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Abstract
Artificial intelligence (AI) is transforming services by providing personalized solu-
tions, enhancing customer experience, and reducing operational costs. To tackle 
the challenges posed by the extensive and diverse literature on AI services, a com-
prehensive review was conducted using text mining techniques on journal articles. 
Twelve key research topics were identified, and the enabler–interface–business 
framework was developed. In addition, a value creation mechanism for AI services 
consisting of 6Cs (i.e., connection, collection, and computation, communication, 
control, and co-creation) was proposed. The study provides a complete overview of 
AI services, facilitating academic discussion and industrial transformation.

Keywords Artificial intelligence · Service innovation · Literature review · Text 
mining · Machine learning · Data driven

1 Introduction

Technological advances change the nature of services, the service experience of 
customers, the roles of service providers, and the relationship between service pro-
viders and customers (van Doorn et  al. 2017). In recent years, artificially created 
intelligence capable of learning, connecting, and adapting (artificial intelligence, 
hereafter referred to as AI) brings about innovation and revolution in the service 
sector (Huang and Rust 2018; Noor et al. 2022). Some examples of AI implementa-
tion in the service sector include automation of service processes using AI robots in 
restaurants (Molinillo et al. 2023), transforming customer services into self-services 
using chatbots or virtual assistants (Ruan and Mezei 2022), and customization of 
customer preferences based on big data and machine learning (Lee and Lee 2020). 
AI can assist service providers in reducing operational expenses and increasing 
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profitability (Belk et al. 2023; Davenport and Ronanki 2018), while playing a sig-
nificant role in the expansion and innovation of the service sector (Neuhofer et al. 
2020; Prentice et al. 2020).

Such positive effects spark much interest on AI services from the academic sec-
tor (Lins et al. 2021; Mariani et al. 2023). In the existing studies, AI services are 
defined from various perspectives. The core of AI services highlighted by the studies 
is to provide effective and efficient solutions through AI to support service provid-
ers in performing their tasks (Huang and Rust 2021; Ostrom et al. 2019). Here, the 
tasks include simple and repetitive tasks; complex and systematic tasks; and social, 
emotional, and interactive tasks of the service provider (Huang and Rust 2022). AI-
based solutions include direct (i.e., AI performs tasks of service providers) and indi-
rect (i.e., AI provides information to support the tasks of service providers) interac-
tions with customers.

The value of AI services is created through a harmonious combination of tech-
nologies and services (Davenport et  al. 2020; Huang and Rust 2021; Rust 2020). 
Thus, it becomes essential to understand the AI algorithms for services (i.e., what 
AI algorithms to be utilized), scope of AI application in services (i.e., what service 
tasks will be supported or performed through AI), clarification of roles between AI 
and customers (i.e., how to utilize AI for customer engagement), and design of cus-
tomer experience utilizing AI (i.e., how to enhance customer experience by utiliz-
ing AI) (Ostrom et  al. 2019). To this end, it is necessary to understand the links 
between AI and service innovation, identify the application areas of the AI services, 
and recognize the success factors as well as challenges prior to such implementa-
tions. Although several scholars, such as Meurisch and Mühlhäuser (2021) and Li 
et al. (2021), attempted to understand AI services through literature reviews, exist-
ing reviews are selective and limited in scope. They focus only on a few service sec-
tors (i.e., hospitality and tourism) and specific viewpoints of AI services (i.e., data 
privacy). In short, these reviews are insufficient for comprehensively understanding 
the full spectrum of AI services, as they do not consider multiple perspectives.

This study contributes to the understanding of the commonality and diversity 
in research, as well as future research directions for AI services, by employing a 
machine learning approach to review a large volume of research articles on AI ser-
vices. Using keywords associated with AI services, this study collected 211 pub-
lished articles from the Web of Science and Scopus databases. The core of the text 
corpus must be fully grasped. Hence, this study utilized several metrics to quan-
tify the statistical and semantic importance of word features. This study also uti-
lized unsupervised machine learning algorithms, including spectral clustering (Von 
Luxburg 2007), latent Dirichlet allocation (LDA) (Blei et al. 2003), and non-nega-
tive matrix factorization (NMF) (Lin 2007). Spectral clustering was utilized to dis-
cover the key research topics of 211 articles, whereas LDA and NMF were employed 
to confirm and interpret the clusters.

This study conducted an analysis of articles to extract important keywords, 
basic statistics, key research topics, and the relationships among the topics. Spe-
cifically, 12 key topics of AI service literature were identified. By combining these 
quantitatively derived findings with a qualitative review of the machine-suggested 
key references, an overview of AI services was presented from the perspectives of 
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technological enablers, interfaces, and businesses. Additionally, a value creation 
mechanism for providing AI services was proposed, considering the data-based 
value creation mechanism of smart services, including connection, collection, com-
putation, control, communication, and co-creation. The overview and value creation 
mechanism can help identify, synthesize, and integrate various aspects and related 
knowledge of AI services, from abstract to concrete concepts of AI services. Lastly, 
theoretical and managerial implications of AI services were identified from the find-
ings, and future research issues were suggested accordingly.

A common ground should be established for central concepts in science (Fortu-
nato et al. 2018). To integrate the perspectives and capabilities for AI services, this 
study presented a systematic view of dispersed knowledge by integrating it into a 
robust conceptualization and identifying the commonality and diversity in related 
literature. The findings provide an overview of the existing studies on AI services. 
This overview is expected to serve as a baseline in promoting academic discussion 
and industrial transformation toward successful AI service development. Addi-
tionally, this study is unique; it performed a bibliometric and systematic literature 
review based on machine learning approaches (i.e., automatic literature review vs. 
manual literature review). Such an approach helps address the gap between exist-
ing works on AI technological development and service innovation by incorporating 
studies on AI services across various fields, including technology, engineering, and 
business. This contribution is clear compared with existing studies that perform lit-
erature review on AI services (e.g., Li et al. 2021; Meurisch and Mühlhäuser 2021). 
The contribution of the machine learning approach is shown in Fig. 1, which depicts 
an overview of the research topics on AI services. Moreover, the machine learning 
approach has the additional benefits of not requiring the removal of past approaches 
(i.e., literature review by experts) or causing conflicts in its implementation. This 
approach offers an advantage for future review research.

The rest of paper is organized as follows. In Sect. 2, the literature of AI services 
is reviewed. In Sect. 3, the approach to analyzing the research articles is elaborated. 
In Sect.  4, an overview of AI services is presented based on the findings of data 
analysis. In Sect. 5, a mechanism for offering AI services and future research issues 
for AI services are proposed. In Sect. 6, the theoretical and managerial implications 
of the findings as well as research limitations are discussed.

Fig. 1  Research overview
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2  Literature review: AI services

The advancement of Industry 4.0 technologies, such as the Internet of Things, 
cloud computing, and big data, have greatly contributed to the rapid growth of the 
AI. AI can be defined as an intelligence that imitates the human brain and refers 
to the set of technologies that implement various human competencies, including 
cognition and thinking, problem solving, prediction and judgment, and system 
optimization, using technologies from areas of machine learning, big data, and 
natural language processing (Poole and Mackworth 2010; Russell et  al. 2015). 
The utilization of AI has the potential to increase profits and reduce costs for 
businesses, ultimately leading to the expansion of the service sectors (e.g., Belk 
et al. 2023; Davenport et al. 2020; Loureiro et al. 2023).

Owing to this versatility, research on AI services continues to garner much 
interest from an increasingly large number of researchers (e.g., Kelly et al. 2022). 
Previous studies define AI services from various perspectives. For example, Baek 
et  al. (2021) focused on the potential and technical aspects of AI and defined 
an AI service as a service offered to customers using machines that are enabled 
with intelligent abilities, such as human competencies in cognition, learning, and 
decision-making. Huang and Rust (2021) categorized AI into mechanical, think-
ing, and feeling AIs based on their intelligence level. According to these AIs, 
they defined AI services by the category of tasks supported that allow customer 
engagement. Mechanical AI is used for service standardization (e.g., supporting 
simple tasks), thinking AI supports service personalization (e.g., supporting com-
plex tasks), and feeling AI enhances relationships between service providers and 
customers (e.g., supporting emotional tasks). The performed or supported tasks 
of service providers can vary depending on the implemented AIs.

Ostrom et al. (2019) identified three types of AI services based on their role 
in customer encounter: AI-supported, AI-augmented, and AI-performed service 
encounters. They also explained the types of customer encounters suitable for 
each AI service. In AI-supported services, AI provides support in the decision-
making process of service providers without directly interacting with customers 
(e.g., aiding the diagnosis of a patient’s disease). In AI-augmented services, AI 
directly interacts with customers based on the information obtained through AI 
(e.g., real-time language translation). In AI-performed services, AI directly inter-
acts with customers and collaborates in creating the overall service experience 
(e.g., decision-making through a chatbot). Meurisch and Mühlhäuser (2021) clas-
sified AI services into three categories based on their level of proactivity: reac-
tive, proactive, and autonomous. Reactive services respond to customer requests, 
proactive services offer information or functions without being requested by cus-
tomers, and autonomous services make decisions without customer input and con-
firmations. Wirtz et al. (2018) defined an AI service agent, which is an interface 
within a system that allows for autonomous and adaptable interaction between 
service provider and customers. To summarize the results of the aforementioned 
studies, AI services can be defined based on their potential technological func-
tionality (Baek et al. 2021), their role in supporting or replacing service providers 
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(Huang and Rust 2021), and the types and modes of interaction with customers 
(Meurisch and Mühlhäuser 2021; Ostrom et al. 2019; Wirtz et al. 2021).

The use of AI in service offerings, processes, or networks can result in the 
diversification, redesign, or expansion of AI services, leading to increased com-
plexity (Xu et al. 2020). As AI services become more complex, a number of chal-
lenges arise in various aspects and levels, such as the identifying front- and back-
end activities (Kirkpatrick 2017), structuring capabilities (Akter et  al. 2021), 
and managing or configuring enabler technologies for AI services (Kumar et al. 
2023; Payne et  al. 2021a). These challenges require additional research before 
AI services can be developed in practice. The present knowledge on these topics 
remains less mature or practical than those on other innovation research topics. 
Therefore, existing knowledge on AI services should be reviewed and integrated 
to address such limitations and provide useful information for future research. 
Viewing AI services from multiple perspectives and levels is particularly essen-
tial owing to their complexity, which underscores the need to integrate existing 
knowledge.

A prerequisite to the development of successful AI services is identifying and 
synthesizing various perspectives and knowledge to analyze and consolidate multi-
ple aspects and levels. Although recent studies review the literature on existing AI 
services (e.g., Li et al. 2021; Meurisch and Mühlhäuser 2021), they have limitations 
in that they selectively limit the scope and cannot include all sources or diversity. 
Therefore, they offer only a limited range of information and knowledge on AI ser-
vices. Moreover, previous studies tend to focus on the application of AI for service 
innovation (e.g., Akdim and Casaló 2023); they do not provide a holistic overview 
of the research topics related to AI services, from the implementation of technolo-
gies to realization of service objectives. Understanding the full spectrum of AI ser-
vices, from technology development to service innovation, plays an important role in 
facilitating AI service development. Furthermore, previous studies do not consider 
recent research articles published between 2020 and 2022, despite the significant 
increase in articles on relevant topics during this period. To overcome the aforemen-
tioned limitations, this study employed a new approach of implementing text mining 
and machine learning algorithms to analyze the massive volume of research articles. 
This was in consideration of the massive challenges faced by researchers in perform-
ing large-scale literature reviews and consolidations.

3  Method

This study employed text mining and machine learning algorithms to develop the 
understanding of AI services based on the original method of Lim and Maglio 
(2018). The method consists of four steps: (1) collecting journal article data, (2) 
extracting significant word features, (3) clustering journal articles (i.e., extracting 
topics of AI services) and identifying keywords related to the topics, and (4) inter-
preting the topics. Sections 3.1–3.4 describe how the author implemented the afore-
mentioned steps in the analysis of AI service literature.
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3.1  Step 1: collecting data

Step 1 involves the collection of text data from the scientific literature that contain 
information about AI services. Only the title, abstract, and keywords set by the 
authors are used as data for analysis to reduce noise, increase signal strength, maxi-
mize efficiency, and overcome the problem related to the limited accessibility of the 
full texts (e.g., Lim and Maglio 2018; Noh et al. 2015). In addition, this step inte-
grates various types of data from different sources and deletes outliers of data.

In this study, journal article data related to AI services were collected from the 
Web of Science and Scopus databases of SCIE (1945–), SSCI (1987–), and Emerg-
ing Sources Citation Index (2015–). The search field input consisted of “topic (i.e., 
terms used in the Web of Science “TS” and Scopus “TITLE-ABS-KEY” fields),” 
and various articles were downloaded using the keywords related to AI services, 
up to January 31, 2023. The following search query was selected for the study: 
“Topic = (“artificial intelligence in service” OR “AI in service” OR “AI service” OR 
“artificial intelligence service” OR “AI based services” OR “AI-based service” OR 
“artificial intelligence-based service” OR “AI agent service” OR “AI-driven service” 
OR “artificial intelligence agent service” OR “artificial intelligence driven service” 
OR “AI-powered service” OR “AI powered service” OR “artificial intelligence-pow-
ered service” OR “artificial intelligence powered service”).” Papers on academic 
conferences, book chapters, reviews, surveys, and editorials were excluded; only 
journal articles were collected. As a result, 463 journal articles (Web of Science: 
158, Scopus: 305) were collected. After excluding 10 articles that only contained the 
title and no other information (e.g., no abstract), 144 articles that overlapped in the 
two sets of databases and 98 articles that were not related to AI services (i.e., top-
ics on artificial insemination, cow fertility, and heifer among the results obtained by 
searching AI services), the remaining 211 articles were scoped for analysis.

3.2  Step 2: extracting significant word features

Step 2 aims to extract significant word features for explaining specific theme of lit-
erature (i.e., AI services). The text corpus (i.e., document-term matrix) is then pre-
processed to remove potential sources of noises as follows. This step eliminates let-
ters not found on the alphabet and stop words (e.g., “or,” “within,” and “it”). The 
entire text is also transformed to lowercase (e.g., “AI” to “ai”). Customized rules 
are applied (e.g., non-contextual words commonly used in journal articles, such as 
“result” and “paper,” are eliminated). Lastly, all words are lemmatized (e.g., “pro-
cesses” to “process”).

Step 2 also creates a document-term matrix embedded with term fre-
quency–inverse document frequency (TF–IDF) for the word feature selection. This 
is because many studies using text mining techniques employ a TF–IDF measure 
instead of simple frequency (e.g., Kim and Trimi 2023). When calculating the sig-
nificance value of a word, the TF–IDF value lowers the value by the frequency of the 
word’s appearance in other articles; the value increases when the word only appears 
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in the selected article. In the matrix embedded with TF–IDF, words that frequently 
appear only in certain articles (e.g., acronyms defined by the authors) or frequently 
used in all articles (e.g., “work,” “study”) are excluded, and only the words that rep-
resent the general topics (e.g., “chatbot,” “quality,” and “learning”) are extracted to 
identify the significant word features. The significant word features can be selected 
by defining the number of words that represent the topic of each article (hyperpa-
rameter 1) and the number of articles where the representative words appear (hyper-
parameter 2). Lim and Maglio (2018) proposed the five metrics for the optimization 
of the hyperparameter setting.

In this study, the text corpus (i.e., 211 documents with 4748 word features, was 
then prepared and preprocessed for subsequent analysis. Python libraries (i.e., Text-
Blob for text analysis and NLTK for stop word elimination and lemmatization) were 
employed for text preprocessing. After preprocessing, the five metrics for extracting 
significant word features of AI services were used. Figure 2 shows the optimization 
results for hyperparameter setting. The substantial difference between the average 
significance of the eight-keyword case and the seven-keyword case is illustrated by 
the three graph lines (i.e., gray, yellow, and purple). The results highlight the sub-
stantial difference between the average significance of the seven-keyword case and 

Fig. 2  Changes in importance according to significant word extraction from each article. (Color figure 
online)
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the eight-keyword case, signifying the latter’s inclusion of numerous nonsignificant 
keywords. Consequently, seven was selected as the minimum number of keywords 
from each article (hyperparameter 1). Furthermore, opting for a hyperparameter 2 
value greater than two may result in the exclusion of numerous words that frequently 
occur exclusively in specific articles, as observed during the pilot study. Thus, the 
representative words in no less than two articles were selected (hyperparameter 2). 
In summary, 225 words out of the initial 4748 words were selected as significant 
word features.

3.3  Step 3: identifying AI service topics

Step 3 aims to identify key research topics of literature. Spectral clustering is 
applied under the assumption that one article has only one core topic. This technique 
is based on graph partitioning to distinguish clusters in a latent space. The graph 
partitioning problem in spectral clustering is an NP-hard problem that requires the 
application of a heuristic algorithm. Specifically, each run returns a distinct set of 
clustering results and an ideal number of clusters cannot be determined straightfor-
wardly. Subsequently, silhouette coefficient values (Rousseeuw 1987) of the data are 
averaged to measure the clusters that are part of the text corpus.

In this study, scikit-learn Python library was employed to use spectral cluster-
ing algorithm and iterations for computing silhouette coefficients. For each set of 20 
cases, the average of 100 iterations was computed. The precise number of clusters 
from 2 to 20 was tested based on the finding that the value of the mean silhouette 
coefficient decreases monotonously from cluster number 11 (Fig. 3). Next, the data 
of each cluster were manually evaluated, that is, the cluster results were verified and 
the top articles in each cluster examined. Two clusters that have less than 10 articles 
and focus on the same topics as the other clusters were reassigned to other clusters. 
Finally, nine were chosen as the ideal number of clusters.

Step 3 also involves understanding and naming each cluster to define key research 
topics of literature. The visualization proposed by Longabaugh (2012) is utilized to 
point out the clusters (Fig. 4). In the binary adjacency matrix, the yellow squares 
denote individual clusters; the size and density of the clusters indicate the amount 
and homogeneity (i.e., cosine similarity of clusters) of data, respectively. In addi-
tion, topic modeling algorithms like NMF and LDA are used to determine the top 30 
representative keywords for each cluster and validate the spectral clustering results 
for each scenario with different topic numbers. LDA is a generative probabilistic 
model to recognize topics from sets of words across documents. NMF is a matrix 
factorization method for extracting latent factors from the original features with non-
negativity constraints. Lastly, the topics are reviewed through expert interviews. The 
experts can be asked questions regarding the comprehensiveness of the extracted 
topics of AI services, such as whether the extracted topics are sufficient to represent 
the overview and mechanisms of AI services and what additional topics can be con-
sidered to reflect the characteristics of AI services. The results of the expert inter-
views are used to add, delete, divide, and merge topics of AI services.
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Fig. 3  Changes in silhouette coefficients according to the number of clusters

Fig. 4  Interpretation of clustering results. (Color figure online)
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In this study, nine clusters were identified using Longabaugh (2012) method, 
NMF, and LDA. In addition, two experts were recruited for the interviews. One had 
more than 6 years of experience in the industrial engineering department at a univer-
sity, specializing in designing AI services in chemical and healthcare industries and 
developing algorithms for AI service operations. The other expert had over 6 years 
of experience working for a global AI service company in South Korea, focusing on 
operating AI services and designing user experiences of AI services. The experts 
emphasized the importance of business topics in AI services and recommended 
further subdividing one cluster (i.e., business topic) into multiple subtopics to con-
sider various aspects of business topics, such as service, society, customers, market-
ing strategy, and goals. As a result, the nine clusters were changed to 12 clusters 
to incorporate business aspects of AI services. In addition, another round of expert 
interviews was conducted to validate the results. The results on topic identification 
are elaborated in Sect. 4.2.

3.4  Step 4: interpreting AI service topics

Step 4 aims to interpret the clustering results by conducting network analysis. The 
centroids (i.e., those of the TF–IDF-embedded document vectors) in every cluster 
are determined, and the cosine similarities between them are computed. The simi-
larity scores are generally high, and all clusters (nodes) are connected because they 
are all closely related. Consequently, only the top three most highly related clus-
ters are singled out for each cluster, and they are connected to examine the most 
important relationships between research topics. The results demonstrate that nodes 
in the center are connected to several others, thus the strong relationship values. To 
the contrary, nodes in the boundaries are connected through nodes in the center, 
hence the weak relationship values. The nodes in the center represent the concepts 
that connect those in the periphery. To deepen the findings and highlight a future 
research direction, qualitative analysis is performed.

In this study, network Python library was used to conduct network analysis, and 
the outcomes of text mining and the literature gathered were investigated. The inter-
pretation results are elaborated in Sect. 4.3.

4  Results

4.1  Statistics of the AI service literature

Table 1 shows the basic statistics of the 211 collected articles, including their coun-
try (i.e., the affiliated institution of the corresponding author) and journal of publi-
cation. China, the USA, and South Korea are the top three countries with the most 
numbers of published articles on AI services. Authors from China and South Korea 
tend to focus on technological development for the implementation of AI services, 
whereas those from the USA tend to focus on the methods for providing AI ser-
vices (e.g., robots and chatbots) or investigate the relationship between AI services 
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and firm performance. The interdisciplinary nature of research on AI services is 
reflected in the variety of journals that publish related articles. Service-related jour-
nals like Journal of Service Research, Journal of Service Management, and Journal 
of Hospitality Marketing and Management publish articles on AI services. In addi-
tion, technology-related journals such as Sensors and Applied Sciences contribute 
to the literature on AI services. These results emphasize the need for collaboration 
across disciplines to advance research on AI services.

Figure 5 shows the publication trend of 211 collected articles, including publica-
tion counts and total citation per year. Analyzing the annual publication count from 
2016 to 2023, spanning approximately 8 years, reveals a consistent growth pattern 
in the quantity of articles related to AI services. This escalating yearly publication 

Table 1  Basic statistics of the AI service literature

Country Frequency Journal Frequency

China 55 IEEE Access 7
USA 25 Sensors 6
South Korea 25 Applied Sciences 5
Australia 10 Journal of Service Research 5
United Kingdom 7 Journal of Hospitality Marketing and 

Management
4

Germany 7 Sustainability 4
Italy 6 Frontiers in Psychology 3
Finland 6 Psychology and Marketing 3
Taiwan 6 IEEE Internet of Things Journal 3
India 5 Journal of Service Management 3
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trend underscores the rapid expansion of literature on AI services. Furthermore, the 
growing number of citations provides evidence of the substantial popularity of AI 
service topics, particularly attributed to the advancements facilitated by Industry 4.0 
technologies and the increased availability of data assets. In short, the number of 
publications and the increasing number of citations signify a robust and growing 
interest among researchers in the field of AI services, underscoring the relevance of 
the present review.

4.2  Key topics (12) in the AI service literature

Table 2 lists the 12 topics (i.e., clusters) identified from the analysis of the AI ser-
vice literature. Enclosed in parentheses are the numbers of scientific articles that 
discuss each topic.

Four topics on the enablers of AI services are as follows. Edge computing (Topic 
1) addresses the provision of AI services based on edge computing (Li et al. 2022a), 
services architectures for edge devices (Valadareset al. 2022), and efficient process-
ing and cooperative transmission for edge inference (Yang et al. 2020). Cloud plat-
form (Topic 2) addresses the use of sensors and cloud servers for data collection. In 
particular, this topic covers sensing technologies necessary for supporting efficient 
data collection (Kwon and Seo 2022) and frameworks for virtual sensor configura-
tions to collect data via multiple devices (Alberternst et  al. 2021). Learning tech-
nology (Topic 3) addresses the machine learning algorithms can be used in vari-
ous AI service areas (e.g., smart city service and healthcare service), such as deep 
learning models for image classification and segmentation (Lee et al. 2022b; Tseng 
et  al. 2021) and federated learning models for privacy protection of AI services 
(Rodríguez-Barroso et  al. 2020). Network quality (Topic 4) addresses the quality 
for data collection, analysis, and utilization for AI services. Specifically, this topic 
covers 6G technologies for the implementation of AI services (Letaief et al. 2019; 
Wu et al. 2022) and future issues and challenges on network quality improvement 
to provide AI services (Park and Park 2020). Topics 1, 2, and 4 focus on AI tech-
nologies to enhance the experience of service delivery (e.g., service delivery in real 
time and information delivery to the customers), whereas Topic 3 focuses on AI 
technologies for service value creation to satisfy customer needs (e.g., x-ray image 
detection models for a cancer patient and learning algorithm for customer’s privacy 
protection).

Four topics focus on the interfaces of AI services. Service agent (Topic 5) indi-
cates the AI chatbots or voice-enabled virtual assistants that help address customer 
requirements. This topic covers the use of AI chatbots and voice-enabled vir-
tual assistants in various service fields, such as handling of customer complaints 
(Riikkinen et  al. 2018), identification of the characteristics of these agents (Ash-
faq et al. 2020; Cai et al. 2022), examination of customer acceptance models (Cai 
et al. 2022), investigation of the effectiveness of different interaction styles between 
service agents and customers (Vassilakopoulou et  al. 2023), and identification 
of negative aspects of service agents (Castillo et  al. 2021). Intervention (Topic 6) 
describes the continued interaction via on-going systems (e.g., online system and 
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smartphone-based system) to support customer task of AI services. Most of the 
studies in this topic relate to healthcare or education services, including the inter-
vention methods to improve the health of patients (Joerin et al. 2019) and educate 
the health improvement in family (Zhao and Fu 2022) and how and when to deliver 
data analysis results to the customers (e.g., data chart and monitoring information) 
(Yu et al. 2022). Failure and recovery (Topic 7) presents solutions to recovery and 
response for failures arising out of inappropriate interaction between AI and custom-
ers. This topic covers the identification of the contexts that lead to failures of AI 
services (Huang and Philp 2021) and service recovery plans of AI services (Chen 
et  al. 2022; Xu and Liu 2022) as well as how to accurately understand customer 
requirement for prevention of failures (Li et al. 2022b) and how to solve the prob-
lems using AI emotion expression, highlighting the needs for empathy (Esmaeilza-
deh and Vaezi 2022; Peng et al. 2022). Service robots (Topic 8) shows the robot to 
support or enhance customer tasks of AI services. This topic covers the potential use 
of robots for improving customer experience (Ghazal et al. 2021) and various types 
of robot and interaction types for improving acceptance of these robots in services 
(Song and Kim 2022; Yao et al. 2022; Zhang et al. 2021).

Four topics related to the business of AI services encompass various themes for 
improving and enhancing the business aspects of AI services. Business strategy 
(Topic 9) outlines the actions and decisions a firm’s plans to take to reach its goals 
and objectives, including marketing, finance, design, operations, and other areas. 
This topic covers the strategies and future research issues of business model plan-
ning of AI services (Kitsios and Kamariotou 2021), the improvement of customer 
acceptance and satisfaction of AI services (Atwal and Bryson 2021), strategies for 
enhancing the value co-creation process of AI services (Payne et al. 2021b), design 
strategies for AI-based service business models (von Garrel and Jahn 2022), and 
strategies for achieving sustainability and circular economy in AI services (Rajput 
and Singh 2019). Business model (Topic 10) pertains to the understanding and cate-
gorization of various business models for service firms. This topic covers platformi-
zation and ecosystem transformation for providing AI services (Liu et  al. 2020), 
the taxonomy of business models of AI services (Anton et  al. 2021), and digital 
transformation or servitization closely related to AI services and servitization (Kim 
et al. 2023; Payne et al. 2021a). Application across industries (Topic 11) relates to 
perspectives on AI service development from case studies in various sectors, includ-
ing education (Ouyang and Jiao 2021), hospitality (Hussein Al-shami et al. 2022), 
energy (Marinakis et  al. 2021), construction (Gec et  al. 2023), sports (Chin et  al. 
2022), and healthcare (Megaro et  al. 2022) sectors. Characteristics of AI services 
(Topic 12) covers the identification of AI characteristics in the perspectives of busi-
ness models and their application for enhancing customer engagement (Huang and 
Rust 2018, 2021) in the context of service robots considering system, customer, 
and service encounter (Flavián and Casaló 2021). Additionally, this topic identi-
fies potential challenges of AI for enhancing the experience of service delivery (Chi 
et al. 2020), customer intention to use AI services in the perspective of technology 
readiness and awareness (Flavián et al. 2022), and an overview of AI in the business 
context considering societal impact of AI, organizational impact of AI, AI systems, 
and AI methodologies (Loureiro et al. 2021).
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Utilizing the publication counts of AI service articles in the recent 3  years 
(2020–2022), trends of key topics were analyzed across three groups (i.e., ena-
bler, interface, and business). Considering the limited number of papers available 
until 2019, the analysis was restricted to the last 3  years. Given the increasing 
annual count of AI service articles, the analysis focused on trends based on the 
proportional values of paper counts for each year rather than the absolute number 
of papers in specific key research topics. The trends of the 12 key topics within 
the three groups are illustrated in Fig. 6.

In the enabler group, edge computing topic (Topic 1) shows a relatively high 
recent publication count compared with other topics due to the increasing impor-
tance of real-time analysis and utilization in AI services. Three topics of cloud 
platform (Topic 2), learning technologies (Topic 3), and network quality (Topic 
4) serve as fundamental components in implementing AI service. They exhibit 
a gradual decline or relatively stable publication count. In the interface group, 
topics of service agent (Topic 5), intervention (Topic 6), and failure and recov-
ery (Topic 7) have witnessed a surge in recent publications. This surge is attrib-
uted to the direct interaction between customers and service providers, playing a 
pivotal role in customer satisfaction. In particular, service agent topic has con-
sistently seen a high publication count from 2020 to 2022, likely influenced by 
the emergence and potential utilization of voice assistants (e.g., Amazon Alexa). 
Conversely, service robot topic garnered significant interest in 2021 but experi-
enced a decline in related publications in 2022. Lastly, in the business group, no 
distinct trend has been identified, which shows that business-related topics con-
tinue to receive steady and consistent attention. In summary, topics in the ena-
bler group (Topics 1–4), forming the foundation for AI services, and the topics in 
the interface group (Topics 5–8), facilitating direct customer interactions, dem-
onstrate adaptability to evolving technological trends. By contrast, the topics in 
the business group (Topics 9–12) display stability regardless of technological 
fluctuations.

Fig. 6  Publication trend of key topics related to AI services
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4.3  Enabler–interface–business framework

This section presents an overview of the literature on AI services by integrating the 
aforementioned findings. The overview and outcomes of AI service innovation in 
terms of management practices have been questioned (Füller et al. 2022). Figure 7 
illustrates this overview captured in the literature.

Service companies are motivated to adopt AI technologies for service develop-
ment thanks to technological advances, such as the rise of network technologies, 
edge computing, cloud platforms, and deep learning technologies. They also have a 
need to advance service operations and enhance customer experiences using inter-
faces, such as service robots, service agents, and interventions. Additionally, failure 
and recovery of interfaces should be considered during service operations. For AI 
service development, companies recognize opportunities for AI services by bench-
marking cases of AI service innovation across various industries and identifying the 
characteristics of AI services. Based on these opportunities, they develop various 
business models or strategies with new technologies and use them for developing AI 
services, such as platform transformation, data annotation models, and personalized 
service models. Specific methods for AI service design, analysis, and evaluation 
have been developed for these companies. Through AI service provision, companies 
aim to achieve innovation and contribute to the circular economy.

Fig. 7  Enabler–interface–business framework for AI service innovation
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Figure  8 illustrates the network of relationships among the 12 key topics on 
AI services. Each node represents a topic, with the size of the node indicating 
the percentage of articles covering that topic relative to all articles. The color 
represents three topic groups, and the lines connecting the nodes represent the 
relationships among the topics.

The three topics (Topics 1, 2, and 4) in the technological enabler group are 
interconnected (upper side of Fig. 8) as they are highly related technologies for 
the development and implementation of AI services. Additionally, they are con-
nected with the business aspects of AI services (Topics 11 and 12) because these 
technologies play an important role in the planning of business models and deter-
mining the role of AI in services. Business-related topics (Topics 9–12) are con-
nected to all topics of interfaces (i.e., failure and recovery, service agent, inter-
vention, and service robot) because interfaces function as the interaction channel 
between service providers and customers, which is key to improving customer 
satisfaction of AI services. As failure and recovery (Topic 7) largely impact the 
satisfaction levels on the service robot or agent (e.g., Huang and Philp 2021), 
this topic is connected to the two topics (Topics 5 and 8) in the interface group. 
Lastly, intervention (Topic 6) shows no connections among the interface-related 
topics as this topic has low relations to the actions of the robots or agents.

Fig. 8  Relationship among the 12 key topics
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5  Discussion

This section proposes a mechanism for providing AI services based on the 12 key 
topics and their relationships (Sect. 5.1) and discusses the future research issues 
for key topics (Sect. 5.2).

5.1  Value creation mechanism of AI services

In offering AI services, AI consolidates various techniques (e.g., deep learn-
ing, federated learning, and edge computing) to deliver and perform intelligent 
competencies and plays a critical role in facilitating and supporting the mutual 
interactions between customers and service providers. In terms of creating ser-
vice values based on the intelligent competencies, AI services can be regarded 
as a branch of smart services. Lim and Maglio (2018) proposed a representation 
model for data-based value creation mechanism of smart services. In this study, 
the author reconstructed the mechanism (see Fig. 9) in the context of AI services. 
The lines correspond to the interactions among data and information. In addition, 
Fig. 9 depicts the closed-loop mechanism of AI services. Data and information 
interactions within the service are iterative. Stakeholders can build their relation-
ships and enhance value co-creation continuously through a cycle of monitoring 
and learning. The direction of the advancement of AI services is obvious. Value 
co-creation can be further developed by incorporating AI technologies for con-
nection, collection, computation, control, and communications.

Fig. 9  Value creation mechanism of AI services
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AI service comprises the following six attributes for creating value: (1) con-
nection between customers and things (e.g., sensors and devices), (2) collection 
of data from customers and connected things, (3) computation and analysis of 
data through AI-related technologies and algorithms (e.g., cloud computing, 
edge computing, and deep learning), (4) wireless communication between cus-
tomers and things, (5) control over customer environments or decisions, and (6) 
value co-creation between service providers and customers. Table  3 describes 
in detail these six attributes, which this study calls the 6Cs. The first five attrib-
utes are the technological resources for AI services. They should incorporate 
technologies for connection, collection, computation, control, and communica-
tion so as to cater for variability around service operations, including customer-
introduced variability and be intelligent. The first to three attributes (i.e., con-
nection, collection, and computation) closely reflect the enabler topics (Topics 
1–4), whereas the fourth and fifth attributes (i.e., communication and control) 
relate to the interface topics (Topics 5–8). The last attribute (i.e., co-creation) 
represents the objective of applying the various resources, which is the busi-
ness topic (Topics 9–12). The first five attributes actually contribute to the ris-
ing opportunities for active value co-creation. Encounters for value co-creation 
expand as the connection between customers, providers, information, and tech-
nologies tightens. Informational or intellectual resources for value co-creation 
grows with the collection and computation of high-quality data. The efficient 
control and communication within the AI service boost the frequency and inten-
sity of value co-creation.

Based on the 6Cs attributes and 12 key topics, the provider’s activities for 
delivering AI services can be summarized as follows. First, the providers should 
identify and understand the AI technologies that can be used or implemented 
along with their usefulness for services (Topics 1–4). Technological enablers of 
AI services include the technologies for connection of things, collection of data 
via connected things, and computation and analysis of the collected data. Next, 
the scope of tasks to be supported or replaced by enabler technologies should be 
determined, including the appropriate technologies selected for the tasks to be 
performed. Utilizing such technologies enables the understanding of customer 
contexts and identification of useful information to the customers. Based on such 
contexts and information, the interfaces (Topics 5–8) suitable for supporting 
communication or control can be identified and determined. In addition, interac-
tion types (i.e., direct and indirect) and frequency (i.e., reactive, proactive, and 
autonomous) between AI and customers should be selected by considering cus-
tomer requirements and preferences. Based on the selected enabler technologies 
and interfaces, the providers can then plan various business strategies and mod-
els (Topics 9 and 10; e.g., platform, data annotation, and personalized service 
models) and offer these models to the customers to co-create the values of AI 
services. Lastly, the effectiveness, usability, and expected benefits of the deliv-
ered AI services should be evaluated to improve the quality of AI services (e.g., 
quality evaluation, recovery model, and business performance management).
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Table 3  6Cs of AI services

6Cs Description

Connection Connected things include tangible goods directly used by customers and dedicated 
infrastructures generally required by customers and providers. These goods and 
infrastructures can be connected to other objects. The development of a connected 
network of people and things, which is the base infrastructure for AI services, is the 
groundwork for collection and communication for AI services. In fact, a connected 
network represents the network of “data sources” for AI services. The source of 
data is directly relevant to their use (i.e., purpose of the AI service) and the scope 
and potential of the AI service

Collection Collection of data include condition traces of engineering systems, event logs of 
business processes, health and behavioral records of people, and bio-signals of 
animals. Data are the core resources for context awareness given our capability 
for continuous monitoring of and learning from data. Data use contributes to the 
effectiveness and efficiency of process for AI services

Computation Computational processes involve the use of specific AI algorithms and expert knowl-
edge for decision-making. Computation is a prerequisite for data and information 
communications in a connected network because these processes transform raw 
data into standardized data or information that enable machine-understandable 
data. The key functions of AI services (including context awareness, predictive and 
proactive operations, adaptation, real-time and interactive decision-making, diag-
nosis, and control) can be created only through computation of specific data. This 
process frequently requires several pre-tasks for data analytics, such as analysis 
planning, data cleaning, anonymization, aggregation, integration, and storage. Two 
of the key requirements of computation in AI services are cloud or edge computing 
availability and security, given the distributed nature of connections in stakeholders 
of AI services

Communication Communication contexts include machine-to-machine actuation and machine-to-
human guidance. Thus, the aspects of this attribute encompass the aspects of com-
municating machine-understandable data and human-understandable information, 
such as in visualization methods and other information delivery methods through 
auditory, olfactory, gustatory, and tactile stimulation in physical, virtual, and aug-
mented reality. Interactions tend to be unique in each AI service interface, although 
the same goods, infrastructures, and stakeholders can be involved in multiple AI 
service interfaces. The key to designing or developing AI services is to improve 
the unique interactions between customers and providers, given AI technologies 
for connection, collection, and computing are fulfilled in such AI services. Thus, a 
communication technology that facilitates interactions is crucial to any AI service 
and considered the circulating blood of the AI services

Control Control includes the typical machine-to-machine actuation, human-to-machine con-
trol, and the recently available automation of human-to-human transactions and 
workflows enabled by smart contracts, that is, self-executing scripts in a blockchain 
network of different parties. Control in traditional and modern services can be dis-
tinguished in terms of variability, with the former reducing variability (e.g., ATMs 
that cover limited options) and the latter accommodating variability (e.g., AI-based 
financial services that invest on their own)
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5.2  Future research issues for AI services

This section focuses on the challenges for AI services derived from the results 
of quantitative analysis (i.e., text mining, machine learning, and network analy-
sis) and qualitative analysis (i.e., review of titles and abstracts of representative 
articles).

The enabler topics (Topic 1–4) are closely related to “data,” the basis for which 
AI services operate. AI services analyze the data from customers and their contexts 
and enhance the interaction between the customers and providers. In particular, the 
core of the value creation of AI services lies in understanding the contexts and sta-
tus of customers via the activities related to data and providing customized services 
for performing the tasks of AI services (Lim et al. 2018). Therefore, the providers 
should accurately identify the data-related activities during lifecycles of AI services 
(e.g., data collection, analysis, delivery, and protection) and effectively manage them 
through AI-based infrastructures. Recently, various types of data (e.g., customer 
actions, expressions, and biological signal) can be collected from multiple sources. 
Service providers simultaneously analyze and use the collected data for providing 
AI services, such as offering customized services based on the analysis of customer 
emotions and the change of the emotions. To successfully implement these services, 
a systematic methodology should be developed that can support the management 
and analysis of multiple types of data. In particular, the quality of data collection and 
analysis must be managed. In this database, several scholars highlighted the impor-
tance of data management and explored the effects of data management (Meurisch 
and Mühlhäuser 2021; Wu et al. 2022). Therefore, further studies are needed to help 
the providers improve their efficiency and effectiveness of data-related activities 
based on the AI technologies. Lastly, in many examples of AI services, the interac-
tions between customers and providers happen in real time (e.g., AI agent provides 
instant response to customer inquiries). Therefore, a fast turnaround is required for 
analyzing and utilizing the collected data as well as a fast decision process. Li et al. 
(2022a) highlighted the importance in the development of mobile edge computing 
to enhance such decision-making process and went as far as to mention that the AI 
services need to be provided over a 6G network.

Table 3  (continued)

6Cs Description

Co-creation Co-creation of value between customers and providers. Value creation is the core 
purpose and central process in economic exchange. Any type of service involves 
value co-creation that assembles various stakeholders to jointly produce a mutually 
valued outcome. The development and use of AI ultimately aim for an enhanced or 
new value creation. Based on the concept of the AI service, this study distinguishes 
between data and information from the perspective of value. Data are traces and 
evidence of interactions within an AI service and the raw materials and ingredients 
of information. Information is the content created by data analysis delivered to 
customers and providers for a specific decision-making purpose. Value is not cre-
ated until information is used for a specific decision-making purpose; that is, value 
is created through information use
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The interface topics (Topic 5–8) are closely related to the “means, methods, and 
considerations to better deliver AI services to customers.” The key factor of inter-
faces is to properly understand customers and timely provide customized or person-
alized information to them (Song and Kim 2022). To this end, the speed of data col-
lection analysis and the quality of the utilized data as previously mentioned need to 
be ensured. Adequate information must be provided to the customers at their desired 
points in time. Furthermore, research on the level of anthropomorphism exhibited 
by the interfaces should be conducted, that is, the extent to which they show human-
like characteristics. Several studies on service agents (Topic 5) and service robots 
(Topic 8) state that interfaces that have human-like characteristics, including psy-
chological features (e.g., emotions and speech styles) and non-psychological fea-
tures (e.g., appearance and movements), improve customer intention and satisfac-
tion (e.g., De Visser et al. 2017). Yang et al. (2020) demonstrated that the influence 
of anthropomorphism level of an interface on customer satisfaction can vary based 
on the characteristics of AI services (e.g., friendly responses vs. simply provid-
ing information). In more detail, for AI services where empathy is a critical factor 
(e.g., social scenario), increasing the level of anthropomorphism in the interface can 
lead to higher customer satisfaction. On the contrary, for AI services that primar-
ily provide information (e.g., non-social scenario), the impact of anthropomorphism 
on customer satisfaction is less significant. Therefore, research is necessary to cat-
egorize AI services based on their intended purposes and to determine the appro-
priate level of anthropomorphism for the interface in each category. Lastly, further 
research is needed to investigate multi-modal interactions. Although current service 
agents and robots are primarily activated through voice or touch interactions, tech-
nological advancements enable the collection of diverse data and the exploration of 
various types of interactions (e.g., Di Nuovo et al. 2018). For instance, a gesture-
based interaction is potentially more effective than an audio-based interaction for 
service robots. In this case, multi-modal interaction can be considered for gesture-
initiated interactions in addition to visual and touch interactions. In short, suitable 
interaction types for various interfaces should be explored and the patterns or paths 
for multi-modal interactions must be optimized.

The topics in business group (Topics 9–12) is closely related to the “planning, 
development, evaluation, and improvement of AI services.” First, a systematical 
methodology that can support the development of AI services is required that can 
create and deliver real values rather than aiming for the development of services that 
simply adopt AI technologies. This methodology should consider the holistic lifecy-
cle of AI services, from the purpose of services to clear problem statements, plans 
for AI-based solutions, offering of the services, and even improvements in customer 
satisfaction. Second, an evaluation methodology should be developed for measuring 
the quality of AI services. In particular, the importance of the Quality of Experience 
(QoE) for AI services is also increasing, beyond the only application of technolo-
gies for AI services (Nguyen and Malik 2022). This triggers the growing need in the 
development of enabler technologies that can be used for the assessment of QoE. 
They are technologies that can develop high-quality AI services with a focus on 
customer experience rather than on the development of AI services that are highly 
regarded only from the technical perspective. Despite the recent studies that propose 
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methodology for evaluating QoE of AI services (e.g., Ameen et al. 2021), they are 
limited because they do not consider the whole scope of AI services and only focus 
on the quality evaluation of AI agents (i.e., voice-activated assistants). Therefore, 
a QoE evaluation for AI services that can be implemented in various interfaces, 
such as robots or intervention techniques, must be developed. In  situations where 
customers of AI services provide information to “experts” (e.g., providing medical 
diagnosis information to doctors or providing equipment status information to onsite 
engineers), the experts tend to take actions with a stronger trust of their past experi-
ences or intuitions, rather than the results provided by AI (Lee et al. 2022a). Thus, 
research on evaluation framework for expert-targeted AI services is also necessary.

Further research is needed to develop business models for small- and medium-
sized enterprises (SMEs). Although AI has the potential to fundamentally transform 
business activities, such as improving efficiency, internal processes, or developing 
business models, how AI can effectively and efficiently support SMEs to develop 
and operate business models remains unanswered (Abu-Rumman et  al. 2021). In 
this context, the competition to take the lead in the new AI market is expected to 
intensify, making it crucial to design methodologies for developing business models 
that can help understand customers and satisfy them through AI services (Baek et al. 
2021). von Garrel and Jahn (2022) suggested a framework for guiding manufactur-
ing SMEs in designing various business models. The findings may serve as refer-
ences for developing business models.

6  Conclusion

The development of AI services has recently gained much attention in both research 
and government policies. However, to date, there is no integrated and conceptual 
review of the various concepts related to AI services. To provide an overview of 
existing studies on AI services, a literature review was conducted using machine 
learning algorithms to analyze journal articles on AI services. As a result, 12 key 
topics were derived from the literature review, and an overview of AI service litera-
ture was identified considering the aspects of enablers, interfaces, and businesses. 
Additionally, a mechanism for providing AI services (i.e., 6Cs for AI services) was 
proposed. Moreover, theoretical and business implications for future research that 
will help implement AI in practical service innovations were discussed.

This research contributes theoretically to the service literature. Although innovation 
in AI services is critical, AI services have yet to be reviewed from multiple perspec-
tives. This study contributes to AI-driven service innovations by consolidating knowl-
edge on AI services scattered throughout a large volume of literature and analyzing it 
in an organized fashion. In particular, the study considers AI services not only from the 
perspective of technological application but also from a broader viewpoint that expands 
across “enabler-interface-business,” presenting an overview of AI service literature. 
This overview provides detailed information on the activation, exploration, and integra-
tion of existing studies on AI services and is expected to serve as a baseline for pro-
moting more related studies by various researchers. Furthermore, this study will drive 
further research on AI services based on the findings. The existing literature does not 
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cover all aspects of AI services, but the overview presented in this study considers vari-
ous aspects and levels of AI services, offering a value creation mechanism to conceptu-
alize research on AI services.

Regarding the practical implications, the machine learning-based literature review 
approach employed in this study provides a guideline for many researchers to conduct 
literature reviews on specific concepts in a wider scope and gain an overview of the 
relevant topic. The results of this study can be regarded a successful example of col-
lecting, analyzing, and interpreting large-scale text data. This methodology is unique in 
that it aims to minimize the subjectivity of the experts engaged in the literature review 
and ensure a higher degree of comprehensiveness in processing and interpreting texts 
on specified concepts. Compared with the results derived from literature reviews of 
previous studies, no differences are found in the empirical results of this study. This 
implies that the results of the semi-automatic analysis of text big data are reasonable 
and clearly reveal the framework of existing literature reviews. Thus, by adopting the 
proposed machine learning-based literature review approach, researchers will be 
able to investigate the evolving overview of research topics and gain an understand-
ing of its surroundings. Furthermore, the approach is expected to help researchers gain 
insights into other interdisciplinary topics across engineering, science, sociology, and 
humanities.

This research clearly contributes to literature, but it also has some limitations. First, 
the results of the study can change with the data used. That is, if the sources or the 
collection periods of the data changes, the results will also change. All scientific data 
available from the databases of Web of Science and Scopus are considered in this 
study. As such, future studies may extend or reduce the scope and sources of data to 
other database or domains (e.g., innovation research or journals on operational man-
agement) depending on the objectives of the research. For example, data from news or 
on patents may be analyzed to further understand the technical aspects required for AI 
services. Second, the machine learning-based approach for literature review does not 
offer detailed information on each key topic. The analysis focuses more on the identifi-
cation and classification of the topics rather than on the interpretation of the details of 
each article. Therefore, a structured literature review on certain topics is required for 
more detailed reviews on specific aspects of AI services (e.g., interface architecture or 
service quality evaluation systems).
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