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Executive Summary

Economic expectations determine economic activity. The accuracy of their
measurement is therefore of particular interest to economists. Three general
measurement methods of economic expectations have been established over time: (1)
qualitative measurement with category-rating scales (e.g., “better”, “unchanged”,
“worse”), (2) quantitative measurement by eliciting point forecasts (e.g., 3% output
growth) and (3) the measurement of economic expectations eliciting subjective
probabilities of particular events (in form of a complete probability distribution of a
point forecast). However, these most common measurement methods have serious

drawbacks.

»  Current Measurement Methods of Economic Expectations — Strengths and

Weaknesses

The motivation and popularity of using qualitative rather than quantitative variables
in surveys has several reasons (OECD, 2003): It is generally much easier for
respondents to give qualitative rather than quantitative information and the
questionnaire can be completed quicker. Furthermore, qualitative questions are less
often a source of inaccuracies or inconsistencies. The idea behind such business
confidence questions is that polled experts assess the overall business situation in
their company or country by taking into account all the aspects they regard as
important. Although no precise information on levels of output, sales, investment, or
employment is normally asked, business expectations are used to predict changes in
these aggregates in the analysis of business cycles. For these reasons business
tendency surveys in the European Union and in the majority of OECD countries are
harmonized with regard to the utilization of three-category rating scales in business
confidence questions. However, the category-rating scales have serious drawbacks.
The data on economic expectations elicited with three-category scales are very

limited. The question format allows the respondents to choose only from the three
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available options that may not match their real opinions. This leads to a drift towards
the central category, which includes responses that have a positive as well as
negative tendency but which have not reached a particular threshold, which would
lead the respondent to choose one of the extremes. The offering of just three response
options results in imprecision and information loss. Furthermore, the distribution
delivers almost no information on the dispersion of economic expectations, which is
often used as a proxy of uncertainty (Mankiw, Reis and Wolfers, 2003, Doepke and
Fritsche, 2006, Giordani and Soderlind, 2003). As a detailed distribution of economic
expectations is not known, for the quantification of category responses strong
assumption about the distribution and the indifference thresholds that underlie a

category assessment are necessary.

Most of the problems with category-rating scales could be solved by eliciting point
forecasts, or quantitative information on outstanding orders, profits or turnover.
However, in business surveys, companies are, as a rule, reluctant to report quantities,
either because of confidentiality issues or time constraints. Qualitative questions, in

contrast, usually do not require respondents to consult their accounting records.

Alternatively, firms can be asked to report their subjective probability distribution of
future events (Guiso and Parigi, 1999), such as demand, output or profit growth.
These kind of questions have several desirable features (Manski, 2004). The standard
deviation of an individual histogram is associated with the uncertainty of the
individual forecaster. The variance in the aggregate histogram incorporates both
individual uncertainty and heterogeneity of expectations. However, this response
format also has several drawbacks (Boero et al., 2007, Engelberg et al., 2006,
Clements, 2007): Probabilistic questions are time-demanding and tend to cause a
high cognitive load to respondents. They are consequently only applicable to people
familiar with probability distributions. In surveys of professional forecasters, a
tendency was observed that forecasters give more careful consideration to their point
predictions than to their probabilistic forecasts (Engelberg et al., 2007). Furthermore,
in a variety of surveys researchers observed a general tendency of respondents to be

optimistic, i.e., to report high probabilities for positive and low probabilities for
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negative events (Guiso, Tiseno and Winter, 2005, Boero et al., 2007, Engelberg et
al., 2006, Clements, 2007).

In a nutshell, qualitative questions have many desirable features and are the state of
the art in business surveys. Their weakness, however, is the enormous information
loss due to the high proportion of neutral responses, lack of information on the
distribution of expected changes in the population and strong assumptions about the
data generation process. Quantitative questions and subjective probabilities include
this information, but have serious practical limitations. This thesis presents a new
approach to the measurement of economic expectations, which was made possible by
the recent spread of Internet surveys: the visual analog scale (VAS). Although the
VAS is a qualitative measurement method, it overcomes most of the problems

discussed above.

» Visual Analog Scales — General Background

Visual analog scales are rating scales on which a subject ranks the preferences along
a continuous line or scale. There are numerous variations of the approach (e.g.,

length of the line, labels for the ends, vertical or horizontal placement, color etc.).

Visual Analog Scale (VAS)

worse unchanged better

These scales correspond to the common usage of measurement scales for physical
extensions (thermometer, etc.) and are easy to understand and to handle for the
respondents. VAS was first described in 1923 by Max Freyd in his article “The
graphic rating scale” in The Journal of Educational Psychology and has become one
of the most commonly used measures of feeling and pain intensity in medical
research (Jensen et al., 2003). Until recently it has been merely used in personal
medical interviews. Application of the VAS in broad-scale surveys has been difficult

thus far due to a costly operationalization. With the spread of Internet surveys, the
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VAS has become easy to administer. It is a very simple idea, but its benefits
compared to other measurement methods of economic expectations are obvious: The
VAS enables scores between categories, and the respondent can express not only the
direction of his attitude but also its magnitude on a 1-to-100 point scale, which
comes close to an interval scale measurement. The scale range allows for a subtle
distinction of a respondent’s preferences. At the same time, by using a graphic scale
with few anchors there is no increase in cognitive load for the respondent, while the
information collected is much broader than any conventional category-rating scale
would allow. The distributional shape of responses and various measures of
dispersion contain additional valuable information on present and future economic

activity which can help to detect cyclical turning-points earlier.

»  The Data Sets

The VAS was implemented in 2005 in two Internet surveys of the Ifo Institute for
Economic Research: The monthly business survey in the German manufacturing
sector (ifo Konjunkturtest im verarbeitenden Gewerbe) and the quarterly
international survey of economists (ifo World Economic Survey). By the date the
thesis was completed, 34 monthly data sets containing more than 46,000 VAS
responses were collected within the business survey, and 14 quarterly data sets with

more than 4,000 VAS responses within the international survey of economists.

The thesis includes three self-contained essays on the new measurement approach of
economic expectations. The first two essays are concerned with the estimation of the
reliability of the VAS and the validation of economic indicators that can be derived
with the VAS. The third essay presents an application of the VAS for the empirical
testing of economic theories and assumptions. All essays contain extensive empirical
investigations based on micro-data sets both at the firm-level and the level of

individual experts.
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» Reliability of the VAS for the Measurement of Economic Expectations

Chapter 1 aims at the estimation of the reliability of the VAS as a measurement
instrument of economic expectations. Reliability refers to the consistency and
accuracy of a measurement instrument, and is a necessary condition for validity.
According to the definition, reliability is the correspondence of a value measured by
a particular scale, with the hypothetically true value. Since the true value is not
available, reliability has to be estimated in various ways. There are four general
classes of reliability estimates: Parallel-forms reliability, test-retest reliability,
internal consistency reliability and inter-rater reliability. Each of the classes was
addressed. The reliability estimation was conducted on the data of the survey of
economists. These data sets enable the estimation of the inter-rater reliability, since a
group of economists is surveyed in each country. The main focus of the first essay is
not so much on comparing the reliability of the three-category scale with the
reliability of the VAS. Given fundamental differences between the two scales with
regard to the range of responses, the scales appear not to be perfectly comparable.
Although the statistical methods used in the study are theoretically applicable to both
instruments, the coarse three-category scale makes the application of most statistical

methods used for the estimation of reliability a matter of argument.

The reliability of the VAS is an issue of major interest for several reasons: (1) The
thesis presents an unprecedented application of the VAS for the measurement of
economic expectations. (2) The VAS has been applied in two self-administered
Internet surveys. In the medical surveys, in contrast, the VAS has been merely
applied in personal interviews. The Internet environment and the self-administration
may negatively affect the scale reliability. (3) The 100-point range of VAS responses
clearly overestimates people’s discriminatory power relating to the subjects of
interest. Consequently, the VAS has an imprecision interval that was necessary to

evaluate to be able to estimate a minimum significant difference of VAS scores.

The empirical results of the reliability analysis indicate that the VAS has a very small
imprecision interval that is comparable to the imprecision interval estimated in

medical studies. Also the estimation results of the other reliability classes were in
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favour for the VAS. It was found to be a reliable measurement instrument of
economic expectations and in none of reliability classes inferior to the traditional

three-category scale.

»  Validity of Economic Indicators Derived with the VAS

The study in Chapter 2 explores the validity of various indicators derived with the
VAS with respect to the economic performance in the German manufacturing sector
in the time-period September/2005 to July/2008. As the VAS data allow the
estimation of higher moments of distribution, several measures of dispersion, such as
the standard deviation, kurtosis and skewness, were evaluated for the presence of a
cyclical pattern. Furthermore, VAS data deliver information on the “epistemic”
uncertainty, which is contained in the neutral responses of the VAS (Bruine de Bruin,
2000). The dispersion measures of business expectations and the “epistemic”
uncertainty measure were found to be closely related to each other, indicating that
the dispersion of VAS business expectations contains two components: heterogeneity

of business expectations and uncertainty about the future economic development.

Although the number of 34 months is by no means large, several conclusions could
be drawn from the empirical findings. The VAS was found to deliver quite a number
of indicators that contain valid information not only on the economic expectations
but also on the heterogeneity of expectations and macroeconomic uncertainty. The
rich information set available with VAS overcomes the weaknesses of category-
rating scales and can help to extract valuable signals for an early detection of turning

points.

As the VAS was found to deliver reliable and valid information on economic
expectations, the VAS has been also applied for empirical testing of a set of central

assumptions about the data generating process of three-category expectations.
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» Application of the VAS in Research on Expectation Formation

Chapter 3 reports on an application of the VAS for the testing of a set of assumptions
about the data generating process of the three-category measured economic

expectations.

The modeling of responses to a category-rating scale implies a latent variable model.
One of the main assumptions is the normality of the distribution of respondents’
views about changes in the respective variables. Further strong assumptions are made
about the indifference thresholds that mark the values of the latent variable at which
a respondent is indifferent between two categories. In several methods of
quantification of economic expectations it is postulated that (1) the indifference
thresholds are symmetrical and (2) neither vary over time (3) nor across the
respondents. The study tests whether the normality assumption and the three
assumptions about the indifference thresholds hold for business expectations

measured by the three-category scale in business tendency surveys.

All above assumptions have been found violated: Business expectations appear to
have a systematically varying skewness in different periods of the business cycle.
Furthermore, the indifference thresholds of three-category business expectations are
asymmetrical, vary across respondents and appear to depend upon time-varying
parameters, such as the level of macroeconomic uncertainty and the aggregate level

of business confidence.

A particularly interesting finding is that the indifference thresholds are asymmetrical
around zero in a way that reflects that respondents weight future losses stronger than
future gains. These findings are in line with one of the consequences from the
prospect theory of Kahneman und Tversky (1981) that states that responses to losses

are more extreme than the responses to gains.

The macroeconomic uncertainty was found to broaden the indifference interval
leading to a shift towards the neutral category. These results indicate that the higher

the macroeconomic uncertainty the earlier respondents turn to the neutral category



Xvi Executive Summary

within the three-category scale and they remain within the neutral state until the
reference variable (output or profits) overcomes a considerably higher threshold than
would be necessary in periods of low macroeconomic uncertainty. Uncertainty also
appears to make respondents deflate future gains and losses differently. This
empirical evidence may help to explain why peaks are signaled by business surveys

with a larger lead than troughs.

The asymmetry between the indifference thresholds of business expectations seems
also to be related to the level of the present economic performance. The higher the
level of the present business situation, the higher the threshold, which expected
changes have to exceed before firms report that they expect an improvement. These

results may be explained with the diminishing marginal utility of welfare.

The indifference threshold were also found to vary across respondents. Company
size appears rather to narrow the indifference interval, meaning that for larger
companies a smaller percentage change in output or profits, results in reporting a fall

or a rise on the three-category scale, than for small-scale enterprises.

»  Concluding Remarks

The empirical evidence of the application of the VAS in surveys on economic
expectations is striking. VAS is easy to apply and does not require any quantitative
information from the respondents. Delivering the direct measure of business
expectations, the VAS supersedes the necessity to make assumptions about the
distribution of economic expectations and indifference thresholds, as is required for
the three-category based measurement. Furthermore, the VAS was found to be not
only a reliable but also a highly efficient measurement instrument of business
expectations that delivers a variety of valid economic indicators: The VAS produces
valuable information on the dispersion and the skewness of business expectations,
providing a comprehensive picture of the businesses’ present state and expectations
as well as the economic expectations of economists. The VAS dispersion measures

also contain information on the heterogeneity of expectations and macroeconomic
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uncertainty. Although the time-span is too short to draw conclusions about the
forecasting properties of these measures, the results show that VAS indicators
explain the rate of change of the industrial production index to a considerable degree,

even in the very short time-period.

Also the rapid development of the technological environment offers the VAS a good
platform. Research findings indicate that the Internet mode is becoming more and
more imperative in business tendency surveys, being a preferable survey mode by a

significant proportion of companies (Stangl, 2007).

= Future Research

The thesis can be seen as a “roadmap” for further empirical explorations. Many
research questions could not be answered due to the still short time-series available at
the time the thesis was completed. A future area of research would be to analyze the
forecasting properties of the indicators derived with the VAS compared to the

traditional category-rating measures.

A highly insightful research area would be to confront the VAS responses with
realizations on the company level. At present such data are not available in Germany

as business surveys do not collect quantitative information on business realizations.

Furthermore, the thesis demonstrated that the VAS is applicable to the measurement
of economic expectations at the company and the expert level. These populations
include economists and executives in managerial functions, individuals that are
extremely knowledgeable. The application of the VAS for the measurement of
economic expectations in the general population or in consumer surveys remains to
be tested, to be able to establish the VAS as a generally accepted measurement

method of economic expectations.
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Chapter 1

Reliability of the Visual Analog
Scale for the Measurement of

Economic Expectations

Abstract

This chapter introduces the new measurement method of economic
expectations — the visual analog scale (VAS) — and evaluates its
reliability. Four classes of reliability are examined: Parallel-forms
reliability, test-retest reliability, internal consistency and inter-rater
reliability. As a side product of the study the reliability of the traditional
three-category scale is also evaluated. The data set is based on an
international panel of economists and contains 2,470 observations from
eight consecutive quarterly survey waves in the years 2005-2007. VAS is
found to be a reliable measurement method of economic expectations.
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1. Introduction and Background

The role of economic expectations as determinants of economic decisions of
consumers, businesses, economic experts and politicians is a matter of particular
interest in economic research. Already Keynes (1936) emphasized the role of
business expectations in determining output, employment and saving. With Muth
(1961) and later Lucas (1972) the concept of rational expectations became one of the
central assumptions for many contemporary macroeconomic models. Kahneman and
Tversky (1974, 1979) promoted research on bounded rationality and expectation
formation under uncertainty, to explain divergences of economic decision making

from neo-classical theory.

Because of the prominent role economic expectations are playing in economic theory
and in determining economic activity, measurement of economic expectations
continues to be subject to discussion. At the individual level, subjective probabilities
as a measurement method for economic expectations has moved in the focus of
interest. This area of research was initially explored by Juster (1966) and pursued by
Dominitz and Manski (1997). At the company and the expert level discrete scales as
a measurement method of economic expectations are dominating. The grading
procedure here traditionally consists of three general categories: positive replies,
indifferent replies and negative replies. The experience of interviews and mail
surveys suggested the usage of category-rating scales with three or at most five
categories (very good/good, satisfactory, bad/very bad). Although discrete scales
imply an information loss, some researchers argue that it is easier and less costly to
obtain reliable responses to qualitative questions than to more precise questions
(Pesaran and Weale, 2006). There appears to be no dominant argument for the one or
the other measurement method of economic expectations and Manski (2004, p. 1369)
concludes in his paper on the measurement of economic expectations that people can
report their expectations in different ways — as point predictions, verbal assessments

of likelihood, or probabilistic expectations.



Visual analog scale (VAS) with anchored ends (bad/worse vs. good/better) has not
yet been applied to the measurement of economic expectations, although it is an
attractive alternative to category-rating scales, and particularly to the coarse 3-point
scale: Respondents can express their expectations on a continuum, which allows for a
subtle distinction of their preferences. Furthermore, while the information collected
is far more complex than in three-category scales (the values of the VAS saved in the
background range from 1 to 100), there is no increase in cognitive load for the
respondent (Aitken, 1969). VAS was first described in 1923 by Max Freyd, in his
article “The graphic rating scale” in The Journal of Educational Psychology. At the
present, the VAS is one of the most commonly used measurement instrument of pain

intensity in medical research (Jensen et al., 2003).

In the literature on economic expectations and their measurement, the main focus has
been placed on validity criteria, particularly rationality and forecasting properties of
economic expectations. The key research issue has been to link qualitative
expectations data to the real quantitative outcomes. Therefore, the accuracy of
expectations has been traditionally addressed by comparing individual or aggregated
expectations with realizations (Carlson and Parkin, 1975, Nerlove, 1983, Zarnowitz,
1984, Dominitz, 2001, Manski, 2004). This issue will be discussed in the following
chapter of the thesis. The literature on reliability issues and properties of scales
measuring economic expectations is rare, if not absent. Also studies working with
micro data rather than with aggregated time-series are exceptional. Pesaran and
Weale (2006) conclude in their article on survey expectations that the analysis of
individual responses to surveys which collect only qualitative information is
underdeveloped. This paper adds to the literature on the measurement of economic
expectations a comprehensive analysis of scale reliability. The aim of the paper is
twofold: The main objective is to explore the reliability of the new scale — the visual
analog scale — applied in an economic tendency survey of economists. A side product
of the study, however, is a comprehensive test of the reliability of the traditional
three-category scale, applied in the majority of business tendency surveys world-
wide. Micro-data of eleven consecutive survey waves are used to investigate the

reliability of the VAS and the traditional three-category scale.
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Reliability refers to the consistency and accuracy of a measurement instrument, and
is a necessary condition for validity, as a measurement instrument can not be valid
without being reliable. According to the definition, reliability is the correspondence
of a value measured by a particular scale, with the hypothetically true value. The
main task of a reliability measure is to assess the error component in relation to the
true score component. Since the true value is not available, it is impossible to
calculate reliability exactly. It has to be estimated in various ways, each representing
a different dimension of reliability. There are four general classes of reliability
estimates: Parallel-forms reliability, test-retest reliability, internal consistency
reliability and inter-rater reliability. Reliability of a scale is to be seen as a multi-
dimensional construct with each of the above reliability classes exploring a particular
dimension of reliability. The present paper investigates all above reliability

dimensions.

There are further arguments making this study interesting: (1) Previously the VAS
was merely applied in personal interviews in medical settings. In the present study
the VAS is applied in a sizeable self-administered Web-survey in a non-medical
setting. (2) The study tests an entirely new measurement method of economic
expectations, which so far are measured qualitatively (with category-rating scales),
quantitatively (by eliciting point estimates) or by subjective probabilities. (3) The
data of the study are based on a real panel survey of economists which makes

possible to observe long-time effects in the VAS response behavior.

Section 2 of this paper contains a literature review. As literature on the VAS or scale
reliability, is almost absent in business tendency surveys research, an excurse is
made to the analogical literature in psychological and medical settings. The data used
in the study are described in section 3. To fill the lack of literature on reliability of
scales measuring economic expectations, section 4 of this paper is dedicated to a
discussion of reliability classes and estimation methods applicable to business
tendency surveys. Section 5 contains empirical results of reliability estimates. The
paper concludes with a discussion of results and inference on whether empirical
evidence provides support for the VAS and the three-category scale being regarded

as reliable instruments for the measurement of economic expectations.



2. Literature Review

Applications of the VAS in sizeable surveys have emerged recently along with the
spread of web-based surveys. Before this survey mode has become popular the use of
the VAS in social surveys has been rare due to operational difficulties (Couper et al.,
2006). In medical research settings, in contrast, the VAS has been applied for many
decades, particularly for the measurement of feelings, like pain and discomfort, and
other health state valuations. While search in the ISI Web of Science' on the terms
“visual analog scale” (or “visual analogue scale”) reveals more than 8,000 records, a
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search on the terms “visual analog” (or “visual analogue”) and “Internet” reveals
only 19 results, indicating that the application of the VAS in Internet-based surveys
is a new field of research. Only two of these nineteen studies were applied in non-
medical settings (Couper et al., 2006 and van Schaik and Ling, 2003) and only four
of these articles dealt with reliability of the VAS as a measurement instrument

(Brophy et al, 2004; Coll et al., 2004; Athale et al., 2004 and Lenert, 2000).

Couper et al. (2006) conducted a one-time experiment to explore the utility of the
VAS in a Web survey, comparing it to 20-point radio buttons and numeric entry in a
text box on a series of bipolar questions eliciting views on genetic versus
environmental causes of various behaviors. The authors found the VAS having
higher rates of non-completion, higher rates of missing data and longer completion
times than the other methods. However, the authors admit that the VAS was tested
on a difficult set of items on which respondents are not likely to hold well-formed
views: “The VAS may perform better in situations where the respondent is better able
to make fine distinctions among different attitude objects, such as the feeling
thermometer ratings of political figures” (p. 243). In the present study the VAS is
applied in exactly this kind of settings: For the measurement of economic confidence
of economic experts, a population group that is expected to have well-formed views

on the survey topic.

! Citation Databases: Science Citation Index Expanded (1995-present), Social Sciences Citation
Index (1999-present), Arts & Humanities Citation Index (1999-present).

* Couper et al. (2006) reported that the search on “visual analog scale” revealed more than 2,700
citations at the time their paper was written. In the years 2005 and 2006 alone, more than 2,000
scientific studies that applied VAS in their experimental settings have been published.
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Van Schaik and Ling (2003) used the VAS and a 7-point Likert scale for the
evaluation of human-computer interaction. Participants identified advantages and
disadvantages for both response formats. They stated that the fluidity of the VAS
response format allowed them a greater range of responses without being restricted
to numbers. On the other hand, the VAS was identified as leading to a lack of
precision due to the absence of category markers. Problems appeared with the VAS
when respondents wanted to give exactly the same response to a different item but
could not replicate the precise position of the marker on the VAS. The variability of

scores was similar between the two response formats, according to the authors.

The empirical results about the application of the VAS in medical paper-and-pencil
surveys are very mixed, according to the three articles containing a critical review of
the existing literature on the VAS that have been found by the author. Ahearn (1997)
comes to a positive conclusion in her critical literature review on the utility of the
VAS for mood measurement. The VAS was found easy to complete and possessing
high reliability and validity. Williamson and Hoggart (2005) explored the literature
on three commonly used pain ratings scales, the VAS, the verbal rating scale and the
numerical rating scale. They also concluded in their review that all three pain-rating
scales are valid, reliable and appropriate for use in clinical practice. Butler (1997), in
contrast, comes in his critical review on the utility of the VAS for pain measurement

to a very critical conclusion.

There are numerous further widely cited® studies in which authors concluded that the
VAS delivers reliable measures (Gallagher et al., 2002, Bijur et al. 2001., Badia et
al., 1999). However critical findings were reported by Wuyts et al. (1999). There are
also more recent studies on the VAS reliability in favour (Cook et al., 2001; Happich,
2006; Parkin and Devlin, 2006; Wagner et al., 2007) as well as against the
application of the VAS for the measurement of various health states (Svensson,

2000; Brazier et al., 2003).

? Cited more than 20 times according to the ISI Web of Science (Citation Databases: Science
Citation Index Expanded, Social Sciences Citation Index, Arts & Humanities Citation Index) retrieved
01/29/2008.



Although there is a broad literature on the VAS reliability in medical settings, only
four articles were found dealing with the VAS reliability in medical Web surveys.
They were selected to be discussed in more detail for several reasons: The present
study investigates the VAS application in a sizeable Web survey. Web surveys are
conceptually different from other survey modes (Couper, 2001), as for example
personal interviews, in which the interviewer may help the respondent in the
response process. The conclusions of the VAS application in personal interviews
may therefore not be transferable to Web surveys. Consequently, from the high
variety of literature on the application of the VAS in medical settings those studies
will be discussed in more detail which experimental design is equivalent to the

experimental design of the present study.

The experiences with the VAS in the four medical Web survey studies were
generally positive. Brophy et al. (2004) studied whether the VAS can be used over
the Internet for the assessment of disease severity. The Internet version and the paper
version were completed twice to assess intra-respondent variation reliability. The
authors concluded that assessment of disease severity by VAS may be accurately
carried out over the Internet. Coll et al. (2004), reviewed some of the available
objective and subjective measures of postoperative pain using the VAS in a Web
survey and came to the conclusion that the VAS is methodologically sound,
conceptually simple, easy to administer and unobtrusive to the respondent. Also
Athale et al. (2004) described a Web-based health self-assessment survey of 43
patients containing VAS for pain, fatigue, and global disease severity, as well as
multiple-choice questions from a multi-dimensional health assessment questionnaire.
The authors found high reliability scores for pain and global disease severity and
moderate reliability scores for the VAS scores for fatigue. Somewhat older study of
Lenert (2000) elicited preferences in a research-lab setting with 60 volunteers using
the VAS and the standard gamble for the assessment of the subjects’ health. For
comparison a short health-assessment questionnaire was administered. The VAS was
found to be a reliable instrument. Although the results on VAS reliability in these
medical Web survey studies were generally positive, it is not clear whether the
findings on the utility of the VAS in medical studies can be generalized to social

surveys. In medical studies the VAS is applied to the measurement of feelings, in the
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case of business tendency surveys, the VAS is applied to the measurement of
attitudes towards present and future situations and implies particularly in the latter

case a high degree of uncertainty.

There are numerous approaches on the estimation of reliability of the VAS in
medical studies, with inter- and intra-rater reliability and the test-retest reliability
being the most common reliability forms tested. The majority of studies confirm that
the VAS is a reliable measurement instrument, although arguments against the VAS
are also present. In the area of business tendency surveys, to the best of our
knowledge, there is no literature focusing on reliability criteria of scales at all.
Generally, while examining forecasting properties (i.e. criterion validity), reliability
is postulated, ignoring the fact that reliability is a basic prerequisite for validity. In
this context both research questions — the reliability of the VAS and the reliability of
the traditional three-category scale for the measurement of economic expectations —

appear to be interesting.

3. Data

The VAS was first implemented in the World Economic Survey (WES) in the April
2005 survey. WES is an international survey of economists which is conducted
quarterly by the Ifo Institute for Economic Research. In the present experiment the
VAS is applied simultaneously with the three-category scale in two survey questions:
present economic situation and economic expectations for the coming six months.
Responses to both questions are used to build an index of economic confidence. This
approach sees economic expectations as result of the present economic situation and
the respondent’s projections. This section describes the two rating scales and the data

set, the analysis in this paper is based on.

The software Stata™ (Standard Edition 9.2) was used for the entire data analysis,

considering p<0.05 as significance level.



3.1. The Rating Scales

3.1.1. Three-category Scale (3-Cat.)

Business tendency surveys traditionally apply three-category rating scales.* The
motivation and popularity of using qualitative rather than quantitative variables in
business tendency surveys has several origins (OECD 2003): It is generally much
easier for respondents to give qualitative rather than quantitative information; the
questionnaire can be completed quicker, as respondents do not necessary need to
consult their accounting records. Furthermore linguistic characterizations provide a
better mean for phenomena which may be too complex to be described in

quantitative values.

However, the three-category rating scales have also several drawbacks: The question
format allows the respondents to choose only from the three available options that
may not match their real opinions. This leads to a drift towards the central category
which includes responses which have positive as well as negative tendency, but
which have not reached a particular threshold which would make the respondent to
choose one of the extremes. The offering of just three response option results in

imprecision and information loss.

3.1.2. Visual Analog Scale (VAS)

Visual analog scales are rating scales on which a subject ranks the preferences along
a continuous line or scale. There are numerous variations of the approach (e.g.,
length of the line, labels for the ends, vertical or horizontal placement, color etc.).
These scales correspond to the common usage of measurement scales for physical
extensions (thermometer, etc) and are for the respondents easy to understand and to

handle. It is a very simple idea, but its benefits compared to three-category rating

* See also the ZEW Indicator of Economic Sentiments of the Centre for European Economic
Research: http://www.zew.de/en/publikationen/Konjunkturerwartungen/Konjunkturerwartungen.php3
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scales are obvious: The VAS enables scores between categories and the respondent
can express not only the direction of his attitude but also the magnitude on a 1-to-100
point scale. The scale range allows for a subtle distinction of respondent’s
preferences. At the same time, by using a graphic scale with few anchors there is no
increase in cognitive complexity for the respondent, while the information collected

i1s much broader than any three-category scale would allow.

To emphasize the feature of symmetry the scale received three anchors a dotted line
characterizing the middle and verbal descriptions of the two extremes (see Figure
1.1). The software was written to record slider movement on a response continuum
of a 1-to-100 point scale. While the practical application of such scales was difficult
in mail and fax surveys, due to high operational costs, the Web provides a well-

suited environment for the VAS implementation in a sizeable survey.

Taking into account the experiences of previous Web studies’, a version of the VAS
was chosen where the marker is set by clicking on a desired position on the slider. By
clicking on another position the marker jumps to a new position and by a double

click it disappears.

One of the necessary prerequisites for an accurate measurement is that respondents
are motivated to use the measurement instrument. In the literature respondents’
motivation has been merely addressed through the measurement of completion time
needed to respond to a particular scale (Couper et al., 2006). However, longer
completion time may not be regarded as a burden and negatively affect respondent’s
motivation if the question appears interesting to the respondent. In contrast,
respondents may prefer to take more time to complete the question. Therefore, in the
present experimental design the completion time has not been measured. However, a
comment field below the VAS was offered, where respondents could input any kind
of comments. Furthermore, in the background, not visible to the respondent number
of clicks has been registered, which can be used as an indicator of how fast the

respondents learned how to use the instrument and after repeated use, how fast they

* Van Schaik and Ling (2003) reported about respondents having difficulties with the use of a slider,
where respondents had to move the marker, by holding the left mouse button and simultaneously
move the mouse. This handling problem was avoided by applying the above described VAS version.
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formed an assessment on the VAS. ltem non-response can also be used as an
indicator for the respondents’ motivation. However, in the present study the VAS
and the three-category scale have been applied simultaneously on the same
questionnaire. In the introductory note it was also explained to respondents that the
VAS is an experiment for testing a new measurement method. Consequently, non-
response to the VAS could not be disentangled from non-participation in a voluntary
experiment and is thus not used as an indicator of respondent’s motivation in the

present study.

There were two different types of non-response to the VAS. The first kind of non-
response appeared, when respondents initially responded, but then reversed their
intention and deleted their response, which rarely occurred. In all eight survey rounds
in only 27 of 2,470 questionnaires (less than 0.2%) the initial response on the analog
scale has been deleted by the respondent. The second kind of item non-response
occurs when respondents do not respond to a questionnaire item at all. This non-
response can have various reasons, not necessarily related to the VAS as a
measurement instrument. The analog scale was positioned in both surveys at the very
end of the questionnaire, being the last question of the survey. Furthermore, both
VAS questions were redundant, to the questions asked on the traditional three-
category scale at the very top of the questionnaire. And, participants were informed
in the introductory notes that the two VAS questions are part of an experimental
study. Consequently, some respondents were reluctant to answer to the same
question for a second time, although the introductory note briefly explained the
research aim. Thus, this type of non-response may rather be classified as non-
participation in the experiment. However, there were also pure technical reasons for
non-response to the VAS. Some respondents had particular Internet settings installed
at their PC which evoked error messages relating the VAS. In the course of the
experiment these technical problems have been solved and the non-response to the
analog scale slipped below 5% (in the third and fourth quarter 2006). However,
another technical problem occurred, as the new version of the Firefox Internet
browser that become popular in 2006 blocked the scale and non-response jumped

back to 9% in the first quarter 2007 (see Annex, Table 1.1). Also this technical
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problem has been solved and in the second quarter 2007 non-response to the VAS

declined again.

The comments retrieved in the comment field provided below the VAS indicated that
respondents found the VAS “self-explanatory” and “interesting”. All comments
received during the eight quarters of the survey have been classified in positive
relating the scale (such as “interesting method”, “good idea”, etc), neutral (relating
other aspects of the questionnaire or the country’s economy) and negative (such as
“old method better” etc.). Table 1.2 in the Annex summarizes the frequency of
positive, neutral and negative comments to the new scale, over the eight survey
waves. Most comments on the VAS were received in the first two survey rounds and
were with one exception positive. In the following survey waves the comment field
was used to express other information rather than the opinion on VAS or their
experience with the VAS. This result indicates that repeated application of the VAS
in a panel survey did not elicit negative experience. There were seven comments
which indicated that respondents had problems with the VAS. Three respondents
thought that they were supposed to move the marker, which did not work as they had
to click it according to the instruction in the question wordings. Four further
respondents indicated that the VAS was defect. The reason was that a new version of
the Firefox browser caused incompatibility errors in the VAS software. In the
following surveys this problem was eliminated. Table 1.3 in the annex lists all

comments received during the eight survey waves.

In the background, not only the responses to the VAS were saved, but also the
number of clicks each respondent did, were recorded. In the first survey round, in the
second quarter 2005, the respondents were confronted with the new scale for the very
first time. At this point of time, the interpretation of the number of clicks is
ambivalent. On the one hand, a low number of clicks would suggest that a
respondent learned fast how to use the instrument and formed the assessment on the
VAS intuitively. On the other hand, a high number of clicks in the very first survey
round may also indicate interest in the new scale. For both situations, one would
expect the number of clicks to decrease in the course of the study as participants

become familiar with the new instrument. Table 1.4 in the Annex summarizes the
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average and the maximum number of clicks to the two questions over the course of
the study. The number of clicks varied in the very first survey round between 1 and
18 clicks for the variable present economic situation and between 1 and 10 for the
variable “economic expectations”. The data show that the number of clicks indeed
decreased over time and stabilized after the third round at around two clicks for the
variable “present economic situation”. For the question on economic expectations the
number of clicks remained more or less stable at around five clicks, on average.
These results show that the judgment and expectations variables elicit different
response behavior. The present economic state, that is known by the respondents, can
be reflected very fast, with one or two clicks, on average. The future economic
situation is, however, uncertain. The higher number of clicks in this variable may
reflect this uncertainty. This issue will be discussed in more detail in the next chapter

of the thesis.

3.2. Ifo World Economic Survey (WES)®

The Ifo World Economic Survey (WES) has been conducted since 1983. The survey
assesses worldwide economic trends by polling national and transnational
organizations worldwide about current economic developments in their respective
country. Since 2002, the WES panel stabilized at about 1,000 economists from more
than 90 countries responding quarterly. WES is a mixed-mode survey with circa 65%
of the panel participating via mail or fax, circa 5% via E-mail and ca 30% via Web
(see Annex Figure 1.1). The data set of the present study contains only responses to

the Web questionnaire, as the VAS was implemented only in the Web form.

The WES questionnaire asks mainly for qualitative information, as, for example, for
the assessment of the country’s general economic situation and expectations
regarding important economic indicators. The WES panel contains economic experts
with a range of specializations in management, finance, and other business functions.
About 65 percent of the WES panelists work for international corporations —

companies (circa 45%), banks (circa 15%) and insurance (circa 5%). Some work in

% Stangl (2007) contains a detailed description of the WES micro data.
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economic research institutes (circa 10%) and chambers of commerce (circa 10%),
consulates and embassies (circa 5%). The remaining 10% are affiliated with
international organizations (OECD, IMF, Asian Development Bank etc.),
foundations, media or small scale enterprises. Although the panel members are
heterogeneous with respect to their professional affiliation, all respondents are highly
qualified, being in a leading position or occupied with economic research within their
institution. The survey participation is absolutely voluntary and derives entirely from

the interest in the survey topic.

The VAS has been introduced in the April 2005 Internet survey round. The data set
of the present study contains 2,470 observations from eight consecutive quarterly
survey waves: Q2/2005, Q3/2005, Q4/2005, Q1/2006, Q2/2006, Q3/2006, Q4/2006
and Q1/2007, as well as data from the re-test reliability experiment implemented in
the Q4/2007 survey round with 342 observations. The number of responses each
quarter ranges from 280 responses, received in the Q3/2005 and 326 responses

received in the Q1/2006.

4. Reliability Estimation Methods

4.1. Parallel-forms reliability

Parallel-forms reliability is used to assess the consistency of results from two scales
measuring the same content. Both variables of interest — assessment of the present
economic situation and economic expectations — are measured simultaneously by
two methods: the three-category scale and the VAS. The two scales have been
compared with each other with respect to comsistency, degree of agreement and
means over time. The first test examines whether respondents respond to the two
questions consistently. The second test uses Spearman’s rho to estimate the
correlation of responses elicited by the two scales. Spearman’s rho is an ordinal

measure of association and has been chosen throughout the study for several reasons:
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First, it is the most common correlation coefficient for two ordinal variables or an
ordinal and an interval variable. There is little agreement in the literature as to
whether the VAS ratings have ordinal-level, interval-level or even ratio-level scores,
because the VAS responses can be converted to a continuum of numerical values (as
a rule on a 1-to-100 scale). Butler (1997) concludes in his critical review of the VAS
application in pain assessment that the status of analog scaling appears to be
somewhere between an ordinal and an interval measurement. Rank-based measures
of associations, like Spearman’s rho, would be in either case the most appropriate
statistics. In the third test the means are compared over time. High parallel-form
reliability coefficients would indicate that the two scales are very similar, are
measuring the same and could be used interchangeably. However, this kind of
reliability test can only establish evidence on whether two scales are equivalent.
Given the case that the results from the two scales fall apart, the parallel-form
reliability tests are incapable of establishing any prove on which scale is more

reliable.

4.2. Test-retest Reliability

Test-retest reliability is an important way for the assessment of a measurement
instrument. This reliability dimension receives particularly much attention in the
literature on the VAS (Aitken, 1969, DeLoach et al, 1998, Bijur et al., 2001), as it is
expected that it is more difficult to replicate a response on a VAS than on a category-
rating scale. These studies attempt to compute an imprecision interval and a
minimum significant difference of VAS scores. Test-retest reliability is based on the
elicitation of a response to a scale across different times and refers to the degree with
which the repeated measurement yields the same result. This approach assumes that
there is no substantial change between the two occasions — a reliable measurement
instrument will elicit stable responses only given the case that the value of interest
remained stable. Enterprises are highly dynamic entities and the change of the
economic situation of an enterprise (additional orders, investment decision etc.) may
appear at any time. The same applies to the assessment of the economic situation of a

country. The surveyed expert may receive new information immediately after the
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completion of the questionnaire and up-date his views. Consequently, in the present
study, respondents were asked immediately after the completion of the questionnaire
to reproduce their response on the VAS. There are numerous ways to estimate the
test-retest reliability statistically. The correlation coefficient between the two sets of
responses and intra-class correlation (ICC) are often used as a quantitative measure
of the test-retest reliability. Further quantification method used to establish the test-
retest reliability is the root of the squared difference between the initial response and
the re-test response. An important question in this context is whether reproductions
appear to be to the same degree accurate at different areas of the scale, depending on
the distance to the three anchors (middle line and the ends). Further explanatory

variables of the test-retest reliability are also investigated.

4.3. Internal Consistency

Internal consistency is a further common way to assess reliability, which is to be seen
as complementary to the above described estimations. Internal consistency estimates
are usually based on the correlation among different items of the same construct. The
questionnaire contains two general types of variables — assessments and expectations.
The first type of variables aims at assessing the present economic situation, the later
future economic conditions. In the Ifo World Economic Survey economic experts are
not only asked to assess the present and the future economic situation in general, but
also to rate various aspects of economy, such as capital expenditures, private
consumption, foreign trade, monetary policy and political climate. The variables
“overall economic situation” and “overall economic expectations” summarize these
dimensions and are consequently expected to be correlated with the different items,
measuring various dimensions of economy. In the first step, Spearman’s rho
correlations between the two variables of interest (present economic situation and
economic expectations) measured by the two scales (the VAS and the three-category
scale) and the other items representing various dimensions of economy are
calculated. In the second step the items representing one construct (either assessment
of the economic situation or economic expectations) are analyzed whether they

contain a single latent variable — a common factor. To estimate the extent to which
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the set of items measures a single unidimensional latent variable Cronbach’s alpha is
used. Crombach’s alpha will generally increase up to 1 when the correlations
between items increase. As a rule of thumb (Peterson, 1994), an alpha of 0.70 or
higher is required to establish evidence for a unidimensional construct. Resulting
from the alpha analysis one common factor variable has been extracted from the set
of items representing different dimensions of the economic situation in a country. In
the third step, the relationship between the present economic situation measured by

the two scales and the common factor variable was investigated.

4.4. Inter-rater reliability

Inter-rater reliability or inter-rater agreement establishes the extent of how much
agreement or consensus there is in the ratings given by judges on the same subject.
The data of the present study are from a survey that is conducted in the same
methodology in more than 90 countries and polls several experts per country. As the
surveyed economists assess the economy of the same country, they, theoretically,
given the same ability and knowledge, should come to a high degree of agreement.
Responses across countries, in contrast, are expected to diverge, in case the economic

situation differs between the countries. ’

For each scale there are at least two measures of agreement that can be calculated:
For three-category data, consensus can be measured as number of agreements
divided by total number of observations or intra-class correlation (ICC). For the
interval-based VAS, consensus can be measured by the Pearson correlation
coefficient or ICC. The ANOVA-based ICC coefficient measures the ratio of
between-groups variance to total variance. The formula used for the ICC (Shrout und
Fleiss, 1979) is: 6*(b)/[c%(b)+ c*(W)], where 6*(b) is the variance of the trait between
groups (countries) and o*(w) is the variance within groups. The ICC will increase up

to 1 when there is little variation within a group, e.g. if all raters within a country

7 There is a broad literature on disagreement in economic expectations and reasons of disagreement.
Relying on Doepke and Fritsche (2006) arguments, the following assumptions are made: the
economists have same ability and knowledge about the current state of the economy, rely on the same
assumptions on the path of exogenous variables and apply the same model of the economy.
Furthermore, it is assumed that there is variation in business conditions across countries.
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give the same, or similar scores. The ICC has been chosen for two reasons: First, we
are interested in comparing the VAS with the three-category scale and the ICC can
be used to compare the reliability of different instruments. Second, the degree of
agreement and Pearson correlation can be only applied with two raters. An
alternative would be to calculate the correlations between all pairs of raters. The
striking difference between the ICC and the correlation coefficient, however, is that
the latter method ignores the between country variance. Furthermore, as only eight
survey waves are disposable at the time the paper is written, and not all respondents
participated regularly, the data set would contain too few observations per
respondent. Consequently, ICC appears to be the most appropriate statistical method
for estimating the inter-rater reliability in the present data set. Although an ANOVA
based method is suitable for interval-scaled data, it was also applied to responses
derived with the three-category scale, under the assumption that the data generating

process of the three-category responses is based on a latent continuous variable.

According to the Shrout und Fleiss (1979) classification of ICC for reliability, the
unique rater design is applied, i.e. each country is rated by a different set of
respondents. The ICC was computed by a random effects ANOVA model, using the
between country variance and within country variance (measure of the error
variance). Ideally the within country variance is expected to be independent of the
variables absolute value, i.e. the error magnitude is expected to be independent from
the level of economic sentiments (both present and expected). Consequently, before

calculating the ICC the VAS data were tested for heteroscedasticity.
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5. Results

5.1. Parallel-forms Reliability

5.1.1. Inconsistent Responses to the VAS and the Three-category Scale

The first parallel-forms reliability test estimates whether the two scales measure the
same variable consistently. Inconsistencies are contradicting responses and can occur
when a positive assessment is given on the three-category scale and a negative on the
VAS or vice versa. There may be various reasons for inconsistencies within the
questionnaire. The most common reasons are mistakes and attention deficits on the

respondent side.

Table 1.5 in the Annex summarizes the frequency of inconsistent responses. In the
variable present economic situation inconsistent responses are relatively rare (as a
rule less than 2%). For, the variable economic expectations inconsistent responses
occurred more often, in up to four percent of responses. The higher frequency of
inconsistent responses in the variable on economic expectations may again be an
indication of uncertainty or respondent’s ambivalence relating future economic
conditions. For the following analysis questionnaires with those inconsistent

responses have been removed from the data set.

5.1.2. Degree of Agreement Between the VAS and the Three-category
Scale

The correlation analysis investigates whether a higher assessment on the VAS
corresponds to a higher assessment on the three-category scale and vice versa. For
the whole data set the correlation between the three-category and the VAS for the
variable present economic situation is with 0.8 (N=2,158) and for the variable
economic expectations with 0.7 (N=2,151) very high. Also within the countries (see

Annex, Table 1.6), which are in WES the sample units, the correlations are positive,
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in the majority of cases significant and relatively high (generally over 0.5). Although,
the Spearman’s rho is the most appropriate correlation measure for the estimation of
the degree of agreement, the high number of ties in the three-category scale makes
the use of it problematic. Consequently, the parallel-form reliability is also estimated

looking at the aggregate time-trends.

5.1.3. Comparison of the VAS and the Three-category Scale Results
Over Time

The Figure 1.3 in the Annex illustrates the means of the variables present economic
situation and economic expectations over time, for the main OECD countries. The
figures show a high correspondence of the economic confidence measures derived by
the two scales over time. This relationship holds particularly if the number of
respondents is sufficiently high. However, in some countries the indicators derived
with the three-category scale and the VAS diverge, as for example in Ireland. In
Ireland all respondents stated throughout the experimental period, that the present
economic situation is good and will remain stable. Consequently there was no variety
in the index derived with the three-category scale, while the index derived with the
VAS fluctuated, coming closer to the changes in the real GDP growth in Ireland (see
Annex, Figure 1.4).

In summary, the results of the parallel-reliability tests indicate that the responses
elicited with the VAS and the three-category scale are highly correlated. This
positive relationship is stable over time and is true across countries. However, further
reliability estimates are necessary to establish evidence, whether the scales measure

the variables in a precise way.
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5.2 Test-retest Reliability of the VAS

5.2.1. Experimental Settings

The test-retest reliability was estimated by the following experiment: In the 11"
survey round (Q4/2007) the respondents were asked to replicate their response on the
VAS. After respondents have answered the standard questionnaire containing the
two VAS questions and pressed the “send” button, a new website appeared with an
explanatory note and the request to participate in a one-time experiment. The
respondents were asked to repeat their assessment on the VAS without switching
back to the standard questionnaire in their browser, in order to view their initial

response.® Figure 1.5 shows a screenshot of the re-test experiment.

In the 11% survey round, in October 2007, 342 responses to the standard
questionnaire have been collected. Almost 80% of respondents (269 respondents)
also voluntary participated in the re-test experiment. A t-test was performed to test
whether the respondents differed from non-respondents. The results are summarized
in the Annex, Table 1.7. Except for two variables, the responses of non-participants
in the re-test experiment do not significantly differ from the responses of

participants. These results justify the assumption that non-participation is random.

The data have been also proved for inconsistent responses of the type that a positive
response has been given to the VAS question on the standard questionnaire and a
negative response to the VAS question in the re-test or vice versa. There were only
two respondents who gave inconsistent responses in the re-test experiment. The
distance between the two responses was however relatively small. These responses

were consequently not regarded as inconsistent.

¥ If respondents ignored this request and switched to the previous page, they were excluded from the
experiment and were forwarded to the final standard page where they usually can change their contact
details and are instructed to exit the browser.
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An interesting finding was that in the re-test experiment, respondents needed a lower
number of clicks to form their response on the VAS than in the standard
questionnaire. These findings indicate that respondents, on average, exert a greater
effort to identify the initial marker position on the slider that corresponds best to their

economic confidence. A replication of their marker position costs them less effort.

5.2.2. The Estimation of the Imprecision Interval of the VAS

The means of the two VAS questions — “present economic situation” and “economic
expectations” — in the standard questionnaire and in the re-test experiment did not
significantly differ (see Annex, Table 1.8). These results indicate that when the
responses on the VAS are reproduced the error variance does not bias the aggregated

results.

The distance between the initial VAS response in the standard questionnaire and the
VAS response in the re-test experiment can be viewed as the imprecision interval of
the VAS and is calculated as the absolute difference between the two scores. Table
1.9 in the Annex shows the distribution of the VAS imprecision interval. As it was
easier for those respondents to meet the anchor position in the re-test experiment
whose VAS response in the standard questionnaire was on one of the three anchors
or close to them, the group of respondents whose marker position was farther away
from one of the anchors is displayed separately. A relatively high proportion of all
participants (25.4 percent in the variable “present economic situation” and 33 percent
in the variable “economic expectations’) met exactly the same marker position in the
initial VAS question and in the re-test VAS question. However, in 18 percent of
responses (48 responses) in the variable “present economic situation” and in 31
percent of responses (81 responses) in the variable “economic expectations” the
marker position on the slider was placed at one of the three anchors (the middle
anchor or one of the two extremes) or close to it (+/-1 point of the scale). Among
respondents whose marker position in the initial VAS question was not on one of the
anchors, the proportion of respondents who met exactly the same marker position

was also considerably high (18.5% in the variable “present economic situation” and
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22.4% in the variable “economic expectations). However, there were also six
outliers, 1.e. cases in which the first response differed from the re-test response by

more than 10 points on a 100-point scale.

Allover, more than 50% of the paired measurements were within 1 point of one
another, circa 90% were within 4 points, and circa 95% were within 6 points. These
results appear comparable to the results of similar medical studies. Bijur et al. (2001)
estimated the reliability of paired VAS measurements obtained 1 minute apart from a
convenience sample of adults with acute pain. At a 100mm VAS, 50% of the paired
measurements were within 2 mm of one another, 90% were within 9 mm, and 95%
were within 16 mm. The authors concluded that the VAS is sufficiently reliable to be
used to assess acute pain. DeLoach et al (1998) found lower re-test reliability with
30% of the paired measurements within Smm and 92% were within 20mm in a
sample of patients with acute postoperative pain. Wagner et al. (2007) in contrast
found a very small mean difference in the VAS score between tests of less than Imm

in their study of mountain sickness.

The mean difference between the initial VAS response and the re-test response is in
the present experiment 1.8 for the variable “economic situation” and 1.6 for the
variable “economic expectations” (see Table 1.10). Although the absolute difference
in both questions is significantly different from zero, this imprecision interval is
relatively small given a 100-point scale. As expected, the imprecision interval of
those respondents whose initial VAS response was on an anchor or very close to it is
significantly smaller, than the imprecision interval of respondents whose marker
position was farther away from one of the three anchors. In fact, the imprecision
interval is not significantly different from zero in the group of respondents whose
initial VAS response on the standard questionnaire was close to an anchor (0.56 for

the variable “economic situation” and 0.49 for “economic expectations”).
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5.2.3. Factors Explaining the Imprecision Interval of the VAS

In the following test it has been investigated which further factors are related to the
width of the imprecision interval in the re-test experiment. Allover, six variables
were included in the analysis. In the preceding analysis distance to an anchor and
position of the marker exactly on one of the anchors were found to influence the
width of the imprecision interval. The variable “distance to an anchor” ranged from
zero to a maximum value of 25 (given the middle anchor at point zero and the
extremes at -50 and +50). The variable “marker position at the middle anchor” was
included as a dummy. Further variables were: frequency of participation in the
survey during preceding eleven survey rounds with VAS questions in the standard
questionnaire, dummy variable identifying whether respondent had to be reminded
(1) or responded timely (0), the imprecision interval in the other variable and the
difference to the marker position of the other variable. The reason for including the
last variable in the model was that the marker position of the one variable could serve
as an additional anchor, as the two VAS variables were presented below each other
in the questionnaire. The marker in the first variable may serve as an anchor
particularly if the markers are in the same area of the scale. The imprecision interval
of the respondent in the other variable was included to test whether the imprecision
interval is correlated within respondents. The model was estimated by linear OLS.

The results are summarized in the Annex, Table 1.11.

As expected, the higher the distance of the marker position from one of the anchors
in the initial VAS question of the standard questionnaire, the higher the imprecision
interval. Also those respondents who had the marker at the middle anchor or close to

it (+/-1 points) had a lower imprecision interval.

Respondent’s experience with the survey is one of those factors that were found to be
significantly related to the imprecision interval in the variable “present economic
situation”. The more often a respondent had participated in the survey during the
experimental period of 11 survey rounds in which the VAS was included in the

standard questionnaire, the smaller was the imprecision interval on the VAS. This
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result is encouraging for panel-based surveys as it indicates that reliability of the

VAS increases in panel settings.

It has also been investigated whether respondents who had to be reminded and thus
may be less motivated to respond to the questionnaire in general and VAS
experiment in particular, have a higher imprecision interval. However, the fact
whether a respondent was in the group of participants who had to be reminded, had

no significant effect on the respondent’s imprecision interval.

Respondents who had a smaller imprecision interval in the variable “economic
situation” had a smaller imprecision interval in the variable on “economic
expectations” and vice versa, holding other factors constant. These results indicate
that the width of the imprecision interval varies stronger across individuals than
within individuals and may depend upon unobserved personal characteristics, as for
example age, participant’s computer skills or some external factors such as the
quality of the display or the mouse. This question is worth deeper investigations in

future research on the VAS application in social surveys.

The difference between the marker position in the variable “economic situation” and
the marker position in variable “economic expectations” had no significant effect on

the imprecision interval.

The factors included in the above model explain about 11% of the imprecision
interval variation in the variable “economic situation” and about 12% of the

imprecision interval variation in the variable “economic expectations”.

The overall results indicate that the VAS has a high re-test reliability, with an
impressively small imprecision interval, which is comparable or even smaller than

the estimates from medical studies and which declines in panel settings.
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5.3. Internal Consistency

5.3.1. Pairwise Correlations of the VAS and the Three-category Scale
with other Variables Measuring the Same Theoretical Constructs

In the first step, the variables present economic situation and economic expectations
measured by the three-category scale and the VAS were correlated with other
judgment and expectations variables measuring different areas of these same two
constructs. Table 1.12 in the Annex contains the Spearman’s rho pairwise
correlations between the variables “present economic situation” and ‘“economic
expectations” measured by the three-category scale and the VAS and the other
judgment and expectations variables from the standard questionnaire. As expected
the judgment variables are more strongly correlated with the assessment of the
present economic situation than with economic expectations and vice versa. The
differences in correlations of the three-category based measures and the VAS based
measures with the various dimensions of the present and future economic conditions
are relatively small. In the next step Cronbach’s alpha was used to assess whether the
various dimensions of the present economic situation and economic expectations can
be combined to a single common factor. The term “common factor” is here refering
to a latent variable that is measured by a set of items. The latent variable that is
measured by the set of judgment variables listed in Table 1.12 is the “overall
economic situation”. The second latent variable is the “overall economic situation in
the next six months”. Cronbach’s alpha estimates the extent to which a set of items
measures the latent variable. Technically speaking Cronbach’s alpha is the average
of inter-correlations among the items. As a rule of thumb, an alpha of at least 0.7 or
higher is required to establish indicator reliability (Peterson, 1994). The results of the
Cronbach’s alpha analysis are summarized in the Annex, Table 1.13. Only the
common factor “overall economic situation” shows a sufficiently high alpha of 0.78.
The alpha of the “overall economic expectations” capturing only four variables is
with 0.68 not sufficiently high to be used as a common factor. As result, only one
variable representing the common factor of the “overall economic situation” has been

constructed as the mean of the standardized values of seven variables from Table
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1.13. In the next step it is investigated, how strong the variable present economic
situation, measured by the three-category scale and the VAS, correlates with this

generated common factor variable.

5.3.2. Correlation of the Generated Common Factor with the Variable
“Present Economic Situation” Measured by the VAS and the Three-
category Scale

Table 1.14 contains two measures of association between the generated common
factor variable (overall economic situation) and the variable “present economic
situation” measured by the two scales (three-category scale and VAS). The
Spearman’s rho was again used as a rank based measure of correlation. However, as
the common factor variable comes close to an interval scale, the table contains also
R? that was calculated from the regressions of the common factor variable on the
variable “present economic situation” measured by the three-category scale and the
VAS. R? estimates the share of variance of the common factor variable that is
explained by the three-category scale variable or the VAS. The results are
summarized in the Annex, Table 1.14. Both measures of association with the
common factor variable are in almost all quarters, except Q3/2006 and Q1/2007,
higher if the variable is measured by the VAS. Although, the difference between the
measures of association of the common factor variable with the three-category scale
and the VAS based measurement of economic situation is not significant, on average.
However, all variables on the questionnaire are measured by three-category scales
and the correlation between them may be enforced by anchoring effects resulting in
higher correlation with the three-category based measure of economic situation.
Nevertheless, the VAS has demonstrated a high internal consistency reliability which

is not inferior to the traditional measurement.

5.4. Inter-rater Reliability

In the frame of the survey a group of economists is surveyed in each country. The

“between country variance” is the natural variation between the countries. The
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“within country variance” represents the error variance of the measurement, a
measure of disagreement between respondents within a country. The inter-rater
reliability measure ICC (intra-class correlation coefficient) is a measure of the ratio
of the “between country variance” and the total variance, including the “within
country variance”. The greater the ratio between these two components, the higher is
the ICC, which can take values between zero and one. The ICC can be computed by

a random effects ANOVA.

As the ICC coefficient is responsive to outliers with regard to the difference between
the individual value and the country mean, observations with individual’s value
deviating very strongly from the country mean — far above the limit of the upper
(99™) and the lower (1*) percentile — have been removed from the data set. However,
there were only few outliers in the dataset. In total only 22 of 2,341 observations
were dropped. Only countries with more than five respondents were considered in
the following analysis, in order to have a comparable measure of the within country
variance for different countries. The data set for the ICC analysis contained 1,319

responses from 26 countries and is summarized in Table 1.15 of the Annex.

Ideally the within country mean square variance is expected to be independent of the
variables absolute value. To test for heteroscedasticity the data have been plotted in a
scatter plot showing the deviation of the individual value from the quarterly country
mean as a function of the quarterly country mean. Independent of the country’s mean
level of economic confidence, the within country error variance appears to be

random (see Annex, Figure 1.6).

Table 1.16 in the Annex contains the detailed ANOVA results and the formula for
the computation of the ICC. The resulted ICC are summarized in Table 1.17. The
ICC coefficients are somewhat higher for the variable “present economic situation”
than for the variable “economic expectations”. This can be explained by the fact, that
ICC decreases as the “between country variance” decreases and the “within country
mean square variance” remaining stable. The variation of economic expectations
across countries is generally lower than the variation of the countries’ present

economic states across countries (see Table 1.16). This difference may be explained
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by the fact that economic expectations are more strongly influenced by global

economic sentiments than the countries’ present economic states.

The ICC measures are similarly high for both scales (Table 1.17). The two scales do
not significantly differ, on average, relating the inter-rater reliability (according to a
two-tailed t-test). The inter-rater reliability results indicate that despite a higher range
of response options, the VAS has a high power in measuring the differences of
economic confidence across countries. However, also the traditional three-category

scale is capable in distinguishing across countries, despite its limited range.

6. Discussion

Respondents’ motivation to use the VAS was high, as reflected by numerous positive
feed-backs in the comment field and participation in the VAS experiment, although
the positive experience applies to a canny application of the VAS in the survey.
There is a possibility that respondent compliance may be compromised with multiple
application of the VAS (VAS batteries), as has been experienced by Couper et al.
(2000).

The number of clicks suggests that respondents form the assessment on the VAS fast
and intuitively. A higher number of clicks in the variable “economic expectations”
reflects uncertainty about the future economic conditions rather than difficulties with
the analog scale and can be used in future research to derive additional uncertainty

measures on the variable of interest.

The results from the parallel-forms reliability analysis indicate that responses
elicited by the two scales are highly correlated. The analysis of the resulted time-
series reveals that the indexes derived by the three-category scale and the VAS are
highly correlated too. As this kind of reliability estimates can only establish evidence
on how strong two scales are corresponding to each other, but not respond to the
question, whether the scales contain a high error component in its measures, three

further reliability analyses have been undertaken.
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The test-retest reliability analysis demonstrated that the VAS has an impressively
small average imprecision interval of less than 2 points on a 100-point scale (more
50% of the paired measurements were within 1 point of one another, circa 90% were
within 4 points, and circa 95% were within 6 points). This imprecision interval does
not bias the aggregated results. The width of the imprecision interval decreases in
panel settings with respondents participating more often in the survey having a
smaller imprecision interval than irregular participants. In areas of the VAS which
were close to an anchor the imprecision interval was even not significantly different
from zero. The VAS test-retest reliability results correspond or are even better than
the findings in similar medical studies (Bijur et al. 2001, DeLoach et al, 1998,
Wagner et al, 2007).

Both scales were found to deliver internally consistent measures of the present
economic situation and economic expectations. Comparing the correlation
coefficients between the various questionnaire items and the variable “present
economic situation” measured by the three-category scale and the VAS, for the
majority of items the Spearman’s rho was higher when the variables were measured
by the VAS. From the set of items measuring various dimensions of the common
factor “overall economic situation” a common factor indicator was generated
applying Cronbach’s alpha. Both scales deliver measures of the variable “present
economic situation” that explain the common factor variable to a sufficiently high

degree.

The results of inter-rater reliability analysis usi