Appendices
Appendix 1: Review of selected literature on smart service taxonomies
In addition to the presented papers related to smart services in the retail sector in the Background section, we analyzed further publications that examine smart services in different contexts, as well as the classification of technologies used to provide services in retail environments. We present a list of all examined publications below.
	Authors
	Application Field
	Research Focus
	Classification

	(Alexander & Kent, 2020)
	Retail (in-store)
	Exploring the relationship between in-store technologies and CX
	Classification of in-store technologies (e.g., tablets, mobile apps, digital signage) by hedonic- or utilitarian-oriented CX

	(Azkan et al., 2020)
	Manufacturing
	Taxonomy of data-driven services in the manufacturing industry
	Categorization from the perspective of service-based business models (dimensions: value creation, value delivery, and value capture)

	(Boukhris & Fritzsche, 2019)
	No specific industry
	Conceptual framework for the distinct attributes of smart services and their relationship to smart products
	Five dimensions that distinguish smart services from conventional services from a technical perspective on “smartness” (e.g. richness of the data, architecture of stakeholders)

	(Cledou et al., 2018)
	Smart mobility
	Taxonomy for smart mobility services
	Characteristics of smart services in the specific field of mobility, including elements such as type of service and users, benefits, and delivery channels

	(Fischer et al., 2020)
	Smart living
	Taxonomy for smart services in the smart living sector
	Characteristics of smart services from a technical perspective, divided into smart product categories and digital service categories

	(Grewal et al., 2020)
	Retail (in-store)
	Conceptual framework for understanding the infusion of new and future-oriented in-store technologies 
	2x2 typology which classifies in-store technologies (e.g., self-checkout, in-store kiosks) according to their level of convenience and social presence for the consumer

	(Hafner et al., 2021)
	Retail (in-store)
	Evaluating the potential of smart in-store technologies to address the challenges created by the rise of e-commerce
	Categorization of in-store technologies into (i) service-oriented, (ii) business-oriented, (iii) hybrid smart retailing technologies

	(Hoyer et al., 2020)
	Retail (in-store and beyond)
	Conceptual Framework for managing AI technologies along the customer journey to create experiential value in retail
	Categorization of different applications of AI-based technologies (e.g., transaction automation, recommendations) into the stages of the customer journey

	(Lee & Lee, 2014)
	Smart city
	Typology of smart city services
	Classification of smart city services from a citizen-centric perspective, including mode of technology, purpose of service, service authority, and delivery mode

	(Pantano et al., 2017)
	Retail (in-store and beyond)
	Evaluating innovation levels of different types of patented innovations in retail
	Classification of retail innovations by their application scenario and function (e.g., information search systems, payment systems)

	(Paukstadt et al., 2019)
	No specific industry
	Taxonomy of smart services in the era of IoT
	Classification of smart services from a service science perspective, including single consumer-oriented dimensions (e.g., main outcome, value proposition of the service)

	(Püschel et al., 2016)
	No specific industry
	Multi-layer taxonomy of smart things
	Categorization of smart things along the architectural layers of IoT stacks, including characteristics of service offerings representing the topmost layer in the architecture of IoT stacks (i.e., main purpose, and offline functionality of a service)

	(Quinones et al., 2023)
	Retail (In-store and beyond)
	Framework which classifies emerging technologies in retail according to retailers’ competitive positioning strategies
	Categorization of technologies, including in-store and out-of-store technologies, into retailers’ strategies (e.g., enhanced CX, frictionless shopping)

	(Rau et al., 2020)
	No specific industry
	Taxonomy of proactive services that are considered an extension of smart services, anticipating and proactively addressing consumer needs
	Categorization of proactive services integrating consumer-oriented elements (e.g., customers’ relief, benefits, and risks)

	(Riegger et al., 2021)
	Retail (In-store)
	Identification of drivers and barriers of consumer acceptance of technology-enabled personalization
	Classification of in-store technologies into immersive/immobile systems, mobile systems, hybrid systems

	(A. Roggeveen & Sethuraman, 2020)
	Retail (In-store and beyond)
	Framework for classifying retail technologies based on their primary influence on the customer journey
	Classification of retail technologies according to the management tasks across the customer journey stages (e.g., needs management, loyalty management) in which they have the most influential role

	(Sethuraman & Parasuraman, 2005)
	Retail (In-store)
	Framework for characterizing “Big Middle” retailers and consumer-based technologies
	Categorization of in-store technologies related to their effect on costs and service level for customers (e.g., cost-saving technologies that reduce or enhance service level)

	(Shankar et al., 2021)
	Retail (In-store and beyond)
	Understanding how technologies are changing retail
	Classification of retail technologies from a transformational perspective (e.g., by stakeholder, newness, nature of change)

	(Wolpert & Roth, 2020)
	Retail (In-store)
	Identifying different types of technology-enabled retail services for stationary retail
	Classification framework for smart services with focus on the retailer’s perspective (including, e.g., the intended purpose of a service, and technology issues)


Table A1: Review of selected literature on smart service taxonomies

Appendix 2: Literature Sample
In the spirit of open science as well as under the fundamental idea of comprehensibility and rigor, we provide the literature sample with 79 publications that serves as a foundation for the development of the smart service taxonomy for retail.
	ID
	Author(s)
	Year
	DOI or shortened URL

	1
	(A. Zhang et al., 2018)
	2018
	https://doi.org/10.1145/3194188.3194190

	2
	(Ádám et al., 2020)
	2020
	https://doi.org/10.1109/ISMCR51255.2020.9263739

	3
	(Aidasani et al., 2017)
	2017
	https://doi.org/10.1109/ICONSTEM.2017.8261248

	4
	(Algarni et al., 2020)
	2020
	https://doi.org/10.1007/978-3-030-32523-7_2

	5
	(Alghamdi, 2019)
	2019
	https://doi.org/10.1109/CAIS.2019.8769581

	6
	(Amaxilatis & Giannakopoulou, 2018)
	2018
	https://doi.org/10.1109/PERCOMW.2018.8480304

	7
	(Anagnostopoulos & Zaslavsky, 2014)
	2014
	https://doi.org/10.1007/978-3-319-10353-2_9

	8
	(Begade & Dharmadhikari, 2019)
	2019
	https://doi.org/10.1109/ICCONS.2018.8663164

	9
	(Betzing, 2018)
	2018
	https://bit.ly/3Zs1BQR

	10
	(Boukerche et al., 2019)
	2019
	https://doi.org/10.1109/MNET.2019.1800044

	11
	(Brooks & Brooks, 2014)
	2014
	https://doi.org/10.1109/CTS.2014.6867629

	12
	(Cenedese et al., 2014)
	2014
	https://doi.org/10.1109/WoWMoM.2014.6918931

	13
	(Chang et al., 2014)
	2014
	https://doi.org/10.1109/IIH-MSP.2014.239

	14
	(Chaudhary & Murala, 2018)
	2018
	https://doi.org/10.1109/ICIIP.2017.8313764

	15
	(Chojnacki & Rykowski, 2019)
	2019
	https://doi.org/10.1007/978-3-319-99981-4_34

	16
	(Chowdhury et al., 2019)
	2019
	https://doi.org/10.1109/RAAICON48939.2019.49

	17
	(Cirillo et al., 2019)
	2019
	https://doi.org/10.1109/GIOTS.2019.8766431

	18
	(Curran et al., 2019)
	2019
	https://doi.org/10.1007/978-3-030-19945-6_24

	19
	(Dianawati & Harso Supangkat, 2020)
	2020
	https://doi.org/10.1109/ICISS50791.2020.9307539

	20
	(Elavarasan et al., 2021)
	2021
	https://doi.org/10.1007/978-3-319-39399-5_8

	21
	(Eltoweissy et al., 2019) 
	2019
	https://doi.org/10.1109/3ICT.2019.8910306

	22
	(Fazio et al., 2012)
	2012
	https://doi.org/10.1109/IMIS.2012.136

	23
	(Fortunato et al., 2019)
	2019
	https://doi.org/10.1109/EURONAV.2019.8714140

	24
	(Galache et al., 2012)
	2012
	https://doi.org/10.1109/WONS.2012.6152226

	25
	(Golenbiewski & Tewolde, 2020)
	2020
	https://doi.org/10.1109/IEMTRONICS51293.2020.9216376

	26
	(Hamza et al., 2019)
	2019
	https://doi.org/10.35940/ijrte.B1436.0982S1119

	27
	(Harris et al., 2018)
	2018
	https://doi.org/10.1109/SEC.2018.00020

	28
	(Hernández-Muñoz et al., 2011)
	2011
	https://doi.org/10.1007/978-3-642-20898-0_32

	29
	(Hu & Li, 2012)
	2012
	https://doi.org/10.1007/978-3-642-32427-7_65

	30
	(Iyappan et al., 2016)
	2016
	https://doi.org/10.1109/WiSPNET.2016.7566108

	31
	(Je & Seo, 2019)
	2019
	https://doi.org/10.33851/JMIS.2019.6.1.43

	32
	(KC & Kang, 2019)
	2019
	https://doi.org/10.1109/IoTaIS47347.2019.8980443

	33
	(Kibria et al., 2014)
	2014
	https://doi.org/10.1109/ICTC.2014.6983357

	34
	(Kim et al., 2017)
	2017
	https://doi.org/10.1109/MCOM.2017.1600260

	35
	(Kong et al., 2018)
	2018
	https://doi.org/10.1109/TASE.2017.2785241

	36
	(Kong et al., 2017)
	2017
	https://doi.org/10.1109/COASE.2017.8256139

	37
	(Konstantopoulos et al., 2018)
	2018
	https://doi.org/10.1109/SARNOF.2018.8720502

	38
	(Krčo et al., 2012)
	2012
	https://bit.ly/40RjTfq

	39
	(C. Lee et al., 2019)
	2019
	https://doi.org/10.1109/VTCFall.2019.8891560

	40
	(Li et al., 2019)
	2019
	https://doi.org/10.1109/IIAI-AAI.2019.00022

	41
	(Mani & Anandan, 2019)
	2019
	https://bit.ly/3M6hOIG

	42
	(Marso & Macko, 2019)
	2019
	https://bit.ly/3U0eCjv 

	43
	(Mekruksavanich, 2019)
	2019
	https://doi.org/10.1109/iSAI-NLP48611.2019.9045336

	44
	(Mohamad et al., 2017)
	2017
	https://doi.org/10.1109/IEEEGCC.2017.8448000

	45
	(Nazemzadeh et al., 2013)
	2013
	https://doi.org/10.1109/IPIN.2013.6817913

	46
	(Nigam et al., 2016)
	2016
	https://doi.org/10.1109/ICICCS.2016.7542329

	47
	(Nukala et al., 2016b)
	2016
	https://doi.org/10.1109/ISSC.2016.7528456

	48
	(Petrakis et al., 2020)
	2020
	https://doi.org/10.1007/s12652-019-01205-5

	49
	(Pokric et al., 2014)
	2014
	https://doi.org/10.1109/WAINA.2014.127

	50
	(Pourzolfaghar & Helfert, 2016)
	2016
	https://doi.org/10.1007/978-3-319-39399-5_8

	51
	(Q. Zhang et al., 2013)
	2013
	https://doi.org/10.1155/2013/382132

	52
	(Qadir et al., 2019)
	2019
	https://doi.org/10.1109/MMS.2018.8611810

	53
	(Raad et al., 2018)
	2018
	https://doi.org/10.1109/CCECE.2018.8447626

	54
	(Rashid et al., 2017)
	2017
	https://doi.org/10.1016/j.future.2016.11.030

	55
	(Regalia et al., 2016)
	2016
	https://doi.org/10.1111/tgis.12233

	56
	(Rezazadeh et al., 2018)
	2018
	https://doi.org/10.1109/WF-IoT.2018.8355175

	57
	(Sai baba et al., 2020)
	2020
	https://doi.org/10.1088/1757-899X/981/4/042014

	58
	(Salma et al., 2019)
	2019
	https://doi.org/10.35940/ijrte.B1142.0982S1119

	59
	(Sanchez, Elicegui, et al., 2014)
	2014
	https://doi.org/10.1016/j.bjp.2013.12.020

	60
	(Sarwar et al., 2020)
	2020
	https://doi.org/10.1109/WCNC45663.2020.9120574

	61
	(Seo & Choi, 2018)
	2018
	https://doi.org/10.14257/ijgdc.2018.11.8.06

	62
	(Shen et al., 2018)
	2018
	https://doi.org/10.1109/JIOT.2018.2839525

	63
	(Shibata & Yamamoto, 2019)
	2019
	https://doi.org/10.1109/ICAIIC.2019.8669071

	64
	(Shukla et al., 2018)
	2018
	https://doi.org/10.1109/ICSCET.2018.8537337

	65
	(Sinha et al., 2019)
	2019
	https://doi.org/10.1109/i-PACT44901.2019.8960144

	66
	(Soni et al., 2018)
	2018
	https://doi.org/10.1109/ICICT43934.2018.9034451

	67
	(Spachos & Plataniotis, 2020)
	2020
	https://doi.org/10.1109/IOTM.0001.1900073

	68
	(Strasser et al., 2016)
	2016
	https://doi.org/10.1109/MELCON.2016.7495461

	69
	(Suciu, Pasat, et al., 2020)
	2020
	https://doi.org/10.1109/ECAI50035.2020.9223198

	70
	(Suciu, Balanean, et al., 2020)
	2020
	https://doi.org/10.5593/sgem2020/2.1/s07.040

	71
	(Susilawati et al., 2019)
	2019
	https://doi.org/10.1088/1742-6596/1402/3/033095

	72
	(Sutagundar et al., 2018)
	2018
	https://doi.org/10.1109/ICGCIoT.2018.8752971

	73
	(Thomas & Kovoor, 2018)
	2018
	https://doi.org/10.1016/j.procs.2017.12.011

	74
	(Tsuchida et al., 2019)
	2019
	https://doi.org/10.1109/LifeTech.2019.8883959

	75
	(Vakali et al., 2014)
	2014
	https://doi.org/10.1145/2611040.2611094

	76
	(Wang et al., 2019)
	2019
	https://doi.org/10.1109/MNET.2019.1800228

	77
	(Yamaguchi et al., 2018)
	2018
	https://doi.org/10.1145/3170521.3170534

	78
	(Yogalakshmi & Maik, 2020)
	2020
	https://doi.org/10.1007/978-981-15-0199-9_39

	79
	(Zecca & Rastorgueva, 2016)
	2016
	https://doi.org/10.2174/221279840801160304124251


Table A2: Data set of the structured literature review


Appendix 3: Taxonomy Development Process
In this section we will further detail our approach for the taxonomy development. We followed the method for taxonomy development suggested by Nickerson et al. (2013) (Figure A1). The taxonomy development process starts with the definition of the overarching meta-characteristic. As described in the research design section, we developed our taxonomy for describing smart services in the context of retail. Then, the ending conditions are determined (2). This step is necessary due to the iterative development process of the taxonomy development method. As soon as each of the defined ending conditions applies, the development of the taxonomy is completed (Nickerson et al. 2013). We apply the ten objective ending conditions as proposed by Nickerson et al. (2013). These are all relevant objects analyzed, no merge or split of an object, each characteristic of the taxonomy must be assigned at least once, no dimension or characteristic added, no dimension merged or split, every dimension has to be unique with unique characteristics, and the characteristics have to be mutually exclusive as well as collectively exhaustive.[footnoteRef:1] For the subjective ending conditions we also follow Nickerson et al.’s (2013) proposal. Thus, our taxonomy should be concise, robust, comprehensive, extendable, and explanatory. [1:  Although we have defined mutually exclusive as an objective ending condition, it is possible that several characteristics are simultaneously fulfilled in the dimensions by some smart services in retail. These combinations form an additional characteristic in the formal taxonomy tuples that are not represented for reasons of graphical simplification (e.g., Wulfert et al. 2021).] 

Following Nickerson et al. (2013), we started the development process empirically because our literature set provided many prototypes and system architectures as applications of smart services. Therefore, we started the development process using a subset of randomly chosen papers from the application sample. We inductively discussed and derived an initial set of six dimensions (value offering, service realm, behavioral response, actors, main interface, system topology) based on the classification of characteristics that can be identified by examining the objects. After the first iteration, the robustness and comprehensiveness conditions were not yet met. Thus, we followed a conceptual approach in the second iteration using the conceptual subset of the collected literature. Through deductive reasoning and extracting, we integrated prior classifications of smart services from a CX perspective to add more conceptual and theoretical substance to the taxonomy. In this step, we added the dimensions targeting, experience determinant, and sustainability contribution to our taxonomy. As our ending conditions were not fulfilled yet, we conducted a third empirical iteration using another random set from the application sample. The enhanced understanding of smart services from the prior iteration allowed a more comprehensive classification in terms of the experiential features related to the physical retail context. This step resulted in identifying the dimensions spatial level and relationship. After agreeing that the comprehensiveness condition was still not fulfilled, we conducted a fourth conceptual iteration to refine the taxonomy. Drawing from relevant literature in the related areas of technology-based CX in retail and smart services, we ensured that we covered all important aspects of smart services in the context explored in this work and added the dimensions of value perception, journey stage, and service capability. In a fifth empirical iteration, the rest of the smart service applications from the literature set were examined and successfully applied to all dimensions and characteristics. Nickerson et al. (2013) suggested to end the taxonomy development after all ending condition have been met. For the taxonomy describing smart services in retail, the ending conditions have been met after the fifth iteration. We also evaluated our taxonomy against the subjective ending conditions in our semi-structured interviews. We provide an overview on the fulfillment of the ending conditions in Figure A1.
[image: ]
Figure A1: Ending condition fulfillment (Nickerson et al., 2013)


Appendix 4: Interview Setting
For the evaluation of our taxonomy, we conducted semi-structured interviews to gain feedback from experts to assess and revise the smart service classifications. After asking for demographic information about the participants that we considered relevant for the context of our study, we posed six open questions to evaluate the taxonomy against the criteria described in the Method section. The questions are presented in Table A3. Table A4 includes information about the participants and their expertise in the context of our study.
	Interview Questions

	Demographics
	For which company are you working? 
What is your current position and how long have you been in this position? 
What is your connection to smart retailing?

	1
	Would you suggest modifying the taxonomy?

	2
	Does the taxonomy classify smart services adequately without containing too many dimensions and characteristics?

	3
	Does the taxonomy contain enough dimensions and characteristics to clearly differentiate the objects of interest?

	4
	Does the taxonomy help to understand smart services in retail?

	5
	Would you consider this taxonomy useful in designing and evaluating smart services in the context of your organization?

	6
	Which characteristics would be part of your ideal service configuration to create value for customers?


Table A3: Interview Guideline

	ID
	Position
	Organization
	Expertise

	1
	IT Manager
	Retail Company
	Management of IT solutions and support processes along the retail value chain

	2
	Service Developer
	Retail Company
	Project experience in designing and developing smart services

	3
	IT Strategy Consultant and former researcher
	Management Consulting Company
	Management of IT solution implementations for retail stores

	4
	IT Strategy Consultant
	Management Consulting Company
	Management of digitalization projects in retail, with a focus on smart services, AI and Data Analytics

	5
	Service Platform Manager
	Regional Multiservice Company
	Conceptualization and service design of a smart service platform for urban retail

	6
	Marketing & Sales Manager
	Regional Multiservice Company
	Management of customer segments and marketing campaigns for a smart service platform for urban retail

	7
	IT Manager
	Regional Multiservice Company
	Management of IT infrastructure and solutions for a smart service platform for urban retail


Table A4: Interview participants and their expertise

[bookmark: _Ref131509702]Appendix 5: Cluster Analysis
This section covers more details on the process of developing the archetypes. Following the two-stage approach by Punj and Stewart (1983) the first step was to determine the optimal number of clusters based on the evaluation data of our derived taxonomy. Therefore, we applied HCA with Ward’s method and Euclidean distance and visualized the result in a dendrogram (see Figure A2, left). The process of choosing the optimal number of clusters from a dendrogram involves identifying the point at which the dendrogram can be pruned to form distinct clusters. This process is often referred to as “cutting the tree” (Kimes et al., 2017, p. 4) and is based on the idea that the optimal number of clusters can be determined by finding the point at which further cuts would result in significantly different cluster assignments. The optimal number of clusters can be determined by visually inspecting the dendrogram and looking for a point where the vertical distance between the branches is the greatest. This point represents the largest change in distance between the clusters and can be used as a threshold for determining the optimal number of clusters. Hence, we drew horizontal lines after each split and evaluated the distances between the groups (Täuscher & Laudien, 2018). Choosing the horizontal line with the largest distances apart from each other (approx. at the height of 0.43), we count six clusters intersecting with the horizontal line.
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[bookmark: _Ref131596186]Figure A2: Dendrogram (left) and elbow method (right) for cluster determination
To improve the robustness of our analysis, we triangulate our findings by employing an alternative method to determine the optimal number of clusters (Ana & Jain, 2003). Statistical methods such as the Elbow method are also suitable for identifying the optimal number of clusters. The Elbow method involves plotting the within-cluster sum of squares against the number of clusters and identifying the point where the curve begins to level off, indicating that additional clusters would not significantly improve the model’s fit (Jain et al., 1999). By employing the Elbow method, we aim for a grounded and independent process that not only relies on hierarchical methods but also considers nonhierarchical partitioning methods (Punj & Stewart, 1983). Figure A2, right, shows the result of the Elbow method and how the “elbow”, i.e., shift in the curve, is distinctively noticeable at n=6 clusters.
[image: ]
[bookmark: _Ref131596152]Figure A3: Ward Cluster Analysis visualized via t-SNE
After deciding to pursue a six-cluster approach, we applied HCA with Ward’s method in the second step to determine the cluster affiliation for each investigated service. To visualize the high-dimensional smart services and their respective cluster membership, we use the t-SNE method (t-distributed stochastic neighbor embedding) as a dimensionality reduction technique to visualize high-dimensional data in a lower-dimensional space, i.e., for visualizing clusters of data points where similar data points are located near each other and dissimilar points are far apart (van der Maaten & Hinton, 2008). By applying t-SNE to our clustering results, we can plot the data points on a two-dimensional graph that can help to better understand and interpret the clusters in our data and support the formulation of smart service archetypes in physical retail (see Figure A3).
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