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Abstract

The inclusion of attitudinal questions in surveys to determine the effects of the psychological dimension is
becoming increasingly important in travel behavior research. However, the occurrence of response bias must be taken
into account when determining the psychological characteristics. Especially unmotivated participants have the option
to run different answer strategies in item sets that query attitudes. With this study, we analyze variations of response
bias and carry out an international comparison to identify cultural differences. For this purpose, we use a standardized
survey design conducted in Shanghai (China), Berlin (Germany) and San Francisco (USA) and investigate response
behavior to psychological questions. Different measurement methods are used to identify certain response patterns.
By modifying an existing algorithm, we combine several aspects of response bias into one indicator. Based on an
ordered logit regression, we analyze factors influencing response behavior. As a central outcome, people from
Shanghai and San Francisco tend to show more suspicious response behavior than people from Berlin. Since the
transferability of surveys has to be seen against the background of different linguistic and cultural interpretations, we
investigated these peculiarities through a qualitative follow-up study in China. We conclude that international studies
must also take into account social and cultural conditions, since a mere translation of attitudinal questions is not
enough. This paper underlines the importance of such studies of response behavior, especially in an international
comparison, in order to allow interpretations of survey results. Hints and recommendations for further research are
given.
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1. Introduction

In travel behavior research, the inclusion of attitudes in surveys to determine the impact of the psychological
dimension is becoming increasingly common. Furthermore, by means of advanced analytical methods such as
Structural Equation Models (SEM) and Hybrid Choice Models (HCM), the relevance of attitudes and norms gains
importance. However, the occurrence of response bias must be taken into account when determining and analyzing
the psychological characteristics.

Often participants have to answer attitudinal items using Likert Scales, i.e., given options. Since such items are
commonly queried in batteries, a grid structure applies. This structure enables the participants to answer the questions
quickly and easily. Nevertheless, this also allows quick answering without reading the questions, which leads to
falsified data and low quality. VVarious methods are used in research to identify suspicious response behavior. For
example, a frequently used hint to identify bad data and response bias is “straightlining”. Each statement is given the
same response category on the Likert Scale, which results in a vertical line. Although it is relatively simple to identify,
the occurrence and effects of straightlining are understudied” (Kim et al. 2018). In general, there are several methods
to measure straightlining, which differ with regard to the definition of non-differentiation and the complexity of the
calculation. As far as to our knowledge, only a few surveys identify response bias of people in an international context
and therefore investigate this issue in an intercultural comparison.

This paper meets this research gap and presents an analysis of a survey that was undertaken in cities in three
different countries: San Francisco (USA), Berlin (Germany), and Shanghai (China). With this research, we aim to
investigate whether possible response biases result from different response strategies or if any differences between the
cultures can be observed. It is of further research interest to identify the factors influencing response bias. With the
standardized psychological item set, which we use for our further analyses, the respondents’ attitudes towards different
transport modes as well as their motives for car use were surveyed. By analyzing the available data, we calculate and
use indicators for identifying response bias in the attitudinal item set and offer a comparison of response behavior in
an intercultural context. Due to the cultural conditions, including languages as well as values in the respective societies,
we expect differences in the response behavior. Both content-related peculiarities, such as the tendency to agree or
reject all statements, as well as visual bias, e.g., straightlining, are of interest. For this purpose, we present basic
measurement methods such as standard deviation as well as methods that combine several types of response bias in
one value. Furthermore, the extent of the identified bias is analyzed and discussed with regard to the three different
countries. A regression analysis helps to identify characteristics that show effects on the response behavior. Since we
expect the greatest difficulties in the survey in China with regard to the intelligibility of the questioned attitudinal
items, we investigated this issue in a detailed qualitative analysis. This allows a link between the understanding of the
questions and the emerging response bias.

Our paper is structured as follows: First, we review the literature to find out how to measure bias and which studies
exist that compare response behavior in different cultural contexts. Second, we calculate various measurements with
the data to identify suspicious response behavior. We also compare response behavior between the surveyed cities.
Third, we describe the application of a regression analysis to identify the factors influencing response bias. Finally,
for a deeper insight into the response behavior of people from China, we present a qualitative follow-up study.

2. Literature review

For almost one century, researchers have used Likert Scale formats to quantify the respondents’ attitudes and
behaviors in a scientific and validated way (Joshi et al., 2015). In this format, the various items are arranged one below
the other, with the different response categories - typically “does not apply” to “applies” - displayed in columns next
to them (Loosveldt and Beullens, 2017). The grid format of questions formulated in a Likert Scale might affect
respondents to answer the questions of an item block in a particular visual pattern, independent of the item’s content.
Consequently, different types of response bias might arise (van Vaerenbergh and Thomas, 2013). In line with this,
Weijters et al. (2010) found an impact of scale formats on response behavior and “misresponse to reversed items”
when investigating the effects of numbering and labeling of response categories. Further, Schonlau and Toepoel (2015)
examined the impact of the participant’s experience itself on straightlining. Respondents who are familiar with
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answering surveys might either learn how to interpret questions over time and therefore make fewer mistakes or even
show maore response errors because of a more strategical answer style. They found evidence for the latter hypothesis:
straightlining increases with the respondent’s experience in answering surveys (Schonlau and Toepoel, 2015). In
addition, Loosveldt and Beullens (2017) investigated the impact of interviewers on straightlining and non-
differentiation and found evidence of a significant influence of the interviewers in most of their observed European
countries. Consequently, besides the respondent’s enthusiasm in answering a survey, response style is also biased by
situational factors such as face-to-face interviews.

However, in 1988 Flaskerud questioned if the Likert Scale format could also be culturally biased (Flaskerud, 1988).
Since then there have been some studies with cross-cultural comparisons between Eastern and Western countries,
especially within East Asian and North American cultures. For instance, Chen et al. (1995) surveyed Japanese,
Taiwanese, US American and Canadian students to test the relation between the cultural dimension and the response
style. Lee et al. (2002) argued that the “construct validity of a Likert-measured variable might be restricted to specific
cultures” for which they examined response behavior among Californians who self-identified as Chinese, Japanese
and Americans as well as the impact of the number of scale choices. Both found some evidence that East Asian
respondents have a greater tendency to choose the midpoint and a weaker tendency to choose extreme responses
whereas American respondents were more likely to use extreme values (Chen et al., 1995; Lee et al., 2002). Both
studies reinforced a relationship between culture and response style, although Chen et al. (1995) found no evidence
that the use of the midpoint or extreme value provides a significant representation for cross-cultural differences. After
Hofstede conducted a country-level factor analysis with IBM-employees to examine the level of aggregation in
different cultures in the late 1960s, he derived six dimensions that are known as Hofstede’s Model. Since then,
researchers draw upon the third dimension of Hofstede’s Model (Individualism/ Collectivism) to explain the above-
mentioned cross-cultural heterogeneity. To characterize the level of people’s inclusion into groups, this dimension
distinguishes between individualistic and collectivistic cultures (Hofstede, 2011): According to the model,
individualists are expected to rather look after themselves. Hence, their self-conception is independent of the social
context which often leads to answers in extreme values (Hofstede, 2011; Watkins and Cheung, 1995). By contrast,
collectivistic societies are characterized by strong, cohesive in-groups who prefer to rate harmony and modesty
(Hofstede, 2011; Watkins and Cheung, 1995). Individual opinions are predetermined by peers which leads to a higher
tendency to choose the midpoint in a Likert Scale (Chen et al., 1995; Hofstede, 2011; Watkins and Cheung, 1995).
Smith (2004) compares some cross-cultural studies on response tendencies and considers them in the context of
communication styles.

While several studies on either the response behavior and its measurement or cross-cultural differences have been
conducted, to our status of knowledge there have been little empirical investigations into the combination of both. As
psychological item sets are increasingly used in various studies, and international comparisons are carried out, it
becomes relevant to compare response data in different cultural contexts on the one hand and to conduct studies on
response behavior on the other. This study attempts to close this knowledge gap and thereby provides helpful insights
for prospective surveys.

3. Data and survey design

The analysis presented in this paper is based on a unique data collection approach, especially in terms of capturing
comprehensive information related to individual attitudes and travel behavior. The study was undertaken in Berlin,
San Francisco and Shanghai with a principally identical questionnaire and deals with the comparison of urban mobility.
Our survey approach used comprises two survey components: travel behavior and psychological factors. The survey
collects information on typical activities and mode choices using a travel skeleton approach. To create a cost-effective
survey alternative to trip diaries and to keep respondent burden on a reasonable level, we developed a travel skeleton,
which focuses on the collection of typical elements of everyday travel. The skeleton provides a reasonable compromise
between the level of detail needed and the required effort to survey travel behavior. A quota sampling regarding age,
gender, household size, and net income was conducted to develop a representative survey group for each captured city.
An access-panel with telephone screening was used to recruit persons. An on-street recruitment was additionally
applied in Berlin and San Francisco. The survey aimed to capture behavior and psychological factors of individuals
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above the age of 17 and, as far as possible, for the whole household. For detailed information as well as applications
of the survey data, please refer to von Behren et al. (2018) and Magdolen et al. (2019). In addition, we used
standardized psychological item sets to investigate respondents’ attitudes towards different transport modes as well as
motives for car use. The survey was implemented as a Computer Assisted Personal Interview (CAPI), while the
respondents themselves answered the psychological item sets on attitudes and motives. In this section, we describe
these psychological items, which are the basis for our subsequent analyses.

Essential elements of mobility cannot be explained solely by observing travel behavior. Our assumption, based on
existing research, is that travel behavior can be better understood when we know more about people’s attitudes towards
different transport modes, and their motivations for car usage. In our study, we used 27 items on attitudes, norms and
control beliefs developed and applied by Hunecke et al. (2007). In addition, we used a standardized set of items with
eleven questions on motives for car use by Steg (2005). Altogether 38 psychological questions were asked (see Table
1), based on a Likert Scale format. The questions were translated and pre-tested by a professional market research firm
(Spiegel Institut). The later field work was carried out by this firm, as well.

Table 1. Psychological Items

Used psychological items

Psychological constructs Items Questions
Public transportation PTP1 In public transportation people sometimes come too close to me in an unpleasant manner.
privacy (PTP) PTP2 In public transportation my privacy is restricted in an unpleasant manner.
PTA1 I can structure my everyday life very well without a car.
. . PTA2 I can take care of what | want to with public transportation.
Public transportation It is difficult for me to travel the ways | need to go in everyday life with public transportation instead
autonomy (PTA) PTA3
of by car.
PTA4 If | want, it is easy for me to use public transportation instead of a car to do my things in everyday life.
PTE1 | appreciate public transportation, because there is usually something interesting to see there.
Public transportation PTE2 | can easily use the traveling time on the bus or train for other things.
excitement (PTE) PTE3 I like to ride buses and trains, because | don't have to concentrate on traffic while doing so.
PTE4 I can relax well in public transportation.
Public transportation PTI1 It is my intention to use public transportation instead of a car for the things | do in everyday life.
intension (PTI) PTI2 I have resolved to travel the ways | need to go in everyday life using buses and trains.
SN1 Pe_ople whq are importaqt to me think it is good if | would use public transportation instead of a car for
Subjective norm (SN) things I do in everyday life.
SN2 People who are important to me think that | should use public transportation instead of a car.
PN Due to my principles, | feel personally obligated to use eco-friendly means of transportation for the
Personal norm (PN) things | do in everyday life.
PN2 | feel obligated to make a contribution to climate protection via my choice of transportation.
CE1l Driving a car means fun and passion for me.
Car excitement CE2 Driving a car means freedom to me.
(CE) CE3 When 1 sit in the car | feel safe and protected.
CE4 Being able to use my driving skill when driving a car is fun for me.
Perceived mobility PMN1 My everyday organization requires a high degree of mobility.
necessities (PMN) PMN2 I constantly have to be mobile in order to comply with my everyday obligations.
Bicycle excitement BE1 I like to be out and abo_ut_by bikg.
(BE) BE2 I can relax well when riding a bike.
BE3 I ride a bicycle because | enjoy the exercise.
Weather resistance WR1 I don't like to ride my bike when the weather is cool.

(WR) WR2 I also ride my bike when the weather is bad.
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CM1 | feel free and independent when | drive a car.
CM2 A car can communicate status and prestige.
CM3 The characteristics of a car can show who and what | am.
CM4 It doesn't matter to me what vehicle type | drive.
. CM5 The functioning of a car is more important to me than the make of a car.
Car use motive (CM) CM6 A car is primarily a means to an end for me.
CM7 I like to drive a car.
CM8 There are dream cars that | would like to drive once.
CM9 You can draw conclusions about a person from the car.

CM10 The make of a car is important to me.
CM11 I only use a car to get from A to B.
Likert Scale: 1 = does not apply; 2 = rather does not apply; 3 = applies in part / does not apply in part; 4 = rather applies; 5 = applies

As we want to compare the data from the three cities with each other in the following, the different characteristics
of the samples have to be taken into account. In Table 2 sociodemographic characteristics of the participants from San
Francisco, Berlin and Shanghai, are analyzed. In terms of gender, we see a smaller number of male participants in
Shanghai compared to the other two cities. Nevertheless, the level is roughly the same. Regarding age, the sample is
younger in Shanghai. In San Francisco, in contrast, 25% of the participants are 60 years or older. In Berlin, a
particularly large number of participants with a Bachelor’s degree or higher is noticeable. When comparing the
occupation, we see high rates of full-time and part-time employment in all three cities. In the sample from Shanghai,
we find the most retired people, whereas in Berlin the proportion of students is the highest. Differences in the
characteristics of the participants from the three cities become clear. The particularities of the samples should be
considered in the interpretation of the following analyses.

Table 2. Sociodemographic characteristics of the sample

Shanghai San Francisco Berlin
Sample Size 600 600 600
Characteristics in %
Gender Male 44.33 50.50 48.50
Age Younger than 35 34.67 28.50 33.50
Older than 59 14.00 25.00 23.00
Education Bachelor degree or higher 67.17 51.83 75.50
Occupation Full-time + part-time employed 62.83 56.33 54.17
(Early) Retired 25.50 19.50 18.33
Student 7.17 7.67 12.50

4. ldentification of response bias

With the available set of 38 items, we are able to calculate indicators that quantify straightlining in response
behavior. It is important not only to identify pure straightlining but also generally suspicious response patterns. For
example, a person who answers 37 out of the 38 items on the same response category shows no pure straightlining.
However, this response behavior is unlikely and should be classified as poor data quality. Furthermore, the
consideration of reversed questions in our data set is essential. These reversed questions, which address the same
aspects as the corresponding questions, are helpful in identifying contradictions as they are formulated in an opposite
manner compared to the original questions. As the survey was conducted in the three cities Berlin, Shanghai and San
Francisco, the data offer the prerequisites for a direct intercultural comparison. In the following, we present a
descriptive analysis of the response behavior in the three cities. First, we examine the mean values of each item in the
cities to identify indications for differences between them. The used indicators for measuring response bias and their
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calculation are described in the following section. Based on this, we compare the response behavior of the people
from the different cultural contexts and discuss main results.

4.1. Differences in the responses of the items

An indication for the usefulness of our study, especially the comparison of responses in the three different cities, is
represented in the means of the answers per item. Divergent values of the participants of one city in comparison to the
others serve as a signal of a different understanding and interpretation of the questions. However, different answers
can also be related to certain response behavior and response patterns. In this case, the content may not play the primary
role in answering the attitudes. By examining the mean values per item, we determine whether differences between
the cities are observable and whether an international comparison is a suitable approach in the following. The mean
values of each item are shown in Table 3. The items were surveyed by using a 5-point Likert Scale, in which 1 indicates
“does not apply” and 5 “applies”. Therefore, the higher the mean value, the higher the agreement to the statement in
the respective city. “No Answer” was not taken into account in the calculation of the mean values. As a result, the
sample sizes vary between 337 and 599 within the cities, depending on the item and city.

The list reflects the original order in the survey, which is adapted from the studies by Hunecke (2007). In the item
set, several questions refer to the same psychological construct. For example, the items WR1 and W2 both represent
the construct Weather resistance (see Table 1). In the standardized questionnaire, the items of one psychological
construct are not queried directly one after another. This serves on the one hand to maintain the attention of the
participants and on the other hand to prevent the reversed questions, which can be used for control purposes, from
being too obvious. The mixed order does not apply to the eleven motives for car use. These were asked directly one
after another in a separate item battery. Since the attitudes and motives were listed in sequence in the questionnaire,
we assume a joint grid structure for further analyses.

Table 3. Mean values of the items in each city

Items Shanghai San Francisco Berlin
Perceived mobility necessities 2 PMN2 4.05 2.64 3.42
Public transportation autonomy 1 PTAL 3.63 3.25 3.81
Subjective norm 1 SN1 3.42 2.35 2.96
Public transportation excitement2 ~ PTE2 3.26 2.73 3.43
Public transportation privacy 1 PTP1 3.12 2.25 3.06
Bicycle excitement 1 BE1 3.43 2.14 3.70
Public transportation excitement3 ~ PTE3 3.22 2.69 2.76
Car excitement 1 CE1l 2.99 2.93 2.96
Public transportation intension 1 PTI1 3.12 2.57 3.29
Bicycle excitement 2 BE2 3.50 2.20 3.40
Public transportation autonomy 2 PTA2 3.63 2.92 3.73
Perceived mobility necessities 1 PMN1 3.88 2.69 3.44
Public transportation excitement1 ~ PTE1 3.51 2.73 291
Weather resistance 1 WR1 3.82 1.98 3.83
Car excitement 2 CE2 3.75 3.84 3.50
Public transportation intension 2 PTI2 3.57 2.56 3.02
Public transportation excitement4  PTE4 3.53 2.63 3.48
Car excitement 3 CE3 3.25 3.11 3.27
Public transportation autonomy 3 PTA3 2.89 2.48 2.23
Personal norm 1 PN1 3.90 2.79 3.25
Car excitement 4 CE4 3.07 2.92 3.06
Public transportation privacy 2 PTP2 2.89 2.15 2.73
Public transportation autonomy 4 PTA4 3.56 2.98 3.92

Bicycle excitement 3 BE3 3.63 2.13 3.63
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Personal norm 2 PN2 3.92 2.82 3.26
Weather resistance 2 WR2 2.49 1.65 2.58
Subjective norm 2 SN2 3.29 2.29 2.64
Car use motive 1 CM1 331 3.28 3.30
Car use motive 2 CMm2 3.48 2.82 3.28
Car use motive 3 CM3 3.34 2.58 2.33
Car use motive 4 CM4 2.89 2.60 3.33
Car use motive 5 CM5 3.81 3.61 4.20
Car use motive 6 CM6 3.78 2.86 4.15
Car use motive 7 CMm7 3.01 3.40 3.64
Car use motive 8 CM8 3.43 3.37 2.78
Car use motive 9 CM9 3.37 2.79 3.14
Car use motive 10 CM10 3.40 3.02 2.36
Car use motive 11 CM11 3.14 3.06 3.87

Items in original order of the survey

When looking at the mean values in Table 3, there is a variation of the values across the 38 examined items and the
three cities. The very first item PMN2 (Perceived mobility necessities) shows large differences. In Shanghai, there is
a high agreement with the statement while people from San Francisco tend to reject this item. We see similar results
at PMIN1, PN1, and PN2 (Personal norm). Overall, it appears that lower categories were chosen in San Francisco.
CE2 (Car excitement) is the only item, where people from San Francisco have the highest mean value compared to
Shanghai and Berlin. We also observe very low values for WR1 and WR2 (Weather resistance) in San Francisco. The
comparatively low values for BE1, BE2, and BE3 (Bicycle excitement) are therefore not surprising. In Berlin, we
mainly find averages above 3.0, which indicates a tendency towards more agreement with the statements. The highest
values are CM5 and CM6 (Car use motives), the lowest values are CM3 and PTAS3 (Public transportation autonomy).

The diverging mean values illustrate differences between the three surveyed cities. This may be due to cultural
influences and socialization, e.g., the status of the car in the USA. In addition, differences in the sociodemographic
characteristics should be considered (see Table 2). Different answers can also be based on the wording of the questions
and the translation from German into English and Chinese, which may involve a change in meaning. A further reason
could also be different response behavior in the three countries. People from one country may tend to specific response
patterns independent of the content of the statements. In order to investigate these possible explanations, we present
in the next sections an approach for the detection of response bias in an international context.

4.2. Measurement of response bias

The grid format of a Likert Scale makes it easy to reveal special response patterns. There are numerous response
patterns, including straightlining, which is defined as the tendency to answer all items within a block of questions
identically — independent of the item’s content (Loosveldt and Beullens, 2017). In this respect, straightlining can arise
in different patterns and strengths. Pure straightlining “occurs when the selected answers are in a perfect vertical
[straight] line™, representing no dissimilarity (Kim et al., 2018; Loosveldt and Beullens, 2017; Schonlau and Toepoel,
2015). For the present research, we decided to focus primarily on three variations of straightlining: Acquiescence,
which means that the respondent chose response category 5 (applies) all the time; Disacquiescence, which is the
opposite of Acquiescence; and Central Tendency, which is defined as a vertical line in the absolute middle of the
response categories. As it is highly unlikely that respondents answer 38 items identically, we broaden the conditions
mentioned above to identify even weaker signs of response bias. Response categories were clustered together and
named Near Acquiescence (4+5), Near Central Tendency (2+3+4) and Near Disacquiescence (1+2). Table 4 gives an
overview of the observed response styles.
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Table 4. Response styles

Response Style Definition Response Pattern
Category

Disacquiescence Tendency of total disagreement 1 @0000
Near Disacquiescence Tendency of mild disagreement 1+2 00000
Central Tendency Tendency to choose the middle response category 3 00000
Near Central Tendency Tendency to never choose extreme response categories 2+3+4 o] [ | J@]
Acquiescence Tendency of total agreement 5 O000e
Near Acquiescence Tendency of mild agreement 445 (elele] I )

We assume that a straightlining pattern does not automatically imply a response bias but might also reveal the true
respondent’s attitude. Schonlau and Toepoel (2015) distinguish between plausible and implausible straightlining. The
former occurs when the given answers within a question block may indeed be appropriate for the respondents.
However, some item blocks contain reversed questions, which are formulated in the opposite way as the previous
ones. In that case, a straightlining pattern is implausible, especially for the response styles Acquiescence and
Disacquiescence.

According to Loosveldt and Beullens (2017), there is “no evident simple and univocal measurement” for
straightlining. Therefore, we decided to apply various simple and complex methods and indicators to quantify response
bias. Table 5 gives an overview of the indicators applied. In the following, it has to be differentiated between two
types of indicators: indicators that are calculated with the value of response, e.g., Standard Deviation, and indicators
that are based on a visual pattern in the grid, e.g., Maximum Sequence. The latter describes differences between the
previous, the present and the following answer. For all measurements and subsequent analyses, we used tools and
procedures given in SAS 9.

To identify response bias, we calculated different indicators (see Table 5). The first indicator measures the Standard
Deviation for each respondent. A low Standard Deviation indicates straightlining: the selection of the same response
category across all items results in a Standard Deviation of 0. The second indicator Deviation Previous describes the
average distance between two subsequent answers. A result of 0 demonstrates that the respondent answered all items
the same (Loosveldt and Beullens, 2017). To examine the tendencies to agree or disagree, we quantified as a third
indicator for each person how often he or she chose each response category. It was calculated for each response style
described in Table 4. For example, the response style Central Tendency investigates the proportion of items, where
response category 3 was chosen. Therefore, the order of the responses was not considered. A high value in a response
style indicates a higher tendency towards straightlining and therefore response bias.

Leiner (2013) developed an algorithmic measurement in the manner of a utility analysis based approach to detect
visual patterns in Likert Scale formats by a scoring system. For the measure, he assigns “(penalty) points” to each
person. The individuals get one point if two subsequent items receive the same answer, which detects straightlining
patterns. Further, individuals get one more point if the change between subsequent items is the same as the recent
change to detect diagonal lines. Finally, half a point is distributed if the change is the same as the next-to-recent change
to detect left-right clicking. The points are accumulated for each person. In our study, the maximum score for the
indicator Algorithmic Measure is 38 points. Since some of the items in our questionnaire represent reversed questions,
we also took them into account when identifying response bias. Therefore we developed a modification of the
Algorithmic Measure. In order to punish respondents who answered the integrated reversed questions in an opposite
way than the corresponding question, additional penalty points were awarded. This kind of biased answering indicates
a poor reading or understanding of the statements. In the case of reversed questions straightlining is largely implausible
and indicates poor data quality (Schonlau and Toepoel, 2015). The items within the constructs Weather resistance
(WR1 and WR2) and Public transportation autonomy (PTA2 and PTA3) are formulated reversely. The agreement on
one item indicates a rejection of the other and vice versa. Therefore, respondents that agreed or disagreed both items
within the constructs received 2 penalty points. 5 penalty points were distributed if the items within the psychological
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constructs Subjective norm (SN1 and SN2), Personal norm (PN1 and PN2) and Public transportation privacy (PTP1
and PTP2) were not both agreed or disagreed. In these constructs, the questions have the same orientation. Therefore,
both items should be agreed or rejected for a consistent response. With the extra punishment, we extended the
Algorithmic Measure with 19 additional points. The maximum value of the Modified Algorithmic Measure is therefore
47. The last indicator, Maximum Sequence, counts the maximum number of subsequent items with the same response
for each individual. Thus, the absolute value is used, and the order of responses is considered (Loosveldt and Beullens,
2017). A result of 38 indicates the same response of all items, no matter which response category was selected.

Table 5. Indicators used to identify response bias

Measurement Description

Standard Deviation Degree to which respondents differentiate between questions

Deviation Previous Average distance between two subsequent answers. The order of responses is considered
Tendency to Agree/ Frequencies of the categories chosen per respondent

Disagree

Algorithmic Measure Algorithmic measure based on a scoring system developed by Leiner:

1 point if two subsequent items receive the same answer

1 point if the change between subsequent items is the same as the recent change

0.5 points if the change is the same as the next-to-recent change
Modified Algorithmic An expanded scoring system by penalty points for control questions, in addition to Leiner’s algorithmic
Measure measure described above:

2 penalty points if the items WR1 & WR2 and PTA2 & PTA3 were not answered in a consistent manner

5 penalty points if the items SN1 & SN2, PN1 & PN2 and PTP1 & PTP2 were not answered in a consistent

manner

Maximum Sequence Maximum number of subsequent items with the same response. The order of responses is considered

Sources: (Kim et al., 2018; Leiner, 2013; Loosveldt and Beullens, 2017)

One main issue in examining response bias in Likert Scale item sets is the response category “No Answer”, which
is given in our survey as the sixth category next to the 5-Point Likert Scale. When analyzing the visual patterns of the
responses, the contextual significance of “No Answer” plays a minor role. Primarily, it is another response category
in which a certain pattern may occur. Therefore, the indicators that examine visual patterns (Deviation Previous,
Algorithmic Measure, Modified Algorithmic Measure and Maximum Sequence) include “No Answer” as a sixth
category. For indicators that consider the values of the response category, the option “No Answer” was ignored in our
analysis. The total exclusion of respondents from our analysis who chose “No Answer” was not useful, as a high
number of respondents would have been eliminated. In addition, respondents with high proportions of “No Answer”
could be important for our cross-cultural comparison later in this study.

4.3. Comparison of measured response bias between the cities

We applied the indicators and measurements described above to our data set. As a result, each individual obtained
a value for each indicator. In order to determine whether there are differences between the response behavior of the
participants from Shanghai, San Francisco and Berlin the mean value of all participants within each city was calculated.
Table 6 shows the results. In addition to the mean value, the 25% and 75% quantiles are given for each city to reflect
the dispersion of the values. Furthermore, a cut off is specified for each indicator. The cut off defines the threshold at
which the answers are likely to be of low quality (Leiner, 2013). In our case, we chose the median value of the total
sample as a cut off value. This does not apply to the Standard Deviation (cut off < 1.0) and the Mean Response of all
Items (cut off < 3.0). For each city, the percentage of the 600 respondents with a worse value than the cut off is given.

Both the Standard Deviation and Deviation Previous are lowest among people from Shanghai. In comparison,
people from Berlin show a higher variance in their answers. The examination of the Maximum Sequence identifies
participants from San Francisco with the highest average value. 59% have more than four identical successive
responses. In Shanghai it is 51%, and in Berlin it is only 27% of the participants.
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Table 6. Response bias indicators

Shanghai San Francisco Berlin
Mean / 25% Q1 - Mean / 25% Q1 - Mean / 25% Q1 -
Proportion  75% Q3 Proportion  75% Q3 Proportion  75% Q3
Response Bias Measurements
Standard Deviation 1.04 (0.81; 1.27) 14 (1.20; 1.68) 1.39 (1.17; 1.61)
Cut Off < 1.0 42.50% 14.33% 8.83%
Deviation Previous* 1.24 (0.95; 1.51) 1.34 (1.03; 1.73) 1.54 (1.27; 1.81)
Cut Off <1.41 64.33% 49.00% 34.33%
Maximum Sequence* 5.85 (3;8) 7.27 4,9 3.78 (3; 4)
Cut Off > 4.0 51.00% 59.00% 22.17%
Mean Response on all ltems 3.45 (3.14; 3.76) 2.75 (2.37; 3.16) 3.25 (2.97; 3.53)
Cut Off <3.0 15.17% 65.00% 26.67%
Algorithmic Measure* 15.68 (12.5; 19.0) 17.28 (12.5; 21.0) 12.71 (10.5; 14.5)
Cut Off > 14 56.33% 60.50% 30.67%
Modified Algorithmic
Measure* 18.54 (14.5; 22) 20.85 (15.5; 25.25) 14.87 (12.0; 17.5)
Cut Off > 17 56.00% 62.83% 26.00%

Tendencies to Agree or Disagree (Average % of all ltems)

Acquiescence 14.96% (3%; 24%) 21.85% (8%; 32%) 26.62% (13%; 37%)
Cut Off > 30% 15.83% 28.17% 41.17%

Near Acquiescence 49.34% (37%; 61%) 32.85% (21%; 45%) 46.30% (37%; 55%)
Cut Off > 30% 87.00% 56.17% 89.83%

Central Tendency 17.25% (5%; 26%) 16.19% (3%; 24%) 18.80% (11%; 26%)
Cut Off > 30% 18.83% 17.33% 16.00%

Near Central Tendency 62.05% (47%; 79%) 40.89% (18%; 61%) 51.98% (34%; 68%)
Cut Off > 30% 88.17% 62.00% 78.67%
Disacquiescence 8.77% (0%; 11%) 33.27% (13%; 50%) 17.54% (8%; 26%)
Cut Off > 30% 8.67% 50.17% 17.00%

Near Disacquiescence 19.17% (8%; 29%) 46.90% (32%; 61%) 31.07% (21%; 39%)
Cut Off > 30% 21.17% 77.83% 50.00%

No Answer 14.20% (0%; 29%) 4.07% (0%; 0%) 3.91% (0%; 3%)
Cut Off > 30% 21.17% 5.17% 2.50%

* No Answer (NA) is included as a sixth response category

We also examined the average answer to all 38 items within each city. For San Francisco, a value of 2.75 indicates
the tendency to reject the questioned statements. The values above 3.0 in Shanghai and Berlin indicate a tendency to
agree with the attitudinal items. The Algorithmic Measure, as well as the Modified Algorithmic Measure, also identify
people from San Francisco with the highest values. Both indicators combine different aspects of response bias into
one value (see Table 5). In the Algorithmic Measure, 14 penalty points out of 38 possible points are seen as cut off. In
the Modified Algorithmic Measure, it is 17 out of 47. The results are, as expected, very similar. More than 60% of the
people from San Francisco hit these cut off values. While it is also about 56% of the respondents from Shanghai, the
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most participants from Berlin have values below the cut off and show on average the fewest penalty points. The
Modified Algorithmic Measure is of special interest. In addition to the more or less visual response bias (e.g., identical
successive responses), it takes contradictive answers on similar statements into account. The additional penalty
highlights the differences between the cities. We see an increase in values, which is greatest in San Francisco. There,
the participants answered the most contradictorily compared to Shanghai and Berlin. The smallest increase in the
Modified Algorithmic Measure is observed for people from Berlin, who continue to show the lowest level of penalty
points. The differences in the mean values of the measurement indicators may also be due to different market research
methods and sampling strategies in the three cities. However, these effects cannot be separated from those of the cross-
cultural impacts.

The second part of Table 6 shows the Tendencies to Agree or Disagree with the statements. The terms are defined
in Table 4. 30% was chosen as cut off for all response tendencies, as we regard this as a critical value. People with a
value above 30% have given an identical answer to at least 12 of the 38 questions. The results indicate a Central
Tendency of the people from Shanghai. On average, 17.25% of the responses are given in category 3. Taking the
responses in the categories 2, 3 and 4 (Near Central Tendency) into account, the mean proportion is over 60%. People
from Shanghai, therefore, tend to select the extreme response categories rarely. The participants from the USA show
the largest values for Disacquiescence and Near Disacquiescence in the international comparison. The participants
tend to reject the questioned statements. In Berlin, we find the largest proportion of “Yes-Sayers”. On average, 26.62%
of the given responses are in category 5. Examining the indicator Near Acquiescence, we see a strong increase in
Shanghai. With an average of 49.34% of all answers, the value is on the same level as in Berlin (46.30%). This reflects
a high selection of category 4 as a response in Shanghai. In addition to the five categories (does not apply - applies),
there was also the option “No Answer”. We also examined how often this answer was chosen on average. The results
show the highest share in Shanghai. On average, 14.20% of the responses are “No Answer”. In Berlin and San
Francisco, it is only about 4%.

The examination of Acquiescence, Central Tendency and Disacquiesence identifies a certain tendency for each city.
The tendency of the participants from Shanghai to select central categories, as well as the tendency of the people from
San Francisco to select extreme response categories (Disacquiescence) are in line with the results from previous
literature (Chen et al., 1995; Lee et al., 2002). The calculated indicators to identify response bias in the item set show
people from Shanghai and San Francisco to be more likely to follow certain patterns. Above all, we see higher values
than in Berlin for the Modified Algorithmic Measure, which takes different types of response bias into account.

5. Regression analysis

After calculating and interpreting different measures, we consider the Modified Algorithmic Measure for more in-
depth analysis, as it accounts for different types of response bias. For the analysis, we split up the Modified Algorithmic
Measure value range into “low”, “medium” and “high”. We named the resulting variable Leiner Value. For a high
Leiner Value, respondents need a Modified Algorithmic Measure score greater than 26.0 and for a low Leiner Value a
score less than 19.0. We applied an ordered logit model to examine influencing factors on response behavior. In our
case, the dependent variable is the calculated Leiner Value, which describes suspicious response behavior
comprehensively. As the Leiner Value is an ordinal scale, the application of an ordered logit model ensures
interpretability. We analyzed the effects of person and household related variables (i.e., gender, age, occupation status,
educational level as well as household income, car availability, household type) coded as dummy variables (see Table
7). The variable LowEducated_dummy describes people with a vocational qualification or less.
HouseholdTypel_dummy represents a household with 1 or 2 persons, with at least one professional and no children.
HouseholdType2_dummy has the same characteristics but without employed people in the household. In addition, we
also consider a city-specific variable and examine whether it has an influence that people come from San Francisco
or Shanghai in comparison to Berlin. We have also considered an interview specific variable that describes how many
interviews an interviewer has conducted in the survey. Interviewers with more than 80 interviews are more practiced
and get a value of 1 at InterviewerExperience_dummy.

Table 7 illustrates results including estimates, significance levels, and goodness-of-fit values. Positive estimates
imply that high variable values increase the utility and tend to a lower Leiner Value. Negative estimates imply that
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high variable values reduce the utility and thus a higher Leiner Value is likely. As in the descriptive analysis, the
significant role of the city-specific context becomes evident in the regression model. Both variables: Shanghai_dummy
and SanFrancisco_dummy have a negative significant value and increases the probability of suspicious response
behavior with a high Leiner Value in comparison with Berlin.

Table 7. Ordered logit results

Standard Wald
Variables Estimates Error Chi-Square
Intercepts
Intercept 1 0.4372 * 0.2103 4.3232
Intercept 2 22717 *** 0.2171 109.4728
Countries
Shanghai_dummy -2.0189 *** 0.1978 104.2245
SanFrancisco_dummy -2.554  F** 0.202 159.849
Person-specific variables
Retired_dummy -0.9298 *** 0.1582 34.5354
Male_dummy 0.1731 0.1016 2.903
Ageunder35_dummy 0.2473 * 0.1226 4.0675
LowEducated_dummy -0.39 0.2426 2.5837
Smartphone_dummy 0.3916 * 0.1537 6.4921
Household-specific variables
Middlelncome_dummy 0.292 * 0.1184 6.0819
HouseholdTypel_dummy 0.425 ** 0.1294 10.7866
HouseholdType2_dummy 0.9006 *** 0.1672 29.0259
CarOwnership_dummy 0.5197 *** 0.116 20.0575
Interview-specific variables
InterviewerExperience_dummy 1.0192 *** 0.1691 36.3322
Goodness-of-fit values
McFadden Pseudo R? 0.2
McFadden Adjusted Pseudo R? 0.24
AlC 3,268.94
N 1,800

*x k% = significance at 0,1%, 1%, 5%

When considering the person-specific variables, results show a higher probability of a high Leiner Value for retired
persons. Older people may not completely understand some attitudinal questions about modes (e.g., bicycles) because
they cannot use them anymore or have been socialized without bicycle use. However, due to social pressure in the
interview, they may still answer the questions. In our study, gender and educational level have no significant influence
on response behavior. People from households without employed people have a positive effect. Suspicious response
behavior is less likely in their case. An interpretation of the result could be a high motivation by the incentives given
to participate in the survey. Finally, we examine the interview-specific variable. Interviews with an experienced
interviewer have a positive influence on the response behavior. One reason could be that they make the interview less
monotonous and the respondents remain more motivated. Another reason could be the support, as the interviewers are
more helpful with difficult attitudinal questions. Further effects in combination with the interviewer and completion
time as well as the survey methods used cannot be considered in our analysis. The respective data are missing.
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6. Qualitative evaluation of response bias in China

Based on the descriptive analyses and the regression model, a particular response behavior is visible in Shanghai.
In contrast to the USA, surveys conducted by foreign institutions are less tested in China. We see the possibility that
the Chinese may not have understood the questions correctly by reasons of a not unambiguous or misleading
translation. For the answers to be internationally comparable, it must be ensured that the questions are also understood
in China. A unique requirement for surveys in China is the symbolism in the Chinese language and the associated
meaning for people. These linguistic peculiarities make it challenging to translate and adopt the meaning of the
question. For this reason, we have decided to conduct a follow-up study in China.

From the results, we conclude additional understanding issues with the attitudinal questions in China. To investigate
this, a survey was carried out in which the respondents were asked if they understand the questions or not (Wang,
2018). This survey contains 55 participants. The 38 psychological questions were given to the participants. The
respondents completed paper or digital questionnaires by themselves. These surveyed Chinese people were not
involved in the international survey from Shanghai and were randomly chosen. A certain variance in age and gender
is present in the sample. However, no representative conclusions can be made on the sample size.

Based on an adapted 5-Point Likert Scale from “do not understand at all” to “understand clearly”, the people had
to provide information if they understood the respective question. In our analyses, we investigated an average
intelligibility degree. Questions with a low degree are difficult to understand for Chinese people. Questions with a
value near 5 are easy to understand. Results show a low intelligibility degree for Subjective Norm (SN) and Perceived
mobility necessities (PMN). These items are not easy to understand and have different meanings for Chinese people.
SN1 has a mean value of 3.75 and SN2 has a value of 3.91. These values are between “half/half” (3.0) and “can
understand” (4.0). PMIN1 and PMNZ2 also have both comparatively low intelligibility degrees: 3.96 and 3.93.

The low values can have several causes. Cross-cultural misunderstandings of the questionnaire could be
summarized in three categories: semantic inequivalence (e.g., non-equivalent words), idiomatic inequivalence (e.g.,
long and winding sentences), and experimental inequivalence (e.g., situations not appropriate to the Chinese cultural
context). To get more detailed information, 24 people from the survey sample were asked in a web-based interview,
why they do not understand the questions in detail. This qualitative analysis provides further insights. Altogether 17
of 24 respondents chose at least one of the misunderstanding categories for SN1: “People who are important to me
think it is good if I would use public transportation instead of a car for things I do in everyday life”. In the interview,
the participants pointed out why they did not understand this question. Five people could not capture the meaning of
"people who are important to me". Seven people were completely confused at the sight of this long and complex
sentence. In addition, seven respondents chose the answer “can understand”, but considered this point to be different
from Chinese social and cultural practice. The respondents assign parents, close relatives and good friends as "to me
important people”. However, there is no causal relationship between the influence of these people and the respondents’
travel mode choices. In China, parents in general have high importance for their children, but not especially for their
mode choice decisions. Based on the qualitative analysis it can be concluded that some questions were not clearly
understood. This can cause bias in the response behavior. In particular, questions on norms are understood differently
by the Chinese, since the social norm has a fundamentally different effect on people than in Germany and the US.
This qualitative analysis is intended to provide a small insight into the degree of intelligibility. For a comprehensive
analysis, this paper is not sufficient, and we propose this issue for future research. However, it becomes clear that
certain survey formats and questions are not “transferable” from one cultural context to another and therefore have to
be compared with a certain critical distance.

7. Conclusions

The study of attitudes in travel behavior research has become increasingly important in recent years. As already
mentioned, this development is supported by various model applications such as HCM or SEM. However, the use of
items sets with Likert Scales for measuring psychological factors must also be considered critically, as their structure
may cause bias in response. Especially unmotivated participants can drive different answer strategies in these item
sets. However, the bias in responses may also be due to different cultural conditions and contexts. This should be
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taken into account especially in international comparative studies. With our study, we aimed to analyze these issues
in more detail. For this purpose, we used a standardized survey conducted in Shanghai, Berlin and San Francisco and
investigated response behavior to psychological questions in an international comparison.

Different measurement methods were used to identify certain response patterns. This allowed us to measure various
degrees of response bias. Visual response patterns, as well as discrepancies regarding the given responses within
psychological constructs and on reversed questions, were found. By modifying Leiner’s algorithm (2013), we were
able to combine multiple aspects of response bias into one indicator. This, as well as other examined indicators, show
different values in the three cities. Participants from San Francisco and Shanghai show more suspicious response
patterns than people from Berlin. In addition, the study shows the highest level of Central Tendency among people
from Shanghai. Participants from San Francisco tend to disagree with the surveyed items, while the participants from
Berlin tend to agree with them.

To understand which characteristics influence the response behavior, we used an ordered logit regression. Again,
people from Shanghai and San Francisco tend to show more suspicious response behavior than people from Berlin. A
consideration of sociodemographic factors reveals a higher probability for response bias among retired person. An
interesting result is also made visible by the influence of the interviewer. Interviewers with more than 80 interviews
in the survey have a positive influence on data quality. Data from these interviewers are less likely to be suspicious of
response bias. However, we cannot verify why the interviewers conducted different numbers of interviews. Some
interviewers may have been removed from the survey due to lower response quality.

As a result, our research underlines the importance of such studies about response bias, especially the international
comparison of response behavior, which is necessary to allow for comparisons of the survey results between cities
from different countries. With our outcomes, we provide a further contribution to the understanding of data quality in
international surveys. We were able to identify differences in the response behavior of people from different cultural
backgrounds. Although the results cannot be generalized at country-level, as the selected cities are not representative
for these countries, they show strong international differences. Cultural influences, socialization, and social
desirability are reasons for this. Furthermore, pure translations of questionnaires may not reflect the content of the
questions in other languages. Surveys should therefore also be adapted to the cultural characteristics in the surveyed
countries. This includes thorough pretests of the survey instruments. In addition, it is necessary to consider different
response behavior in each country and culture, since it can lead to bias in the answers. Sampling approaches and
survey procedures, e.g., incentives, vary between countries: Although the same market research company was in
charge of the surveys, an effect of different methods in the respective cities is likely. We also assume different levels
of familiarity with surveys in general in different cultural contexts. However, these various effects are difficult to
identify and to separate from each other.

Altogether, it must be noted that further research is necessary for international comparative studies. It should also
be investigated how incentives work in different cultural contexts. Do they have a similar influence on the response
behavior? In addition, the response time of the participants should also be compared, as already observed in other
previous studies. This can provide an indication of response bias, as reading and answering the questions take some
time.
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