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Abstract 

 

In this paper we examine the presence of panel conditioning in a payment diary survey 

studying the payment behavior of Dutch consumers. We analyze whether the reporting 

behavior of frequent participants in the payment survey systematically differs from that of 

less-frequent survey participants. We introduce refreshment groups that allow us to 

compare the reporting behavior of ‘trained’ and ‘fresh’ respondents, where the differences 

between reported values are used as a proxy for the panel conditioning effect. We find no 

consistent significant differences for the number and value of cash and debit card payments 

between trained and fresh respondents, for any demographic group, sector or transaction 

size. Likewise we find no consistent significant differences for the value of cash 

withdrawals between trained and fresh respondents. However we do find some signs of 

panel conditioning in the reported number of cash withdrawals. 
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1 Introduction

Understanding consumers' payment behavior and payment choices is important for
central banks and relevant stakeholder of the payment system. It allows them to come
up with improvements to the continuously changing payment landscape and ultimately
increase the e�ciency of the system as a whole. One of the big challenges when
analyzing payment choices is to have accurate information about cash usage.

Cash has been traditionally the most widely used payment instrument and yet one
of the most challenging in terms of measurement. Unlike electronic payments, cash
payments are not centrally registered. Estimating cash usage is an imprecise process
due to its unique properties of being an anonymous, untraceable as well as a storable
payment instrument (Boeschoten, 1992). We therefore rely on survey techniques to
collect payment data from consumers. A common approach is to use payment diaries
asking consumers to register their payments over one or more days. In order to estimate
cash usage by taking into consideration the heterogeneity of consumers, as well as the
fact that payment behavior varies over the year, the appropriate approach would be to
contact individuals more than once a year, e.g. every three or four months. This paper
addresses the question of whether this approach could incorporate additional biases
that a�ect the survey results.

Earlier literature on survey methods points to the risk of panel conditioning which
may lead to respondents changing their payment or reporting behavior. The objective
of this paper is to examine panel conditional e�ects in the survey on consumers'
payments at the point-of-sale (SCP) commissioned by De Nederlandsche Bank (DNB)
and the Dutch Payment Association (DPA). The survey was held in September
and November 2013, and March 2014 among a total of 21,954 respondents. The
contribution of this paper is threefold. First, it assesses whether the payment behavior
of respondents, who participated in the same survey two or four months before,
di�ers from the registered behavior of those participating for the very �rst time.
Second, it makes an important contribution to the existing literature as it is the
�rst study on consumers' behavior that analyzes panel conditioning e�ects using a
signi�cantly large sample size that allows meaningful conclusions to be drawn. Third,
it enables DNB and the DPA to take a well-considered decision on how to select and
sample the respondents for their annual study to measure cash usage in the Netherlands.

Findings show that there is no signi�cant evidence of a panel conditioning e�ect in the
number and the value of payments that respondents report. Neither is there evidence of
panel conditioning in the value of withdrawals nor in the proportion of respondents' who
do not report any payments at all. Results show that, overall, participants' reporting
behavior does not change when they are interviewed multiple times in a year. However,
we do �nd some evidence of panel conditioning in the proportion of respondents who
do not report any cash withdrawals at all. We �nd that trained respondents are
signi�cantly more likely to report zero withdrawals than �rst-time participants in both,
the second and third wave of the study (November and March, respectively).

The paper proceeds as follows: section 2 presents the literature review, section 3
presents the paper's objective, section 4 describes the data and methodology, section
5 presents descriptive statistics on the reported number and value of payments, cash
withdrawals and the number of respondents who do not report any payments at all.
Section 6 presents the results and section 7 concludes.
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2 Literature Review

Diary surveys have gained popularity in the last few decades because of high reporting
levels and good external validity, which is the extent to which the results of a study
can be generally applied to other situations and to other people (Verbrugge, 1980;
Cheak-Zamora, Wyrwich, & McBride, 2009).

Much research has been conducted on cross-section surveys on consumers' behavior,
whereas panel surveys are relatively new to the �eld. The �rst panel surveys stem
from the middle of the last century. Back then, panel surveys were mostly used in
electoral surveys, like the Colombia University Study conducted by Lazarsfeld, Berelson,
and Gaudet (1944), who monitored the changes of people's voting preferences during
a presidential campaign. Panel surveys are also used for transportation planning as
discussed by Kitamura (1990) and medical expenditures (Cohen et al., 1996).

The change from cross-section to panel data has both advantages and disadvantages.
The main advantage is the increase in information, which allows for more e�cient
econometric estimates (due to the increase in degrees of freedom) (Hsiao, 2007).
Furthermore, a panel dataset also has an increased capacity to capture the complexity
of human behavior and to �nd time-varying relations. Although these advantages
look convincing, possible drawbacks should also be carefully considered, such as panel
conditioning and other time dependent biases (Neter & Waksberg, 1964; Golob & Meurs,
1986; Sharot, 1991).

Panel conditioning is the phenomenon that arises if respondents are in�uenced
by having participated in a previous wave of a survey, whereby their answers di�er
systematically from those who participate for the �rst time in the same survey (Das,
Toepoel, & van Soest, 2011). One reason for panel conditioning is that respondents gain
a better understanding of a survey's questions after their �rst participation in the same
survey. As a result, reported answers of experienced participants are a better re�ection
of the true answers which consequently reduces the measurement error. However,
panel conditioning does not always lead to smaller measurement errors. For example,
respondents who have been interviewed multiple times learned that they can shorten the
length of the interview by avoiding follow up questions (Meurs, Van Wissen, & Visser,
1989). As a result of this, respondents change their reporting behavior and the obtained
answers become less representative. Another frequently cited reason is known as the
cognitive stimulus hypothesis. Being interviewed multiple times stimulates respondents
to change their real behavior. This is based on the idea that �rst time respondents lack
knowledge in the topic of the survey and eventually develop a�nity with it. The time
between the �rst and second participation stimulates respondents to further deliberate
on the subject of the survey. The result is that respondents change their actual attitude
toward the subject of the survey (Sturgis, Allum, & Brunton-Smith, 2009).

The research results of studies exploring panel conditioning are mixed. Alessie,
Gradus, and Melenberg (1990) show that the small cash expenditures are the most
di�cult to keep track of and are therefore more prone to underreporting. Yan and
Copeland (2010) did a study on underreporting of total expenditure and expenditure
types in the Consumer Expenditure Survey. They used the di�erence between aggregated
values in di�erent waves as a proxy for the panel conditioning e�ect, but found no
signi�cant evidence of underreporting due to panel conditioning. In this study the
non-respondents were excluded from the analysis. Silberstein and Jacobs (1989) did
a similar study and compared the mean expenditure from the Consumer Expenditure
Survey, a �ve wave panel survey. They found no evidence of change in mean expenditures
due to panel conditioning, when comparing all types of purchases at once. This result
is in line with the �ndings of Yan and Copeland. However, when dividing the purchase
types in subgroups, they found signi�cant changes in the reported expenditures. Yet,
the changes in reporting behavior were inconsistent, and not substantively large.

Another type of panel conditioning arises due to non-responding, referred as
"non-buying" in case of payment surveys, which is largely discussed by De Leeuw
(1997). Non-respondents are people who are included in the sample of a survey, but
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who do not respond at all or do not respond a speci�c question. This non-responding
of a participant can occur at the outset or start somewhere during the process of
the research. Non-responding in surveys poses a serious threat as it a�ects the data
in two ways. First, it introduces a bias in estimated parameters, and second, it
increases the total variance of estimates because the actual sample size is lower than
expected. The American Association of Public Opinion Research warns that the group
of non-respondents in survey samples is growing as of the 1990's (Bradburn, 1992).
Shields and To (2005) found partial evidence that respondents who reported a purchase
in a previous interview were more prone to non-responding.

3 Research objective

The objective of this paper is to explore the existence of panel conditioning e�ects in
the survey of consumers' payments (SCP) once survey respondents participate more
than once a year in the same survey. The main purpose of this study is to �nd support
for or to reject the hypothesis of panel conditioning in the diary panel obtained from
the experimental three wave diary survey on cash expenditures. If there is evidence
of panel conditioning we will look at the e�ect regarding: a) the number and value of
cash & debit card transactions, with a main focus on cash, b) number and value of
cash withdrawals and c) non-buyers (respondents not reporting any transactions at
all from the beginning or from half way through the experiment). Furthermore, we
are interested in whether the bias, due to panel conditioning, tends to concentrate
in certain transaction values, sectors, or demographic characteristics (age, district,
ethnicity, education, gender, and income).

3.1 Hypotheses

Base on the available literature on panel conditioning and expenditure behavior we
hypothesize the following:

Hypothesis 1: The proportion of non-respondents increases with the number of
waves participated in. In line with previous literature we expect to observe a higher
proportion of non-buyers for second and third-time participants compared to �rst-time
participants (Shields & To, 2005). This is the result of participants that change their
respondents behavior when being interviewed multiple times.

Hypothesis 2: There is positive correlation between underreporting and the number
of waves participated in. We expect a lower number of reported payments (withdrawals)
for second and third-time participants compared to �rst-time participants. In addition,
we expect third-time participants to report even fewer payments or withdrawals than
second-time participants.

Hypothesis 3: Respondents underreport the number of point-of-sale payments in
large cash-intensive sectors. We expect that respondents underreport the number
of payments in sectors which up to the year of our study (2013) were characterized
for being high volume cash-intensive sectors. These are: supermarkets, restaurants,
vending machines, non-food small payments and food and tobacco shops. In particular,
we expect the number of cash payments to be underreported.

Hypothesis 4: The average value of payments is higher for respondents who
participated in the survey before. We expect that respondents are more likely to
underreport the number of small payments, resulting in a higher average value per
payment. This hypothesis is based on the literature that small expenditures, in
particular cash expenditures, are most frequently omitted when reporting in an
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expenditure diary (Alessie et al., 1990).

Hypothesis 5: The bias due to panel conditioning is concentrated in the following
demographic subgroups: youths (aged 12-24), elderly people (aged 65+), lower educated
people and respondents with lower income. These subgroups are chosen, because they
are known as the most cash intensive groups. Also, these demographic subgroups make
a relatively high number of small payments and are therefore more prone to forget
payments (Alessie et al., 1990).

Hypothesis 6: Responding behavior is similar in all months. We expect to �nd a
consistent pattern for underreporting between November and March: the di�erences
between second time and �rst-time participants in November and March are comparable
(same sign and both di�erences signi�cant or both di�erences insigni�cant).

4 Data and methodology

The dataset that we use in this paper corresponds to an experimental phase in the
ongoing survey on consumers' payments commissioned by DNB/DPA. The survey
gathers transaction level data as well as information about cash withdrawals. It was
carried out in three waves in order to allow for comparisons between respondents' single
or multiple participation in the study. A total of 21,954 respondents participated,
spread during the months of September and November 2013, and March 2014. In
each of these months the participants were evenly distributed over the days of the
week, including weekends and holidays. The survey consisted of two parts: a payment
diary and a questionnaire. The �rst gathered information about the characteristics of
each payment or cash withdrawal carried out during the diary day. For each payment,
respondents had to record the instrument (cash, debit card or other), the place of
purchase (18 branches, e.g. a supermarket, street vendor, non-food retail shop, charity),
the value of the purchase, and whether they were able to use their preferred payment
method. For each cash withdrawal they had to report the source (ATM, bank counter,
other) and the value of the withdrawal had to be recorded. The second part of the
survey consisted of a questionnaire gathering background information on respondents'
demographic characteristics as well as questions on issues that may in�uence their
payment behavior, for example, payment preferences, reasons to use cash or cards, and
other.

Not all respondents that took the survey in the �rst wave participated in the
second and third wave (see Figure 1), therefore a refreshment group was introduced
in both the second and the third wave. In the �rst wave, in September 2013, 8,707
consumers participated in the survey, divided over two groups: Group A consisting
of 8,537 �rst-time participants and Group D, which consists of 170 consumers that
participated in September and March, but not in November. We do not know what e�ect
the gap of six months has on the reporting behavior of the respondents, and we therefore
decided to exclude this group from the research. In November 2013 there were a total of
14,939 respondents, divided over 2 groups: Group A1 consisting of the consumers that
participated in both the �rst and the second wave (n =6,930, response rate of 81.2%),
and Group B, which is a refreshment group (�rst time participating) of 8,009 consumers.
Then in the last wave, in March 2014, there was a total of 16,652 participants. These can
be broken down in three groups: Group A2 consisting of consumers that participated in
all three waves (n =5,719, response rate of 82.5%), group B1 consisting of the consumers
that participated in wave 2 and 3 (n =5,355, response rate of 66.9%), and �nally, group
C, which is a refreshment group of 5,408 consumers.

4.1 Methodology

In this paper we compare average number and value of payments and withdrawals, and
the proportion of non-buyers for di�erent groups of participants in the survey in the same
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Figure 1: Overview of all participants and when they participated. Group A are �rst-time participants
in September, Group B and A1 are �rst and second-time participants in November, respectively, and
Group C, B1, and A2 are �rst, second, and third-time participants in March, respectively. Group D is
omitted from the research because of a six month gap between responses.

month 3. For each of those variables there are four comparisons that are of interest:

1. First-time participants versus second-time participants in November (B and A1)

2. First-time participants versus second-time participants in March (C and B1)

3. First-time participants versus third-time participants in March (C and A2)

4. Second-time participants versus third-time participants in March (B1 and A2)

To estimate the panel conditioning e�ect we use a method proposed by Yan and
Copeland (2010) in their paper on panel conditioning in the American expenditures
diary book survey. In that paper Yan and Copeland argue that the �rst di�erence of
the mean of the self reported answers in group j and k (where group j and k are in
the same month) is equal to the measurement error and can be used as a proxy for the
panel conditioning e�ect. This can be modeled as follows:

ȳj − ȳk = γjk, (1)

where ȳi is the average value of a variable of interest in group i, and γjk the panel
conditioning e�ect between groups j and k. Since we only compare groups that
participate during the same month there is no time e�ect that could possibly in�uence
the di�erences in reported answers. A two sample t−test on the di�erence of means is
then used to test if the obtained panel conditioning e�ect is signi�cantly di�erent from
zero. Finally, robust standard errors are used to account for heterogeneity between the
groups.

3In this paper we focus on low-value payments (up to EUR 100) corresponding to the 95th percentile
of the whole sample.
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5 Payments, Withdrawals and Non-buyers

In this section, we look at payments, withdrawals and the proportion of non-buyers to
see if there are any indications of panel conditioning with respect to these categories or
when speci�c demographic groups are targeted. All variables are studied per group and
demography, however, only the most relevant observations are presented in the paper4.

5.1 Non-buyers

The total number of non-buyers per day, month or group is de�ned as the sum of
participants that made no actual purchases and participants that did not record any
of their actual purchases that day. The percentage of non-buyers is known to be fairly
constant for a country and was determined at 30% 5 for the (same) Dutch population
in 2013. In 2014 (Figure 2) we �nd that, using the new survey design implemented as
of 2014, the percentage of non-buyers is slightly higher than 31%.
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69.68
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32.51

69.44

30.56

68.62

31.38

70.36

29.64

68.32

31.68

Buyer Non-Buyer

Figure 2: Overview of the percentage of buyers and non-buyers per group. Group A are �rst-time
participants in September, Group B and A1 are �rst and second-time participants in November,
respectively, and Group C, B1, and A2 are �rst, second, and third-time participants in March,
respectively.

The percentage of respondents who did not report any purchases (non-buyers)
varies between 29.6% and 32.5% (Figure 2). This small gap ascertains that the actual
percentage of non-buyers should be close to 31% and that there is no strong evidence of
a panel conditioning e�ect for non-buyers. Furthermore, the percentage of non-buyers
increases with time. For �rst-time participants this increase is from 30.3% in September
to 31.4% in November and 31.7% in March). Note, that second-time participants in
March (Group B1) have the lowest percentage of non-buyers (29.6%). The percentage
of non-buyers is almost 1% lower than in all other groups and could therefore negatively
a�ect the results on the average number of payments in Group B1, since a higher (lower)
number of non-buyers arti�cially decreases (increases) the average number of payments
in a group.

A priori, we expected that the distribution of non-buyers over age categories was
skewed to the right and that the panel conditioning e�ect could be present for non-buyers

4The tables and �gures regarding payments, withdrawals, and non-buyers per demographic are
available from the authors upon request

5This number was obtained by the the SCP survey results from 2013, a cross section survey, where
all participants only participated once
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Figure 3: Overview of the percentage of buyers and non-buyers per group per age category. Group
A are �rst-time participants in September, Group B and A1 are �rst and second-time participants in
November, respectively, and Group C, B1, and A2 are �rst, second, and third-time participants in
March, respectively.

in some age categories. In this experiment, we indeed �nd that the percentage of
non-buyers for ages below 25 is equal to 45.5%, and lower for the other age categories
(Figure 3). We also observe di�erences in percentages between groups in the same month
within speci�c age categories. For example, if we compare �rst, second and third-time
participants in March (Group C, B1 and A2, respectively) for age category `45-64' we
�nd a 3% gap between groups that participated more than once (B1 and A2) and the
�rst-time participants (C). So, overall there are no large di�erences in percentages of
non-buyers, which means that the panel conditioning e�ect due to non-buyers in general
is almost non-existent, but, if we look more closely, in speci�c demographic groups for
example, we may �nd signi�cant di�erences. The proportion of non-buyers over all
demographic groups is further discussed in the results section.

5.2 Payments

In this section we look for potential di�erences in reported number and value of payments
between the di�erent groups within a month. We focus on the payments carried out at
the point-of-sale (POS)6, which are de�ned as all payments below EUR 100 excluding
person-to-person transactions (P2P), donations, and money that is stored at a bank or
at home. We omit the higher values because they act as noise in the comparison of
average value of payments. This is justi�ed, because the number of payments with a
value higher than EUR 100 is small (EUR 100 is the 98th percentile).

6Point-of-sale payments refers to purchases done in shops, restaurants, petrol stations, vending
machines, market stalls,service-providers, among others.

7



5.2.1 Number and value of payments

Table 1 presents an overview of the number of payments per participating group. Groups
which are compared to each other are shown together. In total, approximately 57,000
payments are made amongst 40,000 respondents, which leads to an average number
of payments of 1.43 per person. The average number of payments varies within the
groups, with the lowest average number of payments observed for third-time participants
in March (Group A2) and the highest average number of payments for �rst-time
participants in November (Group B).

Table 1: Comparison of number of point-of-sale payments below EUR 100 per group

Payments Total Cash Debit Card

Respondents Number Avg. Number Number Avg. Number Number Avg. Number

A1 6,930 9,873 1.4247 4,708 0.6794 4,297 0.6201
B 8,009 11,927 1.4892 5,787 0.7226 5,142 0.6420

B1 5,355 7,475 1.3959 3,534 0.6599 3,313 0.6187
C 5,408 7,445 1.3767 3,654 0.6757 3,253 0.6015

A2 5,719 7,838 1.3705 3,813 0.6667 3,436 0.6008
C 5,408 7,445 1.3767 3,654 0.6757 3,253 0.6015

A2 5,719 7,838 1.3705 3,813 0.6667 3,436 0.6008
B1 5,355 7,475 1.3959 3,534 0.6599 3,313 0.6187

Total 39,958 57,292 1.4338 28,180 0.7052 24,470 0.6124

Note: This table reports the total number and average number of point-of-sale payments below EUR
100 for all payment instruments, cash, and debit card in the di�erent groups. Group A are �rst-time
participants in September, Group B and A1 are �rst and second-time participants in November,
respectively, and Group C, B1, and A2 are �rst, second, and third-time participants in March,
respectively.

When we compare the two groups that participated in the second wave (November)
we notice that second-time participants (Group A1) report a lower average number of
payments than �rst-time participants (Group B). A lower number of reported payments
does not necessarily means that there is underreporting for each payment instrument.
Since our paper mainly focuses on cash payments, we broke down payments by cash and
debit card to more closely examine reporting behavior when using these two instruments.
When comparing the di�erent groups we notice that purchases using both, cash and the
debit card, are underreported in November for second-time participants.

When comparing the groups participating in the third wave (March), we assess
whether the �ndings are in line with those coming from the second wave, and notice
that on average the number of reported payments for second-time participants (Group
B1) is slightly higher than for �rst-time participants (Group C).

The average number of cash payments is lower for second-time participants, just as
we saw in November. However, the average number of debit card payments is actually
higher for second-time participants. This may seem strange, since this is contrary to
the �ndings in November when we found that the average number of reported payments
was lower for second-time participants, for both cash and debit card payments. This
rather strange �nding could be explained by the percentage of non-buyers in each group
� the percentage of non-buyers is substantially lower for Group B1 as for Group C, with
respectively 29.6% and 31.7% of non-buyers per group. So group C has a relatively high
number of non-buyers (compared to Group C), which brings down the number of average
payments, since there is a relatively large group that makes zero payments. Therefore,
it is not surprising that the average number of debit card payments is lower for Group
C then for Group B1. For third-time participants (Group A2) the average number of
payments is lower than for respondents who participated for the �rst time. However,
note that the di�erences are small. Taking a more detailed look, we notice that both
cash and debit card payments are lower for third-time participants.

To examine if there is any di�erence in reporting behavior between third and
second-time participants, we also compared Group A2 with Group B1. As shown in
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Table 1 , respondents who participated for the third time reported fewer payments per
person than second-time participants. There seems to be a relation between the number
of payments per person and the number of times a respondent participated in previous
surveys.

Overall, the average number of payments is lower for respondents who participated
more than once. This suggests that there might be underreporting for the number of
reported payments. However, we have to test the di�erences on statistical signi�cance.

Table 2: Comparison of value of point-of-sale payments below e100 per group

Payments Total Cash Debit Card

Respondents Value Avg.Value Value Avg.Value Value Avg.Value

A1 6,930 158,952 16.0997 49,637 10.5431 100,431 23.3722
B 8,009 192,365 16.1285 63,351 10.9472 117,712 22.8922

B1 5,355 117,598 15.7322 35,245 9.9730 76,088 22.9665
C 5,408 122,756 16.4883 38,964 10.6635 77,709 23.8883

A2 5,719 125,291 15.9850 39,585 10.3816 79,826 23.2323
C 5,408 122,756 16.4883 38,964 10.6635 77,709 23.8883

A2 5,719 125,291 15.9850 39,585 10.3816 79,826 23.2323
B1 5,355 117,598 15.7322 35,245 9.9730 76,088 22.9665

Total 39,958 920,033 16.0587 299,422 10.6253 571,138 23.3403

Note: This table reports the total value and average value of point-of-sale payments below EUR 100 for
all payment instruments, cash, and debit card in the di�erent groups. Group A are �rst-time participants
in September, Group B and A1 are �rst and second-time participants in November, respectively, and
Group C, B1, and A2 are �rst, second, and third-time participants in March, respectively.

We also look at the value of the reported payments and the results are presented in
Table 2. On average, respondents reported a value of EUR 16.06 per POS payment.
The preference to use cash for small valued payments and a debit card, when a major
purchase is made, is re�ected in the higher average value for debit card payments, as
well as in the distributions of the transaction sizes for cash and debit card payments
below EUR 100 (Figure 4a and 4b).

(a) Cash (b) Debit card

Figure 4: These �gures display the distribution of point-of-sale (a) cash and (b) debit card payments
below e100. Group A are �rst-time participants in September, Group B and A1 are �rst and second-time
participants in November, respectively, and Group C, B1, and A2 are �rst, second, and third-time
participants in March, respectively.

When comparing the di�erent groups, we �nd that respondents who participated
more than once tend to underreport the value of their payments. This is due to the
increase in proportion of small payments reported in the survey for second and third-time
participants. Particularly, the di�erence between �rst and second-time participants in
March seems large (Group B1 and C), where a decline of almost 5% is observed. What
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is interesting is the di�erence between third and second-time participants (Group A2
and B1): second-time participants seem to be more prone to underreport the value of
their payments than third-time participants.

5.2.2 Sectors

We extended our research and divided the payments by sector. The proportion of
payments made in each sector and the frequency of each payment instrument per sector
are provided in Figures 5a and 5b. Most payments are made in supermarkets and
restaurants and similar, respectively 33.2 % and 13.6 %. We focus our analysis on the
sectors that up to the year of the study (2013) were characterized for being high volume
cash-intensive sectors, namely: supermarket, restaurant and similar, non-food retail
(low value), CTN (confectionery, tobacconist, newsagent) and vending machine. This is
in line with the 2013 �ndings on payments at the point-of-sale (Hernandez, Jonker, &
Zwaan, 2014).
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Figure 5: These �gures display the distribution of low-value payments ( up to EUR 100) (a) the
number of point-of-sale payments over the di�erent sectors and (b) the distribution by instrument of
payment (cash, debit card, and other) in each sector.

5.2.3 Payments per demographic characteristics

Our fourth hypothesis focuses on the payments by participants in speci�c demographic
groups. The hypothesis states that bias, due to panel conditioning, is concentrated
in speci�c demographic groups. Therefore, we take a closer look at the payments per
demographic group.

The average number and value of payments is calculated for each age category and
each group individually. Furthermore, we divided the total payments in cash and debit
card payments to get a more detailed look on the reported payments (Figure 6 and
Figure 7)7. We notice that the mean number as well as the mean value is substantially
lower for the youngest age category (age 12-24). What are noteworthy are the di�erent
patterns in number of payments for both payments instruments. The number of cash
payments increases linearly with age, whereas debit card payments peak in age category
`25-44' and decrease thereafter.

When looking in more detail at debit card payments we note that for both months the
mean number of reported payments by respondents aged 25 to 44 years old vary widely
over the di�erent groups (Figure 7). This suggests that there might be underreporting for
the number of debit card payments for young adults (age 25-44) that have participated in
the survey previously. The di�erences in reported payments for the other age categories

7The mean value for each age category is presented in the in Figure 8 and Figure 9
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are in general small (Figure 6). While the average number of debit card payments
seems roughly similar over all age categories, the average number of cash payments
seems to di�er over the di�erent groups of participants. Large di�erences are observed
for: respondents aged between 45 and 64 in November, youths in March and the oldest
age category in March. The signi�cance of the di�erences will be assessed in the results
section.

(a) November (b) March

Figure 6: Average number of cash point-of-sale payments in November and March per age category.
Group A are �rst-time participants in September, Group B and A1 are �rst and second-time participants
in November, respectively, and Group C, B1, and A2 are �rst, second, and third-time participants in
March, respectively.

(a) November (b) March

Figure 7: Average number of debit card point-of-sale payments in November and March per age
category. Group A are �rst-time participants in September, Group B and A1 are �rst- and second-time
participants in November, respectively, and Group C, B1, and A2 are �rst-, second-, and third-time
participants in March, respectively.

The �ndings for the average value per payments over the age categories are
remarkable. We expect to �nd a consistent pattern of reporting behavior over the
months and a higher average value per payment for second and third-time participants,
however, we observe almost the opposite.

For the average value of debit card payments, it is clear that the reporting behavior is
inconsistent over the months. The average value of a debit card payment in November is
in general higher for second-time participants compared to �rst-time participants, while
the average value of debit card payment in March is lower for trained participants
compared to �rst-time participants. Contrarily, the reported behavior towards the
average value of a cash payment in both months show similarities. The average value of
cash payment is lower for trained participants in both November and March. However,
the size of the di�erences between fresh and trained participants varies between both
months. In November we observe small di�erences in reporting behavior; in contrast,
in March we observe large di�erences that are not consistent in sign. Therefore, a
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consistent pattern for reporting behavior over the months is not observed. Furthermore,
the hypothesis that the average transaction size is higher for second and third-time
participants compared to �rst-time participants does not seem to hold.

We also look at the other demographic subgroups, in particular the other high cash
intensive groups, such as lower educated people and respondents with a lower income,
to see if there are signs of panel conditioning.

First, we look at the number of payments. Education seems unrelated to the average
number of debit card payments. However, for the average number of cash payments
we do �nd large di�erences between trained and �rst-time participants in educational
subgroups. Yet, the di�erences are inconsistent over the months. For income, the
bias due to panel conditioning seems to be concentrated in the second and third income
category (EUR 14,300-38,300 and EUR 38,300-65,000). For district, the average number
of cash payments is lower for second and third-time participants compared to �rst-time
participants. In contrast, the pattern in the average number of reported debit card
payments per district looks odd and illogical (Figure 10). For the demographics gender
and ethnicity we notice that, even though the di�erences are small, trained respondents
reported in general a lower average number of payments.

Second, we look at the value of payments. The analysis at the district level shows
an inconsistent pattern of respondents' behavior towards reported value of payments
for both debit and cash. Also for ethnicity, we do not see a clear relation between the
reported value of payments and the ethnicity of the respondents. For gender however,
we do notice consistent di�erences between trained and �rst-time participants for the
average value of payments. We �nd that on average women tend to report a lower value
of payments when being interviewed multiple times, in particular when reporting cash
payments. Males however, are more likely to report a higher value of cash payment
when having participated in the survey before. When examining the transaction size
per educational level we see di�erences in responding behavior in March, but not in
November. Finally, respondents' behavior regarding their reported values of transactions
when paying by cash or debit card lacks consistency for the individual income and age
groups.

5.3 Withdrawals

Another possible source of panel conditioning are cash withdrawals � where cash
withdrawals are de�ned as withdrawals from an ATM, the bank counter (up to EUR
200) 8, cash backs, cash that is found, cash gifts from family, friends, and others. Since
the average person makes far fewer withdrawals than payments per day (in our dataset
the average number of withdrawals is below 0.2), there are logically fewer observations
on withdrawals than on payments. However, due to the size of the survey there are still
more than 6,500 observations to examine.

8We omitted the higher values because they acted as noise in the comparison of average value of
withdrawals. The threshold is set at the 95th percentile of withdrawal value, which is approximately
e200.
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Table 3: Comparison of number and value of withdrawals per group

Withdrawals Number Avg. Value Avg.

A1 1,154 0.167 51,220 44.38
B 1,400 0.175 62,070 44.34

B1 781 0.146 31,776 40.69
C 916 0.169 38,404 41.93

A2 837 0.146 36,050 43.07
C 916 0.169 38,404 41.93

A2 837 0.146 36,050 43.07
B1 781 0.146 31,776 40.69

Total 6,666 0.167 291,211 43.69

Note: This table reports the total and average number and value of withdrawals in the di�erent groups.
Group A are �rst-time participants in September, Group B and A1 are �rst and second-time participants
in November, respectively, and Group C, B1, and A2 are �rst, second, and third-time participants in
March, respectively.

There is a clear decline in average number of withdrawals from groups that
participated more than once compared to those who participated only once. For
example, the second-time participants in November have an average number of 0.167
compared to an average number of 0.175 for the group of �rst-time participants, which is
a 5% decrease of withdrawals per person per day. Furthermore a di�erence in percentage
of zero withdrawals is observed between fresh and trained participants in November and
March � the trained participants were 1.5% more likely to report zero withdrawals than
the participants in the refreshment groups. The above indicates that panel conditioning
a�ects the reporting of withdrawals in the experiment. Contrary to the �ndings on the
average number of withdrawals, the average values of withdrawals do not di�er in a
systematic way. In November we observe no di�erence between �rst- and second-time
participants (B and A1) and in March we observe, for second and third-time participants
(B1 and A2), respectively higher and lower average values compared to the average value
of �rst-time participants.

To investigate whether the above �ndings on average number and value of
withdrawals are concentrated in speci�c demographic groups we also examined the
withdrawals per demographic group. In November, we observe for all age categories,
districts, education levels, ethnicity groups, genders and income groups, except for
district `East' and education level `HBO'(college education), that the average number
of withdrawals recorded by second-time participants is lower than the recorded average
number by �rst-time participants. In March, the second and third-time participants
even reported a lower average number of withdrawals over all demographic subgroups.
Looking at the average value of withdrawals, we �nd almost no e�ect of age, education
level and income class on the di�erences between average value of withdrawals between
groups with di�erent number of participations in both November and March.

6 Results

In this section we provide and discuss the results of non-buyers, payments, transaction
size and withdrawals. We have tested all demographic groups and present the most
important observations.

6.1 Non-buyers

We hypothesized that respondents that participated more than once are more likely
to report not to have made any payments than respondents who participated less or
only once. Not rejecting this hypothesis would mean that the survey su�ers from panel
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conditioning and that the sample no longer su�ces as a representative sample of the
target population. To �nd statistical evidence in favor of or against a relative increase
of non-buyers in the diary book survey we conducted a two sample proportion z-test on
the di�erence of the proportion non-buyers between groups. The results of the tests are
presented in Table 4.

Table 4: Signi�cance test on the di�erence in the proportion of non-buyers between
groups

Non-buyers

A1 vs B 1.4825

(0.1382)

B1 vs C -2.2944∗∗

(0.0218)

A2 vs C -1.2648

(0.2060)

A2 vs B1 1.0648

(0.2869)

Note: This table reports t−statistics obtained by a two-sample t−test on the di�erence of proportion of
non�buyers between the groups. ∗ indicates that p < 0.10 and ∗∗ that p < 0.05. P -values in parenthesis.
Group A are �rst-time participants in September, Group B and A1 are �rst and second-time participants
in November, respectively, and Group C, B1, and A2 are �rst, second, and third-time participants in
March, respectively.

The di�erence in proportion of non-buyers is not signi�cantly di�erent from zero
for second and �rst-time participants in November. Thus, respondents that had a
two-month gap between their �rst and second participation are not more likely to
report zero payments than respondents in a refreshment group. This is in contrast to
respondents that had a four-month gap between their �rst and second participation, who
are signi�cantly less likely to report not having made any payments than their �rst time
counterparts. Third-time participants are not signi�cantly more likely to report zero
payments in March compared to �rst-time participants. Lastly, there is no signi�cant
di�erence in the proportion non-buyers between third and second-time participants in
March. These �ndings are not in line with the �rst hypothesis posited earlier in the
paper.

6.2 Payments

6.2.1 Number and value of payments

We examined whether there is a di�erence within reported number and value of payments
for �rst-, second- or third-time participants, the results are shown in Table 5. The results
show that only �rst- and second-time participants in November di�er signi�cantly in
average number of reported payments (group A1 vs B). The sign of the t-statistic is
negative, which reveals that second-time participants tend to report a lower number
of payments, on average. Speci�cally, the average number of purchases made in cash
seems to be lower for �rst-time participants. Unlike the number of payments, there is
no signi�cant di�erence in the average value of payments between �rst- and second-time
participants in November.

Contrary to the �ndings from the second wave (November), we �nd a signi�cant
di�erence in average value of payments but no signi�cant di�erence in number of
payments for �rst- and second-time participants in the third wave (March). The negative
t-statistic indicates that on average `fresh' respondents report a higher value per payment
than respondents that already participated in the survey. Also third-time participants
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Table 5: Signi�cance test on the di�erence of means for number and value of total, cash,
and debit card point-of-sale payments between the groups

Payments Total Cash Debit Card

Number Value Number Value Number Value

A1 vs B -2.2715∗∗ -0.1141 -2.2592∗∗ -1.5580 -1.2354 1.1021
(0.0231) (0.9092) (0.0239) (0.1193) (0.2167) (0.2705)

B1 vs C 0.6295 -2.4575∗∗ -0.7612 -2.2397∗∗ 0.8599 -1.7421∗

(0.5290) (0.0140) (0.4466) (0.0251) (0.3899) (0.0815)
A2 vs C -0.2002 -1.6635∗ -0.4306 -0.9237 -0.036 -1.2622

(0.8413) (0.0962) (0.6667) (0.3557) (0.9713) (0.2069)
A2 vs B1 -0.8422 0.8430 0.3315 1.3441 -0.9192 0.5175

(0.3997) (0.3993) (0.7403) (0.1790) (0.3580) (0.6048)

Note: This table reports t−statistics obtained by a two sample t−test on the di�erence of means for
number and value of total, cash, and debit card point-of-sale payments between the groups. ∗ indicates
that p < 0.10 and ∗∗ that p < 0.05. P -values in parenthesis. Group A are �rst-time participants in
September, Group B and A1 are �rst- and second-time participants in November, respectively, and
Group C, B1, and A2 are �rst-, second-, and third-time participants in March, respectively.

tend to report a lower value per payments, although it should be noticed that this
di�erence in reporting behavior is only signi�cant at the 10 % signi�cance level.

Furthermore, we �nd no signi�cant di�erences between second-time and third-time
participants (group A2 vs B1) for number as well as for value. This suggests that
third-time participants are not more likely to underreport the number and value of their
payments than respondents who only participated once before.

6.2.2 Transaction size

Our fourth hypothesis suggested that small payments and in particular small purchases
paid in cash are most prone to underreporting, since those small payments are in general
most frequently omitted when reporting all payments. However, we �nd results that
are not in line with this hypothesis (Table 6). In fact, the opposite is true � higher
frequency of small valued payments (< EUR 5) is observed for second-time participants
compared to �rst-time participants in November as well as for March. This also holds
for third-time participants. However, it should be noted that the di�erences are not
signi�cant at the traditional 5% signi�cance level.

Of interest are the number of signi�cant di�erences between the comparable groups.
Only a small number of di�erences are signi�cant, suggesting that there is no correlation
between the transaction size and the number of waves participated in. This means that
respondents who have participated in the survey before are not more likely to report a
certain transaction size than fresh respondents.
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Table 6: Signi�cance test on the di�erence of means for the percentage of payments for
a range of transaction sizes.

Transaction size < EUR 5 EUR 5�15 EUR 15�25 EUR 25�50 EUR 50�100

A1 vs B 1.7946* -1.2617 -1.8747* 0.7881 0.4574

(0.0727) (0.2070) (0.0608) (0.4307) (0.6474)

B1 vs C 0.6849 2.3275** 0.0155 -3.0288** -1.4634

(0.4934) (0.0199) (0.9876) (0.0025) (0.1434)

A2 vs C 0.3348 1.5099 -0.2415 -0.5562 -2.1922**

(0.7378) (0.1311) (0.8092) (0.5781) (0.0284)

A2 vs B1 -0.3585 -0.8459 -0.2575 2.5100** -0.7117

(0.7200) (0.3976) (0.7968) (0.0121) (0.4767)

Note: This table reports t−statistics obtained by a two-sample t−test on the di�erence of means for the
percentage of payments for a range of transaction sizes between the groups. ∗ indicates that p < 0.10
and ∗∗ that p < 0.05. P -values in parenthesis. Group A are �rst-time participants in September, Group
B and A1 are �rst and second-time participants in November, respectively, and Group C, B1, and A2
are �rst, second, and third-time participants in March, respectively.

6.2.3 Sectors

Table 7: Signi�cance test on the di�erence of the proportion of the number of total,
cash and debit card payments in cash intensive sectors between groups

Sectors Total Cash Debit Card

A1 vs B -2.7283** -0.4596 -2.0522**

(0.0064) (0.6458) (0.0402)

B1 vs C -0.6848 -1.3784 -0.6848

(0.4934) (0.1681) (0.4934)

A2 vs C 0.0663 0.3074 0.6515

(0.9471) (0.7585) (0.5148)

A2 vs B1 0.7601 1.6979* -0.9287

(0.4472) (0.0895) (0.3530)

Note: This table reports t−statistics obtained by a two-sample t−test on the di�erence of the proportion
of the number of total, cash and debit card payments in cash intensive sectors between groups. The �ve
large and cash intensive sectors are: supermarket, non-food small payments, food and entertainment,
vending machine, and restaurant & similar. ∗ indicates that p < 0.10 and ∗∗ that p < 0.05. P -values in
parenthesis. Group A are �rst-time participants in September, Group B and A1 are �rst and second-time
participants in November, respectively, and Group C, B1, and A2 are �rst, second, and third-time
participants in March, respectively.

To further explore if cash (and other) payments are signi�cantly underreported in this
survey we focus on �ve large sectors in which up to 2013 the year of this study, the
use of cash was mostly dominant: supermarket, restaurants and similar, non-food retail
(low value), food and CTN and vending machines (Hernandez et al., 2014). These �ve
sectors together cover about 68% of all point-of-sale payments in the survey. To examine
if respondents did underreport the number of payments in these cash intensive sectors
we compare the proportion of the number of payments in one of the �ve cash intensive
groups versus all other point-of-sale payments. The results of the comparison of total,
cash and debit card payments are given in Table 7. We �nd only two signi�cant results at
the 5% signi�cance level: the total number of payments is underreported by second-time
participants in November due to underreporting of their debit card payments. Thus we
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found signi�cant di�erences for debit card payments, but again, these e�ects are not
consistent over the months. Moreover we do not �nd any signi�cant di�erences for the
number of cash payments, which indicates that there is no signi�cant panel conditioning
e�ect for cash payments regarding sectors.

We also analyzed the sectors at an individual level. Although we �nd some signs
of change in the reporting of cash payments in November and March in supermarkets
and for debit card payments in November in vending machines, these are again not
consistent over the months. The signi�cant di�erence for cash payments is positive in
November, while it is negative in March and the di�erence for number of debit card
payments is signi�cant between trained and fresh respondents in November, whereas it
is not signi�cant in March.

6.2.4 Payments per demographic

Furthermore, we looked for the presence of panel conditioning in speci�c demographic
groups (age, district, education, ethnicity, gender, and income level). Contrary to our
expectations, we did not �nd evidence of a signi�cant panel conditioning e�ect in any of
the studied demographic groups. The results of the test outcomes on the number and
value of cash and debit card payments for individual demographic groups are provided
in Table 8.9 The results reveal that the reporting behavior of second and third-time
participants is in general roughly similar to reporting behavior of �rst-time participants.

However, there are a few individual signi�cant di�erences in subcategories of the
demographic groups. For example, adults (age 45-65) that participate for the second
time in November underreport the number of cash payments compared to �rst-time
participants. Whereas, younger adults (age 25-44) that participate for the second time
in March underreport the number of cash payments compared to �rst-time participants.
These results could be an indication of a panel conditioning e�ect, however, they are
not consistent over the other months and therefore we cannot interpret it as such.
There is one example of a nearly consistent panel conditioning e�ect in a subcategory.
Second-time participants in the EUR 38,300 - 65,000 income level group underreport
the number of cash payments in both November and March compared to �rst-time
participants, however, in November this e�ect is only signi�cant at a signi�cance level
of 10%.

The results for the value of cash payments are in line with those found for the number
of cash payments, some signi�cant di�erences are found that are not consistent over time.
There is one exception � females that participate for the second time in November
and March underreport the average value of cash payments at a 5% signi�cance level,
indicating that females might be in�uenced by the panel conditioning e�ect. However,
third-time female participants in March do not signi�cantly underreport compared to
second-time participants.

The results for number and value of debit card payments reveal that there is no
consistent panel conditioning e�ect in any of the subcategories.

6.3 Withdrawals

Results of the tests on the number and value of withdrawals are displayed in Table
9. The negative test statistics indicate that trained respondents have the tendency
to underreport the number of withdrawals, although it must be noted that, the panel
conditioning e�ect is only signi�cant in March. Once more we also �nd that groups that
participated three times are not signi�cantly more likely to underreport the number
of withdrawals in March than groups that participated only twice. Besides that, we
also tested on the di�erence of the proportion of zero withdrawals and at least one
withdrawal per person per day, for �rst and second-time participants in November and
March. In both these months the obtained test statistics are positive and signi�cant,

9Test result of the unpaired two sample t−test of total payments and debit card payments are shown
in the Appendix Table 13 and Table
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Table 8: Results of the unpaired two sample t-test on the di�erence of means for number
and value of point-of-sale cash payments between groups, for age, district, education
level, ethnicity, gender, and income class.

Number A1 vs B B1 vs C A2 vs C A2 vs B1 Value A1 vs B B1 vs C A2 vs C A2 vs B1

Age

12-24 -0.7174 -1.0259 -1.6020 -0.5943 -0.0545 1.1640 2.0269** 0.9007

(0.4732) (0.3051) (0.1093) (0.5524) (0.9566) (0.2448) (0.0431) (0.3681)

25-44 -0.7501 -2.0983** -1.6166 0.4356 -1.0225 -0.0958 -1.2903 -1.1671

(0.4532) (0.0360) (0.1061) (0.6632) (0.3066) (0.9237) (0.1971) (0.2433)

45-65 -2.6022** -0.7948 0.0961 0.9167 -0.2436 -3.1543** -1.1510 2.0280**

(0.0093) (0.4268) (0.9235) (0.3594) (0.8075) (0.0016) (0.2498) (0.0427

65+ -0.4876 1.8815* 0.6956 -1.2143 -1.8687* -2.1143** -1.529 0.6165

(0.6259) (0.0601) (0.4868) (0.2248) (0.0618) (0.0346) (0.1264) (0.5376)

District

Big cities + aggl. -0.9709 -0.5598 0.1800 0.7577 -1.5416 -0.6968 -0.4656 0.2215

(0.3317) (0.5757) (0.8571) (0.4488) (0.1234) (0.4861) (0.6416) (0.8247)

West -0.6165 -0.4473 0.3149 0.7706 -1.8400* -1.5005 -0.6907 0.8671

(0.5376) (0.6547) (0.7529) (0.4410) (0.0659) (0.1336) (0.4898) (0.3860)

North -1.4487 -0.9156 -0.9877 -0.0733 -0.3390 -1.383 0.0571 1.382

(0.1476) (0.3601) (0.3235) (0.9415) (0.7347) (0.1672) (0.9545) (0.1674)

East -0.4387 -0.3198 -0.2415 0.0766 2.2718** -1.0237 0.1841 1.2289

(0.6609) (0.7491) (0.8092) (0.9389) (0.0232) (0.3061) (0.8539) (0.2193)

South -1.6258 0.2433 -0.2904 -0.5233 -2.0451** -0.5371 -0.7897 -0.2387

(0.1041) (0.8078) (0.7715) (0.6008) (0.0409) (0.5913) (0.4298) (0.8114)

Education

Primary education 1.7613* 0.5144 -0.5954 -1.0083 -0.1474 0.6687 0.7814 0.1103

(0.0785) (0.6071) (0.5517) (0.3137) (0.8829) (0.5043) (0.4353) (0.9123)

Lower voc. 0.0746 0.6029 1.1173 0.4934 -1.5561 -1.4794 -0.5463 1.0306

(0.9406) (0.5466) (0.2640) (0.6218) (0.1198) (0.1392) (0.5849) (0.3029)

Senior sec. voc. -3.8931** -0.3303 -0.606 -0.2773 0.1881 -0.755 -1.0271 -0.2562

(0.0001) (0.7412) (0.5446) (0.7815) (0.8508) (0.4503) (0.3045) (0.7978)

Higher professional -0.3176 -2.5022** -1.7932* 0.6732 -0.9347 -1.7953* -0.4921 1.2903

(0.7508) (0.0124) (0.0731) (0.5009) (0.3500) (0.0728) (0.6227) (0.1971)

University -1.6257 0.3406 0.1853 -0.1440 -0.5545 -1.5341 -0.4652 0.9179

(0.1043) (0.7335) (0.8531) (0.8856) (0.5795) (0.1256) (0.6420) (0.3591)

Ethnicity

Native -1.5064 -1.0538 -0.4049 0.6672 -0.7806 -2.2419** -1.1086 1.1932

(0.1320) (0.2920) (0.6856) (0.5047) (0.4351) (0.0250) (0.2676) (0.2328)

Foreign -1.9100* -0.1071 -0.0428 0.055 -1.1678 -0.6600 0.2672 0.9685

(0.0563) (0.9148) (0.9659) (0.9562) (0.2431) (0.5094) (0.7894) (0.3330)

Gender

Male -1.9936** -0.8334 0.1065 0.9577 0.2135 0.3974 0.2530 -0.1551

(0.0462) (0.4047) (0.9152) (0.3382) (0.8309) (0.6911) (0.8003) (0.8768)

Female -1.1950 -0.2965 -0.6303 -0.3355 -2.3831** -3.5683** -1.6086 2.0102**

(0.2321) (0.7668) (0.5285) (0.7373) (0.0172) (0.0004) (0.1078) (0.0445)

Income

< EUR 14,300 -0.0710 -0.4288 -1.4985 -0.9520 -2.0841** -0.4138 -0.6314 -0.1787

(0.9434) (0.6682) (0.1344) (0.3414) (0.0375) (0.6792) (0.5281) (0.8582)

EUR 14,300�38,300 -1.9480* 0.7850 0.4666 -0.3377 -1.1358 -0.7490 -1.2375 -0.4494

(0.0515) (0.4325) (0.6408) (0.7356) (0.2561) (0.4539) (0.2160) (0.6532)

EUR 38,300�65,000 -1.8596* -2.0772** -0.5600 1.5720 0.9705 -0.1255 0.3712 0.4951

(0.0630) (0.0379) (0.5755) (0.1161) (0.3319) (0.9002) (0.7106) (0.6206)

> EUR 65,000 -1,6133 -0.6336 -0.8897 -0.3031 -0.4459 -1.3742 0.3606 1.5935

(0.1069) (0.5265) (0.3738) (0.7618) (0.6558) (0.1698) (0.7185) (0.1115)

Note: This table reports t−statistics obtained by a two-sample t−test on the di�erence of means for
number and value of point-of-sale cash payments between groups, for age, district, education level,
ethnicity, gender, and income class. ∗ indicates that p < 0.10 and ∗∗ that p < 0.05. P -values in
parenthesis. Group A are �rst-time participants in September, Group B and A1 are �rst and second-time
participants in November, respectively, and Group C, B1, and A2 are �rst, second, and third-time
participants in March, respectively.
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Table 9: Signi�cance test on the di�erence of means for number and value of withdrawals
between the groups

Withdrawals Number Value

A1 vs B -1.2621 0.0271

(0.2069) (0.9784)

B1 vs C -3.1878∗∗ -0.5899

(0.0014) (0.5553)

A2 vs C -3.1234∗∗ 0.5530

(0.0018) (0.5804)

A2 vs B1 0.0737 1.1257

(0.9413) (0.2605)

Note: This table reports t−statistics obtained by a two-sample t−test on the di�erence of means for
number and value of withdrawals between the groups. ∗ indicates that p < 0.10 and ∗∗ that p < 0.05.
P -values in parenthesis. Group A are �rst-time participants in September, Group B and A1 are �rst
and second-time participants in November, respectively, and Group C, B1, and A2 are �rst, second,
and third-time participants in March, respectively.

2.4599 (0.0139) in November and 1.9929 (0.0463) in March, where the p-values are given
in parenthesis. This con�rms the observation from the previous section on withdrawals,
that the percentage of zero reported withdrawals in a group is higher if the group
has participated before. For the reported value of withdrawals there are no signi�cant
di�erences between the groups, which indicates that there is not one speci�c withdrawal
size that is underreported.

To examine if the panel conditioning e�ect for the number of withdrawals is related
to speci�c demographic groups, we looked at all demographic groups in more detail.
Figures containing three demographic groups (age, gender, and income) are displayed in
appendix A (Figure 11, 12, and 13). These �gures reveal, as expected, that the trained
respondents are, in general, underreporting their number of withdrawals per day.

We �nd that the average number of reported withdrawals is lower for trained
respondents for all age groups, gender, income categories, ethnicity, districts and
education levels but this panel conditioning e�ect is not similar in the second wave
(November) and in the third wave (March). For example, in November only trained
respondents, between 25 and 44 year of age, report a lower average number of
withdrawals, whereas in March all trained respondents report a lower number of
withdrawals, except for third-time participants older than 65. Also in November,
trained males reported a lower number of withdrawals than �rst time participating
males, while trained woman did not report so much less, contrary in March, the trained
females reported relatively less withdrawals than the trained males. The only e�ect
that carries over from one month to the other is in category `District'. For this we �nd
a signi�cantly lower average number of reported withdrawals, in both November and
March, for trained respondents living in the West or East of the Netherlands, excluding
the three biggest cities. The e�ect is signi�cant at the traditional 5% signi�cance level
for trained respondents living in the East, whereas it is only signi�cant at the 10%
signi�cance level for trained respondents living in the West (highest p-value is 0.0755,
see Table 12).

7 Conclusion

In this paper we analyse data from the survey on consumers' payments in order to detect
panel conditioning and to see whether any panel conditioning e�ect is concentrated in
speci�c demographic groups.

Overall, we conclude that there is no signi�cant evidence of a panel conditioning
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e�ect in the payment survey. This is a very positive �nding as it suggests that reporting
behavior does not change when participants are interviewed multiple times. Since the
survey does not su�er from panel conditioning, we conclude that the survey is well
constructed and that the survey results can be used to make inferences about the Dutch
population, without taking into account the number of times a respondent participated
in the survey. We now more closely examine each hypothesis individually.

Our �rst hypothesis considered the proportion of respondents who do not report any
payments (non-buyers). We found no signi�cant evidence of a panel conditioning e�ect
due to non-buyers in any of the groups. Moreover, the trained respondents were less
likely to report zero payments than �rst-time participants, albeit not signi�cant at the
traditional 5% signi�cance level. Hence, we rejected the �rst hypothesis.

We suspected that overall, the average number of reported payments and withdrawals
would decrease with the number of waves participated in. This was our second
hypothesis. Our results reveal that underreporting of the number of payments and
withdrawals for trained respondents appears in both months. Yet, only a few di�erences
were signi�cant. For payments only the di�erence between �rst and second-time
participants in the second wave of the study (November) were statistically signi�cant.
For withdrawals we found the opposite: statistically signi�cant di�erences were only
observed in March between second and �rst-time participants and between third and
�rst-time participants. Since the signi�cant di�erences lack consistency over the months,
we reject the second hypothesis. Furthermore, we found no signi�cant di�erences
between second time and third-time participants, suggesting that second time and
third-time participants have similar reporting behavior.

In our third hypothesis, we expected the number cash payments, carried out in known
cash-intensive sectors, to be underreported 10. Although we did �nd some signs of change
in the reporting of cash payments in supermarkets for the second wave (November) and
third wave (March) of the study, the �ndings are not consistent over time and among
the di�erent groups of respondents. For this reason, we reject the third hypothesis.

In our fourth hypothesis, we suggested that the average value per payment would
be higher for trained respondents compared to �rst-time participants. We found no
signi�cant evidence for this hypothesis when examining the responding behavior of
withdrawals. When looking at payments, we found no supporting evidence for this
hypothesis. In fact, second time and third-time participants tend to report a higher
number of small payments. This is a sign that trained respondents better report their
small payments. For this reason, it can be said that the new methodology leads to
improved results on the use of cash, especially for low-value payments.

We extended the research and divided the respondents in subcategories based on
their demographic characteristics and we hypothesized that the bias due to panel
conditioning would be concentrated in speci�c demographic subgroups. In particular,
we expected concentrated bias in the subgroups that are known for being cash-intensive
users: children, elderly people, respondents with a lower income and lower educated
people. The analysis per demographic subgroup did not show any consistent patterns
and only few di�erences were statistically signi�cant. As a result, we found no evidence
to support our �fth hypothesis. Furthermore, we found again no signi�cant evidence
that second and third-time participants di�er in reporting behavior.

The last hypothesis looked for the consistency of the panel conditioning e�ect in
all months. We found that trained respondents were signi�cantly more likely to report
zero withdrawals than �rst-time participants in both November and March. For the
other variables of interest, number and value of payments, value of withdrawals and
proportion of non-buyers, we did not �nd signi�cant panel conditioning e�ects in all
months. Therefore we had to reject the hypothesis for all variables except for the
proportion of non zero withdrawals for trained respondents.

10We focus our analysis on the sectors that, up to the year of the study, characterized as being
cash-intensive sectors. These are: supermarkets, restaurants and similar, non-food retail shops (low
value), TCN (confectionery, tobacconist, newsagent) and vending machines. These �ve sectors together
cover about 68% of all point-of-sale payments in the survey (Hernandez et al., 2014).
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Finally, we conclude that quantifying a panel conditioning e�ect in panel surveys on
payments and withdrawals is still very di�cult and that further research is required.

Possible future advancements can be made by, for example, conducting a longitudinal
survey which is able to capture speci�c month e�ects � we suspect that there are
di�erent reporting patterns over the di�erent months (panel conditioning behaves
di�erently in one month compared to the other), this could be tested by conducting
a survey that spans more than one year.

Another advancement can be made by revising the questionnaire structure. We
initially expected to �nd possible changes on reporting behavior regarding consumers'
payments rather than on reporting of their cash withdrawals. This is because the
frequency of daily payments is higher than that of withdrawals, which could make the
recording process more tedious. Contrary to our expectations, we �nd a clear panel
conditioning e�ect for the number of cash withdrawals over all demographic groups,
while we did not �nd consistent changes of behavior in the reporting of payments made
by respondents. We think that this could be due to the structure of the questionnaire.
In the questionnaire respondents �rst had to report their payments and after that their
withdrawals. For this reason we propose a revision of the design of the questionnaire
in combination with an improvement of the online tool which most respondents use to
complete the survey.
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A Figures and Tables

Table 10: Signi�cance test on the di�erence of means for the percentage of debit
payments for a range of transaction sizes

Transaction size < EUR 5 EUR 5�15 EUR 15�25 EUR 25�50 EUR 50�100

A1 vs B 0.1156 -0.3069 -2.2785** 1.6677* 1.0849

(0.9080) (0.7589) (0.0227) (0.0954) (0.2780)

B1 vs C -1.9695** 3.6501** 0.8226 -2.3203** -1.1191

(0.0489) (0.0003) (0.4107) (0.0203) (0.2631)

A2 vs C -1.5607 2.1723** 0.8491 -0.3597 -1.7438*

(0.1186) (0.0298) (0.3958) (0.7191) (0.0812)

A2 vs B1 0.4293 -1.519 0.0193 1.9899** -0.6171

(0.6677) (0.1288) (0.9846) (0.0466) (0.5372)

Note: This table reports t−statistics obtained by a two-sample t−test on the di�erence of means for
the percentage of debit payments for a range of transaction sizes. ∗ indicates that p < 0.10 and ∗∗ that
p < 0.05. P -values in parenthesis. Group A are �rst-time participants in September, Group B and A1
are �rst and second-time participants in November, respectively, and Group C, B1, and A2 are �rst,
second, and third-time participants in March, respectively.

Table 11: Signi�cance test on the di�erence of means for the percentage of cash payments
for a range of transaction sizes

Transaction size < EUR 5 EUR 5�15 EUR 15�25 EUR 25�50 EUR 50�100

A1 vs B 2.1525** -1.2214 -0.2843 -1.245 -0.3546

(0.0314) (0.2219) (0.7762) (0.2131) (0.7229)

B1 vs C 1.9564* 0.0400 -0.7196 -2.3259** -0.929

(0.0504) (0.9681) (0.4718) (0.0200) (0.3529)

A2 vs C 0.9063 0.6275 -1.2772 -0.9608 -0.7345

(0.3648) (0.5303) (0.2015) (0.3367) (0.4627)

A2 vs B1 -1.0783 0.5817 -0.5390 1.4003 0.2115

(0.2809) (0.5608) (0.5899) (0.1614) (0.8325)

Note: This table reports t−statistics obtained by a two-sample t−test on the di�erence of means for
the percentage of cash payments for a range of transaction sizes. ∗ indicates that p < 0.10 and ∗∗ that
p < 0.05. P -values in parenthesis. Group A are �rst-time participants in September, Group B and A1
are �rst and second-time participants in November, respectively, and Group C, B1, and A2 are �rst,
second, and third-time participants in March, respectively.
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(a) November (b) March

Figure 8: Average value of cash point-of-sale payments in November and March per age category.
Group A are �rst-time participants in September, Group B and A1 are �rst and second-time participants
in November, respectively, and Group C, B1, and A2 are �rst, second, and third-time participants in
March, respectively.

(a) November (b) March

Figure 9: Average value of debit card point-of-sale payments in November and March per age category.
Group A are �rst-time participants in September, Group B and A1 are �rst and second-time participants
in November, respectively, and Group C, B1, and A2 are �rst, second, and third-time participants in
March, respectively.

(a) March (b) November

Figure 10: Average number of debit card point-of-sale payments in November and March per district.
Group A are �rst-time participants in September, Group B and A1 are �rst and second-time participants
in November, respectively, and Group C, B1, and A2 are �rst, second, and third-time participants in
March, respectively.
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Table 12: Signi�cance test on the di�erence of means for number of withdrawals between
groups for age, district, education level, ethnicity, gender, and income class

Number A1 vs B B1 vs C A2 vs C A2 vs B1 A1 vs B B1 vs C A2 vs C A2 vs B1

Age Income

12-24 0.0518 -2.4517** -2.7749** -0.3502 < EUR 14,300 -0.9038 -1.3973 -1.0304 0.3961

(0.9587) (0.0143) (0.0056) (0.7262) (0.3663) (0.1627) (0.3031) (0.6922)

25-44 -1.8127* -1.1311 -1.8166* -0.7632 EUR 14,300�38,300 -1.5263 -1.998** -1.5054 0.5956

(0.0699) (0.2581) (0.0694) (0.4454) (0.127) (0.0458) (0.1323) (0.5515)

45-65 -0.1977 -1.3446 -1.2442 0.1252 EUR 38,300�65,000 -0.1871 -1.5274 -1.6791* -0.2005

(0.8433) (0.1788) (0.2135) (0.9004) (0.8516) (0.1268) (0.0933) (0.8411)

65+ -0.3295 -1.5301 0.8988 1.6952* > EUR 65,000 0.5308 -1.0498 -0.5548 0.4960

(0.7418) (0.1261) (0.1272) (0.0902) (0.5308) (0.2940) (0.5791) (0.6200)

Ethnicity Gender

Native -1.1936 -3.0169** -2.8512** 0.2493 Male -1.3868 -1.6409 -1.6052 0.0541

(0.2327) (0.0026) (0.0044) (0.8032) (0.1656) (0.1009) (0.1085) (0.9568)

Foreign -0.2100 -1.3983 -1.1979 0.0654 Female -0.4138 -2.8365** -2.7578** 0.0659

(0.8337) (0.1622) (0.2311) (0.9479) (0.6790) (0.0046) (0.0058) (0.9475)

Education District

Primary education -0.6129 -1.7344* -0.6462 1.0533 Big cities + aggl. -0.6353 0.1977 -0.9157 -1.1779

(0.5400) (0.0833) (0.5183) (0.2926) (0.5253) (0.8433) (0.3600) (0.2390)

Lower voc. -1.275 -1.6676* -1.3889 0.3154 West -1.7781* -2.5693** -1.8192* 0.7884

(0.2024) (0.0955) (0.1650) (0.7525) (0.0755) (0.0102) (0.0690) (0.4305)

Senior sec. voc. -0.8337 -0.3859 -1.4035 -1.0390 North -0.4626 -0.4319 -1.4757 -1.0349

(0.4045) (0.6996) (0.1606) (0.2988) (0.6437) (0.6659) (0.1403) (0.3009)

Higher professional 1.022 -2.0345** -2.3639** -0.3691 East 2.1543** -2.5400** -2.2025** 0.3646

(0.3069) (0.0420) (0.0182) (0.7121) (0.0313) (0.0112) (0.0277) (0.7155)

University -1.9745** -1.5103 -0.4911 0.9796 South -1.8463* -1.1437 -0.6649 0.4982

(0.0486) (0.1314) (0.6235) (0.3276) (0.0649) (0.2529) (0.5062) (0.6184)

Note: This table reports t−statistics obtained by a two-sample t−test on the di�erence of means
for number of withdrawals between groups for age, district, education level, ethnicity, gender, and
income class. ∗ indicates that p < 0.10 and ∗∗ that p < 0.05. P -values in parenthesis. Group A
are �rst-time participants in September, Group B and A1 are �rst and second-time participants in
November, respectively, and Group C, B1, and A2 are �rst, second, and third-time participants in
March, respectively.

(a) November (b) March

Figure 11: Average number of withdrawals per person per day in November and March per group
and age category. Group A are �rst-time participants in September, Group B and A1 are �rst and
second-time participants in November, respectively, and Group C, B1, and A2 are �rst, second, and
third-time participants in March, respectively.
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(a) November (b) March

Figure 12: Average number of withdrawals per person per day in November and March per group and
gender. Group A are �rst-time participants in September, Group B and A1 are �rst and second-time
participants in November, respectively, and Group C, B1, and A2 are �rst, second, and third-time
participants in March, respectively.

(a) November (b) March

Figure 13: Average number of withdrawals per person per day in November and March per group
and income class. Group A are �rst-time participants in September, Group B and A1 are �rst and
second-time participants in November, respectively, and Group C, B1, and A2 are �rst, second, and
third-time participants in March, respectively.
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Table 13: Signi�cance test on the di�erence of means for number and value of total
point-of-sale payments between groups, for age, district, education level, ethnicity,
gender, and income class

Number A1 vs B B1 vs C A2 vs C A2 vs B1 Value A1 vs B B1 vs C A2 vs C A2 vs B1

Age

12-24 0.9988 -0.5451 0.0407 0.5590 0.4507 0.2525 1.2755 0.9307

(0.3180) (0.5858) (0.9675) (0.5762) (0.6522) (0.8007) (0.2023) (0.3521)

25-44 -2.7416** -1.1715 -2.3346** -1.3048 0.1238 -2.1084** -2.0881** 0.0055

(0.0061) (0.2415) (0.0196) (0.1920) (0.9015) (0.0351) (0.0368) (0.9956)

45-64 -1.8918* -0.5381 -0.3278 0.2199 0.7053 -1.8620* -0.9693 0.9649

(0.0586) (0.5906) (0.7431) (0.8260) (0.4806) (0.0627) (0.3324) (0.3346)

65+ -0.2600 2.1059** 0.8259 -1.3376 -1.2062 -1.9183* -2.0440** -0.0979

(0.7949) (0.0353) (0.4089) (0.1812) (0.2278) (0.0552) (0.0410) (0.9220)

District

Big cities + aggl. -2.0247** 0.1505 -0.7479 -0.9404 -0.8347 -0.1515 -0.6971 -0.5523

(0.0430) (0.8804) (0.4546) (0.3472) (0.4040) (0.8796) (0.4858) (0.5808)

West -0.1049 1.6183 1.5658 -0.0192 -1.1342 -0.7553 -0.4307 0.3440

(0.9164) (0.1057) (0.1175) (0.9847) (0.2567) (0.4501) (0.6667) (0.7308)

North -0.9907 -1.6537* -1.7489* -0.0909 1.7128* -2.3843** -2.016** 0.5311

(0.3220) (0.0985) (0.0805) (0.9276) (0.0869) (0.0172) (0.0440) (0.5954)

East 0.0286 -0.7591 0.0176 0.7718 2.5820** -1.2359 0.0276 1.2977

(0.9772) (0.4479) (0.9860) (0.4403) (0.0099) (0.2166) (0.9780) (0.1945)

South -1.4069 0.7435 -0.2959 -1.0663 -2.3932** -1.1366 -1.2740 -0.1084

(0.1596) (0.4572) (0.7673) (0.2864) (0.0167) (0.2558) (0.2027) (0.9137)

Education

Primary education 1.2380 -0.0170 -0.4301 -0.3824 -1.2019 0.4906 0.1657 -0.3075

(0.2160) (0.9865) (0.6672) (0.7023) (0.2297) (0.6240) (0.8684) (0.7586)

Lower voc. 0.3547 0.3650 0.4894 0.1035 -0.3258 -0.9145 0.0878 1.0168

(0.7228) (0.7152) (0.6246) (0.9176) (0.7446) (0.3605) (0.9300) (0.3093)

Senior sec. voc. -2.6939** -0.0247 -0.3373 -0.3180 1.3037 -1.0061 -1.4409 -0.4166

(0.0071) (0.9803) (0.7359) (0.7505) (0.1924) (0.3144) (0.1497) (0.6770)

Higher professional -0.4360 -2.0273** -1.8426* 0.1181 -0.4431 -2.7445** -1.8324* 0.9393

(0.6628) (0.0427) (0.0655) (0.9060) (0.6577) (0.0061) (0.0670) (0.3476)

University -2.0182** 1.5042 0.5179 -0.8492 -0.5610 -1.2017 -0.3391 0.8167

(0.0438) (0.1329) (0.6046) (0.3960) (0.5749) (0.2297) (0.7346) (0.4143)

Ethnicity

Native -1.0998 -0.4404 -0.4584 -0.0114 0.1213 -1.8076* -1.7094* 0.1849

(0.2715) (0.6597) (0.6467) (0.9909) (0.9035) (0.0707) (0.0874) (0.8533)

Foreign -1.3060 0.9833 0.7976 -0.0699 -0.9053 -1.4177 -0.2477 1.1713

(0.1917) (0.3256) (0.4252) (0.9443) (0.3654) (0.1564) (0.8044) (0.2416)

Gender

Male -1.5581 -0.2127 -0.0840 -0.2127 2.0012** -1.0906 -0.7410 0.3810

(0.1192) (0.8315) (0.9331) (0.8315) (0.0454) (0.2755) (0.4587) (0.7032)

Female -1.5819 1.0314 -0.1584 1.0314 -2.2661** -2.3145** -1.6972* 0.6471

(0.1137) (0.3024) (0.8741) (0.3024) (0.0235) (0.0207) (0.0897) (0.5176)

Income

< EUR 14,300 -0.0745 -0.0641 -1.2037 -1.0959 -2.1774** -1.2375 -1.1586 0.1278

(0.9406) (0.9489) (0.2290) (0.2735) (0.0296) (0.2162) (0.2469) (0.8983)

EUR 14,300�38,300 -2.5794** -0.0429 -0.8194 -0.7778 0.2906 -3.4495** -3.4970** 0.0487

(0.0099) (0.9658) (0.4126) (0.4367) (0.7714) (0.0006) (0.0005) (0.9612)

EUR 38,300�65,000 -1.9336* -0.7488 0.2200 1.0231 1.6986* -0.9631 -0.1320 0.8873

(0.0532) (0.4541) (0.8259) (0.3063) (0.0895) (0.3356) (0.8950) (0.3750)

> EUR 65,000 -0.5616 -1.2387 -0.8973 0.2728 -0.0487 -1.3132 0.1948 1.4832

(0.5745) (0.2157) (0.3698) (0.7850) (0.9611) (0.1893) (0.8456) (0.1382)

Note: This table reports t−statistics obtained by a two-sample t−test on the di�erence of means for
number and value of total point-of-sale payments between groups, for age, district, education level,
ethnicity, gender, and income class. ∗ indicates that p < 0.10 and ∗∗ that p < 0.05. P -values in
parenthesis. Group A are �rst-time participants in September, Group B and A1 are �rst and second-time
participants in November, respectively, and Group C, B1, and A2 are �rst, second, and third-time
participants in March, respectively.
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Table 14: Signi�cance test on the di�erence of means for number and value of
point-of-sale debit card payments between groups, for age, district, education level,
ethnicity, gender, and income class

Number A1 vs B B1 vs C A2 vs C A2 vs B1 Value A1 vs B B1 vs C A2 vs C A2 vs B1

Age

12-24 0.8626 -0.1264 0.3744 0.4927 0.8010 0.2513 1.2051 0.8411

(0.3885) (0.8994) (0.7082) (0.6223) (0.4233) (0.8017) (0.2286) (0.4006)

25-44 -2.4259** -0.2741 -1.5073 -1.3197 1.3991 -2.3426** -1.4235 0.9109

(0.0153) (0.7841) (0.1318) (0.1870) (0.1619) (0.0192) (0.1547) (0.3624)

45-64 -0.9692 -0.1880 -0.6196 -0.4453 1.0575 -0.8189 -0.7454 0.1176

(0.3325) (0.8509) (0.5356) (0.6561) (0.2904) (0.4129) (0.4561) (0.9064)

65+ 1.1832 0.5099 0.5458 0.0145 -1.6242 -0.3861 -1.5741 -1.1792

(0.2368) (0.6102) (0.5852) (0.9884) (0.1045) (0.6995) (0.1157) (0.2386)

District

Big cities + aggl. -1.8458* 0.5314 -1.3368 -1.9197* 0.3102 0.6018 0.1891 -0.3956

(0.0651) (0.5952) (0.1815) (0.0551) (0.7565) (0.5474) (0.8501) (0.6925)

West -0.1698 2.4562** 1.2786 -1.2002 0.1444 -1.0307 0.3395 1.4413

(0.8652) (0.0141) (0.2011) (0.2301) (0.8852) (0.3028) (0.7343) (0.1496)

North 0.2537 -2.1722** -1.5997 0.6063 1.3676 -1.6531* -1.5761 0.2008

(0.7998) (0.0301) (0.1099) (0.5445) (0.1717) (0.0988) (0.1154) (0.8409)

East 0.5737 -0.9143 0.5059 1.4375 2.0139** -0.4653 -0.7559 -0.2528

(0.5662) (0.3606) (0.6130) (0.1507) (0.0442) (0.6418) (0.4499) (0.8004)

South -0.9430 0.5357 0.0101 -0.5492 -1.4425 -1.1427 -1.5888 -0.4142

(0.3458) (0.5922) (0.9919) (0.5829) (0.1493) (0.2533) (0.1123) (0.6788)

Education

Primary education -0.6028 -0.6512 -0.0527 0.6960 0.3102 0.6018 0.1891 -0.3956

(0.5468) (0.5151) (0.9580) (0.4867) (0.7565) (0.5474) (0.8501) (0.6925)

Lower voc. 0.7306 -0.6978 -0.8161 -0.0674 0.1444 -1.0307 0.3395 1.4413

(0.4651) (0.4854) (0.4145) (0.9462) (0.8852) (0.3028) (0.7343) (0.1496)

Senior sec. voc. -0.5055 0.1928 0.0164 -0.1823 1.3676 -1.6531* -1.5761 0.2008

(0.6132) (0.8471) (0.9869) (0.8554) (0.1717) (0.0988) (0.1154) (0.8409)

Higher professional -0.3831 -0.7402 -0.5547 0.1580 2.0139** -0.4653 -0.7559 -0.2528

(0.7016) (0.4593) (0.5791) (0.8745) (0.0442) (0.6418) (0.4499) (0.8004)

University -1.8839* 1.5910 0.1104 -1.5060 -1.4425 -1.1427 -1.5888 -0.4142

(0.0599) (0.1120) (0.9121) (0.1324) (0.1493) (0.2533) (0.1123) (0.6788)

Ethnicity

Native -0.6115 0.1285 -0.5660 -0.6960 1.0856 -1.2003 -0.9777 0.2741

(0.5409) (0.8978) (0.5714) (0.4865) (0.2777) (0.2301) (0.3283) (0.7840)

Foreign 0.0187 0.6946 1.4005 0.8864 -0.8146 -0.8914 -0.9080 -0.0833

(0.9851) (0.4874) (0.1616) (0.3755) (0.4154) (0.3729) (0.3641) (0.9336)

Gender

Male 0.0914 -0.3566 -0.3807 -0.0241 2.1349** -1.3116 -0.4487 0.9100

(0.9271) (0.7214) (0.7035) (0.9808) (0.0328) (0.1897) (0.6537) (0.3629)

Female -1.6836* 1.4922 0.3319 -1.1888 -0.6932 -1.0653 -1.3470 -0.2684

(0.0923) (0.1357) (0.7400) (0.2346) (0.4882) (0.2868) (0.1781) (0.7884)

Income

< EUR 14,300 -0.7427 0.0536 -0.2182 -0.2680 -0.5429 -1.3167 -1.3204 0.0883

(0.4579) (0.9573) (0.8273) (0.7888) (0.5874) (0.1887) (0.1874) (0.9297)

EUR 14,300�38,300 -2.1245** -1.1286 -1.6972* -0.4995 1.9375* -3.0276** -2.5057** 0.5965

(0.0337) (0.2592) (0.0898) (0.6174) (0.0528) (0.0025) (0.0123) (0.5509)

EUR 38,300�65,000 -0.5192 0.4389 0.3584 -0.0759 1.1561 -1.5840 -0.4774 1.2013

(0.6037) (0.6608) (0.7201) (0.9395) (0.2477) (0.1134) (0.6331) (0.2298)

> EUR 65,000 0.8676 -1.4289 0.1498 1.6196 -1.2945 -0.6870 -0.4955 0.1865

(0.3858) (0.1533) (0.8810) (0.1056) (0.1957) (0.4923) (0.6204) (0.8521)

Note: This table reports t−statistics obtained by a two-sample t−test on the di�erence of means for
number and value of point-of-sale debit card payments between groups, for age, district, education
level, ethnicity, gender, and income class. ∗ indicates that p < 0.10 and ∗∗ that p < 0.05. P -values in
parenthesis. Group A are �rst-time participants in September, Group B and A1 are �rst and second-time
participants in November, respectively, and Group C, B1, and A2 are �rst, second, and third-time
participants in March, respectively.
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