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Abstract. To guide future discussions about managing artificial intelligence (AI), this article suggests
an Al management framework with five maturity levels, which are comparable to the five levels of the
autonomous driving framework from no automation to complete automation. If companies move beyond
Isolated Ignorance (Level 0), they are characterized by an Initial Intent (Level 1), which typically evolves
towards an Independent Initiative (Level 2). A more advanced management leads to Interactive Imple-
mentation (Level 3) and Interdependent Innovation (Level 4). On this basis, a close combination of Al
and human knowledge enables a sustainable competitive advantage with Integrated Intelligence (Level 5).
This framework draws on the intelligence-based approach to company performance, and it provides the
basis for an Al maturity assessment in organizations. It further helps to identify many firms’ managerial
challenges as well as major organizational limitations even in those firms that are often considered as Al
leaders.
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1 Introduction

“If you invent a breakthrough in artificial intelligence, so machines can learn, that is worth 10
Microsofts” (Lohr, 2004). Bill Gates made this statement already in 2004, and the evolution of
artificial intelligence (AI) has progressed substantially since then (Daugherty & Wilson, 2018;
Davenport, 2018). Beyond the firms that focus on developing and commercializing new Al tech-
nology, many established manufacturing and service companies have started strategic initiatives
to apply Al solutions, such as advanced analytics and smart algorithms. This massive attention
to Al may be observed in nearly all sectors, including consumer products, machinery, automotive,
financial services, electronics, and many others (Agrawal, Gans, & Goldfarb, 2018; Apanesevic,
Arvidsson, & Markendahl, 2018; Brock & Wangenheim, 2019). Despite the broad application of
Al the knowledge about managing such initiatives is surprisingly limited. This is particularly
noteworthy because many firms’ Al initiatives do not live up to the initial expectations, whereas
only a few firms and organizations achieve major competitive benefits from leveraging the recent
progress in different Al fields, such as natural language processing, machine learning, and speech
synthesis (Brito, 2018; Haenlein & Kaplan, 2019; Tambe, Cappelli, & Yabukovich, 2019).

While some firms still ignore AI, many others pursue strategic Al programs, but the management
of these programs has often remained a black box, and our knowledge about managing Al has
remained incomplete so far beyond some initial insights (Garbuio & Lin, 2019; Lichtenthaler,
2020b; Shrestha, Ben-Menahem, & Krogh, 2019). This insufficient understanding of managing
Al is similar to the limited insights into the results of some machine learning algorithms based on
big data (Plastino & Purdy, 2018; Rometty, 2016). To guide a deeper understanding of Al mana-
gement, this article builds on prior research in the Journal of Innovation Management about the
intelligence-based view (Lichtenthaler, 2019) and suggests a framework with five maturity levels
of managing AI. These five levels are comparable to the five well-known levels of autonomous
driving from no automation to complete automation (SAE International, 2019).

This AI management framework offers several contributions. First, it provides the basis for an
Al maturity assessment in companies, and it illustrates the relevance of an intelligence-based
view of firm performance (Kumar, Rajan, Venkatesan, & Lecinski, 2019; Lichtenthaler, 2019).
Second, the different maturity levels help to explain many companies’ challenges in managing
Al initiatives and in profiting from these initiatives by strengthening their competitive position
(Datta, 2018; Overgoor, Chica, Rand, & Weishampel, 2019). Third, the framework allows for
identifying the limitations of many firms that are considered to be successfully managing Al
(Metcalf, Askay, & Rosenberg, 2019; Swift, 2018). These companies are often in the paradoxical
situation that they only believe to leverage Al, but a more detailed analysis points to many unre-
alized opportunities that could be achieved with an integrated intelligence architecture (Biihring
& Moore, 2018; Wilbert, Durst, Ferenhof, & Selig, 2018).

2 Managing artificial intelligence

Many previous articles and studies about Al focus on specific topics, and this varying emphasis
has contributed to a relatively broad understanding of what AI actually is, for example with
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regard to advanced data analytics and smart algorithms (Lichtenthaler, 2020b). In particular,
some previous studies have focused on technological opportunities and solutions, whereas others
have primarily concentrated on market applications and use cases of Al (Davenport, 2018; Teg-
mark, 2018). In addition, the understanding of Al is often dynamic, which leads to a different
scope of Al as technologies and markets evolve over time (Lichtenthaler, 2020b). In the mana-
gement context, Al may be defined as “a system’s ability to interpret external data correctly,
to learn from such data, and to use those learnings to achieve specific goals and tasks through
flexible adaptation” (Kaplan & Haenlein, 2019, p. 15).

In a similar vein, the glossary of the research and advisory firm Gartner provides the following
definition of Al. “Artificial intelligence (Al) applies advanced analysis and logic-based techniques,
including machine learning, to interpret events, support and automate decisions, and take acti-
ons” (Gartner, 2019a). On this basis, there are various systematizations of specific fields of Al,
and some of these categorizations focus on different fields of technology, whereas others describe
distinct market aspects (Lichtenthaler, 2020b). In this regard, machine learning has probably
been discussed most prominently in recent years in light of the substantial technological im-
provements in this field (Finlay, 2017). Other important types of Al include natural language
processing, speech synthesis, machines and robotics, expert systems, computer vision as well as
optimization and planning solutions. Different overviews may be found in several prior works
(Haenlein & Kaplan, 2019; Lichtenthaler, 2020b; Mueller & Massaron, 2018; Wein, 2018).

On this basis, the management of Al rather than Al generally comprises the following activities,
and this understanding of Al management as the coordination of a firm’s Al activities follows the
understanding of data management by the research and advisory firm Gartner, which focuses on
the coordination of data in an enterprise (Gartner, 2019b). Consistent with this underlying logic,
Al management consists of the strategies, processes, practices, activities, tools, and organizatio-
nal mechanisms for achieving consistent access and utilization of artificial intelligence in response
to the intelligence requirements across an organization. As such, the Al activities are part of a
company’s intelligence architecture, which comprises various types of Al, various types of human
intelligence, and a meta-intelligence for renewing and recombining the intelligence types and
their interfaces (Lichtenthaler, 2020b). This understanding of intelligence architecture draws on
the concept of Integrated Intelligence and the intelligence-based view of company performance
(Lichtenthaler, 2019, 2020b).

In particular, this notion of an intelligence architecture is consistent with the concept of infor-
mation architecture in information technology management. In this regard, the research and
advisory firm Gartner defines information architecture as follows: “All the sources of informa-
tion — including paper, graphics, video, speech and thought — that define the enterprise are
represented by this layer of applications architecture. It also defines the sources and destinati-
ons of information, its flow through the enterprise, as well as the rules for persistence, security
and ownership” (Gartner, 2019d). As such, the enterprise information architecture “describes —
through a set of requirements, principles and models — the current state, future state and gui-
dance necessary to flexibly share and exchange information assets to achieve effective enterprise
change” (Gartner, 2019¢). In this respect, an integrated intelligence architecture involves a com-
prehensive perspective on the different types of Al, the different types of human intelligence and
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the meta-intelligence to ensure that the overall architecture is more the sum of the individual
intelligence types (Lichtenthaler, 2020b).

3 Five maturity levels

Based on the detailed coverage of the recent progress in Al across all media channels, most
companies are well aware of the growing competitive relevance of Al (Agrawal, Gans, & Goldfarb,
2017; Plastino & Purdy, 2018). Nonetheless, many businesses still largely ignore the increasing
importance of Al. In some firms, this reluctant approach derives from a limited openness to
new technology and a limited willingness to innovate (Huang & Rust, 2018; Ili & Lichtenthaler,
2017). In contrast, some other companies have taken the deliberate strategic decision to focus
on other value drivers for their customers. Consequently, they may take major steps to apply
ATl solutions in the future. Currently, however, they continue to concentrate on other topics and
are largely inactive with respect to Al (Kavadias, Ladas, & Loch, 2016; Tegmark, 2018).

Therefore, this reluctant approach has been termed Isolated Ignorance (Lichtenthaler, 2020b),
and it may be considered Level 0 in managing Al based on an intelligence-based perspective
on firm performance. If companies leave this stage of inactivity and start some initial steps
of experimenting with selected Al solutions, they enter Level 1 of managing Al. This level of
Initial Intent is often characterized by exploring the technical feasibility as well as the business
viability of specific Al applications (Figure 1). However, many of these experimental activities
are discontinued after some time, and they are not rolled out in the organization because of
major uncertainties whether the implementation of these particular Al solutions will actually
pay off or not in the long run.

Level 2 of managing Al is termed Independent Initiative. Here, companies typically have several
ongoing Al activities, whose extent is still relatively limited. In large businesses, these activities
have often been started in various organizational units, and there is hardly any coordination
among these activities. For example, large insurance companies like American International
Group and Zurich started multiple Al programs in different business and functional units several
years ago (Lloyd-Jones, 2016). Usually, these Al programs focus on advanced automation solu-
tions to improve the efficiency of established business processes by automating jobs (Agrawal et
al., 2018). If companies start to exploit diverse business opportunities deriving from AI, they
enter Level 3, which is called Interactive Implementation. These companies pursue multiple Al
solutions, whose implementation is aligned with one another. On this basis, the executives coor-
dinate the activities across multiple units of large organizations. In addition, there may be pooled
interdependencies between Al and human intelligence, which provide distinct contributions to a
firm’s overall intelligence architecture (Lichtenthaler, 2018).

Many companies that are regarded as Al leaders have achieved Level 3. However, many of these
firms still focus on utilizing Al for optimization purposes rather than for developing novel so-
lutions for their existing and new customers (Lichtenthaler, 2020b). This is the core difference
between those firms and the small minority of businesses that have arrived at Level 4 of Interde-
pendent Innovation. These companies put a much stronger emphasis on growth and innovation
due to combining Al solutions with additional innovation types, for example new services and
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Fig. 1. Al management framework with five maturity levels.

new business models (Davenport, 2018). In addition to pooled interdependencies between Al
and human intelligence, there may be sequential interdependencies in situations when the out-
put of one intelligence constitutes the input to the other intelligence (Lichtenthaler, 2018). For
instance, Autodesk’s Al solution Dreamcatcher enables designers to ease the identification of
suitable solutions based on particular features that are considered as fixed (Wilson & Daugherty,
2018; Wilson, Daugherty, & Bianzino, 2017). This approach facilitates the design process, and
it involves close interactions with multiple other experts and solutions in distinct organizational
units. Accordingly, Level 4 also calls for a systematic orchestration of Al programs and addi-
tional initiatives to achieve synergies and strategic alignment. For example, General Electric
specifically regards its Al activities as a multidisciplinary program, which considers efficiency as
well as innovation benefits, including advanced analytics and edge computing for strengthening
its industrial IoT solutions (General Electric, 2019).

Finally, Level 5 refers to Integrated Intelligence. To date, hardly any company has arrived at
this level of managing AI, which would involve a meta-intelligence for systematically renewing
and recombining Al and human intelligence (Lichtenthaler, 2020a). Thus, companies at this level
fully go beyond viewing Al applications as stand-alone solutions. Instead, firms try to achieve an
integrated intelligence architecture by leveraging all types of interdependencies between Al and
human intelligence — pooled, sequential, and reciprocal interdependencies (Lichtenthaler, 2018).
In the case of reciprocal interdependencies, there are cyclical interactions between Al and human
intelligence (Lichtenthaler, 2018). Based on an integrated intelligence architecture, companies
may arrive at completely novel solutions along a development funnel with close collaborations of
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AT and human experts. For example, the startup Tawny.ai develops tailored algorithms drawing
on its key technology for Al-powered emotion analytics (Lichtenthaler, 2020b). On this basis, it
alms at easing the interaction between AI and human intelligence to enable integrated intelligence
architectures on a scalable basis.

Even if some businesses are considered Al leaders — or if they consider themselves as Al leaders
— they usually have not achieved Level 5, at least not in large parts of their organizations. Con-
sequently, they still do not leverage the full strategy space of AI. Many of these companies are
already very successful in terms of optimizing and streamlining their internal processes to achieve
cost reductions (Agrawal et al., 2018; Daugherty & Wilson, 2018). However, the executives typi-
cally do not consider the variety of effects that Al will have on the value chain in their industry.
In addition, the opportunities for business model innovations, potentially together with external
partners in a future intelligence-based ecosystem, are often left unconsidered. Thus, even the
most advanced companies in managing Al are only able to gain an intelligence-based compe-
titive advantage (Lichtenthaler, 2020b). However, they will have a difficult time in sustaining
this competitive advantage over a longer period, especially as many Al applications will become
relatively standardized solutions in the near future, which are further commoditized in the long
run. Figure 1 indicates that the competitive consequences of Al are strong in the most advanced
companies because they have often achieved Level 4 of managing Al. Nonetheless, there is still
significant unrealized potential for further strengthening their competitive positions based on an
integrated intelligence architecture.

Level 5 of managing Al constitutes the top level that companies may achieve at present. At
some point in the future, however, there may be an additional level which goes beyond today’s
maximum (Finlay, 2017; Mueller & Massaron, 2018). In the context of further substantial
evolutions of various technology fields, management may be further shared among Al and human
executives. Consequently, the competitive impact of Al would be even higher, and this Level
+ would refer to Intuitive Ingenuity. This additional level would require self-awareness systems
with some degree of consciousness, which constitute the form of AI that is envisioned in some
science fiction movies (Mueller & Massaron, 2018). On this basis, Al solutions would comprise
some degree of emotional intelligence, ingenuity, and intuition. These solutions may be able to
accomplish a larger portion of the activities that currently still require uniquely human skills, such
as creativity, motivation, and storytelling (Lichtenthaler, 2018). Throughout the next decades,
nearly all companies will move along the different maturity levels from Level 0 to Level 5 with
a growing relevance of Integrated Intelligence — and potentially even beyond this level due to
future scientific evolutions in Al and similar scientific fields.

4 Distinguishing the maturity levels

The Al management framework with five maturity levels presents new insights into the evolution
of Al activities in companies. In this respect, it is essential to highlight the major differences
among the maturity levels. A key difference between Level 0 and Level 1 is activating the relevant
persons to enable experimentation with Al technologies. With regard to Level 2, major emphasis
is placed on arranging an Al initiative that includes the different AI activities. On this basis,
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firms focus on accomplishing the key tasks to ensure a successful Al execution, which constitutes
a core part of Level 3. With respect to Level 4, companies focus their Al initiatives on advancing
towards growth and innovation beyond improvements and optimization. Finally, companies con-
centrate on amalgamating Al and human intelligence at Level 5 of Integrated Intelligence. Only
this integration of multiple types of intelligence will enable a sustainable competitive advantage
in an intelligence-driven future business context (Lichtenthaler, 2020b).

In this regard, the AI management framework guides future discussions about firms’ maturity
levels in managing Al and in achieving competitive benefits at the interfaces of Al and human
expertise (Hirsch, 2018; Oliveira, 2017). On this basis, the framework provides an important
starting point for standardized Al maturity assessments, which may be particularly important for
measuring the dynamic transformations of Al management over time (Wein, 2018; Woyke, 2017).
In addition, the framework contributes to explaining many firms’ challenges in creating value
with Al and in capturing the value of their Al initiatives in terms of an enhanced competitive
position (Fountaine, McCarthy, & Saleh, 2019; Pinto-dos-Santos et al., 2018). For example, if
a company remains at Level 2, any Al program is unlikely to produce innovative results that
go substantially beyond the optimization of existing business processes. In addition, the five
maturity levels help to systematically identify the limitations of AI management even in those
companies that are considered to be among the leading firms in managing and profiting from Al
(Berman, 2012; Lewrick, Link, & Leifer, 2018).

5 Conclusion and outlook

Based on distinguishing various maturity levels, the AI management framework points to white
spots and unrealized opportunities in nearly all companies at present. By addressing these
additional opportunities of leveraging Al and achieving an integrated intelligence architecture,
firms may overcome the paradoxical situation of being considered Al leaders although they have
only captured the low-hanging fruits. In contrast, the major benefits in terms of innovation and
competitive advantage have usually not been addressed yet (Davenport & Ronanki, 2018). This
situation of perceived high performance levels may sometimes be even more challenging than the
situation of firms that have completely ignored Al activities. In fact, the executives in many
firms with Al activities believe that these activities are successful in absolute terms and also
relative to their firm’s potential (Lichtenthaler, 2020b). Consequently, they are convinced that
these activities should be continued in their present form or only need to be slightly adapted and
extended.

However, this strategic emphasis usually limits the extent of Al activities to realizing efficiency
benefits, whereas most further opportunities in terms of innovation and new business models
are left unconsidered (Warner & Wéger, 2019; Westerman & Bonnet, 2015). Drawing on an
intelligence-based perspective, the core differences among the maturity stages — activating, arran-
ging, accomplishing, advancing, and amalgamating — offer immediate starting points for taking
a firm’s Al management to the next level based on customized action plans. In addition, they
underscore the relevance of an intelligence-based approach to firm performance (Lichtenthaler,
2019). In light of potential future progress in Al technology, firms may not only advance from
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Isolated Ignorance to Integrated Intelligence. Instead, some degree of Intuitive Ingenuity may
further expand the strategy space and the competitive alternatives against the background of
growing maturity levels of managing Al.
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