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Abstract

Despite the relevance and maturity of the Chief Information Officer (CIO) research field, no studies exist that
exhaustively summarize the current body of knowledge, focusing on the development of the field over its entire
timespan. The paper at hand addresses this research gap and presents an exhaustive literature review on the CIO
research field using main path analysis. We identify the central papers in CIO research and eight main research
streams by quantitatively and qualitatively analyzing 466 papers. We find that established research streams, e.g.,
‘Evolving role of the CIO’ and ‘CIO hierarchical position and relationships’ as well as recently emerging research
streams, e.g., ‘ClO as business enabler’ and ‘CIOs and IT security,’ draw growing attention. Based on our findings,
we develop promising further avenues for research in the CIO field.

Keywords: Chief Information Officer; Literature Review; Research Agenda; Main Path Analysis; Bibliometric
Analysis.

Introduction

With the increasing importance of information technology (IT) in organizations and the need to exploit new
technologies to enable business growth, the role of the Chief Information Officer (CIO) as the highest-ranked IS
executive enjoys unprecedented attention. The CIO is widely studied in IS research with topics including, e.g., its
role (Applegate & Elam, 1992; Peppard et al., 2011), rank (Raghunathan & Raghunathan, 1989), and relationships
(Feeny et al., 1992; Preston et al., 2006). Having started as a technical manager (lves & Olson, 1981), the role of
the CIO quickly evolved to that of a general manager and, lastly, even to an executive being part of the top
management team (TMT) (Hutter & Riedl, 2011; RiedI et al., 2008; Stephens et al., 1992). With this change, CIOs’
responsibilities and tasks increased significantly, and, hence, CIOs’ role profiles became more diverse. This diversity
sparked new interest in the manifestations and effects of different role profiles. Preston, Leidner, and Chen (2008)
identified four CIO leadership profiles based on a CIO’s strategic decision-making authority as well as strategic
leadership capability. Each leadership profile, IT Orchestrator, IT Laggard, IT Advisor, and IT Mechanic, benefits an
organization differently. Later on, Peppard et al. (2011) derived five distinct CIO roles using the dimensions
importance of IT for differentiation in the industry and the maturity of IS leadership capabilities in the organization.
From low to high along the two dimensions, the roles are Ultility IT Director, Evangelist CIO, Innovator CIO, Facilitator
CIO, and Agility IT Director/CIO. While these findings indicate that different types of CIOs are needed, most
organizations still only have one CIO to incorporate multiple roles.

Over time, the CIO went from purely supply-side focused (e.g., Utility IT Director) to a more and more demand-side
focused role (e.g., Agility IT Director) that not only has to run the IT but also has to enable new business
opportunities (D. Q. Chen et al., 2010). Balancing supply- and demand-side leadership poses conflicting priorities
for the CIO (Mehta et al., 2019). As demand-side leadership rapidly increases in importance, the CIO needs to
achieve ambidexterity to drive IT-enabled business innovation and digital transformation (Bekkhus & Hallikainen,
2017; Kalgovas et al., 2014b). Especially the evaluation and adoption of cutting-edge technologies is a top priority
for organizations of all sizes; ClOs play a pivotal role in driving such adoptions (J. Li et al., 2021; Parra et al., 2021;
Scuotto et al., 2022). Additionally, more recent threats, like a significant increase in IT security breaches, keep
augmenting CIOs’ responsibilities (Banker & Feng, 2019; Benaroch & Chernobai, 2017).

The CIO has been subject to research for about 40 years already, and the field still draws high research attention
due to its relevance. Consequently, previous works reviewed and analyzed CIO research and provided insights into
the research field (e.g., Drechsler, 2020; Hutter & Riedl, 2017; Karahanna & Watson, 2006). However, these reviews
are limited in two ways. Some of the previous reviews limit their studies’ scope by having a predefined topic, like
CIO role effectiveness (Hutter & Riedl, 2017) or CIO leadership characteristics and style (Ghawe & Brohman, 2016).
Other reviews limit the scope of their studies to selected publication outlets due to the vast number of publications
in the research field (e.g., Drechsler, 2020; Shawosh, 2018). While both types of reviews are essential, neither
focuses on identifying the flow of knowledge over time and the emergence of new streams of research in a
comprehensive manner. Further, all existing reviews use qualitative-descriptive methods and limit their data to
selected databases, journals, or conferences.

Conducting a descriptive literature review is demanding and, hence, restricted by its authors’ knowledge structure,
time, and energy (Raghuram et al., 2010). Thus, the number of papers in scope is naturally limited. This is
unfavorable as the CIO research field is mature and exhibits many publications. To conduct a literature review in a
mature field, the challenge of selecting relevant papers within the research field must be addressed since not all
documents can be evaluated. To address the challenge of having an overwhelming number of publications in the



research area, more and more researchers advocate a combination of quantitative and qualitative methods to
assess the state of the art in a research field (Larsen et al., 2019; Wagner et al., 2021). While the relevance of a
paper is often derived from the prestige of the publication outlet and the number of citations, these measures alone
are not sufficient to deem a paper important for a specific research field. The work of Kappelman et al. (2019), for
example, is highly cited, but in our later analysis, we did not find a single citation within the CIO network. The
bibliometric method we have chosen for our paper, main path analysis, quantitatively identifies research routes
through citations within the CIO research network, independent of the publication outlet or number of overall
citations. This way, the selection of publications to be considered in the literature review is more objective and is
based on the flow of knowledge over time. Such an approach also supports the identification of emerging research
streams that were previously overlooked.

Main path analysis as a method allows us to expand the scope of a literature review vastly and to apply a rigorous
method for identifying relevant papers and research streams more objectively and with a focus on the development
of the field over time. The focus on knowledge flow also allows the identification of emerging topics in a way that is
less prone to personal bias. While the CIO research field is mature and therefore vast, it is still timely and topical,
thus yielding promising future research potential. Hence, we aimed to review the field in a way that accommodated
these characteristics. As not a single review used quantitative methods to analyze CIO research yet and thus could
cover a comprehensive set of papers that were selected more objectively, we aim to close this void. Therefore, our
aim to analyze the field as comprehensively as possible, along with a focus on knowledge dissemination and
emerging fields, is reflected in the following research questions and the chosen methodology:

Research Question 1 (RQ1): What are the major and emerging research streams in ClO research, and how did
they evolve?

Research Question 2 (RQ2): What are central papers in CIO research?
Research Question 3 (RQ3): What are promising further avenues for research in the CIO field?

While answering these research questions, this paper makes several contributions. We conduct the first quantitative
literature review in the CIO research field and, thereby, cover a large scope of papers and apply corresponding
bibliometric analysis techniques. Combined with a qualitative interpretation, we evaluate and complement the
findings of previous qualitative reviews. Further, we provide a comprehensive overview of CIO research in its
entirety by illustrating the structural knowledge flow, summarizing the central papers, and identifying emerging
trends and promising further avenues in the CIO research field.

The paper is structured as follows: Following the introduction, we elaborate on findings from previous literature
reviews of CIO research. After describing the methodology applied in the paper at hand, we summarize the data
collection and analysis efforts, present our findings, and identify trends in CIO research. As the last step, we contrast
our findings with existing research, illustrate a research agenda, and conclude the paper.

Previous reviews of CIO research

This section provides an overview of previous literature reviews of CIO research. ClO research was the subject of
reviews in various publications (see Table 1). However, there are relatively few reviews in light of the research field’s
maturity and relevance. Further, all reviews use qualitative-descriptive approaches with a limited scope regarding
the number of papers analyzed.

Insert Table 1 About Here

We categorize the existing literature reviews of ClO research into two groups. Reviews with a narrower research
question that focus on a specific sub-stream of CIO research, e.g., ClO effectiveness or leadership capabilities, and
reviews that analyze CIO research in a more general and broader review.

Four reviews (Ghawe & Brohman, 2016; Hutter & Riedl, 2017; Menz, 2012; Singh, 2015) focus on a specific sub-
stream of CIO research. Menz (2012) analyzes 39 papers and describes the existing literature on functional TMT
members, and contrasts and compares them. Singh (2015) classifies 28 papers into three different research
streams and elaborates on existing CIO role effectiveness research gaps. Ghawe and Brohman (2016) focus on
leadership characteristics and style and develop a CIO leadership framework by analyzing a total of 48 articles that
fit the research question. Hitter and Riedl (2017) identify six types of CIO roles in literature and, based on that,



develop a CIO role effectiveness model by analyzing 98 articles within a time horizon of 35 years. This review is
the most comprehensive and notable of the existing reviews.

The other CIO reviews belong to the group of more general reviews. The first to summarize CIO research and
identify dominant themes were Karahanna and Watson (2006), who derive seven streams from 43 papers. Several
years later, Shawosh (2018) synthesizes CIO research from 2007 to 2017 and derives an IS strategic leadership
framework as well as theoretical and practical implications. The most recent review by Drechsler (2020) examines
the contribution of IS executives to organizational performance by including publications from the IS senior scholars’
basket, the MIS Quarterly Executive, as well as papers published in the proceedings of the International Conference
on Information Systems (ICIS).

Method

This section provides an overview of our applied method by first introducing the principles of main path analysis,
second elaborating on the two types of main paths used, and third by providing advantages of main path analysis.

Citation relationships between research publications are seen as a way to trace discoveries and follow knowledge
development (Garfield et al., 1964). In any scientific field, new knowledge is developed by leveraging existing
knowledge and adding new ideas. The existing knowledge is referenced through citations, leaving a citation
relationship between a paper and its references. At the point of publication, the respective paper will again serve
as existing knowledge and could be referenced by another paper. These citation relationships build a directed,
acyclic network that grows larger over time (J. S. Liu & Lu, 2012). Using the bibliometric data in CIO research, we
can build a citation network that illustrates the knowledge dissemination in this field.

There are various quantitative ways to analyze such bibliometric data (C. Chen, 2006). We use main path analysis
as it not only takes the number of citations of a paper into account but instead analyzes the citation relationship
between two papers itself. Hummon and Dereian (1989) are the first to suggest main path analysis to detect the
main idea flow of literature within a research area. Verspagen (2007) further contribute to it by adding a methodology
that searches for multiple main paths. J. S. Liu and Lu (2012) further develop this approach and ensure the inclusion
of key-routes in the network. The validity of the main path analysis, in general, was shown by several studies (Hung
et al., 2014; Liang et al., 2016; J. S. Liu et al., 2013). In the IS field, several research fields were already analyzed
through main path analysis: IT outsourcing (Cui et al., 2012; Liang et al., 2016), business-IT alignment (Jia et al.,
2018), and e-governance (Bindu et al., 2019). Also, methodological fields such as data envelopment analysis (J. S.
Liu et al., 2013; J. S. Liu et al., 2016) were reviewed using main path analysis.

In a citation network, papers are represented through nodes and their citation relationships through directed links.
Incoming links connect a paper to its references. Outgoing links represent citations of it by other papers. As a
research field is finite, some papers only exhibit outgoing links, called sources, as well as papers that only have
incoming links, called sinks. A source is where knowledge in a specific field evolves; a sink is where it ends. Most
papers have incoming and outgoing links, while in rare cases, papers have neither (Liang et al., 2016; J. S. Liu &
Lu, 2012).

Insert Figure 1 About Here

We make use of the search path count (SPC) method to identify the importance of each link in our citation network.
Hummon and Dereian (1989) developed this method, and Batagelj (2003) later recommended it. Several other
citation network analyses made use of it (e.g., Liang et al., 2016; J. S. Liu et al., 2013; J. S. Liu & Lu, 2012). Figure
1 shows an exemplary citation network with SPC values for each link. The idea of the SPC method is to follow every
possible path in the network and count the times each link is traversed (i.e., passed). A path, in this case, always
starts at a source and ends in a sink. One of the six possible paths, for example, is N3 to N6 to N8 (see Figure 1).
By following this path, the links N3-N6 and N6-N8 are traversed, and, hence, the traversal count of each link is
raised by 1. As the link from node N3 to N6 is traversed twice, its traversal count is double the traversal count of the
link from, e.g., node N1 to N4. After all possible paths are followed, the result is a weighted, acyclic, and directed
citation network.

The global main path refers to the path that exhibits the highest SPC, i.e., the highest overall traversal count (J. S.
Liu & Lu, 2012). It combines the most traversed links and, therefore, the main knowledge dissemination path. Having
the central papers of CIO research represented, it can be seen as the “backbone” of the citation network (Liang et



al., 2016). In our example, in Figure 1, the global main path is N3-N6-N5-N7, with an overall traversal count of 7.

While the global main path shows the structural knowledge flow of CIO research through a selection of central
papers, it only represents a small part of the overall network. More paths can be iteratively added to the analysis to
identify the knowledge flow in more detail. It is like zooming in and discovering more and more features of the
network. Two potential methods are the multiple main paths and the key-route main paths analysis. We use the
global key-route main paths method to complement the global main path method in this paper.

The multiple main path analysis includes the next several paths with the next highest overall SPC values. Verspagen
(2007), J. S. Liu et al. (2013), and Liang et al. (2016) also use this method to observe a more detailed development
of knowledge. The disadvantage of this method is that the links with the highest traversal count will not necessarily
be included as the approach only considers the sum of SPC values of complete paths (J. S. Liu & Lu, 2012).

In contrast, the global key-route main paths analysis overcomes this problem by iteratively including those links with
high traversal counts, i.e., key-routes, and their respective paths. First, the link with the next highest traversal count
is identified. Then, the path searches backwards until a source is hit and forward until a sink is hit, maximizing the
traversal count in both directions (J. S. Liu et al., 2019). Hung et al. (2014) use this method to show the technological
change in lithium iron phosphate batteries, and J. S. Liu and Lu (2012) also conclude that it is the best method to
visualize a knowledge development structure because it includes the relevant elements from local as well as global
main paths. The more key-routes are included, the greater the level of detail in the resulting network. How many
key-routes to include in the analysis is based on the level of detail one wants to analyze. The resulting network
shows the most important knowledge dissemination routes in CIO research, with each paper playing an important
role. To ensure procedural consistency, we closely follow the methodologies and illustration types of Liang et al.
(2016).

There are several advantages of main path analysis. First, it helps to trace the main knowledge flow of a research
field and to identify the emergence and evolvement of research streams over time (Liang et al., 2016; J. S. Liu et
al., 2013). Second, main path analysis identifies the direct and indirect importance of a paper within a specific
research field by including and highlighting the ones that get traversed most often and excluding others (Hung et
al., 2014). Third, the method enables the more objective identification of research streams through citation
relationships and avoids subjective interpretation of literature relevance and research fields through researchers
(Raghuram et al., 2010).

Data Collection and Analysis

We blend multiple bibliometric databases and identify citation links through a self-developed python script to receive
a comprehensive set of publications concerning the CIO and ensure high-quality citation data. Figure 2 provides an
overview of the data collection, cleaning, preparation, and analysis process, which we will outline in the following.

Insert Figure 2 About Here

While there are numerous databases for conducting bibliometric analysis in science, each has its characteristics
and was developed for a different purpose (Moral-Mufoz et al., 2020). The critical aspect to consider when choosing
a bibliometric database is its scientific coverage, meaning the number of indexed papers on a certain topic
compared to the complete set of papers on the topic. Using a single database for bibliometric analysis has several
advantages, e.g., highly reduced efforts for combining data from different databases and having a unified format of
bibliometric data and, hence, avoiding the potential of human error (Donthu et al., 2021). However, it might neglect
important parts of the topic since citation counts often differ between databases (Kulkarni et al., 2009). As we aim
at being as comprehensive as possible, we manually blend multiple databases instead of just relying on one.

The bibliometric database Scopus lists a greater number of journals than Web of Science (Paul & Criado, 2020).
Additionally, it is known for its high data quality (Baas et al., 2020) and allows for downloading all required citation
data and the entire reference list of each paper in a structured format. Hence, we start with an initial set of papers
from the database Scopus and iteratively complement it with papers from the databases AB/l/Inform, ACM Digital
Library, AIS eLibrary, EBSCOHost Business Source Premier, IEEE Xplore Digital Library, Science Direct, and Web
of Science.

Since the study’s goal is to provide a complete picture of ClO research, we searched for “(“chief information officer[s]”



OR “cio[s]”)” in article title, abstract, and keywords within an unlimited time frame up until December 2021 in Scopus
(see step 1). The search resulted in a total of 3,618 papers. Since the abbreviation “cio” can have different meanings,
the search results include several irrelevant subjects. For example, in medicine, “cio” is used among others as an
abbreviation for “cancer information overload” or “charitable incorporated organisation.” Further, many papers in the
IS literature provide recommendations for the chief information officer and therefore contain the phrase but do not
directly concern the role itself.

Consequently, we performed a manual data cleaning process in three steps (see steps 2 to 4). First, we removed
all non-English papers and only kept the papers published in journals or conference proceedings, eliminating 988
papers. Second, we removed 1,613 papers by excluding irrelevant subject areas (e.g., Biochemistry, Genetics and
Molecular Biology, Medicine, and Physics) and source titles (e.g., Sistemi Intelligenti). Third, we manually removed
650 papers that were not primarily dealing with the CIO through reading titles and abstracts. The resulting dataset
comprises a total of 367 papers.

We conducted two more steps (see steps 5 and 6) to complement the dataset with papers not indexed in Scopus
and ensure we have all relevant literature in CIO research included. First, we searched the databases ABI/Inform,
ACM Digital Library, AIS eLibrary, EBSCOHost Business Source Complete, IEEE Xplore Digital Library, Science
Direct, and Web of Science with similar search conditions as in Scopus. In case we identified relevant papers that
were not yet in our dataset, we manually added them as well as their citation data. Further, we conducted a
backward search and compared our dataset with ClO research referenced in already existing CIO literature reviews
(Drechsler, 2020; Ghawe & Brohman, 2016; Huitter & Riedl, 2017; Karahanna & Watson, 2006; Menz, 2012;
Shawosh, 2018; Singh, 2015) and manually added papers if necessary. This step resulted in a total of 106 papers
being added outside of Scopus. As the last step, we excluded the seven literature review papers as they address
multiple topics and, therefore, would just create noise in the citation network. All of the above steps result in a final
dataset comprising 466 papers.

The next step (see step 7) is to identify citation links within the final set of papers. This is not about how often a
paper was cited in total, but how often and by whom it was cited within the final set of papers. While such data could
be directly retrieved from well-known bibliometric databases, citation counts often differ across databases (Kulkarni
et al., 2009). To ensure high-quality citation data, we retrieved data from different databases and used a self-
developed Python script to create the primary citation network with a total of 2,648 citations. To ensure the
identification of all relevant citations, we conducted a fuzzy matching of title and year of publication within the
references of each paper and manually reviewed all references that the algorithm did not identify with an exact
match. This approach additionally avoids certain inaccuracies of citation relationships that many of the databases
suffer from due to their limited scientific coverage.

To calculate and visualize the global main path as well as the global key-route main paths (see steps 8 to 10), we
use the software “Pajek” (Batagelj & Mrvar, 1998). Pajek is a tool for the analysis and visualization of larger networks.
Pajek is widely applied and is used by several publications conducting main path analysis (e.g., Bindu et al., 2019;
Hung et al., 2014; Liang et al., 2016; J. S. Liu et al., 2013; J. S. Liu et al., 2019). Some of the advantages of Pajek
are its very modular setup, offering detailed control options for the user, as well as its high reliability since it has
proven itself for decades already.

While the calculation of SPC values and the global main path are ready for interpretation with one click in Pajek,
the global key-route main paths need some manual adjustments after their calculation to be able to interpret the
results. In the global key-route main paths solution, there are many more citation links than papers leading to a
confusing and hard to interpret network. If a node has five incoming arrows, it means that the paper references five
papers that are within the global key-route main paths. To identify research streams and clusters, a tree pattern,
where each paper only has one incoming citation link, i.e., one reference that it cites, is most suitable (Liang et al.,
2016). Additionally, a citation link between two papers does not always have relevance for knowledge dissemination,
as a paper is not always cited based on its knowledge but for many other reasons. We, therefore, follow the
approach of Liang et al. (2016) (see step 11), who divide all citations into substantial and peripheral citation links.
Substantial citations links are based on a paper’s content, while peripheral citation links include citations based on,
e.g., a specific method or a logical argument (Liang et al., 2016). For each node, i.e., paper, in the network, we
carefully analyze the incoming links, i.e., references of the paper, and only keep the one substantial link with the
highest traversal count while we remove all others. In almost all cases, the link with the highest traversal count, i.e.,
the path that is most often crossed if all possible paths in the networks are walked through exactly once, is kept,
and the other links are removed. However, in some cases, the link with highest traversal count is not a topic related
link and, hence, is removed to enable a topic related link with a lower traversal count. For example, Jones et al.
(1995) reference the two papers Applegate and Elam (1992) and Feeny et al. (1992). While the link between Jones



et al. (1995) and Applegate and Elam (1992) exhibits the highest traversal count, the latter is only referenced to
provide an example in the introduction. However, Jones et al. (1995) clearly build on the work of Feeny et al. (1992).
Hence, the link with the lower traversal count is kept in this case.

Further, we remove all links that lead back to the global main path from papers that already emerged from it as this
connection does not yield any new information and would blur the illustration. After pruning, each citation link shows
a knowledge-based relationship between two papers. However, a connection is a weighted citation link and does
not always mean that the two papers are from the same topic. As knowledge disseminates, new research streams
can emerge. As a result, we can identify research streams and sub-streams that emerge over time from the global
main path and key-route main paths. To identify the research streams (see step 12), we look for commonalities of
papers in certain clusters within the tree structure and label each paper with a topic label. Upon first labeling, we
examine each topic cluster and check for each paper (1) whether the current cluster still fits and (2) whether there
is another cluster it fits in as well. If needed, the topics are relabeled. We repeat these steps until no more new
insights are generated. A paper can be associated with more than one research stream.

Results

In the following, we first present the results of our main path analysis and then analyze trends in CIO research.

Main path analysis

In this section, we elaborate on the results of our main path analysis. First, we present the global main path, which
represents the backbone of CIO knowledge over time. Second, we present the global key-route main paths and
discuss each research stream and sub-stream in detail.

Global main path

Figure 3 shows the global main path of CIO research, comprising 18 papers from 1982 to 2021, authored by 38
researchers. The nodes represent papers, and the arrows the citation relationship between them. The thickness of
an arrow indicates the weight of the link between two papers, i.e., how often this link is traversed. This path shows
the most traversed path in the CIO research citation network and, therefore, shows how knowledge evolved.
However, the global main path only provides a first overview of the development trajectory and is neither complete
nor exclusively contains the most relevant papers. It instead serves as an early indication of the significant
knowledge flow and shows central papers in CIO research.

Further, it is essential to note that the newer the papers on the main path, the more “unstable” they are compared
to the older papers. As CIO research will further evolve over the coming years, the last few years on the global main
path might change while the older papers are very unlikely to change. This is due to an inherent lack of citation data
for newer papers in the citation network.

Insert Figure 3 About Here

Based on the thickness of the arrows, we can identify six overarching topics. The first topic ranges from Rockart et
al. (1982) to Benjamin et al. (1985) and elaborates on the role and especially the evolving role of the CIO in the
organization. We label it as Evolving role of the CIO. Although Ives and Olson (1981) discuss the role of the CIO
even earlier, they are not part of the global main path as there is no citation relationship with Rockart et al. (1982).
The second theme, starting with Raghunathan and Raghunathan (1989) and ending with Earl and Feeny (1994),
addresses the CIO’s hierarchical position and relationships. Preston, Chen, and Leidner (2008) later discuss the
CIO’s hierarchical position and decision-making authority. We also allocate this paper to the topic C/O hierarchical
position and relationships. Armstrong and Sambamurthy (1999) appear on the global main path with the topic
Strategic IT alignment. We label the fourth theme C/O influence behaviors in line with the content of its publications
from Enns et al. (2001) via Kaarst-Brown (2005) to Enns et al. (2007), who elaborate on the CIO’s ability to influence
peers in order to carry through strategic IS projects. The next theme, ranging from D. Q. Chen et al. (2010) to
George and Howard (2020) and Parra et al. (2021) at the very end of the global main path, evolves around IT-
enabled business innovation, ambidexterity, new technology adoption, and the required CIO competencies in the
digital era. We label this topic CIO as business enabler. In between, there are two papers on the topic Public sector
CIO. While Estevez and Janowski (2014) develop a methodology on how to establish a government CIO, Gong et



al. (2019) discuss how public sector ClOs can foster innovation and adoption of new technology. Hence, Gong et
al. (2019) is additionally associated with the topic C/O as business enabler.

Further, there are several researchers that, measured by the number of their publications on the global main path,
significantly influenced the knowledge developmentin ClO research. In the very beginning, between 1982 and 1985,
Rockart co-authored the two central papers on the evolving role of the CIO (Benjamin et al., 1985; Rockart et al.,
1982). Later, Feeny contributed to the CEQ/CIO relationship between 1992 and 1994 (Earl & Feeny, 1994; Feeny
et al., 1992). Between 2001 and 2007, Enns, Huff, and Golden published several central articles on CIO influence
behaviors (Enns et al., 2001; Enns et al.,, 2007; Enns, Huff, & Golden, 2003). Lastly, Chen and colleagues
contributed to the CIO’s hierarchical position (Preston, Chen, & Leidner, 2008) and paved the way for the notion of
the CIO as a business enabler (D. Q. Chen et al., 2010).

Global key-route main paths

With the global main path as a basis, we created a more detailed picture of CIO research by iteratively adding the
key-routes with the highest SPC values and their respective paths to it. The more key-routes we add, the more
details are visible in the network. Hung et al. (2014) only include the top 60 key-routes in their main path analysis.
As we aim for a representative picture of the whole literature in CIO research, we successively increased the number
of key-routes. We decided to include the top 20% (~530) as more key-routes did not uncover any more relevant
branches (see Figure 4).

Insert Figure 4 About Here

These global key-route main paths now represent the main knowledge dissemination routes in CIO research.
However, a citation relationship originates not always from the knowledge contribution of an article, and the citation
network is still far too complex to analyze, with up to 20 links for just one node. As mentioned previously, we,
therefore, pruned the network by carefully examining the incoming links to a paper, i.e., its references, and only
keeping the one substantial link with the highest traversal count. After applying the key-route main paths analysis
and the pruning of the network, we reduced the overall CIO citation network from 466 papers and 2,648 citations to
a network of 145 nodes and 144 links, and only papers with similar topics are connected (see Figure 5). Each major
branch in the network represents a research stream in CIO research. Overall, we identified eight research streams:
Evolving role of the CIO, CIO hierarchical position and relationships, CIO influence behaviors, Strategic IT alignment,
CIO appointment, turnover, and compensation, CIO as business enabler, Public sector CIO, and CIOs and IT
security. Table 2 provides an overview of the research streams. Although they have an earlier start year, some
research streams occur later than others on the global key-route main paths. The reason is that the specific topic
of a research stream was already addressed in one or very few papers very early but did not draw much attention
at that time and, therefore, did not emerge as a research stream. The actual stream then emerged later, leaving the
earlier papers on other branches. The Appendix provides a complete list of papers and their respective research
streams. In the following, we will discuss each research stream in more detail.

Insert Figure 5 About Here

Insert Table 2 About Here

Evolving role of the CIO

In the 1980s, the CIO evolves from a technician, focusing on IT operations and “keeping the lights on,” to a general
manager, leading initiatives of strategic importance (Benjamin et al., 1985; Rockart et al., 1982). During the 1990s,
the CIO is, with increased regularity, elevated to an executive position and is often even becoming part of the TMT
(Stephens et al., 1992). Further, an increasing number of CIOs start to report directly to the CEO, and they have to
bring a broad business perspective with them as they spend more time on interactions outside of the IT department
(Applegate & Elam, 1992; Grover et al., 1993).



With the turn of the millennium, the importance of IT in organizations is increasing rapidly. The CIO role is often
expected to transition to a business visionary, focusing on the firm’s strategy while still running the IT and achieving
high payoffs on IT investments (Chun & Mooney, 2009; Ross & Feeny, 1999; Weill & Woerner, 2013). Increasing IT
investments lead to organizations taking a closer look at the payoffs of such investments. Following, the debate
about the value and effectiveness of a ClO and the role’s impact on organizational performance received increased
attention (Peppard, 2010; Preston, Leidner, & Chen, 2008). To increase role effectiveness, Peppard et al. (2011)
suggest determining the appropriate CIO out of five distinct role types based on the criticality of IT for competitive
advantage as well as the maturity of IT leadership capabilities in an organization. Additionally, how CIOs are
perceived can influence their role in the organization. Gonzalez et al. (2019) find that certain stereotypes of ClOs
exert influence on perceptions of a ClO’s suitability to hold a strategic role. Recent advancements in analytics and
big data suggest that the role of the CIO is subject to change yet another time (Morabito et al., 2016; Themistocleus
et al., 2016).

As the role of the CIO evolves, the competencies that are required to achieve role effectiveness are changing as
well. Hence, a research sub-stream emerges from the main research stream Evolving role of the CIO labeled CIO
competencies. These publications are concerned with IT management capabilities (Y.-C. Chen & Wu, 2011) or
perceptions regarding the necessary competencies (Correia & Joia, 2014; Joia & Correia, 2018). Additionally, there
are several publications regarding competencies in the digital era. However, this separate research sub-stream
emerges within the stream CI/O as business enabler and, hence, will be discussed later.

CIO hierarchical position and relationships

Four sub-streams evolve within this research stream, namely, C/O hierarchical position, CIO/CEQ relationship,
CIO/TMT relationship, and CIO reporting structure.

The CIO hierarchical position stream appears first on the key-route main paths with Raghunathan and Raghunathan
(1989). With the increasing importance of IS in the business world, organizations need to make the necessary
changes to the IS manager’s rank depending on the strategic relevance of IS in the organization (Karimi et al., 1996;
Raghunathan & Raghunathan, 1989). To reflect their elevated status, some IS managers already receive the title
“Chief Information Officer.” With the elevation into the TMT, ClOs need to broaden their knowledge and skills in
business operations, strategy, and management (Karimi et al., 1996). After about 20 years of the CIO as part of
TMTs, the value of the CIO’s presence is discussed. Studies find that the inclusion of the CIO in the TMT contributes
to long-term firm performance as it enhances the heterogeneity in the TMT, among other things (Ranganathan &
Jha, 2008; Taylor, 2015; Taylor & Vithayathil, 2018). This effect even increases for firms in dynamic environments
(Hu et al., 2014). Further, having a CIO present in the TMT lets an organization recover more quickly from the losses
and damages of security breaches (Zafar et al., 2016).

The second sub-stream of research is the CIO/CEQ relationship. A strategic partnership between CIO and CEO is
required that combines their complementing knowledge, skills, and networks, to successfully utilize IT for
competitive advantage (Feeny et al., 1992; Gupta, 1991). The closer the CIO/CEOQ relationship, the stronger the
positive impact of IT investments on organizational performance (M. Li & Ye, 1999). Important factors contributing
to the CIO/CEO relationship and, hence, organizational performance are communication (Hutter et al., 2016;
Johnson & Lederer, 2005) and mutual trust and understanding (Arnitz et al., 2017; Benlian & Haffke, 2016; Johnson
& Lederer, 2010). Benlian and Haffke (2016), in particular, find that the actual opinions of both executives on
business and IT topics are much more similar than they perceive them to be. This perception-bias decreases with
more effective communication.

In addition to the relationship with the CEO, the CIO/TMT relationship is an essential prerequisite for organizational
performance. The gap in understanding between the CIO and the TMT, often resulting from a limited understanding
of business by the CIO and IS by the TMT, needs to be bridged as it exhibits a negative effect on IS strategic
alignment (Feeny et al., 1992; Gupta, 1991; Preston, 2004; Preston et al., 2006). Shared understanding and social
capital between CIO and TMT is a significant antecedent of IS strategic alignment and, therefore, organizational
performance (Karahanna & Preston, 2013; Preston & Karahanna, 2009a).

The last research sub-stream that evolves from this branch is CIO reporting structure. The CIO most commonly
reports either to the CEO or the CFO (Armstrong & Sambamurthy, 1999). Most studies argue in advantage of the
direct reporting structure of the CIO to the CEO to increase awareness of critical issues and the ClO’s understanding
of strategic needs (Preston & Karahanna, 2009a; Raghunathan & Raghunathan, 1989). On the other hand, Banker
et al. (2011) argue that the CIO does not always have to report to the CEO to show the CIO’s strategic value, but
rather that organizations should align the reporting structure with the firm’s strategic positioning. While firms with a



differentiator strategy tend to have their ClO report to the CEO, cost leaders prefer the CIO to report to the CFO
(Banker et al., 2011; Karanja et al., 2021). Aljazzaf et al. (2019) add another layer of complexity by showing that the
optimal reporting structure depends on several factors as well as that its impact on organizational performance
varies from firm to firm.

Strategic IT alignment

Strategic IT alignment enhances the business effect of IT as it enables improved IT project planning as well as risk
mitigation (Kearns & Lederer, 2003; Kearns & Sabherwal, 2006). This research stream differentiates itself from
other streams as its papers are not directly about the CIO. However, on the one hand, the CIO influences strategic
IT alignment, and, on the other hand, we can draw a conclusion about the CIO based on the findings of those
papers. With the stream’s prominent placement on the main path, it is still a vital part of the CIO citation network.
The CIO is the main responsible person for strategic IT alignment as the role’s participation in business planning
positively influences alignment (Kearns & Lederer, 2003). Specifically, a ClIO’s business and IT knowledge and,
following that, the ability to craft and evaluate new business opportunities through IT contribute positively to IT
assimilation (Armstrong & Sambamurthy, 1999; Wu et al., 2008). The main concern of CIOs is to achieve alignment
with the other members of the TMT (Johnson & Lederer, 2010). The cognitive similarity of business and IT
executives can help achieve this alignment (Tan & Gallupe, 2006). Contributing to alignment with business
executives, Preston and Karahanna (2009b) propose different mechanisms for ClIOs to achieve a shared IS vision
with the TMT as a foundation for strategic alignment. Gerow et al. (2015) find that just aligning business and IT
strategy is not enough to achieve excessive financial performance. IT infrastructure has to be aligned with the
strategy to experience higher profits. More recent reviews elaborate on the positive influence of an organization’s
culture on IT alignment and discuss its connection with digital business strategy (Chtourou Ben Amar & Ben
Romdhane, 2019; Wunderlich, 2018).

CIO influence behaviors

The research stream C/O influence behaviors differs from other streams by not branching off the global main path,
but rather staying on and defining it for several years. To successfully promote strategic IS projects, ClOs require
skills in exercising lateral influence on their peers (Enns et al., 2001, 2003; Enns, Huff, & Higgins, 2003). Without
the necessary influence skills, regardless of technical background, one might not be chosen for the CIO role in the
first place (Enns, Huff, & Golden, 2003). However, the specific influence behaviors have to be selected carefully, as
they could lead to diametral outcomes. CIOs who exert rational persuasion or personal appeal tend to promote peer
commitment, while exchange and pressure as influence behaviors lead to peer resistance (Enns, Huff, & Higgins,
2003).

In some cases, not even influence behaviors can cope with the negative perceptions of the IT organization
(Hirschheim et al., 2003). Enns et al. (2007) recommend using specific influence behaviors based on the type of
initiative, strategic vs incremental, as well as the type of CIO, true peer vs supportive subordinate. Further, Enns et
al. (2011) propose a set of factors that may help to overcome competing values when support for new projects is
needed.

CIlO appointment, turnover, and compensation

The research stream CIO appointment, turnover, and compensation is a special case as it evolves from two different
research streams, Strategic IT alignment and CIO as business enabler. As discussed earlier, a link between two
papers does not always mean that they are about the same topic, but also new streams can emerge. In this case,
the research stream CIO appointment, turnover, and compensation did not make it onto the global main path but
emerges from two branches on the key-route main paths. Potential reasons for the emergence of a research stream
from two different branches are that a popular paper in the respective stream does not cite the earlier published
paper, or the time difference between the appearances of the topic is too large. Therefore, it is important to
complement the quantitative analysis with a qualitative evaluation and experience in the research field.

With the growing strategic importance of IT capabilities in firms, an increasing number of firms appoint a CIO to
effectively and successfully manage them (Chatterjee et al., 2001). Chatterjee et al. (2001) conclude that such first-
time appointments generate a positive market perception and, consequently, increase market valuation. Khallaf and
Skantz (2011) complement these results by looking at the improvement in long-term performance. While the
appointment of a new CIO position increases long-term performance, firms that re-appoint ClOs perform even better
(Khallaf & Skantz, 2011). Further, Khallaf and Skantz (2011) find that firms can lower their cost structure and
increase returns following the appointment of a new CIO position. In addition to firm performance, the appointment



of a new CIO position also increases R&D productivity and innovation efficiency (Hsu & Liu, 2019; Khallaf & Skantz,
2015). All the mentioned effects are especially strong for IT firms and firms in high dynamic environments. Before
appointing a CIO, however, firms should carefully define their goals behind the appointment, as the CIO’s previous
reporting line has an influence on the individual’s relationships and business focus (Jones et al., 2020).

Furthermore, recent articles discuss the turnover of ClOs following security breaches, IT control weaknesses, or IT
material weaknesses. Security breaches caused by system deficiency strongly increased CIO turnover (Banker &
Feng, 2019). W. Li et al. (2021) find that the common practices of firms to retain their ClO in case of IT control
weaknesses are ineffective. On the other hand, evidence suggests that firms rather keep their CIOs in position
following disclosure of IT material weaknesses instead of replacing them (W. Li et al., 2019). However, CIO turnover
is found to positively influence IT material weaknesses remediation.

Lastly, a small research sub-stream evolves around the topics CIO compensation and equity incentives, discussing
what determines compensation and what factors influence equity incentives (Richardson et al., 2018; Yayla & Hu,
2014).

CIlO as business enabler

With the increasing importance of IT to not only provide services but additionally grow the business through the
development of products, a new research stream evolves that analyzes the CIO as a business enabler. Within this
research stream, we identify the three research sub-streams Ambidexterity, Digital transformation, and IT-enabled
business innovation.

The first sub-stream is labeled Ambidexterity. As the business and technology environment in organizations
becomes more complex and dynamic, the CIO’s responsibilities shift from only being in charge of running the IT,
i.e., supply-side leadership, to additionally enabling new business opportunities, i.e., demand-side leadership (Al-
Taie et al., 2013; D. Q. Chen et al., 2010; Chun & Mooney, 2009). The construct of supply- and demand-side
leadership is first introduced by Broadbent and Kitzis (2005). A framework that examines this trade-off between
explorative and exploitative activities with conflicting priorities is called ambidexterity (Kalgovas et al., 2014b).
Kalgovas et al. (2014b) present specific barriers to explorative and exploitative activities, as well as balancing both
activities. Kalgovas et al. (2014a) provide several recommendations to overcome these barriers. Bekkhus and
Hallikainen (2017) provide a dualistic toolbox for CIOs to achieve ambidexterity. D. Q. Chen et al. (2010)
conceptualize the construct of supply- and demand-side leadership and argue that it is a staged maturity model for
ClOs, with the supply-side leadership as the foundation and the demand-side leadership as the more advanced
stage. Al-Taie et al. (2018) support this argument and recommend that newly appointed ClOs should first focus on
‘keeping the lights on’ before transcending to more strategic objectives.

The second sub-stream is concerned with the topic Digital transformation. To successfully transform an organization,
one needs to leverage supply- and demand-side leadership (Haffke et al., 2016; Kohli & Johnson, 2011). Such a
transformation might impact the leadership structure of organizations (Engesmo & Panteli, 2020, 2021). As digital
technology advances into nearly every corner of an organization, some start to establish a separate role for
managing digital capabilities, namely, the Chief Digital Officer (CDO) (Gerth & Peppard, 2016; Haffke et al., 2016).
This new role would allow the CIO again to focus on supply-side leadership. However, this setup could have
overlapping responsibilities and, hence, result in conflicts if there is no proper alignment between the two roles
(Haffke et al., 2016). If the CIO is responsible for digital transformation, certain competencies are required that the
traditional CIO role did not have (Barnes et al., 2021; La Paz et al., 2019; Noonpakdee et al., 2020). Additionally,
certain leadership attributes are needed (Pabst von Ohain, 2019). Further, we identified a whole new body of
research on adopting new and disruptive technology that is rapidly evolving. The technologies include cloud
computing (Malladi & Krishnan, 2012), big data (Morabito et al., 2016; Sleep & Hulland, 2019; Themistocleus et al.,
2016), internet of things (loT) (Parra et al., 2021), and artificial intelligence (Al) (J. Li et al., 2021).

The third research sub-stream is concerned with the CIO in the context of IT-enabled business innovation. While
most of the research belonging to the stream IT-enabled business innovation is from after the year 2010, two papers
discussed the topic already in 2006. Watts and Henderson (2006) analyzed how CIOs can foster innovative IT
climates to drive innovation, while Y. Li et al. (2006) study the relationship between CIO characteristics and
innovative usage of IT. Due to their early publication, both papers are not directly part of the research stream /7-
enabled business innovation but appear on an earlier branch in the global key-route main paths. Saldanha and
Krishnan (2011) find that for CIOs, a direct reporting structure to the CEO, involvement in product development, as
well as customer interaction are all positively associated with an organization’s propensity for IT-enabled business
innovation. These findings suggest that a boundary spanning role with entities outside of IT is beneficial. IT



capabilities, in general, are found to trigger a positive role of the CIO in IT-enabled business innovation (Wunderlich
& Beck, 2018). Hsu and Liu (2019) discuss how CIlOs can enable and drive digital innovation, while D. Q. Chen et
al. (2021) examine how ClOs could lead digital innovation initiatives through issue selling effectiveness and identify
four enabling forces for CIOs to increase it.

Public sector CIO

Public sector CIOs are of high importance to public institutions to gain the full potential of IT (Dawson & Watson,
2011; Hussain et al., 2016). The topic Public sector CIO appears on the global key-route main paths as a separate
research stream. Similarly to the research stream CIO appointment, turnover, and compensation, this stream
emerges from different points on the global key-route main paths, i.e., Evolving role of the CIO, CIO hierarchical
position and relationships, and CIO as business enabler. These are, at the same time, some of the main topics that
are discussed within the research stream Public sector CIO. However, as public sector ClOs face different
challenges than their peers in the private sector, we label it as a separate research stream (Dawson et al., 2016).

Dawson and Watson (2011) identify five archetypes of public sector ClOs and find that the business-oriented CIO
is the most effective, as this type understands to align with the right stakeholders and ignore others strategically.
Gong et al. (2019) analyze what CIOs need to enable innovation and adopt new technologies in the public sector.
According to Dawson et al. (2016), the CIO has to be either very experienced as a ClO in the public sector or short-
tenured from the private sector to create innovation effectively. However, especially institutions at the local level or
in developing countries have issues properly establishing, appointing, and sustaining a CIO (Estevez & Janowski,
2014; Hussain et al., 2016). Therefore, Estevez and Janowski (2014) provide a methodology for establishing and
sustaining a ClO. Additionally, several studies identify shortcomings in the education and training of these types of
ClOs and provide recommendations (Estevez & Janowski, 2013; Gharawi et al., 2014).

ClOs and IT security

The newest research stream, CIOs and IT security, evolves from the stream CIO hierarchical position and
relationships with its first publication in 2016. The research stream only comprises a few papers. However, all of
them were published in established journals and four within the last three years. This underlines the relevance of
the topic to the scientific community. For an organization, having a CIO as a part of the top management team
significantly reduces the risk of security breaches (Haislip et al., 2021; Zafar et al., 2016). Cecilia Feng and Wang
(2019) show that organizations with risk-averse ClOs are less likely to experience security breaches. Smith et al.
(2021) find that CIO characteristics along human capital and structural capital dimensions can predict the likelihood
of breaches. If a security breach has already happened, Benaroch and Chernobai (2017) discuss its impact on
board-level IT governance. They find that, depending on the magnitude of negative market reaction to the
operational IT failure, firms improve the IT competency of their boards to a greater or lesser extent.

Trend analysis

Our analysis reveals several trends in CIO research and confirms the future viability of long-existing research
streams. Figure 6 illustrates the cumulative number of publications per research stream we identified through global
key-route main paths analysis. Except for the research stream CIO influence behaviors that stagnated in 2011 and
was mainly shaped by a few researchers, the cumulative number of publications in the identified research streams
exhibit constant growth. This growth suggests a steadily rising interest in ClO research, as already long-existing
research streams continue to thrive while new trends are emerging.

Insert Figure 6 About Here

The two research streams Evolving role of the CIO and CIO hierarchical position and relationships build the
foundation of CIO research as they are included in all existing reviews and are confirmed by our analysis as well.
As the impact of IT is vastly changing the business world, the role of the CIO itself as well as its environment are
subject to change and, therefore, spark interest in those research streams. Within the last 20 years, several new
research streams and sub-streams evolved in CIO research. While some of them might stagnate at some point,
others have the potential to become part of the structural backbone of knowledge over time. The research stream
with the steepest slope is CIO as business enabler. As more and more organizations are forced to transform their
business models to stay competitive, this research stream will likely continue its rise.



Discussion and implications

In the following, we discuss our findings and outline implications. First, we compare our findings with existing
research. Second, we derive a research agenda based on the results from main path analysis.

Comparison with existing research

In this section, we first discuss our results in light of recent major publications and, second, compare our results
with previous reviews.

Recent major publications

As newer publications do not exhibit the necessary citation history, the main path analysis tends to be unstable for
recent years. We, therefore, separately examine the CIO research field within the last five years starting in 2017 to
identify any emerging research streams that might not have been covered by main path analysis. Taking the IS
Senior Scholars’ Basket, including the MIS Quarterly Executive, into account, we end up with nine publications.
Seven out of the nine publications are included in research streams identified through the main path analysis. In
particular, the publications are included in CIO hierarchical position and relationships (Taylor & Vithayathil, 2018),
Strategic IT alignment (Cong Feng et al., 2021; Gonzalez et al., 2019), CIO as business enabler (D. Q. Chen et al.,
2021; J. Li et al., 2021), and CIOs and IT security (Benaroch & Chernobai, 2017; Haislip et al., 2021). Hence, we
can conclude that these publications do not form an emerging research stream we were unaware of.

The global key-route main paths did not include two publications within the IS Senior Scholars’ Basket (Kappelman
et al., 2019; X. K. Liu & Preston, 2021). X. K. Liu and Preston (2021) find that firms with ClOs tend to make less
biased management earnings forecasts. While this paper does not fit directly into one of the identified research
streams, we did not find any other publication on the key-route main paths with a similar topic. However, in case of
more papers around the forecasting topic in the future, it could as well be the start of a new research stream. The
remaining publication, Kappelman et al. (2019), broadly discusses IT management trends and issues. Although
highly cited, the paper is not cited by publications within ClO research, illustrating again how the main path analysis
works. Kappelman et al. (2019) descriptively elaborate, among other things, on the background, reporting structure,
and how and with whom CIOs spend their time. They find that CIOs need to master ambidexterity and discuss the
conflicts that come with it. Further, most CIOs report to C- or Board-level, emphasizing their importance in the
organization. Overall, the findings of this paper do not indicate a major new trend but rather fit very well in the
already identified research streams.

Previous reviews

To highlight our contribution, we compare our results with previous CIO reviews (see Table 3). An “X” in the table
indicates that a previous review also identified and described the labeled topic. An X in brackets “(X)” indicates
partial coverage.

Insert Table 3 About Here

Our review includes findings consistent with previous literature reviews and novel findings that add to the existing
knowledge. Several findings are consistent with existing CIO reviews. The research streams Evolving role of the
CIO and CIO hierarchical position and relationships are identified in more or less the same way in all existing
reviews (see Table 3). Drechsler (2020), Shawosh (2018), Hutter and Riedl (2017), and Ghawe and Brohman (2016)
recognized the research stream CIO influence behaviors. Shawosh (2018), Hiitter and Riedl (2017), Ghawe and
Brohman (2016), Singh (2015), and Karahanna and Watson (2006) identified Strategic IT alignment as a research
stream in CIO research. Lastly, Shawosh (2018) and Menz (2012) analyzed the sub-streams C/O appointment and
CIO turnover out of the research stream CIO appointment, turnover, and compensation.

In addition to confirming findings of already existing CIO reviews, our study identifies several previously overlooked
research streams that all emerged within the last decade. Most existing reviews discuss the evolving role of the
CIO in some way or another. However, additional insights are not gained by analyzing different CIO role profiles at
one point but rather by examining their evolvement over time. This way, we identified a previously overlooked stream,
Public sector CIO, that evolves from the different role profiles of CIOs over time. Further, other reviews did not
identify the stream CIO compensation. However, Hutter and Riedl (2017) suggested this stream for future research.



Moreover, around the year 2010, various new research streams, i.e., Digital transformation and IT-enabled business
innovation, are evolving. With this increasing need for the CIO to focus on demand-side leadership while maintaining
IT operations, the research stream Ambidexterity emerges. The newest research stream, which was also not yet
covered by other literature reviews, is CIOs and IT security, which started around the year 2016.

Recent CIO reviews might have overlooked these emerging trends because they almost exclusively focused on
journal publications. Table 2 highlights that, especially for the new emerging streams, C/O as business enabler and
Public sector CIO, the relative share of journal publications is low. The exception to this pattern is the research
stream CIOs and IT security. However, since almost 70% of the papers in this stream were published within the last
three years, the existing literature reviews did not really have a chance to identify this promising new research
stream.

Research agenda

Based on the main research streams and central papers we identified through main path analysis and previous
reviews, we derive a research agenda by identifying research gaps and tentatively formulating potential future
research questions within the most relevant and trending research streams (see Table 4).

Within the research stream Evolving role of the CIO, we identified gaps in how the role of the CIO has to evolve
with respect to the emergence of new technologies, an organization’s strategic direction, as well as in the context
of small and medium-sized enterprises (SMEs). While Morabito et al. (2016) discuss the impact of big data analytics
on the role of the CIO, there are only very few studies that analyze the impact of new technologies requiring
increased technical expertise on the role of the CIO as well as on the required competencies for the future. Some
recent studies make a start in analyzing the interdependency between a CIO and the adoption of new technology
(Gong et al., 2019; J. Li et al., 2021; Scuotto et al., 2022). However, there is still a void in how top management
team composition and CIO characteristics influence new technology, e.g., Al adoption (J. Li et al., 2021). Since the
ClO’s responsibilities increase, future research should evaluate to what extent a separate role, e.g., a CTO, is
needed to evaluate and adopt new technologies. Additionally, current literature lacks a clear picture of the CIO roles
needed dependent on an organization’s strategic direction. There is not a single CIO role that fits every organization,
but rather a mix of roles that might change over time depending on an organization’s priorities and needs (Chun &
Mooney, 2009; Peppard et al., 2011; Weill & Woerner, 2013). Evaluating how the CIO role profile needs to adapt
depending on an organization’s strategic direction, e.g., cost leader or differentiator might lead to improved guidance
for CIOs and organizations. Such guidance would help with the challenge outlined by Gong et al. (2019) to better
align the expectations towards the CIO with the individual’s role. Further, we find that traditional IS research and
CIlO research, in particular, are mainly concerned with large corporations. SMEs, however, are likewise increasingly
dependent on information systems and need sophisticated IT management and leadership while at the same time
often having only limited resources (Cragg et al., 2013; Premkumar, 2003). To remain competitive, SMEs, in
particular, need proper IT management and leadership to rapidly adapt to the ever faster-changing environment
through new trends, like digital transformation and the adoption of new technology (Parra et al., 2021; Scuotto et
al., 2022). However, as the IS management issues in SMEs are unique (Premkumar, 2003), an evolvement of the
CIlO role in SMEs is needed. Considering the limited resources of most SMEs, innovative solutions need to be
identified to provide SMEs access to ClOs or at least CIO experience and knowledge.

In the research stream CIO hierarchical position and relationships, we identified gaps addressing the rise of new IS
executive roles in an organization. There are several studies concerning the CIO reporting structure (Aljazzaf et al.,
2019; Banker et al., 2011; Raghunathan & Raghunathan, 1989). However, as the IS function in organizations
matures, the CIO might not be the only IS executive present. Hence, the question arises of what an optimal reporting
structure can look like in the case of two or more IS executives, like a CIO, CDO, or CTO, in an organization. Similar
to the reporting structure, the communication frequency and effectiveness between CIO and CEO, as well as other
TMT members, were subject to numerous studies (Hutter et al., 2017; Johnson & Lederer, 2005), whereas other IS
executives, like the CDO or CTO, were not yet studied.

The research stream CIO appointment, turnover, and compensation provides several different contributions. The
effects on firm performance, R&D productivity, or innovation efficiency after CIO appointments are analyzed (Hsu
& Liu, 2019; Khallaf & Skantz, 2011; Khallaf & Skantz, 2015), but also the CIO’s background and its impact on the
CIO’s business focus (Jones et al., 2020). Further, the causes and the effects of CIO turnover are discussed (Banker
& Feng, 2019; W. Li et al., 2019; W. Li et al., 2021). However, all the mentioned studies rely solely on quantitative
data. Enriching existing insights with qualitative analyses, e.g., through case studies or interviews with different
stakeholders regarding the motivations of a CIO appointment or turnover, has the potential to greatly enhance



current results (W. Li et al., 2021). Qualitative data from different stakeholders might also help to identify the actual
root causes of CIO appointment and turnover.

From our perspective, the research stream C/O as business enabler exhibits the highest potential for future research
with the three main topics ambidexterity, digital transformation, and IT-enabled business innovation. Mastering
ambidexterity is one of the main challenges for ClOs (Bekkhus & Hallikainen, 2017; Kalgovas et al., 2014b).
Consequently, the impact of new technologies as well as a potential split of supply- and demand-side responsibilities
into separate roles, e.g., CTO and CDO, and the key success factors to master these changes are promising future
research fields. Resultingly, the reasons for organizations to appoint one or more of such roles and the effects on
enabling the business and driving digital transformation are promising future research streams. Further, CIOs
require certain attributes (Pabst von Ohain, 2019) and mutual understanding between the top management is
needed to drive digital transformation (Onay et al., 2018). However, little is known about the influence of other TMT
members as well as middle management on successful digital transformation (Drechsler, 2020). Lastly, we propose
studying the effects of organizational strategy, context, and leadership styles on the CIO’s ability to enable business
innovation and grow the business (Saldanha & Krishnan, 2011).

A previously overlooked research stream is the Public sector CIO. Similar to the private sector, public sector
organizations are pressured to transform and innovate their processes (Gong et al., 2019). Even if a CIO is present,
the individual primarily occupies an IT role, whereas a role that explores new IT-enabled business models and
digitally transforms administrative processes is needed (Gong et al., 2019; Tuya et al., 2020). Hence, the question
arises of how public sector organizations can change organizational structures and governance to support their
expectations towards their CIOs. However, many public sector organizations would already tremendously profit
from getting the basics of digital transformation and automation right. While it might have just become a habit that
the CIO is primarily an IT role, the appointment of a separate role for digital transformation, e.g., a CDO, could help
to shift the focus. Like in SMEs, public sector organizations have a limited budget to attract experienced individuals
(Holley et al., 2004). As a result, innovative solutions to access such experience need to be developed.

The latest research stream, CIOs and IT security, evolves around interdependencies between security breaches
and the CIO. So, on the one hand, how and why security breaches are caused and, on the other hand, what
consequences they have. This stream made its first appearance on the key-route main paths in 2016, meaning it is
still in its early stages of development. Like the research stream CIO appointment, turnover, and compensation,
most analyses in this stream so far are quantitative, using larger sets of secondary data. While the existing research
publications already deliver insightful results, complementing it with qualitative research might yield additional
insights, like identifying the root causes for security breaches or best practices to remedy the effects. Both Zafar et
al. (2016) and Cecilia Feng and Wang (2019) suggest further analyzing the dynamics before and after a security
breach. Zafar et al. (2016) propose to survey ClOs after IT security breaches and combine that data with the already
existing financial data. Cecilia Feng and Wang (2019) suggest focusing on qualitative factors, e.g., the CIO’s risk
profile, to evaluate the CIO’s role in managing IT security risk. Some organizations might even have a dedicated
role, e.g., a Chief Information Security Officer (CISO), for managing such risks. Hence, future research could also
analyze the impact of the relationship and collaboration between CISO and CIO on IT security breaches.

In the following, we provide an aggregated view of the potential research questions sorted by research stream in
Table 4.

Insert Table 4 About Here

Conclusion

The role of the CIO has been receiving attention in research for almost 40 years already, and interest continues to
grow. In our study, we conducted a comprehensive review of the last four decades of CIO research. We applied
main path analysis to 466 papers to examine the structural knowledge flow and identify major research streams
and central papers. By complementing our quantitative analysis with a qualitative evaluation, we identified eight
main research streams, compared our results to other reviews, and proposed further avenues in CIO research.

This study makes several contributions to ClO research. We conducted the first quantitative as well as the most
exhaustive literature review in the CIO research field using main path analysis. Our methodology enabled us to
more objectively validate and highlight the importance of topics that were already identified by qualitative reviews



and to identify new and previously overlooked research streams. Further, we illustrate the structural knowledge flow
in ClO research. We identified major and emerging research streams (RQ1) that show the field’s current state and
analyzed their evolvement over time. We further aggregated the central papers in CIO research (RQ2) by not only
including papers that are relevant in general, i.e., highly cited, but papers that are relevant within the CIO research
field. Lastly, we developed a research agenda (RQ3) for the CIO research field to provide further avenues to
researchers.

There are several limitations to our study. First, the main path analysis favors articles with a high number of
references within the research field as it increases the likelihood that the paths to and from the respective paper
are traversed. As literature reviews usually exhibit an exceptionally high number of references and are often highly
cited, we excluded them from our analysis. Second, very recent publications are somewhat unstable in the main
path analysis as there is usually not much citation data available. To mitigate the risk of missing important trends,
we separately searched the last five years of CIO literature in well-known IS journals and qualitatively compared
them with our results. Third, the data source influences the results, as there is no guarantee of completeness. We,
therefore, combined as many data sources as possible to mitigate that specific influence. However, despite these
limitations, it is hoped that the current article instigates and guides future CIO research.

References

Aljazzaf, S., Mithas, S., & Park, Y. (2019). The Information Technology Reporting Structure and Firm Performance:
A Configurational Approach. In Proceedings of the 25th Americas Conference on Information Systems. Cancun.
https://aisel.aisnet.org/amcis2019/strategic_uses_it/strategic_uses_it/20

Al-Taie, M., Lane, M., & Cater-Steel, A. (2013). The CIO Role Expectations Instrument: Validation and Model Testing.
In  Proceedings of the 24th Australasian Conference on Information Systems. Melbourne.
https://aisel.aisnet.org/acis2013/55

Al-Taie, M., Lane, M., & Cater-Steel, A. (2018). An Empirical Assessment of the CIO Role Expectations Instrument
Using PLS Path Modelling. Communications of the Association for Information Systems, 42(1), 1-20.
https://doi.org/10.17705/1CAIS.04201

Applegate, L. M., & Elam, J. J. (1992). New Information Systems Leaders: A Changing Role in a Changing World.
MIS Quarterly, 16(4), 469—490. https://doi.org/10.2307/249732

Armstrong, C., & Sambamurthy, V. (1999). Information Technology Assimilation in Firms: The Influence of Senior
Leadership  and IT  Infrastructures. Information ~ Systems  Research, 10(4), 304-327.
https://doi.org/10.1287/isre.10.4.304

Arnitz, T., Hatter, A., & Riedl, R. (2017). Mutual Trust between the Chief Information Officer and Chief Executive
Officer: Insights from an Exploratory Interview Study. Journal of Information Technology Theory and Application,
18(3), 66-99. https://aisel.aisnet.org/jitta/vol18/iss3/4

Baas, J., Schotten, M., Plume, A., Coté, G., & Karimi, R. (2020). Scopus as a Curated, High-Quality Bibliometric
Data Source for Academic Research in Quantitative Science Studies. Quantitative Science Studies, 1(1), 377—
386. https://doi.org/10.1162/gss_a_00019

Banker, R. D., & Feng, C [Cecilia] (2019). The Impact of Information Security Breach Incidents on CIO Turnover.
Journal of Information Systems, 33(3), 309-329. https://doi.org/10.2308/isys-52532

Banker, R. D., Hu, N., Pavlou, P. A., & Luftman, J. (2011). CIO Reporting Structure, Strategic Positioning, and Firm
Performance. MIS Quarterly, 35(2), 487-504. https://doi.org/10.2307/23044053

Barnes, S., Rutter, R. N., La Paz, A. |., & Scornavacca, E. (2021). Empirical Identification of Skills Gaps Between
Chief Information Officer Supply and Demand: A Resource-Based View Using Machine Learning. Industrial
Management & Data Systems, 121(8), 1749-1766. https://doi.org/10.1108/IMDS-01-2021-0015

Batagelj, V. (2003). Efficient Algorithms for Citation Network Analysis. ArXiv Preprint Cs/0309023.
Batagelj, V., & Mrvar, A. (1998). Pajek-Program for Large Network Analysis. Connections, 21(2), 47-57.

Bekkhus, R., & Hallikainen, P. (2017). A New Dualistic CIO Toolbox: Towards Ambidexterity in the Digital Business
Transformation. In Atas da 172 Conferéncia da Associagdo Portuguesa de Sistemas de Informagédo. Guimaraes.
https://doi.org/10.18803/capsi.v17.23-41



Benaroch, M., & Chernobai, A. (2017). Operational IT Failures, IT Value Destruction, and Board-Level IT
Governance Changes. MIS Quarterly, 41(3), 729-762. https://doi.org/10.25300/MISQ/2017/41.3.04

Benjamin, R. I, Dickinson Jr, C., & Rockart, J. F. (1985). Changing Role of the Corporate Information Systems
Officer. MIS Quarterly, 9(3), 177—188. https://doi.org/10.2307/248947

Benlian, A., & Haffke, I. (2016). Does Mutuality Matter? Examining the Bilateral Nature and Effects of CEO-CIO
Mutual Understanding. The Journal of Strategic Information  Systems, 25(2), 104-126.
https://doi.org/10.1016/}.jsis.2016.01.001

Bindu, N., Sankar, C. P., & Kumar, K. S. (2019). From Conventional Governance to e-Democracy: Tracing the
Evolution of e-Governance Research Trends Using Network Analysis Tools. Government Information Quarterly,
36(3), 385-399. https://doi.org/10.1016/j.giq.2019.02.005

Broadbent, M., & Kitzis, E. (2005). The New CIO Leader: Setting the Agenda and Delivering Results. Harvard
Business School; London: McGraw-Hill.

Chatterjee, D., Richardson, V. J., & Zmud, R. W. (2001). Examining the Shareholder Wealth Effects of
Announcements of Newly Created CIO Positions. MIS Quarterly, 25(1), 43—70. https://doi.org/10.2307/3250958

Chen, C. (2006). Citespace II: Detecting and Visualizing Emerging Trends and Transient Patterns in Scientific
Literature. Journal of the American Society for Information Science and Technology, 57(3), 359-377.
https://doi.org/10.1002/asi.20317

Chen, D. Q., Preston, D. S., & Xia, W. (2010). Antecedents and Effects of CIO Supply-Side and Demand-Side
Leadership: A Staged Maturity Model. Journal of Management Information Systems, 27(1), 231-272.
https://doi.org/10.2753/M1S0742-1222270110

Chen, D. Q., Zhang, Y., Xiao, J., & Xie, K. (2021). Making Digital Innovation Happen: A Chief Information Officer
Issue Selling Perspective. Information Systems Research, 32(3), 987-1008.
https://doi.org/10.1287/isre.2021.1008

Chen, Y.-C., & Wu, J.-H. (2011). IT Management Capability and Its Impact on the Performance of a CIO. Information
& Management, 48(4-5), 145—-156. https://doi.org/10.1016/j.im.2011.04.001

Chtourou Ben Amar, N., & Ben Romdhane, R. (2019). Organizational Culture and Information Systems Strategic
Alignment: Exploring the Influence Through an Empirical Study From Tunisia. Journal of Enterprise Information
Management, 33(1), 95-119. https://doi.org/10.1108/JEIM-03-2019-0072

Chun, M., & Mooney, J. (2009). CIO Roles and Responsibilities: Twenty-Five Years of Evolution and Change.
Information & Management, 46(6), 323—-334. https://doi.org/10.1016/j.im.2009.05.005

Correia, J. C. P, & Joia, L. A. (2014). CIO Competencies: A Social Representation Analysis. In Proceedings of the
20th Americas Conference on Information Systems. Savannah, GA.
https://aisel.aisnet.org/amcis2014/HumanCapitallS/GeneralPresentations/1

Cragg, P., Mills, A., & Suraweera, T. (2013). The Influence of IT Management Sophistication and IT Support on IT
Success in Small and Medium - Sized Enterprises. Journal of Small Business Management, 51(4), 617-636.
https://doi.org/10.1111/jsbm.12001

Cui, X., Wang, J., Zhao, J., Yao, L., & Luo, Y. (2012). Exploration of the Evolution Process of IT Outsourcing From
1992 to 2011: A Main Path Analysis. In Proceedings of the 3rd International Conference on Intelligent Control
and Information Processing. Dalian. https://doi.org/10.1109/ICICIP.2012.6391495

Dawson, G. S., Denford, J. S., & Desouza, K. C. (2016). Governing Innovation in U.S. State Government: An
Ecosystem Perspective. The Journal of Strategic Information Systems, 25(4), 299-318.
https://doi.org/10.1016/j.jsis.2016.08.003

Dawson, G. S., & Watson, R. T. (2011). Uncovering and Testing Archetypes of Effective Public Sector ClOs. ACM
Transactions on Management Information Systems, 2(1), 1-19. https://doi.org/10.1145/1929916.1929921

Donthu, N., Kumar, S., Mukherjee, D., Pandey, N., & Lim, W. M. (2021). How to Conduct a Bibliometric Analysis:
An Overview and Guidelines. Journal of Business Research, 133, 285-296.
https://doi.org/10.1016/j.jbusres.2021.04.070

Drechsler, K. (2020). Information Systems Executives: A Review and Research Agenda. In Proceedings of the 28th



European Conference on Information Systems. A Virtual AIS Conference.
https://aisel.aisnet.org/ecis2020_rp/79

Earl, M. J., & Feeny, D. F. (1994). Is Your CIO Adding Value? Sloan Management Review, 35(3), 11-20.

Engesmo, J., & Panteli, N. (2020). Digital Transformation and Its Impact on IT Structure and Leadership. In
Proceedings of the 11th Scandinavian Conference on Information Systems. Sundsvall, Sweden.
https://aisel.aisnet.org/scis2020/4/

Engesmo, J., & Panteli, N. (2021). Digital Leaders and the Transformation of the IT Function. Scandinavian Journal
of Information Systems, 33(1), Article 4. https://aisel.aisnet.org/sjis/vol33/iss1/4

Enns, H. G., Huff, S. L., & Golden, B. R. (2001). How CIOs Obtain Peer Commitment to Strategic IS Proposals:
Barriers and Facilitators. The Journal of Strategic Information Systems, 10(1), 3-14.
https://doi.org/10.1016/S0963-8687(01)00041-5

Enns, H. G., Huff, S. L., & Golden, B. R. (2003). CIO Influence Behaviors: The Impact of Technical Background.
Information & Management, 40(5), 467—485. https://doi.org/10.1016/S0378-7206(02)00040-X

Enns, H. G., Huff, S. L., & Higgins, C. A. (2003). CIO Lateral Influence Behaviors: Gaining Peers' Commitment to
Strategic Information Systems. MIS Quarterly, 27(1), 155-176. https://doi.org/10.2307/30036522

Enns, H. G., McFarlin, D. B., & Huff, S. L. (2007). How CIOs Can Effectively Use Influence Behaviors. MIS Quarterly
Executive, 6(1), 29-38. https://aisel.aisnet.org/misqe/vol6/iss1/6

Enns, H. G., McFarlin, D. B., & Sweeney, P. D. (2011). How CIOs Overcome the Competing Values Challenge: Irish
CIOs' Perspectives. Communications of the Association for Information Systems, 28(32), 549-560.
https://doi.org/10.17705/1CAIS.02832

Estevez, E., & Janowski, T. (2013). Landscaping Government Chief Information Officer Education. In Proceedings
of the 46th  Hawaii International ~ Conference on  System  Sciences. Wailea, HI.
https://doi.org/10.1109/HICSS.2013.379

Estevez, E., & Janowski, T. (2014). A Comprehensive Methodology for Establishing and Sustaining Government
Chief Information Officer Function. In Proceedings of the 8th International Conference on Theory and Practice
of Electronic Governance. Guimaraes. https://doi.org/10.1145/2691195.2691289

Feeny, D. F., Edwards, B. R., & Simpson, K. M. (1992). Understanding the CEQO/CIO Relationship. MIS Quarterly,
16(4), 435-448. https://doi.org/10.2307/249730

Feng, C [Cecilia], & Wang, T. (2019). Does CIO Risk Appetite Matter? Evidence From Information Security Breach
Incidents. International Journal of  Accounting Information Systems, 32, 59-75.
https://doi.org/10.1016/j.accinf.2018.11.001

Feng, C [Cong], Patel, P. C., & Fay, S. (2021). The Value of the Structural Power of the Chief Information Officer in
Enhancing Forward-Looking Firm Performance. Journal of Management Information Systems, 38(3), 765-797.
https://doi.org/10.1080/07421222.2021.1962599

Garfield, E., Sher, I. H., & Torpie, R. J. (1964). The Use of Citation Data in Writing the History of Science.
Philadelphia, PA: Institute for Scientific Information.

George, J., & Howard, G. R. (2020). A Chief Information Officer (CIO) Framework for Managing the Fourth Industrial
Revolution (4IR): An Exploratory Research Synthesis. In M. Themistocleous, M. Papadaki, & M. M. Kamal
(Eds.), Lecture Notes in Business Information Processing: Vol. 402. Information Systems (Vol. 402, pp. 673—
682). Springer International Publishing. https://doi.org/10.1007/978-3-030-63396-7_45

Gerow, J. E., Thatcher, J. B., & Grover, V. (2015). Six Types of IT-Business Strategic Alignment: An Investigation of
the Constructs and Their Measurement. European Journal of Information Systems, 24(5), 465—-491.
https://doi.org/10.1057/ejis.2014.6

Gerth, A. B., & Peppard, J. (2016). The Dynamics of CIO Derailment: How CIOs Come Undone and How to Avoid
It. Business Horizons, 59(1), 61-70. https://doi.org/10.1016/j.bushor.2015.09.001

Gharawi, M., Estevez, E., & Janowski, T. (2014). Identifying Government Chief Information Officer Education and
Training Needs: The Case of Saudi Arabia. In Proceedings of the 15th Annual International Conference on
Digital Government Research. Aguascalientes. https://doi.org/10.1145/2612733.2612764



Ghawe, A. S., & Brohman, K. (2016). CIO Leadership Characteristics and Styles. In Proceedings of the 22nd
Americas Conference on Information Systems. San Diego, CA.
https://aisel.aisnet.org/amcis2016/HumanCap/Presentations/5

Gong, Y., Janssen, M. F., & Weerakkody, V. (2019). Current and Expected Roles and Capabilities of CIOs for the
Innovation and Adoption of New Technology. In Proceedings of the 20th Annual International Conference on
Digital Government Research. Dubai. https://doi.org/10.1145/3325112.3325214

Gonzalez, P. A., Ashworth, L., & McKeen, J. (2019). The CIO Stereotype: Content, Bias, and Impact. The Journal
of Strategic Information Systems, 28(1), 83-99. https://doi.org/10.1016/j.jsis.2018.09.002

Grover, V., Jeong, S.-R., Kettinger, W. J., & Lee, C. C. (1993). The Chief Information Officer: A Study of Managerial
Roles. Journal of Management Information Systems, 10(2), 107-130.
https://doi.org/10.1080/07421222.1993.11518002

Gupta, Y. P. (1991). The Chief Executive Officer and the Chief Information Officer: The Strategic Partnership. Journal
of Information Technology, 6, 128—139. https://doi.org/10.1057/jit.1991.28

Haffke, I., Kalgovas, B. J., & Benlian, A. (2016). The Role of the CIO and the CDO in an Organization's Digital
Transformation. In Proceedings of the 37th International Conference on Information Systems. Dublin.
https://aisel.aisnet.org/icis2016/1SStrategy/Presentations/3

Haislip, J., Lim, J.-H., & Pinsker, R. (2021). The Impact of Executives' IT Expertise on Reported Data Security
Breaches. Information Systems Research, 32(2), 318-334. https://doi.org/10.1287/isre.2020.0986

Hirschheim, R., Porra, J., & Parks, M. S. (2003). The Evolution of the Corporate IT Function and the Role of the
CIO at Texaco: How Do Perceptions of IT's Performance Get Formed? ACM SIGMIS Database, 34(4), 8-27.
https://doi.org/10.1145/957758.957762

Holley, L. M., Dufner, D., & Reed, B. J. (2004). Strategic Information Systems Planning in U.S. County Governments:
Will the Real SISP Model Please Stand Up? Public Performance & Management Review, 27(3), 102-126.
https://www.jstor.org/stable/3381148

Hsu, H.-T., & Liu, F.-C. (2019). How Chief Information Officer Drives Innovation? In Proceedings of the 40th
International Conference on Information Systems. Munich.
https://aisel.aisnet.org/icis2019/governance_is/governance_is/20

Hu, Q., Yayla, A. A,, & Lei, Y. (2014). Does Inclusion of CIO in Top Management Team Impact Firm Performance?
Evidence from a Long-Term Event Analysis. In Proceedings of the 47th Hawaii International Conference on
System Sciences. Waikoloa, HI. https://doi.org/10.1109/HICSS.2014.537

Hummon, N. P., & Dereian, P. (1989). Connectivity in a Citation Network: The Development of DNA Theory. Social
Networks, 11(1), 39-63. https://doi.org/10.1016/0378-8733(89)90017-8

Hung, S.-C., Liu, J. S., Lu, L. Y. Y., & Tseng, Y.-C. (2014). Technological Change in Lithium Iron Phosphate Battery:
The Key-Route Main Path Analysis. Scientometrics, 100(1), 97—-120. https://doi.org/10.1007/s11192-014-1276-
9

Hussain, B., Turner, T., & Imran, A. (2016). Issues in the Transition to CIO Role in the Public Sector of Developing
Countries. In Proceedings of the 49th Hawaii International Conference on System Sciences. Koloa, HI.
https://doi.org/10.1109/HICSS.2016.379

Hutter, A., Amitz, T., & Riedl, R. (2016). Effective CIO/CEO Communication. In Proceedings of the Multikonferenz
Wirtschaftsinformatik (pp. 1523—1534). limenau.

Hutter, A., Amitz, T., & Riedl, R. (2017). On the Nature of Effective CIO/CEO Communication: Evidence from an
Interview Study. In A. Hutter, T. Arnitz, & R. Riedl (Eds.), On the Nature of Effective CIO/CEO Communication
(pp. 1-41). Springer International Publishing. https://doi.org/10.1007/978-3-319-50535-0_1

Hutter, A., & Riedl, R. (2011). Der Chief Information Officer (CIO) in Deutschland und den USA: Verbreitung und
Unterschiede. Information Management und Consulting, 26(3), 61—-66.

Hutter, A., & Riedl, R. (2017). Chief Information Officer Role Effectiveness: Literature Review and Implications for
Research and Practice. In A. Hitter & R. Riedl (Eds.), SpringerBriefs in Information Systems. Chief Information
Officer Role Effectiveness (pp. 1-30). Springer International Publishing. https://doi.org/10.1007/978-3-319-



54753-4_1

Ives, B., & Olson, M. H. (1981). Manager or Technician? The Nature of the Information Systems Manager's Job.
MIS Quatrterly, 5(4), 49—-63. https://doi.org/10.2307/249327

Jia, Y., Wang, N., & Ge, S. (2018). Business-IT Alignment Literature Review. Information Resources Management
Journal, 31(3), 34-53. https://doi.org/10.4018/IRMJ.2018070103

Johnson, A. M., & Lederer, A. L. (2005). The Effect of Communication Frequency and Channel Richness on the
Convergence Between Chief Executive and Chief Information Officers. Journal of Management Information
Systems, 22(2), 227-252. https://doi.org/10.1080/07421222.2005.11045842

Johnson, A. M., & Lederer, A. L. (2010). CEO/CIO Mutual Understanding, Strategic Alignment, and the Contribution
of IS to the Organization. Information & Management, 47(3), 138—149. https://doi.org/10.1016/j.im.2010.01.002

Joia, L. A, & Correia, J. C. P. (2018). CIO Competencies From the IT Professional Perspective: Insights From Brazil.
Journal of Global Information Management, 26(2), 74—103. https://doi.org/10.4018/JGIM.2018040104

Jones, M. C., Kappelman, L., Pavur, R., Nguyen, Q. N., & Johnson, V. L. (2020). Pathways to Being CIO: The Role
of Background Revisited. Information & Management, 57(5), 103234. https://doi.org/10.1016/j.im.2019.103234

Jones, M. C., Taylor, G., & Spencer, B. A. (1995). The CEO/CIO Relationship Revisited: An Empirical Assessment
of Satisfaction With 1S. Information & Management, 29(3), 123-130. https://doi.org/10.1016/0378-
7206(95)00014-N

Kaarst-Brown, M. L. (2005). Understanding an Organization's View of the CIO: The Role of Assumptions About IT.
MIS Quarterly Executive, 4(2), 287-301. https://aisel.aisnet.org/misqe/vol4/iss2/4

Kalgovas, B., van Toorn, C., & Conboy, K. (2014a). Towards Achieving Ambidexterity: An Exploratory Study of
Australian CIOs. In Proceedings of the 25th Australasian Conference on Information Systems. Auckland.
http://hdl.handle.net/10292/8032

Kalgovas, B., van Toorn, C., & Conboy, K. (2014b). Transcending the Barriers to Ambidexterity: An Exploratory
Study of Australian ClOs. In Proceedings of the 22nd European Conference on Information Systems. Tel Aviv.
https://aisel.aisnet.org/ecis2014/proceedings/track15/14/

Kappelman, L., Johnson, V., Torres, R., Maurer, C., & McLean, E. (2019). A Study of Information Systems Issues,
Practices, and Leadership in Europe. European dJournal of Information Systems, 28(1), 26-—42.
https://doi.org/10.1080/0960085X.2018.1497929

Karahanna, E., & Preston, D. S. (2013). The Effect of Social Capital of the Relationship Between the CIO and Top
Management Team on Firm Performance. Journal of Management Information Systems, 30(1), 15-56.
https://doi.org/10.2753/MIS0742-1222300101

Karahanna, E., & Watson, R. T. (2006). Information Systems Leadership. IEEE Transactions on Engineering
Management, 53(2), 171-176. https://doi.org/10.1109/tem.2006.872247

Karanja, E., Grant, D., & Zaveri, J. S. (2021). CIO Reporting Structure and Firm Strategic Orientation — A Content
Analysis Approach. Journal of Systems and Information Technology, 23(1), 20-52. https://doi.org/10.1108/JSIT-
02-2020-0022

Karimi, J., Gupta, Y. P., & Somers, T. M. (1996). The Congruence between a Firm's Competitive Strategy and
Information Technology Leader's Rank and Role. Journal of Management Information Systems, 13(1), 63—88.
https://doi.org/10.1080/07421222.1996.11518112

Kearns, G. S., & Lederer, A. L. (2003). A Resource - Based View of Strategic IT Alignment: How Knowledge Sharing
Creates Competitive Advantage. Decision Sciences, 34(1), 1-29. https://doi.org/10.1111/1540-5915.02289

Kearns, G. S., & Sabherwal, R. (2006). Strategic Alignment Between Business and Information Technology: A
Knowledge-Based View of Behaviors, Outcome, and Consequences. Journal of Management Information
Systems, 23(3), 129-162. https://doi.org/10.2753/MIS0742-1222230306

Khallaf, A., & Skantz, T. (2011). Does Long Term Performance Improve Following the Appointment of a CIO?
International Journal of Accounting Information Systems, 12(1), 57-78.
https://doi.org/10.1016/j.accinf.2010.08.002



Khallaf, A., & Skantz, T. R. (2015). R&D Productivity Following First-Time CIO Appointments. International Journal
of Accounting Information Systems, 16, 55—72. https://doi.org/10.1016/j.accinf.2014.01.004

Kohli, R., & Johnson, S. (2011). Digital Transformation in Latecomer Industries: CIO and CEO Leadership Lessons
from Encana Oil & Gas (USA) Inc. MIS Quarterly Executive, 10(4), 141-156.
https://aisel.aisnet.org/misge/vol10/iss4/3

Kulkarni, A. V., Aziz, B., Shams, |., & Busse, J. W. (2009). Comparisons of Citations in Web of Science, Scopus,
and Google Scholar for Articles Published in General Medical Journals. JAMA, 302(10), 1092-1096.
https://doi.org/10.1001/jama.2009.1307

La Paz, A, Vasquez, J., & Miranda, J. (2019). The CIO Gap and Mismatch. IT Professional, 21(2), 66—72.
https://doi.org/10.1109/MITP.2018.2883089

Larsen, K. R., Hovorka, D. S., Dennis, A. R., & West, J. D. (2019). Understanding the Elephant: The Discourse
Approach to Boundary ldentification and Corpus Construction for Theory Review Articles. Journal of the
Association for Information Systems, 20(7), 887-927. https://doi.org/10.17705/1jais.00556

Li, J., Li, M [Mengxiang], Wang, X., & Bennett Thatcher, J. (2021). Strategic Directions for Al: The Role of ClOs and
Boards of Directors. MIS Quarterly, 45(3), 1603—1644. https://doi.org/10.25300/misq/2021/16523

Li, M [Mingfang], & Ye, L. R. (1999). Information Technology and Firm Performance: Linking With Environmental,
Strategic and Managerial Contexts. Information & Management, 35(1), 43-51. https://doi.org/10.1016/s0378-
7206(98)00075-5

Li, W., Phang, S.-Y., Choi, K. W., & Ho, S. Y. (2021). The Strategic Role of CIOs in IT Controls: IT Control
Weaknesses and Clo Turnover. Information & Management, 58(6), 103429.
https://doi.org/10.1016/j.im.2021.103429

Li, W., Wu, D., Phang, S.-Y., & Choi, K. W. (2019). CIO Turnover and Subsequent Remediation of Information
Technology Material Weaknesses. In Proceedings of the 23rd Pacific Asia Conference on Information Systems.
Xi'an. https://aisel.aisnet.org/pacis2019/47

Li, Y., Tan, C.-H., Teo, H.-H., & Tan, B. (2006). Innovative Usage of Information Technology in Singapore
Organizations: Do CIO Characteristics Make a Difference? IEEE Transactions on Engineering Management,
53(2), 177-190. https://doi.org/10.1109/TEM.2006.872250

Liang, H., Wang, J.-J., Xue, Y., & Cui, X. (2016). IT Outsourcing Research From 1992 to 2013: A Literature Review
Based on Main Path Analysis. Information & Management, 53(2), 227-251.
https://doi.org/10.1016/j.im.2015.10.001

Liu, J. S., & Lu, L. Y. Y. (2012). An Integrated Approach for Main Path Analysis: Development of the Hirsch Index as
an Example. Journal of the American Society for Information Science and Technology, 63(3), 528-542.
https://doi.org/10.1002/asi.21692

Liu, J. S, Lu, L. Y. Y., & Ho, M. H.-C. (2019). A Few Notes on Main Path Analysis. Scientometrics, 119(1), 379-391.
https://doi.org/10.1007/s11192-019-03034-x

Liu, J. S., Lu, L. Y., & Lu, W.-M. (2016). Research Fronts in Data Envelopment Analysis. Omega, 58, 33—45.
https://doi.org/10.1016/j.omega.2015.04.004

Liu, J. S, Lu, L. Y. Y, Lu, W.-M., & Lin, B. J. Y. (2013). Data Envelopment Analysis 1978—-2010: A Citation-Based
Literature Survey. Omega, 41(1), 3—15. https://doi.org/10.1016/j.omega.2010.12.006

Liu, X. K., & Preston, D. S. (2021). The Chief Information Officer: Impact on Organizational Forecasting Outcomes.
Journal of the Association for Information Systems, 22(4), 968—1006. https://doi.org/10.2139/ssrn.3684152

Malladi, S., & Krishnan, M. S. (2012). Cloud Computing Adoption and Its Implications for CIO Strategic Focus — an
Empirical Analysis. In Proceedings of the 33rd International Conference on Information Systems. Orlando, FL.
https://aisel.aisnet.org/icis2012/proceedings/GovernanceManagement/10

Mehta, N., Sambamurthy, V., & lyer, L. (2019). Plate-Spinning for Success: ClOs, Embrace your Role Paradoxes!
In  Proceedings of the 40th International Conference on Information Systems. Munich.
https://aisel.aisnet.org/icis2019/practice_is_research/practice_is_research/10

Menz, M. (2012). Functional Top Management Team Members. Journal of Management, 38(1), 45-80.



https://doi.org/10.1177/0149206311421830

Morabito, V., Viscusi, G., & Themistocleus, M. (2016). Big Data and Analytics Leaders: The Changing Role of CIO.
In Proceedings of the 2016 ACM SIGMIS Conference on Computers and People Research. Alexandria, VA.
https://doi.org/10.1145/2890602.2890619

Moral-Mufioz, J. A., Herrera-Viedma, E., Santisteban-Espejo, A., & Cobo, M. J. (2020). Software Tools for
Conducting Bibliometric Analysis in Science: An Up-To-Date Review. E/ Profesional De La Informacion, 29(1).
https://doi.org/10.3145/epi.2020.ene.03

Noonpakdee, W., Phothichai, A., Khunkornsiri, T., & Nuntree, A. (2020). CIO Competency in Digital Era: A
Comparative Study between Government Organizations and Private Enterprises. In Proceedings of the 7th
International Conference on Industrial Engineering and Applications. Bangkok.
https://doi.org/10.1109/ICIEA49774.2020.9101988

Onay, C., Ozding, G., & Cavusyan, S. (2018). Digital Transformation: A Mutual Understanding and Strategic
Alignment Perspective. In Proceedings of the 39th International Conference on Information Systems. San
Francisco, CA. https://aisel.aisnet.org/icis2018/innovation/Presentations/11

Pabst von Ohain, B. (2019). Leader Attributes for Successful Digital Transformation. In Proceedings of the 40th
International Conference on Information Systems. Munich.
https://aisel.aisnet.org/icis2019/practice_is research/practice_is_research/5

Parra, D. T., Hernan Talero-Sarmiento, L., Ortiz, J. D., & Guerrero, C. D. (2021). Technology Readiness for loT
Adoption in Colombian SMEs. In 16th Iberian Conference on Information Systems and Technologies. |EEE.
Chaves, Portugal. https://doi.org/10.23919/CISTI52073.2021.9476499

Paul, J., & Criado, A. R. (2020). The Art of Writing Literature Review: What Do We Know and What Do We Need to
Know? International Business Review, 29(4), 101717. https://doi.org/10.1016/j.ibusrev.2020.101717

Peppard, J. (2010). Unlocking the Performance of the Chief Information Officer (CIO). California Management
Review, 52(4), 73-99. https://doi.org/10.1525/cmr.2010.52.4.73

Peppard, J., Edwards, C., & Lambert, R. (2011). Clarifying the Ambiguous Role of the CIO. MIS Quarterly Executive,
10(1), 31-44. https://aisel.aisnet.org/misqe/vol10/iss1/3

Premkumar, G. (2003). A Meta-Analysis of Research on Information Technology Implementation in Small Business.
Journal of Organizational Computing and Electronic Commerce, 13(2), 91-121.
https://doi.org/10.1207/S15327744JOCE1302_2

Preston, D. S. (2004). Mechanisms for the Development of Shared Mental Models between the CIO and the Top
Management Team. In Proceedings of the 25th International Conference on Information Systems. Washington,
DC. https://aisel.aisnet.org/icis2004/37

Preston, D. S., Chen, D. Q., & Leidner, D. E. (2008). Examining the Antecedents and Consequences of CIO
Strategic Decision-Making Authority: An Empirical Study. Decision Sciences, 39(4), 605-642.
https://doi.org/10.1111/j.1540-5915.2008.00206.x

Preston, D. S., & Karahanna, E. (2009a). Antecedents of IS Strategic Alignment: A Nomological Network.
Information Systems Research, 20(2), 159-179. https://doi.org/10.1287/isre.1070.0159

Preston, D. S., & Karahanna, E. (2009b). How to Develop a Shared Vision: The Key to IS Strategic Alignment. MIS
Quarterly Executive, 8(1), 1-8. https://aisel.aisnet.org/misge/vol8/iss1/6

Preston, D. S., Karahanna, E., & Rowe, F. (2006). Development of Shared Understanding Between the Chief
Information Officer and Top Management Team in U.S. and French Organizations: A Cross-Cultural Comparison.
IEEE Transactions on Engineering Management, 53(2), 191-206. https://doi.org/10.1109/TEM.2006.872244

Preston, D. S., Leidner, D. E., & Chen, D. Q. (2008). CIO Leadership Profiles: Implications of Matching CIO Authority
and Leadership Capabilty on IT Impact. MIS Quarterly Executive, 7(2), 57-69.
https://aisel.aisnet.org/misge/vol7/iss2/3

Raghunathan, B., & Raghunathan, T. S. (1989). Relationship of the Rank of Information Systems Executive to the
Organizational Role and Planning Dimensions of Information Systems. Journal of Management Information
Systems, 6(1), 111-126. https://doi.org/10.1080/07421222.1989.11517852



Raghuram, S., Tuertscher, P., & Garud, R. (2010). Research Note —Mapping the Field of Virtual Work: A Cocitation
Analysis. Information Systems Research, 21(4), 983—999. https://doi.org/10.1287/isre.1080.0227

Ranganathan, C., & Jha, S. (2008). Do CIOs Matter? Assessing the Value of CIO Presence in Top Management
Teams. In Proceedings of the 29th International Conference on Information Systems. Paris.
https://aisel.aisnet.org/icis2008/56

Richardson, V. J., Sanchez, J. M., Setia, P., & Smith, R. (2018). Determinants and Consequences of Chief
Information Officer Equity Incentives. International Journal of Accounting Information Systems, 31, 37-57.
https://doi.org/10.1016/j.accinf.2018.09.005

Riedl, R., Kobler, M., & Roithmayr, F. (2008). Zur personellen Verankerung der IT-Funktion im Vorstand
bdrsennotierter Unternehmen: Ergebnisse einer inhaltsanalytischen Betrachtung. Wirtschaftsinformatik, 50(2),
111-128. https://doi.org/10.1365/s11576-008-0030-4

Rockart, J. F,, Ball, L., & Bullen, C. V. (1982). Future Role of the Information Systems Executive. MIS Quarterly, 6,
1-14. https://doi.org/10.2307/248989

Ross, J. W., & Feeny, D. F. (1999). The Evolving Role of the CIO. Zmud, RW. (ed.) Framing the domains of IT
management: projecting the future...through the past (pp. 385—402). Pinnaflex Press, Cincinnati (2000). Also
published as CISR working paper No. 308 (August 1999).

Saldanha, T. J., & Krishnan, M. S. (2011). Leveraging IT for Business Innovation: Does the Role of the CIO Matter?
In  Proceedings of the 32nd International Conference on Information Systems. Shanghai.
https://aisel.aisnet.org/icis2011/proceedings/organization/17

Scuotto, V., Magni, D., Palladino, R., & Nicotra, M. (2022). Triggering Disruptive Technology Absorptive Capacity by
CIOs. Explorative Research on a Micro-Foundation Lens. Technological Forecasting and Social Change, 174,
121234. https://doi.org/10.1016/j.techfore.2021.121234

Shawosh, M. (2018). Information Systems Strategic Leadership in the Last Decade: New Advancements and Blue
Ocean Opportunities. In Proceedings of the Southern Association for Information Systems Conference. Atlanta,
GA. https://aisel.aisnet.org/sais2018/33

Singh, K. D. (2015). Chief Information Officer's Role-Addressing Agenda Beyond Role Definition. International
Journal of Information Systems and Change Management, 7(4), 338-352.
https://doi.org/10.1504/1JISCM.2015.075644

Sleep, S., & Hulland, J. (2019). Is Big Data Driving Cooperation in the C-Suite? The Evolving Relationship Between
the Chief Marketing Officer and Chief Information Officer. Journal of Strategic Marketing, 27(8), 666—678.
https://doi.org/10.1080/0965254X.2018.1464496

Smith, T., Tadesse, A. F., & Vincent, N. E. (2021). The Impact of CIO Characteristics on Data Breaches. International
Journal of Accounting Information Systems, 43, 100532. https://doi.org/10.1016/j.accinf.2021.100532

Stephens, C. S., Ledbetter, W. N., Mitra, A., & Ford, F. N. (1992). Executive of Functional Manager? The Nature of
the CIO's Job. MIS Quarterly, 16(4), 449—-467. https://doi.org/10.2307/249731

Tan, F. B., & Gallupe, R. B. (2006). Aligning Business and Information Systems Thinking: A Cognitive Approach.
IEEE Transactions on Engineering Management, 53(2), 223-237. https://doi.org/10.1109/TEM.2006.872243

Taylor, J. (2015). Powerful Technology Leadership and Growing the Top Line. In Proceedings of the 21st Americas
Conference on Information Systems. Fajardo.
https://aisel.aisnet.org/amcis2015/HumanCapital/GeneralPresentations/1

Taylor, J., & Vithayathil, J. (2018). Who Delivers the Bigger Bang for the Buck: CMO or CIO? The Journal of Strategic
Information Systems, 27(3), 207—220. https://doi.org/10.1016/].jsis.2018.04.001

Themistocleus, M., Morabito, V., & Viscusi, G. (2016). The Impact of Big Data and Analytics on CIO Role. In
Proceedings of the 13th European Mediterranean & Middle Eastern Conference on Information Systems.
Krakow.

Tuya, M. de, Cook, M., Sutherland, M., & Luna-Reyes, L. F. (2020). The Leading Role of the Government CIO at
the Local Level: Strategic Opportunities and Challenges. Government Information Quarterly, 37(3), 101218.
https://doi.org/10.1016/j.9iq.2017.01.002



Verspagen, B. (2007). Mapping Technological Trajectories as Patent Citation Networks: A Study on the History of
Fuel Cell Research. Advances in Complex Systems, 10(1), 93-115.
https://doi.org/10.1142/S0219525907000945

Wagner, G., Lukyanenko, R., & Paré, G. (2021). Artificial Intelligence and the Conduct of Literature Reviews. Journal
of Information Technology. Advance online publication. https://doi.org/10.1177/02683962211048201

Watts, S., & Henderson, J. C. (2006). Innovative IT Climates: CIO Perspectives. The Journal of Strategic Information
Systems, 15(2), 125—151. https://doi.org/10.1016/j.jsis.2005.08.001

Weill, P., & Woerner, S. L. (2013). The Future of the CIO in a Digital Economy. MIS Quarterly Executive, 12(2), 65—
75. https://aisel.aisnet.org/misqe/vol12/iss2/3

Wu, J.-H., Chen, Y.-C., & Sambamurthy, V. (2008). The Impacts of BTM Capability and CIO Role Effectiveness on
Firms' Information Technology Assimilation: An Empirical Study. In Proceedings of the 29th International
Conference on Information Systems. Paris. https://aisel.aisnet.org/icis2008/76

Wunderlich, N. (2018). Exterminate? - Who Influences IT Alignment and Digital Business Strategy. In Proceedings
of the 26th European Conference on Information Systems. Portsmouth. https://aisel.aisnet.org/ecis2018 rp/159

Wunderlich, N., & Beck, R. (2018). You'll Be Surprised - Digital Business Strategy as Driver of Organizational
Innovativeness. In Proceedings of the 51st Hawaii International Conference on System Sciences (pp. 4035—
4044). Hilton Waikoloa Village, HI. https://doi.org/10.24251/HICSS.2018.508

Yayla, A. A., & Hu, Q. (2014). The Effect of Board of Directors’ IT Awareness on CIO Compensation and Firm
Performance. Decision Sciences, 45(3), 401—436. https://doi.org/10.1111/deci. 12077

Zafar, H., Ko, M. S., & Osei-Bryson, K.-M. (2016). The Value of the CIO in the Top Management Team on
Performance in the Case of Information Security Breaches. Information Systems Frontiers, 18(6), 1205-1215.
https://doi.org/10.1007/s10796-015-9562-5

About the Authors

Simon Kratzer is a PhD candidate at the Faculty of Business and Economics TU Dresden, Germany. He graduated
from the Technical University of Munich and the University of Augsburg with a master’s degree in Finance and
Information Management. His research interests focus on information systems executives in the digital era, and he
is writing his doctoral thesis about the Fractional CIO.

Markus Westner is a professor of IT Management at OTH Regensburg, Germany. He is author of several journal
articles and conference papers. His teaching and research focuses on IT strategy and IT sourcing. He acts as
Associate Editor for Information & Management and the International Journal of Information Systems and Project
Management. Before he started his academic career, he worked as a management consultant in a project manager
position for one of the world’s leading management consultancies.

Susanne Strahringer is a professor of Business Information Systems especially Information Systems in Trade and
Industry, at TU Dresden, Germany. Before joining TU Dresden, she held positions at the University of Augsburg and
the European Business School. She graduated from the Darmstadt University of Technology, where she also
obtained her PhD and completed her habilitation thesis. She has published in Information & Management, Journal
of Information Technology Theory and Application, Information Systems Management, and Journal of Information
Systems Education, among others. Her research interests focus on IS management, ERP systems, and enterprise
modeling.



Appendix A

Global key-route main paths illustration and research streams

137

114
125

142

78

113
70

37

47 /11

19

12
10 16

Figure A.1l. Global key-route main paths with paper IDs

Table A.1. Overview of papers and their respective research streams

Research streams are shown in bold
Research sub-streams are shown not bold

X" means that a paper is allocated to the
respective stream

CIO hierarchical position and relationships
CIO appointment, turnover, and compensation

CIO competencies

CIO hierarchical position
CIO/CEQ relationship
CIO/TMT relationship

CIO reporting structure
CIO influence behaviors
Strategic IT alignment
CIO as business enabler
Digital transformation
[T-enabled business innovation
Public sector CIO

Ambidexterity

ClOs and IT security

1 - Rockart et al. (1982)

> | ><| Evolving role of the CIO

2 - Benjamin et al. (1985)

>
>
>

3 - Raghunathan and Raghunathan (1989)

>
>
>

4 - Gupta (1991)

5 - Feeny et al. (1992) X X | X

6 - Applegate and Elam (1992) X

7 - Stephens et al. (1992) X

8 - Grover et al. (1993) X




9 - Earl and Feeny (1994)

10 - Jones et al. (1995)

11 - Armstrong and Sambamurthy (1996)

12 - Karimi et al. (1996)

13 - M. Li and Ye (1999)

XX [ X|[X|X

14 - Ross and Feeny (1999)

15 - Enns and Huff (1999)

16 - Armstrong and Sambamurthy (1999)

17 - Enns and Huff (2000)

18 - Chatterjee et al. (2001)

19 - Enns et al. (2001)

20 - Hirschheim et al. (2003)

21 - Enns, Huff, and Higgins (2003)

22 - Enns, Huff, and Golden (2003)

XX | X | X

23 - Kearns and Lederer (2003)

24 - Preston (2004)

25 - Johnson and Lederer (2005)

26 - Kaarst-Brown (2005)

27 -Y. Li et al. (2006)

28 - Preston et al. (2006)

29 - Watts and Henderson (2006)

30 - Kearns and Sabherwal (2006)

31 - Smaltz et al. (2006)

32 - Tan and Gallupe (2006)

33 - Law and Ngai (2007)

34 - Kearns and Sabherwal (2007)

35 - Johnson and Lederer (2007)

36 - D. Q. Chen and Preston (2007)

37 - Enns et al. (2007)

38 - Leidner and Mackay (2007)

39 - Seddon et al. (2008)

40 - Bassellier et al. (2008)

41 - Preston, Chen, and Leidner (2008)

42 - Ranganathan and Jha (2008)

43 -Wu et al. (2008)

44 - Preston, Leidner, and Chen (2008)

45 - Chun and Mooney (2009)

46 - Sobol and Klein (2009)

47 - Denford and Dacin (2009)

48 - Preston and Karahanna (2009b)

49 - Preston and Karahanna (2009a)




50 - Johnson and Lederer (2010)

51 - Cohen and Dennis (2010)

52 - Peppard (2010)

53 - D. Q. Chen et al. (2010)

54 - Saldanha and Krishnan (2011)

55 - Kohli and Johnson (2011)

96 - Banker et al. (2011)

57 - Khallaf and Skantz (2011)

58 - Dawson and Watson (2011)

59 - Enns et al. (2011)

60 - Peppard et al. (2011)

61-Y.-C. Chen and Wu (2011)

62 - Malladi and Krishnan (2012)

63 - Lim et al. (2012)

64 - D. Lietal. (2012)

65 - Lim, Han, and Mithas (2013)

66 - Estevez and Janowski (2013)

67 - Y. Liand Tan (2013)

68 - Weill and Woerner (2013)

69 - Lim, Stratopoulos, and Wirjanto (2013)

70 - Karahanna and Preston (2013)

>

71 - Hu et al. (2014)

72 - Estevez and Janowski (2014)

73 - Correia and Joia (2014)

74 - Kalgovas et al. (2014b)

75 - Gharawi et al. (2014)

76 - Kalgovas et al. (2014a)

77 - Yayla and Hu (2014)

78 - Al-Taie et al. (2014)

79 - Ding et al. (2014)

80 - Gerth and Peppard (2014)

81-B. Liuetal. (2014)

82 - Taylor (2015)

83 -D. Q. Chen et al. (2015)

84 - Gerow et al. (2015)

85 - Khallaf and Skantz (2015)

86 - Zafar et al. (2016)

87 - Hussain et al. (2016)

88 - Dahlberg et al. (2016)

89 - Dawson, Denford, and Desouza (2016)

90 - Dawson, Denford, Williams, et al. (2016)




91 - Hitter et al. (2016)

92 - Luo (2016)

93 - Benlian and Haffke (2016)

94 - Morabito et al. (2016)

95 - Pang et al. (2016)

96 - Shao et al. (2016)

97 - Themistocleus et al. (2016)

98 - Haffke et al. (2016)

99 - Gerth and Peppard (2016)

100 - Arnitz et al. (2017)

101 - Benaroch and Chernobai (2017)

102 - Gerow et al. (2017)

103 - Bekkhus and Hallikainen (2017)

104 - Wunderlich and Beck (2018)

105 - Joia and Correia (2018)

106 - Carvalho et al. (2018)

107 - Onay et al. (2018)

108 - Wunderlich (2018)

109 - Taylor and Vithayathil (2018)

110 - F.-C. Liu et al. (2018)

111 - Richardson et al. (2018)

112 - Al-Taie et al. (2018)

113 - Sleep and Hulland (2019)

114 - Gong et al. (2019)

>

115 - La Paz et al. (2019)

XX | X | X

116 - Cecilia Feng and Wang (2019)

117 - Gonzalez et al. (2019)

118 - W. Lietal. (2019)

119 - Banker and Feng (2019)

120 - Pabst von Ohain (2019)

121 - Aljazzaf et al. (2019)

122 - Ghawe and Gonzalez (2019)

123 - Jones et al. (2020)

124 - George and Howard (2020)

125 - Tuya et al. (2020)

126 - Hsu and Liu (2019)

127 - Mehta et al. (2019)

128 - Engesmo and Panteli (2020)

129 - Noonpakdee et al. (2020)

130 - Velinov et al. (2020)

131 - Engesmo and Panteli (2021)

XX | X | X|[X|X

XX | X | X




132 - Denford and Schobel (2021) X
133 - Smith et al. (2021) X
134 - D. Q. Chen et al. (2021) X X
135-J. Li et al. (2021) X | X X X
136 - W. Li et al. (2021) X
137 - Parra et al. (2021) X X
138 - Haislip et al. (2021) X
139 - Gonzalez and Ashworth (2021) X
140 - Cong Feng et al. (2021) X
141 - Gaffley and Pelser (2021) X X
142 - Barnes et al. (2021) X | X X X
143 - Karanja et al. (2021) X X
144 - Zhang et al. (2021) X X
145 - Scuotto et al. (2022) X X

Global key-route main paths References

Aljazzaf, S., Mithas, S., & Park, Y. (2019). The Information Technology Reporting Structure and Firm Performance:
A Configurational Approach. In Proceedings of the 25th Americas Conference on Information Systems. Cancun.
https://aisel.aisnet.org/amcis2019/strategic_uses_it/strategic_uses_it/20

Al-Taie, M., Lane, M., & Cater-Steel, A. (2014). The Relationship Between Organisational Strategic IT Vision and
CIO Roles: One Size Does Not Fit All. Australasian Journal of Information Systems, 18(2), 59-89.
https://doi.org/10.3127/ajis.v18i2.827

Al-Taie, M., Lane, M., & Cater-Steel, A. (2018). An Empirical Assessment of the CIO Role Expectations Instrument
Using PLS Path Modelling. Communications of the Association for Information Systems, 42(1), 1-20.
https://doi.org/10.17705/1CAIS.04201

Applegate, L. M., & Elam, J. J. (1992). New Information Systems Leaders: A Changing Role in a Changing World.
MIS Quatrterly, 16(4), 469-490. https://doi.org/10.2307/249732

Armstrong, C., & Sambamurthy, V. (1996). Creating Business Value Through Information Technology: The Effects
of Chief Information Officer and Top Management Team Characteristics. In Proceedings of the 18th
International Conference on Information Systems. Cleveland, OH. https://aisel.aisnet.org/icis1996/14/

Armstrong, C., & Sambamurthy, V. (1999). Information Technology Assimilation in Firms: The Influence of Senior
Leadership  and IT Infrastructures. Information Systems Research, 10(4), 304-327.
https://doi.org/10.1287/isre.10.4.304

Arnitz, T., Hitter, A., & Riedl, R. (2017). Mutual Trust between the Chief Information Officer and Chief Executive
Officer: Insights from an Exploratory Interview Study. Journal of Information Technology Theory and
Application, 18(3), 66—99. https://aisel.aisnet.org/jitta/vol18/iss3/4

Banker, R. D., & Feng, C [Cecilia] (2019). The Impact of Information Security Breach Incidents on CIO Turnover.
Journal of Information Systems, 33(3), 309-329. https://doi.org/10.2308/isys-52532

Banker, R. D., Hu, N., Pavlou, P. A, & Luftman, J. (2011). CIO Reporting Structure, Strategic Positioning, and Firm
Performance. MIS Quarterly, 35(2), 487-504. https://doi.org/10.2307/23044053

Barnes, S., Rutter, R. N., La Paz, A. ., & Scornavacca, E. (2021). Empirical Identification of Skills Gaps Between
Chief Information Officer Supply and Demand: A Resource-Based View Using Machine Learning. Industrial
Management & Data Systems, 121(8), 1749-1766. https://doi.org/10.1108/IMDS-01-2021-0015

Bassellier, G.,, Gagnon, E., & Pinsonneault, A. (2008). CIO and CEO Heterogeneity, IT Support, and IT
Competitiveness in Stable and Unstable Environments: An Empirical Study. In Proceedings of the 14th
Americas Conference on Information Systems. Toronto, ON. https://aisel.aisnet.org/amcis2008/194/



Bekkhus, R., & Hallikainen, P. (2017). A New Dualistic CIO Toolbox: Towards Ambidexterity in the Digital Business
Transformation. In Atas da 172 Conferéncia da Associacdo Portuguesa de Sistemas de Informacéo.
Guimarées. https://doi.org/10.18803/capsi.v17.23-41

Benaroch, M., & Chernobai, A. (2017). Operational IT Failures, IT Value Destruction, and Board-Level IT
Governance Changes. MIS Quarterly, 41(3), 729-762. https://doi.org/10.25300/M1SQ/2017/41.3.04

Benjamin, R. I., Dickinson Jr, C., & Rockart, J. F. (1985). Changing Role of the Corporate Information Systems
Officer. MIS Quarterly, 9(3), 177-188. https://doi.org/10.2307/248947

Benlian, A., & Haffke, I. (2016). Does Mutuality Matter? Examining the Bilateral Nature and Effects of CEO-CIO
Mutual Understanding. The Journal of Strategic Information Systems, 25(2), 104-126.
https://doi.org/10.1016/}.jsis.2016.01.001

Carvalho, R., Trigo, A., Varajdo, J., Magalhdes, L. G., & Colomo-Palacios, R. (2018). Main CIO's Activities-
Evidences From a Delphi Survey Using Q-Sort. International Journal of Business Innovation and Research,
17(4), 456-476. https://doi.org/10.1504/1IBIR.2018.096366

Chatterjee, D., Richardson, V.J., & Zmud, R.W. (2001). Examining the Shareholder Wealth Effects of
Announcements of Newly Created CIO Positions. MIS Quatrterly, 25(1), 43—70. https://doi.org/10.2307/3250958

Chen, D. Q., & Preston, D. S. (2007). Understanding CIO Role Effectiveness: The Antecedents and Consequents.
In Proceedings of the 40th Hawaii International Conference on System Sciences. IEEE. Waikoloa, HI.
https://doi.org/10.1109/HICSS.2007.581

Chen, D. Q., Preston, D. S., & Tarafdar, M. (2015). From Innovative |.S. Strategy to Customer Value: The Roles of
Innovative Business Orientation, CIO Leadership and Organizational Climate. ACM SIGMIS Database, 46(2),
8-29. https://doi.org/10.1145/2795618.2795620

Chen, D. Q., Preston, D. S., & Xia, W. (2010). Antecedents and Effects of CIO Supply-Side and Demand-Side
Leadership: A Staged Maturity Model. Journal of Management Information Systems, 27(1), 231-272.
https://doi.org/10.2753/MIS0742-1222270110

Chen, D. Q., Zhang, Y., Xiao, J., & Xie, K. (2021). Making Digital Innovation Happen: A Chief Information Officer
Issue Selling Perspective. Information Systems Research, 32(3), 987-1008.
https://doi.org/10.1287/isre.2021.1008

Chen, Y.-C., & Wu, J.-H. (2011). IT Management Capability and Its Impact on the Performance of a CIO. Information
& Management, 48(4-5), 145-156. https://doi.org/10.1016/j.im.2011.04.001

Chun, M., & Mooney, J. (2009). CIO Roles and Responsibilities: Twenty-Five Years of Evolution and Change.
Information & Management, 46(6), 323—-334. https://doi.org/10.1016/j.im.2009.05.005

Cohen, J. F., & Dennis, C. M. (2010). Chief Information Officers: An Empirical Study of Competence, Organisational
Positioning and Implications for Performance. South African Journal of Economic and Management Sciences,
13(2), 203-221. https://doi.org/10.4102/sajems.v13i2.46

Correia, J. C. P., & Joia, L. A. (2014). CIO Competencies: A Social Representation Analysis. In Proceedings of the
20th Americas Conference on Information Systems. Savannah, GA.
https://aisel.aisnet.org/amcis2014/HumanCapitallS/GeneralPresentations/1

Dahlberg, T., Hokkanen, P., & Newman, M. (2016). How Business Strategy and Changes to Business Strategy
Impact the Role and the Tasks of CIOs: An Evolutionary Model. In Proceedings of the 49th Hawaii International
Conference on System Sciences (pp. 4910-4919). Koloa, HlI. https://doi.org/10.1109/HICSS.2016.609

Dawson, G. S., Denford, J. S., & Desouza, K. C. (2016). Governing Innovation in U.S. State Government: An
Ecosystem Perspective. The Journal of Strategic Information Systems, 25(4), 299-318.
https://doi.org/10.1016/}.jsis.2016.08.003

Dawson, G. S., Denford, J. S., Wiliams, C. K., Preston, D. S., & Desouza, K. C. (2016). An Examination of
Effective IT Governance in the Public Sector Using the Legal View of Agency Theory. Journal of Management
Information Systems, 33(4), 1180-1208. https://doi.org/10.1080/07421222.2016.1267533

Dawson, G. S., & Watson, R. T. (2011). Uncovering and Testing Archetypes of Effective Public Sector CIOs. ACM
Transactions on Management Information Systems, 2(1), 1-19. https://doi.org/10.1145/1929916.1929921



Denford, J. S., & Dacin, M. T. (2009). The CIO Position at the Crossroads: Two Institutional Views of a Management
Innovation. In Proceedings of the 15th Americas Conference on Information Systems. San Francisco, CA.
https://aisel.aisnet.org/amcis2009/461/

Denford, J. S., & Schobel, K. (2021). Public Sector CFOs and CIOs: Impacts of Work Proximity and Role
Perceptions. Journal of Accounting & Organizational Change, 17(3), 436-456. https://doi.org/10.1108/JAOC-
09-2019-0099

Ding, F., Li, D., & George, J. F. (2014). Investigating the Effects of IS Strategic Leadership on Organizational
Benefits From the Perspective of CIO Strategic Roles. Information & Management, 51(7), 865-879.
https://doi.org/10.1016/.im.2014.08.004

Earl, M. J., & Feeny, D. F. (1994). Is Your CIO Adding Value? Sloan Management Review, 35(3), 11-20.

Engesmo, J., & Panteli, N. (2020). Digital Transformation and Its Impact on IT Structure and Leadership. In
Proceedings of the 11th Scandinavian Conference on Information Systems. Sundsvall, Sweden.
https://aisel.aisnet.org/scis2020/4/

Engesmo, J., & Panteli, N. (2021). Digital Leaders and the Transformation of the IT Function. Scandinavian Journal
of Information Systems, 33(1), Article 4. https://aisel.aisnet.org/sjis/vol33/iss1/4

Enns, H. G., & Huff, S. L. (1999). CIO Influence Behaviors: Antecedents, Consequences, and Moderators. In
Proceedings of the 1999 ACM SIGCPR conference on Computer personnel research. New Orleans, LA.
https://doi.org/10.1145/299513.299675

Enns, H. G., & Huff, S. L. (2000). Chief Information Officer Influence: An Exploratory Study. In Proceedings of the
8th European Conference on Information Systems. Vienna. http://aisel.aisnet.org/ecis2000/181

Enns, H. G., Huff, S. L., & Golden, B. R. (2001). How CIOs Obtain Peer Commitment to Strategic IS Proposals:
Barriers and Facilitators. The Journal of Strategic Information Systems, 10(1), 3-14.
https://doi.org/10.1016/S0963-8687(01)00041-5

Enns, H. G., Huff, S. L., & Golden, B. R. (2003). CIO Influence Behaviors: The Impact of Technical Background.
Information & Management, 40(5), 467-485. https://doi.org/10.1016/S0378-7206(02)00040-X

Enns, H. G., Huff, S. L., & Higgins, C. A. (2003). CIO Lateral Influence Behaviors: Gaining Peers' Commitment to
Strategic Information Systems. MIS Quarterly, 27(1), 155-176. https://doi.org/10.2307/30036522

Enns, H. G., McFarlin, D. B., & Huff, S. L. (2007). How CIlOs Can Effectively Use Influence Behaviors. MIS
Quarterly Executive, 6(1), 29-38. https://aisel.aisnet.org/misge/vol6/iss1/6

Enns, H. G., McFarlin, D. B., & Sweeney, P. D. (2011). How CIOs Overcome the Competing Values Challenge:
Irish CIOs' Perspectives. Communications of the Association for Information Systems, 28(32), 549-560.
https://doi.org/10.17705/1CAIS.02832

Estevez, E., & Janowski, T. (2013). Landscaping Government Chief Information Officer Education. In Proceedings
of the 46th  Hawaii International  Conference on  System  Sciences. Wailea, HI.
https://doi.org/10.1109/HICSS.2013.379

Estevez, E., & Janowski, T. (2014). A Comprehensive Methodology for Establishing and Sustaining Government
Chief Information Officer Function. In Proceedings of the 8th International Conference on Theory and Practice
of Electronic Governance. Guimaraes. https://doi.org/10.1145/2691195.2691289

Feeny, D. F., Edwards, B. R., & Simpson, K. M. (1992). Understanding the CEO/CIO Relationship. MIS Quarterly,
16(4), 435—-448. https://doi.org/10.2307/249730

Feng, C [Cecilia], & Wang, T [Tawei] (2019). Does CIO Risk Appetite Matter? Evidence From Information Security
Breach Incidents. International Journal of Accounting Information Systems, 32, 59-75.
https://doi.org/10.1016/j.accinf.2018.11.001

Feng, C[Cong], Patel, P. C., & Fay, S. (2021). The Value of the Structural Power of the Chief Information Officer in
Enhancing Forward-Looking Firm Performance. Journal of Management Information Systems, 38(3), 765—797.
https://doi.org/10.1080/07421222.2021.1962599



Gaffley, G., & Pelser, T. G. (2021). Developing a Digital Transformation Model to Enhance the Strategy
Development Process for Leadership in the South African Manufacturing Sector. South African Journal of
Business Management, 52(1). https://doi.org/10.4102/sajbm.v52i1.2357

George, J., & Howard, G. R. (2020). A Chief Information Officer (CIO) Framework for Managing the Fourth Industrial
Revolution (4IR): An Exploratory Research Synthesis. In M. Themistocleous, M. Papadaki, & M. M. Kamal
(Eds.), Lecture Notes in Business Information Processing: Vol. 402. Information Systems (Vol. 402, pp. 673—
682). Springer International Publishing. https://doi.org/10.1007/978-3-030-63396-7_45

Gerow, J. E., Grover, V., & Thatcher, J. B. (2017). Can Political Skill Enhance Business and IT Knowledge?
Information Systems Management, 34(2), 157-171. https://doi.org/10.1080/10580530.2017.1288525

Gerow, J. E., Thatcher, J. B., & Grover, V. (2015). Six Types of IT-Business Strategic Alignment: An Investigation
of the Constructs and Their Measurement. European Journal of Information Systems, 24(5), 465-491.
https://doi.org/10.1057/ejis.2014.6

Gerth, A. B., & Peppard, J. (2014). How Newly Appointed CIOs Take Charge. MIS Quarterly Executive, 13(3), 159—
173. https://aisel.aisnet.org/misqe/vol13/iss3/3/

Gerth, A. B., & Peppard, J. (2016). The Dynamics of CIO Derailment: How CIOs Come Undone and How to Avoid
It. Business Horizons, 59(1), 61-70. https://doi.org/10.1016/j.bushor.2015.09.001

Gharawi, M., Estevez, E., & Janowski, T. (2014). Identifying Government Chief Information Officer Education and
Training Needs: The Case of Saudi Arabia. In Proceedings of the 15th Annual International Conference on
Digital Government Research. Aguascalientes. https://doi.org/10.1145/2612733.2612764

Ghawe, A., & Gonzalez, P. (2019). Context in Information Systems Leadership. In Proceedings of the 25th
Americas Conference on Information Systems. Cancun.
https://aisel.aisnet.org/amcis2019/is_leadership/is_leadership/5/

Gong, Y., Janssen, M. F., & Weerakkody, V. (2019). Current and Expected Roles and Capabilities of ClOs for the
Innovation and Adoption of New Technology. In Proceedings of the 20th Annual International Conference on
Digital Government Research. Dubai. https://doi.org/10.1145/3325112.3325214

Gonzalez, P. A., & Ashworth, L. (2021). Not Your Typical Leader? How Perceptions of CIOs Compare to Other
Members of the Top Management Team. Communications of the Association for Information Systems, 49(1),
515-534. https://doi.org/10.17705/1cais.04925

Gonzalez, P. A., Ashworth, L., & McKeen, J. (2019). The CIO Stereotype: Content, Bias, and Impact. The Journal
of Strategic Information Systems, 28(1), 83-99. https://doi.org/10.1016/j.jsis.2018.09.002

Grover, V., Jeong, S.-R., Kettinger, W. J., & Lee, C. C. (1993). The Chief Information Officer: A Study of Managerial
Roles. Journal of Management Information Systems, 10(2), 107-130.
https://doi.org/10.1080/07421222.1993.11518002

Gupta, Y. P. (1991). The Chief Executive Officer and the Chief Information Officer: The Strategic Partnership.
Journal of Information Technology, 6, 128-139. https://doi.org/10.1057/jit.1991.28

Haffke, I., Kalgovas, B. J., & Benlian, A. (2016). The Role of the CIO and the CDO in an Organization's Digital
Transformation. In Proceedings of the 37th International Conference on Information Systems. Dublin.
https://aisel.aisnet.org/icis2016/1SStrategy/Presentations/3

Haislip, J., Lim, J.-H., & Pinsker, R. (2021). The Impact of Executives' IT Expertise on Reported Data Security
Breaches. Information Systems Research, 32(2), 318-334. https://doi.org/10.1287/isre.2020.0986

Hirschheim, R., Porra, J., & Parks, M. S. (2003). The Evolution of the Corporate IT Function and the Role of the
CIO at Texaco: How Do Perceptions of IT's Performance Get Formed? ACM SIGMIS Database, 34(4), 8-27.
https://doi.org/10.1145/957758.957762

Hsu, H.-T., & Liu, F.-C. (2019). How Chief Information Officer Drives Innovation? In Proceedings of the 40th
International Conference on Information Systems. Munich.
https://aisel.aisnet.org/icis2019/governance_is/governance_is/20



Hu, Q., Yayla, A. A., & Lei, Y. (2014). Does Inclusion of CIO in Top Management Team Impact Firm Performance?
Evidence from a Long-Term Event Analysis. In Proceedings of the 47th Hawaii International Conference on
System Sciences. Waikoloa, HI. https://doi.org/10.1109/HICSS.2014.537

Hussain, B., Turner, T., & Imran, A. (2016). Issues in the Transition to CIO Role in the Public Sector of Developing
Countries. In Proceedings of the 49th Hawaii International Conference on System Sciences. Koloa, HI.
https://doi.org/10.1109/HICSS.2016.379

Huatter, A., Arnitz, T., & Riedl, R. (2016). Effective CIO/CEO Communication. In Proceedings of the Multikonferenz
Wirtschaftsinformatik (pp. 1523-1534). limenau.

Johnson, A. M., & Lederer, A. L. (2005). The Effect of Communication Frequency and Channel Richness on the
Convergence Between Chief Executive and Chief Information Officers. Journal of Management Information
Systems, 22(2), 227-252. https://doi.org/10.1080/07421222.2005.11045842

Johnson, A. M., & Lederer, A. L. (2007). The Impact of Communication between CEOs and CIOs on their Shared
Views of the Current and Future Role of IT. Information Systems Management, 24(1), 85-90.
https://doi.org/10.1080/10580530601038246

Johnson, A. M., & Lederer, A. L. (2010). CEO/CIO Mutual Understanding, Strategic Alignment, and the Contribution
of IS to the Organization. Information & Management, 47(3), 138-149. https://doi.org/10.1016/j.im.2010.01.002

Joia, L. A., & Correia, J. C. P. (2018). CIO Competencies From the IT Professional Perspective: Insights From
Brazil. Journal of Global Information Management, 26(2), 74—103. https://doi.org/10.4018/JGIM.2018040104

Jones, M. C., Kappelman, L., Pavur, R., Nguyen, Q. N., & Johnson, V. L. (2020). Pathways to Being CIO: The Role
of Background Revisited. Information & Management, 57(5), 103234. https://doi.org/10.1016/j.im.2019.103234

Jones, M. C., Taylor, G., & Spencer, B. A. (1995). The CEO/CIO Relationship Revisited: An Empirical Assessment
of Satisfaction With IS. Information & Management, 29(3), 123-130. https://doi.org/10.1016/0378-
7206(95)00014-N

Kaarst-Brown, M. L. (2005). Understanding an Organization's View of the CIO: The Role of Assumptions About IT.
MIS Quarterly Executive, 4(2), 287-301. https://aisel.aisnet.org/misge/vold/iss2/4

Kalgovas, B., van Toorn, C., & Conboy, K. (2014a). Towards Achieving Ambidexterity: An Exploratory Study of
Australian CIOs. In Proceedings of the 25th Australasian Conference on Information Systems. Auckland.
http://hdl.handle.net/10292/8032

Kalgovas, B., van Toorn, C., & Conboy, K. (2014b). Transcending the Barriers to Ambidexterity: An Exploratory
Study of Australian CIOs. In Proceedings of the 22nd European Conference on Information Systems. Tel Aviv.
https://aisel.aisnet.org/ecis2014/proceedings/track15/14/

Karahanna, E., & Preston, D. S. (2013). The Effect of Social Capital of the Relationship Between the CIO and Top
Management Team on Firm Performance. Journal of Management Information Systems, 30(1), 15-56.
https://doi.org/10.2753/MIS0742-1222300101

Karanja, E., Grant, D., & Zaveri, J. S. (2021). CIO Reporting Structure and Firm Strategic Orientation — A Content
Analysis  Approach. Journal of Systems and Information Technology, 23(1), 20-52.
https://doi.org/10.1108/JSIT-02-2020-0022

Karimi, J., Gupta, Y. P., & Somers, T. M. (1996). The Congruence between a Firm's Competitive Strategy and
Information Technology Leader's Rank and Role. Journal of Management Information Systems, 13(1), 63—88.
https://doi.org/10.1080/07421222.1996.11518112

Kearns, G. S., & Lederer, A. L. (2003). A Resource-Based View of Strategic IT Alignment; How Knowledge Sharing
Creates Competitive Advantage. Decision Sciences, 34(1), 1-29. https://doi.org/10.1111/1540-5915.02289

Kearns, G. S., & Sabherwal, R. (2006). Strategic Alignment Between Business and Information Technology: A
Knowledge-Based View of Behaviors, Outcome, and Consequences. Journal of Management Information
Systems, 23(3), 129-162. https://doi.org/10.2753/MIS0742-1222230306

Kearns, G. S., & Sabherwal, R. (2007). Antecedents and Consequences of Information Systems Planning
Integration. IEEE Transactions on Engineering Management, 54(4), 628—-643.
https://doi.org/10.1109/TEM.2007.906848



Khallaf, A., & Skantz, T. (2011). Does Long Term Performance Improve Following the Appointment of a CIO?
International Journal of Accounting Information Systems, 12(1), 57-78.
https://doi.org/10.1016/j.accinf.2010.08.002

Khallaf, A., & Skantz, T. R. (2015). R&D Productivity Following First-Time CIO Appointments. International Journal
of Accounting Information Systems, 16, 55—72. https://doi.org/10.1016/j.accinf.2014.01.004

Kohli, R., & Johnson, S. (2011). Digital Transformation in Latecomer Industries: CIO and CEO Leadership Lessons
from Encana Oil & Gas (USA) Inc. MIS Quarterly Executive, 10(4), 141-156.
https://aisel.aisnet.org/misge/vol10/iss4/3

La Paz, A., Vasquez, J., & Miranda, J. (2019). The CIO Gap and Mismatch. IT Professional, 21(2), 66-72.
https://doi.org/10.1109/MITP.2018.2883089

Law, C. C., & Ngai, E. W. (2007). IT Infrastructure Capabilities and Business Process Improvements: Assocation
with IT Governance Characteristics. Information Resources Management Journal, 20(4), 25-47.
https://doi.org/10.4018/irmj.2007100103

Leidner, D. E., & Mackay, J. M. (2007). How Incoming CIOs Transition into Their New Jobs. MIS Quarterly
Executive, 6(1), 17-28. https://aisel.aisnet.org/misqe/vol6/iss1/5/

Li, D., Ding, F., & Wu, J. (2012). Innovative Usage Of Information Systems: Does CIO Role Effectiveness Matter?
In Proceedings of the 16th Pacific Asia Conference on Information Systems. Ho Chi Minh City.
http://aisel.aisnet.org/pacis2012/81

Li, J., Li, M [Mengxiang], Wang, X., & Bennett Thatcher, J. (2021). Strategic Directions for Al: The Role of CIOs and
Boards of Directors. MIS Quarterly, 45(3), 1603-1644. https://doi.org/10.25300/misq/2021/16523

Li, M [Mingfang], & Ye, L. R. (1999). Information Technology and Firm Performance: Linking With Environmental,
Strategic and Managerial Contexts. Information & Management, 35(1), 43-51. https://doi.org/10.1016/s0378-
7206(98)00075-5

Li, W., Phang, S.-Y., Choi, K. W., & Ho, S. Y. (2021). The Strategic Role of CIOs in IT Controls: IT Control
Weaknesses and Clo Turnover. Information & Management, 58(6), 103429.
https://doi.org/10.1016/j.im.2021.103429

Li, W., Wu, D., Phang, S.-Y., & Choi, K. W. (2019). CIO Turnover and Subsequent Remediation of Information
Technology Material Weaknesses. In Proceedings of the 23rd Pacific Asia Conference on Information Systems.
Xi'an. https://aisel.aisnet.org/pacis2019/47

Li, Y., & Tan, C.-H. (2013). Matching Business Strategy and CIO Characteristics: The Impact on Organizational
Performance. Journal of Business Research, 66(2), 248—259. https://doi.org/10.1016/j.jbusres.2012.07.017

Li, Y., Tan, C.-H., Teo, H.-H., & Tan, B. (2006). Innovative Usage of Information Technology in Singapore
Organizations: Do CIO Characteristics Make a Difference? IEEE Transactions on Engineering Management,
53(2), 177-190. https://doi.org/10.1109/TEM.2006.872250

Lim, J.-H., Han, K., & Mithas, S. (2013). How CIO Position Influences Information Technology Investments and Firm
Performance. In Proceedings of the 34th International Conference on Information Systems. Milan.
https://aisel.aisnet.org/icis2013/proceedings/GovernanceManagement/5/

Lim, J.-H., Stratopoulos, T. C., & Wirjanto, T. S. (2012). Role of IT Executives in the Firm's Ability to Achieve
Competitive Advantage Through IT Capability. International Journal of Accounting Information Systems, 13(1),
21-40. https://doi.org/10.1016/j.accinf.2011.07.001

Lim, J.-H., Stratopoulos, T. C., & Wirjanto, T. S. (2013). Sustainability of a Firm's Reputation for Information
Technology Capability: The Role of Senior IT Executives. Journal of Management Information Systems, 30(1),
57-96. https://doi.org/10.2753/MIS0742-1222300102

Liu, B, Luan, S., & Li, D. (2014). IT-Enabled Business Innovation: Does CIO Capability Matter? a Perspective From
Institutional Entrepreneurship Theory. In Proceedings of the 18th Pacific Asia Conference on Information
Systems. Chengdu. http://aisel.aisnet.org/pacis2014/10



Liu, F.-C., Hsu, H.-T., & Yen, D. C. (2018). Technology Executives in the Changing Accounting Information
Environment: Impact of IFRS Adoption on CIO Compensation. Information & Management, 55(7), 877—-889.
https://doi.org/10.1016/}.im.2018.04.002

Luo, W. (2016). The Inclusion of CIOs in Top Management Teams: A longitudinal study of the strategic role of IT.
Information Resources Management Journal, 29(3), 37-52. https://doi.org/10.4018/IRMJ.2016070103

Malladi, S., & Krishnan, M. S. (2012). Cloud Computing Adoption and Its Implications for CIO Strategic Focus — an
Empirical Analysis. In Proceedings of the 33rd International Conference on Information Systems. Orlando, FL.
https://aisel.aisnet.org/icis2012/proceedings/GovernanceManagement/10

Mehta, N., Sambamurthy, V., & lyer, L. (2019). Plate-Spinning for Success: ClOs, Embrace your Role Paradoxes!
In  Proceedings of the 40th International Conference on Information Systems. Munich.
https://aisel.aisnet.org/icis2019/practice_is_research/practice_is_research/10

Morabito, V., Viscusi, G., & Themistocleus, M. (2016). Big Data and Analytics Leaders: The Changing Role of CIO.
In Proceedings of the 2016 ACM SIGMIS Conference on Computers and People Research. Alexandria, VA.
https://doi.org/10.1145/2890602.2890619

Noonpakdee, W., Phothichai, A., Khunkornsiri, T., & Nuntree, A. (2020). CIO Competency in Digital Era: A
Comparative Study between Government Organizations and Private Enterprises. In Proceedings of the 7th
International Conference on Industrial Engineering and Applications. Bangkok.
https://doi.org/10.1109/ICIEA49774.2020.9101988

Onay, C., Ozding, G., & Cavusyan, S. (2018). Digital Transformation: A Mutual Understanding and Strategic
Alignment Perspective. In Proceedings of the 39th International Conference on Information Systems. San
Francisco, CA. https://aisel.aishet.org/icis2018/innovation/Presentations/11

Pabst von Ohain, B. (2019). Leader Attributes for Successful Digital Transformation. In Proceedings of the 40th
International Conference on Information Systems. Munich.
https://aisel.aisnet.org/icis2019/practice_is_research/practice_is_research/5

Pang, M.-S., Tafti, A., & Krishnan, M. S. (2016). Do CIO IT Budgets Explain Bigger or Smaller Governments?
Theory and Evidence from U.S. State Governments. Management Science, 62(4), 1020-1041.
https://doi.org/10.1287/mnsc.2015.2164

Parra, D. T., Hernan Talero-Sarmiento, L., Ortiz, J. D., & Guerrero, C. D. (2021). Technology Readiness for IoT
Adoption in Colombian SMEs. In 16th Iberian Conference on Information Systems and Technologies. IEEE.
Chaves, Portugal. https://doi.org/10.23919/CISTI52073.2021.9476499

Peppard, J. (2010). Unlocking the Performance of the Chief Information Officer (ClO). California Management
Review, 52(4), 73-99. https://doi.org/10.1525/cmr.2010.52.4.73

Peppard, J., Edwards, C., & Lambert, R. (2011). Clarifying the Ambiguous Role of the CIO. MIS Quarterly
Executive, 10(1), 31-44. https://aisel.aisnet.org/misqe/vol10/iss1/3

Preston, D. S. (2004). Mechanisms for the Development of Shared Mental Models between the CIO and the Top
Management Team. In Proceedings of the 25th International Conference on Information Systems. Washington,
DC. https://aisel.aisnet.org/icis2004/37

Preston, D. S., Chen, D. Q., & Leidner, D. E. (2008). Examining the Antecedents and Consequences of CIO
Strategic Decision-Making Authority: An Empirical Study. Decision Sciences, 39(4), 605-642.
https://doi.org/10.1111/j.1540-5915.2008.00206.x

Preston, D. S., & Karahanna, E. (2009a). Antecedents of IS Strategic Alignment: A Nomological Network.
Information Systems Research, 20(2), 159-179. https://doi.org/10.1287/isre.1070.0159

Preston, D. S., & Karahanna, E. (2009b). How to Develop a Shared Vision: The Key to IS Strategic Alignment. MIS
Quarterly Executive, 8(1), 1-8. https://aisel.aisnet.org/misqe/vol8/iss1/6

Preston, D. S., Karahanna, E., & Rowe, F. (2006). Development of Shared Understanding Between the Chief
Information Officer and Top Management Team in U.S. and French Organizations: A Cross-Cultural
Comparison. IEEE Transactions on Engineering Management, 53(2), 191-206.
https://doi.org/10.1109/TEM.2006.872244



Preston, D. S., Leidner, D. E., & Chen, D. Q. (2008). CIO Leadership Profiles: Implications of Matching CIO
Authority and Leadership Capabilty on IT Impact. MIS Quarterly Executive, 7(2), 57-69.
https://aisel.aisnet.org/misqe/vol7/iss2/3

Raghunathan, B., & Raghunathan, T. S. (1989). Relationship of the Rank of Information Systems Executive to the
Organizational Role and Planning Dimensions of Information Systems. Journal of Management Information
Systems, 6(1), 111-126. https://doi.org/10.1080/07421222.1989.11517852

Ranganathan, C., & Jha, S. (2008). Do ClOs Matter? Assessing the Value of CIO Presence in Top Management
Teams. In Proceedings of the 29th International Conference on Information Systems. Paris.
https://aisel.aisnet.org/icis2008/56

Richardson, V. J., Sanchez, J. M., Setia, P., & Smith, R. (2018). Determinants and Consequences of Chief
Information Officer Equity Incentives. International Journal of Accounting Information Systems, 31, 37-57.
https://doi.org/10.1016/j.accinf.2018.09.005

Rockart, J. F., Ball, L., & Bullen, C. V. (1982). Future Role of the Information Systems Executive. MIS Quarterly, 6,
1-14. https://doi.org/10.2307/248989

Ross, J. W., & Feeny, D. F. (1999). The Evolving Role of the CIO. Zmud, R.W. (ed.) Framing the domains of IT
management: projecting the future...through the past (pp. 385—-402). Pinnaflex Press, Cincinnati (2000). Also
published as CISR working paper No. 308 (August 1999).

Saldanha, T. J., & Krishnan, M. S. (2011). Leveraging IT for Business Innovation: Does the Role of the CIO Matter?
In Proceedings of the 32nd International Conference on Information Systems. Shanghai.
https://aisel.aisnet.org/icis2011/proceedings/organization/17

Scuotto, V., Magni, D., Palladino, R., & Nicotra, M. (2022). Triggering Disruptive Technology Absorptive Capacity
by CIOs. Explorative Research on a Micro-Foundation Lens. Technological Forecasting and Social Change,
174, 121234. https://doi.org/10.1016/j.techfore.2021.121234

Seddon, P. B., Walker, D., Reynolds, P., & Willcocks, L. (2008). A Case-Based Assessment of the Descriptiveness
of Three CIO Typologies and Validity of Two CIO-Effectiveness Models. In Proceedings of the 19th Australasian
Conference on Information Systems. Christchurch. http://aisel.aisnet.org/acis2008/90

Shao, Z., Wang, T [Tienan], & Feng, Y. (2016). Impact of Chief Information Officer's Strategic Knowledge and
Structural Power on Enterprise Systems Success. Industrial Management & Data Systems, 116(1), 43-64.
https://doi.org/10.1108/IMDS-05-2015-0186

Sleep, S., & Hulland, J. (2019). Is Big Data Driving Cooperation in the C-Suite? The Evolving Relationship Between
the Chief Marketing Officer and Chief Information Officer. Journal of Strategic Marketing, 27(8), 666—678.
https://doi.org/10.1080/0965254X.2018.1464496

Smaltz, D. H.,, Sambamurthy, V., & Agarwal, R. (2006). The Antecedents of CIO Role Effectiveness in
Organizations: An Empirical Study in the Healthcare Sector. IEEE Transactions on Engineering Management,
53(2), 207-222. https://doi.org/10.1109/tem.2006.872248

Smith, T., Tadesse, A. F., & Vincent, N. E. (2021). The Impact of CIO Characteristics on Data Breaches.
International Journal of Accounting Information Systems, 43, 100532.
https://doi.org/10.1016/j.accinf.2021.100532

Sobol, M. G., & Klein, G. (2009). Relation of CIO Background, IT Infrastructure, and Economic Performance.
Information & Management, 46(5), 271-278. https://doi.org/10.1016/j.im.2009.05.001

Stephens, C. S., Ledbetter, W. N., Mitra, A., & Ford, F. N. (1992). Executive of Functional Manager? The Nature of
the CIO's Job. MIS Quarterly, 16(4), 449-467. https://doi.org/10.2307/249731

Tan, F. B., & Gallupe, R. B. (2006). Aligning Business and Information Systems Thinking: A Cognitive Approach.
IEEE Transactions on Engineering Management, 53(2), 223—-237. https://doi.org/10.1109/TEM.2006.872243

Taylor, J. (2015). Powerful Technology Leadership and Growing the Top Line. In Proceedings of the 21st Americas
Conference on Information Systems. Fajardo.
https://aisel.aisnet.org/amcis2015/HumanCapital/GeneralPresentations/1

Taylor, J., & Vithayathil, J. (2018). Who Delivers the Bigger Bang for the Buck: CMO or CIO? The Journal of
Strategic Information Systems, 27(3), 207-220. https://doi.org/10.1016/j.jsis.2018.04.001



Themistocleus, M., Morabito, V., & Viscusi, G. (2016). The Impact of Big Data and Analytics on CIO Role. In
Proceedings of the 13th European Mediterranean & Middle Eastern Conference on Information Systems.
Krakow.

Tuya, M. de, Cook, M., Sutherland, M., & Luna-Reyes, L. F. (2020). The Leading Role of the Government CIO at
the Local Level: Strategic Opportunities and Challenges. Government Information Quarterly, 37(3), 101218.
https://doi.org/10.1016/j.9iq.2017.01.002

Velinov, E., Maly, M., Petrenko, Y., Denisov, |, & Vassilev, V. (2020). The Role of Top Management Team
Digitalization and Firm Internationalization for Sustainable Business. Sustainability, 12(22), 9502.
https://doi.org/10.3390/su12229502

Watts, S., & Henderson, J. C. (2006). Innovative IT Climates: CIO Perspectives. The Journal of Strategic
Information Systems, 15(2), 125-151. https://doi.org/10.1016/j.jsis.2005.08.001

Weill, P., & Woerner, S. L. (2013). The Future of the CIO in a Digital Economy. MIS Quarterly Executive, 12(2), 65—
75. https://aisel.aisnet.org/misqe/vol12/iss2/3

Wu, J.-H., Chen, Y.-C., & Sambamurthy, V. (2008). The Impacts of BTM Capability and CIO Role Effectiveness on
Firms' Information Technology Assimilation: An Empirical Study. In Proceedings of the 29th International
Conference on Information Systems. Paris. https://aisel.aisnet.org/icis2008/76

Waunderlich, N. (2018). Exterminate? - Who Influences IT Alignment and Digital Business Strategy. In Proceedings
of the 26th European Conference on Information Systems. Portsmouth. https://aisel.aisnet.org/ecis2018 rp/159

Wunderlich, N., & Beck, R. (2018). You'll Be Surprised - Digital Business Strategy as Driver of Organizational
Innovativeness. In Proceedings of the 51st Hawaii International Conference on System Sciences (pp. 4035—
4044). Hilton Waikoloa Village, HI. https://doi.org/10.24251/HICSS.2018.508

Yayla, A. A., & Hu, Q. (2014). The Effect of Board of Directors’ IT Awareness on CIO Compensation and Firm
Performance. Decision Sciences, 45(3), 401-436. https://doi.org/10.1111/deci.12077

Zafar, H., Ko, M. S., & Osei-Bryson, K.-M. (2016). The Value of the CIO in the Top Management Team on
Performance in the Case of Information Security Breaches. Information Systems Frontiers, 18(6), 1205-1215.
https://doi.org/10.1007/s10796-015-9562-5

Zhang, Y., Chen, D. Q., & Liu, C. (2021). How CIO Palitical Skill Influences Organizational Agility: The Mediating
Role of CIO-Top Management Team Behavioral Integration. In Proceedings of the 42nd International
Conference on Information Systems. Austin, Texas.
https://aisel.aisnet.org/icis2021/governance/governance/15



Figure 1. Exemplary citation network with SPC values
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Figure 4. Complete citation network of CIO research (left) and global key-route main paths (right) until the

end of 2021
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Table 1. Overview of CIO research reviews

Time | Review Papers
Author(s) frame | type Sources in scope analyzed | Key findings
Seven themes in prior research: Role of CIO,
Karahanna 1982- TMT'’s role in IS leadership, CIO effectiveness,
and Watson 2006 General | n/a 43 CIO/TMT relationship, CIO’s organizational
(2006) impact, IS strategic alignment, and CIO
characteristics.
EBSCO database and )
top 100 journals in Summary and comparison of research on
. ) different functional TMT members, e.g., Chief
.| business, finance, and , ) i ,
Specific . Financial Officer (CFO), ClO, and Chief
Menz 1976- b management categories 39 Technologv Officer (CTO). S fion of
(2012) 2009 sub- as indicated in the echnology Officer ( . )- ugges ion of a .
stream . . framework that sets their roles into perspective to
Social Sciences ,
Citation Index 2008 other TMT members as well as the environmental
) ttation in ?X and organizational context.
journal ranking
i
Singh 1981- SS;’_CI ' o/a 28 Identification of gaps in CIO role research through
(2015) 2011 the lens of ClO role effectiveness
stream
Google Scholar, Web of
Ghawe and 1990- Specific | Science, ABI/INFORM Discussion of leadership characteristics and
Brohman 2015 sub- Global, and ProQuest, | 48 styles of ClOs and development of a CIO
(2016) stream | incl. forward and leadership framework.
backward search
Proposal of six types of CIO roles from existing
AIS Electronic Library, ||tergture: tgchnolggy proylder,lstratl(ag|c suPporter,
- business thinker, innovation driver, integration
. Specific | EBSCOhost, and . L
Hutter and 1981- . . . advisor, and relationship manager. Further
, sub- Science Direct, incl. 98 . . .
Riedl (2017) | 2015 discussion of how each role can achieve
stream | forward and backward . .
effectiveness based on four influence factors: CIO
search . . o
personal competence, ClO hierarchical position,
management environment, and IT infrastructure.
. , Development of a framework for IS strategic
Senior Scholars . o
. leadership research considering the factors IS
Shawosh 2007- Basket, Information & ) ;
General 33 leadership, TMT members, environmental
(2018) 2017 Management, and - o
. context, organizational context, organizational
MISQ Executive
outcome, and IS-related outcomes.
Contribution of IS executives to organizational
performance through the classification of CIO
research using the inputs, mediators, outcomes
Senior Scholars’ (IMO) framework. The following research themes
Drechsler 198°- General | Basket, MISQ 47 are identified: Educational and professional
(2020) 2019 ’ ' P

Executive, and ICIS

background, knowledge, skills and traits, behavior
and roles, relationship with the CEO, relationship
with other TMT members, level of power,
structure, strategy, and information technology.




Table 2. Research streams in CIO research until the end of 2021

Number of Thereof journal
Research stream Start year | papers publications
Evolving role of the CIO 1982 31 23 (74%)
CIO hierarchical position and relationships 1989 41 31 (76%)
CIlO influence behaviors 1994 11 8 (73%)
Strategic IT alignment 1999 19 16 (84%)
CIO appointment, turnover, and compensation | 2001 19 15 (79%)
CIlO as business enabler 2006 40 19 (48%)
Public sector CIO 201 11 6 (55%)
ClOs and IT security 2016 6 6 (100%)
Total 145 100 (69%)

*Double count of papers is possible as some papers are assigned to two research streams.




Table 3. Research streams identified by other reviews
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Table 4. Potential future research questions in CIO research

Research
stream Indicative potential research questions
How do new technologies, e.g., big data, advanced analytics, or artificial intelligence, impact the roles and
activities of ClOs?
How do CIO characteristics and TMT composition influence the adoption of new technology (e.g., Al)?
Evolving role | What are the competencies required by future CIOs?
of the CIO What are the different ClO roles needed dependent on the importance of IT in an organization and its strategic
direction (differentiator vs cost leader)?
How does the role of the CIO need to evolve to address the challenges of SMEs?
What are ways for SMEs to get access to ClO knowledge and experience?
ClOo What reporting structure between CIO and other IS executives (e.g., CDO, CTO) positively influences
hierarchical organizational performance?
position and What communication types and frequency between CIlO and other IS executives (e.g., CDO, CTO) increase

relationships

organizational performance?

clo , What influence do the motivations of different stakeholders (e.g., CEO, CFO, CEOQ, board of directors) have on
appointment, | ¢ appointment and tumover?
tumover, and ' )
compensation What are the actual reasons for CIO appointment and turnover?
What are the key success factors for ClOs to master ambidexterity?
What is the impact of outsourcing/cloud technologies on the balance between supply- and demand-side
leadership?
clo What is the impact of splitting supply- and demand-side leadership into two separate roles (CIO and CDO)?
busi as How could an appropriate governance look?
usiness
enabler Why do organizations appoint a CDO or CTO to complement or even replace the CIO? What are the effects of

such changes on organizational performance?
How can TMT members as well as middle managers positively influence digital transformation?

What is the impact of organizational strategy, context, and leadership styles on the CIO’s ability to enable
business innovation?

Public sector
CIO

What changes in organizational structure and governance are needed in public sector organizations to support
digital transformation and innovation?

Could a dedicated role for digital transformation and innovation, e.g., a CDO, help unwind existing rigid
structures and speed up the change?

How can experienced IT executives be attracted and retained? What could be other innovative ways of getting
access to such experience?

ClOsand IT
security

What are common root causes for IT security breaches in organizations, and how could the CIO or CISO help
to avoid them?

What are lessons learnt from IT security breaches? What are best practices for executives to minimize the risk
of future breaches and mitigate their effects?
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