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Abstract. Information Technology (IT) industries’ knowledge and ability to
innovate, heavily relies in the skills of the IT professionals. In particular, ineffi‐
ciencies usually come from the lack of skills or IT professionals’ inability to apply
them in a way that allows a firm to adapt and evolve concurrently with business
demands. In order to examine the interplay of skills related with data analysis,
entrepreneurship, business, communication and collaboration, and their
combined effect in enhancing employees’ perceived work performance, a concep‐
tual model is developed and examined on a data sample of 72 IT professionals,
through fuzzy-set qualitative comparative analysis (fsQCA). The findings indi‐
cate five configurations that lead to high perceived work performance. The
outcomes of the analysis show the importance of collaboration and entrepreneur‐
ship, since they appear in most of the configurations/solutions; but also the impor‐
tance of data analysis, which can lead to high work performance even with the
absence of all the other skills. This study also confirms that the identified skills
portray to a good extend IT professionals’ work performance, which is critical
for a firm to evolve and innovate.

Keywords: Data analytics skills · Entrepreneurial Skills · Business Skills ·
Communication Skills · Collaboration Skills · Work Performance · IT
professionals

1 Introduction

IT firms’ performance and competitiveness depends to a great extent on IT professionals’
knowledge and expertise towards the software development process [28] as well as their
non-technical skills (e.g., management, communication) [7]. Prior research guides how
to manage the organizations [10], and highlights the importance of both technical and
non-technical skills and competences [7, 22]. Related work however do not incorporate
skill related with the 21st century technological developments [35], like understanding/
analyzing big data and entrepreneurship amongst others [1, 3, 23]. Despite the fact that
those technological developments provide a way forward for solving the global chal‐
lenges of the 21st century, building sustainable development, and advancing human
welfare [35], it is still unclear how those skills might benefit IT professionals’ evolve‐
ment and performance.
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IT professional’s performance has been investigated considering different skills,
however, mainly, without studying the existence of different combinations among these
skills, which may lead to different models explaining IT professionals performance.
Such approaches (e.g., multiple regression analysis, structural equation modelling)
assume that relations among the variables are symmetric and offer one single best solu‐
tion explaining the outcome. This may be misleading as within a sample the variables
may also have asymmetric relationships, not identifiable by variance based approaches
[36]. Multiple configurations of the examined skills that lead to multiple solutions,
explaining the same result, representing a larger part of the sample, need to be identified.
This paper complements prior work by utilize multiple configurations to explain how
various skills might combine to result high work performance of IT professionals.

This exploratory study draws data from 72 IT professionals, to better understand
how selected important skills (namely: data analytics, entrepreneurial, collaborative,
communication and business skills) influence perceived work performance. Thus, we
build on complexity theory and configuration theory and employ the novel fuzzy-set
Qualitative Comparative Analysis (fsQCA) [5] in order to identify multiple solutions of
the various skills that result high work performance of the IT professionals. FsQCA is
appropriate for explaining the complex interrelations among variables, as their combi‐
nations and interdependencies lead to the desired outcome and is suitable because it may
offer valid responses in studies with small samples [5]. FsQCA has received increased
attention in different areas, such as business [20], learning analytics [18] and others [19],
and we build and expand on their contributions. The paper contributes to the literature
first, by offering empirical evidence on the important role of data analytics, communi‐
cation, collaborative, entrepreneurial and business skills on the development of IT
professionals performance in today’s demanding and continuously evolving IT firms;
through the lens of the fsQCA approach.

The rest of the paper is structured as follows. In the next section we present the
background and related work upon which the conceptual model is built. In Sect. 3 the
methodology is outlined, and in Sect. 4 the findings of the study are presented. In closing,
Sect. 5 provides a discussion on research directions and areas of future interest.

2 Background and Conceptual Model

In today’s IT industry, hard skills, like software development, architecture, testing and
maintenance are essential for professionals to take on an entrepreneurial role and focus
on innovation. However, the complete spectrum of needed skills for IT professionals is
determined by the tasks that are required in their work environment [12], and as the
complexity of technology increases, the skills of related professionals must also increase
and evolve [37]. Thus, in addition to hard skills, 21st century IT professionals must pose
a robust understanding of skills related to data understanding and analysis [9], entre‐
preneurship and business as well as communication and collaboration with other profes‐
sionals but also the end users [22]. These skills allow them to utilize resources and,
understand needs and opportunities in order to gain innovative outcomes and competi‐
tive advantages. Today’s challenges of IT industry faced by IT professionals go beyond
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solving technical problems and the expected skillset requires knowledge in relation to
business functionality, decision making strategy and evolving environment, especially
in an increasingly turbulent business and technological context [37].

Kim et al. [8] describe IT expertise skills as “professional skills and knowledge of
technologies, technology management, business functions, and relational (or interper‐
sonal) areas necessary for IT staff to undertake assigned tasks effectively” (p. 492).
Related work in the area of technical skills and abilities (hard skills) of IT professionals
based on their training and expertise in specific technical areas, and these skills can
advance the development or configuration of IT-related services [4]. In order to develop
IT-applications that satisfy today’s increased demands, IT professionals must have the
abilities to communicate with the end user and understand the tasks of other functions
in addition to their technical skills [34]. In this study, we combine data analytics, entre‐
preneurship, business, collaboration and communication to offer an empirical evidence
about the critical role of those emerging skills in IT professionals’ work performance,
and ultimately in the IT industry as a whole.

To address this gap, we examine IT professionals’ perceived work performance (we
hereinafter refer to it as work performance) by unravelling configurations of causally
related sets of the five aforementioned skills. Relationships between two skills (e.g., X,
Y) are complex, and the presence of one (X) may lead to the presence of the other (Y),
indicating sufficiency. Also, skill Y may be present even with skill X being absent, thus
the presence of X is a sufficient but unnecessary condition for Y to occur. With the
presence of additional factors, X may be necessary but insufficient for Y to occur. We
posit that there is a synergy between the five skills in explaining work performance of
IT professionals. We theorize that there is not one single, optimal, configuration of such
skills. Instead, multiple and equally effective configurations of causal conditions exist,
which may include different combinations these skills. Depending on how they combine
they may or may not explain IT professionals high work performance.

To conceptualize these relationships, we propose a theoretical model (Fig. 1) illus‐
trating six constructs (five types of skills and work performance) and their intersections.
The overlapped areas represent possible combinations among factors, that is areas that
one factor may exist together with the rest (e.g., combinations that explain high purchase
intentions are included within the outcome of interest area).

Drawing on complexity theory and the principle of equifinality, a result may be
equally explained by alternative sets of causal conditions [5]. These conditions may be
combined in sufficient configurations to explain the outcome [36]. IT-related skills,
especially the skills possessed by the IT professionals, can be viewed as complimentary
to each other. If IT personnel have adequate set of skills, they can combine those skills
to develop, improve or adjust IT applications efficiently and effectively in order to
increase the quality and innovation of the produced products and services [30, 33].
Demands from the IT industry indicates the need for various sets of skills; for instance,
drawing from both IT personnel job advertisements but also the guidelines for IT curric‐
ulum design [29, 31]. For example, after analyzing job advertisements for IT profes‐
sionals (e.g., software engineers) across two decades; it became clear that business skills,
if one of the most important knowledge areas for hiring IT personnel [34]. Along the
same lines, IT curriculum guidelines - developed by the Association for Computing
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Machinery (ACM), the Association for Information Systems (AIS) and the IEEE-
Computer Society [29, 31] - suggested that IT professionals should be equipped with:
business skills and business domain fundamentals. Business skills and business domain
fundamentals includes leadership, collaboration and communication skills as well as
knowledge and skills regarding general business models, key business specializations,
and the evaluation of business performance [34]. Thus, high work performance may be
achieved in more than one combination of skills in the IT industry and therefore config‐
uration theory and fsQCA approach are essential in the realization of our research.

Configuration theory proposes the principle of causal asymmetry, which means
that, for an outcome to occur, the presence and absence of a causal condition depends
on how this condition combines with the other conditions [5]. Also, causal asym‐
metry suggests that the causal conditions that explain the presence of an outcome,
cannot be assumed as mirror pictures of conditions explaining the absence of the same
outcome [5]. For instance, alternative configurations of high work performance in IT
professionals may include high data analysis skills in one configuration and low
communication skills in a different configuration. Thus, the same outcome may be
influenced either positively or negatively by a specific factor, depending on how it
combines with the other factors. Furthermore, high data analysis skills might be part
of a combination that explains high work performance, and might also be part of
another combination that explains medium work performance (in this study we focus

Fig. 1. Venn diagram illustrating the conceptual model explaining work performance
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only in high work performance). Thus, configurations that explain the presence of an
outcome do not suggest that their reverses are also able to explain the absence of the
same outcome.

3 Research Methodology

3.1 Sampling

To actualize the objectives of this study a custom-built questionnaire was developed and
sent to respondents to fill out electronically (online questionnaire). Our target population
consisted of IT graduates from Norway’s primary university for technological education,
with respondents filling out the questionnaire required to be in an active IT position. The
survey was conducted between February and March 2016. In order to recruit partici‐
pants, we distributed the online survey via the IT graduates’ alumni mailing list. A raffle
was created with gift cards as a reward to the participants. In total, 72 responses were
gathered.

The sample consists of 63 men (87.5%) and 9 women (12.5%), with relatively long
experience in the IT industry, which range from 2 to 33 years with an average of 13.21
years (S.D.: 7.35 years). Although the participants of the study had formal IT education
and hold IT positions, there is a variation in their expertise and job titles; in particular,
16 are developers (e.g., software engineer, mobile developer), 6 directors (e.g., CTOs,
strategy directors, business development), 14 project managers, 21 IT consultants, 8
software architects, 3 in R&D positions and 5 with responsibilities in various stages.
The majority of firms operated in the IT sector (54.2%), with companies from oil and
gas (9.7%) and telecommunications (9.7%) following, there was also a small proportion
of firms from utilities, consumer goods and healthcare (approx. 3–5% from each sector).
The vast majority (59.7%) belonged to SME size-class (1–249 employees), with 40.3%
being large enterprises (250+ employees). More specifically, from the SME grouping,
micro firms (0–9 employees) accounted for 15,3%, small firms (10–49 employees) for
23,6%, and medium-sized (50–249 employees) firms for 20,8%. The majority of the
firms were active in the national level (91.7%) with most of them being also active in
the inter-national arena (65.3%).

3.2 Measures

The questionnaire comprised of three parts. First the respondents were presented with
different questions about their demographics and personal work experience, followed
by the second part which included questions in relation to the size, orientation and focus
of their firm, the third part included measures of the constructs related with their Data
Analysis Skills (DAS), Entrepreneurial Skills (ES), Business Skills (BS), Communica‐
tion Skills (ComS), Collaborative Skills (ColS) and Work Performance (WP) as those
were identified in the literature. The survey included scales for all the constructs that
were used in this study with a seven-point Likert-type scale. The operational definitions
of all constructs are presented in Table 1, along with their source in the literature.
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Table 1. Operational definitions of the constructs

Construct Operational definition Source
Data Analysis Skills (DAS) DAS is the degree to someone’s capacity to

make sense, extract intelligence and make
decisions from big data

[32]

Entrepreneurial Skills (ES) ES indicates how confident respondents are in
their possession of a high-enough level of
certain skills related to entrepreneurship (e.g.,
feel capable to start a firm, higher personal
attraction)

[13]

Business Skills (BS) BS is the degree to someone’s capacity to
understand business functions, problems,
needs, policies and plans

[2]

Communication Skills (ComS) ComS is the degree to someone’s capacity to
listen, communicate and present ideas in a clear
and concise manner

[13]

Collaborative Skills (ColS) ColS is the degree to someone’s capacity work
and coordinate group problem solving
activities and utilize the proper degree and type
of participation

[2]

Work Performance (WP) WP is the degree to which employees are
indicating their performance

[11]

3.3 Data Analysis

The constructs of this study were evaluated in terms of their reliability and validity.
Reliability testing, based on Composite Reliability and Cronbach alpha, showed accept‐
able indices of internal consistency in that all constructs exceeded the cut-off threshold
of 0.70. For validity, the average variance extracted (AVE) should be higher than .50,
and the correlations among the variables in the confirmatory model should not exceed .
8 points, the latter because exceeding 0.8 suggests low discrimination. The square root
of each factor’s AVE needs to be greater than its correlations with the other factors [6].
The AVEs for all constructs ranged between 0.55 and 0.80, all correlations were lower
than 0.80, and the square root AVEs for all constructs were larger than their correlations.
Next, we tested for multicollinearity [16] along with the potential common method bias
by utilizing Harman’s single-factor test. The variance inflation factor for each variable
was under 3, suggesting multicollinearity is not an issue. Findings indicate an absence
of common method bias as the first factor did not account for the majority of the variance
and no single factor occurred from the factor analysis.

3.4 FsQCA

To address its objective this study employs fsQCA using fs/QCA 2.5 [24], which was
developed through the integration of fuzzy sets and fuzzy logic principles with Quali‐
tative Comparative Analysis (QCA) [25]. By using fsQCA researchers go beyond
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traditional regression based analyses, as they identify multiple pathways that explain
the same outcome [27]. These pathways or combinations include variables that are not
identified by regression based analyses because they influence the outcome only for a
small number of cases. The aforementioned combinations create to multiple solutions,
offered by fsQCA, and each variable (or condition) may be present or absent on a solu‐
tion, or it may be on a “do not care” situation. The “do not care” situation indicates that
the variable may either be present or absent and it does not play a role on a specific
configuration [5].

Data calibration
The next step is to calibrate all factors into fuzzy sets with values ranging from 0 to 1
[28]. This procedure may be direct or indirect. In the direct, the researcher chooses three
qualitative breakpoints, while in the indirect, the factors should be rescaled based on
qualitative assessments. Either method may be chosen depending on data and the under‐
lying theory [28]. The direct method of setting three values that correspond to full-set
membership, full-set non-membership and intermediate-set membership is recom‐
mended [28].

Data calibration here was done based on the direct method. Since our data is skewed
to the right, choosing the three qualitative anchors for the calibration based on the survey
scale (seven-point Likert scale) [17, 20] would not lead to meaningful results [21]. Thus,
data calibration is done by using percentiles, that is the 80th percentile is the full-set
membership, the 20th percentile is the full-set non-membership, and the 50th percentile
is the intermediate set membership. Next, the values of each variable are calibrated on
a linear function to fit into the three aforementioned breakpoints.

Truth table analysis
Next, fsQCA produces a truth table of 2k rows, on which k represents the number of
outcome predictors and each row represents every possible combination. The truth table
should be sorted based on frequency and consistency [20, 27]. Frequency describes the
number of observations for each possible combination, and consistency refers to “the
degree to which cases correspond to the set-theoretic relationships expressed in a solu‐
tion” [5]. A frequency threshold should be set to ensure that a minimum number of
empirical observations is acquired for the assessment of the relationships. For samples
larger than 150 cases the threshold should be set at 3, while for smaller samples the
threshold may be set at 2 [26], thus all observations with smaller frequency are removed
from further analysis. Also, the threshold for consistency is set at .80, higher than the
recommended threshold of 0.75 [27]. Observations above the consistency threshold are
the ones that fully explain the outcome.

4 Findings

The findings from the fsQCA on the configurations for high work performance of IT
professionals is presented in Table 2. Every possible combination in the solution is able
to explain the same outcome at a specific amount. In detail, the presence of a condition
is depicted by black circles (●), while its absence by crossed-out circles (⊗) [5].
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The blank spaces indicate a “do not care” situation, meaning that the causal condition
may either be present or absent. FsQCA identifies both core and peripheral elements,
core conditions are represented with large circles, and peripheral ones with small circles.
Table 2 also presents consistency values for every configuration as well as for the overall
solution. All values are above the recommended threshold (>0.75). Consistency meas‐
ures the degree to which a subset relationship has been approximated, while coverage
assesses the empirical relevance of a consistent subset [27]. The overall consistency is
similar to the correlation. The overall solution coverage indicates the extent to which
high work performance of IT professionals may be determined from the existing config‐
urations, and is comparable to the R-square value reported in traditional regression
analyses. The overall solution coverage of .96 indicates that a substantial amount of the
outcome is explained by the five solutions. FsQCA estimates also the empirical rele‐
vance for every solution, by calculating raw and unique coverage. The raw coverage
describes the amount of the outcome that is explained by a certain alternative solution,
while the unique coverage describes the amount of the outcome that is exclusively
explained by a certain alternative solution. The solutions presented in Table 2 explain
a great number of IT professionals perceived work performance, ranging from 19% to
39% cases associated with the outcome.

Table 2. Combinations that lead to high work performance

Configuration Solution
1 2 3 4 5

Skills
Entrepreneurial ● ● ● Ⓧ
Business Ⓧ Ⓧ • Ⓧ
Communication Ⓧ Ⓧ • Ⓧ
Collaborative ● ● ● Ⓧ
Data Analysis Ⓧ Ⓧ Ⓧ ●
Consistency 0.98 0.96 0.96 0.99 0.98
Raw Coverage 0.39 0.29 0.34 0.32 0.19
Unique Coverage 0.06 0.03 0.07 0.09 0.03
Overall Solution Consistency 0.63
Overall Solution Coverage 0.96

Note: Black circles (●) indicate the presence of a condition, and circles with “x” (Ⓧ)
indicate its absence. Large circles indicate core conditions, and small ones represent
peripheral conditions. Blank spaces indicate “don’t care.”

For high work performance, the five solutions present different combinations of the
five different skills (Table 2). In detail, IT professionals have high work performance,
when they have entrepreneurial and communications skills, without having data analysis
skills; regardless of business and communication skills (Solution 1). When business,
communication and data analysis skills are absent, the IT professional can still has high
work performance if one of the entrepreneurial or collaborative skills is present, regard‐
less of the other (Solutions 2 and 3). Further, solution 4 explains that an IT professional
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with entrepreneurial, business, communication and collaborative skills, has high work
performance, regardless of his/her data analysis skills (Solution 4). Finally, when entre‐
preneurial, business, communication and collaborative skills are absent, the IT profes‐
sional can still have high work performance, as long as the data analysis skills are present
(Solution 5).

5 Discussion

Developing various skills for IT firms has gained enormous attention from executives,
as noted by Luftman et al. [14] in the Society for Information Management. Rather than
focusing on traditional soft and hard skills for general employees, we targeted IT profes‐
sionals and examined factors related with the 21st developments, like data-driven deci‐
sions and entrepreneurship amongst others. Unlike previous research which focused on
skills as static characteristics of the employee, this study considers the state-of-the-art
skills and their contribution to firms’ competitiveness in a more dynamic and realistic
manner.

The present study proposes that entrepreneurial, business, communication, collab‐
orative and data analysis skills combine with each other to form configurations that
explain work performance of IT professionals. Building on complexity theory and
configuration theory a conceptual model is created to identify such configurations. The
model includes six constructs, that is the five types of skills and work performance. By
employing the model to IT firms we collected data from 72 IT professionals and test the
proposed model. The findings identify five solutions leading to high work performance,
and showcase the significance of the five types of skills. The findings also indicate that
there is an important interplay between the five types of skills and employees’ work
performance.

In detail, the five solutions present how an IT professional with a good set of these
skills is productive (e.g. Solution 4 where four out of the five skills are present). In
addition, the solutions indicate that IT professionals who are mastering few or even one
of these skills, even with the absence of all the others (i.e. Solutions 2, 3 and 5), are able
to overcome low disposition to some of the skills and be productive. Another important
observation is the central role of today’s data analysis skills, in solution 5 we can see
that even with the absence of every other skill, data analysis skills can lead the profes‐
sional to high work performance. This can be explained, by the fact that IT professionals
with strong data analysis skills are the cornerstone for a company to move from compet‐
itive parity to competitive advantage [9]. In summary, the results show that the five types
of skills are all important for IT professionals, and under different combinations can
make IT professionals feel confident and productive (perceived work performance).

Based on related work and 21st century technological developments, we selected to
include a specific-range of skills and consider their influence on the personnel of IT
firms. While we carefully selected those skills, the study might have been benefited from
the inclusion of some more traditional skills (e.g., traditional hard and soft skills). More‐
over, there may be other predicting factors other relationships between them might be
discovered by using regressions techniques (e.g. SEM). Future research could establish
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other relationships by combining the proposed model with other potential predictors but
also alternative data analysis approach; this can be addressed in a future large scale study.

Moreover, this study included only limited demographic variables (e.g., gender,
experience) and due to the relative small sample size, we could not use them as config‐
uration variables. Given prior research [15], individual characteristics, such as specific
job-related skills, may result significant differences. In particular, employees who have
higher levels of job-related skills will have a deeper understanding of the specific tasks
[15]. Future research might also examine how these factors affect IT professionals’
intention to learn new skills. A more detailed investigation of these skills and how these
skills differ between specific department in an IT firm and their relation to firm’s strategy,
are also important directions for future research. Finally, the findings are based on self-
reported data. Future studies may combine self-reported data with real data from firms’
performance and strategy, as well as triangulate them with more qualitative data from
interviews and observations. Although, this is pioneering study, and one of the first who
attempted to explain the role of contemporary skills in IT firms. The collected data are
from a limited number of IT professionals, from a specific country in a specific time.
Thus, further research is needed, in a large scale context collecting longitudinal
evidence, in order to enhance our current understanding of the relationships among
different skills and their role in IT firms.
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