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ABSTRACT

AN OUTCOME-BASED COMPETENCY MODEL FOR SYSTEMS ENGINEERING
TRAINEES

Vanessa J. Pietrzyk

Old Dominion University, 2016
Director: Dr. Holly A. H. Handley

Dominant theories relating to outcome-based learning and workforce competency were
synthesized into a singular outcome-based competency model to evaluate systems engineering
training. A baseline model was developed using leading theories from the academic literature
pertaining to competencies for systems engineers across three categories: cognitive, skill-based,
and behavioral. The model was further refined via qualitative and quantitative analysis of formal
interviews of subject matter experts in the field of systems engineering workforce management.
The refined model classifies 28 critical competencies for systems engineers into three tiers of
workforce functionality: foundational, specialized, and leadership. The resultant theoretical
model is both grounded in robust theory and is validated by subject matter experts and is suitable

to drive practical evaluations of systems engineering training programs.
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CHAPTER 1

INTRODUCTION

1.1 Background of the Problem

What is the measurable value added by systems engineering in professional organizations?
Where research has been completed, it paints a bleak picture. According to Buede (2009, p. 43),
“there is very little empirical data about the value being added by systems (and software)
engineering.” Specifically pertaining to the United Kingdom and United States’ civil information
technology field, what little empirical data that have been compiled suggests that systems and
software engineering initiatives experience more failure than success. Even with the
implementation of traditional systems engineering practices within the surveyed programs,

complete project failure occurred 30-40% of the time (Cook, 2000).

One brief, macro-level qualitative summary paints a more optimistic picture, positing that
better/more systems engineering correlates to lower development costs and shorter schedules by
30% and 40% or more, respectively (Honour, 2006). However, the same research explains that
the systems engineering field as a whole lacks “specific evidence regarding the right amount of
systems engineering to bring about the best results [in large complex engineering systems], as
well as the correct timing for the application of system engineering and the identification of

those [systems engineering] tools that are most effective” (Honour, 2006, p. 1).

Within an organization, the efforts that guide and control systems engineering are defined by

Honour (2004) as “systems engineering management.” Where traditional program management

www.manaraa.com



is focused on financial and schedule concerns, systems engineering management is focused more
heavily on technical analysis and emphasizes technical quality. According to
Honour (2004, p. 15), increasing the level and quality of systems engineering management
among a technical workforce improves development quality by “... [having] a positive effect on
cost compliance, schedule compliance, and subjective quality of the projects.” Furthermore, “the
data analysis... suggests that there is a strong case to be made for a quantitative relationship

between systems engineering investment and the quality of project performance.”

There are a small number of studies in the literature which report efficacy of systems engineering
management at a case-study level. The literature does not include case studies across a wide
range of systems engineering enterprises that help determine the general value and efficacy; it is
possible that such studies are being conducted at engineering organizations for internal purposes,
though not much can be gained by the greater community without publication of methodology
and results. Accordingly, it would be imprudent to make generalizable claims about the
measurable value of systems engineering enterprises, other than to state that the literature is

presently lacking.

Public and private technology organizations make substantial investments toward systems
engineering enterprises, though there is insufficient published research which demonstrates the
efficacy of these enterprises. In particular, the investment in systems engineering training is
substantial among government and private industry organizations. For example, the United
States Department of Defense (DoD) has invested millions of taxpayer dollars in professional

systems engineering training since the enactment of the Defense Acquisition Workforce

www.manaraa.com



Improvement Act (DAWIA) in 1991. Are the investments adding measurable value to the
organizations or to specific technology programs? It is the prerogative of a private organization
to make investments with or without justification. In the case of public organizations, and
especially organizations funded entirely with tax-payer dollars, there is a gap in the research

regarding the value added by these investments.

When performing an evaluation of a training program, it is imperative that the evaluation model
be rooted in robust theory relating to critical competencies which are to be delivered and/or
improved upon as a result of the training. Only then can an organization make assertions about
how the training affects workforce competencies, and ultimately, workforce performance.
Ineffectual or altogether absent training evaluations is a pervasive problem. The Van Buren
(2001) American Society for Training and Development Annual State of the Industry Report
indicates that reduced training budgets in the previous year were due to the training function’s
inability to demonstrate the value of the firm’s investment in training. Phillips & Phillips (2001)
suggests that to counter this trend, training organizations must develop and execute

comprehensive evaluations of their programs.

Kotnour (2011) supports the notion that meaningful evaluation of a training system begins with
the identification of and, subsequently, the continuous measurement of training system critical
variables. Only when this has been achieved are organizations free to perform more rigorous
training assessments. Kotnour (2011) recommends that *“the organization receiving training
develop evaluation systems that enable them to understand better the critical variables of their

training systems.”
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Brinkerhoff (1988) writes about the importance of demonstrable value in training and
development programs:
| believe that all [training and development] programs should be designed to produce
beneficial results on an organizational level. A sales training program, for example,
should not simply train sales people. It should increase sales volume, open new markets,
or have some other positive effect on the company’s goals. All [training] programs
should share the same logic: trainees go through training in order to learn something that
will eventually benefit the organization (p.67).
The American Society for Training and Development (ASTD) defines a training system as a set
of coursework designed with the aim of improving workforce performance. Effective training
systems improve relevant workforce competencies and promote the realization of organizational
goals (Piskurich, 2005). When assessing the efficacy of a professional training program,
demonstrable improvement in workforce competency is the final arbiter of value. In order to
demonstrate improvement in workforce competency as a result of training, organizations must
base their argument upon results of rigorous evaluations of the trained workforce which link

outcome-based learning from the training and improved workforce performance.

1.2 Central Research Question

Creswell (2009) suggests that the central question be the broadest question that can be asked of
the study so as not to limit the inquiry while maintaining a focus for data collection and analysis
from multiple sources of evidence. This research shall be designed and executed to answer the

following central research question for a specific context: What is an appropriate outcome-based
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competency model which may drive a practical evaluation of a systems engineering training

program?

Alias (2005) identifies the biggest mistake common across all research methodologies which
contributes to a fundamental reduction in validity and reliability: posing ambiguous research
questions. Given that a central question is the crux of the formal research process, posing an
ambiguous research question will prompt inescapable instability issues, and it would likely be
impossible to demonstrate satisfactory validity and reliability in the subsequent design. The
proposed research question has undergone extensive revision under the supervision of a proposal

committee and is determined to be sufficiently unambiguous and appropriate for formal inquiry.

1.3 Research Methodology

The purpose of this research is to develop an outcome-based competency model for systems
engineering trainees which is appropriate to drive practical evaluations of professional systems
engineering training programs. A research methodology suitable for doctoral research consists of
six steps: 1) define the research concept; 2) review the literature; 3) define research design &
methods; 4) collect data; 5) analyze data; 6) interpret & report results. The research
methodology, depicted in Figure 1, is designed to objectively gather information to answer the

central research question.
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Define the research : R iew the literat
concept "_“ eview the literature —

ke r s EEEE R a R E R e "

Define research Collect data :

: design & methods

sample
baseline Refined evaluation of

: PHASE 1: model model PHASE 3: workforce
_’:_. e -— PHASE 2: AP

. Theory " R Demonstrate utility [

= " Validation r poe H

[ Development H in a specific context 4

e ’

theoretical contribution: outcome-based competency model

) Analyze data ‘_s Interpret & report

results

Figure 1. Research methodology.

A sufficient review of the literature, outlined in Chapter 2, has been conducted to provide the
researcher a thorough understanding of the current bodies of knowledge relevant to the research
concept. This chapter will introduce the research design, methods, data collection, and data
analysis strategies. This chapter will also describe the study participants, considerations for data

validity and reliability, and ethical considerations for the research project.

1.4 Research Design
The research effort was organized into three specific phases that systematically address the
research question. The first two phases contribute to the general body of knowledge a new

outcome-based competency model for systems engineers which is both grounded in robust
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theory relating to learning outcomes and critical competencies, and it was validated by subject
matter experts. The final phase demonstrates the utility of the theoretical contribution by
documenting the process by which the model was used to perform an evaluation on a sample of a

trained workforce.

e Phase 1: Leverage existing theories related to learning outcomes and workforce
competency to develop a baseline theoretical model;

e Phase 2: Validate the theoretical model using insight from expert practitioners relative to
the field of systems engineering workforce management;

e Phase 3: Demonstrate the feasibility of the theoretical model by performing an evaluation

of a trained workforce.

The phenomenon under study is the lack of robust theoretical models appropriate to drive
practical evaluations of trained workforces. An empirical enquiry will be developed to
investigate the phenomenon within a real-world context and shall rely on multiple sources of
evidence (Yin, 2008). This approach is particularly useful where research and theory exist at an
early, formative stage and where the experiences of individuals and the context of actions are
critical. This approach usually involves a combination of data collection techniques which use
qualitative and quantitative data. Data are typically gathered via interviews, observation,
questionnaires, and document/text analysis. Variables and measurements may be evolved from
existing literature to develop foundational theory and hypotheses regarding the observed
phenomenon rather than to test predefined theory or identify causality. The development of a

theoretical model for this research is detailed in a later chapter.
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Data was drawn from multiple sources and is both qualitative and quantitative in nature. In phase
one, a baseline theoretical model was developed which leverages the dominant literature related
to learning outcomes and workforce competency. The competencies were evaluated for
appropriateness to the research problem and for the purpose of developing an outcome-based
competency model for professionals who have participated in systems engineering training. The
outcome of phase one was a baseline theoretical model which synthesizes dominant theories
from the relevant academic literature. In order to justify that the model is appropriate to drive
practical evaluations of a trained workforce, the model must be validated by subject matter
experts. Systems engineering workforce managers were identified as appropriate experts to
perform the validation via in-depth interviews. After the baseline model was developed in phase
one, interview questions were drafted to present to workforce managers in the next phase.

Six systems engineering workforce managers participated in the interviews in phase two. All
information exchanged was unclassified and non-proprietary. Managers were selected according
to their expertise in managing systems engineers; they are sufficiently knowledgeable about the
necessary workforce competencies for success in a systems engineering workplace. Each was

confirmed to be an expert based upon their possession of the following criteria:

e He/she has completed professional training in systems engineering.

e He/she participated in formal continuous learning to maintain his/her skills in the area of
systems engineering.

e He/she is employed in a supervisory/managerial position of a systems engineering

workforce.
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e As a supervisor/manager, he/she has completed at least one review cycle of his/her
workforce.
e He/she supervises a workforce of employees whom have completed, or are in the process

of completing, professional training in systems engineering.

Qualitative data was collected in phase two via workforce interviews either in person or over a
telecommunications device (phone, video-conferencing software, etc.). The interviews were
driven by non-threatening, open-ended questions; the questions posed to each manager are
included in Appendix C. Interview questions guided the interviews through a discussion of
workforce competency. According to the guidelines for interview questions offered by Yin
(2008), the interviews in phase two included high-level questions for each individual manager.
Asking the same high-level questions to each manager allows for the identification of patterns
across multiple interviews. The theoretical model was revised according to the information

obtained in these interviews.

All qualitative data were analyzed using NVivo, which is equipped to assist the researcher with
identifying patterns and relationships from the data collected in phase two. This analysis
technique codifies unstructured data from the manager interviews to uncover subtle connections
with sufficient rigor. Additionally, pattern identification was depicted in tables or arrays which

contain raw data with the aim of refining the baseline theoretical model.

In phase two, the competencies which make up the model were presented to expert practitioners,

I.e. systems engineering workforce managers, via in-depth interviews. Six workforce managers
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were interviewed individually and were permitted to speak freely about the applicability of the
model’s competencies to a real-world context. Insight from these interviews further refined the
model: competencies were altered, deleted, or added according to the manager’s input.
Additionally, the structure of the baseline model was refined to better organize the competencies.
For example, the baseline model organized workforce competencies into three categories
according to the assumption that learning is multi-dimensional, i.e. learning affects cognition,
skills & knowledge, and behavior. The manager interviews yielded a structure that is more
practical when using the model to perform evaluations of a workforce; competencies in the
refined model were organized according to workforce functionality. This refined model
represents the theoretical contribution of the research endeavor: an outcome-based competency
model for systems engineering trainees which is appropriate to drive practical evaluations across

multiple contexts, i.e. the model is not tied to any specific training program or organization.

In phase three, the model was used to develop evaluation metrics for a specific context: the
systems engineering training mandated by DAWIA. An evaluation was performed via survey on
a small sample of the trained workforce and quantitative data was analyzed to measure the
impact of the DAWIA training on workforce competency among the participating individuals.
Phase three represented a face validation of the refined theoretical model; given the primary
contribution of this research endeavor is the theoretical model, the objective of phase three is not
rigorous, time-consuming hypothesis testing. The contribution of phase three is specific in nature
and represents preliminary data regarding the efficacy of a particular training program. Bowen

(1995) states that surveys provide an opportunity to study a large number of groups and

www.manaraa.com



11

strengthen the external validity of the research, assuming the data samples include multiple

organizations, settings, etc.

1.5 Scope and Limitations of the Study
The study was designed with three specific components which will fully address the research

question.

e Synthesize relevant theories related to learning outcomes and workforce competency to
develop a baseline theoretical model for systems engineering training;

e Validate the theoretical model using insight from expert practitioners relative to the field
of systems engineering workforce management;

e Demonstrate the feasibility of the theoretical model by using the model to perform an

evaluation of a trained workforce.

The validation method by which the refined model was developed presents a limitation to the
generality of the model. Insight was collected from six managers who have relatively similar
backgrounds, e.g. each have received systems engineering education at U.S. accredited
institutions; each have participated in identical professional systems engineering training
programs; and each are managers of DoD workforces, though not the same workforce and not
workforces in the same DoD agency. This presents a limitation due the nature of their
backgrounds and, potentially, their perspectives, which naturally drives their insights provided to
the researcher during phase two. Follow-on research may be conducted to mitigate this limitation

and reduce the restrictions on the generality of the contribution, for example, additional
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interviews may be conducted with managers with more diverse educational and professional
backgrounds. The findings of the evaluation in phase three is entirely limited to the specific

context: the systems engineering training mandated by DAWIA.
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CHAPTER 2

LITERATURE REVIEW

This chapter summarizes the theories related to the research project. Following a review of the
literature on the subject, the theoretical framework for the research project is presented. The
following topics and dominant references are depicted in Figure 2. All topics are relevant to the

background, theory development, and research design of the proposed project.

DAWIA Training System
Defense Acquisition Reform Formation of DAU Career Fields Certification Levels Investment Value
(Packard Commission) [NDAA) {DoD Desk Guide) (DoDI 5000.66) (Van Buren)
DAWIA Enactment Compulsory Certifications AT&L Workforce SE Management Criticism
(Congressional Testimony) [AT&L Data Mart) [Mavroules) (Honowur) (GAQ, Choi)

Training System Impact

Training Evaluation vs. Effectiveness Five Levels Stages of Transfer Process Input, Process, Qutput
(Kraiger et al.) (Phillips & Phillips) (Foxon) (Bushnell)

Training System Impact Assessment Learning Outcomes Six Stage Evaluation Implementation Strategies
(Kotnour et al.) (Kraiger et al.) (Kirkpatrick) (Kotnour)
Workforce Competen

Career Field Competency in SE Com petency Assessment MITRE SE Competencies SE Proficiency
Competency (Levy) (Beasley & Partridge) (Lasley-Hunter) {Metzger & Bender) Assessment (Smith)

CEST Com petency Adwvancing SE Practice SE Competency Taxanomy SE Competencies SE Competencies
Model (Frank) {Jansma & lones) (Squires et al.) Framewaork (INCOSE UK) (MASA)

Figure 1. Literature review road map.

A review of the literature was performed according to three main topics of relevance. First, a

review of the dominating theories in the field of training system impact and training system

evaluation was performed. Theories were examined to ascertain their applicability to the research
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problem. Second, the prevailing literature on workforce competency, specifically as it pertains to
the realm of professional systems engineering, was examined to better understand this domain.
Finally, because the competency model developed by this research undertaking was planned to
be exercised among a real-world context in phase three, a rigorous review of the development
and implementation of the DAWIA and its professional systems engineering certification
programs was performed to better understand the state of this particular training system; this

information is included in a later chapter.

2.1 Training Evaluation vs. Training Effectiveness
In the literature regarding training system impact are two key terms which deserve distinction.
Training evaluation and training effectiveness, sometimes written as training system efficacy, are
often used interchangeably in the literature (Ostroff, 1991). However, each term represents very
different perspectives and addresses different research questions. Issues of training effectiveness
are broader and more mature than issues of training evaluation because they encompass the
impact of training on the individual and the organization as a whole. Kraiger et al. (1993) make
the distinction:
Training evaluation refers to a system for measuring whether trainees have achieved
learning outcomes. It is concerned with issues of measurement and design, the
accomplishment of learning objectives, and the attainment of requisite knowledge and
skills. In contrast, training effectiveness models seek to explain why training did or did

not achieve its intended outcomes (p. 312).
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2.2 Training System Impact Assessment

A training system impact assessment is defined by Kotnour et al. (2013) as a process to help an
organization provide traceability from the identification of a training system, through the
implementation of the system, and ultimately to defining and measuring the results of the system.
Goldstein (1986) describes a similar term, training evaluation, which is defined as the systematic
codification of data regarding the success of training programs. Specific to the topic of training
evaluation, Kotnour et al. (2013, p. 2) posit “evaluating training [programs] is a process that is
not completely understood and that can be suggested as being dynamically complex.” However
challenging, the need for an organization to conduct a thorough evaluation of any workforce
training system they have chosen to implement is critical. These evaluations can be conducted

either internally or via an external entity.

The critical motives for a rigorous impact assessment initiative are threefold (Phillips & Phillips,

2001):

1. Allow organization managers and workforce members to adequately and objectively
understand the value of a training system.
2. Demonstrate to sponsoring managers the return on investment.

3. Troubleshoot in the event the training system is not producing the expected result.

2.2.3 Models for Training System Impact Assessment

The literature was further reviewed to identify potentially relevan