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Abstract. Artificial intelligence (AI) and machine learning are increasingly 
used in workplaces and human life in general. However, voices from indus-
trial practice as well as academia point to issues with purely technology-
oriented approaches to the development and implementation of AI applica-
tions. These can include low user acceptance and negative impact on job 
identification. In response, approaches for a human-centered design of 
work with AI come into focus. This paper contributes an analytical tool for 
identifying potentials as a first step in a process model for the development 
and deployment of AI in a human-centered way. The tool was empirically 
validated in various real-world settings. The implementation was carried out 
by the interdisciplinary team of the HUMAINE project consisting of social 
scientists, engineers, psychologists, information systems researchers and 
computer scientists. The paper presents the scope, the methods used as 
well as lessons learned from multiple executions of this concept. 
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1.  Introduction 
 
For some years now, artificial intelligence (AI) and especially machine learning (ML) 

have increasingly found practical application in everyday life and various industries 
(Littman et al. 2021; Shneiderman 2021; Fahle et al. 2020; Xu 2019). However, voices 
from industrial practice as well as science recently point to the fact that solely technol-
ogy-oriented approach to the development and implementation of AI applications can 
lead to various problems (Xu 2019). These include a negative impact on employees’ 
job identification (Mirbabaie et al. 2021), as well as low user acceptance due to a lack 
of explainability and accountability (Benbya et al. 2020). In response, approaches to 
human-centered AI (HCAI) development, implementation and application emerge 
(Shneiderman 2021; Wilson & Daugherty 2018).  

To date, there is no single universally accepted definition of what HCAI is and what 
aspects it encompasses. However, according to Wilkens et al. (2021b), there are at 
least five different basic understandings: A deficit-oriented, a data reliability-oriented, 
a protection-oriented, a potential-oriented and a political-oriented. These different un-
derstandings result from the transdisciplinary character of the research field. With dis-
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ciplines as diverse as psychology, computer science, information systems, engineer-
ing, social sciences, and work science looking at the subject, distinct aspects are 
brought into focus (Wilkens et al. 2021a). Complexity gets even higher when dealing 
with real-world systems and all their different technical and non-technical components, 
subsystems as well as various stakeholders from different organizational levels and 
their interdependencies (Shneiderman 2020). To enable companies and other organi-
zations to anticipate the challenges and opportunities arising from this complex envi-
ronment already at the very beginning of HCAI system development and implementa-
tion projects, suitable methodical support is needed. This paper presents an analytical 
tool for analyzing the as-is situation, to-be situation, and related potentials of HCAI 
implementation on distinct levels of an organization.  
  
 
2.  Research Background 

 
There is already a wide range of guidance available for the implementation of AI in 

organizations. Kaymakci et al. (2021) distinguish between two different groups of ap-
proaches: Generic conceptual models of AI systems which include features, functions, 
and components, as well as blueprints of processes for the implementation, develop-
ment, and operation of such systems. Despite the multitude of frameworks and pro-
cesses found in the literature, there is still a lack of approaches that address AI devel-
opment and implementation in a holistic way. Moreover, most of them relate to a spe-
cific industry or application, such as industrial manufacturing (Kaymakci et al. 2021; 
Pokorni et al. 2021).  

For the sake of completeness, it should be mentioned that other tools exist in addi-
tion to these groups of approaches identified by Kaymakci et al. (2021). First, there are 
AI readiness checks in the form of web-based questionnaires or workshops. In some 
cases, these checks even address different dimensions such as data and technologi-
cal aspects, human resources, business value, and governance. Then, there are plenty 
of recommended actions in the form of step-by-step descriptions published by consult-
ing companies and technology blogs. However, these mostly non-scientific ap-
proaches are superficial and do not provide methodological support within each step. 
Finally, there are also less formalized recommendations for AI implementation, which 
mostly refer to specific aspects. As an example, Davenport (2016) describes distinct 
ways of introducing AI into organizations, but refers solely to the selection of suitable 
pilot projects and technology as well as corresponding make-or-buy decisions. 

Concluding, it can be stated that the approaches available so far are not suited to 
cope with the high complexity of HCAI systems (Makarius et al. 2020) due to their 
limitations regarding their scope, especially when it comes to consideration of individ-
uals and organizational aspects. Thus, for now, a holistic analysis at the very beginning 
of HCAI system implementation into organizations requires the combination of different 
methods and frameworks.  
 

 
3.  Scope of the Analytical Tool 
 

The different perspectives identified by Wilkens et al. (2021b) resulting from the 
transdisciplinary character of HCAI systems indicate which aspects a holistic analysis 
approach must cover. The deficit-oriented understanding focuses on compensating 
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individual human weaknesses with AI and thus on understanding humans in the con-
text of work. The data-reliability understanding emphasizes deficits in the development 
of the technology and associated acceptance problems. The political-oriented under-
standing refers to the distribution of power between humans and AI and thus to the 
use of the technology, not to its development. The first two, i.e., the protection- and 
potential-oriented understandings, relate to the physical and mental integrity of human 
beings and job design, thus addressing human-machine interaction and organizational 
aspects and are common perspectives taken in work psychology, work science, and 
engineering. The other understandings appear to be ignored frequently.  

It becomes clear, that HCAI systems encompass more aspects than technology and 
human-machine interaction. According to Ehsan & Riedl (2020), it is necessary to 
adopt a sociotechnical approach that combines both technical and social elements 
when dealing with HCAI systems. This includes both the individual background of the 
users in terms of profession and education, but also the social context of the users in 
organizational settings with interactions between different users and stakeholders. Ma-
karius et al. (2020) also emphasize the importance of considering social aspects, es-
pecially regarding the integration of AI and users within an organization. The corre-
sponding sociotechnical system consists not only of technology and people, but also 
of the organization surrounding them as well as its structures and processes. We adopt 
this view and consider HCAI systems as sociotechnical systems with reference to the 
humans, technology and organization (HTO) concept (Berglund et al. 2020).  
 

Figure 1:  Scope of analysis comprising the dimensions of human, technology and organization, 
subdivided into four levels. 

 
 
To structure the analysis, we also consider the dimensions of human, technology, 

and organization at distinct levels. The micro level of organizations describes individual 
workplaces. This includes the specific job tasks with their associated mental require-
ments, as well as the psychological and physical stresses and the human-machine 
interaction. At the meso level, entire work systems, the processes between different 
organizational units, and how people collaborate internally are considered. The macro 
level represents employment arrangements, human resource management, cross-
company processes and business models. By considering business models in our 
analysis, we ensure that not only the potential impact of AI implementation on employ-
ees and other stakeholders is considered, but also the competitiveness of the organi-
zation as a whole. The organization-related levels are supplemented by a meta level, 
which describes legal and political constraints as well as overarching value systems 
(Adolph et al. 2020). In the following, we outline which methods can be used to cover 
this scope of analysis (see figure 1). 
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4.  Methods used for the Analytical Tool 
 

The analysis starts with the acquisition of a mutual understanding of the relevant 
business or project. A tool widely used in practice for the analysis, development, and 
visualization of business models is the Business Model Canvas (BMC). With this stra-
tegic management framework, the value proposition, infrastructure, customer seg-
ments, financial aspects and thus the underlying business logic of an organization can 
be described on the basis of various interrelated building blocks (Osterwalder & 
Pigneur 2010). Thus, the main focus is on the organizational dimension at the macro 
and meso levels. The BMC can be supplemented by the Value Proposition Canvas 
(VPC). On the one hand, the VPC helps to obtain a detailed description of the customer 
segments in terms of their jobs, needs, wishes and problems as well as of the value 
proposition and its fit with the customer profile (Osterwalder et al. 2014). Besides its 
application for customer analysis in the context of developing new business models, 
the method can also be used to create profiles of internal and external users as well 
as other stakeholders. This is of particular interest on the micro-level in terms of user 
acceptance towards the AI solutions to be developed or implemented. To identify the 
stakeholders involved as well as their interrelationships and their influence on the given 
business model, stakeholder maps can also be used. In some cases, it is meaningful 
to add the AI Project Canvas (Zawadzki 2019). Designed to assist in pitching AI pro-
jects in organizations, this adaptation of the BMC is a suitable tool to further develop 
existing and described business models with regard to the implementation of AI sys-
tems and related implications. The resulting target/actual comparison indicates the 
need for action to exploit potentials in the organizational dimension.  

After a basic understanding of the implementation process at hand has been estab-
lished by looking at the business model and clarifying the roles of various stakeholders, 
we suggest using two more technically oriented methods. The methods used are value 
stream mapping 4.0 and the Cross-Industry Standard Process for Data Mining (CRISP-
DM). Value stream mapping 4.0 is an extension of the classic method of value stream 
mapping. The method can be used to record process data, inventories, control infor-
mation and the calculation of throughput times. In the course of the emergence of In-
dustry 4.0, it has been extended by digital media and data flows (Mosch & Prumbohm 
2018). We suggest to use this method in a lightweight version that only focusses on 
media discontinuities, process relationships and interfaces within the system, but not 
on the determination of throughput times and optimization of process planning and 
control. The CRISP-DM cycle is a process consisting of six key phases within a data 
science implementation process (Rohanizadeha & Moghadama 2009). We use the 
method to raise awareness of emerging problems or existing challenges through a 
moderated discussion about the central issues of the individual phases. Involving all 
process participants in the implementation of these two tools makes it possible to ob-
tain a holistic and human-centered analysis of the system as well as its technical fea-
sibilities and implementation. Both methods address the macro and meso levels of the 
technical dimension, with intersections to the other dimensions.  

Finally, we use the sociotechnical workflow analysis to analyze current and target 
states of work processes. This method combines the sociotechnical walkthrough 
(Herrmann et al. 2007) with a heuristic-based evaluation of sociotechnical systems 
(Herrmann et al. 2021). We use it to investigate the potentials for improvement and 
problems occurring during the interaction of humans, technology, and organizational 
entities as well as intersecting workflows. For the human-centered AI integration, 
changes in the human-technology interaction and task shifts as well as information 
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flows across organizational units are of particular importance. The sociotechnical work-
flow analysis also examines the interfaces between the micro and meso levels and 
their effects on the orientation of the macro level. As a process-oriented method, soci-
otechnical workflow analysis can be combined with value stream mapping. This com-
bines the data-oriented technical view of value stream mapping with the task-oriented 
workflow analysis to achieve a holistic perspective. 
 
 
5.  Lessons Learned and Outlook 

 
We have already applied the analytical tool with its methods to various real-world 

organizations and projects, including a new development in the field of medical imag-
ing diagnostics, the adaptation of an existing system in the field of automotive insur-
ance claims processing, and the development of new AI-based business models in a 
mechanical engineering company. We applied the approach in guided workshops in 
which, on the part of the respective organizations, primarily specialists from AI devel-
opment and data science as well as members of mid-level management participated.  

We found that adjustments to the selection and use of methods are necessary de-
pending on the industry, organizational structure, value chain architecture, and project 
type and stage. For example, if we analyze a development project that is carried out 
outside the context of an existing organization, e.g. in the run-up to a start-up, the 
target/actual comparison is omitted and only one BMC is used. We further realized that 
the quality of the results depends significantly on the industry and professional 
knowledge of the moderator. Further execution with other organizations will hopefully 
help us estimating the extent to which this influence can be mitigated, if the analysis 
can be applied equally well to different types of projects and if there is room for im-
provement by adapting the methods set. For example, in addition to the described 
methods, it is planned to integrate psychological questionnaires on job identity as well 
as a tool for analyzing role development to further explore the human dimension as 
well as interrelations between the human dimension and the organizational or techno-
logical dimension. As for now, the primary benefit of the approach is the identification 
of interface problems and the establishment of a mutual understanding of the project 
among various stakeholders. However, in the next development step, it will be im-
portant to be able to draw conclusions from these findings and to provide a transition 
to detailed project planning and implementation. 
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