristic as well as empirical
findings suggest that price perception is the median of the price range. Then according to the
Weber-Fechner law, Eq(5.2) of inflation perception is derived and inflation perception would
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be NR distribution irrespective of the underlying distribution of the price population
individuals experienced in their daily life. In addition, the knowledge of the exact equation of
the official inflation rate is not important. It is because, as seen in Section 4.2 (Eq(4.3)), the
Weber-Fechner law guarantees that heterological inflation perceptions can be expressed in
the form of homological inflation perceptions.
As a result, if the median sample price hypothesis and Weber-Fechner law are correct,
inflation perceptions should follow NR distribution regardless of the country. In section 5.1
we see that the inflation perception distributions of different countries appear to be very
similar. As we have the survey data of Sweden and New Zealand, we can see if the NR
distribution fit the data well. Figure 5.23 and 5.24 show the INR(  X ,1,  X ,  Y ) fitted CDF
and PDF of the first and the last period of the available survey data of Sweden and New
Zealand. All other plots of INR(  X ,1,  X ,  Y ) fitted CDF and PDF can be found in
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Figure 5.23 INR(μX ,1,σ X ,σY ) fitted CDF of Sweden and New Zealand

186

50

Understanding Economics of Inflation Expectation in Light of Modern Cognitive Psychology

Figure 5.24 INR(μX ,1,σ X ,σY ) fitted PDF of Sweden and New Zealand
Disregarding the fact that the survey data suffer from digit preference, the INR(  X ,1,  X ,  Y )
distribution fits the data quite well.
5.2.3 Impacts of macroeconomic variables
This section ascertains the relationship between inflation perception and macroeconomic
variables with the use of the methodology described in Section 5.1.1. That is, we study the
contemporaneous effect and Granger causality between the CSD parameters of inflation
perception and macroeconomic variables. It is found that inflation perception, the Swedish
inflation rate, interest rate and unemployment rate are first order integrated, I(1). Therefore,
cointegration test has to be performed even if the CSD parameter is I(0). Details of all unit
root tests can be found in Section B.4.1.
The inflation perception is described by Eq(5.8) thus it is simply  X in INR(  X ,1,  X ,  Y ) .
We denote this by  p . According to different model selection criteria,  p together with  , r
, and u are best fitted with a VAR(3) model. Johansen cointegration test indicates
cointegration rank of 1. An LM test for autocorrelation is carried out to confirm the
appropriate lag order (all details concerning model selection can be found in Section B.4.2).
Unfortunately, heteroskedasticity is detected in the equation of r hence volatility-filtered
residuals are considered for analysis. AIC suggests a GARCH(1,2) model for the residuals.
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An ARCH LM test confirms that there is no more ARCH effect after volatility filtering. The
correlation of the filtered residuals is reported in the below table.



p


u
r
0.2728
0.0864
-0.0551
Table 5.5: Contemporaneous effects of inflation perception

The sample size is 108 and the corresponding 95% and 99% confidence interval of zero
correlation are ±0.1885 and ±0.2479 respectively. The official inflation rate is significantly at
5 and 1%. As addressed earlier, the release of the official inflation rate is a month behind and
therefore the significant contemporaneous effect cannot be viewed as individuals simply
form inflation perception based on the official inflation rate. So how do we explain this
significant contemporaneous effect? The top of Figure 5.22 suggests that while individuals
sample the price population and eventually form inflation perception, the official inflation is
computed by sampling the price population. As long as the following procedures after
sampling the price population are not too far apart we expect some correlation between the
official inflation rate and inflation perception. This also explains why interest rate and
unemployment rate bear not significant contemporaneous effects. Inflation perception is
formed by sampling the price population hence the influence of interest rate and
unemployment rate should be minimal.
The result of the Granger causality test is reported in Table 5.6 below. Except for official
inflation rate, none of the macroeconomic variables Granger cause inflation perception. The
evidence that neither interest rate nor unemployment Granger causes inflation perception
supports the law of heuristic inflation expectation formation. Inflation perception is the base
of inflation expectation and macroeconomic information serves as an adjustment. For official
inflation rate, it can be that previous inflation perception continues to affect inflation
expectation or that individuals pay attention to official inflation rate. Yet the latter is unlikely
to occur as previously discussed in Chapter 4 that empirical data has shown that individuals
cannot recall current official inflation rate.
Variable



r
u

χ² test statistic
11.3717**
6.5496
6.6962

Table 5.6: Granger causality test of  p (Significant at *5% and **1%)
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The empirical data analysis in this section shows the validity of the model put forth in the
previous chapters. Rather than the official inflation rate Granger causes inflation perception,
there exist some contemporaneous effects between them. This is explained by the developed
model in which individuals form inflation perception based on the prices they experienced.
Such process is similar to sampling prices from the price population which is similar to how
CPI measured inflation rate is constructed.

5.3 Adjustment
This section concerns the adjustment term  of the heuristic law of inflation expectation
formation (Eq 5.1). While the distribution of inflation perception is theoretically viewed as
normal ratio distributed, the distribution of  is not known. As previously seen the
distribution of  is symmetrical and highly leptokurtic resembling a Cauchy distribution. As
we shall see, our developed theory in Section 4.4.1 suggests that the distribution of  is not
Cauchy distributed. However, its similarity may allow us to use Cauchy distribution as an
approximation due to computational difficulties.
This section contains two sub-sections. The first one deals with introductory materials of
random matrix theory. Our developed model A   in Section 4.4.1 suggests that  is an
eigenvalue of the adjustment matrix A that contains non-price information. That is, entries
of A tell us how individuals use macroeconomic information. By understanding the
distribution of  we can acquire some information about the distribution of the entries of A
such as the CSD parameters. This requires the use of random matrix theory. Unfortunately,
we will arrive at the results that exact solutions of the CSD parameters require solving a
system of integral equations. As a result, we can only state theoretical results. As an
alternative, we assume that  follows a Cauchy distribution and test the CSD parameters of

 (not the CSD parameters of the entries of A ) in the second sub-section.
5.3.1 Random matrix theory
Random matrix theory concerns the study of the distribution of eigenvalue of a matrix whose
entries follow some distribution. Such study includes the distribution of all eigenvalues (the
bulk), of largest eigenvalue (the edge) and of spacing between eigenvalues. Here some
findings of the former are briefly addressed.
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Our focus of random matrix theory is on a particular class of matrix that follows the
conditions in proposition 4.4 (Hermitian matrix). It is found that the bulk distribution of 
depends only on certain conditions of the entries of A , aij , instead of the exact distribution.
There are two classes of the invariants of eigenvalue distribution depending on the finiteness
of the moment of the distribution of the entries. The classical theorem in random matrix
theory is the semicircle law by Wigner (1955) which states that
Proposition 5.1: If the first and second moments of an i.i.d. random variable aij are finite
and is scaled as aij / n where n is the dimension of A then,
f ( ) 

1
2

2

4 2   2 as n  

In other words, if the first two moments of aij are finite, the eigenvalue distribution of A is
semicircle distributed. In the case where the first two moments are not finite, studies assume
entries following a stable distribution due to the Stable law. The formal statement of the
Stable law is given below,
Proposition 5.2 (Gut 2005): Let X be a random variable. Also let X 1 , X 2 ,... be i.i.d. copy
of X and Sn be the partial sum, then X is “stable” if,
dist

S n  cn X  d n
where cn and d n are constants. In fact, as we shall see, cn is a scaling constant ( n1/ ) in
deriving the eigenvalue distribution.
This is also the Generalised Central Limit Theorem (GCLT) since X is permitted to have
the first moment infinite. An important application of this law is that the sample mean of a
random variable that has no finite moments follows the Stable distribution. Therefore,
combining the Stable law and GCLT, a random variable with no finite moments is assumed
to have a stable distribution. Stable distribution can only be expressed in its characteristic
function given by,
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L,  ( x)   eikx  

1
2







dkLˆ (k )eikx

 
   
where ln( Lˆ (k ))    k 1  i  sgn( k ) tan 
  if   1
 2 

2
 

ln( Lˆ (k ))    k 1  i  sgn(k ) ln(  )  if   1




  (0, 2] is the stability index controlling the thickness of the tail;   [1,1] is the
skewness parameter; and   0 is the scale parameter. For   1,   0 it turns into a Cauchy
distribution while for   2,   0 it turns into a normal distribution. The above stable
distribution is centred but a location parameter can be added. As for the moments, the first
moment is finite if   1 while the second moment is finite only if   2 . Figure 5.25 shows
some stable distributions with different values of parameters.

(left)   0.5 (black),1 (blue),1.5 (green), 2 (red),   0,   1.
(right)   1 (black), 0.5 (blue), 0 (green), 0.5 (orange),1 (red),   1,   1.
right

Figure 5.25: Some examples of stable distributions

The eigenvalue distribution of entries not having finite second moment was first studied by
Cizeau and Bouchaud (1994) then corrected and further developed by Burda, et al. (2007)
and Burda and Jurkiewicz (2011).
Poposition 5.3 (Burda, et al. (2007) and Burda and Jurkiewicz (2011)): Entries following
the above stated stable distribution, as n   , the scaled eigenvalue of A ,  / n1/ , has the
density,
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in which ˆ ( ) and ˆ ( ) satisfy the above two integral equations. It is also important to note
that Proosition 5.3 only holds for certain conditions. For 1    2 , the solutions of the
above two integral equations are independent of the  and  parameters of the Stable
distribution of aij . That is, the distribution of the eigenvalue is not affected by skewness and
scale. For 0    1 , Proposition 5.3 holds only when   0 . However, solving for the
solutions is computationally demanding and unstable due to the nature of Fourier integral
(Burda and Jurkiewicz 2011). In addition, the term  / 2 does not suggest that  of the
eigenvalue distribution will be exactly half of that of the distribution of the entries (Burda
and Jurkiewicz 2011). This is because the dependence of ˆ ( ) and ˆ ( ) on  . Figure 5.26
below are replicas of the distribution of  with different values of  and   0 and   1 .
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Figure 5.26: Eigenvalue distribution of different  (Burda and Jurkiewicz 2011)
In summary, the CLT and GCLT describe the invariant behaviour of the sample mean when
the underlying distribution of the random variable has a finite variance and has no higher
finite moments respectively. The invariant behaviour of the distribution of eigenvalues is
described by the semi-circle law and Proposition 5.3 when the underlying distribution of the
entries of a matrix has a finite variance and follows Stable distribution (parameters within
certain ranges) respectively.
5.3.2 Impacts of macroeconomic variables
The empirical distribution of  , for example Figure 4.17 and 4.19, clearly does not follow
the semicircle distribution implying that Proposition 5.3 can explain the survey data of  .
Two implications are observed. First, the distribution of aij may not have finite second or
even first moment. This further means that the information used in adjustment is very
diverse. Recall that the information “a 1% decrease in interest rate” does not necessarily
mean that, say, a11  1 . The actual value of a11 as a result of “a 1% decrease in interest rate”
depends on how an individual perceives such information that in turn depends on economic
literacy and subjective judgement. In the experiment discussed previously in Section 4.1.3 by
Roos and Luhan (2013), the authors found that subjects learn by direct experience rather than
active exploration of the structure of the economy implying that subjective judgement plays a
very important role. This also explains the large degree of heterogeneity with respect to the
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method used for the adjustment (Roos and Luhan 2013). Second, adjustments are highly
concentrated at zero. This further suggests that most adjustment matrices, A , are singular
matrices and may even be null matrices. In fact, it is very likely that most adjustment
matrices are null matrices. On one hand, the public generally does not have economic
knowledge, nor do they pay much attention to the official release of macroeconomic
variables such as the official unemployment rate. Thus, the entries of the adjustment matrix
are likely to be zero. On the other hand, the probability of a non-zero matrix being singular is
very low since the entries have to be in some very specific patterns to create an eigenvalue of
zero. To sum up, most adjustment matrices are null matrices meaning that the public
generally do not take much macroeconomic information into account when they form
inflation expectations; that is, they simply take the current inflation perception as an
expectation.
We have stated in the last section that (1) the system of integral equations in Proposition 5.3
is computationally demanding and (2) the exact value of  and  cannot be estimated due to
their independence to the distribution of the eigenvalue. Therefore detailed information about
the distribution of the entries of the adjustment matrix cannot be investigated. As an
alternative, we can estimate the distribution of  under the assumption of Stable distribution
as suggested by Proposition 5.3. As  concentrates at zero we turn our interest to the stability
parameter. Although the exact value of the stability parameter of the distribution of aij
remains unknown, the relationship between the entries and their eigenvalues can be indirectly
observed. It can be seen in Figure 5.26 that aij from a small stability parameter Stable
distribution yields  with a small stability parameter and hence heavier tails. This provides
us a way to understand what and how macro economy affects adjustments.
Again, our analysis starts with estimating the cross-sectional Stable distribution parameters
of  . Due to the nature of Stable distribution, maximum likelihood estimation is not
preferred. Here the program “STABLE”15 is used to estimate the parameters. To obtain
estimates that best fit the data both quantile based estimators and sample characteristic
estimator are used. Figure 5.27 and 5.28 below shows some of the fitted CDF and PDF of the

15

Available from J. P. Nolan's website: academic2.american.edu/~jpnolan
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Swedish data (see Appendix B.3 for all fitted CDF and PDF). Estimates are expressed as
“Stable(  ,  ,  ,  )” where  is the location parameter.

Figure 5.27: Fitted CDF of the Swedish adjustment

Figure 5.28: Fitted PDF of the Swedish adjustment
The time series of  is stationary as seen in Figure 5.29 below. Results of formal unit root
tests can be found in Appendix B.4.1.
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Figure 5.29: Plot of 
A VAR model is formed using  ,  , r and u . Model selection criteria indicate a VAR(4)
model and the Johansen cointegration test suggests a cointegrated rank of one (see Appendix
B.4.3 for details). An LM test is performed to confirm appropriate order selection. For the
residuals of the equation of r , the null hypothesis of homoscedasticity is rejected in the
ARCH LM test. By using AIC, a GARCH(1,1) model is used for volatility filtering.
Volatility-filtered residuals pass the ARCH LM test. The below reported correlations are
computed on volatility-filtered residuals.


u
r
-0.0683
-0.0827
-0.2521

Table 5.7: Contemporaneous effects of the stability parameter
The 95% and 99% confidence interval are ±0.1886 and ±0.2479 respectively indicating that a
higher unemployment rate significantly contributes to a lower level of stability parameter and
hence more diverse adjustment. Note that this correlation refers to the current unemployment
rate that is not yet officially realised at the time adjustment is formed. An explanation to this
is that job market condition, which will be revealed by the official unemployment rate in the
next month, can be experienced by the public. When forming inflation expectation, an
individual may use macroeconomic information that she experienced in daily life.
Furthermore, the negative correlation between the stability parameter and unemployment rate
makes sense. A higher unemployment rate or worse job market condition leads to a more
uncertain future economy. As a result, more individuals do not simply take current inflation
perceptions as their expectations. They take into account how worse job market condition
affect future inflation.
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The public does not seem to pay attention to the interest rate. Other than financing a house or
a car, individuals are usually not exposed to the interest rate in daily life. It is not surprising
that inflation rate is insignificant. Current inflation is perceived and is reflected in the
inflation perception component.
Below are the results of different Granger causality tests about different macroeconomic
variables. It shows that none of these official macroeconomic variables have significant
effects on  indicating that the general public does not pay attention to the official inflation
rate, official interest rate and official unemployment rate. The insignificance of
unemployment rate supports our previous explanation that individuals form adjustments
based on job market conditions. The unemployment rate would have been significant in the
Granger causality test if individuals use the official unemployment rate as their adjustments.
Variable



χ² test statistic
0.4027

2.1879
2.6120
u
Table 5.8: Granger causality tests of  (Significant at *5% and **1%)

r

Again, official inflation rate does not affect  . In fact, if inflation rate had effects on the
stability parameter, the law of heuristic inflation expectation formation (Eq 4.4) fails to
describe how individuals form inflation expectations. Any effect of inflation should be
perceived by individuals and hence incorporated into the inflation perception component.

5.4 Extreme inflation perceptions
We have decomposed inflation expectation and analysed inflation perception and adjustment
in terms of their distributions. In this section we take a closer look at the tail behaviour of
inflation perception. Traditionally, outliers are considered either to be informative or errors
and thus to be trimmed. In inflation expectation surveys, it is common to see responses like
“10%”, “20%” or even “100%”. It is important to know whether these outliers can be safely
trimmed off. Moreover, if they can be trimmed off, we need to know what observations are
considered to be outliers.
Our analysis includes two steps. First, we define a statistical measure that can be used to
characterise tail behaviour. Second, this statistical measure is used in the multivariate time
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series analysis to see if it can be affected by any macroeconomic variables  , r and u . We
conclude that outliers can safely be trimmed off if the tail behaviour is unaffected by
macroeconomic variables.
5.4.1 Extreme value analysis
Extreme value analysis provides us with statistical tools to investigate tail behaviour. Among
the two approaches of extreme value analysis, the Peaks-over-Threshold (POT) approach
fully uses all available observations to model the tail of a distribution. The basic theorem of
the POT approach is that observations above a certain threshold would have Generalised
Pareto distribution (GPD). This is a conditional distribution since this distribution does not
directly represent the original observations but the exceedances, i.e. original observations
minus the threshold. This theorem is known as the Pickands-Balkema-de Haan theorem of
Balkema and de Haan (1974) and Pickands (1975). This theorem states that:
Given an i.i.d. random variable X with distribution F , let x0 be the right end point of the
distribution, i.e. x0  sup{x : F ( x)  1} . The function of the exceedance y  x  u where u is
the threshold can be defined as,
Fu ( y ) 

F (u  y )  F (u )
1  F (u )

Then for a sufficiently high u the below limit exists,

Fu ( y )  G ( y;  (u ),  )
1



y


1  1   
for   0
 


where G ( y;  ,  )  
Generalised Pareto distribution(GPD )

 y
 1  exp     for   0




where  is the scale parameter and is a linear function of u .  is the shape parameter also
called Pareto index (Cebrian et al. 2003) or tail index. The interpretation of  is explained in
the below table.
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Case

Description

 0

Long-tailed with the tail decay at the rate x 1/

 0

Considered as “medium” (the tail of exponential distribution)

 0

Short-tailed with a finite upper endpoint 




Table 5.9: Interpreting Pareto index
Our focus is to model the data and estimate the Pareto index that describes the tail behaviour.
Yet attention must be paid to select the appropriate threshold when modelling the data with
GPD. On the one hand, a high threshold does not leave sufficient exceedances for density
estimation and therefore the estimates have high variance. On the other hand, a low threshold
does not capture the asymptotic behaviour of the tail. A commonly used method to choose
the appropriate threshold is the mean excess plot. It takes advantage of the below mean
excess function,
E[ X  u | X  u ] 


1 




1 

u

This function suggests that the appropriate threshold should be linear to the mean excess. By
observing linearity in the plot of the empirical mean excess and the levels of threshold, one
can select the appropriate threshold. However, graphically searching for linearity can be
subjective. Reiss and Thomas (1997) propose a well-defined method to select the appropriate
threshold. The appropriate threshold minimises the following,
1
i b ˆi ,n  med (ˆ1,n ,..., ˆk ,n )

k ik

where 0  b  0.5

(5.9)

where b is the weight, ˆk ,n is the estimated shape parameter with k exceedances
corresponding to a threshold u and n is the number of total observations. The weight has to
be specified. Neves and Alves (2004) found that, depending on the type of estimator used to
estimate  , the weight can influence the outcome of Eq(5.9). In most of the estimators the
authors studied, b  0 has been frequently seen as the most suitable choice.
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5.4.2 Impacts of macroeconomic variables
To obtain the Pareto index, we first select the most suitable threshold for each cross-sectional
distribution by using Eq(5.9) with b  0 , then  is estimated with maximum likelihood
estimation. Figure 5.30 below plots  against time.
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Figure 5.30: Plot of 
Unit root tests confirm that  is of I(0) (see Appendix B.4.1 for details). Different model
selection criteria suggest a VAR(3) model and Johansen cointegration trace test suggests
cointegration of rank of 2. LM test is performed and confirm the correct lag order of the
model. Again, heteroskedasticity is found in the equation of r . AIC reveals that the residuals
follow a GARCH(1,2) model hence this model is used for volatility filtering. An ARCH LM
test is performed to confirm that there is no more ARCH effect (details of model selection,
estimates, etc. can be found in Appendix B.4.4). The volatility-filtered residual correlation is
reported in Table 5.10 below.




u
r
-0.0200
-0.1361
-0.0821
Table 5.10: Contemporaneous effects of the Pareto index

The sample size is 108 and the corresponding 95% and 99% confidence interval of zero
correlation are ±0.1885 and ±0.2479 respectively. Therefore, none of the macroeconomic
variables are significantly correlated with the Pareto index. We further look at the Granger
causality tests shown below,
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Variable

χ² test statistic



1.3103
1.3889

r

3.8866
u
Table 5.11: Granger causality test of  (Significant at *5% and **1%)
Again, none of the macroeconomic variables are significant. Our conclusion is clear. Extreme
observations in inflation perception can safely be trimmed off. Depending on the method of
modeling, trimming off extreme observations are acceptable. For instance, descriptive
statistics such as mean and variance can be heavily influenced in the presence of extreme
observations and hence trimming is reasonable. Yet the trimming point is crucial so that the
bulk of inflation perception remains informative. Furthermore, trimming may not be a good
practice if the distribution of inflation perception is studied. For example, our approach of
CSD should include all available observations so distribution parameters are estimated
without bias.
Another issue concerning the above results is that extreme inflation perceptions may still be
genuine responses of the survey respondents. A respondent may have perceived inflation
based on a very few commodities that experienced a massive increase in price. Recall that the
working memory can only contain limited amount of information. If a few massive increases
in price are stored in the working memory, the reported inflation perception can be very
large.

5.5 CPI revisited: Estimating the CPI components induced by inflation
perceptions
Given the survey data of inflation perception, we can estimate the weight of the CPI
components. This enables us to investigate how individuals form inflation perceptions.
Antonides, et al. (2006) use the Dutch survey qualitative data from 1996 to 2005 to estimate
the CPI components weights induced by inflation perception. These CPI components include
the following thirteen divisions: “Food and soft drinks”, “Alcoholic and drinks and tobacco”,
“Clothing and shoes”, “Housing, water and energy”, “Decoration and household appliances”,
“Health”, “Transportation”, “Communication”, “Recreation and culture”, “Education”,
“Hotel, cafes and restaurants”, “Other goods and services” and “Consumption related taxes
and government services”. Due to the nature of the data, the same model but different
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measures of the survey data are estimated. The first model uses the percentage of respondents
answering “Strongly increased” or “Moderately increased” for the survey question “Do you
believe prices have increased or decreased in the past 12 months?”. The second model uses
the percentage of respondents answering “Strongly increased”, “Moderately increased” or
“Weakly increased”. These two models regress the percentage change on the first difference
of the thirteen CPI components and a dummy indicating the introduction of Euro so as to test
the effect of the new currency. Weights are obtained by normalising the estimated
coefficients of the thirteen CPI components. Their finding reveals that only the coefficient of
“Food and soft drinks”, “Clothing and shoes”, “Decoration and household appliances”,
“Transportation” and “Hotels, cafes and restaurants” are significant in both models at the 5%
level of significance. The R 2 of these two models are 0.160 and 0.191 respectively. No signs
of serial correlation are detected by the Durbin-Watson tests.
In contrast, we use a different method. Recall the different inner product forms of CPI in
Section (1.1.2),
CPI t  wt , I t

Division index form :
Elementary aggregate form :

CPI t  t , pt

Price relative form :

CPI t  Tt ,

pt
p0

We consider the division index form. By replacing the weight matrix w with the coefficient vector 
that is to be estimated, inflation perception can be written in terms of the division index form,

 t , It

 tp  100 
 1
 t 1 , I t 1

where  is a vector with entries b1 ,..., b11  representing the estimates of the weights of the
11 divisions in the Swedish CPI. There groups are “Food and non-alcoholic beverages”,
“Alcoholic beverages and tobacco”, “Clothing and footwear”, “Housing, water, electricity
and fuels”, “Furnishing and households goods”, “Health”, “Transport”, “Communication”,
“Recreation and culture”, “Restaurants and hotels” and “Miscellaneous goods and services”.
For estimation, nonlinear least square is used. Also, to restrict the weights being positive and
2
their sum being one, we estimate the weights in squares ( bi  i ) then replace the last
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10

2
2
weight with 11  1   i . The estimated model has R 2 and R 2 of 0.6559 and 0.6258
i 1

respectively suggesting a reasonably good fit. White test reveals no sign of heteroskedasticity
(the F test statistic is 1.0845 with p-value of 0.3807). Yet serial correlation LM test reveals
serial correlation (the F test statistic is 38.8185 with p-value of 0). Thus transformation is
needed to obtain correct standard errors. Consider the model at t  1 ,



 tp1  100 

t , I t


 1   t 1


 t 1 , I t 1

 t , I t

  t 1    tp1  100 
 1 
 t 1 , I t 1
 


The NGLS is then,


 tp  100 

t , I t

 t 1 , I t 1



 t , I t

 1    tp1  100 
 1 

  t 1 , I t 1
 


Following this model, the estimates of the weights are given below,

1
2
3
4
5
6
7
8
9
10
11

Coefficient

Std. Error

t-Statistic

Prob. Weights( i )

0.389098

0.088422

4.400488

0.0000

0.15140

0.239117

0.085352

2.801525

0.0061

0.05718

0.066943

0.461597

0.145024

0.8850

0.00448

0.284730

0.045220

6.296576

0.0000

0.08107

0.495793

0.120381

4.118528

0.0001

0.24581

-0.000121

100.2034

-1.21E-06

1.0000

0.00000

0.204979

0.067477

3.037760

0.0030

0.04202

0.316707

0.102093

3.102154

0.0025

0.10030

0.468269

0.145230

3.224314

0.0017

0.21928

0.363461

0.097816

3.715752

0.0003

0.13210

-0.033637

0.088827

-0.378680

0.7057

0.00113

2

Table 5.12: Estimated CPI component weights
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The estimated  is ˆ  0.600992 . R 2 and R 2 are 0.7986 and 0.7808 respectively. There is
no sign of heteroskedasticity (the F test statistic is 1.5108 with p-value of 0.0634) and serial
correlation (the F test statistic is 3.3271 with p-value of 0.04).
Part of our results is somewhat different from that of Antonides et al. (2006). Most of the
coefficients in our model are significant under 5% significance. The most distinctive result is
that “Clothing and footwear” is insignificant under any reasonable level of significance while
“Clothing and shoes” in their study is highly significant. This might be due to the cultural
differences between the Dutch and Swedish clothing purchasing culture. For instance, the
Dutch people may purchase clothes more frequently in comparison to the Swedish. In
addition, the variety of clothes and their prices may cause more diverse inflation perceptions
about clothes and hence weaker correlation to the CPI.
There are also similarities. “Health” and “Miscellaneous goods and services” are
insignificant in our model and “Health” and “Other goods and services” are also insignificant
in their study. Clearly, this is due to the less frequent exposure to these items. Moreover, four
categories are significant in both studies. These include food and non-alcoholic beverages,
households goods, transportation and, restaurants and hotels. It is no surprising that these
items are significant since individuals are always exposed to them irrespective of the culture.

5.6 Concluding remarks
This chapter ends the core of this thesis with analysing the distribution of inflation perception
and adjustment. We have used the cross-sectional distribution (CSD) approach to
characterize inflation perception and adjustment data. These two sets of data are the
components of the heuristic law of inflation expectation formation – the theory developed in
Chapter 4 in the light of bounded rationality theories addressed in Chapter 3.
In the beginning of this chapter, the methodologies of CSD approach and time series analysis
were discussed. Then in Section 5.2 we applied these methodologies to the inflation
perception data. We found that inflation perception is not rational but the bias is smaller than
what traditional methodology suggests. Traditional methodology characterises the survey
data with the mean yet the heuristic law of inflation expectation formation shows that
inflation perceptions have long tail and the use of mean is not efficient. This may falsify the
size of bias of inflation perception. Furthermore, the time series analysis in Section 5.2.2
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reveals that inflation perception is correlated to official inflation rate contemporaneously but
is not correlated to other macroeconomic variables in any way. This supports the heuristic
law of inflation expectation formation that inflation perception is formed based on the
subjective increase of prices the individual experience rather than purely observing the
official inflation rate. The result of the time series analysis in Section 5.3.2 also supports the
heuristic law of inflation expectation formation. The distribution of adjustment is found to be
contemporaneously influenced by the unemployment rate and is not influenced by the official
inflation rate in any way. This means that adjustment is purely a result of processing
macroeconomic information.
Finally, two additional topics are studied. Section 5.4 investigates whether extreme
observations in inflation perception are informative in the sense that these extreme
observations are affected by macroeconomic variables. The result shows that extreme
observations are not informative. In Section 5.5, the weights of CPI components are
estimated based on the official CPI group indices and the estimated CSD parameter on
inflation perception. The result is generally similar to the previous study except for that there
might be cultural differences in purchasing behaviour.
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Chapter 6
Conclusion
6.1 The goal of this thesis: A model of inflation expectation formation upon cognitive
psychology
6.1.1 Economics and inflation expectations
6.1.2 Understanding inflation expectation formation
6.1.3 Universality of the distribution of inflation expectations
6.1.4 Policy implication
6.2 Future research directions
6.2.1 Other possible heuristics
6.2.2 The adjustment matrix
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This thesis was set out to provide an alternative approach to rational expectation hypothesis
by understanding how individuals form inflation expectations. This is done by putting forth a
conceptual framework and a mathematical model that describe human cognition. This thesis
has also explained the distributional universality commonly found in empirical data. Finally,
the developed mathematical model has been applied to the real data so as to understand the
relationship between inflation expectations and the macroeconomy.

6.1 The goal of this thesis: A model of inflation expectation formation upon
cognitive psychology
While an economic model of expectation makes use of macroeconomic variables to describe
inflation expectations, a behavioural model of inflation expectation formation should consist
of the human cognition in which the individual expectation is produced. Moreover, such
behavioural model should be supported by the empirical data.
6.1.1 Economics and inflation expectations
The evolution of economic expectation hypothesis has been going through different stages.
The goal of such evolution is to put forth a practical theory of how inflation expectation is
formed in order to understand the dynamic of the macroeconomy.
Unfortunately, the empirical failure of the rational expectation hypothesis has shown that
existing expectation hypothesis is far from perfect. Furthermore, the global financial crisis
has raised a question of its practicality. A search of alternative approaches has begun and one
of the possible alternatives is to adopt a behavioural approach by examining human
cognition.
6.1.2 Understanding inflation expectation formation
Inflation rate as a measure of inflation can be defined differently in different contexts. The
rate of change of the CPI serves to be the most commonly used one. However, we have seen
that the general public is not familiar with the exact form of inflation rate. The concept of
inflation expectation then deviates much from what inflation rate is really meant to be –
while the inflation rate is the result of a well-defined mathematical function, how the general
public thinks about inflation is in fact intuitive.
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Cognitive psychology helps us understand how individuals form inflation expectations. The
information processing approach serves to be a practical tool to model inflation expectation
formation. Individuals tend to decompose a problem into smaller problems in a serial manner
due to cognitive limitations. Some rules of thumb are used to further solve these smaller
problems. Existing literature in cognitive psychology provides us with sufficient theories to
form a theoretical framework and to build a mathematical model that analyses how
individuals form inflation expectations. This mathematical model can be precisely pinned
down because the type of information and the heuristics used to process information do not
vary much among individuals – different experiments have shown that individuals use
inflation perception and some macroeconomic information to form inflation expectations.
6.1.3 Universality of the distribution of inflation expectations
Interestingly, the survey data of different countries have shown that the distributions of
inflation expectations are very similar. This distributional universality can be explained.
The mathematical model developed in this thesis can be employed to analyse empirical
survey data on inflation expectations. Different individuals perceive different information.
However, due to the invariant cognition of human beings, the developed mathematical model
remains the same for every individual. As such, this mathematical model can be viewed as
the generator of inflation expectation with the different information as the input of this
generator.
Although information is heterogeneous, this generator that serves as the human cognition
processing information creates the same distribution. This shows that the developed
mathematical model correctly describes the inflation expectation formation process.
6.1.4 Policy implication
The developed conceptual framework and the mathematical model can be used to further
investigate what impacts policies have on inflation expectations. The inflation perception is
the major component of the inflation expectation. Therefore, policies that aim to shape
inflation expectations should place strong emphases on how individuals perceive inflation.
Since inflation perceptions are formed by recalling prices, macroeconomic policies have little
use to influence inflation perceptions. Yet policies that aim to affect the recallability of prices
may be useful. For example, policies that encourage the invention of different types of food
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provide a broader choice of food for consumers. This in turn increases the frequency of
consumers being exposed to food and hence the recallability of food prices.
The other component of inflation expectation is the adjustment. Its value varies by a large
degree and has a high concentration at zero. Macroeconomic policies would have influences
on the adjustment. However, its high concentration at zero implies that any change in
macroeconomic policy has to be well advertised and the effect of such change must be sharp
enough for individuals to produce a non-zero adjustment.

6.2 Future research directions
This section puts forth two future research directions concerning the law of heuristic inflation
expectation formation.
6.2.1 Other possible heuristics
Three heuristics are used in forming the law of heuristic inflation expectation formation:
representativeness heuristic, availability heuristic and, anchoring and adjustment heuristic.
While the use of these heuristics is validated by empirical findings, we cannot rule out that
some other possible heuristics are also used by individuals to form inflation expectations.
Many heuristics have been found by different cognitive psychologists. A recent book written
by Gigerenzer, et al. (2011) gives a full overview of recent findings in heuristics. Although
searching for other heuristics seems to be a task for cognitive psychologists, economists can
search for heuristics that are only used in a particular economic activity. For example,
economists can conduct experiments on how much increase in wage individuals bargain for.
It is unlikely that individuals would technically forecast future price level and consumption
pattern in order to decide how much increase in wage they want. This implies that individuals
employ some heuristics in solving problems.
6.2.2 The adjustment matrix
The eigenvalue equation model for the adjustment consists of the adjustment matrix whose
entries are information reactions, the psychological state vector and the adjustment. This
model may not be the only valid model for modelling adjustments. In a more generalised
case adjustment can be formed by some other functions of psychological state and
information reactions. In additional, a valid model should fit the data well. In the eigenvalue
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equation model the entries of the adjustment matrix are considered as random and the
resulting eigenvalues follow stable distributions. It shows that stable distributions fit the
empirical data well suggesting that the eigenvalue equation model is valid. Therefore, a valid
model should be built upon a theoretical base and should pass empiricism.
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Appendix A: Questionnaire
and results of the experiment
A.1 Questionnaires
A.1.1 Questionnaire about economic knowledge
A.1.2 Price list for group 1
A.1.3 Price list for group 2
A.1.4 Questionnaire in Part II
A.1.5 Questionnaire in Part III
A.2 Estimates of the price perception experiment
A.2.1 Plots of agreement against prices
A.2.2 Four-partition least squares
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A.1 Questionnaires
A.1.1 Questionnaire about economic knowledge
(1) Do you know the most recent …
… inflation rate
… unemployment rate
… interest rate
… GDP growth rate

If yes please specify: __________
If yes please specify: __________
If yes please specify: __________
If yes please specify: __________

(2) Do you know any historical …
… inflation rate
… unemployment rate
… interest rate
… GDP growth rate

If yes please specify: __________
If yes please specify: __________
If yes please specify: __________
If yes please specify: __________

(3) Do you know any of the following terms?
OLS
AR
VAR

If yes please specify: __________
If yes please specify: __________
If yes please specify: __________

(4) How did/would you make a guess, estimate or forecast future inflation rate?
(please choose either Heuristic or Algorithm)
Heuristic (rule of thumb) such as the following,
 Mental calculation (approximating in your mind) based on prices
 Macroeconomic variables in your memory (precise or vague)
Algorithm (statistical or econometrical) such as the following,
 Linear regression model or time series model with data already in your mind
 Linear regression model or time series model and you are willing to spend time to
search for data
(5) Which of the following, you think, describe(s) inflation rate?
(choose one or
multiple)
( Pt denotes price at current time period t while Pt 1 denotes that of the previous period t  1 )
 Pt  Pt 1 

 100%
 Pt 1 

 Pt  Pt 1  100%
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A.1.2 Price list for group 1
The survey consists of four parts:
Part I: You will be required to read a short statement and some listed prices.
Part II: You will be required to complete the questionnaire.
Part III: This is done 1 hour after Part II. You will be required to complete another
questionnaire.

Part I
A good is being sold in numerous different stores in the market. The following is the prices
of this good sold in 15 different stores that were randomly sampled from the market. Please
have a look of them,
Store 1

$13.23

Store 2

$11.55

Store 3

$10.35

Store 4

$11.78

Store 5

$12.66

Store 6

$10.54

Store 7

$9.77

Store 8

$14.70

Store 9

$12.57

Store 10

$8.28

Store 11

$9.45

Store 12

$9.76

Store 13

$10.28

Store 14

$10.93

Store 15

$16.65

You may now return this sheet and proceed to Part II.
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A.1.3 Price list for group 2
The survey consists of four parts:
Part I: You will be required to read a short statement and some listed prices.
Part II: You will be required to complete the questionnaire.
Part III: This is done 1 hour after Part II. You will be required to complete another
questionnaire.

Part I
A good is being sold in numerous different stores in the market. The following is the prices
of this good sold in 15 different stores that were randomly sampled from the market. Please
have a look of them,
Store 1

$17.39

Store 2

$14.64

Store 3

$10.36

Store 4

$15.75

Store 5

$15.35

Store 6

$14.79

Store 7

$17.68

Store 8

$11.64

Store 9

$14.11

Store 10

$15.45

Store 11

$13.63

Store 12

$18.28

Store 13

$15.98

Store 14

$12.27

Store 15

$12.75

You may now return this sheet and proceed to Part II.
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A.1.4 Questionnaire in Part II
So you have seen the prices of the same kind of good that were sold in 15 different stores.
Now please answer the following questions about the market price of the good. (For each
question please put a cross [X] on one of the 10 scales. You may also put a cross between
two scales, e.g. “[3] X [4]”)
Do you think the market price is $17 ?
(Strongly disagree) [0] [1] [2]
(Strongly agree)

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Do you think the market price is $3 ?
(Strongly disagree) [0] [1] [2]
(Strongly agree)

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Do you think the market price is $20 ?
(Strongly disagree) [0] [1] [2]
(Strongly agree)

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Do you think the market price is $6 ?
(Strongly disagree) [0] [1] [2]
(Strongly agree)

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Do you think the market price is $23 ?
(Strongly disagree) [0] [1] [2]
(Strongly agree)

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Do you think the market price is $9 ?
(Strongly disagree) [0] [1] [2]
(Strongly agree)

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Do you think the market price is $26 ?
(Strongly disagree) [0] [1] [2]
(Strongly agree)

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Do you think the market price is $12 ?
(Strongly disagree) [0] [1] [2]
(Strongly agree)

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Do you think the market price is $29 ?
(Strongly disagree) [0] [1] [2]
(Strongly agree)

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Do you think the market price is $15 ?
(Strongly disagree) [0] [1] [2]
(Strongly agree)

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]
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Do you think the market price is $1 ?
(Strongly disagree) [0] [1] [2]
(Strongly agree)

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Do you think the market price is $18 ?
(Strongly disagree) [0] [1] [2]
(Strongly agree)

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Do you think the market price is $4 ?
(Strongly disagree) [0] [1] [2]
(Strongly agree)

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Do you think the market price is $21 ?
(Strongly disagree) [0] [1] [2]
(Strongly agree)

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Do you think the market price is $7 ?
(Strongly disagree) [0] [1] [2]
(Strongly agree)

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Do you think the market price is $24 ?
(Strongly disagree) [0] [1] [2]
(Strongly agree)

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Do you think the market price is $10 ?
(Strongly disagree) [0] [1] [2]
(Strongly agree)

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Do you think the market price is $27 ?
(Strongly disagree) [0] [1] [2]
(Strongly agree)

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Do you think the market price is $13 ?
(Strongly disagree) [0] [1] [2]
(Strongly agree)

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Do you think the market price is $30 ?
(Strongly disagree) [0] [1] [2]
(Strongly agree)

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Do you think the market price is $16 ?
(Strongly disagree) [0] [1] [2]
(Strongly agree)

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Do you think the market price is $2 ?
(Strongly disagree) [0] [1] [2]
(Strongly agree)

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]
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Do you think the market price is $19 ?
(Strongly disagree) [0]
(Strongly agree)

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Do you think the market price is $5 ?
(Strongly disagree) [0] [1] [2]
(Strongly agree)

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Do you think the market price is $22 ?
(Strongly disagree) [0] [1] [2]
(Strongly agree)

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Do you think the market price is $8 ?
(Strongly disagree) [0] [1] [2]
(Strongly agree)

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Do you think the market price is $25 ?
(Strongly disagree) [0] [1] [2]
(Strongly agree)

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Do you think the market price is $11 ?
(Strongly disagree) [0] [1] [2]
(Strongly agree)

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Do you think the market price is $28 ?
(Strongly disagree) [0] [1] [2]
(Strongly agree)

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Do you think the market price is $14 ?
(Strongly disagree) [0] [1] [2]
(Strongly agree)

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]
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A.1.5 Questionnaire in Part III
So you have seen the prices of the same kind of good that were sold in 15 different stores.
Now please answer the following questions about the market price of the good. (For each
question please put a cross [X] on one of the 10 scales. You may also put a cross between
two scales, e.g. “[3] X [4]”)
Do you think the market price is $14 ?
(Strongly disagree) [0] [1] [2]
(Strongly agree)

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Do you think the market price is $28 ?
(Strongly disagree) [0] [1] [2]
(Strongly agree)

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Do you think the market price is $11 ?
(Strongly disagree) [0] [1] [2]
(Strongly agree)

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Do you think the market price is $25 ?
(Strongly disagree) [0] [1] [2]
(Strongly agree)

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Do you think the market price is $8 ?
(Strongly disagree) [0] [1] [2]
(Strongly agree)

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Do you think the market price is $22 ?
(Strongly disagree) [0] [1] [2]
(Strongly agree)

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Do you think the market price is $5 ?
(Strongly disagree) [0] [1] [2]
(Strongly agree)

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Do you think the market price is $19 ?
(Strongly disagree) [0] [1] [2]
(Strongly agree)

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Do you think the market price is $2 ?
(Strongly disagree) [0] [1] [2]
(Strongly agree)

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Do you think the market price is $16 ?
(Strongly disagree) [0] [1] [2]
(Strongly agree)

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]
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Do you think the market price is $30 ?
(Strongly disagree) [0] [1] [2]
(Strongly agree)

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Do you think the market price is $13 ?
(Strongly disagree) [0] [1] [2]
(Strongly agree)

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Do you think the market price is $27 ?
(Strongly disagree) [0] [1] [2]
(Strongly agree)

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Do you think the market price is $10 ?
(Strongly disagree) [0] [1] [2]
(Strongly agree)

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Do you think the market price is $24 ?
(Strongly disagree) [0] [1] [2]
(Strongly agree)

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Do you think the market price is $7 ?
(Strongly disagree) [0] [1] [2]
(Strongly agree)

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Do you think the market price is $21 ?
(Strongly disagree) [0] [1] [2]
(Strongly agree)

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Do you think the market price is $4 ?
(Strongly disagree) [0] [1] [2]
(Strongly agree)

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Do you think the market price is $18 ?
(Strongly disagree) [0] [1] [2]
(Strongly agree)

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Do you think the market price is $1 ?
(Strongly disagree) [0] [1] [2]
(Strongly agree)

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Do you think the market price is $15 ?
(Strongly disagree) [0] [1] [2]
(Strongly agree)

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Do you think the market price is $29 ?
(Strongly disagree) [0] [1] [2]
(Strongly agree)

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]
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Do you think the market price is $12 ?
(Strongly disagree) [0] [1] [2]
(Strongly agree)

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Do you think the market price is $26 ?
(Strongly disagree) [0] [1] [2]
(Strongly agree)

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Do you think the market price is $9 ?
(Strongly disagree) [0] [1] [2]
(Strongly agree)

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Do you think the market price is $23 ?
(Strongly disagree) [0] [1] [2]
(Strongly agree)

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Do you think the market price is $6 ?
(Strongly disagree) [0] [1] [2]
(Strongly agree)

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Do you think the market price is $20 ?
(Strongly disagree) [0] [1] [2]
(Strongly agree)

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Do you think the market price is $3 ?
(Strongly disagree) [0] [1] [2]
(Strongly agree)

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Do you think the market price is $17 ?
(Strongly disagree) [0] [1] [2]
(Strongly agree)

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]
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A.2 Price perception experiment
A.2.1 Plots of agreement against prices
Group 1 includes Subject 1 to 20 while Group 2 includes Subject 21 to 40.
Time 1 and 2 refer to the second and the third questionnaire.
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A.2.2 Four-partition least squares

p p (b6 )

t 1

G1,t

t2

Subject 1
Subject 2
Subject 3
Subject 4
Subject 5
Subject 6
Subject 7
Subject 8
Subject 9
Subject 10
Subject 11
Subject 12
Subject 13
Subject 14
Subject 15
Subject 16
Subject 17
Subject 18
Subject 19
Subject 20
Subject 1
Subject 2
Subject 3
Subject 4
Subject 5
Subject 6
Subject 7
Subject 8
Subject 9
Subject 10
Subject 11
Subject 12
Subject 13
Subject 14
Subject 15
Subject 16
Subject 17
Subject 18
Subject 19

12.94
10.24
9.80
11.26
8.72
11.90
10.85
10.27
12.80
14.72
11.36
10.58
10.48
11.50
12.96
11.78
14.96
9.80
12.75
11.64
11.31
9.42
10.26
11.20
11.04
10.61
12.70
10.15
13.26
14.94
11.65
10.77
11.61
10.39
11.53
12.09
15.26
10.89
12.91

b1

R2
0.8726
0.8698
0.9597
0.5883
0.8539
0.9019
0.8631
0.9333
0.6821
0.8824
0.8434
0.6051
0.7411
0.9305
0.8657
0.8478
0.7214
0.6325
0.8220
0.7117
0.8119
0.8325
0.8740
0.5435
0.7738
0.9184
0.5880
0.9364
0.7704
0.8881
0.9505
0.8304
0.7120
0.9429
0.9004
0.8720
0.6712
0.8797
0.9048

-16.09
-10.01
-19.99
-2.29
-28.50
-5.31
-2.08
-19.99
2.00
-3.18
-1.93
-0.73
-1.37
-7.37
-3.89
-8.42
-30.03
-3.00
-3.00
-0.76
-7.55
-30.18
-40.02
-2.79
-30.00
-4.70
-6.07
-19.99
-0.74
-3.25
-0.68
-4.01
-2.14
-2.92
-4.92
-8.62
-40.11
-0.93
-2.97
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b2

b3

1.79
1.90
3.08
0.93
4.50
1.35
1.12
3.05
0.43
0.84
0.89
0.84
0.93
1.29
1.17
1.49
2.57
1.10
0.98
0.56
1.16
4.35
4.81
0.65
3.51
1.51
1.18
3.10
0.66
0.79
0.83
1.27
0.88
0.81
1.31
1.47
3.34
0.82
0.93

24.10
29.77
34.96
22.10
19.02
32.85
20.87
30.01
14.95
28.82
15.47
12.46
15.57
21.79
23.71
21.02
50.14
11.95
23.83
8.96
11.78
43.84
34.96
7.99
20.00
26.86
19.99
30.01
17.62
19.55
16.59
15.00
13.43
11.39
18.24
20.92
60.10
12.70
16.83

b4

b5

b7

-1.31 8.98 18.34
-1.99 5.28 14.95
-2.52 6.48 13.85
-1.24 2.46 17.86
-0.95 6.33 20.02
-1.86 3.95 17.65
-0.99 1.85 21.04
-1.83 6.56 16.45
-0.58 -4.63 25.83
-1.34 3.80 21.54
-0.64 2.16 24.19
-0.40 0.87 30.80
-0.69 1.48 22.55
-1.25 5.73 17.43
-0.96 3.33 24.65
-1.01 5.66 20.77
-2.79 11.67 18.00
-0.43 2.73 28.03
-1.12 3.06 21.24
-0.28 1.38 32.03
-0.55 6.49 21.60
-3.50 6.93 12.52
-2.50 8.33 13.96
-0.31 4.29 25.57
-1.01 8.54 19.73
-1.46 3.11 18.34
-0.88 5.16 22.84
-1.83 6.46 16.41
-0.73 1.13 24.23
-0.74 4.12 26.54
-0.65 0.83 25.36
-0.49 3.15 30.52
-0.46 2.43 29.33
-0.57 3.60 20.10
-0.70 3.76 26.05
-0.97 5.85 21.57
-3.23 12.01 18.63
-0.43 1.13 29.64
-0.61 3.21 27.74
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t 1

G2,t

t2

Subject 20
Subject 21
Subject 22
Subject 23
Subject 24
Subject 25
Subject 26
Subject 27
Subject 28
Subject 29
Subject 30
Subject 31
Subject 32
Subject 33
Subject 34
Subject 35
Subject 36
Subject 37
Subject 38
Subject 39
Subject 40
Subject 21
Subject 22
Subject 23
Subject 24
Subject 25
Subject 26
Subject 27
Subject 28
Subject 29
Subject 30
Subject 31
Subject 32
Subject 33
Subject 34
Subject 35
Subject 36
Subject 37
Subject 38
Subject 39

11.58
14.22
14.91
16.36
17.47
17.48
15.60
15.00
13.32
16.68
15.02
17.60
13.40
11.34
10.98
13.77
14.75
15.10
19.51
14.75
13.93
13.98
14.97
16.47
17.43
16.26
15.75
14.86
13.32
16.89
15.13
16.15
13.30
10.03
10.72
13.91
14.84
15.95
15.99
14.48

0.6764
0.8208
0.9982
0.9254
0.8003
0.8822
0.7406
0.9511
0.9488
0.9124
0.9076
0.8997
0.7628
0.5093
0.9176
0.9029
0.8564
0.9204
0.7914
0.6634
0.6401
0.8369
0.9829
0.9765
0.8247
0.8825
0.6050
0.9532
0.9597
0.9400
0.9479
0.8413
0.8268
0.7414
0.8897
0.9003
0.8406
0.7793
0.8313
0.7138

Subject 40

13.94 0.7394

0.26
-2.22
-70.05
-20.08
-5.02
-15.02
-0.37
-5.43
-25.16
-35.21
-50.00
-0.11
-5.53
0.82
-10.02
-20.09
-7.40
-11.60
0.10
-1.00
-1.00
-1.23
-120.09
-20.08
-14.76
-20.16
-1.01
-7.05
-35.17
-50.04
-54.98
0.87
-10.11
0.31
-4.07
-30.11
-6.00
-4.33
-3.05
-5.17
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0.29
0.62
5.38
1.69
0.75
1.24
0.47
0.79
2.47
2.61
3.99
0.52
0.91
0.26
1.80
1.91
0.96
1.36
0.34
0.58
0.60
0.58
8.67
1.69
1.39
1.71
0.46
0.95
3.26
3.44
4.34
0.47
1.17
0.47
1.41
2.62
0.79
0.77
0.67
0.86

5.62
13.56
80.08
80.09
29.90
46.64
14.39
25.11
28.07
40.11
65.14
15.35
15.18
5.19
30.08
35.13
15.88
17.96
17.77
16.01
12.00
13.11
80.08
85.02
31.02
39.71
13.72
34.66
30.02
60.16
65.14
12.29
13.01
6.99
34.20
40.17
11.96
19.45
17.98
13.76

-0.17
-0.49
-4.69
-4.43
-1.24
-2.29
-0.48
-1.25
-1.52
-1.90
-3.68
-0.36
-0.63
-0.12
-1.85
-2.10
-0.62
-0.60
-0.57
-0.57
-0.33
-0.45
-4.70
-4.69
-1.24
-1.97
-0.48
-1.86
-1.64
-3.08
-3.60
-0.23
-0.57
-0.20
-2.16
-2.43
-0.42
-0.72
-0.64
-0.45

-2.48 0.59 10.49

-0.34

-0.90
3.58
13.02
11.91
6.65
12.14
0.79
6.91
10.17
13.48
12.53
0.21
6.06
-3.12
5.56
10.51
7.70
8.55
-0.30
1.73
1.67
2.12
13.85
11.86
10.64
11.79
2.19
7.43
10.80
14.55
12.68
-1.83
8.62
-0.67
2.88
11.51
7.56
5.62
4.54
6.04

33.21
27.74
17.06
18.06
24.04
20.36
30.30
20.09
18.47
21.07
17.71
42.97
23.97
42.42
16.28
16.73
25.76
29.85
31.37
27.96
36.03
29.33
17.03
18.14
25.02
20.14
28.88
18.66
18.33
19.50
18.07
52.77
23.01
34.95
15.86
16.50
28.70
26.94
27.94
30.54

4.18 31.07
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Appendix B: Data summary
and detailed results of
statistical tests
B.1 Maximum likelihood estimated INR CSD
B.1.1 Sweden
B.1.2 New Zealand
B.2 Plots of INR CSD of inflation perception
B.2.1 CDF of Sweden
B.2.2 CDF of New Zealand
B.2.3 PDF of Sweden
B.2.4 PDF of New Zealand
B.3 Plots of Stable CSD of adjustment
B.3.1 CDF of Sweden
B.3.2 PDF of Sweden
B.4 Time series analysis of the Swedish data
B.4.1 unit root tests
B.4.2 VAR and VEC model selection ( π p )
B.4.3 VAR and VEC model selection (  )
B.4.4 VAR and VEC model selection (  )
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B.1 Maximum likelihood estimated INR CSD
The below estimates assume INR(  X ,1,  X ,  Y )
B.1.1 Sweden
Time

ˆ X

ˆ X

ˆY

s.e.( ˆ X )

s.e.(ˆ X )

s.e.(ˆY )

2001M11
2001M12
2002M01
2002M02
2002M03
2002M04
2002M05
2002M06
2002M07
2002M08
2002M09
2002M10
2002M11
2002M12
2003M01
2003M02
2003M03
2003M04
2003M05
2003M06
2003M07
2003M08
2003M09
2003M10
2003M11
2003M12
2004M01
2004M02
2004M03
2004M04
2004M05
2004M06
2004M07
2004M08
2004M09
2004M10

3.4818
2.415968
2.216839
2.050298
2.131175
2.13876
2.118026
2.004002
1.74436
1.865041
1.93766
1.830469
1.950363
2.088687
2.217537
2.223715
2.275775
2.231435
1.962413
1.770073
1.690377
1.861882
1.725221
1.488979
1.834335
1.722597
1.597828
1.563622
1.541384
1.191674
1.78103
1.598592
1.451726
1.426313
1.623326
1.512149

2.714226
2.323318
2.399852
2.014742
2.024534
1.960831
2.009735
2.144911
2.178227
2.181879
1.935777
1.86849
2.034494
2.023743
2.040915
2.047355
2.13809
2.073194
2.087463
2.064707
1.846898
1.985462
1.901146
1.984769
1.909297
1.875227
1.794733
1.755941
1.785533
1.539089
1.929697
1.832065
1.955811
1.886509
1.935593
1.947101

0.44325
0.467328
0.424865
0.405537
0.405535
0.456844
0.454339
0.420772
0.475601
0.448512
0.4338
0.433629
0.450076
0.427527
0.418886
0.446337
0.40034
0.404568
0.441756
0.441301
0.44345
0.461298
0.473973
0.444024
0.44346
0.462678
0.447283
0.459909
0.465737
0.540936
0.447943
0.479836
0.482002
0.497657
0.455088
0.439025

0.1267807
0.08416882
0.07581333
0.06482631
0.06503556
0.06697203
0.06733941
0.0701287
0.07096224
0.07081159
0.06491404
0.06431622
0.06850164
0.06870664
0.06879668
0.07125988
0.07014867
0.07014629
0.06984499
0.0689002
0.06334305
0.06906809
0.06518944
0.06454351
0.06506383
0.0641032
0.05933465
0.05965765
0.06116527
0.05487541
0.06406475
0.05976633
0.06371875
0.06180431
0.0622127
0.06259814

0.12298
0.083239
0.074706
0.05935
0.060254
0.06226
0.064729
0.06963
0.076831
0.074311
0.061373
0.060506
0.067304
0.064649
0.062497
0.06633
0.065274
0.064498
0.069071
0.069948
0.063274
0.066799
0.065353
0.067061
0.06128
0.064202
0.058519
0.058827
0.061284
0.058981
0.062348
0.061565
0.069999
0.068956
0.06584
0.065793

0.02374069
0.02062005
0.01787613
0.01579609
0.01592708
0.01741766
0.018139
0.01857461
0.02331909
0.02095425
0.01753641
0.01781596
0.0190658
0.01744127
0.0160366
0.01743504
0.01624257
0.01639004
0.0191257
0.02017262
0.01997126
0.01941114
0.02066932
0.02097154
0.01798279
0.02032081
0.01914329
0.01981135
0.02070214
0.02700076
0.01869212
0.02129373
0.02411267
0.0257132
0.02137992
0.02096303
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Log
likelihood
-2151.97
-3287.31
-3804.06
-3467.62
-3539.13
-3464.85
-3579.88
-3434.73
-3625.61
-3602.24
-3392.79
-3256.63
-3461.57
-3348.8
-3442.04
-3452.25
-3443.72
-3302.81
-3461.04
-3441.58
-3192.54
-3374.24
-3431.68
-3424.45
-3325.93
-3358.19
-3359.29
-3274.38
-3302.76
-3299.46
-3455.36
-3549.55
-3568.52
-3488.05
-3512.58
-3425.99
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2004M11
2004M12
2005M01
2005M02
2005M03
2005M04
2005M05
2005M06
2005M07
2005M08
2005M09
2005M10
2005M11
2005M12
2006M01
2006M02
2006M03
2006M04
2006M05
2006M06
2006M07
2006M08
2006M09
2006M10
2006M11
2006M12
2007M01
2007M02
2007M03
2007M04
2007M05
2007M06
2007M07
2007M08
2007M09
2007M10
2007M11
2007M12
2008M01
2008M02
2008M03
2008M04
2008M05

1.234132
1.029535
1.142591
1.098077
0.686478
1.053075
0.967813
1.153334
1.14865
1.350383
1.12183
1.165682
1.273858
1.377976
1.116036
1.117038
1.134996
1.340078
1.494221
1.393528
1.386558
1.37821
1.279139
1.331976
1.637195
1.727895
1.622421
1.400298
1.621445
1.599717
1.647328
1.890225
2.453746
2.229954
2.478389
2.467909
2.345104
2.555341
2.589003
3.019453
2.71376
3.149459
3.464477

1.866298
1.980919
1.891233
1.613417
1.619936
1.783578
1.548223
1.77873
1.781892
1.793565
1.729732
1.692689
1.638727
1.754142
1.674881
1.536076
1.561593
1.642609
1.729451
1.559637
1.656261
1.578063
1.589583
1.678726
1.80777
1.911634
1.900499
1.57951
1.675507
1.719001
1.708677
1.853533
2.001369
1.915984
2.009179
1.915126
1.880338
1.970745
1.938945
2.106955
2.045186
2.158835
2.30981

0.504732
0.468822
0.502705
0.580995
1.994757
0.529989
0.720154
0.646291
0.57019
0.544327
0.576907
0.584991
0.582399
0.506878
0.584193
0.509692
0.505568
0.524133
0.484969
0.521862
0.517908
0.516334
0.561743
0.505008
0.475269
0.456489
0.48028
0.496124
0.469061
0.456912
0.435622
0.413927
0.399591
0.397348
0.379363
0.406993
0.406677
0.38885
0.387819
0.347829
0.383174
0.355965
0.397933

0.06108969
0.0616643
0.06136608
0.05706894
0.12655634
0.05962614
0.0585066
0.06441394
0.06153271
0.06232924
0.0594122
0.05950861
0.05887655
0.05911127
0.05743672
0.05157482
0.05291485
0.0576115
0.05854893
0.05571403
0.05783069
0.05625117
0.05770063
0.05754064
0.06305966
0.06365998
0.06533757
0.05500332
0.05784627
0.06006298
0.0577932
0.06169175
0.0659266
0.06333951
0.0659595
0.06549172
0.06382063
0.06925466
0.06881418
0.07210446
0.07301598
0.07792407
0.08560881
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0.070648
0.080725
0.074626
0.071795
0.211132
0.075782
0.08051
0.07716
0.074467
0.069542
0.071244
0.07439
0.065044
0.064227
0.075139
0.055623
0.060192
0.061298
0.060393
0.056375
0.060089
0.059097
0.063847
0.06056
0.062011
0.063497
0.066028
0.056108
0.055346
0.058328
0.054891
0.056249
0.059131
0.056497
0.058702
0.058192
0.057613
0.060556
0.059256
0.06176
0.06488
0.066825
0.072444

0.02829479
0.03085629
0.03045656
0.03913221
0.31440897
0.03552573
0.06954364
0.0443146
0.03596922
0.02863585
0.03620397
0.03868718
0.03050139
0.02529432
0.04130353
0.02521235
0.02731298
0.0251281
0.02173941
0.02286423
0.02392025
0.02426253
0.02909168
0.0238522
0.02025397
0.01975574
0.02132672
0.02203968
0.01900205
0.01953573
0.01794294
0.01617401
0.01498604
0.01508679
0.01459531
0.01505596
0.0155362
0.01493044
0.01479776
0.01377972
0.01544835
0.01444065
0.01440924

-3424.7
-3508
-3460.3
-3323.74
-3364.21
-3398.14
-3521.89
-3590.39
-3556.3
-3505.24
-3493.5
-3427.49
-3432.68
-3350.72
-3499.97
-3254.17
-3222.25
-3375.12
-3420.51
-3287.47
-3333.16
-3239.17
-3354.93
-3402.51
-3421.61
-3459.07
-3487.34
-3281.9
-3263.75
-3192.32
-3234.38
-3315.93
-3493.16
-3330.13
-3405.63
-3336.84
-3286.77
-3150.14
-2989.83
-3167.81
-3039.9
-2947.77
-3210.27
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2008M06
2008M07
2008M08
2008M09
2008M10
2008M11
2008M12
2009M01
2009M02
2009M03
2009M04
2009M05
2009M06
2009M07
2009M08
2009M09
2009M10
2009M11
2009M12
2010M01
2010M02
2010M03
2010M04
2010M05
2010M06
2010M07
2010M08
2010M09
2010M10
2010M11
2010M12
2011M01
2011M02
2011M03

3.593871
3.726529
3.100274
2.541477
2.573287
1.915481
1.205518
1.019323
0.905539
1.762526
1.594023
1.481894
1.759403
1.372898
1.303307
1.439835
1.652047
1.839989
1.75833
1.818494
1.711252
1.895182
1.921825
1.861936
1.859136
1.772913
1.421415
1.740067
1.936566
2.524258
2.218764
2.184902
2.282974
2.427103

2.343831
2.412183
2.471879
2.363712
3.010831
2.914141
3.029122
2.220908
1.526196
2.663367
2.46998
2.093491
2.129401
1.873826
1.73841
1.777175
1.869893
1.897967
1.79569
2.048542
1.872649
2.009018
1.983829
1.993027
1.882284
1.847237
1.563092
1.842498
1.880117
2.12989
2.052591
2.102798
2.096198
2.225162

0.375777
0.391357
0.376651
0.382184
0.39403
0.408741
0.436281
1.597346
1.101835
0.479951
0.50157
0.528485
0.496287
0.578202
0.554895
0.547088
0.462914
0.460261
0.436707
0.476592
0.496431
0.494376
0.459226
0.463061
0.471279
0.463125
0.530012
0.405268
0.417374
0.386505
0.398662
0.393869
0.388524
0.402466

0.08687633
0.08905032
0.08578514
0.07974227
0.09988727
0.09411622
0.09461569
0.16421312
0.07605536
0.09040699
0.08707032
0.07564891
0.07626246
0.07459468
0.06559329
0.06809835
0.06606122
0.06688661
0.06150018
0.07978662
0.07392149
0.07718661
0.07529863
0.07694313
0.07275587
0.07286368
0.0657786
0.0696349
0.07009754
0.07757206
0.07775649
0.07790756
0.07846561
0.08457355
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0.073915
0.075338
0.076261
0.071532
0.096155
0.095684
0.11007
0.215598
0.090021
0.101867
0.108441
0.089234
0.082447
0.090298
0.07632
0.073123
0.065755
0.064698
0.059924
0.08125
0.074589
0.076037
0.07131
0.075738
0.069254
0.068819
0.064009
0.064345
0.065047
0.069837
0.070049
0.072423
0.071296
0.077513

0.01436023
0.0141741
0.01527165
0.01588324
0.01809142
0.02001796
0.02550738
0.22793362
0.10327166
0.02659657
0.03287071
0.03192555
0.02521566
0.03813095
0.03298685
0.02823845
0.02079094
0.01940224
0.01884922
0.02375242
0.02396558
0.02234568
0.02017501
0.02177342
0.02069621
0.02065513
0.02477574
0.01889875
0.01848416
0.01658154
0.01767504
0.01828971
0.01779766
0.01815854

-3084.36
-3309.68
-3285.18
-3182.02
-3469.29
-3494.67
-3719.98
-3471.43
-3339.3
-3623.88
-3493.86
-3422.63
-3426.87
-3366.39
-3186.45
-3231.58
-3264.18
-3297.51
-3212.97
-2947.64
-2917.3
-3117.07
-2920.34
-2962.07
-2896.36
-2806.53
-2634.74
-2705.89
-2791.76
-2963.21
-2699.81
-2762.27
-2676.43
-2790.8
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B.1.2 New Zealand
Time

ˆ X

ˆ X

ˆY

s.e.( ˆ X )

s.e.(ˆ X )

s.e.(ˆY )

1998Q2
1998Q3
1998Q4
1999Q1
1999Q2
1999Q3
1999Q4
2000Q1
2000Q2
2000Q3
2000Q4
2001Q1
2001Q2
2001Q3
2001Q4
2002Q1
2002Q2
2002Q3
2002Q4
2003Q1
2003Q2
2003Q3
2003Q4
2004Q1
2004Q2
2004Q3
2004Q4
2005Q1
2005Q2
2005Q3
2005Q4
2006Q1
2006Q2
2006Q3
2006Q4
2007Q1
2007Q2
2007Q3
2007Q4
2008Q1

2.704683
2.646904
2.32062
2.102045
1.662693
2.180062
2.572271
2.434089
2.514746
3.001998
3.421416
3.549409
2.932574
3.208785
3.088857
2.864585
2.850916
3.000331
2.989904
2.964747
2.896553
2.54425
2.616339
2.824728
2.644276
3.176961
3.253413
3.099783
3.330359
3.223104
3.701044
3.502149
3.703423
4.102095
3.527253
3.505443
3.591976
3.913697
3.450633
3.580174

0.9145933
0.9128291
0.9728486
1.0476438
1.2688932
1.0746833
1.0432812
1.1930524
0.9225581
0.8951886
0.8482139
1.0320869
1.1468164
1.1403048
0.9860676
1.0668864
0.8512338
0.925797
0.7734439
0.8171199
0.8464485
0.9750462
0.8901514
0.9110148
0.843251
0.8564017
0.7808206
0.9475864
0.7838931
0.8616339
0.8435049
1.0423373
0.9967107
1.0500572
0.8488663
0.930521
1.3117829
1.5136952
0.958009
1.3955504

0.420717
0.455937
0.391612
0.409295
0.439829
0.446432
0.407298
0.427497
0.421977
0.404138
0.370561
0.40356
0.386552
0.414975
0.405548
0.433911
0.357241
0.360517
0.372763
0.385476
0.372025
0.422804
0.399556
0.394963
0.366523
0.353183
0.40538
0.357099
0.36083
0.306235
0.324681
0.332471
0.393799
0.328068
0.3271
0.355818
0.366061
0.381865
0.352351
0.335834

0.067364
0.069728
0.062024
0.064169
0.066992
0.064344
0.068889
0.076855
0.064733
0.062684
0.064395
0.076011
0.072937
0.076441
0.072626
0.074896
0.06015
0.064895
0.059867
0.064849
0.063337
0.069235
0.062778
0.069621
0.062022
0.063104
0.072833
0.066892
0.063689
0.05881
0.067675
0.071925
0.080309
0.074661
0.066231
0.071935
0.085898
0.099452
0.072386
0.08649

0.051922
0.054158
0.049548
0.052206
0.057104
0.052306
0.055286
0.061396
0.051649
0.044699
0.046703
0.055534
0.054303
0.057569
0.05639
0.057866
0.04427
0.047746
0.048395
0.047489
0.046629
0.051632
0.048613
0.056158
0.0479
0.049688
0.0552
0.049109
0.047274
0.045537
0.05085
0.053274
0.057061
0.053577
0.04887
0.053297
0.064731
0.077413
0.051907
0.063087

0.01826805
0.01982411
0.01844953
0.02002009
0.02212534
0.01999981
0.01889605
0.02077182
0.01877553
0.01522697
0.01400354
0.01585224
0.01687153
0.01729966
0.01751635
0.01884159
0.01511766
0.01540014
0.01536983
0.01620022
0.01589797
0.01905453
0.0174857
0.0184616
0.01706146
0.01490611
0.01726694
0.01536232
0.01435215
0.01340071
0.0135759
0.01455506
0.01601597
0.01306274
0.01377874
0.01504919
0.01645239
0.01766092
0.01504449
0.01558612
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Log
likelihood
-1149.6561
-1214.3168
-1082.7597
-1113.4637
-1306.5105
-1335.622
-1166.7844
-1158.0979
-1172.7234
-1372.617
-1277.7303
-1385.7865
-1224.984
-1385.4777
-1201.4253
-1277.8916
-1041.3369
-1069.9537
-1132.5615
-1060.2192
-1042.5574
-1091.8978
-1130.6888
-1035.2286
-932.3817
-1099.1522
-1057.409
-1065.4182
-1110.3022
-1002.1427
-1001.8868
-1066.9921
-1200.9144
-1206.6147
-994.0493
-1064.7081
-1198.5847
-1286.0492
-1039.2116
-1120.7796
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2008Q2
2008Q3

4.014337
4.32612

1.0152727
0.9335217

0.357082 0.079285 0.058435 0.01456493
0.33447 0.07702 0.057874 0.01336301
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-1171.3376
-1150.9969
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B.2 Plots of INR CSD
B.2.1 CDF of Sweden
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B.2.2 CDF of New Zealand
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B.2.3 PDF of Sweden
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B.2.4 PDF of New Zealand
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B.3 Plots of Stable CSD of adjustment
B.3.1 CDF of Sweden
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B.3.2 PDF of Sweden
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B.4 Time series analysis of the Swedish data
The following notations are used in the statistical software,


Official inflation rate (  ): PI



3-month Treasury bill rate ( r ): R



Unemployment rate ( u ): U



NR model estimated inflation perception (  p ): M



Stability parameter of the Stable distribution of adjustment (  ): ALPHA



Peak-over-threshold method estimated tail index (  ): XI

B.4.1 unit root tests
Variable
PI
R
U
M
ALPHA
XI

Test in
Level
1st diff
Level
1st diff
Level
1st diff
Level
1st diff
Level
1st diff
Level
1st diff

ADF
-2.111
-8.437*
-2.744
-3.401*
-2.210
-5.850*
-3.415
-11.083*
-3.884*
-16.343*
-10.739*
-9.365*

* Significant under 5%
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KPSS
0.090
0.102
0.112
0.077
0.124
0.133
0.133
0.219
0.113
0.132
0.072
0.353

I(d)
I(1)
I(1)
I(1)
I(1)
I(0)
I(0)
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B.4.2 VAR and VEC model selection ( π p )
VAR model lag selection
VAR Lag Order Selection Criteria
Endogenous variables: M PI R U
Exogenous variables: C
Sample: 2001M11 2011M03
Included observations: 101
Lag

LogL

LR

FPE

AIC

SC

HQ

0
1
2
3
4
5
6
7
8
9
10
11
12

-368.9127
-49.44721
-4.783988
26.67227
42.22755
54.55409
68.36194
82.62783
108.8053
124.4941
132.6061
152.0963
168.9978

NA
607.3008
81.36667
54.81486
25.87413
19.52719
20.78012
20.33949
35.24893*
19.88280
9.638056
21.61288
17.40353

0.018928
4.65e-05
2.64e-05
1.95e-05*
1.98e-05
2.16e-05
2.29e-05
2.43e-05
2.05e-05
2.16e-05
2.67e-05
2.67e-05
2.86e-05

7.384411
1.375192
0.807604
0.501539
0.510346
0.583087
0.626496
0.660835
0.459300*
0.465463
0.621661
0.552548
0.534696

7.487980
1.893038
1.739726*
1.847938
2.271021
2.758039
3.215725
3.664340
3.877081
4.297521
4.867995
5.213159
5.609584

7.426338
1.584831
1.184954
1.046600*
1.223117
1.463570
1.674690
1.876740
1.842916
2.016790
2.340699
2.439297
2.589157

* indicates lag order selected by the criterion
LR: sequential modified LR test statistic (each test at 5% level)
FPE: Final prediction error
AIC: Akaike information criterion
SC: Schwarz information criterion
HQ: Hannan-Quinn information criterion

Johansen cointegration test
sample range:
[2002 M2, 2011 M3], T = 110
included lags (levels): 3
dimension of the process: 4
response surface computed:
-----------------------------------------------------r0 LR
pval
90%
95% 99%
-----------------------------------------------------0 85.20 0.0000 50.50 53.94 60.81
1 32.33 0.0982 32.25 35.07 40.78
2 8.73 0.7611 17.98 20.16 24.69
3 3.22 0.5504 7.60 9.14
12.53

LM-type test for autocorrelation with 12 lags
LM statistic:
p-value:
df:

233.0465
0.0230
192.0000
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Estimated model
Cointegrating Eq:

CointEq1

M(-1)

1.000000

PI(-1)

-1.242599
(0.62997)
[-1.97246]

R(-1)

-11.18927
(1.61541)
[-6.92660]

U(-1)

-15.72223
(2.08699)
[-7.53343]

C

138.4254

Error Correction:

D(M)

D(PI)

D(R)

D(U)

CointEq1

0.025019
(0.00616)
[ 4.06373]

0.005185
(0.01112)
[ 0.46641]

0.019701
(0.00366)
[ 5.37988]

0.022154
(0.00733)
[ 3.02277]

D(M(-1))

-0.166272
(0.09783)
[-1.69959]

0.252419
(0.17665)
[ 1.42890]

0.126559
(0.05819)
[ 2.17493]

-0.067831
(0.11646)
[-0.58245]

D(M(-2))

-0.047956
(0.08820)
[-0.54372]

0.147330
(0.15926)
[ 0.92508]

0.054634
(0.05246)
[ 1.04141]

0.052373
(0.10499)
[ 0.49882]

D(PI(-1))

0.092360
(0.05902)
[ 1.56492]

0.091681
(0.10657)
[ 0.86028]

0.092309
(0.03510)
[ 2.62953]

0.048774
(0.07026)
[ 0.69423]

D(PI(-2))

0.180658
(0.05949)
[ 3.03672]

-0.070464
(0.10742)
[-0.65595]

0.051303
(0.03539)
[ 1.44983]

0.115259
(0.07082)
[ 1.62754]

D(R(-1))

0.147168
(0.14952)
[ 0.98428]

0.152184
(0.26999)
[ 0.56368]

0.325640
(0.08893)
[ 3.66160]

-0.409030
(0.17799)
[-2.29810]

D(R(-2))

0.176877
(0.14755)
[ 1.19874]

0.363484
(0.26644)
[ 1.36424]

0.424809
(0.08776)
[ 4.84032]

-0.249785
(0.17565)
[-1.42208]

D(U(-1))

0.316149
(0.09469)
[ 3.33863]

-0.149934
(0.17099)
[-0.87686]

0.091007
(0.05632)
[ 1.61578]

-0.411118
(0.11272)
[-3.64713]

D(U(-2))

0.097526
(0.07792)
[ 1.25159]

-0.035762
(0.14070)
[-0.25417]

0.036312
(0.04635)
[ 0.78346]

-0.350704
(0.09276)
[-3.78086]

C

6.21E-05

0.017293

-0.005276

0.021516
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R-squared
Adj. R-squared
Sum sq. resids
S.E. equation
F-statistic
Log likelihood
Akaike AIC
Schwarz SC
Mean dependent
S.D. dependent

(0.02238)
[ 0.00278]

(0.04041)
[ 0.42790]

(0.01331)
[-0.39630]

(0.02664)
[ 0.80761]

0.212109
0.141199
5.406187
0.232512
2.991230
9.628264
0.006759
0.252257
0.001911
0.250899

0.152527
0.076255
17.62712
0.419847
1.999770
-55.37594
1.188654
1.434152
0.001818
0.436832

0.621436
0.587365
1.912640
0.138298
18.23958
66.77652
-1.032300
-0.786802
-0.018238
0.215295

0.463151
0.414834
7.660793
0.276781
9.585773
-9.543171
0.355330
0.600829
0.019091
0.361824

Determinant resid covariance (dof adj.)
Determinant resid covariance
Log likelihood
Akaike information criterion
Schwarz criterion

1.17E-05
8.00E-06
21.15229
0.415413
1.495605

ARCH-LM TEST
Variable
u1
u2
u3
u4

Teststat
14.9120
12.1442
34.7812
13.3098

p-Value(Chi^2)
0.2463
0.4342
0.0005
0.3469

F stat p-Value(F)
1.4657 0.1534
1.1552 0.3285
4.4931 0.0000
1.2835 0.2434

GARCH order selection for u3:
1
2
3
4
5
6
7
8

Order
0,1
0,2
0,3
0,4
1,1
1,2
2,1
2,2

log-likelihood
-166.7697
-182.0463
-177.4490
-175.4725
-178.8077
-184.2262
-176.6262
-179.2779

AIC
-162.7697
-176.0463
-169.4490
-165.4725
-172.8077
-176.2262
-168.6262
-169.2779

Estimated GARCH(1,2) model

 t  vt ht ht  0.0027  0.0168 t21  0.8306 t22  0.2053ht 1
ARCH LM test for the GARCH(1,2) model
Chi-squared = 14.0453, df = 12, p-value = 0.2978
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B.4.3 VAR and VEC model selection (  )
VAR model lag selection
VAR Lag Order Selection Criteria
Endogenous variables: ALPHA PI R U
Exogenous variables: C
Sample: 2001M11 2011M03
Included observations: 101
Lag

LogL

LR

FPE

AIC

SC

HQ

0
1
2
3
4
5
6
7
8
9
10
11
12

-271.0109
13.61271
48.33604
74.75254
93.43416
105.3473
124.1743
137.5580
150.6318
161.7263
173.2194
185.3015
196.6486

NA
541.0666
63.25834
46.03271
31.07439
18.87228
28.33375*
19.08173
17.60427
14.06042
13.65508
13.39803
11.68413

0.002724
1.33e-05
9.22e-06
7.53e-06
7.19e-06*
7.89e-06
7.59e-06
8.20e-06
8.98e-06
1.03e-05
1.19e-05
1.38e-05
1.66e-05

5.445760
0.126481
-0.244278
-0.450545
-0.503647*
-0.422719
-0.478699
-0.426892
-0.368946
-0.271809
-0.182562
-0.104981
-0.012844

5.549329
0.644327*
0.687844
0.895853
1.257028
1.752233
2.110529
2.576613
3.048835
3.560249
4.063773
4.555630
5.062043

5.487688
0.336120
0.133072
0.094516*
0.209125
0.457764
0.569495
0.789013
1.014670
1.279518
1.536476
1.781769
2.041616

* indicates lag order selected by the criterion
LR: sequential modified LR test statistic (each test at 5% level)
FPE: Final prediction error
AIC: Akaike information criterion
SC: Schwarz information criterion
HQ: Hannan-Quinn information criterion

Johansen cointegration test
sample range:
[2002 M3, 2011 M3], T = 109
included lags (levels): 4
dimension of the process: 4
response surface computed:
-----------------------------------------------------r0 LR
pval
90%
95%
99%
-----------------------------------------------------0 86.20 0.0000 50.50 53.94 60.81
1 29.90 0.1680 32.25 35.07 40.78
2 10.34 0.6125 17.98 20.16 24.69
3 2.74 0.6362 7.60 9.14 12.53

LM-type test for autocorrelation with 12 lags
LM statistic:
p-value:
df:

231.9540
0.0258
192.0000
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Estimated model
Cointegrating Eq:

CointEq1

ALPHA(-1)

1.000000

PI(-1)

-0.010142
(0.03277)
[-0.30954]

R(-1)

0.803799
(0.09239)
[ 8.70001]

U(-1)

1.092669
(0.12047)
[ 9.07001]

C

-10.81048

Error Correction:

D(ALPHA)

D(PI)

D(R)

D(U)

CointEq1

-0.045295
(0.08117)
[-0.55800]

0.046146
(0.22887)
[ 0.20162]

-0.478496
(0.07038)
[-6.79861]

-0.284677
(0.14334)
[-1.98603]

D(ALPHA(-1))

-0.404336
(0.12424)
[-3.25446]

0.106459
(0.35030)
[ 0.30391]

0.246637
(0.10772)
[ 2.28958]

0.147750
(0.21939)
[ 0.67347]

D(ALPHA(-2))

-0.045626
(0.12615)
[-0.36169]

-0.256331
(0.35568)
[-0.72069]

0.062395
(0.10937)
[ 0.57047]

0.103119
(0.22275)
[ 0.46293]

D(ALPHA(-3))

-0.067514
(0.10908)
[-0.61892]

-0.214708
(0.30757)
[-0.69808]

-0.020347
(0.09458)
[-0.21513]

0.398967
(0.19262)
[ 2.07121]

D(PI(-1))

0.008038
(0.03796)
[ 0.21177]

0.118905
(0.10702)
[ 1.11109]

0.104196
(0.03291)
[ 3.16618]

0.025727
(0.06702)
[ 0.38386]

D(PI(-2))

0.010459
(0.03948)
[ 0.26495]

-0.072227
(0.11131)
[-0.64891]

0.058438
(0.03423)
[ 1.70733]

0.103578
(0.06971)
[ 1.48586]

D(PI(-3))

-0.006544
(0.03941)
[-0.16602]

-0.127558
(0.11113)
[-1.14781]

0.081431
(0.03417)
[ 2.38282]

-0.174770
(0.06960)
[-2.51107]

D(R(-1))

-0.007880
(0.09837)
[-0.08011]

0.290187
(0.27735)
[ 1.04628]

0.324185
(0.08529)
[ 3.80104]

-0.380976
(0.17370)
[-2.19330]

D(R(-2))

0.161955
(0.10506)
[ 1.54149]

0.420887
(0.29623)
[ 1.42080]

0.439478
(0.09109)
[ 4.82442]

-0.122375
(0.18552)
[-0.65962]

D(R(-3))

-0.017140

-0.154032

0.098366

0.176313
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(0.11081)
[-0.15469]

(0.31242)
[-0.49302]

(0.09607)
[ 1.02385]

(0.19567)
[ 0.90109]

D(U(-1))

0.054255
(0.09266)
[ 0.58552]

-0.251148
(0.26126)
[-0.96129]

0.282963
(0.08034)
[ 3.52203]

-0.296317
(0.16362)
[-1.81097]

D(U(-2))

0.078664
(0.07547)
[ 1.04227]

-0.079544
(0.21280)
[-0.37380]

0.164594
(0.06544)
[ 2.51525]

-0.184074
(0.13327)
[-1.38118]

D(U(-3))

0.070318
(0.05718)
[ 1.22968]

-0.057384
(0.16123)
[-0.35591]

0.055489
(0.04958)
[ 1.11915]

0.242075
(0.10098)
[ 2.39731]

C

-0.004820
(0.01487)
[-0.32408]

0.019889
(0.04193)
[ 0.47428]

-0.011264
(0.01290)
[-0.87347]

0.017515
(0.02626)
[ 0.66694]

0.213364
0.105719
2.213004
0.152626
1.982105
57.72204
-0.802239
-0.456562
-0.003579
0.161396

0.153748
0.037945
17.59288
0.430335
1.327668
-55.26429
1.270904
1.616582
0.002752
0.438740

0.669309
0.624056
1.663644
0.132333
14.79053
73.27310
-1.087580
-0.741902
-0.019579
0.215828

0.516420
0.450246
6.900462
0.269511
7.803965
-4.257408
0.334998
0.680676
0.019266
0.363491

R-squared
Adj. R-squared
Sum sq. resids
S.E. equation
F-statistic
Log likelihood
Akaike AIC
Schwarz SC
Mean dependent
S.D. dependent

Determinant resid covariance (dof adj.)
Determinant resid covariance
Log likelihood
Akaike information criterion
Schwarz criterion

4.28E-06
2.47E-06
85.00099
-0.458734
1.022742

ARCH-LM TEST
Variable
u1
u2
u3
u4

Teststat
12.8986
12.9227
27.2499
7.2338

p-Value(Chi^2) F stat p-Value(F)
0.3765
1.2397 0.2705
0.3747
1.2424 0.2688
0.0071
3.1580 0.0009
0.8418
0.6514 0.7921

GARCH order selection for u3:
1
2
3
4
5
6
7
8

Order
0,1
0,2
0,3
0,4
1,1
1,2
2,1
2,2

log-likehood
-172.4755
-177.2023
-179.2311
-177.5817
-181.0540
-181.1916
-178.6501
-179.8176

AIC
-168.4755
-171.2023
-171.2311
-167.5817
-175.0540
-173.1916
-170.6501
-169.8176
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Estimated GARCH(1,1) model

 t  vt ht ht  0.0026  0.2358 t21  0.6040ht 1
ARCH LM test for the GARCH(1,1) model
Chi-squared = 6.8359, df = 12, p-value = 0.8683

264

Understanding Economics of Inflation Expectation in Light of Modern Cognitive Psychology

B.4.4 VAR and VEC model selection (  )
VAR model lag selection
VAR Lag Order Selection Criteria
Endogenous variables: XI PI R U
Exogenous variables: C
Sample: 2001M11 2011M03
Included observations: 101
Lag

LogL

LR

FPE

AIC

SC

HQ

0
1
2
3
4
5
6
7
8
9
10
11
12

-358.6351
-90.11212
-46.20056
-24.62199
-10.17618
0.533295
15.42630
25.84352
38.52639
48.74973
62.53355
69.34688
79.72700

NA
510.4594
79.99729
37.60227*
24.02867
16.96550
22.41324
14.85226
17.07793
12.95631
16.37681
7.555385
10.68844

0.015443
0.000104
6.00e-05
5.39e-05*
5.60e-05
6.29e-05
6.54e-05
7.49e-05
8.26e-05
9.68e-05
0.000107
0.000138
0.000168

7.180892
2.180438
1.627734
1.517267*
1.548043
1.652806
1.674727
1.785277
1.850963
1.965352
2.009237
2.191151
2.302436

7.284461
2.698284
2.559856*
2.863666
3.308718
3.827758
4.263955
4.788782
5.268744
5.797410
6.255571
6.851762
7.377323

7.222820
2.390077
2.005084*
2.062328
2.260815
2.533289
2.722921
3.001182
3.234579
3.516679
3.728275
4.077900
4.356896

* indicates lag order selected by the criterion
LR: sequential modified LR test statistic (each test at 5% level)
FPE: Final prediction error
AIC: Akaike information criterion
SC: Schwarz information criterion
HQ: Hannan-Quinn information criterion

Johansen cointegration test
sample range:
[2002 M2, 2011 M3], T = 110
included lags (levels): 3
dimension of the process: 4
response surface computed:
---------------------------------------------------r0 LR
pval
90% 95% 99%
---------------------------------------------------0 100.27 0.0000 50.50 53.94 60.81
1 50.97 0.0003 32.25 35.07 40.78
2 12.11 0.4476 17.98 20.16 24.69
3 3.87 0.4445 7.60 9.14 12.53

LM-type test for autocorrelation with 12 lags
LM statistic:
p-value:
df:

200.8472
0.3161
192.0000
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Estimated model
Cointegrating Eq:

CointEq1

CointEq2

XI(-1)

1.000000

0.000000

PI(-1)

0.000000

1.000000

R(-1)

0.150962
(0.08565)
[ 1.76256]

21.83936
(3.36156)
[ 6.49679]

U(-1)

0.246589
(0.11738)
[ 2.10086]

29.60297
(4.60673)
[ 6.42602]

C

-2.129638

-263.9566

Error Correction:

D(XI)

D(PI)

D(R)

D(U)

CointEq1

-1.208155
(0.17737)
[-6.81167]

0.162260
(0.21755)
[ 0.74586]

0.036759
(0.07180)
[ 0.51194]

-0.178078
(0.14224)
[-1.25193]

CointEq2

0.006532
(0.00477)
[ 1.37031]

-0.003299
(0.00585)
[-0.56431]

-0.011043
(0.00193)
[-5.72257]

-0.009027
(0.00382)
[-2.36158]

D(XI(-1))

0.186462
(0.14211)
[ 1.31206]

0.012732
(0.17431)
[ 0.07304]

0.046154
(0.05753)
[ 0.80223]

0.195435
(0.11397)
[ 1.71476]

D(XI(-2))

0.145794
(0.10580)
[ 1.37798]

0.037198
(0.12977)
[ 0.28664]

0.002092
(0.04283)
[ 0.04884]

0.083100
(0.08485)
[ 0.97937]

D(PI(-1))

-0.007586
(0.08559)
[-0.08864]

0.122167
(0.10498)
[ 1.16371]

0.109096
(0.03465)
[ 3.14852]

0.046629
(0.06864)
[ 0.67931]

D(PI(-2))

-0.055285
(0.08861)
[-0.62394]

-0.058821
(0.10868)
[-0.54123]

0.048219
(0.03587)
[ 1.34423]

0.109295
(0.07106)
[ 1.53807]

D(R(-1))

0.202337
(0.21984)
[ 0.92037]

0.279278
(0.26965)
[ 1.03571]

0.421613
(0.08900)
[ 4.73724]

-0.373826
(0.17631)
[-2.12030]

D(R(-2))

0.070222
(0.22712)
[ 0.30919]

0.318268
(0.27857)
[ 1.14251]

0.408374
(0.09194)
[ 4.44155]

-0.267828
(0.18214)
[-1.47045]

D(U(-1))

-0.115022
(0.13877)
[-0.82886]

-0.159147
(0.17021)
[-0.93501]

0.113634
(0.05618)
[ 2.02270]

-0.438420
(0.11129)
[-3.93940]

D(U(-2))

-0.054521
(0.11300)
[-0.48249]

0.028195
(0.13860)
[ 0.20342]

0.085931
(0.04575)
[ 1.87845]

-0.344183
(0.09062)
[-3.79798]
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C

R-squared
Adj. R-squared
Sum sq. resids
S.E. equation
F-statistic
Log likelihood
Akaike AIC
Schwarz SC
Mean dependent
S.D. dependent

0.014582
(0.03325)
[ 0.43857]

0.015518
(0.04078)
[ 0.38051]

-0.005824
(0.01346)
[-0.43269]

0.022234
(0.02667)
[ 0.83383]

0.531544
0.484226
11.81739
0.345496
11.23327
-33.38327
0.806969
1.077017
0.006071
0.481075

0.145252
0.058914
17.77844
0.423769
1.682365
-55.84608
1.215383
1.485431
0.001818
0.436832

0.616662
0.577941
1.936759
0.139869
15.92580
66.08730
-1.001587
-0.731539
-0.018238
0.215295

0.467374
0.413573
7.600529
0.277079
8.687141
-9.108799
0.365615
0.635663
0.019091
0.361824

Determinant resid covariance (dof adj.)
Determinant resid covariance
Log likelihood
Akaike information criterion
Schwarz criterion

2.78E-05
1.82E-05
-24.19887
1.385434
2.662025

ARCH-LM TEST
Variable
u1
u2
u3
u4

Teststat
1.1628
14.7196
32.0924
10.7784

p-Value(Chi^2)
1.0000
0.2571
0.0013
0.5480

F stat p-Value(F)
0.0981 1.0000
1.4434 0.1626
3.9766 0.0001
1.0092 0.4480

GARCH order selection for u3:
1
2
3
4
5
6
7
8

Order
0,1
0,2
0,3
0,4
1,1
1,2
2,1
2,2

log-likelihood
AIC
-165.1917
-161.1917
-176.4058
-170.4058
-176.8289
-168.8289
-173.3059
-163.3059
-175.5538
-169.5538
-179.9728
-171.9728
-170.3400
-162.3400
-174.7031
-164.7031

Estimated GARCH(1,2) model

 t  vt ht ht  0.0031  0.000 t21  0.3136 t22  0.4752ht 1
ARCH LM test for the GARCH(1,2) model
Chi-squared = 15.1207, df = 12, p-value = 0.2349
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