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Abstract: The purpose of this paper is to identify portions of the literature in the areas of Information
Technology (IT) management, skills development, and curriculum development that support the
design of a holistic conceptual framework for instruction in non-technical skills within the IT
higher education context. This article review provides a framework for understanding how the
critical success factors related to IT and Information Systems (IS) professional success is impacted by
developing students’ non-technical skills. The article culminates in a holistic conceptual framework
for developing non-technical skills within the IT higher education context. Implications for theory
and research are provided.

Keywords: computing education; non-technical skills; IT pedagogy; IT education

1. Introduction

Over the last several decades, Information Technology (IT) and Information Systems (IS) work
and practice have become core to organizations’ strategic imperatives. As a result, the IT and IS
industries, and those individuals who manage and execute their strategy, have been more closely
scrutinized. The recent attention to individual IT and IS professionals’ skills has created a new urgency
for improving what has been identified as a talent-gap at the state [1,2] national, and international [3]
levels. This talent gap has been characterized as occupying two related areas: (a) gaps in professional
development of individual’s understanding of strategy; and (b) gaps in professional development
of individuals with strong interpersonal and team skills [4] and knowledge of the impact of social
and human capital [5]. Each of these gap areas result in perceived disparities between the needs
of employers and the skills of recent IT and IS graduates, thus creating an increased awareness of
possible deficits in the quality and employability of those graduates, and the ensuing effort to reduce
it. Several states such as Minnesota and Rhode Island appear to be drawing similar conclusions,
developing specific plans for the identification and reduction of said gaps. Importantly, a Rhode
Island taskforce in IT and IS education identified non-technical skills deficits as the most important
employer-identified skill gap in public higher education-based IT training [6] as well as gaps in how to
appropriately employ IT to personalize educational opportunities for students in higher education [7].
Non-technical skills are viewed as both essential to the appropriate functioning of a business and
important to the employability of recent graduates, but also necessary for students to feel confident in
their abilities when entering the workplace [3]. It has been noted that there is increasing pressure on
higher education to verify that students are, indeed, learning what is needed in both technical and
non-technical areas [8]. If producing individual students who are employable in today’s workplace is,
truly, one of the major purposes of higher education and a driving force behind students’ work [9],
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then it is critical for IT higher education to consider how non-technical skills apply within IT/IS
education. The improvement of non-technical skills can be accomplished in a systematic way, within
higher education.

In an effort to address the gaps noted above, several private sector, and consultancy-driven
training initiatives, have been developed to address the issue of non-technical-skills development
within IT. However the establishment of new methods of non-technical skill training and development
into IT and IS curricula within higher education has been weak, at best [1,2]. IT and IS leaders and
managers have been specifically noted as needing non-technical skill development, especially in
leadership [2]. Importantly, while some of the courses that are designed to address technical IT/IS
competencies include small quantities of pedagogy to address non-technical issues, it is clear that there
is a need to develop a model for non-technical skill development that can be implemented across the
curriculum and can be inserted in various experiential, experimental ways throughout the duration of
required coursework. Please note that the work conducted to complete this review applies to both the
IT and IS contexts. However, for the sake of clarity and consistency, only the term IT is referenced for
the duration of the paper.

Purpose Statement

The call for improved relationship quality and the non-technical-skills needed to develop high
level, quality relationships has been the topic of considerable discussion in both scholarly and popular
literature [10,11] and has been neglected for some time [12,13], and, while there have been several
attempts within the private sector to work through identified soft-skills gaps within IT [14], as well as
attempts to embed employable skills (including non-technical skills) into curricular design in higher
education in general [10], few attempts have been made to identify how non-technical-skills training
can be embedded into IT curricula at the post-secondary and graduate levels. Thus, the purpose of
this paper is three-fold. First, the purpose is to identify areas considered to be critical to the successful
completion of IT-related work. Second, the purpose is to create a typology of non-technical skills by
identifying portions of the literature in the areas of IT management, skills development, and curriculum
development. Finally, the purpose is to design a holistic conceptual framework within which to apply
non-technical skills within the IT higher education context.

In order to address this purpose, first the literature review process will be discussed. Second, the
literature on non-technical skills and critical success factors within the IT context will be identified.
Third, a method for adapting non-technical skills to IT instruction within the context of a simulated
project, and the resulting pedagogical model, will be discussed.

2. Materials and Methods

The purpose of this review is to examine the available literature in the area of IT non-technical
skills in order to frame a connection between IT critical success factors, identified non-technical skills,
and IT curricula in higher education. The following review of the literature was conducted according
to the standards set for Integrative Literature Review [15]. While there is a paucity of research and
scholarly writing in the area of IT non-technical skills, and even less that includes empirical research in
this area, literature on critical success factors and general leadership skills are more plentiful. Thus, a
review of the literature which examines these broader areas was conducted.

The literature review was conducted using the EBSCO Academic Search Premier and Business
Source Premier databases, Emerald, and Google Scholar, as well as doing forward searches using Social
Science Citation Index (SSCI) for the most recently published articles. Older articles were uncovered
searching through reference lists of more current literature, as well as through the review of available
reference lists. Databases that include conference proceedings were also searched.
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Keywords that reflected any theory or research in which IT non-technical skills could be included
were searched during the literature review, including: Information Technology, IT, Information systems,
IS, Management Information Systems, project, IT project management, non-technical skills, soft skills,
leadership styles, success factors, critical success factors, effectiveness, education, higher education,
and curriculum. As the search became broader, it yielded many pieces of literature outside the scope
of this research. In particular, those articles that were about leadership and/or management outside
of the IT context were not included in the review. A total of 98 articles were reviewed, primarily
from scholarly journals and peer reviewed conference proceedings. Of those, 70 were included in this
review; 28 were excluded from the current article because they lacked topical importance.

Literature review materials were grouped into themes based upon the conceptual linkages
between phenomena identified, as suggested by Richards [16]. Themes were derived using accepted
qualitative data analysis practice of analytical coding [16]. Results are provided in the sections below.

3. The Development of Non-Technical Skills

Non-technical skills are those interpersonal qualities and personal attributes that are critical for
productive performance in today’s workplace [17,18]. While there has been an effort to improve the
development of effective IT professionals in several states, as noted above, it remains unclear how
these skills can be developed by post-secondary and graduate students in a way that is both reflective
of critical success factor literature, yet integrates the perceived needs of business leaders. Thus, this
project is informed by research in technical areas that help to build a theoretical basis for non-technical
curricula. A summary and typography of the literature on key non-technical skills is provided in
Tables 1 and 2 in order to establish which non-technical skills are considered important within current
literature. A thorough review of non-technical skills that are essential to the success of future IT
professionals can be broken down into ten general areas of interest, with subareas covering specifics;
these are listed and explained below.

3.1. Non-Technical Factors Necessary for IT Success

After thorough review of the literature, critical non-technical skills and other skills-related factors
were identified. Individual critical factors are those concepts or phenomena which would directly
impact the skills necessary for individual success; not all factors are skills in themselves, but each
individual factor require an associated skill to address or mitigate that factor. Table 1 provides a listing
of those non-technical skills found in the literature that are described as essential for IT success. The list
is provided in alphabetical order below.

3.2. An Explanation of Non-Technical Factors

Using the theme development process identified in Section 2, based upon 18 key non-technical
skills derived from literature review (as seen in Table 1) that are considered most important to
professional IT work and practice. It includes a broad list of eighteen key non-technical skills necessary
for success. These are addressed below.
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Table 1. Taxonomy of Non-Technical Skills.

1. Active listening
Communication technique that involves conceptual understanding, feedback, and confirmation of decoding of a message(s) via cognitive interpretation
processes [19]. This understanding must include processes on the part of all parties; contributes to the effectiveness of group communication and group
functioning.

2. Communication (general) Appropriate exchange of thoughts, ideas (both verbal and visual), and messages for the purpose of exchange of key information related to organizational and
situationally specific problems and perspectives [20] in an effort to solve key problems.

3. Collaboration and
collaboration management

Development and fostering of work-related relationships in which mutuality of benefit and risk-sharing take place within the context of information
exchange [21,22]. Management of this collaboration involves the capturing and coordination of collaborative processes, often via technology [23].

4. Communication technologies
Understanding of, and skills related to, the use of new technologies and media for the purpose of communication of complex information to organization
members. Is related to social constructs within organizations and the social exchanges that take place within those [24] in an effort to gather information,
enhance learning and knowledge, and/or build consensus.

5. Creativity and ideation Within the context of creative problem solving, the process of assessing multiple cognitive domains for the purpose of creative idea development [25].

6. Critical thinking Ability to test assumptions, make critical evaluations, and critically review systems and/or approaches [26].

7. Cultural knowledge
of communication

Ability to communicate with audiences based upon understandings of communication patterns, processes, and expectations; knowledge of communication
patterns exhibited by audiences, including issues of time, space, and contextual orientation [27]

8. Cultural knowledge of self as related
to culture

Ability to understand and interpret preconceptions, biases, or displays of incongruence as related to one’s culture and the culture (national or otherwise) of
others. Culture in this case is defined as the totality of ones “words, actions, postures, gestures, tones of voice, facial expressions, the handling of time, space
and materials . . . ” all of which are based upon historical, social and cultural contexts, and drive ones behavior and the meanings behind communications [27].

9. Cultures and their impact upon
communication; National cultures

Understanding of how national cultures can impact patterns of thinking, feeling and acting [28], including the ability to understand attitude toward specific
communication channels and the ability to apply and react appropriately to these preferences [29].

10. Diversity knowledge
(Understanding and Application) An understanding of, and appreciation for, diversity in race, sex, ability, and/or perspective for the purpose of improving overall organizational outcomes.

11. Diversity (layers of) Knowledge and understanding of diversity from the perspective of the four-layer diversity model [30]; knowledge of definition of diversity, including personal,
internal, external, and organizational dimensions [31].

12. Ethics “Rules, standards, codes or principles which provide guidelines for morally right behavior and truthfulness in specific situations” [32].

13. Innovation Creation or invention of novel, new or interesting processes, products, or technologies [33].

14. Interpersonal
relationship management

Related to relationship quality; ability to develop and manage relationships (including conflict management). Involves transactions in social relationships
between two interacting partners [34].

15. Primary and subcultures of
audience (knowledge of) Understanding what elicits an appropriate and/or expected response given the understanding of the subculture of the message give and/or receiver [27].

16. Problem solving The rational, deliberate application of problem solving models in an effort to seek appropriate answers to problems [35]; the ability to integrate information
from several different sources in order to improve organizational performance through the integration of multiple platforms, functions, and technologies.

17. Professionalism Conduct or qualities that promote value and respect for the profession and the individual representing that profession [36].

18. Re-framing of problems/situations:

Restructuring one’s mental models to better understand, interpret, and negotiate organizational problems and/or situations; understanding when to apply
particular frames based upon a given situation, organizational culture, or particular point of view of other individuals who may be involved [37]. Or, the
application of limited information to improve decision making processes through the application of appropriate decision making schemas and/or organizing
systems for the purpose of the identification of key issues and possible solutions [38].
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Active listening is defined as a communication skill in which the listener gives all free attention to
the speaker, actively processes the information received, then makes pertinent comments and asks
appropriate questions [39,40]. Active listening has been identified as essential to the development
of facilitative and collaborative teams (see number 1 above). Active listening contributes to the
effectiveness of group communication, and is highlighted as essential to group functioning [41].

General communication skills (see number 2 above) are widely regarded as an important
non-technical skill that IT professionals must possess. In fact, even newly-graduated students entering
IT internships self-identify as needing to improve their communication skills in order to perform
effectively in the workplace [42]. The improvement in communication includes the development of
further skills in communicating via new technologies (see number 4 above) and with new media at the
group and organizational level.

An understanding and willingness to use communication technologies (see number 4 above)
is essential for the long-term success of IT professionals. These technologies, viewed as a way
to provide organization members with a way to disseminate information. It is essential to the
overall learning that takes place within an organization. Given the increasingly global scope of IT
initiatives, and organizational strategies overall, innovative use of technology-based communications
has increasingly become an imperative [43]. Knowledge sharing through communication technologies
creates shared understanding, creates context for organizational knowledge and learnings, and
mediates collaboration [44] (see number 3 above), all of which are essential components of successful
IT implementation.

Creative thinking and ideation (see number 5 above) are relevant to the everyday responsibilities
of an IT professional. Innovative and creative uses of IT is essential to creating competitive advantage
for many organizations [45], and can be used to inspire new innovation and spark new ideas in
the development of, and fulfillment of, customer requirements. Ideation, which is defined as the
generation, development, and communication of a new idea [46] and innovation (see number 13
above), which is defined as the “creation of new knowledge and ideas to facilitate new business
outcomes” [47] are also important. Both are essential to the development of creative problem solving
tactics and techniques [48], especially in new product and new process design [49].

Critical thinking skills (see number 6 above), defined as “reflective and reasonable thinking that is
focused on what to believe or do” [50], was also included in the review findings. In particular, critical
thinking that includes the ability to test assumptions, make critical evaluations, and critically review
systems approaches [51]. Critical thinking skills are essential for the implementation of thorough
and effective IT systems. Those individuals who are able to think critically are better able to help
develop a learning organization, which requires the ability for organization members to critically
question assumptions and develop the double-loop learning essential to strong organization learning
and knowledge creation [52].

An understanding of diversity (see number 11 above), and its impact upon various portions of an
IT project, including its deployment and execution, is essential (see number 10 above). Diversity can
impact the perceptions of project team members [53], as well as impact end user perceptions [54]
(see number 15 above). Additionally, gender and cultural differences (see number 3 above) have major
impacts on both communication and group process (see numbers 7 and 9 above). Possessing a strong
level of emotional intelligence and deep understanding of how diversity impacts work processes is
key to an IS managers’ performance [55] (see number 8 above). It is important that IT professionals
are able to identify the opportunities that arise when diverse individuals are involved in IT planning
and execution [53], with IT professionals’ experiential diversity having a positive impact upon user
adoption [56].
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The ability to work interpersonally with individuals both intra and inter-departmentally is
considered an important non-technical skill [57], and is related to the relationship quality among IT
ranks and with others in the organization (see number 14 above). Relationship quality is generally
concerned with three areas of relationship functioning: the quality of interpersonal communications,
level of trust, and overall satisfaction with the relationship [58]. An IT professional’s ability to develop
and manage relationships is key to professional success, and it is important for students to understand
the mechanisms by which good interpersonal relationships can be built [59].

Problem solving skills (see number 16 above) are important to the process of developing and
implementing complex IT projects. IT professionals are often called upon to be problem solvers
who have the ability to integrate information from several different sources in order to improve
organizational performance [4]. This is accomplished through the integration of multiple platforms,
functions, and technologies.

Professionalism (see number 17 above) and ethics (see number 12 above) are essential to the
growth and development of IT professionals. A full and critical understanding of ethics, including the
ethical implications of IT, and its possible impact upon specific social classes and society, in general [60],
is essential to developing the next generation of IT professionals and leaders.

Reframing of problems and situations (see number 18 above) to fit multiple mental models
is an essential skill of any manager, IT included. Reframing is the process of restructuring one’s
metal model to better understand, interpret, and negotiate organizational problems and/or situations;
understanding when to apply particular frames based upon the situation, organizational culture,
and particular point of view of other individuals who may be involved [37]. Within this process
is the cognizant application of limited information to improve decision-making processes through
application of appropriate decision-making schemas and/or organizing systems for the purpose of
the identification of key problems and possible solutions [38]. Knowledge and skills in this area
are important because they help individuals to understand multiple perspectives and communicate
effectively within and among the many frameworks from which other organizational members and
leaders may be viewing or perceiving a situation or problem [61].

Each of the non-technical skills referenced above is essential to the success of IT professionals.
These skills provide a mechanism for IT professionals to cope with the increased complexity of IT
infrastructures. Importantly, collaboration, influence, and problem definition are key to the role of IT
and require important non-technical skills that will help to create a project-centered environment in
which IT professionals are able to work among themselves, and with other functions and areas of the
organization, to produce the best possible IT product [21] (see Table 1).

3.3. Critical Success Factors in IT: A Project-Individual Perspective

Those factors that have been identified within the literature as “critical” to IT success help to
reinforce the call for strong skills in non-technical skills [12,14]; the identification of IT critical success
factors helps to further delineate those areas of greatest need, as well as those that are most germane to
non-technical skills. Critical success factors (CSFs) are defined as those areas in which “results, if they
are satisfactory, will ensure successful performance” [33]. Importantly, they are critical areas in which
thorough planning and excellent execution must take place in order to achieve high levels of success.
Table 2 reviews several pieces of research that identify critical success factors for IT implementation.
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Table 2. Non-technical skills model as related to critical success factors.

Area Critical Success Factors Author Non-Technical Skill-Individual Level

Organizational factors

Top management support

Ariyachandra and Frolic [61]; Lawson-Body,
Willoughby, Mukankusi and Logossah [62];
Biehl [63]; Wong [64]; Poon and Wagner [65];
Sommers and Nelson [66]; Nah, Lau and Kuang [67]

Interpersonal relationship management; Reframing skills;
Communication (general); Professionalism; Ethics

Project sponsorship/
champion

Nah, Lau and Kuang [67]; Poon and Wagner [65];
Frolick and Ariychandra [68]; Sommers and
Nelson [66]

Interpersonal relationships; Communication (general);
Professionalism; Reframing skills

Governance/management
systems in place

Lee, Shim and Kim [69]; Ariyachandra and
Frolic [61]; Nah, Lau and Kuang [67]

Interpersonal relationship management; Communication (general);
Communication technologies; Critical thinking; Innovation

Culture of sharing and
creation Malhotra [44] Sommers and Nelson [66]; Wong [64]

Interpersonal relationship management; Active listening;
Communication (general); Communication technologies; Critical
thinking; Innovation and ideation; Understanding and Application
of Diversity Knowledge; Reframing skills

Culture of
interdepartmental

collaborations
Sommers and Nelson [66];

Interpersonal relationship management; Active listening;
Communication (general); Communication technologies; Critical
thinking; Innovation and ideation; Understanding and Application
of Diversity Knowledge

Culture that supports
change Nah, Lau and Kuang [67]

Interpersonal relationship management; Active listening;
Communication (general); Reframing skills; Communication
technologies; Critical thinking and innovation; Problem solving;
Understanding and Application of Diversity Knowledge; Ethics

Strategic factors
related to IT project

Clear strategy
development

Rockart [33]; Malhotra [44]; Nah, Lau and
Kuang [67]; Sommers and Nelson, 2001 [66];
Ariyachandra and Frolic [61]; Lee, Shim and
Kim [69]; Wong [64]

Critical thinking; Innovation and ideation; Problem solving

Team with appropriate
expertise

Ariyachandra and Frolic [61]; Chow and Cao [70];
Poon and Wagner [65]; Sommers and Nelson [66];
Nah, Lau and Kuang [67]

Active listening; Reframing skills; Critical thinking; Problem solving;
Understanding and Application of Diversity Knowledge;
Communication technologies; Professionalism; Ethics

Team motivation Wong [64]; Chow and Cao [70]
Interpersonal relationship management; Reframing skills; Active
listening; Critical thinking; Problem solving; Understanding and
Application of Diversity Knowledge

Linkages to business
needs Poon and Wagner [65] Active listening; Critical thinking; Problem solving

Technological
infrastructure in place

Poon and Wagner [65]; Wong [64]; Lee, Shim and
Kim [69]; Active listening; Critical thinking; Problem solving
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Table 2. Cont.

Area Critical Success Factors Author Non-Technical Skill-Individual Level

IT leadership factors

Effective
communication/skills
(including frequency)

Ariyachandra and Frolic [61]; Biehl, 2007 [61];
Malhotra, 2001 [44]; Rockart [33]

Interpersonal relationship management; Active listening; Problem
solving; Understanding and Application of Diversity Knowledge;
Communication (general); Reframing skills; Communication
technologies; Professionalism; Ethics

Ability to perform
appropriate human

resource management
practices

Wong [64]; Nah, Lau and Kuang [67];
Interpersonal relationships; Active listening; Problem solving;
Understanding and Application of Diversity Knowledge;
Communication (general); Professionalism; Ethics

Ability to champion
IT/project Ariyachandra and Frolic [61];

Interpersonal relationship management; Reframing skills; Active
listening; Problem solving; Communication (general);
Professionalism; Ethics

Management of resistance Poon and Wagner [65]; Frolick and
Ariychandra [68]; Ariyachandra and Frolic [61]

Interpersonal relationship management Active listening; Reframing
skills; Problem solving; Understanding and Application of Diversity
Knowledge; Communication (general); Communication
technologies; Professionalism; Ethics

Ability to recognize
training needs

Nah, Lau and Kuang [67]; Wong [64]; Lawson-Body,
Willoughby, Mukankusi and Logossah, 2011 [62]

Interpersonal relationship management; Active listening; Problem
solving; Understanding and Application of Diversity Knowledge;
Communication (general); Ethics

Project management skills Lee, Shim and Kim [69]; Sommers and Nelson [66];
Nah, Lau and Kuang [67]

Interpersonal relationship management; Active listening;
Communication (general); Communication technologies; Critical
thinking; Innovation and ideation; Understanding and Application
of Diversity Knowledge

Customer/vendor
factors

User
acceptance/awareness

Lawson-Body, Willoughby, Mukankus and
Logossah, 2011 [62]; Ariyachandra and Frolic [61];
Lee, Shim and Kim [69]

Interpersonal relationship management; Active listening; Problem
solving; Understanding and Application of Diversity Knowledge;
Communication (general); Communication technologies;
Professionalism; Ethics

Customer relationship
management Chow and Cao [70]

Interpersonal relationships; Active listening; Critical thinking;
Reframing skills; Problem solving; Understanding and Application
of Diversity Knowledge; Communication (general); Communication
technologies; Professionalism; Ethics
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Each of the non-technical skills referenced above is essential to the ability of IT professionals,
especially managers, to cope with the increased complexity of IT infrastructures. For example,
collaboration, influence, and problem definition are key to the role of IT professionals, and require
important non-technical skills that will help to create a project-centered environment in which
IT professionals are able to work among themselves, and with other functions and areas of the
organization, to produce the best possible IT product [21]. First, using the thematic review process
identified in Section 2, critical success factors were placed into themes based on whether the CSF was
primarily affiliated with organizational, strategic, leadership, or customer/vendor factors. Next, a
review of the information derived from Table 1 was completed and non-technical skills were placed
into thematically-derived CSF categories. Categorization was based on authors’ understanding of the
non-technical skills necessary for each of the critical success factors. Thus, Table 2 integrates those
critical success factors (CSF) identified within the literature with the non-technical-skills identified
in Table 1. Table 2 confirms that few CSFs can be accomplished by an individual who lacks key
non-technical skills; success at the IT project level necessitates non-technical skills at the individual level.
Table 2 integrates those IT critical success factors identified within the literature to the non-technical
skills needed to realize success within the particular CSF domains.

As can be seen from Table 2, several of the most widely-reported critical factors can (and must) be
addressed with non-technical (in addition to technical) skills. The skills identified above give rise to
important ways to address those areas critical to the effective implementation of IT. Thus, it is suggested
that curricula be identified that can help to establish these important skills in new IT professionals.

4. Project Simulation: A Model for Teaching

In earlier sections we have identified several non-technical skills needed for IT professionals to
be successful in the workplace. However, simply knowing which skills are needed is not enough;
IT educators must also have a plan for implementing instruction on those skills in the IT classroom.
We suggest IT project simulation as a vehicle for doing that for the reasons outlined below.

The literature offers several different options for teaching critical skills to IT professionals—those
have primarily been centered on workplace training, rather than within higher education curricula.
Reflection on experience, formalized training, and the use of a coach or mentor [71] have all been
identified as developmental tools for workplace development. However, the ways in which critical
skills are taught within IT higher education has been lackluster, at best [72], when attempting to teach
IT project management skills with traditional, theory-based methods. Since traditional pedagogical
methods may not be conducive to learning in this area [71], it is suggested that practicing non-technical
skills has the best chance for successful learning among IT students. Specifically, it has been stated that
because projects are core to the larger field of IT, a simulated project should be used to illustrate the
fundamental principles of IT project management [72–74].

The use of project-based pedagogies continues to be relevant as a basis for teaching and training
within IT education [74]. As first suggested by Deininger and Schneider [75], the use of a simulated
project is a good way for IT students to learn important skills. Inclusion of a generic project as the
framework for IT education has since become seen as an important way for students to master both
the skills needed to complete their work, as well as the project management skills needed to manage
the overall flow and steps of traditional IT projects.

Although simulated projects have been suggested for use as a pedagogical method for teaching
IT students for several years [74], they have been traditionally used as a method to teach the technical
skills of IT. As was suggested by Beard, Schweiger and Surendran [9], the pedagogical methods used
to teach non-technical skills to IT students should take place in a strategic and well-organized fashion.
Specifically, it is essential that the goals and objectives of the learning process, activities and methods
of the learning components, the outcomes and evaluation, and necessary actions all be considered
when attempting to develop sound pedagogical methodologies. Engaged at the curricular, course, and
course component levels, as suggested by Blumenberg, Biemborn and Koenig [12], non-technical skills
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can be integrated within an IT curriculum in multiple ways using multiple techniques. Scholars call
for pedagogy and curriculum that more strongly reflects those situations and circumstances that
students will experience on the job—and that this can be accomplished through project-based learning
and educating for specific skill-sets [11,76–78]. The implementation of student practice for specific
non-technical skill-sets into the project context will aid in anchoring the non-technical skills to
those specific areas in which students will need to introduce and exhibit these skills in a real-world
project scenario.

Based on the literature noted above, it is suggested that any non-technical skills training be
integrated into a generic IT project model. Additionally, it is suggested that the implementation of the
project model, and the non-technical skills training therein, be implemented in a four-step instructional
process that mimics the process used in a workplace IT project. Thus, the following is a general model
for implementing a project simulation into an IT program. Used as a pedagogical element in which to insert
non-technical skills training, the model includes a four-step process. This curricular model is similar to
other oft-used IT process models such as the one suggested by Nunamaker, Chen, and Purden [79].

1. Conceptualization, (Concept-Problem Identification Process): In this step, in addition to the
generally-accepted steps of problem identification, students will also be expected to display those
non-technical skills necessary to successfully complete the process.

2. Software or system development (Development-Cognitive Framing Process): In this step, in
addition to general software or systems development, students will also be expected to display
those non-technical skills related to cognitive reframing (as seen in Table 1).

3. Implementation (Implementation-Social Intuition-Self-Monitoring Process): In this step, in
addition to the generally-accepted technical process of software or systems implementation,
students will also be expected to display those non-technical skills related to social and
self-influences that help to establish and confirm shared understanding and shared vision for an
IT project.

4. Evaluation (Evaluation and Interpretation): In this step, in addition to the generally-accepted
technical process of project evaluation, students will also be expected to display those
non-technical skills that will help to re-engage stakeholders in any additional problem
identification processes necessary to bring the simulated IT project to successful completion.

Based upon this approach, the non-technical skills described in Table 1 could be implemented via
learning components into those project steps (steps 1–4) in which they would need to be executed, as
shown in Figure 1.

4.1. Integration of Non-Technical-Skills into Core IT Curriculum: An Algorithmic Approach

Discussions surrounding the issue of curriculum often give rise to debate regarding how
to implement the teaching of non-technical skills, such as those suggested in Section 3.1, into a
technically-based curriculum, like IT. Several pieces of scholarly IT literature help to elucidate one
strong method for doing so. Scholars have described the nature of algorithmic thinking and algorithmic
understanding of information (for example, [80]). Algorithmic thinking was originally theorized as a
way to deal with the complexity of binary strings of numbers that could continue infinitely. Historically,
algorithmic theory was developed as a systematic method for theorists to define the randomness
within those strings; it is now applied to software and software development as a way to limit the
amount of information needed to generate solutions [80], and is used widely throughout IT as a
method for solving recurring problems [81]. We suggest that algorithms may, too, be used to guide
thinking and solve problems related to the seeming randomness of socially-based non-technical-skills.
Thus, we suggest that IT students apply their understanding and knowledge of algorithms to social
situations in an effort to build non-technical skills.
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It is well established that so-called soft skills require a unique, nearly constant string of decision
points throughout several iterations of communication (see [82]). However, infinite inputs, cognitive
heuristics, and schemata all get in the way of perfect decision making within a communicative
context [82]. Thus, it seems possible that an algorithmic process, similar to those used to simplify
complex strings of information, could be used to simplify these complex communication and
social processes.

A growing body of literature within IT establishes algorithms as a useful teaching tool.
The integration of algorithms has been suggested as a new key trend in education—especially in
the area of early childhood, where they are implemented as a way to help children develop ready
solutions to specific problems using step-wise decision processes [82]. This process has been utilized
in early childhood and K-12 education for many years with good results [83]. The implementation of
this strategy for non-technical-skills training is suggested by these authors as a way of simplifying
the complex nature of communicative decision making [84], thus reducing the complexities in
cognitive-social processes inherent in non-technical skills type activities.

4.2. Collaborative Problem Identification

One of the first steps of IT project implementation is problem identification. Relatively well
established within the literature, problem identification should be a collaborative process.
Collaboration, in this case, is a learning activity in which interactions between individuals in a
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group. It is a process in which the amount of learning that takes place is related to the level of effort
that group members devote to the internal and interactional processes; it results in the development
of a shared understanding of the domain of interest [85]. Problem identification is one of the most
important processes within the problem solving domain of IT work. It has been suggested that
group model building is one way in which ill-defined issues (sometimes called “messy problems”)
can be discussed in a formalized way. IT leaders often deal with messy problems, those areas in
which a solution is not evident; some stakeholders may even call into question whether a problem
exists at all [86]. Importantly, the problem identification process is enhanced when stakeholders are
allowed to participate in the identification of significant IT problems. It is essential for IT leaders
to understand methodologies for problem identification, as well as be able to recognize multiple
stakeholder perspectives and create collaborative forums around which multiple stakeholders can
contribute to the definition of IT problems. The shared definition of these problems requires specific
skills in areas such as conflict resolution, communication, and negotiation techniques, just to name a
few [87]. Without the requisite skills, identified alternatives will only result in partial solutions that
neither meet the needs, nor garners the support, of stakeholders.

The development of a set of standard questions and/or questioning techniques can be taught
using an algorithmic method. Employing the list of critical success factors, in association with those
non-technical skills identified in the IT literature, we can help students to understand and become
more adept at screening potential problems and creating a standard procedure by which they can
identify the most appropriate, collaboratively-developed problem from which to design IT projects.

Examples of how the algorithmic method could be combined with technical areas of instruction
include significant rehearsal and live exercise. By providing students with opportunities for
practicing non-technical skills in ways that provide both meaningful real-time and retrospective
feedback using multiple media (including video), the skills can move from academic to internalized
abilities. Algorithmically, students can be taught skills, such as conflict resolution, active listening,
and general communications skills, in order to improve their ability to traverse the collaborative
problem-identification process.

4.3. The Importance of Cognitive Frameworks

As suggested earlier, the reframing of problems and situations to fit multiple mental models is an
essential skill of any manager, IT included. Cognitive frameworks are those biases, heuristics, and other
mental models that allow each of us to quickly analyze information to come to a fast and appropriate
decision [37]. This skill, applied to IT, is an essential part of understanding and negotiating the many
and various decision-making processes that an IT professional must go through when working with
information technologies and systems development, creation, and implementation—especially when
they involve multiple stakeholders. IT professionals’ understanding of their own cognitive frameworks
is essential to the collaborative problem identification process, IT leaders must create an understanding
of (a) what frameworks they have and use currently when making a decision; and (b) when and how
to apply particular frames based upon a particular situation, organizational culture, or particular point
of view of others [37]. The process of becoming cognizant of stakeholders’ frames of reference and
perspectives help individuals to become aware of how others perceive a problem, and how they may
perceive and analyze possible solutions to that problem [61].

Along this vein, it is also important that people understand their own decision-making frames.
During the course of their work, IT leaders are often faced with multiple alternatives that include
inadequate, often subjective, data. This results in IT professionals processing decision alternatives that
include multiple layers of subjective information—perceptions of individuals, the environment, and
the overall organization—that are based upon subjective information. This information ultimately can
lead to poor decision-making [88]. These result in two problematic decision-making issues: biases and
heuristics. Biases such as confirmation bias, the bias of hindsight, and the premature termination of
search [89,90] create an environment in which the identified problem and the list of potential solutions
become less effective.
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Given the multiple pitfalls that IT professionals face during the course of their work, IT curriculum
must develop students’ ability to cognitively frame problems and solutions from the perspective of
both (a) understanding others’ frames; and (b) an awareness of the biases and heuristics which may
cloud their own problem identification, solution generation, and decision-making processes if IT
programs indeed intend for IT leaders to make excellent decisions. Importantly, several frameworks,
including the one set out by Bolman and Deal [37] lend themselves of algorithmic thinking. That is,
they help students to methodically view a situation from several lenses in order to understand, identify,
and react to both their own, and others’, frames effectively. One example of an effective way to direct
the algorithmic structure for understanding and responding to cognitive frameworks is provided by
Bolman and Deal [37], who provide a set of questions that help students to review a situation in a
systematic way, and select a frame from which to confront it.

4.4. Social Intuition and Contextual Awareness as a Function of Self-Monitoring

In addition to understanding how ones’ biases and heuristics may be impacting IT practices, it
is also important for IT leaders have an understanding of and consciousness of how social contexts
may be impacting the overall problem-solving process. This understanding, and the social intuition
and self-monitoring processes that drive that understanding, are essential for IT leaders’ ability to
work with others effectively. Importantly, while social intuition and self-monitoring are not part of
the current IT literature, they are a part of the larger management scholarship, and apply directly to
the work of IT professionals. According to Davidson and Begley [91], a great deal of what happens
is related to an individual’s ability to pick up social signals, with the help of facial expressions and
body language. In addition, they suggest that our ability to read social cues and then develop an
appropriate response to those cues, which are based upon very specific contexts, is helpful in creating
a social environment within the workplace in which emotions and perceptions are better understood.

Similarly, there has been a great deal of research on self-monitoring within the organizational
context. Self-monitoring is the ability to regulate one’s self-presentation “by tailoring their actions in
accordance with immediate situational cues” [92]. The notion of self-monitoring may or may not be
related to an individual’s desire to control a situation [93], however, self-monitoring as a skill has been
attributed to both ability and motivation. That is, one may be either unable to respond to external cues,
or unwilling to do so. Self-monitoring has been studied at length, and has been found to be positively
related to subjective job performance outcomes as well as the expression of leadership; individuals
who are exceptional self-monitors are seen as more “leader-like” [94].

In addition to performance, self-monitoring as a skill is important because it allows for the
establishment and maintenance of effective work relationships [94]. Self-monitoring has been linked
to specific leadership functions, such as building commitment and creating alignment [94], which are
essential to an IT professional’s success on the job. Thus, the acuity to read others, relate that to social
contexts, and monitor self-behaviors based upon the work environment is especially important for
future IT leaders who will be expected to perform in a myriad of contexts, and with individuals from
various levels and functions within an organization. This responsibility requires that one must be able
to work with others in a collaborative way, acknowledging and understanding how one’s own mental
frame and social behaviors, and the frame of others, will impact project decisions.

Again, within the context of higher education, the development of a sequential set of standards
by which to test and understand the level and type of self-monitoring most appropriate to a context
or setting is crucial. The development of an algorithmic way by which to address these within the IT
curriculum may be an example of executed through a series of ‘thought experiments’ as defined by
Dennett [95].

The important non-technical processes of (a) problem identification; (b) cognitive framing;
and (c) understanding of social contexts in order to read and respond appropriately to social cues
through self-monitoring are all important to workplace success for IT professionals. Each of these
can and should be practiced within the systems development life cycle, as noted above. The systems
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development life cycle is a well-known conception that described the life cycle of a generalized IT
project. It includes the formulation of a problem, information gathering, and the creation of a shared
vision that must take place during the concept, development, and implementation phases of an IT
project [96].

The following sections includes a detailed reporting of each of the four key IT project simulation
steps. Each of the steps (taken from Figure 1 above) indicates both the technical step required of
students during the project simulation, as well as the key non-technical skills required to successfully
accomplish that step (as noted in Tables 1 and 2). Figures 2–5, described both the technical step required
for completing a simulated student project and a listing of those key non-technical skills required to
successfully complete that step (based on the linkages found in Table 2).

The technical project requirements and corresponding non-technical skill requirements were
established through a review of the areas listed in column 1 of Table 2; a thoughtful review of
the themes derived in the initial literature search revealed key areas of interest for each of the
simulated project steps.Informatics 2016, 3, x 15 of 24 
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4.5. Non-Technical Skills as a Function of Project Processes

The use of project simulation as a pedagogical technique for improving the understanding of
the role of IT managers is one that has been used for some time. It is helpful in providing a set of
guideposts by which students can better understand the entire IT project process. Yet, while this
has been used as a tool to instruct in technical skills areas for some time, we suggest that it also
has the potential for instructing in areas of non-technical skill as well. Within each of the project
phases, (concept, development, implementation, and evaluation) a unique set of non-technical skills
is necessary for completing project tasks appropriately and effectively. The need for inclusion of
non-technical skills in this area becomes even more evident when considering that an IT professional’s
ability to complete a project is dependent upon the cognitive-social processes of collaborative problem
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identification, social intuition, and contextual awareness, and formulating cognitive frameworks—all
of which are social and non-technical in nature. For instance, in order to build a collaborative problem
identification process, it is necessary to have (a) excellent communication skills; (b) the ability to reframe
a problem or situation; and (c) a keen understanding of culture and its impact upon communication,
among other areas. Thus, we suggest several non-technical skills are needed to complete these
cognitive-social processes.
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The process of collaborative problem solving is defined as a learning activity in which interactions
between individuals within a group; it is a learning process in which the amount of learning that
takes place is related to the level of effort that group members devote to the internal group processes.
It results in the development of a shared understanding of the domain of interest [85]. This complex
process involves cognitive understanding of multiple social and interpersonal skills; the non-technical
knowledge, skills, and practices necessary for successfully engaging in the collaborative problem
identification process are identified in Table 3, and further elaborated in Figure 2.

The ability to perceive and identify the cognitive frames of others, especially stakeholders
that are essential to the IT success, is essential to the efficacious implementation of any IT
work. The understanding of cognitive frameworks is defined as a cognizant and consciousness
of stakeholders’ frames of reference and perspectives [61]. This knowledge helps individual s to
become aware of how others perceive a problem and how they may perceive possible solutions to
that problem. Importantly, understanding of perspectives is essential to IT work and processes, which
requires IT professionals to collect a great deal of information and collaborate with subject matter
experts in multiple organizational functions. The non-technical knowledge, skills, and practices
necessary for successfully interpreting cognitive frameworks are identified in Figure 3, and further
elaborated in Table 4.
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Table 3. Typology of non-technical skills for necessary for step 1: concept-problem identification process.

Area Definition Non-Technical Knowledge, Skills, and Practices

Collaborative
Problem

Identification

A learning activity in which
interactions between individuals
within a group aid in learning
processes. The amount of learning
that takes place is related to the
level of effort that group members
devote to the internal group
processes; those group processes
result in the development of a
shared understanding of the
domain of interest [86].

-Communication;
-Reframing of problem/situation;
-Knowledge of self as related to culture;
-Cultural knowledge of communication;
-National Cultures and their impact upon communication;
-Understanding of layers of diversity;
-Communication technologies;
-Active listening;
-Critical thinking;
-Collaboration and collaboration management;
-Creativity and ideation;
-Interpersonal relationship management
(including conflict management);
-Problem-solving;
-Professionalism;
-Ethics;
-Innovation

Table 4. Typology of non-technical skills for necessary for step 2: development-cognitive framing
process within the IT project context.

Area Definition Non-Technical Knowledge, Skills, and Practices

Cognitive
Frameworks

Cognizance and consciousness of
stakeholders’ frames of reference
and perspectives help individuals
to become aware of how others
perceive a problem, and how they
may perceive possible solutions to
that problem. Adapted from
Alexander [41].

-Communication;
-Reframing of problem/situation;
-Knowledge of self as related to culture;
-Cultural knowledge of communication;
-National Cultures and their impact upon communication;
-Understanding of layers of diversity;
-Active listening;
-Critical thinking;
-Collaboration and collaboration management;
-Interpersonal relationship management
(including conflict management);
-Professionalism;
-Ethics

The ability to perceive and identify cues within the context of social interactions, referred to as
the Social Intuition and Contextual Awareness, is an essential part of the successful IT implementation.
Within the project context, self-monitoring is an individual’s ability to pick up social signals, with
the help of facial expressions and body language, or the ability to read social cues and develop
appropriate responses to those cues based upon very specific contexts. The ability to apply each of
these non-technical skills can result in the generation of a better understanding of IT stakeholder needs,
a shared understanding of project needs, and creation of a more appropriate visions for an IT project,
as identified below in Figure 4 and Table 5.

The process of project evaluation and interpretation involves identifying areas in which an IT
project is successful, as well as identifying areas in which further improvements and adjustments
are necessary. While we have already identified the necessity to collaborate during early stages of
the systems development life cycle, the evaluation process, too, must take place in collaboration
with project stakeholders. In this case, collaborative problem solving is defined as a learning and
evaluative activity in which interactions between individuals within a group are aimed at evaluating the
effectiveness of an IT solution. Again, shared understanding is key [85]. The non-technical knowledge,
skills and practices necessary for successfully evaluating the systems development life cycle involved a
collaborative problem identification process are identified in Figure 5 and further elaborated in Table 6.
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When engaged in an IT project, students must interpret the need for, and then implement,
non-technical skills. Figure 6 integrates all four portions of the simulated IT systems development
life cycle.
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Table 5. Typology of non-technical skills for necessary for step 3 implementation—social intuition and
self-monitoring.

Area Definition Non-technical Knowledge, Skills, and Practices

Social Intuition and
Self-Monitoring/

Contextual
Awareness

An individual’s ability to pick up
social signals with the help of
facial expressions and body
language; our ability read social
cues, and then develop
appropriate responses to those
cues based upon very specific
contexts. Adapted from Davidson
and Begley [93].

-Communication;
-Reframing of problem/situation;
-Knowledge of self as related to culture;
-Cultural knowledge of communication;
-National Cultures and their impact upon communication;
-Understanding of layers of diversity;
-Active listening;
-Critical thinking;
-Collaboration and collaboration management;
-Interpersonal relationship management
(including conflict management);
-Problem-solving;
-Professionalism;
-Ethics
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Table 6. Typology of non-technical skills necessary for step 4: evaluation and interpretation:
re-engagement of problem identification process.

Area Definition Non-technical Knowledge, Skills, and Practices

Re-engage
Problem

Identification

A learning and evaluative activity
in which interactions between
individuals within a group; it is a
learning process in which the
amount of learning that takes
place is related to the level of effort
that group members devote to the
internal group processes. These
result in the development of a
shared understanding of the
domain of interest [92].

-Communication;
-Reframing of problem/situation;
-Knowledge of self as related to culture;
-Cultural knowledge of communication;
-National Cultures and their impact upon communication;
-Understanding of layers of diversity;
-Communication technologies;
-Active listening;
-Critical thinking;
-Collaboration and collaboration management;
-Creativity and ideation;
-Interpersonal relationship management
(including conflict management);
-Problem-solving;
-Professionalism;
-Ethics;
-Innovation

5. Implications and Conclusions

The development of curriculum that includes a holistic and thorough approach to teaching
non-technical skills within higher education IT curricula is important in several ways. First, it has
implications for organizations who hire recent graduates; their expectations for incoming employees
that have the requisite non-technical skills is critical for successful organizational processes and
products. The improvement of non-technical skills in the IT workforce will help ensure the successful
formulation, execution, and completion of IT projects that are both technically sound, and provide a
basis for developing competitive advantage.

Second, the development of non-technical skills has implications for IT product end-users.
Improvement of non-technical skills within the IT workforce would be meaningful to the end-user
experience inasmuch as a more collaborative, consultative process results in more useful end products.
IT practitioners have the non-technical knowhow to provide end users with more collaborative
involvement in the early stages of IT projects improve the likelihood of a successful project outcome
from a customer perspective, as suggested by Lieberman [97].

Finally, the development of non-technical skills has implications for IT professionals, themselves.
The improvement of these skills may have impacts both personally and professionally, as the ability of
IT workers becomes increasingly more adept at understanding the social, psychological, and political
factors that provide the contextual background in which IT projects are developed and completed.
Improvements in interpersonal relationships, communications skills, relationship management, and
understanding of diversity and diverse perspectives will culminate in insights and intuition into how
they might better interact within complex IT contexts, thus creating a more positive experience for
both the individual, and those s/he is working with.

This research also has some theoretical implications. Few published, scholarly articles have
attempted to coalesce a holistic set of non-technical skills from the literature. The development of
a typology such as this provides scholars and practitioners a guidepost from which new curricular
models can be developed. With calls for improved non-technical skills within the IT workforce, this
review, and the resulting model, helps to demonstrate how, and in what areas, improvements in
non-technical skills will impact the IT project systems development life cycle.

The purpose of this paper was three-fold. First, its purpose was to identify areas of IT that were
considered essential for IT success. Second, it aimed to identify those portions of the literature that are
considered important to the non-technical skills. Finally, it intended to design a holistic conceptual
framework for integrating instruction of non-technical skills into the IT curriculum. We set out to
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accomplish this by reviewing the literature and developing a specific list of required non-technical
skills using a cross-disciplinary, practice-oriented framework that was based upon success factors
known to be critical to IT success. Based on the work of several authors [21,25,37–47,49–61], the list is
both exhaustive and encompassing, and identifies areas essential for the development of appropriate
IT curricula.

In taking the success factors noted above and applying those to curricular changes via an
algorithmic method for instruction, we argue that the intuitive nature of algorithmic instruction
for non-technical skills promotes IT students’ understanding by using a method that is already widely
applied within IT education [79–81] and, therefore, may be more relevant for IT students. We are not
alone in our enthusiasm for using algorithms to aid in student learning and development [79,80]—the
use of an algorithmic approach may help to disseminate these skills in a way that is both accessible
and comprehensible to IT and IS students, as suggested by others [81,96]. The use of algorithms
as a pedagogical strategy for developing the skill of “working with others” may help to reduce the
complexity of the social-cognitive processes necessary to make effective non-technical skills-type
decisions, thus improving professionals’ ability to quickly make appropriate decisions that can
ultimately improve cooperative processes and ultimately influence within organizations, all of which
are essential to the overall success of IT professionals.

By applying what is already known about (a) the non-technical skills needed for IT success;
(b) IT pedagogy; (c) the current use of algorithmic thinking across several disciplines; and (d) the
inclusion of a simulated project across the systems development life cycle, we have made the case
for a new pedagogical framework that addresses the needs expressed by the business community for
improved instruction in non-technical skills. Importantly, our attempt to address non-technical skills
is in response to the educational needs expressed by the business community, as noted above [1,2,6]
helps to establish higher education within the public domain as the most viable source of training
and development for its workforce. This is important as IT education must work to remain relevant
in a quickly maturing and dynamic area—higher education programs that respond to workforce
needs and can provide an appropriate set of non-technical skills training, while retaining excellent
training and development of technical competencies, are the ones that do not lag behind industry [73].
Further, the development of a taxonomy help to define an inclusive model for describing, classifying,
and ultimately teaching non-technical skills for these audiences. This, in turn is based upon prior
research, which helps to build a bridge between current literature and practice.

The research cited above calls for IT professions, both managers and employees, who are (a) adept
at creating and maintaining strong interpersonal relationships [34,37,83]; (b) excellent communicators
with the ability to communicate expectations, provide guidance and championship, and work with and
develop strength from diversity [20,27–31,46,50,58]; (c) able to listen actively and carefully to customer
expectations and requirements, and reframe thinking based upon information available [19,37]; and
(d) able to think critically, creatively, and innovatively both in regular domains and within new domains,
such as social media and other outlets with professionalism and ethics [24,26,32,34,36]. The application
of critical success factors and thorough literature review are important steps in identifying those
non-technical skills that are crucial for success.

With increased complexity in organizations, an ever-growing body of technology, and an
ever-shrinking time available to address important organizational issues, it is essential that IT and
IS professionals are able to identify problems and create solutions that help their organizations—the
necessary solutions can only come from successful collaborative efforts [21–23,44]. In addition to
traditional challenges faced by IT professionals, new technologies that reside outside of our current
domain and paradigm call for innovative thinking and strong critical analysis skills and, therefore,
strong collaborative and convergence skills [69], each of which require the ability to work with others.

Thus, the taxonomy and resulting model provide the structure for pedagogical learning
components that can guide the development of instruction on non-technical skills within the project
context within IT higher education. All of this will help to answer the call from business leaders
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to provide “well-rounded” IT professionals [4], a professional call that can be answered through
improvements to IT curriculum that includes strong non-technical skills instituted into the more
technically-related coursework of traditional IT university programs.
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