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Abstract. Since many years, retailers have tried to leverage the benefits of e-
commerce by transferring concepts of online shops into retailing. However,
shopping experience in physical stores is different from the one in online shops
due to potential stress factors arising in-store. Two previous scientific works fo-
cused on unobtrusively detected customers’ perceived stress in order to provide
tailored mobile services in real-time. The purpose of this paper is to assess the
adoption of the envisioned stress-based smart retail service amongst potential
customers. The results show that tailored services are perceived positively and
thus, have the potential to contribute to an enhanced shopping experience.
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Introduction

For years, retailers have been driven by the trend towards digitization, especially
since the growing omnipresence of mobile devices in our daily lives [1,2]. However,
the shopping experience in physical stores differs from the one in online shops. This
is due to the fact of arising stress factors such as long queues at the checkout, distanc-
es to walk to the products or limited time to shop [3]. Thus, customer's receptiveness
for various services during shopping fluctuates. Additionally, studies have shown that
perceived stress is one of the most influential factors in causing customers to abandon
the purchasing process [4,5,6]. Nonetheless, to measure customers’ stress during
shopping in real-time and providing tailored mobile services is still an ongoing chal-
lenge. Previous work presents a potential methodological basis for a stress-based
smart retail service (SBRS). The aforementioned basis shows that perceived stress
during shopping can be identified in real-time through the combination of machine
learning (ML) and neuroscientific methods [7]. The results revealed that ML is a
valuable tool to predict perceived stress with an accuracy of 79.5 % by classifying
customers’ stress level, analyzing unobtrusively measured heart rate (commercially
available health sensor) and movement data (smartphone sensor). Follow-up work
introduced a prototype of the envisioned SBRS providing two different services based
on the individual’s stress level [8]. However, to provide more value to individual
customers in retailing, we need to have a better understanding on how customer be-
havior is affected by such new digital technologies and how smart retail services need
to be adapted in response. Prior to this, there is a need for analyzing how customers
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would adopt such a service. This paper aims to do so by conducting a study to assess
the adoption of the aforementioned SBRS amongst potential users. The paper ad-
dresses the following research question: How would in-store customers adopt a smart
retail service providing tailored mobile services in real-time based on individual
stress level in shopping environments?

State-of-the-art

Radhakrishnan et al. [9] emphasize that real-time mining methods using sensors from
personal mobile and wearable devices for data analysis purposes can enhance in-store
shopping experience. Sensor- and vision-based technologies such as camera and ro-
bots can be individually combined in order to personally identify individual customer
characteristics (e.g. gestures, speech) [10,11,12]. Furthermore, sensor-equipped robots
can interact with customers and adapt to their behavior such as providing assistance
[10]. Kowatsch and Maass [3] have presented that mobile recommendation agents
(MRAS) increase the value of product information in physical stores. There exist
publications introducing recommendation systems for supermarkets, fashion and
electronic stores [13, 14, 15]. Further technologies, such as store navigation and prod-
uct locators add value in the context of retailing [16]. However, there are only few
approaches making emotions a subject of discussion. A previous work of the authors
presents a new and unique approach, i.e. a stress-based smart retail service (SBRS)
focusing on customers’ perceived stress level during shopping. Perceived stress is
proven to have a negative effect on customer purchase behavior, perceived shopping
experience, and consequently on customer satisfaction and the success of the store.

Stress-based Smart Retail Service

The introduced SBRS consists of a mobile app designed for collecting acceleration
data from a mobile phone and unobtrusively measured heart rate data from a smart-
watch during shopping [7]. The app recognizes when the customer enters the store
(e.g. through visible light communication), the heart rate and acceleration data is
constantly sent to the backend in an encrypted and anonymized format to guarantee an
adequate level of privacy protection [7]. In the scope of the backend, the heart rate
stream as well as acceleration data is analyzed with the help of ML to find patterns in
the data and classify the customer into the two classes stressed and relaxed [7]. For
the classification, the integrated ML model extracts mean acceleration and mean heart
rate values of 60-seconds windows as well as significant time series characteristics
from the heart rate curve to then analyses the data doing binary classification. Various
ML models have been used for classification task to then focus on the best-
performing model. Based on the results, the SBRS provides individually tailored
services in real-time. If the customer is classified as stressed, additional help during
shopping by finding products is provided. If the customer is classified as relaxed, the
service introduces recommend products fitting to the customer’s preferences and
shopping list [8].
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Method

The experiment consists of two parts: (1) playing through pre-defined shopping sce-
narios (equipped with an unobtrusive heart rate sensor and mobile phone), and (2) two
paper-and-pencil questionnaires regarding the perception of the shopping scenario and
the adoption of the additionally presented SBRS. The SBRS that is tailored to the pre-
defined shopping scenarios is described in form of short stories as part of conceptual
models. The study consisted of 100 participants in total aged between 18 and 30 years
(female = 63, male = 37). Both groups received a short description about the envi-
sioned situation-specific smart retail service and its functionalities that is mapped to
the shopping situation they just played through. Furthermore, the participants have
been informed that using the service would involve having to wear a sensor (such as
smartwatch).

Tab. 1. To-be Narratives for Group 1 (N = 50) and Group 2 (N = 50)

To-Be Narrative Group 1: Relaxed shopping scenario

It is Friday afternoon and you want to enjoy your evening by having a
) W dinner. You decide to go to the supermarket to buy some food. You
Check out your have a shopping list for your purchase. After arriving at the supermar-

Recommendations!!

ket, you put all the products on your list into the shopping cart and look
for additional products that might attract your attention. While strolling
through the store, the situation-specific smart retail service on your
mobile phone analyses your stress level and recognizes that you are
relaxed and strolling around. The situation-specific smart retail service
on your mobile phone gives you a notification: “Check your recom-
mendations”. Based on your shopping list and your preferences, the
service recommends you a bar of chocolate “fine dark”.

To-Be Narrative Group 2: Stressed sopping scenario
It is Friday evening. Some friends are going to visit you at 8 pm and
you totally forgot to prepare something. You do not have anything to
eat at home. You decide to go to the supermarket to buy some food.
You prepared a shopping list before going to the store. When you
8675 arrive at the supermarket, you see that you have only 3 minutes left to
! need help? make your purchase before the supermarket closes. You run into the
. supermarket and start putting the products from your shopping list into
the shopping cart. You try to find canned food from the brand “Sonnen
Bassermann”, but you are not able to find it. The situation-specific
smart retail service analysis your stress level and recognizes that you
are stressed. It sends a notification to your smartphone: “Do you need
help?”. You checkmark “Sonnen Bassermann” on the list and the
service provides the information on where to find the product.

Conceptual models are means by which a designer expresses his or her own under-
standing of an envisioned information system such as the SBRS [17]. Studies have
shown that the more structured a conceptual language is, the better the mental repre-
sentations are [18]. For evaluation of the shopping scenarios, the subjects played
through the pre-defined as-is narratives in a laboratory supermarket setting to then
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answer questions about the perceived stress, and confusion caused by the store layout.
The difference between the relaxed shopping situation (group 1) and the stressful
shopping situation (group 2) is that in group 2, participants were given two shopping
stressors which were identified by [19], namely a product from the list not available
on the shelves and a time restriction. To assess the participants’ perceived stress dur-
ing the played-through shopping scenarios, we designed the first survey adopting
constructs from shopping stress [20,21,22], shopping excitement [23], and confusion
about the store layout [24]. In a second part, we aimed to assess individuals’ percep-
tions of the envisioned SBRS with respect to its potential adoption into their shopping
routines. For this, each participant received a to-be narrative describing the SBRS
service tailored to their shopping scenario they played through based on the group
they belong to (relaxed or stressed, see table 1). For the second survey, we adopted
constructs from situation-service-fit (SSF) [26], behavior-service-fit (BSF) [25], per-
ceived usefulness (PU) [26], flexibility of the service (FoS) [27], intention to use (1tU)
[27], attitude towards usage (AtU) [27], as well as general technological affinity of
the user [28]. All responses were measured on 7-point Likert scales (1 = strongly
disagree, 7 = strongly agree).

Results

The results show that group 1 significantly perceived the shopping situation less
stressful than group 2. Furthermore, the groups did not differ concerning shopping
excitement with group 2 having a higher (but still insignificant) rating value than
group 1. Moreover, the groups differed concerning confusion about the store layout
with group 1 having a lower rating value than group 2.

Tab. 2. Item Analysis of the Questionnaire Survey of Group 1 and Group 2 (Welch’s t-test).

#OF | INTERNAL CON-
CONSTRUCT ITEMS SISTENCY MEAN ST.DEV (SD) SKEW
G1 G2 G1 G2 G1 G2 G1 G2
Shopping Stress 6 .88 .86 2.52 4.42 1.07 1.20 .83 -.82
—
% Shopping Excitement 3 77 .78 4.44 4.59 1.18 1.10 -.57 -73
& [ Confusion in store
layout 2 81 96 2.84 3.93 147 | 177| 109| -14
Situation-Service Fit 1 4.70 4.96 1.46 1.37 -.56 -1.32
Behavior-Service Fit 1 4.98 4.92 1.56 1.60 -17 -14
« |Perceived Usefulness 2 .81 .81 4.64 4.66 1.29 1.15 -.87 -.57
E Flexibility of Service 1 4.86 4.86 1.03 .95 -41 -.76
Intention to Use 3 .93 .96 4.35 4.05 1.60 1.59 -.51 -.02
Attitude towards
Usage 3 95 90 4.63 4.48 143 122 -74 -51
Technical enthusiasm 2 .87 .83 5.06 5.00 1.33 1.26 -.42 -.45
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Second, each subject had to assess the envisioned SBRS. All constructs for the two
groups were rated with mean values > 4 and negative skew values, which both are
indicators for an overall positive rating of the SBRS. In group 1, participants rated
BSF the highest with a mean of 4.98. Furthermore, SSF, PU, FoS, ItU, and AtU are
rated positively with 1tU rated the lowest with a mean of 4.35. For group 2, a similar
picture emerges with highest mean for SSF (4.96) and BSF (4.92) and slightly lower
mean values for BSF and ItU compared to group 1. The mean values for SSF, PU, and
AtU are slightly higher compared to group 2.

Discussion and Implications

The goal of this paper was to analyze how users adopt the envisioned stress-based
smart retail service (SBRS) tailored to the user’s stress level while shopping in-store
(RQ). We first applied a laboratory experiment where we designed two shopping
scenarios — relaxed and stressful — to simulate pre-defined as-is situations based on
literature in the scope of in-store shopping. Then, the participants of the laboratory
experiment had to complete two paper-and-pencil questionnaires so that a) the per-
ceived stress level of the participants during the shopping scenarios and b) the adop-
tion of an envisioned SBRS providing tailored services in real-time. The analysis
results of the study and the questionnaire have shown the success of the intention of
creating relaxed and stressful shopping scenarios. Regarding the questions for adop-
tion of the SBRS, we see that both groups answered all questions with a mean value
>4, indicating that the SBRS was assessed positively and that customers would wel-
come different services tailored to different shopping situations. This is supported by
the fact that SSF, BSF and FoS were rated the highest. Even though the participants of
the relaxed group rated the service more positive than the stressed one, the difference
is not significant. Thus, we can assume that customers being stressed might need
services specifically tailored to their sopping situation. The analysis results also show
that the SBRS reacting to the stress level of customers in real-time is a hot topic in the
NeurolS community [29,30,31,32,33]. By classifying customers with respect to their
stress levels, retailers have the potential to create an interactive shopping experience
and improve customer loyalty by providing suitable services. The envisioned SBRS
could enable applications such as: (a) targeted and customized advertisement: e.g.
new product launch; (b) proactive retail help: a shop assistant to help customers find-
ing products or recommendations for additional products suitable for purchases in the
shopping list. However, it has to be mention that the use of information and commu-
nication technologies itself can constitute a source of stress, namely digital stress.
Thus, it is possible that the SBRS might cause stress [33,35,36].

Conclusion and Future Work

Despite the fact that the stress-based smart retail service (SBRS) was rated positively
and thus, provides multiple advantages not only for retailers but also for customers,
they need to be motivated to use the SBRS, i.e. download the app and use it. For in-
stance, retailers have the option to provide incentives (discounts or vouchers) for the
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initial sign-in. Moreover, the fact that the SBRS is supposed to be privacy-friendly
can attract users. In this context, taking adequate measures to ensure data security as
well as privacy is crucial. This paper serves as a first evaluation of the SBRS. Due to
the exploratory nature of this work, several limitations need to be overcome by future
research. We used narratives to present the envisioned SBRS. In a next step, the ser-
vice is planned to be assessed in practice to compare the results to the ones presented
in this paper. For this, we plan to conduct a laboratory study where the ML-based
service will be integrated into a mobile phone. The recruited subjects wearing unob-
trusive heart rate sensors and carrying the mobile phone will be able to use the in-
stalled service in the pre-defined shopping scenarios to then evaluate the service.
Thus, additional constructs such as perceived ease of use [27] can be assessed too.
Furthermore, focusing on additional shopping scenarios and generating new services
based on perceived stress is also a topic of future work. In addition, it should not be
neglected that the SBRS itself might be a source of stress (technostress) and thus,
constitutes a potential limitation and deserves future investigation.
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