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Abstract
The retailing market has undergone a paradigm-shift in the last decades, departing from its traditional form of shopping in 
brick-and-mortar stores towards online shopping and the establishment of shopping malls. As a result, “small” independent 
retailers operating in urban environments have suffered a substantial reduction of their turnover. This situation could be 
presumably reversed if retailers were to establish business “alliances” targeting economies of scale and engage themselves 
in providing innovative digital services. The SMARTBUY ecosystem realizes the concept of a “distributed shopping mall”, 
which allows retailers to join forces and unite in a large commercial coalition that generates added value for both retailers 
and customers. Along this line, the SMARTBUY ecosystem offers several novel features: (i) inventory management of cen-
tralized products and services, (ii) geo-located marketing of products and services, (iii) location-based search for products 
offered by neighboring retailers, and (iv) personalized recommendations for purchasing products derived by an innovative 
recommendation system. SMARTBUY materializes a blended retailing paradigm which combines the benefits of online 
shopping with the attractiveness of traditional shopping in brick-and-mortar stores. This article provides an overview of the 
main architectural components and functional aspects of the SMARTBUY ecosystem. Then, it reports the main findings 
derived from a 12 months-long pilot execution of SMARTBUY across four European cities and discusses the key technology 
acceptance factors when deploying alike business alliances.

Keywords e-Commerce · Retailer · Shopping mall · Inventory management · Ecosystem · Smart cities · Smart retailing · 
Geo-located marketing · Location-based search · Context awareness · Recommendation
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1 Introduction

The decline of isolated retailers and the rise of shopping 
malls have been major trends in retailing for decades, world-
wide (Teller 2008). Retail agglomeration1 in shopping malls 
has been found useful to both consumers as well as firms. 
Shopping mall agglomeration offers the benefits of higher 
footfalls, shared-physical and digital-infrastructure, coopera-
tive marketing plans and high impulse purchases (Sanyal 
and Ghosh 2017).

The fast-paced development of ICTs has also dramatically 
changed the way people shop in the past 15 years. Besides 
shopping at physical stores, with the aid of ICT, consumers 
are able to shop via the Internet. This new type of shopping 
mode (e-shopping or online shopping) frees consumers from 
having to physically visit stores and puts extra competitive 
pressure to small local retailers since customers often opt to 
shop online due to the attained cost and travel time savings 
(Hsiao 2009; Pantano and Timmermans 2014).

The aforementioned trends can be presumably reversed if 
retailers integrate ICT services in order to complement their 
traditional offline experiences with matching online offers; 
establish business “alliances” targeting economies of scale; 
engage themselves in providing innovative digital services.

The SMARTBUY ecosystem2 realizes the concept of a 
“distributed shopping mall”, which allows retailers to join 
forces and unite in a large commercial coalition that gener-
ates added value for both retailers and customers. Along this 
line, the SMARTBUY ecosystem offers several new fea-
tures: (i) inventory management of centralized products and 
services, (ii) geo-located marketing of products and services, 
(iii) location-based search for products offered by neigh-
boring retailers, and (iv) personalized recommendations for 
purchasing products based on innovative recommendation 
systems.

For customers, the SMARTBUY approach combines 
the best of the two worlds: on the one hand, the benefits of 
online shopping (comparison of product prices across sev-
eral stores, guarantee the availability of searched products, 
etc.); on the other hand, the diversified attractiveness of tra-
ditional store shopping (social interaction, entertainment, 
movement, trip chaining), live in-store information, offline 
retailer loyalty, low product performance risk, zero delay 
for product delivery, etc. (Gensler et al. 2017; Mokhtarian 
2004).

Most recent approaches in smart retailing focus on the 
effective use of ubiquitous computing technologies to enable 
consumer profiling (Lin and Hong 2008) in order to pro-
vide intelligent in-store multimodal e-services (Pantano 
et al. 2017) and offer context-aware offers and promotions 
(Yang et al. 2008). In contrast, the emphasis of our work is 
on implementing the new business model of the distributed 
mall which combines the provisioning of innovative e-ser-
vices to both retailers and customers with the motivation of 
physical visits of customers to retailer stores. This article 
provides an overview of the main architectural elements and 
innovative aspects of the SMARTBUY ecosystem. Moreo-
ver, it reports on a feasibility study for the introduced busi-
ness model and discusses the experiences gained from the 
large-scale pilot execution of SMARTBUY in four European 
cities with diverse scale and retail market characteristics. 
Last, the paper investigates the factors influencing public 
acceptance of smart retail alliances.

It is noted that a preliminary version of this work appears 
in a conference paper published by Bourg et al. (2019). In 
comparison with (Bourg et al. 2019), this article presents the 
background concepts that motivated the development of the 
SMARTBUY ecosystem (see Sect. 3). We also provide an 
overview of the co-creation concept that has been adopted by 
SMARTBUY as well as the integration of the SMARTBUY 
ecosystem with the Organicity IoT platform3 (see Sect. 5.2). 
Finally, we provide a critical outlook of the results derived 
from the pilot execution of the SMARTBUY ecosystem in 
four European cities (see Sect. 6).

The remainder of the article is structured as follows. A 
succinct review of research related to the current work is 
presented in Sect. 2. Background information on the research 
motivation behind SMARTBUY is provided in Sect. 3. The 
scope of the SMARTBUY ecosystem as well as its main 
scientific, technical and business objectives are discussed in 
Sect. 4. An overview of the architecture of the SMARTBUY 
ecosystem, along with a description of the functionality and 
interoperation among its key modules, as well as the inte-
gration of SMARTBUY with an IoT platform is provided in 
Sect. 5. Results yield during the pilot tests of the SMART-
BUY ecosystem across four European cities with different 
characteristics are presented and analyzed in Sect. 6. Con-
clusions drawn from this work along with directions for 
future research are offered in Sect. 7.

1 Retail agglomeration is defined as the presence of a group of retail 
stores in close proximity, which cooperate and compete with each 
other simultaneously (Pantano and Timmermans 2014).
2 Funded by the EC H2020 SMARTBUY project (2016–2019); 
http://smart buy.tech/.. 3 http://organ icity .eu

http://smartbuy.tech/
http://organicity.eu
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2  Related research

The six most-common indicators of smart cities are smart 
economy, smart people, smart governance, smart mobility, 
smart environment, and smart living (Bousios et al. 2017; 
Gavalas et al. 2017; Giffinger et al. 2007). Smart economy 
refers to technologies supporting new forms of collabora-
tion and value creation that lead to innovation, entrepre-
neurship and competitiveness (Gretzel 2015; Kumar and 
Dahiya 2017). In this context, Pantano and Timmermans 
(2014) in their seminal work on smart retailing, emphasize 
that “the emerging idea of smart retailing would reflect a 
particular idea of retailing, where firms and consumers 
use technology to reinvent and reinforce their role in the 
new service economy, by improving the quality of their 
shopping experiences”.

The smart retailing culture is characterized by the 
extensive use of mobile technologies, high connectivity, 
ubiquitous computing and contactless technologies, which 
enable consumers to experience shopping differently (Pan-
tano and Priporas 2016). Thus, it is not surprising that 
there is an increasing awareness in marketing about the 
need to develop new mobile retailing strategies. Initial 
efforts involved the usage of SMS for advertising purposes 
(Amirkhanpour et al. 2014). Later, it expanded to mobile 
apps, which allow consumers to easily find, compare and 
order products, access news on products and services, cre-
ate shopping lists, locate products and stores, etc. (Pan-
tano and Priporas 2016). More recently, it encompassed 
smart stores with iBeacon infrastructures used to track the 
exact customer location and push product-related notifi-
cations, as well as NFC-equipped smartphones executing 
augmented reality apps to add virtual elements (textual 
information, images, videos, 3D animation clips, etc.) to 
products of interest when visiting the actual store (Pantano 
et al. 2017).

Among other aspects, knowledge management has been 
recognized as a critical success factor for (mobile) smart 
retailing, since data collection and consumer analysis can 
be facilitated by the adoption of new technologies (Lin and 
Hong 2008). Mobile/ubiquitous computing provides the 
required technological infrastructure to collect valuable 
knowledge from/for consumers (e.g., by codifying habits, 
processing clients’ transaction information and identify-
ing changes in consumers’ behavior for supporting retail-
ers, etc.), and feed knowledge into the service (i.e., by 
providing enriched information about certain products, or 
drawing the attention of consumers to -otherwise missed- 
products of interest) Amaxilatis et al. 2018; Chatzigian-
nakis et al. 2011; Theodoridis et al. 2013). Along this line, 
mobile recommendation systems (RS) enable the adap-
tation of product information to make it more relevant 

to consumers’ information needs (Gavalas and Kenteris 
2011; Gavalas et al. 2013; Sassi et al. 2017). Mobile RSs 
may serve both in-store and online purchase situations as 
they “elicit the interests or preferences of individual users 
for products either explicitly or implicitly, and make rec-
ommendations accordingly” (Kowatsch and Maass 2010).

For instance, Yang et al. proposed a location-aware RS 
that correlates customers’ shopping needs with location-
dependent vendor offers and promotions (Yang et  al. 
2008). Yuan and Tsao (2003) introduced a framework 
which enables the creation of tailor-made campaigns 
targeting users according to their location, needs and 
devices’ profile (i.e. contextualized mobile advertising). 
More recently, Chen and Ji (2016) proposed an approach 
for smart advertising in smart cities, with the use of 
crowdsourced trails provided by mobile and wearable IoT 
devices. The authors argue that, as user behavior is tracked 
via a device, analysis of these trails generates important 
clues for market planning.

SMARTBUY is grounded upon these developments in 
mobile retailing proposing the smart usage of technologies 
to enable changes in organizational processes, improve 
retail services and develop innovation management strat-
egies. The SMARTBUY ecosystem serves a new collabo-
rative and interactive shopping scenario, where consum-
ers participate in the creation of the final service through 
their requests and interaction with provided technologies, 
and the system responds with personalized information 
and added-value services. Hence, the use of technology 
in SMARTBUY becomes smart by involving retailers and 
clients in a sort of “smart-partnership”. This approach pro-
vides the basis for value creation via the implementation 
of smart marketing and e-commerce services which will 
be analyzed in the rest of this article.

Our research advances the state of the art in the field 
of smart retailing both from a business and a technical 
point of view. From a business perspective, we introduce 
the idea of the distributed mall. In contrast to (a) typical 
e/m-commerce services enabling online purchases over a 
centralized directories of products and, (b) technology-
enriched physical retailer stores, our proposed business 
model enables the establishment of retail alliances pro-
viding added-value e-services while motivating physical 
visits of customers to retailer stores. From a technical 
perspective, our research makes important contributions 
to the fields of: geo-located marketing through tracking 
the behavior of anonymous consumers and improving the 
efficiency of marketing campaigns (see Sect. 5.1.2); con-
text-aware recommendations engines through considering 
the location history of customers (among other contextual 
factors) to deliver more accurate product recommendations 
(see Sect. 5.1.4).
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3  The SMARTBUY background

Showrooming refers to the situation when a shopper visits a 
store to check out a product but then purchases the product 
online from home. This occurs because, while many people 
still prefer seeing and touching the merchandise they buy, 
many items are available at lower prices through online ven-
dors. As such, local stores essentially become showrooms 
for online shoppers (Arora et al. 2017).

In the past few years, as online shopping exploded and 
smartphones became the norm, the showrooming phenom-
enon seemed to highly threaten store-based retailers. Online 
retailing still lags behind ‘traditional’ retailing in Europe, 
nevertheless, its market share steadily increases. Accord-
ing to a recent forecast analysis published by the Centre for 
Retail Research,4 the total store numbers in UK will fall 
by 20% and the share of online retail sales will increase by 
21.5% by the end of the decade.

But now a recent report from BI Intelligence5 finds that 
retailers have discovered “reverse showrooming” or “web-
rooming”, which is when consumers go online to research 
products, but then head to a brick-and-mortar store to com-
plete their purchase. Reverse showrooming is actually noth-
ing new. Since the early days of online shopping, more peo-
ple have researched their shopping online than have actually 
bought there. What has changed is that retailers have begun 
to identify the reverse showrooming trend and the opportu-
nity it offers to them, and they are now working to actively 
capture those sales.

Reverse showrooming is actually more common than 
showrooming. In the US, 69% of people reverse showroom, 
while 46% showroom, according to a Harris poll.6 Amazon 
remains the No. 1 place where showroomers end up making 
their purchases, but it constitutes an even more popular des-
tination for reverse showroomers who ultimately buy else-
where. Social media has also become a major referral source 
for brick-and-mortar chains, not just e-commerce sites.

But only recently have traditional retailers begun to capi-
talize on reverse showrooming. Offline retailers have real-
ized they have a lot to offer, as long as they can integrate 
offline and digital experiences and beat e-commerce com-
petitors on convenience. They use tactics like knowledgeable 
sales staff, in-store pick-up of online orders, in-store Wi-Fi, 

and smartphone discounts that nudge showroomers to buy 
in-store (Mehra et al. 2017).

The retailers getting more benefit from this trend are the 
big ones. Big stores can offer an online and an optimized 
offline buying experience as well. They can offer in-store 
pick-up of online orders, in-store Wi-Fi and an online sales 
infrastructure. They can be present at big commercial areas, 
malls and they can rent big buildings for optimizing the pur-
chasing experience.

Small retailers are in risk of losing a big opportunity with 
the rising of in-store sales triggered by the rising of the web-
roomer trend. A Forrester study showed that webrooming 
would result in $1.8 trillion in sales by 2017, versus $1.2 
trillion in 2012.7 In comparison, all e-commerce sales should 
reach $370 billion in 2017.

Small and medium-sized retailers must find their way to 
become the store were the webroomers finally go to end the 
purchase process. They have the advantage of being able to 
provide their customers with convenient and local access to 
stores. What if small-to-medium sized retailers could be able 
to take advantage of their local position at the same time 
that they offer an integrated web/show room experience? 
What if they could jointly create and maintain an integrated 
digital catalogue of products and at the same time become 
the physical stores where to get them?

4  SMARTBUY scope and objectives

Small and medium-sized independent retailers, typically 
(and henceforth) referred to as SMEs (Small and Medium 
Enterprises) lack visibility in the digital world. A large per-
centage of small businesses in Europe do not have a website; 
only a few have their product catalogues on-line, while most 
of them rely on social media marketing to disseminate pro-
motional offers. They are rarely visible on large commercial 
platforms. In addition, the use of commercial platforms is 
very costly for SMEs. On the other hand, many customers 
would be interested in supporting their local retail SMEs and 
buying from them instead of from popular e-commerce plat-
forms. However, this is not straightforward in the absence of 
on-line platforms specifically dedicated to SMEs.

For small retailers who wish exposure of their products 
online, it would make sense to cooperate together at local 
level and create a local on-line catalogue of products where 
they could advertise to local consumers. Individual SMEs 
may lack necessary IT skills and visibility online, but if such 
a platform was created it would benefit all the small retail-
ers involved. Nowadays, retail SMEs should obtain help to 5 https ://www.busin essin sider .com/rever se-showr oomin g-brick s-and-

morta r-retai lers-fight -back-2-2014-2.
6 https ://theha rrisp oll.com/if-showr oomin g-was-a-holid ay-trend -to-
watch -in-2012-then-webro oming -where in-consu mers-do-their -resea 
rch-onlin e-and-then-head-to-the-store -to-actua lly-make-a-purch ase-
is-one-to-watch -in-2013-accor d/.

7 https ://www.capil laryt ech.com/blog/omnic hanne l/showr oomin 
g-and-webro oming /.

4 https ://www.retai lrese arch.org/.

https://www.businessinsider.com/reverse-showrooming-bricks-and-mortar-retailers-fight-back-2-2014-2
https://www.businessinsider.com/reverse-showrooming-bricks-and-mortar-retailers-fight-back-2-2014-2
https://theharrispoll.com/if-showrooming-was-a-holiday-trend-to-watch-in-2012-then-webrooming-wherein-consumers-do-their-research-online-and-then-head-to-the-store-to-actually-make-a-purchase-is-one-to-watch-in-2013-accord/
https://theharrispoll.com/if-showrooming-was-a-holiday-trend-to-watch-in-2012-then-webrooming-wherein-consumers-do-their-research-online-and-then-head-to-the-store-to-actually-make-a-purchase-is-one-to-watch-in-2013-accord/
https://theharrispoll.com/if-showrooming-was-a-holiday-trend-to-watch-in-2012-then-webrooming-wherein-consumers-do-their-research-online-and-then-head-to-the-store-to-actually-make-a-purchase-is-one-to-watch-in-2013-accord/
https://theharrispoll.com/if-showrooming-was-a-holiday-trend-to-watch-in-2012-then-webrooming-wherein-consumers-do-their-research-online-and-then-head-to-the-store-to-actually-make-a-purchase-is-one-to-watch-in-2013-accord/
https://www.capillarytech.com/blog/omnichannel/showrooming-and-webrooming/
https://www.capillarytech.com/blog/omnichannel/showrooming-and-webrooming/
https://www.retailresearch.org/
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create such platforms at the local level. In particular, assis-
tance linked to IT skills and marketing would be necessary.

SMARTBUY contributes in closing this gap providing 
the technological infrastructure for small and medium sized 
retailers to become the place where they can easily make 
their products and promotions visible on-line for local audi-
ences at the right moment; just in their smartphone and 
providing them also with competitive advantages of e-com-
merce: comparison of prices, choice of providers, reviews 
and specification awareness, guarantee of availability, etc. 
SMARTBUY provides SMEs retailers with an integrated 
suite of services allowing them to apply the tactics typically 
practiced by big retailers, thus offering an integrated digital 
and physical buying experience to customers.

SMARTBUY is thought as a service that achieves its big-
ger potential when applied in a delimited geographical area 
with dense deployment of commercial stores such as a city 
center. The service provides a location-based e-commerce 
(l-commerce) integrated infrastructure for all the small 
retailers in a geographical area to use. The l-commerce infra-
structure allows conducting centralized searches of products 
provided by the stores. Customers can have access to real-
time information of the products, prices, availability, etc., 
with the convenience of being able to physical purchase in 
a local, near-to-home store, thus saving costs and delivery 
delays due to shipment.

SMARTBUY turns the physical stores of smart cities to a 
smart geographically distributed mall by providing the logi-
cal consistency needed for conducting centralized searches 
in heterogeneous and geographically distributed physical 
stores. Figure 1 shows how potential customers with their 
smartphones are able, using the SMARTBUY ecosystem, 
to receive real time information with respect to the avail-
ability of the products that they wish to purchase from 
nearby stores. This awareness can be achieved through an 
explicit search on the SMARTBUY’s retailer’s stores data-
bases but also through available location-based services (see 
Sect. 5.1.2).

The SMARTBUY services are based on mature com-
munication and information infrastructure components 
provided by the partners of the consortium. Nevertheless, a 
large-scale demonstration of the service is needed in order 
to validate the hypothesis on the impact that the service may 
have on the increase of sales and competitiveness of the 
small retailers.

The SMARTBUY ecosystem pursues the following main 
scientific, technical and business objectives:

• Provision of services and functionalities targeted to two 
different user types, SME retailers and potential custom-
ers.

• Services provision to potential customers allowing to:

Fig. 1  Real-time centralized search for products offered by SME retailers’ stores
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o Conduct geo-located, centralized and ubiquitous 
searches on the inventory of services and products 
of SMARTBUY member-stores.

o Check the availability, characteristics, price and 
reviews by third-parties of the products and services 
of their interest.

o Reserve the selected products and/or services online 
if the store had previously enabled this option.

o Review and share the acquired product and/or ser-
vice online.

o Receive personalized recommendations and offers 
about products and services sold on nearby stores 
based on several contextual factors.

• Services provision to retail SMEs stores allowing to:

o Integrate their services and products databases to an 
integrated geo-localized sales ecosystem, attracting 
local audiences and increasing sales.

o Keep track of their inventory online.
o Enable online visibility, publication of their cata-

logue of products, and sales at low cost.
o Offer personalized and geo-located information and 

promotions to potential customers.
o Provide customized information about their products 

and services
o Provide real-time information about the availability 

of their products and services.

• Provision of a customized multichannel system for the 
interaction of potential customers with the SMART-
BUY ecosystem (web portal and mobile app which takes 
advantage of geolocation capabilities).

• Large scale pilot experimentation and validation of the 
SMARTBUY ecosystem (especially wrt sales and profit 
increase as well as the ability to reach new potential cus-
tomers) in several urban environments with diverse geo-
graphical, cultural and market characteristics.

5  Overview of the SMARTBUY architecture 
and services

The high-level architecture of the SMARTBUY ecosystem 
is illustrated in Fig. 2. The ecosystem consists of four layers: 
the communications infrastructure layer, the data manage-
ment layer, the services layer, and the applications layer.

The SMARTBUY ecosystem is built upon a cloud infra-
structure platform (communications infrastructure layer), 
fulfilling requirements of security and privacy, scalability 
and interoperability on top of which several modules have 
been deployed. The SME’s database management systems 
can be integrated through a centralized inventory manage-
ment system that comprises the data management layer.

The new features of the SMARTBUY ecosystem are 
materialized through four core services which (along with 
the user profiling module) comprise the services layer: 

Fig. 2  The architecture of the SMARTBUY ecosystem



15711Enhancing shopping experiences in smart retailing  

1 3

product & service management, geo-located marketing, 
search & information retrieval, and the recommendation 
engine. Upon the services layer, several applications can be 
developed.

The modular architecture of the SMARTBUY ecosystem 
allows its integration with IoT platforms in order to use their 
tools for application development towards large-scale dem-
onstrations and experimentations in smart cities, engaging 
not only IT specialists but also the whole range of smart city 
stakeholders.

In the remainder of this section, we shall present the four 
core SMARTBUY services as well as the integration of the 
SMARTBUY ecosystem with the IoT Organicity platform.

5.1  The SMARTBUY core services

In this section, we describe the different core services inte-
grated in the SMARTBUY ecosystem, emphasizing on their 
innovative aspects in relation to the state of the art.

5.1.1  Product and services data management

The main interface among the retailers and the SMARTBUY 
ecosystem is the retailers’ web portal (see Fig. 3). The latter 
is a web interface which offers the following key functionali-
ties (SMARTBUY 2017b):

• User management: registration and authentication of 
users (store managers).

• Creation/editing of store (retail) details, like title, loca-
tion, description, contacts, opening hours, etc.

• Creation/editing of catalogues.
• Creation/editing of products: name, category/subcat-

egory, attributes (e.g. color, weight, size), short/long 
description, price, stock, pictures.

• Product promotions management: product, description, 
discount, start/end activation date.

• Statistics, like most viewed products, origin (location) of 
visitors, peak hours in the area of the store.

The retailers’ portal adopts responsive design principles; 
hence, it may be accessed from PC, tablet or smartphone.

It is noted that SMARTBUY does not offer any web inter-
face to customers to lookup store and product details, as it 
is intentionally oriented towards mobile users. However, in 
order to maintain a degree of exposure and visibility in the 
web, the ecosystem encompasses a tool which enables the 
indexability all products created under the retailers portal 
by search engines (it generates a ‘webpage’ for each product 
with automatically created metatags and alternative text for 
images); hence, it allows web users to search for SMART-
BUY products online and view their key properties.

Clearly, the variety and the multitude of retailers partici-
pating in SMARTBUY as well as the variety and quantity 
of their uploaded products and services becomes a critical 
factor for the sustainability of the SMARTBUY ecosystem, 
because it escalates the options that potential buyers have for 
finding products and services of interest, hence, it improves 
the appeal of the ecosystem as a whole. The growth of the 
SMARTBUY community, in turn, allows retailers to exploit 
innovative l-commerce services at the expense of a reason-
able cost.

5.1.2  Geo‑located marketing

Due to the ubiquity of mobile devices, the collection of 
large-scale, longitudinal data about human mobility is now 
commonplace. Medium-to-high resolution mobility data 
of individuals and signals of entire social systems can be 
captured from systems designed to enable communication 
and connectivity, such as cellular networks or Wi-Fi APs 
(access points) (Sapiezynski et al. 2015). Understanding and 
modeling the way humans move in urban contexts is useful 
to many applications, like vehicle traffic forecasting, human 
queues and crowd estimation, detection of human encoun-
ters, intelligent personal assistants (Meneses and Moreira 
2012).

Mobility traces are highly unique and identify individuals 
with substantial accuracy. Sensitive features can be extracted 
from mobility data, including home and work locations, vis-
ited places, or personality traits (Sapiezynski et al. 2015).

In the context of SMARTBUY, we hypothesize that 
human mobility data inferred from Wi-Fi APs could boost 
the efficacy of marketing campaigns pursued by individ-
ual retailer-members or by the entire system as a whole 
(SMARTBUY 2017a). The exploitation of the SMARTBUY 
geo-marketing tools requires that the APs of the retailer-
members are configured so as to connect to the CityPassen-
ger’s CityScope gateway platform.8 The motivation behind 
using CityScope is that small retailers cannot handle the 
cost of hiring a full-time network administrator. With City-
Scope, management tasks are simplified and integrated into 
a unique tool that provides multiple functionalities: data ana-
lytics, management of connected devices, security, control, 
information exchange between remote APs, etc.

The key idea behind SMARTBUY’s geo-marketing is 
to use the Wi-Fi APs installed on retailers’ premises as 
customer proximity detectors. The APs are able to cap-
ture the presence of users whose devices can be either 
registered or unregistered in the wireless network. The for-
mer connect to the AP (either automatically or manually 
through the SMARTBUY-branded Wi-Fi captive portal, 

8 http://90.83.46.3/

http://90.83.46.3/
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as shown in Fig. 4a (it is noted that the captive portal can 
be exploited to promote the SMARTBUY brand to non-
registered consumers and encourage them to discover the 
services offered). The latter are detected through the probe 
request frames which are periodically transmitted from 
the Wi-Fi radios of their smartphones (the unique MAC 
address of the radio transceiver is indicated on the header 

of those frames and may be used to identify users). The 
retailers APs are configured so as to report captured Wi-Fi 
signals to CityScope. Among others, CityScope enables 
the information exchange among SMARTBUY-branded 
APs, even if they belong to different LANs and different 
retailers, effectively forming a wireless geo-marketing APs 
cluster at a city level. It is noted that the methods used for 

Fig. 3  SMARTBUY retailers web portal: new product upload and inventory management
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the collection, anonymization, and storage of data comply 
with GDPR.

This city-scale customer mobility inference infrastructure 
offers numerous advantages to the retailers. The first one 
is to be informed when a registered consumer is around, 
not only in the vicinity of their own store but also when 
connected to another SMARTUBY hotspot in the broader 
area (see Fig. 4b, which illustrates the area covered by APs 
which are all connected to CityScope gateway to enable the 
seamless monitoring of customers’ trajectory). The user may 
then be sent SMS notifications for personalized offers and 
discounts directly to her smartphone or be invited to install 
the mobile application and engage with the SMARTBUY 
community. The second one is to yield statistics about the 
connection of anonymous devices (i.e. not registered in 
SMARTBUY) based on the logs systematically recorded by 
APs. These statistics are important to gain insights about the 
evolution of physical stores’ human traffic. At a higher level, 
these data can be used to track the behavior of anonymous 
consumers (trajectories, time spent at each location, etc.) 
in an area with several deployed Wi-Fi APs. User mobility 
data captured by the geo-located marketing module are also 
exploited by the SMARTBUY ecosystem’s recommenda-
tion engine (see Sect. 5.1.4) in order to deliver relevant (i.e. 
user location history-informed) product recommendations 
to customers.

5.1.3  Search and information retrieval

This core module enables end-users (customers) to perform 
searches for products and services offered in nearby retailer 
stores (l-commerce) over a unified, centralized inventory 

of products administered by the geographically distributed 
retailer-members of the SMARTBUY community. The mod-
ule combines the search results with personalized product 
promotions and recommendations.

The module is accessed via the SMARTBUY native 
mobile application (see Fig. 5), which offers the following 
key functionalities (SMARTBUY 2019a; b):

• Location-based search for products and services, return-
ing the list of products and stores which fulfill the search 
criteria.

• Application of several filtering options (maximum dis-
tance of retailers’ location from the user’s current loca-
tion, product categories, price range) on location-based 
searches.

• Browsing of product details (title and description, attrib-
utes like price, size and color, availability) and store 
details (location, contact information, etc.).

• Adding products to a ‘wishlist’ or ‘sharing’ them with 
others.

• Reserving a product, to ensure its availability, for a lim-
ited period of time.

• Viewing promotional offers managed by the retailers 
as well as personalized lists of recommended products 
which are relevant to the customers’ consumer profile 
and mobility pattern (see Sect. 5.1.4).

5.1.4  Recommendation engine

The employment of mobile recommendation engines (RE) 
in retailing serve as m-shopping assistant systems which aim 
at providing consumers with meaningful recommendations 

Fig. 4  SMARTBUY geo-
marketing tool: a SMARTBUY-
branded WiFi captive portal; 
b Area coverage of retailers-
owned WiFi APs
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(Walter et al. 2012). The recommendation lists may include 
products, services, offers, retailer shops, vendor-web sites, 
etc. The REs use algorithms that can either consider con-
sumer data such as current position, shopping list, histori-
cal shopping, and browsing behavior (e.g. use keywords for 
product search or web site views) or refer to the consumer 
preferences on promotion offers, advertisements, and prod-
uct attributes (e.g. similarity, proximity, price, and reputa-
tion) (Groß 2015).

The purpose of the SMARTBUY RE is to derive mean-
ingful product recommendations addressed to mobile 
SMARTBUY users, so as to draw the attention of users to 
products they would potentially be interested in, but they 
would not discover themselves alone. The core RE algo-
rithm of SMARTBUY employs a collaborative filtering 
(CF)9 approach (Breese et al. 1998). The main research 
contribution of our work lies in that, among other contex-
tual factors (like current location, time, season, consumer 
behavior), the SMARTBUY’s RE also takes into account 
the location history of the target user for delivering more 
meaningful recommendations. In particular, location history 
is exploited in two ways: (a) to attain good matchings among 
pairs of users (intuitively, users who move around the same 

neighborhoods or visit shops of the same category will have 
interests or restrictions in common); (b) to recommended 
products sold on retailer stores relatively far from the user’s 
current location, provided that the stores are located in areas 
frequently visited by the user. Moreover, interfacing with 
social media (Facebook) has been implemented in order to 
access basic user demographic information and be able to 
derive relatively accurate recommendations even when user 
ratings data are relatively sparse (Chatzidimitris et al. 2020; 
SMARTBUY 2019a, b).

The SMARTBUY mobile applications record in-app 
events (that is, events generated when users interact with 
the application, like keywords typed for product searches, 
product views, etc.). Effectively, the events are ‘translated’ 
to product ratings (e.g., when a user adds a product to her 
wishlist, this event is treated as a positive rating). The in-
app events are timestamped (to capture the time context) 
and geo-stamped (to capture the mobility patterns of users, 
essentially, the GPS locations where they use the SMART-
BUY app). Those data are uploaded, upon network avail-
ability, to the SMARTBUY’s backend ecosystem (a web 
service endpoint has been implemented for that purpose) and 
stored in a database. SMARTBUY also makes use of WiFi 
APs deployed in the premises of retailers to accurately track 
user trajectories and record the number of users’ ‘physical’ 
visits to stores (as explained in Sect. 5.1.2).

User profile data are also retrieved via the Facebook API 
(for those users who login though their Facebook account) 
and consolidated with the in-app activity data. In our CF-
based approach, the RE identifies users whose in-app actions 

Fig. 5  Representative screens of the SMARTBUY app

9 CF is a method of making automatic predictions (filtering) about 
the interests of a user by collecting preferences or ‘taste’ information 
from many users (collaborating). The underlying assumption of the 
CF approach is that, if a person A has the same opinion as a person B 
on a subject, A is more likely to share B’s opinion on a different sub-
ject than that of a randomly chosen person.
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are similar to those of the target user and recommend prod-
ucts favored by like-minded users (which the active user 
has not yet considered). However, this approach does not 
consider items that no user has yet rated (this problem is 
known as the ‘cold-start problem’). To address this issue, 
demographic data are used to cluster a user into an existing 
group of active users, even when no user in-app activity 
currently exists.

CF-based product recommendations adopt a user model 
wherein detailed information is collected about users and 
their preferences. The data is analyzed in order to determine 
like-minded users, namely users with similar preferences. 
The main objective is to create user groups (formally known 
as clusters) so that the group members share similar prefer-
ences. Then, when encountering a user u interested in an 
item i, where u belongs to a cluster of users with similar 
preferences, the algorithm may recommend u products liked 
(i.e. highly rated) by other cluster members. The workflow 
diagram of the SMARTBUY’s CF-based RE is illustrated 
in Fig. 6.

It is noted that the user-generated content (in-app activ-
ity data) are processed offline in order to form the clusters 
of users with similar preferences. This is a computationally 
intensive task, which is typically performed once per day. 
The output of this computation is the recommendation list 
of products per user so that the list is instantly delivered to 
any new (target) mobile user as soon as s/he logs into the 
ecosystem.

5.2  Co‑creation of iterative prototypes

The creation of appealing digital products largely associ-
ates with the design of satisfactory and user-friendly expe-
riences, which can favor market exploitation and customer 
retention. Towards this end, we design a user-driven solu-
tion that relates to the users’ beliefs and perception and 

addresses their requirements. Our design is based upon an 
explicit understanding of users, the feedback actions and 
personalization processes and the corresponding living and 
working environments. The SMARTBUY platform has been 
implemented based on an innovative co-creation process 
consisting on a consultation of expectations from a group 
of stakeholders. Since the official launching of the project, 
we engaged with potential retailers and end-users (through 
focus group meetings, (in)formal interviews, informal meet-
ings, etc.), thus facilitating the identification of the crucial 
requirements for the SMARTBUY platform.

In order to reach out to a broader community of retail-
ers and users, we decided to use the large-scale experimen-
tation (Amaxilatis et al. 2018) and co-creation (Gutiérrez 
et al. 2018) tools of the Organicity IoT platform and exploit 
the offered facilities to evaluate SMARTBUY in real-world 
conditions. We integrated the SMARTBUY services with 
the Organicity platform to set up an environment for con-
ducting large-scale experimentations in a smart city with 
the SMARTBUY services. The results reported in Sect. 6 
in relation to the pilots conducted in three European cities 
build upon the Organicity platform.

5.2.1  The Organicity platform

Organicity is a smart city platform that facilitates the 
involvement of different stakeholders (citizens, communi-
ties, scientists, developers, and others), and is not solely 
driven by engineering visions. It allows developers and 
researchers to create their own applications rapidly and eas-
ily using the provided datasets and tools to experiment with 
new ideas and innovative solutions. In this respect, Organi-
city provides a holistic citizen-driven approach for optimiz-
ing the city by combining the physical space with the digital.

Organicity’s (OC) high-level architecture is illustrated in 
Fig. 7. It consists of three tiers: the OC Experimentation tier 

Fig. 6  The SMARTBUY’s RE 
workflow diagram
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involves various components (deployed services and appli-
cations, template applications or libraries) that facilitate 
the building of applications and services for experimenta-
tion with them; the OC platform tier enables managers to 
administer and control the platform; the OC Site tier consists 
of different OC Sites (e.g., cities), the infrastructures and 
resources of experimenters (OC experimenters site) and the 
infrastructure supporting the feeding of crowdsourced data 
into the platform (OC Provider Site).

Organicity offers a built-in Experimentation-as-a-Service 
(EaaS) framework (see Fig. 7) which supports the co-crea-
tion and validation of a large set of smart city services and 
applications under real conditions in a powerful innovation 
ecosystem. It comprises a toolset that allows developing, 
deploying, and evaluating smart city solutions in a one-stop 
shop manner, allowing for large-scale experiments. One 
additional aspect of the EaaS framework is that it can be 
used to enable co-creation, i.e. to involve citizens and other 
stakeholders in designing as well as developing smart city 
solutions. The co-creation process with the different stake-
holders and the different components that have been devel-
oped to create more inclusive innovation ecosystems, using 
the EaaS concept, is presented in (Gutiérrez et al. 2018).

The EaaS framework provides functionality to both 
advanced users/developers, as well as to more “casual” end-
users like citizens, activists, decision makers or politicians, 

collectively referred to as Organicitizens. The idea is that 
any Organicitizen might develop and deploy her own ser-
vices (e.g., a website, a web service, a desktop application 
or a smartphone application) that interact with the platform 
through the different APIs exposed by the Organicity facility.

Urban resources are modelled inside Organicity as Assets. 
These assets may model IoT sensor devices, observations 
(like temperature), information (like social events), smart-
phones, devices, services, data sources stored as data files 
(csv, xml, pdf) shared online, references to online data end-
points (third-party APIs and data services), places, build-
ings, and many other entities (including virtual objects).

An asset is associated with multiple attributes and each 
attribute can be associated with various metadata. Each 
Asset Attribute might represent various parameters of the 
asset. In the case of an IoT device or a smartphone, it might 
represent a sensing or actuation capability of the device or a 
device characteristic (static or not) like the human readable 
name of the device, its description, its location and so on. 
In the case of more abstract assets, attributes might repre-
sent types of observations not produced by physical sen-
sors (e.g., a bus reporting the number of available seats or 
the number of the route). Each attribute consists of a type 
shared amongst all Organicity Sites, the actual value of the 
attribute and a list of metadata that describe the value. By 
utilizing the proper attributes for the description of Assets 

Fig. 7  The high-level architecture of Organicity
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various visualization and browsing options are made avail-
able through the Urban Data Observatory (UDO) and the 
rest of the Organicity tools.

The Data Annotation Service manages the data annota-
tion process on assets of all Organicity Sites. The primary 
goal of this service is to provide to the programmable clients 
an available set of tag domains and then receive and store 
tags (tag attachment on an asset by a user). The Organicity 
platform exposes the data annotation service through the 
Annotation API.

5.2.2  Integration of SMARTBUY with Organicity

The starting point of integration is to register SMARTBUY 
as an Organicity Site. We have implemented an Organicity 
Site Provider under the Organicity EaaS framework. As a 
result, all the data sets released by the SMARTBUY ecosys-
tem (i.e., assets) can be accessed by the users of the Organi-
city facilities through the EaaS API and via the Urban Data 
Observatory website.

The following SMARTBUY data sets (assets) are 
released to the Organicity platform: the retailers data sets 
(providing information on the retailers enrolled in the 

SMARTBUY ecosystem), the products and services data 
sets (providing information on all products and services 
registered within the SMARTBUY ecosystem by retail-
ers), and the Wi-Fi location data sets (providing informa-
tion on the Wi-Fi networks deployed through the retailers 
enrolled in the SMARTBUY ecosystem).

We also use the Annotation Service of Organicity to 
enrich the data sets with appropriate tags that can be 
exploited by any potential application that is envisaged 
to be developed.

The components in the Organicity architecture upon 
which the integration of the SMARTBUY ecosystem is 
materialized are illustrated in Fig. 8, enclosed in red boxes.

In the sequel, we shall briefly describe the set-up of an 
application that has been developed for the evaluation of 
retailers by customers (Amaxilatis and Giannakopoulou 
2018), as a result of the aforementioned integration.

The specific application has been implemented in web 
and mobile app versions using the Organicity Experimen-
tation as a Service framework and the associated tools 
provided. The application leverages a set of Organicity 
tools to provide a list of all available retailers around a 

Fig. 8  The integration of SMARTBUY with Organicity.  Adapted from Amaxilatis et al. (2018)
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customer, evaluate the retailers and assess the quality of 
service offered from each retailer.

The Asset Directory has been used to store and list all 
retailers who participated in the evaluation. The application 
has been part of an experiment set up in Organicity con-
taining all the retailer’s information including the name of 
the shop, the location, and a description of the shop’s prod-
ucts and services. The Annotation Service has been used 
to enable customers to evaluate the retailers. This service 
was used to add a set of evaluation criteria per retailer as 
tags. Each tag provides a single aspect of a retailer among 
a list (e.g., quality of service, politeness, value for money, 
discount policy, etc.).

The actual evaluation could be carried out either through 
a smartphone or through the Urban Data Observatory—
UDO (web interface); cf. Fig. 9. UDO enables users to eas-
ily select tags defined for experiment assets (characterizing 
the retailer), e.g. to select the tag ‘Excellent’ for the asset 
‘Politeness’. Each customer can occasionally select multiple 
characterizations from the available ones and modify them 
at any time, thus affecting the overall evaluation of a retailer.

The outcome of the evaluation per retailer is the tag 
selected by the majority of customers for each of the tag 
domains defined. As a result of the rankings derived, cus-
tomers are then able to search for products and services that 

match their requirements based on both the product speci-
fication and the retailer’s characteristics. Retailers can have 
access to a dashboard system that presents them with infor-
mation about their rankings and their overall evaluations 
fed by customers. Consequently, they could adapt and/or 
improve their behavior towards their customers and their 
store policies.

6  Pilot study

The pilots of the SMARTBUY ecosystem have been exe-
cuted in 2018, in four European cities with diverse scale 
and retail market characteristics: London (UK), Patras 
(Greece), Luleå (Sweden) and Santander (Spain) (SMART-
BUY 2019a; b).

As reported in Table 1, an overall number of 471 retailer 
stores joined SMARTBUY, created an account and uploaded 
products and promotions in the SMARTBUY ecosystem. A 
total of 2521 individuals installed the SMARTBUY app10 
and acted as customers under real operational conditions. 

Fig. 9  The Urban Data Observatory of SMARTBUY

10 https ://play.googl e.com/store /apps/detai ls?id=com.smart buysh 
oppin g.app.

https://play.google.com/store/apps/details?id=com.smartbuyshopping.app
https://play.google.com/store/apps/details?id=com.smartbuyshopping.app
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Among them, 91 retailer shop owners (51% females, 69% 
aged 35–54 years old) and 340 customers (51% females, 
53% aged 19–34 years old), have accepted to evaluate their 
overall experience with the ecosystem through responding 
to an online questionnaire. It is noted that the questionnaire 
addressed to retailers has been distributed one month fol-
lowing the official launch of SMARTBUY in their area, 
while the customers’ questionnaire has been embedded into 
the SMARTBUY app allowing users to easily submit their 
feedback.

As also shown in Table 1, the participating retailers 
have uploaded 6.4 products and 1.7 promotions on average 
through the retailer’s web platform. Moreover, customers 
performed 10.1 product searches and 0.1 product reserva-
tions on average. According to the system logs, the custom-
ers commonly used the ‘how to get there’ feature to derive 
route directions towards selected retailer stores.

The data logged during the field trials have provided 
interesting insights with respect to the users’ attitude towards 
SMARTBUY in different operational environments. For 
instance, retailers in small-to-medium sized cities (like 
Luleå) have mostly used the platform to deploy seasonal 
promotions rather than to advertise their offered products 
and services, probably because those are already known to 
their fellow citizens. Besides, the intensity of customers’ 
activity (as dictated by location-based product searches) has 
been largely affected by the number of products available. 
Vice-versa, the engagement of retailers has been affected 
by the traffic generated by customers (i.e. interest for their 
promoted products). Interestingly, customers have been 
reluctant to reserve products, perhaps because the reserva-
tion period has been rather short (only a few hours), while 
reservations have been irrelevant for products with no stock 
restrictions (e.g. for takeaway coffee or hair cut services).

Table 1  Figures of customers/
retailers who actively 
participated in the pilot trials 
along with usage data logged 
during the trials

London Patras Luleå Santander Overall

Retailers and customers
 Registered retailers 235 110 40 86 471
 Retailers who filled in the questionnaire 41 21 14 15 91
 User (customers) pilot participants 1507 595 98 321 2521
 Customers who filled in the questionnaire 113 105 24 98 340

Products, promotions, products “near you” views, reservations
 Products registered 1841 720 157 295 3013
 Promotions 311 221 109 183 824
 Product searches 14,090 9670 488 1221 25,469
 Reservations 158 75 9 24 266

Fig. 10  Locations and categories of retailers’ stores in Patras, Greece
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The locations and categories of retailer stores which 
joined SMARTBUY and participated in the pilot study in 
Patras are illustrated in Fig. 10.

Table 2 presents the eleven questions (QC) included in 
the questionnaire handed to 340 participants (customers) of 
the pilot phase. The table also illustrates a statistical com-
pilation of the responses received (average and median val-
ues). The participants have been requested to reply using the 
Likert scale (1: strongly disagree, 5: strongly agree), while 
all questions allowed respondents to add free text in order 
to further elaborate on their answers.

Regarding the habits of customers who evaluated the 
SMARTBUY application, it appears that the majority buys 
products online rather often (QC1). Moreover, customers are 
somewhat divided as regards their preference on the means 
of delivery for products they have bought online between 
those that prefer to have them shipped to home and others 
that prefer to pick them up from the store to save waiting 
time (and cost) due to shipping (QC2). The preference to 
collect the purchased products from the store is mostly dem-
onstrated in Patras and Santander, where the customers also 
tend to prefer buy products from local stores, even though 
they also practice online shopping (QC3). This finding is 
also verified by responses to QC4 and QC5 where custom-
ers in Patras and Santander expressed their appreciation for 
being able to collect a product bought online by the physical 
store, which also results in shipping cost savings. This aspect 
of SMARTBUY was also appreciated by customers in Luleå, 
yet, not in London where the longer travel times to reach the 
physical stores are deterring.

Responses to QC6 and QC7 reveal that the usability of 
the SMARTBUY application has been found acceptable 
in all cities. QC8 and QC9 also convey some interesting 

results. Many users in London, Patras and Santander argued 
that they discovered new stores, products, sales and services 
when using the SMARTBUY application, which they would 
have otherwise missed, revealing its usefulness in online 
promotion. That was not the case, though, in the smaller-
scale city of Luleå, where customers have been rather famil-
iar with most stores.

The last two questions (QC10 and QC11) express the 
appreciation of customers as regards the performance of the 
recommendation engine; that is, the accuracy and relevance 
of recommended products both in terms of the actual type 
of products and the location of the stores where the products 
are sold.

A similar user survey has been conducted with retail-
ers who joined SMARTBUY and participated in the pilots. 
The retailers have been first inquired regarding the market-
ing channels they use to promote their business. The vast 
majority among them actively advertise their products and 
services through online social networks (mostly Facebook 
and Instagram, 84%) and Google Ads (59%). Also, through 
business directories (57%), dedicated website (33%), local 
press and radio (29%), flyers (26%), advertising signs/mag-
nets mounted on cars (9%), etc. Table 3 presents the ten 
Likert-scale questions (QR) included in the questionnaire 
handed to 91 retailers.

The participating retailers have been satisfied with the 
usability aspects of the SMARTBUY ecosystem (QR1), 
however, not equally satisfied with the labor and time 
required to upload their products (QR2). In fact, some 
respondents argued that the ecosystem could support users 
to only enter a product’s barcode and then automatically 
fill in its corresponding metadata. This finding explains 
why many users mostly used the ecosystem for uploading 

Table 2  SMARTBUY evaluation from end-users (customers)

QC# Questions (addressed to customers) Avg Median

Generic questions
 QC1 I quite often buy products online 3.7 4
 QC2 I prefer to collect the products I buy online from the physical store instead of having them shipped to me 3 3
 QC3 When I shop online, I prefer to buy products from stores located in my area 3.4 4
 QC4 Booking a product online and receiving it from the physical store is useful 3.4 4
 QC5 Booking a product online and receiving it from the physical store helps me save shipping costs 4.1 4

Usability
 QC6 The SMARTBUY application was fairly easy to use 4.4 4.5
 QC7 The navigation within the SMARTBUY application was easy and comprehensible 4.5 4.5

Utility
 QC8 By using the SMARTBUY application Ι discovered stores which I would not have discovered otherwise 4.2 4
 QC9 By using the SMARTBUY application I discovered products, sales and services which I would not have discovered 

otherwise
3.9 4

 QC10 Product recommendations have been relevant to my consumer profile and likings 4.3 4
 QC11 Recommended products have been typically offered in stores conveniently located to city areas which I frequently visit 4.4 4.5
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featured products or promotions rather than their whole 
inventory (QR3).

Overall, SMARTBUY has been valued as a useful instru-
ment for promoting retailer businesses (QR4) and reaching 
new customers (QR5), especially in large city scales (like 
London). Most importantly, for supporting small retailers 
in competing business chains and shopping malls (QR6) 
through enabling business alliances and providing cost-
effective tools for personalized marketing. Many respondents 
have been somewhat uncertain with respect to the contribu-
tion of their affiliation with SMARTBUY on their overall 
business turnover, since the application only catered for res-
ervation of products, yet, not for online purchases (QR7). 
However, most retailers found that SMARTBUY has been 
beneficial for their business for other reasons with no direct 
financial impact, like brand awareness (QR8). Thus, many 
retailers expressed their willingness to retain their SMART-
BUY affiliation after the end the pilot period, at the expense 
of a reasonable subscription fee (QR9). Last, the potential 
future incorporation of e-shopping option in SMARTBUY 
(QR10) has been mostly appreciated by London-based retail-
ers, however, many respondents have been skeptical due to 
the difficulty in competing the low product prices found in 
e-shop-only platforms.

7  Conclusions and future work

This article presents an overview of the SMARTBUY eco-
system, emphasizing on the motivation behind the research 
pursued as well as its main affordances and innovative 
aspects. SMARTBUY converts physical stores of smart cit-
ies into an open, geographically distributed mall by provid-
ing the logical consistency needed for conducting central-
ized searches over independent physical stores.

SMARTBUY is, firstly, innovative from a business per-
spective as it is the first known large-scale experimental eco-
system which implements a blended shopping paradigm: it 
combines the benefits of online shopping with the appeal of 
traditional store shopping. Moreover, it suggests a roadmap 
that achieves economies of scale for the, otherwise isolated, 
small retailers in urban environments, while also offering a 
suite of innovative services to customers. The core of the 
ecosystem is a module which enables customers to perform 
location-based searches for products and services offered 
by member-retailer stores, over a unified, centralized inven-
tory of products. However, the key research contribution 
of the SMARTBUY ecosystem lies in two services: (a) the 
geo-location marketing service which takes advantage of a 
cloud-enabled city-scale cluster of WiFi APs to infer mobil-
ity patterns and consumer traits so as to push appropriate 
notifications to users; (b) a recommendation engine which 
considers a multitude of contextual factors like time, sea-
son, demographic data, consumer behavior, and location 
history of the user in order to accurately match like-minded 
customers and derive meaningful, personalized product 
recommendations.

The SMARTBUY ecosystem delivers several crucial ben-
efits for retailers:

• Achieve economies of scale through enabling access to 
cloud-based inventory management and digital marketing 
services;

• Generate added value through becoming member of a 
broad market coalition and taking advantage of geo-
marketing opportunities;

• Enable broad visibility of offered products not only via 
the mobile app but also through supporting the indexabil-
ity of the products uploaded in the retailers’ web portal 
by web search engines;

Table 3  SMARTBUY evaluation from retailers

QR# Questions (addressed to retailers) Avg Median

Usability
 QR1 Using the SMARTBUY ecosystem was straightforward 4.8 5
 QR2 Uploading products and setting up promotions in SMARTBUY was fast and easy 3.8 3.5

Utility
 QR3 I used the system mostly for uploading promotions rather than my whole inventory 4.1 4
 QR4 The SMARTBUY ecosystem is useful for promoting my products/services 4 4
 QR5 Using the SMARTBUY ecosystem allowed me to attract customers who I would not be able to reach otherwise 3.9 4
 QR6 Ι find that the SMARTBUY helps my business to compete large businesses, business chains and shopping malls 4.3 4.5
 QR7 I believe that my affiliation with SMARTBUY has had a positive impact on my overall business turnover 3.6 4
 QR8 I believe that my affiliation with SMARTBUY has had a positive impact with respect to non-economic factors 4.1 4

Attitude towards future involvement in the ecosystem
 QR9 In the future, I would be positive in paying a reasonable fee to promote my products/services through SMARTBUY 3.7 3.5
 QR10 I would prefer if SMARTBUY offered the option for e-shopping 3.1 3
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• Allow the effective targeting of potential customers 
through geo-marketing and intelligent context-aware 
recommendation systems, taking advantage of collected 
user profile information and user-generated data.

The SMARTBUY ecosystem also delivers important ben-
efits to potential customers:

• Allow one-stop search over a large number of competi-
tive shops in a similar fashion as practiced in brick-and-
mortar shopping malls or online shops;

• Enable feature and price comparisons, thus, achieving 
savings in shopping expenditures;

• Ensure awareness of -otherwise missed- promotional 
offers and would-like products, considering a multitude 
of contextual factors (some of which are not relevant to 
online customers), such as location & location history, 
time, season, etc.;

• Combine the benefits of online shopping with those of 
traditional ‘physical’ shopping (social interaction, shop-
ping entertainment, offline retailer loyalty, low product 
performance risk, prevention of shipment cost and delay, 
etc.).

The SMARTBUY ecosystem has undergone a large-scale 
pilot phase over a period of 12 months, in four European 
cities. The results have been overall positive. Most custom-
ers, especially those living in small-to-medium sized cit-
ies, appreciated the blended shopping model implemented 
in SMARTBUY due to allowing the comparison of prices 
online and the collection of purchased items from physical 
stores, thus saving cost and time associated with shipment. 
Many users also argued that they discovered new stores and 
products through using the SMARTBUY application. Last, 
most users assessed positively the recommendation engine, 
i.e., the accuracy and relevance of recommended products 
with respect to their likings and the context of use.

Moreover, the execution of the pilot trials provided valu-
able insights with respect to several technology acceptance 
factors which should be carefully considered when deploy-
ing smart retail alliances:

• The integration (or synchronization) with digital inven-
tory systems is important to motivate retailers to upload 
a considerable percentage of their offered products or 
services; otherwise, systems similar to SMARTBUY are 
likely to be used solely for advertising promotions on 
selected products.

• The active involvement of a critical mass of both key 
actors, i.e. retailers and customers, is fundamental to 
ensure the long-term sustainability of the system: poten-
tially high product availability intensifies customers 
engagement, while increased demand raised by custom-

ers motivates retailers in uploading more products and 
promotions, thus producing a virtuous circle. Substantial 
resources should be invested in marketing campaigns to 
achieve this objective.

• The integration of payment gateways may enable online 
product purchases (similarly to e-commerce platforms) 
while still motivating users to visit the physical stores to 
pick up their bought products. Online payments could 
address both the reluctance of retailers to accept product 
reservations for long periods of time (since no guarantees 
are given for conversion of reservations to sales) and the 
requirement of customers to ensure the availability of 
reserved products.

Our future research will pursue the following objectives:

• Elaborate on suitable business models which will attract 
a critical mass of retailers and customers while also 
ensuring the financial sustainability of the SMARTBUY 
ecosystem.

• Design a coupon-like collaborative loyalty program (Vil-
lacé-Molinero et al. 2016), which will allow customers to 
collect and redeem coupons for product purchases from 
SMARTBUY retailer-members.

• Investigate solutions for brick-and-mortar stores, ena-
bling them to tackle the challenges of health crises like 
the recent COVID-19 pandemic, e.g. scheduling the 
in-store pick-ups of online orders to enforce physical 
distancing and avoid queues, better employees’ shift 
planning, adaptation of ventilation patterns based on 
predicted occupancy, etc.
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