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Abstract

Customer satisfaction in retail stores are considerably affected by checkout services. Self-checkout counters
have been installed in order to reduce waiting times at checkout in retail stores. However, it is uncertain
whether the self-checkout lanes actually decrease the average waiting time of customers. Rather, there are
some problems associated with self-checkout lanes such as theft or service failure due to technological
problems. This study analyzes comparison between self-checkout and regular staffed-checkout lanes, based
on the dataset collected from a retail store in Poland. As a result, we observe that the average transaction
times were longer at the self-checkout lanes though fewer products were purchased than at the staffed-checkout
lanes. In addition, the customers who buy more products tend to use self-checkouts less frequently. We also
check that transaction times are proportional to the number of products customers purchase, and that both the
time to scan one item and the fixed time related to checkout are significantly longer at the self-checkout
counters. As there has been very few research on the effectiveness of self-checkouts, this study can be the first
Step to investigate managerial insights on checkout services in retail stores.
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1. INTRODUCTION

Customer satisfaction in retail stores is considerably affected by waiting at the checkout counters. These
days many retailers have introduced express or self-checkout counters in order to reduce average waiting time
of customers. Despite the increase of retailers pursuing such diversification of checkout counters, there has
been relatively fewer research on the advantage of express or self-checkout counters. Several studies rather
pointed out that there are some drawbacks of installing them. [1] observed that the benefit of having express
checkout lanes may be reduced when there are fewer customer arrivals per hour or when the average checkout
service time is shorter. Self-checkouts are not preferred by older people who have technical difficulty [2] and
may induce more thefts [3, 4]. Still, most customers appreciate the retailers’ efforts on diversification of
checkout lanes, which reveals how much the retailers concern customers’ convenience.

In particular, self-checkout counters can reduce perceived wait time of customers by making them feel that
they control the checkout services themselves [5]. As the machines replace the human clerks, self-checkout
counters also can reduce labor costs [6]. In the 2000s, more and more retailers started to install self-checkout
counters. In the early year (2001), 6% of supermarkets already provided self-checkout lanes in the United
States [7]. However, a survey [8] disclosed that two thirds of customers do not like self-checkout lanes.
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In this study, by using the actual data, we aim to compare the two types of checkout counters — self-checkouts
and regular staffed-checkouts — to investigate whether there is a significant difference between the two. So far,
there have not been any studies on comparing these two cashier types. Most existing literatures have focused
on the merit or the side effect of self-checkout lanes by surveys. This study analyzes the actual transaction data
of checkout services from a supermarket and compares the two cashier types objectively. In addition, we
attempt to verify the relationship between the purchasing quantity and the ratio of self-checkout usage or the
transaction time. We do not conclude which cashier type of checkouts is more desirable under any
circumstances. Rather, we try to develop a premise about the two cashier types by analyzing the real data for
further studies.

According to the empirical analysis, we observe that the average transaction times were longer at the self-
checkout lanes though fewer products were purchased than at the staffed-checkout lanes. Additionally, the
customers who buy more products tend to use self-checkout less frequently. We also check that transaction
times are proportional to the number of products customers purchase, and that both the time to scan one item
and the fixed time related to checkout services are significantly longer at the self-checkout counters.

The remainder of this study is organized as follows. Section 2 reviews several relevant literatures and
Section 3 analyzes the comparison between the self and staffed checkout lanes by the actual data. Section 4
provides the discussions and concluding remarks.

2. LITERATURE REVIEW

Many existing literatures about self-checkout lanes have focused on why customers choose self-checkout
counters. After the self-checkout counters became prevalent, some periodicals have stated the disadvantage of
this new type of cashier. There have been few studies on the performance of installing self-checkout lanes, not
to mention no study with the actual transaction data of checkout services.

[9] explored the effect of psychological expectation about self-checkouts on customer satisfaction.
According to the survey provided by [10], 79% of customers expect self-checkout lanes in grocery stores. [11]
found out, through a survey in Singapore, that there was no demographical difference between users and non-
users of self-checkout counters, but users prefer self-checkouts because they expect the checkout time would
be reduced. [12] analyzed the survey results via structural equation modelling and indicated that time pressure,
basket size, coupons and queue length influence customers’ decisions to use self-checkout lanes. [13] analyzed
the factors affecting customers’ choice of self-checkouts and found that perceived waiting time, perceived task
complexity, and companion influence are the three situational factors through a mixed qualitative research
design. Customers expect the self-checkout counters reduce the waiting time and use them [14].

While self-checkout counters have been used in many markets, several shortcomings were observed
including theft. According to [3], a U.K. survey from 2014 suggested that about 20% of shoppers
acknowledged stealing items at self-checkout and about 60% of these did it because of the technical reason
(they couldn’t get an item to scan). More employees than consumers are dissatisfied with self-checkouts
because they feel that increased theft and job loss is more detrimental than increased efficiency [15]. In addition,
a report revealed that lack of merchandising at self-checkouts decrease sales of supermarkets in New York
[16].

In spite of these possible problems, many retailers expect to increase customer satisfaction by installing
self-checkout lanes successfully. [17] empirically analyzed that the service quality of self-checkouts positively
influences loyalty through customer satisfaction. In [18], experts provided their opinions on self-checkouts:
self-checkouts are good systems for customer convenience, but they have some issues such as technical
problems, so we need to be careful about layout designs and take efforts to maintain high service quality. [19]
studied service quality of self-checkouts through structural equation modelling.

Most literatures have focused on the theoretical and practical pros and cons of self-checkouts while this
study analyzes the comparison between self-checkout and staffed-checkout lanes by using the actual
transaction information data. This study also investigates the relationship between purchasing quantity and
transaction time as well.
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3. ANALYSIS

3.1 Data

We analyze the open data provided by [20] who collected the transaction information at a large supermarket
in a city of southern Poland from December 7% to 19, 2017, from February 13" to 26", 2019, and from March
28™M to April 10™, 2019. As Poland prohibits operations on three Sundays per month in 2019, there is no data
for February 17" and for April 7™ in our data sample. This raw data contains information about cashier type
(staffed/self), cashier ID, start time and end time of checkout transaction, transaction time, idle time, number
of items purchased, payment type (cash/card), sales amount of items purchased, and log of cashiers for each
transaction. The transaction time starts when the first item is scanned, and ends when the customer completes
payment. The transaction time is not exactly the same as the checkout service time, as the transaction time
does not include bagging time. However, it does not affect the implication of this study as we focus on the
comparison between two cashier-types, and not on the waiting-related performances. The total number of
transactions in the data was 163,268, in which 40,062 (24.54%) occurred at the self-checkout lanes. Total
number of checkout employees was 65, and the number of self-checkout counters was 6.

3.2 Comparison between Self-checkouts and Staffed-checkouts

Table 1 shows the mean and the median of transaction time, number of items purchased, and sales of items
purchased as well as the ratio of payment by cash or by card for each cashier type.

Table 1. Comparison of transaction information by cashier type

. N , Sales of items .
C?smer 4 of Data Transaction time (sec) | # of items purchased purchased Ratio of payment
ype
Mean Median Mean Median Mean Median | Cash Card
Staffed | 123,206 62.04 50 17.66 12 82.36 53.80 | 0.5497 | 0.4482
Self 40,062 99.51 77 8.98 6 42.72 27.30 | 0.4185 | 0.5746

As a result of T-test, the differences in transaction time, number of items purchased, and sales of items
purchased between cashier types are significant. The transaction time is observed to be longer for self-checkout
counters, while the number of items purchased and sales of items purchased are higher at staffed checkout
counters. More customers pay cash at the staffed checkout counters.

Interesting finding is that transaction time was longer at the self-checkout lanes though the customers who
used the lanes bought significantly fewer items than the customers at the staffed checkout lanes. It implies that
the customers may not be proficient at checkout activity compared to the employees. Though it may be obvious
that employees are efficient at checkout services, we need to analyze this phenomenon because stores install
self-checkout counters in order to reduce waiting and service times for customers. If the transaction times at
self-checkout lanes are too longer than expected, the customer satisfaction about checkout services will be
lower.

The number of items purchased is significantly lower at the self-checkout lanes. The customers using
staffed checkout lanes bought average 17.66 items (median 12 items) while the customers using self-checkout
lanes bought average 8.98 items (median 6 items). The small-buying customers tend to use self-checkout
counters more frequently.

The ratios of self-checkout usage per number of items purchased are illustrated in Figure 1. Figure 1 shows
that, as the number of items purchased increases, the ratio of self-checkout usage is observed to decrease. For
example, about half of the customers buying only one item use self-checkout lanes while less than one fifth of
customers who buy more than 20 items use self-checkout lanes. Installing self-checkout lanes is intended for
customers’ convenience, but if it reduces the so-called impulse buying, it may be detrimental to the retail stores.
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Figure 1. Relationship between purchasing quantity and
ratio of self-checkout usage

3.3 Relationship between Purchasing Quantity and Transaction Time

It is expected that the transaction time is proportional to the number of items purchased. In this study, we
verify the relationship with the data and analyze the difference between the staffed and self-checkout counters.
The regression model (1) we have used for the analysis is as follows.

Ty =0+ fiNy + &

T;: Transaction time of transaction j at cashier type i (sec)
Nj: Number of items of transaction j at cashier type i

The results of the regression analysis are summarized in Table 2.

(1

Table 2. Regression results for the relationship between the number of items purchased
and the transaction time

C1e_zshier Estimates adjusted R square p-value
ype a B
Aggregate 36.514 | 2.2358 0.366 <.0001
Staffed 23.258 | 2.1962 0.642 <.0001
Self 33.985 | 7.2966 0.642 <.0001

B can be interpreted as the checkout time per item, and o can be interpreted as a fixed time for each

checkout service including payment. As a result of the empirical analysis, the fixed service time of self-
checkout is longer by about 10 seconds and the checkout time per item of self-checkout is longer by about 5
seconds than those of staffed checkouts.
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4. MANAGERIAL IMPLICTATIONS AND CONCLUSION

Considering that checkout services substantially affect customer satisfaction in retail stores, we need to
investigate whether the self-checkout lanes can do the intended job effectively. By analyzing the actual
checkout transaction data from a large supermarket, we found out the significant differences between self-
checkout and regular staffed-checkout lanes.

We observe that the customers who use the self-checkout counters tend to buy fewer items but have longer
checkout time than those who use the staffed-checkout counters. It may be of question whether the installation
of self-checkout counters actually reduces the waiting time of customers. In order to maximize the benefit from
self-checkouts, we need to decrease the transaction time at the self-checkout lanes. Previous studies stated that
customers may avoid self-checkouts because of technical difficulty [2] and that theft occurs due to the failure
of scanning jobs [3]. Customers are not as efficient as skilled staffs. [21] explored the role of self-checkout
attendants who can help customers with technical difficulty. [22] also studied the role of self-checkout
attendants for recovery of customers’ failure at self-checkout counters. If we design self-checkout lanes in a
user-friendly structure, it can solve the technological problems. For example, the screens at the self-checkout
counters can show with pictures how to enter the product codes if customers fail to scan some items. It is
crucial that customers feel the usage of self-checkouts is convenient because once they experience failures,
they will possibly not use the self-checkout lanes in the future [23].

It is notable that purchasing quantity and purchasing amount are considerably less at self-checkouts than at
staffed-checkouts. If the existence of the self-checkout lanes diminishes the motivation of impulse buy, we
need to investigate whether the potential loss does not exceed the advantage of having the self-checkout option.

Express checkouts for small-buying customers may become a substitute of self-checkouts. Though self-
checkouts usually do not limit the number of items purchased, the average number of products purchased at
self-checkouts is turned out significantly lower than that at staffed-checkouts according to our study. Our
empirical analysis may provide managerial insights on the threshold number of item limits for express checkout
lanes. According to the data used in this study, the usage of self-checkouts was 24.93% for shoppers purchasing
13 items, 19.09% for 15 items, 18.83% for 16 items. It implies that some retailer’s express checkout policy for
15 items or less may not be appropriate. Surely we cannot think express checkouts are the perfect substitutes
for self-checkouts as they are staffed and we need further exploration to search for an optimal policy on the
quantity limit of express checkouts. Subjects such as impact of self-checkouts on reducing customer wait times,
optimal ratio of self-checkout lanes, and how to design self-checkout counters in a user-friendly manner are
important and can be explored in future studies as well.

In addition, from the actual data, we discovered a tendency that the usage of self-checkout decreases as the
number of items a customer buy increases. We also confirmed that the average checkout time is positively
related with the number of items bought, and found out that both the time for scanning the item and the fixed
checkout time such as processing payment are longer for self-checkout cases.

So far, there are very few research about practical analysis of self-checkout lanes in retail stores. This study
pursues various managerial implications about checkout services in retail operations and will give us insights
on the diversification of checkout lanes.
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