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ABSTRACT
IDENTIFYING AND QUANTIFYING PERSONNEL SKILLS GAPS

Martin Joseph McKenney
Old Dominion University, 2019
Director: Dr. Holly Handley

One of the issues organizations face is identifying the required skills needed for a position
and then evaluating whether their personnel have these skills or if there is a “skills gap”. The skills
gap is the distance between the position requirements and the skills currently possessed by the
worker in that position. While multiple models have been created over the years to address facets
of the problem, none of them provide a comprehensive framework to clearly identify the required
skills and worker qualifications and then evaluate the degree of similarity. A composite skills gap
model has been developed using the Design Science Research Method to combine elements of
previous models and to ensure that the resulting model met a set of established criteria. The Skills
Gap Analysis Model (SGAM) was evaluated using demonstration data to ensure that it provided a
single taxonomy for both position requirements and the worker qualifications, the resulting
descriptions were quantifiable and comparable, the data was accurate and actionable, the model
framework is adaptable to any domain, and that it is easy to use and not time consuming. The
framework provided by the model establishes a theoretical foundation for skills gap analyses that
allows for more analytical research in this area. By utilizing the SGAM to identify position
requirements and worker qualifications, organizations can move personnel to better suited
positions or utilize needed training in the specific areas identified. As technology moves towards
increasing automation, robotics and artificial intelligence, this type of model can identify what

skills are necessary for “re-tooling” the workforce to meet the needs to support these systems.
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NOMENCLATURE

Possession of the means to perform an activity or task. (Wilson et al. 2012).

The capacity to learn or understand a particular task or subject. (Wilson et
al. 2012).

A misunderstanding or unclear direction between a person in a position
and the organization’s requirements and expectations for that position
Multifaceted collection of work and workplace data content requirements
in a specific environment or set of environments that will be used to
support manpower, training and HIS analysis. An HCO is comprised of
SkillObjects ™,

Job Assessment Selection Software. A program developed by the Army in
the 1980s to classify and compare jobs.

Information and facts acquired by a person through experience or
education. A thorough understanding of a particular subject (Wilson et al.
2012).

Knowledge, Skill, Abilities, and Others

Knowledge, Skill, and Abilities.

Military Occupational Specialty. The grouping that the Army uses to
classify jobs.

The ability of a test to dependably produce the same results when given
repeatedly to the same person.

A requirement for a skill not currently possessed by the person in that
position.

The manual, verbal, or mental ability to do something well. (Wilson et al.
2012).

Observable occupational skill containing unique knowledge, skills,
abilities, tools, tasks, and resources (KSATTR) at the job level and context
work elements.

Subject Matter Expert. A person that through experience or education is
an authority in a particular area.

Detailed pieces of work

Skills acquired while working in one area or job that are also valid for
another area or job.

The test is an adequate tool to measure for its intended purpose.

How well the test measures the intended attributes.

The mental or physical effort done to achieve a result.
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1. INTRODUCTION

1.1 Background of the Problem

Whether enterprises are growing, restructuring, downsizing, having to fill jobs vacated by
retiring professionals, having to deal with a technology shift, or just filling positions created by
workers pursuing other opportunities, organizations are quickly realizing that one of their most
valuable assets is their people (Pfeffer & Veiga, 1999; Fulmer & Ployhart, 2014). Positions require
people with the correct skills to accomplish the work.

Enterprises need to identify skills gaps between their current workforce and their future
capabilities in order to address their workforce planning needs. Enterprises strive to align their
systems, technologies and workforce with current and future business objectives. A “skills gap” is
the differential between the requirements of a job position and the skills that a worker possesses.
Before an organization can train existing personnel, move personnel to better matched positions,
or hire new personnel, these gaps need to be identified.

There is some controversy about the cause of current gaps in worker skills. One theory
states that the modern-day skills requirements are outpacing the education system (Olson, 2015;
Galagan 2010), i.e., schools and universities are not preparing the workforce to meet new job
requirements. This viewpoint is supported by the 2013 Georgetown University Center on
Education and the Workforce Recovery: Job Growth and Education Requirements Through 2020
report which explains that 60% workers need some postsecondary education for today’s jobs,
compared to 1 in 3 in the 1970s and that this number will increase to 65% by 2020. Another theory
purports that organizations are unwilling to train their existing workers, not willing to pay fair
wages for the skills they need, need to move to position themselves in a better area to obtain a
proper workforce, or are just not effective at identifying requirements and matching personnel
skills sets (Cappelli, 2015). Other studies cite lack of motivation, poor attitude and dependability
as issues, not technical ability (Pearce, 2006). Regardless of the causes of the “skills gap”, the need
to quantitatively identify it exists.

One of the potential reasons for the large debate about the skills gap is that it has been
difficult for enterprises to measure and quantify it. Abraham (2015) and Cappelli (2015) cite that
while there has been an increase in employer complaints, current data did not support these claims,

and they note the poor quality of the information presented to support the complaints. Olson (2015)



agreed with the skills gap claims and discussed potential solutions to “bridge” the gap. He suggests
identifying the talent requirements, but no methodology is provided for accomplishing this task.
Manpower Group (2013) indicates that 35% of employers have concerns over filling positions and
provides several possible causes. The 2011 Manufacturing Institute and Deloitte Report states that
67% of manufacturers have a moderate to severe shortage of available, qualified workers. Neither
of these reports discuss how to evaluate or quantify the gap. While every organization is different,
each with its own unique set of issues, a prescriptive “engineering approach” to provide and
evaluate skill gap data does not exist.

The literature agrees that organizations need to identify their own skills gaps to address
their workforce planning needs. Having a method to identify and quantify these needs would give
organizations the information they need to address the gap. At issue is that before organizations
can train existing personnel, move personnel to better matched positions, or hire new personnel,
they need to understand exactly what these gaps are.

This research summarizes the relevant literature and current models that exist in this
domain and presents a more robust model to identify, quantify and address the skills gap between
positions and personnel. While the application of the work for organizations is compelling, this
research also establishes the theoretical foundation for skills gap analyses, allowing more
analytical research in this area, and proposes a model framework based on combining existing
models and developing an accompanying algorithm to quantify the skills gap. As shown in Figure
1, the need to identify and quantify skills gaps in an enterprise occurs in several areas.

Requires

>

]

. .

Personnel e
Worker
Organization I:> Position Requirements I:> Architecture (::I Qualifications

F 3

Skills Gap? | New |Current|

New | Current | Replacement Proper Fit?

Disconnect?

Supplies Correct Personnel

Figure 1. Potential Skills Gaps in Enterprises



The first area is the identification of a skills gap between the existing worker and the current
job position. It is critical that personnel meet the job requirements, as this gap is costly for
organizations (Watkins, et al., 2016). The gap can result in a loss of productivity, reduced morale,
and the overworking of the existing workforce. Overworking the existing workforce and having
operators perform tasks that they are not qualified for can create quality and safety concerns
(Caruso, et al., 2004; Spurgon, et al., 1997; Goldenhar, et al., 2003; Kawada & Ooya, 2005).

The second area is when new or changing technology causes existing positions
requirements to change or even be phased out. The remaining personnel may not be able to
successfully adapt to the new job requirements; these people need training to be able to perform
the required functions, but it is critical that the gaps are properly identified so that the proper
training can be utilized. Training in the wrong areas is costly from a time and monetary perspective
and is not beneficial for the organization.

The third area is to determine if existing personnel skills can be used in other areas of the
organization. Evaluating the skill gap between the worker and the other available jobs can identify
the degree of training required, which correlates to cost, to enable the candidate to fill the position.
After a skill gap has been identified, the worker needs to be trained, but the issue still remains in
identifying what to train and how much to train. According to the American Society for Training
& Development (2013) State of Industry Report, US organizations spent over $164 billion dollars
on training. Being able to identify and quantify skills gaps can help organizations ensure that they
are training in the correct areas and that they are maximizing the effectiveness of the training.

Lastly, Figure 1 identifies the impact on new hires. The issue is how to describe available
positions to hire appropriate personnel; it is important that the potential new hires are matched
against up-to-date requirements for the position. Placing the wrong person in a critical position
could result in loss of productivity, loss of revenue, low morale, and customer relation issues.

Several issues are important to defining a skills gap model: identifying the descriptors
needed to identify position requirements and worker skills, ensuring the position requirements and
the worker’s qualifications use the same taxonomy, what evaluation metrics are applicable, and
finally how to make the comparison.

Different organizations have different titles for similar positions and personnel skills are
described in a variety of ways. In order to make an accurate worker-to-position comparison, the

position requirements and the worker’s qualifications need to be in the same language with



quantitative ratings. Many of the current methods do not provide a method for an “apples-to-
apples” comparison, meaning the data for each perspective can be reasonably compared. Once
both the worker skills set and position requirements are in the same language, the skills gap can
be calculated (see Figure 2).

Position Worker
requres =  brings =  GAP
-

Potential Areas of Improvement
Access and identify to detail training
Pasifion Requirements Worker Qualifications
Current and near future

Figure 2. Skills Gaps Calculation

1.2 Why is this Problem Compelling?

The ability to find the right workers and being able to identify skills gaps for an existing
workforce has become increasingly more important. Skills gaps are costly and negatively affect
productivity. The need exists to identify and quantify roles and responsibilities for positions that
can be clearly identified and articulated to the worker. The 2018 U.S Department of Labor statistics
cite that there are 6.7 million U.S. job openings with 6.3 million unemployed. Evaluating the
numbers, there should be more than enough jobs for everyone. Are these people not qualified or
are organizations not able to match these people with the correct positions?

Additionally, the skills gap problem is complex. The diagram in Figure 3 identifies some
of the factors needed to identify a skills gap. These factors include the descriptors for the position
requirements and worker skills, the underlying taxonomy, appropriate metrics to weight and rank
the descriptors, and how to evaluate the outcomes. The fundamental concept is that in order to
make an accurate comparison both the position requirements and the worker qualifications need
to use the same taxonomy. This is shown in the diagram by the apples next to each area. This

ensures the “apples-to-apples” comparison can be made.
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Figure 3. Skills Gap Identification

Positions within an organization require specific skills sets. These skill sets typically detail
activities that the person needs to be able to successfully perform the requirements of the position.
When comparing personnel to positions, three scenarios are possible:

Scenario 1: The worker’s skills set is balanced with what the organization needs. The position
should be adequately filled, and the organization should not have any issues.

Scenario 2: The worker skills set is greater than the position requirements. This is inefficient use
of the available human resource. In this case the worker may not be challenged and
may seek employment elsewhere. With a positive gap, matching the worker with a
different, more suitable position could benefit both the organization and the worker.

Scenario 3: When the position requirements are greater than the worker’s skills, this creates a

negative gap. Negative gaps are costly for organizations and as such, closing or



eliminating the gap is desired, usually through training or selecting alternative
personnel.

With technology moving towards automation, robotics and artificial intelligence, i.e.,
Industry 4.0, being able to identify the skills gaps will be necessary for “re-tooling” the workforce
to meet the needs to support these systems. Before organizations can train existing personnel, move
personnel to better matched positions, or hire new personnel, they need to understand exactly what
the skills gaps are. By clearly identifying the skills gap, manpower and personnel decisions can be
made about hiring, training and shifting personnel to meet the enterprise needs.

1.3 Research Strategy

This research goal is to develop a model that allows a skills gap to be identified based on
a common representation of a job position and personnel skills. The main challenge is how to
identify the position requirements and worker skills in a manner that the two can be used for
comparison. The details include developing a model using the proper descriptors that can be used
to quantify the job requirements, developing a scale to rate the importance of each descriptor,
capturing the existing personnel qualifications using the same descriptors, and developing a
corresponding method to compare the job requirements to the personnel’s skills. The model will
have to be easy to use, be able to parse data effectively to minimize effort, and yield actionable
data that would be useful for the minimizing the gap. The research will employ a Design Science

research strategy to create a new artifact, the Skills Gap Analysis Model.

1.4 Contribution to the Body of Knowledge

This work directly addresses the need for a robust model to identify, quantify, and address
the “skills gap” between positions and personnel. This research is timely for both system and
organizational design as increasing levels of system autonomy has changed the way that positions
are defined and shifting the role of workers. A model framework based on combining existing
models identified in the literature review and developing the accompanying algorithm to quantify
the skills gap provides the basis for the Skills Gap Analysis Model (SGAM). This model provides

a theoretical foundation for analysis that allows for more analytical research in this area.



1.5 Alignment with System Engineering Research

The skills gap problem, while widely recognized, has not received much attention in the
academic literature. The problem has been viewed as largely an organizational one, and often
“workarounds”, such as additional training, adding extra personnel, and overtime hours are used
to address the gap. While the immediate application of the work has been articulated from an
organizational manpower perspective, the need for a formal model for the use of human resources
from a systems point of view has been identified in the systems architecting practice. Bruseberg
(2007) identified an architecture approach to identify individual attributes as part of system roles
in order to identify gaps in task assignments that would impact system performance. Handley
(2017) discusses the need to define the human capabilities that result from matching qualified
soldiers to technology tasks in order to better define trade-offs between soldier assignments. In
this sense, a capability is the opposite of a “gap”. Human interactions with both systems and other
humans have become a key concern of system engineers as systems continue to grow in scale and
complexity, and as humans continue to become key components of the system and impact its
performance (Orellana and Madni, 2014). Thus, systems engineering is concerned with the total
view of the system and must necessarily relate to the enterprise or organization for whom the
system is being built, including its people and processes (Sage & Lynch, 1998). System support
for enterprise architectures defines the structure and operation of an organization to determine how
an organization can most effectively achieve its current and future objectives. A model to evaluate

the capability and gaps of its personnel is a necessary part of this assessment.

1.6 Dissertation Outline

This research follows the Design Science Research framework laid out by Hevner (2007).
The ensuing chapters are aligned with this methodology. Specifically, this chapter has identified
the problem and the motivation for the research. Chapter 2 provides a literature review of the
current methods and models to identify position requirements and worker requirements. It
identifies the gap in the body of knowledge on the determination of a skills gap. Based on the
shortcomings of the existing models, the solution requirements are defined. Chapter 3 discussed
Design Science Research as an methodology to address this problem, and articulates the research

objectives and methods to achieve this goal. Chapter 4 provides the composite model development



and the algorithm design. Chapter 5 discusses the demonstration to elicit user feedback on the
utility of the model and algorithm to identify the skills gap from both a position and worker
perspective. Chapter 6 evaluates the data collected at the demonstration based on the established
criteria to determine if the composite model and algorithm achieve the research goal. Finally,
Chapter 7 offers an outline of strengths, limitations, and implications of the proposed framework
to the body of knowledge and practice of systems modeling and architecture. It provides the

communication plan to different stakeholders to conclude the Design Science Research method.



2. LITERATURE REVIEW

This chapter provides a review of the literature in this domain, including the terminology
used as well as the definition of the “skills gap” problem. It reviews and compares existing worker-
to-job fit models and other methods used to match personnel to positions. It discusses the
difficulties of identifying and quantifying worker qualifications as well as position descriptors. It
also provides the criteria to evaluate the existing models in order to identify the gap in the body of
knowledge that this research will address.

2.1 Domain Terminology and Skills Gap Problem

The skills-gap problem can be considered an equation. The objective is to ensure that the
requirements of the positions on the left side of the equation correspond to the worker
qualifications on the right side. If there is an imbalance, the differential is the “skills gap.” Part of
the difficulty with this research domain is the differences in terminology that is used to describe
both the position and the worker, along with their corresponding attributes. This section will
describe the terminology used in this field and identify the basic skills gap model that will guide
this research and be used to evaluate existing models.

2.1.1 Terminology

A job position is typically described by the roles and responsibilities that detail the
functions, tasks, and work that a worker in the position needs to be able to perform. A function is
an activity that a worker is required to complete. The activity can then be broken done into tasks
and subtasks which are detailed pieces of work. Work is defined as the mental or physical effort
done to achieve a result. Using these three components, position requirements can be articulated.

In the System Engineering domain, human functions are determined from overall system
functions and decomposed to the task level. These tasks are then grouped into roles, and roles are
grouped into a position that can be assigned to a single individual (Bruseberg, 2008). Position
requirements are determined based on the competencies required for each constituent role and its

associated tasks. Note that from the job position perspective, the requirements are derived from



10

the human function requirements in part of a larger system context; thus, the language of the job
position is grounded in the overall system components and goals.

The Human Role Strategy, developed during the system requirements analysis phase,
articulates the plan for human involvement in a system that will be used to guide further function
allocation, and thereby define the worker roles in the system. (DD 21 ONR, 1998). The tasks, roles
and requirements comprise definitions that mutually depend on each other. For example:

» Tasks determine required skills and knowledge

« Existing role definitions may influence position descriptions

» New roles may be defined based on new human function allocations

On the position side of the equation, the system is reviewed to determine roles and
responsibilities of the position. All the work that this position is required to complete is analyzed
and all the related functions, tasks, and sub-tasks needed are detailed to ensure all the requirements
of the position are identified.

On the worker side of the equation resides the qualifications that the worker possesses that
should meet the requirements to perform all the required functions, tasks, and work of the position.
In the combined work by Wilson, et al. in 2012, knowledge is defined as information and facts
acquired by a person through experience or education; knowledge represents the body of
information applied directly to the performance of a task. Skills are defined as the manual, verbal,
or mental ability to do something well; skills are the result of a learned task. Abilities are defined
as possession of the means to perform an activity or task; abilities are the observable behavior to
perform a task. “Others” typically refers to all the other attributes that are not easily categorized
into the knowledge, skills, and abilities grouping. This could include items such as being able to
perform specific work activities or tasks. The combination of knowledge, skills, abilities, and other

are typically referred to as KSAOs and are the worker’s qualifications.

2.1.2 Skills Gap Model

In order to be successful in the position, the worker’s qualifications have to meet the
position requirements. Note that from a worker’s perspective, qualifications are determined from
past training that can be codified as KSAOs and applied to other jobs. From the position

perspective, the job descriptions are determined from roles and responsibilities based on the work
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or system that is being operated. The difference between the two sides of the equation is the “skills
gap.” The worker to position model can be generalized as shown in Figure 4. This model can be

used to evaluate existing models and identify the gap in the body of knowledge that this work will

address.
Com 9
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Figure 4. Domain Terminology

For a model to be able to identify and quantify a skills gap, the first and main requirement
is that it has to be able to compare the position requirements and the worker qualifications. To do
this it must be able to compare the position functions, tasks, and work to the worker’s KSAOs. To
make this comparison these descriptors need to use the same language. Then, to make the skills

gap calculation the two sides can be compared using the equation shown in Figure 2.
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2.1.3 Criteria to Evaluate Existing Models

To evaluate existing skills gap models a consistent set of criteria is needed. Some of the
most current and popular worker-to-position models will be evaluated to review their purpose and
to determine if they detail the worker requirements, position requirements, or both. The data
collected will be reviewed to see if it is comparable. To ensure it is comparable it must be
quantifiable. How the information is collected and how frequently it is updated will also be
reviewed. The robustness, if the data is actionable, and the “case of use” for each model will also

be reviewed. All of these criteria are summarized in Table 1.

Table 1. Model Evaluation Criteria

Criteria Description Acceptable (A) /
Meeds Improvement (NI}
1 Taxonomy/ Position Requirements [How are these defined? TBD
Same Language |Worker Qualifications  |How are these defined? TBD
Data comparisan Can the data be compared? Is there consistent TBD
2 Comparable — terminology? — - -
Quantifiable data Is the data quantifiable and is there a rating system. Are TBD
variables weighted?
3 Adaptable Information updated I= the information up to date? How often is it updated? TBD
Robustness Does it have a strong adaptable framework? TBD
2 Actionable Pro:.'ide accurate and Able to identify and guantify skills gaps? TBD
actionable data
5 Usability Ease of use Time consuming? Able to parse data? TED

To be beneficial, a new model would have to be generalizable, it would have to provide
both the position requirements and the worker qualifications (both perspectives) in the same
language, would have to be adaptable to any domain, allow for comparison (quantifiable data), be
quick and easy to use (usability/burden), and provide accurate and actionable data (robust). These
aspects should ensure that the model facilitates quick and easy identification of position
requirements, as well as being able to quantify the level of a particular skill that is needed.

Each area will be evaluated to determine if it is acceptable (A) and would meet the needs
of this research of it would need improvement (NI). After each of the models is evaluated, the

combined results will be reviewed.
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2.2 Existing Worker to Job Fit Models

Several comprehensive, worker to job fit models have been identified. Four of the most
predominant ones are discussed in this section. The first model was developed by the Office of
Personnel Management to classify its Human Resources workforce. The next two models were
developed by Department of Defense organizations, as the military has a strong need to quantify
both its positions and its personnel in order to manage its manpower effectively. The most
comprehensive model has been developed by the Department of Labor. This model has been
widely validated and has been used extensively in research applications. This section reviews these
four models and evaluates their strengths and weaknesses based on the criteria identified in Table
1.

2.1.1 Office of Personnel Management MOSAIC model

One of the early drivers of the use of KSAOs was the US Office of Personnel Management
(OPM). OPM conducted government wide occupational studies to collect information on human
resource management functions. The OPM Delegated Examining Operations Handbook (2007)
described the measured KSAOs, behaviors, and other characteristics identified for a worker to be
successful in a position. This set of information was identified as a competency. The OPM’s goal
was to define a set of common tasks and competencies used to describe all occupations included
in the study in order to structure human resources functions and to provide workers information
on the factors on which they are selected, trained, and evaluated. KSAOs for a position were
identified, and based on the applicant written responses, the level of their ability was graded to
determine if the applicant was able to demonstrate the requirements and a decision was made
whether or not to move the applicant to the next step of the application process. According to the
OPM Handbook, a score above 70 out of 100 was required to move on in the process.

However, criticisms of this approach led to a decreased use of KSAOs in the application
process. The method of determining applicants’ appropriate KSAOs was a long process and led to
discouraging individuals to apply for positions. Because of this, there was a Federal initiative to
phase out the KSAO essays (Kay, 2011). Additionally, some well qualified applicants were not
identified based on the KSAO system. While the set of KSAOs had been determined for each
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position, it was up to the applicant to provide a narrative that could be rated to determine the
applicant’s alignment with the requirements.

The government wide study, Multipurpose Occupational Systems Analysis — Close Ended
(MOSAIC) was an attempt to document the competencies needed for almost 200 Federal positions.
This system was based on studies performed over several years and represents the position
requirements. The position information is based on these closed studies while the worker
qualifications would have to be determined through the KSAO essay method previously described,
which has a Federal initiative to phase out this process. The OPM Handbook does describe an
extensive job analysis methodology. The methodology states for a SME to detail the important
competencies and to rate them, but there is not a consistent comparison method based on common
terminology. While there is a lot of good information related to identifying the position
requirements, making the position-to-worker comparison is difficult using this model. The model

evaluation summary is shown in Table 2.

Table 2. MOSIAC Model Evaluation

Criteria Details Acceptable (A} /
Meeds Improvement (MI)
Position Requirements |Details competencies almost 200 Federal positions. Only M1
Taxonomy/ .
1 Federal, adaptable to private sector?
Same Language — - -
Waorker Qualifications OPM Job analysis methodology, generic Ml
Data comparison OPM Job analysis methodology, generic, not apples-to- M1
2 Comparable apples
Quantifiable data Does apply metrics, but not weighted and no rating scales. M1
Information updated Mo, based on previous studies. NI
3 Adaptable Robustness May be solid for current positions, does not adapt to NI
changing positions.
: Provide accurate and Mo method to determine skills gaps. M1
4 Actionable .
actionable data
. Ease of use Difficult. Time consuming process invelving multiple M1
5 Usability
personnel.

2.2.2 Navy’s Human Capital Object (HCO) Model

The HCO (Human Capital Object) Conceptual and Logical Data Model, shown in Figure
5, is a worker to job model developed for the US Navy. It captures the requirements and status of
both Navy work and individual Sailor career activities and plans (Ross et al., n.d.). This model
was an attempt to match individual sailor profiles (HCOi), the right side of Figure 5, with known

position requirements (HCOr), the left side of Figure 5, to help sailors manage their careers.
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Figure 5. Navy’s Human Capital Object (HCO) Model

The HCO model is extensive and accounts for a wide variety of variables. On the position
side, this model captures work requirements, workplace requirements, worker requirements, and
history. On the worker side, the model captures preferences, the individual profile, professional
history, and status. Additionally, for both the work requirements and the professional/personal
characteristics there is a set of metrics.

The HCO model provides a framework for matching personnel skills and work
requirements. It also has good start in identifying KSAOs using the SkillObjects™ based
taxonomy. SkillObjects™ uses detailed descriptions of occupational tasks. The skills contain
unique Knowledge, Skills, Abilities, Tools, Tasks, and Resources KSATTR) to describe the
position requirements (Ross et al., n.d.). These are similar but not the same as the descriptions used
by OPM in their MOSAIC project. Enterprises recognize the need to identify needed KSAOs but
there is not common database and the focus is typically on the position requirements. There is a
need to detail the worker qualifications using the same database so that comparisons can be made.

The shortcomings for the HCO model are that it is complex and collects data in many areas
making it time consuming and cumbersome to use. Some of the data collection areas are shown in

Figure 6. To be useful, the methodology and system would have to be simpler and quicker to use.
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HCOr

Figure 6. Human Capital Object (HCO) Data Collection Areas

For the HCO model evaluation, Ross et al. note the need to align work requirements to

position (billets) and match these with the correct personnel. While the HCO model does provide

a strong framework for a worker-to-position comparison, there are several areas that would need

to be improved. The HCO model evaluation is shown in Table 3.

Table 3. HCO Model Evaluation

Criteria Details Acceptable (A) /
Meeds Improvement (NI)
1 Taxonomy/ Position Requirements |Uses SkillObjects to identify KSAOs NI
Same Language |Worker Qualifications Mot much information available NI
Data comparison Mot much information available NI
2 Comparable — - — -
Quantifiable data Mot much information available NI
Information updated Mot much information available NI
3 Adaptable - - -
Robustness Solid framewaork, sets basis for comparison _
. Provide accurate and Mo method to determine skills gaps. NI
4 Actionable .
actienable data
. Ease of use A lot of data/extensive, cumbersome NI
5 Usability ; - -
Information not readily available

2.2.3 Job Assessment Software System (JASS)

In 1983, an Army project developed a program that was easy to use and could quickly

specify the requirements for a position. The result of the project was the Job Assessment Software

System (JASS). Fleishman and Quaintance (1984) added to the existing JASS work by improving
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the taxonomy of aptitudes and started to develop relationships between them. The program allows
the user to define and add metrics for the human aptitudes required to do a job (Knapp and Tillman
1998). The program also allows the user to identify the aptitudes required for a job and scale the
amount of the aptitude that is required (Garneau, n.d.). The program allows subject matter experts
(SMEs) to break the aptitude down to the taxonomy of skills and abilities identified by Fleishman
in Table 4 to define what is needed for a position. This approach provides a consistent terminology

domain on the position side to identify and quantify the requirements of a job or position.

Table 4. Taxonomy of skills and abilities (Knapp and Tillman, 1998).

Cognitive skill and experience Perceptual-motor ability
Audition

« General hearing

Communication Conceptual Vision

+ Oral comprehension | « Memorization « Near vision
« Written .

comprehension .

Problem sensitivity | « Far vision
Originality

Fluency of ideas

« Auditory attention
« Night vision « Sound localization
« Oral expression . « Visual color
« Written expression | « discrimination

« Selective attention

Flexibility of closure
« Peripheral vision

Reasoning
&

Inductive reasoning
Category flexibility
Deductive
reasoning
Information
ordering
Mathematical
reasoning

Number facility

.

.

Spatial orientation
Visualization

S p(’(’d'l oaded

Time sharing
Speed of closure
Perceptual speed
and accuracy
Reaction time
Choice reaction
time

. Depth perception
« Glare sensitivity

Psychomotor

« Control precision
« Rate control

« Wrist-finger speed
« Finger dexterity
Manual dexterity
Arm-hand

steadiness
Multi-limb
coordination

.

Gross motor

« Extent flexibility

« Dynamic flexibility
Speed of limb
movement

Gross body
equilibrium

Gross body
coordination

« Static strength

« Explosive strength
» Dynamic strength
« Trunk strength

« Stamina

This work is a good start towards developing a quantifying solution to identify skills gaps.
By using Likert scale slide rules with logical anchor points, easy to understand metrics are applied

as shown in Figure 7.
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Figure 7. JASS Logical Anchor Points

This program can be used to identify job requirements for positions categorized as
military occupational specialties (MOSs). This program also allows the requirements between two
MOS categories to be compared to determine if personnel from one classification might be able to
perform in another classification. The other benefit of this program is it also permits visualization
of the results and allows the data to be easily exported into other programs.

The underlying decision model provided by the program allows the user to identify the
aptitudes required for a job and the amount of the aptitude that is required based on a seven-point
scale. The questions and scale criteria are also shown in Appendix A. JASS details every aspect
of an activity. The JASS method breaks each job into an assignment. The analysis time needed for

a single job assignment can take up to 26 minutes, as shown in Figure 8.

Number of Number of Account for Slide Time per question .
Assignments % Questions X RuleAnswers (seconds) ., 192 Questions

1 76 2 10 M~ 26 Minutes

Figure 8. JASS Time Required

The problem is that it is not unusual for a position to have at least 100-200 assignments
when described at this level of detail. This would require over 40 hours to use JASS to identify the
types and weights for the different abilities for the position. With the current version of JASS it
would be possible to have SMEs use the program to detail all the requirements of the position and

also detail the abilities of the worker in an attempt to determine the gap, but this effort would be
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extremely time consuming and the current taxonomy is heavily weight towards physical attributes

as shown in Figure 9.

JASS Question Percentage

Communication
Gross Motor. 8%

Psychomotor.
16%

Audition
5%

Vision
10%

Conceptual

17%

12%

Reasoning
12%

Figure 9. JASS Question Percentage

JASS does provide an updated method for making the skill/work requirement comparison

that many organizations would be interested in using. The logic used to detail assignment

requirements does allow the evaluator to skip irrelevant questions, but there are several concerns

with using JASS. First, to detail every assignment makes the process very time consuming.

Second, because it was first introduced in 1983 (over 30 years ago), it is heavily weighted towards

accessing job positions that are more physical. As the work environment is changing and jobs are

requiring more logic and reasoning over physical strength, better methods are needed to access

more technology focused job requirements. Thirdly, using the existing taxonomy, it would be

difficult to identify a skills gaps for many current positions. Finally, it is important that any skills

model yield reasonable results with a reasonable amount of effort in order to be beneficial. The

JASS model evaluation is shown in Table 5.
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Table 5. JASS Model Evaluation

Criteria Details SEEEIEIE
Meeds Improvement (NI)
1 Taxonomy/ Position Requirements [Uses Fleishman's taxonomy for evaluation of assignments NI
Same Language |Worker Qualifications Can use Fleishman's taxonomy NI
Data comparison Ability to compare
2 Comparable — B L - P -
Quantifiable data Uses slide scales to add metrics
Information updated Mot updated NI
3 Adaptable Robustness Based more on physical attributes, dated NI
Meeds improved taxonomy
: Provide accurate and Methaod to compare, but better descriptors and metrics NI
4 Actionable . .
acticnable data required..
. Ease of use Easy to use with good method to skip non-relevant
5 Usability )
questions, computer based

2.2.4 Occupational Information Network (O*NET)

The Dictionary of Occupational Titles (DOT) was developed in the 1930s to match skill
supply with skill demand to help with the economic crisis of the times (Peterson et al., 2001). This
system was used for about 60 years and typically consisted of trained occupational analysts
traveling to the work site. At the worksite they would observe the work, conduct interviews,
document the aspects the position, and rate the occupation specific details. This was a very
resource intensive process. The job analysis activity is tedious work and needs to be updated
periodically to capture changes that have occurred over time (Clifford, 1994). Many organizations
have used the DOT information over the years to set up job descriptions and training requirements.
In the 1990, the Secretary of Labor started the Advisory Panel for the Dictionary of Occupational
Titles (APDOT). After reviewing the pros and cons of the existing DOT system, the improved
Occupational Information Network (O*NET) was developed. O*NET is an online resource
developed by the Department of Labor to serve “as a national benchmark that provides a common
language for all users of occupational information” (U.S. Department of Labor, 1993). The
information in O*Net is an accumulation and synthesis of job analysis research for multiple jobs
across multiple organizations (Campion, M. A. et al., 1999). This system contains a wealth of
information, with over 70 years of combined job analysis research. The foundation for this system
is the content model shown in Figure 10.
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Figure 10. O*NET Content Model
Retrieved February 28, 2018 from https://www.onetcenter.org/content.html

The goal of the O*NET content model is to define the key features of an occupation as a
standardized, measurable set of variables called “descriptors” (Retrieved August 17, 2018 from
https://www.onetcenter.org/overview.html). The descriptors capture the knowledge, skills, and
abilities to perform specific tasks and activities. The O*Net model is divided into six domains to

organize this information. The information contained in each of the sub-modules is as follows:

Worker Characteristics

This module lists the worker attributes and abilities needed to perform the work. It also contains
details about occupational interests, work values, and work styles. These can affect the worker’s
interest level, satisfaction level, engagement, and how they approach tasks.

Worker Requirements
This module contains attributes about basic skills, cross-functional skills, knowledge, and
education.

Experience Requirements
This module contains attributes about experience and training, basic skills — entry requirement,
cross-functional skills — entry requirement, and licensing.

Occupational-Specific Information
This module contains information such as title, description, alternate titles, tasks, and tools and
technology related to an occupation.
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Workforce Characteristics
This module contains labor market information and reviews the occupational outlook.

Occupational Requirements
This module contains a list of the generalized work activities.

The combination of these six modules, gives a good overall summary about what is needed
for a particular occupation. Much of the information collected could fall into multiple modules,
but the established framework organizes the information into an easy to understand model. O*NET
collects data from three primary sources: job incumbents, occupational experts, and occupational
analysts. The data is collected from questionnaire responses, interviews, and surveys. The O*NET
database is sponsored by the U.S. Department of Labor and is continually updated so that it remains
valid, reliable, and current. The descriptors used provide more detailed and encompassing
information than both the HCO and JASS models, and the framework provides a logical method
to sort through the data.

There have been many studies about the pros and cons of the new O*NET system. The
new raw data collection method for the O*NET system uses surveys and a simplified rating scale
for a self-job analysis technique. Peterson et al. (2001) described O*NET as “a highly useable and
inexpensive methodology for analyzing jobs”. The new system allows for quicker updates and due
to the use of new technology, the internet, the information is readily accessible for organizations
and academia. The potential cons have been cited as a potential job inaccuracy due to low response
rates or respondents basing responses on what they think management wants. Despite the potential
cons, most of the literature cites O*NET to be a great source of information. The O*NET model
is well defined and is still actively updated, and it provides broader information beyond just skills.
O*NET provides important job and occupational information that can be used to detail job
requirements and worker attributes, as well as descriptions of different types of generalized
workers.

The downside to O*NET is that a method is needed to parse this information down to an
acceptable level. Converse et al. (2004) stated that any application would have to work through
conceptual, methodological, and practical issues. Peterson et al. (2001) noted that for O*NET to
be a success, applications will have to be developed to use the data. O*NET is generic, pulling

from several job positions for an all-encompassing position description (see Figure 11).
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Figure 11. O*NET Position Description for Industrial Machinery Mechanics

The O*NET data collection occurs in what the O*NET program describes as waves. A
“wave” is a cluster of similar occupations. Figure 12 shows the grouping used for Industrial

Machinery Mechanics.

Updsted 2017
# green

Summary Report for:
49-9041.00 - Industrial Machinery Mechanics
Repair, install, adjust, or maintain industrial production and processing machinery or refinery and pipeline distribution systems

Sample of reported job titles: Fixer, Industrial Machinery Mechanic, Industrial Mechanic, Loom Fixer, Machine Adjuster, Maintenance Mechanic, Maintenance
Technician, Master Mechanic, Mechanic, Overhauler

Figure 12. Industrial Machinery Mechanics
Retrieved February 28, 2018 from https://www.onetonline.org/link/summary/17-3029.09

This O*NET job description is a combination of 10 different related positions making it a
very generalized description, and the information for this combined job description also comes

from several different sources as shown in Figure 13.



Data Collection Information for:

below lists the date and source for data provided for this occupation

49-9041.00 - Industrial Machinery Mechanics # creen

The data in O*NET OnLine is regularly updated as part of an ongoing data collection program. For more information, visit the O*NET Resource Center. The table

Abilities Analyst (2013)

Alternate Titles Multiple sources (2016)
Detailed Work Activities Analyst (2014)

Education Incumbent (2013)

Interests Analyst (2008)

Job Zone Analyst (2013)
Knowledge Incumbent (2013)
Sample of Reported Titles Incumbent (2013)

Skills Analyst (2013)
Tasks Incumbent (2013)

Tools & Technology Analyst (2017)
Work Activities Incumbent (2013)
Work Context Incumbent (2013)

Work Needs Legacy Analyst
Work Styles Incumbent (2013)

Work Values Analyst (2008)

Figure 13. Industrial Machinery Mechanics Data Collection

Retrieved February 28, 2018 from https://www.onetonline.org/link/summary/17-3029.09
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While this method is great for collecting lots of relevant information it would be difficult

to compare an existing organization profile to the O*NET database. There are too many variables

on both sides, the information is not in the same language, and the database is too generic for a

good comparison to identify skills gaps. Even the O*NET toolkit recommends using the extensive

database as a starting point to develop a thorough job description. In their example, the hiring

authority selected the key factors they felt were needed and then worked with existing personnel

to add in others they felt were important. The O*NET model evaluation is shown in Table 6.

Table 6. O*NET Model Evaluation

Criteria Details SR
Needs Improvement (NI}
1 Taxonomy/ Position Requirements |Uses O*NET descriptors
Same Language |Worker Qualifications Uses O*MNET descriptors
Dat i Ability to add i thod
2 Comparable ata c_or‘npanson ||t\,' ca com;?anson me_ ods
Quantifiable data Ability to add metrics and ratings
Information updated Data is updated to remain current, online resgurces _
3 Adaptable Robustness Descriptors updated but comparison method needs work
Method needed to parse and compare
B Provide accurate and Mo method to determine skills gaps.
4 Actionable .
actionable data
. Ease of use Wealth of occupational information, need method to
5 Usability .
make useful and actionable
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2.2.5 Other Initiatives

The literature mentions several other skills matching and training initiatives such as Navy
Knowledge Online (KNO), Improved Performance Research Integration Tool (IMPRINT), and
Secretary’s Commission on Achieving Necessary Skills (SCANS). The KNO system was used to
allow NAVY personnel to access training content. This was set up to be a central self-educating
and learning portal. This system has shifted to “My Navy Portal” as of April 14", 2017 due to
complaints of poor support, broken links, and unpopular interface. IMPRINT was developed by
the Army Research lab (ARL) and is a human performance modeling software and allows for
discrete event simulation. The software is being used to evaluate workload and overwork load
conditions. Future research with IMPRINT may include operator performance predictions and
fatigue in complex systems. SCANS was a government initiative that took place in the early 1990s
to determine what skills would be needed to have a successful high-performance, high-skill, future
economy. This report identified the need to classify and organize skills, “a new language” (Kane
et al., 1990), so that needed skills could be identified and proper training could be established, but

no clear path forward was identified.

2.2.6 Model Summary and Comparison

The models reviewed in the previous sections are summarized in Table 7. The review
criteria classify the strengths and weaknesses of each model and identify where the discrepancies
are in the overall model catalog to identify skills gaps at a reasonable level of rigor balanced with
ease of use.

Table 7. Model Comparison

Model
Criteria MOSAIC
1 Taxcnomy/ |Position Requirements NI
Same Language |worker Qualifications NI
3 Comparible Data c_orﬂparisun NI
Quantifiable data NI
3 Adaptable Information updated NI
Robustness NI
a Actionable Prnf.'u:le accurate and NI
actionable data
5 Usability Ease of use NI

*Acceptable (A) [Needs Improvement (MI)
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While each of the models have strengths, none of the individual models would be able to
provide the desired quantifiable skills gap analysis results alone. Reviewing the models, O*NET
does an excellent job of describing position requirements in term of descriptors and has methods
to ensure these job descriptions are updated. These descriptors could also be used to define the
worker qualifications. JASS has started a good method for data comparison and by using the slide
rules with logical anchor points so that metrics and a rating method can be added. The MOSAIC
project through OPM also discusses the adding metrics and using proficiency and frequency fields
but the JASS program has advanced this concept past the worksheets suggested by OPM. The
HCO model developed a strong framework for a comparison but has weaknesses with the
taxonomy and the application of metrics. The missing component is a model that can bring all

these features together and provide accurate and actionable data.

2.3 Methodologies to define Position Requirements and Worker Qualifications

In order to define a skills gap, both the position descriptors and the worker qualifications
need to be clearly articulated in a manner that is both comparable (are they the same?) and
quantifiable (is the degree of fit sufficient?). As shown in the model evaluation, models usually
support only one side of the equation, i.e. defining the job position requirements or defining the
worker qualifications. A skills gap model needs to be able to address both sides of the skills gap
equation shown in Figure 2 in order to determine the degree of fit.

Position requirements need to adequately define what is required to perform the work and
the worker qualifications need to adequately capture the KSAOs of the person; these two sides
need to be comparable. In order to accomplish this, they need to use the same taxonomy. The
descriptors used to identify what the position needs must also be used to identify the worker’s
KSAOs. This section will review some of the other KSAO identification methods currently being

used.

2.3.1 Identifying KSAQOs

In the work by Ross et al. (n.d), the group reviewed the use of SkillObjects™ in order to
compare tasks and the KSAOs required. From the Navy ILE Learning Objective Statements
Specifications and Guidance (MPT&ECIPSWIT-ILE-SPEC-1), SkillObjects™ are defined,
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measurable, and detailed descriptions used to define the job requirements for position. These are
the knowledge, skills, tools, abilities and resources (KSATTR) that are used to detail the work
requirements. Their research stated that this information, with further development, could provide
a foundation for a capability-based model. The research shows the need for a strong taxonomy for
the KSATTR identification and comparison.

There have been several projects started with the intent of identifying KSAOs for a
position. In 2006, SkillsNET received a $35 million-dollar contract to provide operation,
maintenance, analysis, training, technical services, and a commercial-off-the-shelf Skills
Management System software application suite (“US Navy Spends $35M”, 2006, para. 1), (Moore,
2006). The goal of the program was to define skills necessary for a particular position and identify
training and career development opportunities. Finding information about the results of this
activity has proven difficult. Another research project references the use of SkillsSNET in other
areas. Reiter-Palmon et al. (2006) researched developing a web-based tool using the job analysis
process adapted from SkillsNet (see Figure 14). For this job analysis process, there are several
steps requiring multiple personnel. This activity would be time consuming, and the organization
and evaluation of data collected is complex.
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Work Element - R.e‘w_ewllask: tool, umque knowledge, and resource lists for L 5| Performed by Manager or
. | clarity and completeness Tecurnbsent
Review - Recommend to add, modify, or delete items
W(I)rk ?Ier‘nenl L] - Addr‘css. rccotnmcn.datlluns ?f reviewers by adding, [ 5! Performed by Analyst
Finalization modifying or deleting information
A 4
Tack-to-Skill and - Choose one to two skills/abilities most critical for
ask-to-Skall ang v : .
R ; —»|  performing task —  Performed by Analyst
Ability Linkage - Link primary and secondary skills/abilities to relevant tasks Y 4
\
Online - Rate tasks and tools on a variety of rating scales
Task/Tool/Unique  |—p| - Rate unique knowledge and resources on a variety of rating  j—pf Performed by Incumbents
Knowledge Survey scales )
line Skill/Ability - Rate level of enabling skill for each of the validated tasks :
Online Skill/Ability | | ate level of enabling skill for each of the validated tasks L] Performed by Incumbents

Adapted from SkillsSNET (SkillsNET, 2004)

Figure 14. SkillsNET web-based job analysis process (Reiter-Palmon et al., 2006)

2.3.2 Military Occupation Specialties
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The military’s use of Military Occupational Specialties (MOS) provides a consistent

method to identify specific position requirements. Individuals assigned to a position category must

pass all required training to become qualified in the MOS. The use of MOS or (ratings for the US

Navy) provides the basis for detailing and training, as well as some alignment with civilian

employers. A worker will have to have all the required KSAOs to fill the MOS position. As the

military has evolved so has the need to improve the MOS system. Shipman and Finley (1989),

collected information to address the following three questions:

1. Does a new MOS need to be created to support a new system?

2. Should new requirements be merged with an existing MOS?
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3. Does the family of branch MOS and career management fields (CMFs) need to be

restructured?

These are the same questions that are being asked 30 years later. A better system that can
easily identify the required KSAOs needed for a position and the ability to compare positions is
needed.

Another issue facing military personnel is the transition to the civilian workforce. Because
the military MOS system uses yet another taxonomy to define position requirements, matching
these to any of the several methods used by private industry is difficult (“Get”, 2012). There is a
strong need to recognize and translate military skills to civilian positions, especially in advanced

manufacturing.

2.3.3 Generating New Position Descriptions with Key Words

When a new position is created, work goes into identifying why the position is needed and
the job requirements are detailed; it is important to detail the work requirements (KSAOs) to ensure
the person selected will meet the objectives of the position. EXisting position requirements may
have changed due to new technology or a shift in the organization’s focus. For a “good” worker-
to-position fit, it is critical to be able to specifically and quantitatively identify what is needed for
these positions. In industry, in contrast to the military, positions are usually described using
keywords or phrases that identify the main aspects of the position. Each organization often has its
own position descriptors.

Position requirements are usually generated when a new position is created and a worker
needs to be assigned. By reviewing a typical hiring process (Figure 15), it can be seen that the first
part of the process defines the position requirements (the worker requirements) and the second part
identifies the worker skills (the individual profile). This is similar to the Navy HCO model detailed
in section 2.2.2.
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Figure 15. Typical Hiring Process

Typically, the first step in the process is to sort through potential candidates to compare the
position description to resumes, applications or curriculum vitaes (CV) to identify the applicants
that would appear to be the best fit. With the increased use of technology, many organizations are
utilizing online job applications such as USAJOBS.gov, NASA STARS (STaffing And Recruiting
System) w/Resumix, Monster.com, and Indeed.com that automate this selection process. Because
of the large volume of applicants for certain jobs, programs with specific algorithms are being used
to search online resumes. These systems are often referred to as applicant tracking systems (ATS).
The ATS systems use algorithms that search for keywords and the number of occurrences of these
words to determine which applicants can move to the next stage of the process. i.e., having the
resume reviewed by the hiring official. This reduces the amount of work that is required and allows
the hiring group to focus on the most qualified applicants.

The use of keywords for position descriptions can be problematic. Table 8 shows some

technical keywords that are very similar. If the selection software is programmed to look for
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specific words, it will miss the others and may exclude qualified applicants. Some of the more

advanced algorithms are linking the different keywords to be more accurate with their analysis.

Table 8. Examples of Technical Keyword Synonyms

Keyword Related Synonyms
Pneumatics Air operated, air controlled
3D Design CAD, computer aided design, Creo, Solidworks, Catia, AutoCAD
Safety OSHA

PM Preventive maintenance, Overall equipment effectiveness, OEE (Owverall
Equipment Effectiveness)

Microsoft Office Excel, Word, Office Products, MS Products
Programmable Logic Controls, CNC, Computer Numeric Controls,
Robotic Programming, CAM, Computer Aided Machining
Quality Assurance QA, QC, Quality Control, SPC, Statistical Process Control, Auditor

Sensors Detection system, instrumentation

PLC

Another issue is that different organizations with the same job title could need completely
different personnel. For example, an organization with a lot of injection molding machines would
want a mechanic with a great deal of hydraulics experience whereas an organization that has small
air operated (pneumatic) machines does not need a mechanic with any hydraulic experience.
Although both have the same job title of mechanic, the job requirements can be completely
different. Because organizations can have a large difference in needs for the same job title, they
need to be able to quickly and easily identify a position. To further define the position the
organization should be able to quantify how much of a particular aptitude is needed. Referencing
the prior example, an organization does not need a hydraulics expert if there are no hydraulic
machines. They may want some hydraulic knowledge, but they would weigh pneumatic
knowledge a great deal higher. It is important to focus on the requirements of the position rather
than the title of the job.

Similarly, the practice of keeping job descriptions very generic or vague with the intent of
shifting employee responsibilities is also problematic. Adding “other position duties as required”
as a catchall phrase results in a very generic position description. Without clear definition of what
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is needed, it will be difficult to identify any skills gaps between the position description and the

potential personnel.

2.3.4 Extracting Worker KSAOs from Resumes

Resumes are where workers capture their work experience using keywords and phrases
based on their background. As mentioned, the keyword synonym issue may inadvertently exclude
a qualified applicant, or an applicant may not have included enough information to be considered,
even if they were qualified. An issue is that as applicants learn how the system works, they can
cater the applications to jump past the initial “keyword search” hurdle. By using the same
keywords found in the job description and using multiple instances of the keywords, the
application will be automatically moved to the next stage. To prevent this practice, organizations
are starting to put warnings on their job postings. The following warning was included in a
USAJOBS posting (2018) for a NASA engineer position: “Deliberate attempts to falsify your
application information, such as copying portions of this job announcement into your resume, may
result in you being removed from consideration for this position.” As noted by online articles
covered by LinkedIn (Peggs, 2015) and Forbes (Steinfield, 2016), many applicants are aware of
how these search engines function and there is a concern that resumes will become copies of the

job description just to overcome the Applicant Tracking Systems (ATS).

2.3.5 Job Analysis

In manufacturing, when a new machine is needed, the machine specifications and details
are thoroughly thought out and planned, e.g., what the machine has to do, what it makes, how
much it needs to make, how fast it needs to make it, etc. are clearly defined. When looking at job
positions a similar approach should be taken. Many organizations use an activity called a “job
analysis” to determine what is needed for a position. A job analysis is the process of defining the
work, activities, task, products, services, or processes performed or produced by a worker
(Clifford, 1994). To perform a proper job analysis, workers that are currently in that position are
typically interviewed to help define the job requirements. Managers and subject matter experts are

often also consulted for their input. All three groups will use their own terminology and phrases
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when detailing a position which may create discrepancies when trying to compare what is required

to potential workers.

2.3.6 Summary of Methodologies

Currently, positions are usually described using keywords or phrases that identify the main
responsibilities of the job. Each organization develops its own job description identifying the
KSAOs that it feels are important. The challenges of identifying job requirements include
determining what to select, distinguishing different terms for the same attributes, rating the
importance of each requirement, and the frequency that the skill is needed. In much of the literature
it states that the hiring organization will be trained to discern the requirements from the resume;
however, there is no mention of how this is done (Galagan, 2010). This is an important step in
hiring personnel and for determining training requirements, but the details for performing this
activity are not clear.

Reviewing the current methods, position descriptions and MOSs detail what is required for
a position. They have some similarities as they both attempt to define the position requirements
and may use some of the same taxonomy. The resume and KSAO essay are also similar and may
use some of the same taxonomy. The main issue is that although some of the descriptors may be
the same, in order to perform a consistent comparison between the position and the worker, both
the position and KSAO descriptors also need to be from the same taxonomy. There are several
methods to detail the position and worker requirements but there is not a consistent terminology
that can tie them all together. An encompassing taxonomy is needed to describe both the position
requirements and the worker qualifications so that matching and comparisons can be conducted

effectively. The Venn diagram shown in Figure 16 describes this partition.
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Additionally, the position requirements need to be captured in a common format that allows
the organization to add metrics that can be used for evaluation. By allowing organizations to apply
metrics as they identify what is needed for a position, they can ensure that they get the right worker
or can train in the correct area when a gap is identified. The same issue applies to the position
requirements for identifying the worker KSAOs. Both need to be in the same language for any

type of comparison to be successful.

2.3.7 Gap in the Body of Knowledge and Requirements for a Skills Gap Model

The following criteria were identified in section 2.1.3 for a successful skill gap model: the
ability to detail the position requirements, the ability to detail the worker qualifications, and the

ability to quantifiably compare the two using metrics. The model would also need to have up-to-
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date information, be robust enough to be generalizable to any domain, and easy to use so that it

would provide actionable results within an acceptable amount of effort.

Table 9. Model/Initiative Summary

Criteria
AEIEIERE
Sle|5|5|&
E|S|&|8 |2
FlE|= €|
A I -
Models/Initiatives Kev Points References
MOSAIC (Multipurpose KS5AOs OPM Delegated Examining Operations Handbook (2007) , Kay (2011),
Occupational Systems Analysis — X Ross et al, (nd.), Kane et al (1990), DD 21 ONE (1998)
Close Ended )
HCO (Human Capital Object) x x Framework  |Rossetal (nd). HCO Conceptual and Logical Data Model (Sea
Warrior)
JASS (Job Assessment Software x x Parser, Decision |Fleishman and Quaintance (1984), Knapp and Tillman (1998), Garnean
System) path (n.d),
O*NET (Occupational Information Descriptors ~ |Peterson et al (2001), Clifford (1994), U.S. Department of Labor
Network ) x x (KSAOs) (1993), Campion, M. A_ et al (1999), Converse et al. (2004), Dictionary
of Occupational Titles (DOT), Secretary of Labor started the Advisory
Panel for the Dictionary of Occupational Titles (APDOT)
KNO (Navy Knowledge Ouline) Self-learning | System has shifted to “My Navy Portal
IMPRINT (Improved Performance Human Army Research lab (ARL)
Research Integration Tool) Performance
Modeling
SCANS (Secretary’s Commission on Skdll organization |Kane et al (1990),
Achieving Necessary Skills)
SkillsNET X KSAOs Moore (2006). Reiter-Palmon et al. (2006)
MOS (Military Occupational x KS5AOs
Specialties) ] Shipman and Finley (1989), “Get™ (2012)
Resumes/CV X KSAOs Peggs (2015), Steinfield (2016),
Job Analysis X KSAOs Clifford (1994), Galagan (2010)

The summary tables shown in tables 7 and 9 indicate that while some of the models have
many capabilities, none of the existing models meet all criteria. The gap in the body of knowledge
is the ability to identify a skills gap and the model features that must be in place to support this.

This is shown in Figure 17.
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Figure 17. Literature Gap

The gap in the body of knowledge identifies the need for a generalizable model that provides both
the position requirements and the worker qualifications (both perspectives) in the same language,
is adaptable to any domain, allows for comparison (quantifiable data), is quick and easy to use
(usability/burden), and provides accurate and actionable data (robust). None of the existing models
provide a clear path for skills matching or provide an easy method to quantitatively identify skills
gaps.

The focus of this research is on developing the underlying model and algorithm to quantify
the “skills gap” that describes the distance between the position requirements and the worker’s
qualifications in a consistent, efficient and usable manner and to provide accurate and actionable
data.
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3. METHODOLOGY

This chapter begins by reiterating the gap in the body of knowledge identified at the end
of Chapter 2 and provides a research methodology to create a model that addresses the identified
gap. The research gap can be described using a diagram to show the strengths of existing models
that can be leveraged in the skills gap model. The next section describes Design Science, a research
methodology often used in the information sciences and elsewhere with the explicit purpose of
improving existing models and methodologies. The steps for this research, aligned with the Design
Science Research Methodology, are then articulated.

3.1 Addressing the Research Gap

The results of the literature review revealed a gap in the body of knowledge regarding
worker-to-position fit models that support the identification of a skills gap, i.e., the mismatch in
position requirements and worker competencies provided as actionable data. However, the review
in Chapter 2 indicates that some existing models partially meet the requirements for such a model,
and a solution model can leverage these modeling frameworks; i.e. the solution model is a
composite model of the previous models with an improved algorithm. This approach satisfies the

requirements, as shown in Table 10.

Table 10. New Composite Model

Model Composite
Criteria MOSAIC| HCO JASS Madel
1 Taxonomy/ |Position Requirements M1 NI M1
Same Language |worker Qualifications NI NI NI
2 Comparible Data c_n[ﬂparisc-n Ml NI
Quantifiable data M1 M
3 Adaptable Information updated Ml NI
Robustness M1
2 Actionable Prof.'lde accurate and M1
actionable data
5 Usability Ease of use Ml

*Acceptable (A) fNeeds Improvement (MI)
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As shown in the table, using the strengths of each model, it is possible to design a new all-
encompassing model. The architecture of the composite model is based on the structure of the
existing HCO model to compare position requirements and worker qualifications. The improved
algorithm is based on the decision path logic from the JASS program augmented with specific
scaled KSAO constructs; this will provide a framework that allows a “skills gap” to be
quantitatively identified. The position requirements and the worker qualifications will both be in
terms of O*NET descriptors. Figure 18 shows how the composite model aligns and supports the

skills gap model.
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Figure 18. Architecture of the Composite Model

The O*NET database used on the position requirements side is shown in light yellow, and
the O*NET database used on the worker qualifications side is shown in light green, the HCO

model is shown in orange, and the JASS program is shown in light blue. Using the strengths of all
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these together, the overlap in this Venn diagram is shown in dark blue. This dark blue section is
the new composite model, the Skills Gap Analysis Model (SGAM). The benefit of combining the
HCO model, the JASS program method, and O*NET is that the focus will be on the specific
“position requirements” needed (from the organization side) and the “individual profile” (from the
worker side) and how these can be compared to identify the gap. The key factor for success will
be developing a model that can identify the specific KSAOs, a rating process, and calculating the
distance that represents the skills gap. O*NET utilizes descriptors to identify knowledge, skills,
abilities, and others (KSAOs) required for a position. These descriptors use words and phrases that
can identify the position requirements and can also be used to detail the worker qualifications. By
basing the model on the O*NET descriptors and having existing personnel use the same descriptors
to detail their positions, the model can make a consistent comparison.

As described in Chapter 2, there is much variability in the use of KSAOs. In order to have
a consistent methodology and because of the availability, wealth of information, and research
already invested, the O*NET database with its descriptor method will be used to describe both job
positions and worker qualifications. O*NET collects data from three primary sources: job
incumbents, occupational experts, and occupational analysts. The O*NET database is continually
updated so that it remains valid, reliable, and current. However, at issue is the ability of the data
to be parsed in different ways so that it can be used to efficiently determine the requirements for
different positions and compared to workers to identify skills gaps. This will require an updated
algorithm to support the data identified in the model in order to calculate the skills gap.

The rating process will determine the best way to apply metrics to these descriptors for
quantitative analysis. Using scaling metrics to include proficiency, importance, and frequency the
algorithm will generate the detailed job requirements. The model will provide a quantifiable
comparison of the fit of existing personnel to the position. The skills gap can then be represented

as a distance between the two sets of parameters.

3.2 Research Approach

The research method adopted is based on the design science approach. Design science is a
research methodology typically associated with information systems that uses existing knowledge-
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based models, referred to as artifacts, with the intent of improving these artifacts (Hevner et al.,
2004). The result is an improved artifact that increases the understanding of a problem domain.
The improved artifact should increase the effectiveness and efficiency of an organization. In this
case the problem domain is the ability to efficiently and quantitatively identify skills gaps. The
starting artifact is a database of position descriptions (O*NET database). This research process
will result in a new model that improves efficiency, uses common terminology, and allows a
quantitative analysis of the skills gap. The general design science research process is shown in
Table 11.

Table 11. Design Science Research Methodology (DSRM) (Geerts, 2011)

DSRM activities Activity description Knowledge base

What is the problem?

Define the research problem and justify the value

of a solution.

How should the problem be solved?

In addition to general objectives such as feasibility
and performance, what are the specific criteria that
a solution for the problen defined in step one should
meet?

Problem identification
and motivation

Understand the problem’s relevance and
its current solutions and their weaknesses.

Kowledge of what is possible and what is
feasible. Knowledge of methods,
technologies, and theories that can help
with defining the objectives.

—»| Define the objectives

of a solution

-

Design and
development

Create an artifact that solves the problem.
Create constructs, models, methods, or instantiations
in which a research contribution is embedded.

Application of methods, technologies, and
theories to create an artifact that solves
the problem.

Demonstrate the use of the artifact.
Prove that the artifact works by solving one or more
instances of the problem.

Knowledge of how to use the artifact to
solve the problem.

Demonstration

How well does the artifact work?

Observe and measure how well the artifact supports

a solution to the problem by comparing the objectives
with observed results.

Communicate the problem, its solution, and the
utility, novelty,and effectiveness of the solution to
researchers and other relevant audiences.

Knowledge of relevant metrics and

Evaluation evaluation techniques.

Communication Knowledge of the disciplinary culture.

Design Science varies from many typical research activities as it is not describing or
explaining an existing phenomenon but searching for ways to improve one. This shift from
traditional research offers a great deal of potential to many research areas as it can provide
solutions for known problems. Design Science can be applied to this work to address the ability to
identify and quantify the “skills gap”. Using the format developed by Geert (2011), a similar table

for this research is shown in Table 12.
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Chapter
DSRM activities Activity description Knowledge base Addressed

Problem identification What is the problem? Literature review of current methods

and motivation Organizational issues identifying skills gaps and and models used to identify position
position requirements. Being able to specifically  [requirements and worker
identify needs organizations could target training  [gualifications.
programs, improve position placements, and 12
improve their hiring process. Other potential
benefits could be improved morale, less overtime,
fewer quality issues, adn less employee turnover.

Define the objectives of a|How should the problem be solved? Take the best of reviewed models

solution Design of work requirement information systems  [(HCO, JASS, O*NET) and the lessons
that captures detailed information about a postion, |learned from other activities.
is easily and constantly updated so that all 3
information is up-to-date and relevant. System
shuld be able to detail both the postion and worker
rguriements and allow for comparisons.

Design and development |Create an artifact that solves the problem. O*NET to be used as a database, the
Design a generalizable model that can be applied to [use of parsed decision methods,
any domain that defines the postion requirements |application of metrics and weighting
and the warker gualifications in the same language |[strategies, and logical comparison 4
and applies metrics so that comparisons can be methods.
made to turn the information into actionable data.

Demonstration Demonstrate the use of the artifact. Excel based program using a parsed
Proof of concept study involving technical decision model to capture SME and 5
personnel. worker inputs.

Evaluation How well does the artifact work? Sorting criteria, comparison methods,

Review proof of concept results and the SME and and evaluation techniques. 6
worker feedback about the new model.

Communication Communicate the problem, its solution, and the Dissertation submittal
utility, novelty,and effectiveness of the solution to |Article submittals 7
researchers and other relevant audiences.

3.3 Research Examples

The Design Science Research Method (DSRM) varies from typical research, but as

technology and issues have evolved, the need to address them also has evolved. Several researchers

note that even before the DRSM was named it was being used in the information technology (IT)

field to improve computer systems and software (Hevner et al., 2004), (Vaishnavi et al., 2017).

These researchers also note that the method is not limited to the IT field. The DSRM allows

researchers to investigate a relevant issue — what has been, what works, what doesn’t —and evaluate

this information so that it can be used to create a new artifact that solves the problem. In recent
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years there has been increased interest in this method. Based on a Google Scholar search, the graph

of the number of DSRM journal articles shows the increase over the last 14 years.

Number of Articles
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"Design Science Reseach Method" Articles on Google Scholar

—8— Year

Linear (Year)

2006 2008 2010 2012 2014 2016 2018

Year

Figure 19. Design Science Research Method Usage

A recent example is the work by Amissah (2018). Amissah’s research evaluated the

existing System Modeling Language (SysML) and identified the system engineering need to

improve the support of time-based simulation models. The artifact was a new model and

framework that served as a testbed and guide for future work. This research follows a similar path.

Instead of various computer languages there are various position descriptions and personnel

qualification methods being used. There is the same need to develop a testbed and guide to properly

identify both sides of the equation shown in Figure 2 and create a new model that allows for a

quantitative comparison to identify a skills gap.

Other examples of the DSRM use include improving decision support systems (DSS)

development in organizations (Arnott, 2005), improving construction purchasing (Bemelmans,

2014), and improving work-flow ergonomics (Valentin, 2015). All three of these examples follow

the Design Science Research Method to design a practical solution to real world issues.
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3.4 Application of Design Science Research Method

Throughout the model development, an example will be used to illustrate the development
process in context. The example will focus on Manufacturing Production Technicians (see Figure
20). The manufacturing technician position was chosen because of the detailed information
available in O*NET, the access to personnel in those positions; with the push for more US
manufacturing, this is a critical area. While the new artifact will be developed using the
manufacturing production technician’s example, the resulting skills gap analysis model is

generalizable to other domains.

. : Summary Report for:
@ O*N ET o n L I ne 17-3029.09 - Manufacturing Production Technicians

Set up, test, and adjust manufacturing machinery or equipment, using any combination of electrical, electronic, mechanical,
hydraulic, pneumatic, or computer technologies.

Sample of reported job titles: Engineering Technician, Experimental Machining Lab Manager, Final Operations Technician,
Metallurgical Lab Technician, Quality Assurance Technician, Quality Technician, Service Technician, Support Technician, Tool
Room Supervisor, Value Stream Manager

Figure 20. O*NET Summary for Manufacturing Technician
Retrieved February 28, 2018 from https://www.onetonline.org/link/summary/17-3029.09

3.4.1 DSRM Step 1 — Problem Identification and Motivation

The introduction section to this thesis identified the motivation for this problem. In
summary there is a need to identify skills gaps in personnel in an efficient and quantifiable method.
Much of the literature states this is an important step in hiring personnel and for determining
training requirements, but the details for performing this activity are not clear. Skills gaps are
costly for organizations; with a better model to identify position requirements and worker
qualifications, organizations can move personnel to better suited positions or utilize needed

training in the specific areas identified.


https://www.onetonline.org/link/summary/17-3029.09
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3.4.2 DSRM Step 2 — Define the Objectives of a Solution

The literature review concluded with the requirements for a model to address the skills gap
issue, namely the model must specifically quantify the difference between the position description
and the personnel qualifications. In order to do this, the model needs to be able to detail both the
position side and personnel side in the same language and allow for a detailed comparison. The
resulting artifact must be adaptable to any occupation and give quantitative results to help

determine person to job fit and help identify gaps.

3.4.3 DSRM Step 3 — Design and Development of the Artifact

This step of the Design Science Research Methodology develops the new artifact based on
the problem identified in Chapter 1 and the model requirements articulated in Chapter 2. This step
of the research will develop a Skills Gap Analysis Model based on the HCO model, the O*NET
model, and a modified version of JASS as shown in the architecture of Figure 18. The HCO and
O*NET models provide the framework for the comparison. The original JASS model was
developed to identify position requirements. JASS is based on an underlying model of skills and
abilities and utilizes a decision tree to select and pass over non-relevant questions and allows the
evaluator to apply weight to position aptitudes. By using weighting levels, quantitative analyses
can be applied. Some of the functionality of the JASS model is relevant in the development of an
improved algorithm to parse the O*NET data.

By combining the HCO and O*NET models and some of the aspects of JASS, the resulting
model can be used to evaluate the position requirements, the worker qualifications, and the fit of
a worker to the position. O*NET utilizes descriptors to identify knowledge, skills, abilities, and
others (KSAOSs) required for a position. By applying metrics and scales to these descriptors, the
position can be quantitatively evaluated. The proposed model will include a quantitative fit/rating
and allow for the comparison of the “worker requirements” and the “individual profile” to help
identify skills gaps and training opportunities. The research challenge of the model development
will be to develop a methodology to determine how to parse and apply the O*NET data in a way

that is conducive to describing a position and designing an algorithm that can compare this output
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to the existing individual profiles using quantitative O*NET database descriptors. The

development of the new artifact, the skills gap analysis model, will be detailed in Chapter 4.

3.4.4 DSRM Step 4 — Demonstration

The model will be implemented in an Excel spreadsheet so that organization personnel can
evaluate the utility of the model, i.e., does the model efficiently provide a quantitative skills gap?
Additionally, the results can be used to confirm the internal validity of the model; that is, to ensure
that there is consistency in the model results and that the outcomes are warranted from the data
selected. Because this step involves consulting with human subjects, an application was filed with
the Old Dominion University Institutional Review Board. This exempt research was approved,
and the letter was received January 2, 2019 with IRB # 1310084-2.

The demonstration for this research involves using the model to characterize a specific
position from both the position side and the worker side. A minimum of three subject matter
experts (SMEs) will use the interface to detail a specific position within the technical domain case
study. Using the same tool, at least five existing workers, industrial maintenance technicians
(Technicians) from a local manufacturing facility will detail their positions. The quantity three was
chosen for SMEs to make sure responses are anonymous. The quantity of five was chosen for the
technicians because of the wider variation in worker capabilities and perceptions. Based on the
research by Nielsen (2000), five users yield good results identifying greater than 75% of the
usability issues.

The SMEs will use the model and algorithm to quantitatively detail the position
requirements in terms of the O*NET descriptors. The SMEs will be chosen based on their
experience and reputation for being an expert in their field. The SMEs all had greater than 20 years
of experience in the manufacturing field and are currently supervisors of technical teams.
Likewise, current personnel in these positions will also quantitatively detail their qualifications.
Because current position descriptions may be outdated or incorrect it is important to get a more
accurate overview of the current position, and the best source would be for the existing personnel
to detail the position. This also ensures that both sets of data are in O*NET descriptor terms which

will allow for a consistent comparison.
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The new model provides a common representation of skills from both the position side and
the personnel side. The algorithm will compare the two sets of data. The comparison will determine
if there are any gaps between what the SMEs feel the position requires and the skills of the existing
personnel. By applying metrics, the worker-to-position fit can also be quantitatively determined.
After completing the demonstration activity, the SMEs and current personnel will complete an
opinion survey regarding the suitability and relevance of the model to meet its stated goals. The
survey will provide additional results for the evaluation of the model criteria of robustness and
usability in the next DSRM step. The demonstration will be detailed in Chapter 5.

3.4.5 DSRM Step 5 — Evaluation

The results of demonstration activity will be used to evaluate the degree to which the skills
gap analysis model meets the requirements outlined in Chapter 2. By using SMEs to specifically
identify what is needed for the position and having existing employees in that position,
Technicians, identify their qualifications, the new Skills Gap Analysis Model will quantitatively
identify the distance between the two, the skills gap. The demonstration results will be used to
evaluate the new artifact on the five identified criteria: Single Taxonomy, Comparable, Adaptable,
Actionable, Usable.

Additionally, the data collected for both the SMEs and Technicians will be evaluated to
determine the model reliability. The qualitative data collected from the opinion survey will be used
to determine if the model meets the user’s needs. Any issues or areas for improvement will be

identified. The evaluation will be completed and described in Chapter 6.

3.4.6 DSRM Step 6 — Communication

The communication plan will be described in Chapter 6. The communication plan will
include various stakeholders in this research: researchers, system engineers, Human System
Integration professionals, and human resources professionals. The conclusion along with the

overall findings from this study will be captured in this thesis and journal article submissions;
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detailed requirements are critical to determine a proper fit of a worker to a position. The detailed
position description also lets candidates know specifically what is being required for the position.
Likewise, accurate position descriptions are needed that use the same “language” as the worker
qualifications so that comparisons can be made. By comparing the accurate position requirements
directly to worker skill sets, current workers can be evaluated directly to determine the fit with the
position. In addition, the results will be discussed with the organizations that participated in the

demonstration

3.5 Summary

This research will develop a new artifact following the DSRM paradigm. The new
generalizable model will be developed to reduce the large O*NET job analysis database into a
condensed list of requirements for a position that can be used to provide a profile for a position
description. The model also uses this database to detail the worker qualifications using the same
methodology. The accompanying algorithm will provide a quantifiable comparison of the fit of
existing personnel to the position. In this chapter, the methodology to develop the artifact has been
described and the planned research aligned with the steps: Problem Identification, Solution
Obijectives, Artifact Development, Demonstration, Evaluation, and Communication. Additionally,
the chapters of this thesis have been aligned with the Design Science stages, as indicated in Table
11.
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4. MODEL DEVELOPMENT

4.1 Introduction

A synthesis of the HCO, JASS, and O*NET models augmented with domain specific skills
and metrics was developed for use in evaluating the gap between personnel and positions. The
strength of this new model is that it identifies specific knowledge, skill, ability, and others
(KSAOs), including scaling metrics, using the same descriptors for both the position requirements
and worker qualifications. This then allows a distance measure to be computed to quantify a “gap”
between the position and the assigned personnel. The resulting model provides a better method for
organizations to identify gaps to determine if existing personnel meet the position requirements.
This type of model addresses the shortcomings identified in previous models by providing the
worker and position information in the same language for comparison, ensuring the required data
is readily available, and making the approach easy to use and understand.

Using the extensive O*NET database, a decision model (DM) was developed to parse the
relevant information. Scaling metrics were used to include proficiency, importance, and frequency
in the algorithm to generate the detailed position requirements or identify the worker’s
qualifications. The goal was to provide a model that can be used to determine specifically what is
needed for a position and can also be utilized by existing workers to describe the skills that they
have. The model, using the algorithm with metrics, should also calculate the difference in the two.
This difference is the skills gap. The process to go from O*NET to a detailed position description

is shown in Figure 21.
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Figure 21. Framework to Skills Gap Identification Process
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The model results in both the position description and worker qualifications in the same

language so that they can be compared (see Figure 22).
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4 ™
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4. 2 Skills Gap Analysis Model Framework

The combined model framework is shown in Figure 23. The framework from the Navy’s
Human Capital Object (HCO) model was used to compare worker requirements and individual
profile. The decision path logic from the Army’s Job Assessment Software Selection (JASS)
program augmented with specific scaled KSAO constructs from O*NET provides the comparison
method that allows a “skills gap” to be quantitatively identified. This approach addresses the
shortcomings identified in previous models by providing the worker and position information in

the same language for comparisons.

New Model

Algorithm adapted from JASS for detailed
O*NET taxonomy
T

SME Defined Existing Worker
O*NET - Pasition - A— —| Defined Profiles | _ O*NET
KSAs, KSas,
Scaling, and Metrics Scaling, and Metrics

! 1
! 1
I ! 1
HCOr ] i HCOi
! 1
I | X 4
Work Requirernents 1 1 Professional ond Personal Charocteristics
Domain. Technical Personnel | 1
! 1
Work Waorker 1 1 Preferences Status
Requirements Requirements : 1
Skill
1
Set 1
Workplace 1 Individual Professional
Requirements History Profile History
Metrics
Metrics

Figure 23. HCO/JASS/O*NET Combined

The benefit of combining the HCO framework, the JASS program method, and O*NET
database is that the focus is on the specific “worker requirements” needed (from the organization
side) and the “individual profile” (from the potential worker side) resulting in data sets that can be
compared to identify the skills gap. The key factor when combining these systems was developing
a model to identify the specific KSAOs on both sides, the rating process, and calculating the “gap”

distance.
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4.3 O*NET Database

The SGAM will leverage the extensive O*NET database. The O*NET data is organized
into six major domains: worker characteristics, worker requirements, experience requirements,
occupational-specific information, workforce characteristics, and occupational requirements.
These descriptors also include softer skills to fully detail position requirements. Each of these
domains can be subdivided into further categories with multiple job-oriented and worker-oriented
descriptors in each. The categories and subcategories for the example technician position are
shown in Figure 24. The numbers shown are the potential requirements for the manufacturing

production technician position, in each area.

| Knowledge || Skills | | Abilities | | Tasks | Work Activities

PR - - - - - - -.-. o - S -
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1
1
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i mrmmemmmm ! Detailed Work
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1
1
1
1
1
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i Questions 10 Activities
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| Tools Used | | - Questions '
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e mimimimm T i 4 l 59 1 {_ ___________________ i
Work Context | | Interests | | Work Styles | | Work Values | | Custom
i - Questions : ' - Questions : ' - Questions : ' - Questions : ' - Questions :
1 1 1 1 1
i 27 2 i 16 3 i TBD !
1 ! 1 ! 1 ! 1 ! 1 !

........................................................................

Figure 24. O*NET Categories

..................

The O*NET model is very detailed, and the logical listing of all potential requirements is
necessary to start identifying position requirements and personnel skills. Starting with a well-
defined list helps with a phenomenon called “recall” (Reiter-Palmon et al., 2006). Recall prompts
memory and enables users of the information to quickly and accurately identify the relevant items.
This is analogous to having a shopping list before going to the grocery store. The O*NET model
framework will ensure that the descriptions are complete and no items are forgotten.

Some O*NET profiles identify level of proficiency needed, importance, or frequency while
some areas do not. See Table 13 below for O*NET Job position 49-9041.00 - Industrial Machinery
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Mechanics. To ensure consistent data for comparison all relevant descriptors are captured and

measured quantitatively in the new model.

Table 13. Proposed Skills gap analysis Method.

Current: O*NET and JASS Proposed - Composite Method
Area Module Importance Level Frequency Yes/No | Importance | Level Frequency Yes/No"
Abilities X X X X
Worker
o Interests X x x x
Characteristics
Waork Styles X X X X
Work Values X X X X
Waorker
A Knowledge X X X X
Requirements
Skills X X X X
Experience Experience and
. - X X X X
Requirements Training
Work Activities X X X X
Occupational Detailed Work
. - X X X X
Requirements Activities
Work Context X X X X
Occupation- Tasks X X X X
Specific Tools and
Information Technology
Custom Custom X X X X

1. YES/No used for decisional questions only.

Questions are typically used for the job analysis activity to collect information. Breaking a
task down into every detail would result in an overwhelming amount of questions. In the work by
Clifford (1994), he discusses how to address details related to common activities. The example
used is “drive a car”. Explicit details about opening the door, using the key or fob, and changing
gears are not needed. The important aspect is the ability to use the combined KSAOs to complete
a common activity. The O*NET descriptors make use of this method. This reduces the time is

takes to complete a job analysis and makes comparisons more efficient.

4.4 Parsing the Model Data

The JASS program is not being used explicitly in the model, but aspects of it will be
adapted to work with the new model. The ability to sort through the questions and only present

what is relevant is critical. Figure 25 show potential results of running through the JASS for a
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particular activity. There can be up to a 59% reduction in the number of questions that need to be

answered.

Potential
Total Questions Skipped New Amount | % Reduction

Communication 6 5 1 83.3%
Conceptual 13 5 8 38.5%
Reasoning 6 3 66.7%
Speed Loaded 4 5 44.4%
Vision 7 1 87.5%
Audition 1 3 25.0%
Psychomotor 12 8 4 66.7%
Gross Motor 15 9 6 60.0%

Totals: 76 45 31 59.2%

Figure 25. JASS Question Reduction

Within O*NET there is a large amount of data; the downside of a large detailed list is the

amount of information can cause information overload. To demonstrate this point, all the potential

descriptors for the manufacturing technician position are shown in Appendix D. Because O*NET

is a large, comprehensive job analysis database, there is a great deal of information that needs to

be sorted and analyzed. The skills gap analysis model includes a decision model to parse the O*Net

data to make it usable for identifying skills gaps. The first step is to determine if there are

dependencies between the requirements. To reduce the amount of data, the decision model will

assess each section to determine if there are dependencies. Based on these dependencies, some of

the descriptors can be logically removed saving time and effort and parse out only the relevant

information. The process is shown in Figure 26.
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Using question dependencies, non-relevant questions are removed. Determining the
dependencies is critical for reducing the amount of data. Some O*NET categories or descriptors
can be eliminated because they are not appropriate to the idea of creating or detailing a position.
Examples of these categories would include job zone, related occupations, wage & employment
trends, and current job openings on the web. This is good overall information about the position
but is not relevant for detailing what is needed for a position. The other O*NET categories and
related descriptors can be used to detail the position. Additionally, many of these categories can
be grouped into knowledge sections. Then within each knowledge section the skills, abilities, work
activities, tasks, tools, and technology can be identified. This process would be repeated for all
knowledge sections. Figure 27 shows the research process to be used for sorting through the

categories and descriptors.

Detailed O*NET Decision Path

START

Skills

[ ote )

Education

Occupational Interests
Work Values

Occupational Requirements
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Work Context
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Experience Requirements Information

Experience: and Training Title Description

Skills-Entry Requirement Nternat:'l!lrlﬁ

Licensing

Tools and Technology

K EY - Worker Requirements Experience Requirements Workforce Characteristics
-
(Color coded) Worker Characteristics Occupational Requirements Occupational-Specific Information

Figure 27. O*NET Decision Path

The key is for the decision path to provide a guide to logically and systematically navigate
the large volume of questions and reduce the amount of time and effort required to provide an
accurate and detailed position description. Figure 27 shows each section starting with the
knowledge area. Similar to the JASS decision path model shown in Appendix B, many knowledge

areas can start with a simple YES/NO decision. For example, if no computer knowledge is needed,
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then there are no computer skills needed, no specific computer abilities needed, no computer
related work activities or detailed work activities are needed, and no computer related tools or
technology are needed. A simple “NO” will by-pass all the related dependent questions. In a
similar fashion within the sub-categories, YES/NO questions can also be used to skip non-relevant
questions. The decision tree for this process along with these decision points is shown in Figure
28 below.
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Figure 28. Skills Gap Analysis Model Knowledge Decision Tree
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Using the logic tree shown along with the descriptor dependencies the model makes

effective use of the evaluator’s time.

4.5 Scaling Metrics

The decision path model results in a detailed and accurate position description. However,
the missing components are the proficiency level, importance, and frequency. Several articles and
the Delegated Examining Operations Handbook (2007) identified these as important components,
but a clear method of use was not described. Adding in these criteria with scaling metrics allows
the position to be better defined. Proficiency is used to describe the skill level needed for the
position, Importance indicates how much the skill is needed for the position, and Frequency is how
many times the skill will be needed for the position. The combination of these three metrics allows
the SMEs to use the model to better define what is needed for the position and allows the
technicians to better define their skill levels.

The issue of not including scaling metrics can be explained using the hydraulic and
pneumatic mechanics example from before. They both have the same general requirements but
very different positions. There could be a lot of variability in the position and one position could
actually morph into the other, but with current methods this change would not be detected and the
importance change of the requirements would not be captured. The biggest issue, in this example,
is that the existing personnel may be able to perform the requirements of this new morphed position
even though the position description has not changed. This research will produce a new algorithm
to focus on the descriptors and include the proficiency level, importance, and frequency. Using the
new method would also be able to track how positions have changed over time. Even if just the
importance of a position requirement changes, that will affect the decision about who is the best
fit for the position.

The model includes scaling metrics for proficiency, importance, and percentage of
position. The level of proficiency will be scaled on a Likert scale from 1 to 7 as shown in Table
14. The use of logical anchor points helps to better identify the correct proficiency level. One
person’s definition of average may vary greatly from another person. The level of importance
will use the Likert scales based on Table 15. Finally, the percentage of the position will use the

Likert scales based on Table 16.



Table 14. Proficiency Scale

Likert Acceptable Logical Anchor Points
Scale | Proficiency | Percentage |General Description (Example from Figure 7.)
- Minimal to no experience/knowledge.
1 MNovice 1-10 - Would need very close supervision.
- No troubleshooting ability.
- Minimal i k ledge.
. fnima experlence./ .now ecee Understand a television
2 Beginner 10-25 - Would need supervision. i
i o commercial
- Some troubleshooting ability.
Less than - Minimal experience/knon\fh?dge.
3 25-40 - Would need some supervision.
average : o
- Some troubleshooting ability.
- Good i ith a st k ledge base.
c.:o. expenencz.e TNI as .rong nowledge base Understand a coach's oral
4 Average 40-60 - Minimal supervision required. . .
) - instruction for a sport
- Average troubleshooting ability
- Good experience with a strong knowledge base.
Better than . . . .
5 60-75 - Minimal to no supervision required. Able to assist others.
average . .
- Above average troubleshooting ability
- Good experience with a strong knowledge base. Understand a lect
nderstand a lecture on
6 Proficient 75-90 - Minimal to no supervision required. Able to assist others. i
. . advanced physics
- Good troubleshooting ability
- Strong experience with a huge knowledge base.
7 Expert 90-100 - No supervision required. Able to assist others.

- Strong troubleshooting ability

Table 15. Importance Scale

Likert
Scale Importance Description
1 Mot Important |- Has no effect on the ability to perform the job
5 Somewhat - Needed but not critical
Important - Could potentially learn on the job or be trained
- Needed, would like the person to have
3 Important o
- Would need training
- Required to have for the position
4 Important - Could potentially be trained, but position would suffer
until training completed.
5 Very Important |- Critical for person to be successful in the position

57
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Table 16. Frequency Scale

Likert
Scale |Description

1 Once per year

More than once per year

More than once per month

WMore than once per week

Daily

Several times per day

bt N IO = T IO T ) TS

Hourly or more often

The Likert scales allow the model to convert the responses into more descriptive
quantitative data. The model weights descriptors using the scale and logical anchor points. Each
descriptor has values for all three areas. The model, based on the percent of relevance for each of
the three areas, then calculates a single value. The percent relevance may vary based on
organization, but for this example, proficiency will be 80%, importance 15%, and frequency 5%.
Because proficiency is critical it has the largest percentage. To help further differentiate between
descriptors, the importance is set at 15% and frequency is the last 5%. The descriptor rating can
be fine-tuned but can also be fixed for a certain position or organization. To make the data easier
to evaluate, these values will be normalized so that a perfect value for each descriptor would be

100. The normalization equation is shown in Figure 29.

Normalized[Value] = L&e—Valuemn)b=a) =\ hare 1y js 100 and a is O.

Valuepmgx—Valueyin

Figure 29. Normalized Value

This equation will convert the program outputs to values between 0 and 100. Using this
method, data for each descriptor is condensed to a single value. An example of the weighting and

normalized values is shown in Table 17.



Table 17. Weighting and Normalized Values
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Proficiency Importance Frequency MNormalized
Relevance 80% 15% 5% 100%
Equation = B{7-1)*{100-0)/(7-1) | =15(5-1)*(100-0)/(5-1) | =D05(7-1)*(100-0)/(7-1)
MAX (7,5,7) a0 15 5 100
MIN (1,1,1) 0 0 0 0
MID (4,3,4) 40 7.5 2.5 50

Each descriptor is rated for importance, frequency, and percentage of the position, and

using all three of these values with the identified relevance, the descriptor is quantitatively defined

by a single number. An example is shown in the table below.

Table 18. Descriptor Value Example

Question: Ability to read blueprints? Percentage Mormalized
Proficiency (1-7) 5 80 53.33
Importance (1-5) 4 15 11.25
Frequency (1-7) 3 5 1.67
Descriptor value: 66.25

The descriptor is normalized, and the percentage weights are applied to generate a number
for each metric. The three numbers are then added together to get a final value for that descriptor.
By having all descriptors with quantitative values, analysis and comparison can be performed.
Using this method, data for each descriptor is condensed to a single value which can be averaged

with the other descriptor vales to determine an exact position-to-worker fit measurement.

4.6 Comparison and Evaluation

To this point, using the decision model, the large O*NET database has been parsed based
on the information entered by the user (see Figure 30). Additionally, using scaling metrics that
include proficiency, importance, and frequency, the creation algorithm generates the detailed job

requirements. The last stage in the model is calculating the difference in the two, the skills gap.
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Mumber of

Questions
Tasks 27 Employee
Technology Skills 10 Decison Model to reduce election
Tools Used 59 O*NET to a manageable level.
Knowledge 7
Skills 17
Abilities 22
Work Activities 29
Detailed Work Activities 23
Work Context 27
Interests 2
Work Styles 16
Work Values 3
Custom -

Total: 242

Figure 30. Model Reduction of O*NET

The position and worker requirements for each descriptor can be compared and the

difference identified. This is shown graphically in Figure 31.

Comparison

Percent

1 2 3 - 5 6 7 8 9 10
Descriptor (KSAOs)

e \WOrker === Requirements

Figure 31. GAP Analysis
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As shown on the graph, for each descriptor there is a difference between the requirements
and the worker skills. This difference is the “gap”. The gap can be quantitatively identified, as
shown in Table 19. Note that the gap can be positive (over qualified), negative (under qualified),

or neutral (meets requirements).

Table 19. Gap Analysis Example

Descriptor | Worker |Requirements| GAP
1 87 95 8
2 35 30 3
3 98 90 8
4 76 85 9
3 85 92 7
6 77 95 -18
7 60 96 -36  |<<<largest GAP
8 50 85 -35
9 78 30 -12
10 85 95 -10

Average:| 79.1 91.3 -12.2

Along with an individual descriptor comparison, an overall worker-to-position fit
coefficient can be determined by calculating the average of the summation of the differences
between the position requirements and the worker qualifications using the equation in Figure 32.
The overall fit value can be used to compare across a set of workers to evaluate who has the best

fit to a position description.

n

Z(Descriptm}?equired - DescriptorWOTkET)
k=1

Worker — to — Position _
Fit Coef ficient = n

SMEAvwa_ge

Fit Coefficient< 1 ¢+ Training needed
Fit Coefficient =1 : Averaged exact fit
Fit Coefficient >1 : QOver qualified

Figure 32. Worker-to-Position Fit Coefficient
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An average of the distance between the two values gives an overall rating of the worker to
the skill set of the position. The comparison is made using the average of all descriptor “gaps”, so
a worker could be strong in some areas and weak in others but still be an overall fit. The data
collected will also show the areas that need improvement. Once the organization has the
quantitative information, it can determine if a particular descriptor is critical, and set its own
specific limits of acceptability. The chance of a perfect worker-to-position match will be slim, so
each organization will have to determine its own acceptable fit limits. If an organization has a good
training program, it may be willing to take a worker with more skills gaps and train them. If the
organization needs the worker to perform immediately, it might want to make sure the person
meets all the requirements

The skills gap analysis model provides improved identification of worker qualifications,
enables a method for consistent comparison between the position and worker, and provides a
method for organizations to identify gaps to determine if existing personnel can fill the position or
if training is needed. Because of the comparison method, the specific areas needed for training can
be identified. The quanitative analysis also allows the candidates to be compared and ranked in
relation to the position.

4.7 Model Implementation

The model algorithms were implemented using Microsoft Excel. All the responses for the
Decision Model and rating values for the Creation Algorithm are stored in Excel in a log sheet.
This information will be used for the Comparison Algorithm and overall evaluations.

As an example, the mechanical technician position has 183 potential ONET descriptors.
Using the parsed decision model, only 111 out of the 183 descriptors fall into one of the knowledge
categories. Items such as education and training are to be considered “checkbox” requirements.
That is, they either have it or they don’t. For example, some organizations require a 4-year college
degree for a position. Others may require specific licensing. These “set in stone” non-negotiable
requirements will not be included in the quantitative analysis of the position. There were also
several items from the skills, abilities, work styles, and work context lists that were independent
of knowledge. These items could still be grouped and still had dependencies on each other.

Accounting for the independent items, the new flow diagram is shown below.
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Detailed O*NET Decision Path

Knowledge Area

Abilities

Other D

Work Styles and Values
Occupational Interests

Checkbox Requirements

Experience
Requirements

Experience and Training

Skills-Entry Requirement:

Occupational Requirements
Organizational Context
Wark Context

Repeat for all Woaork Activities | Physical* D
Knowledge
| | Logic*
Social*
Tools and Technology | ocia D

= - Occupational-Specific
{P NEW groupings Information

Tithe Description
Alternate Titles

K EY - Worker Requirements Experience Requirements Workforce Characteristics
-
(Color coded) Worker Characteristics Occupational Requirements Occupational-Specific Information

Figure 33. New Decision Path

Once all the descriptors are grouped with the associated dependent descriptors the next step
is to turn these into questions (both decisional and rating) that will guide the evaluator through
only the relevant areas and questions. An example of how this works is shown in Figure 34 for the
knowledge area, English language. If this area is not needed, it will skip all the questions. If reading
is not needed but speaking is, it will identify that, and the evaluator will provide input to indicate
what levels are required. This method greatly reduces the numbers of questions needed to

quantitatively detail a position.
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K led English Language — Knowledge of the structure and content of the English language including the meaning and spelling
nowlecge of words, rules of composition, and grammar.
Kill Active Listening — Giving full attention to what other people are saying, taking time to understand the points being made,
Skills asking guestions as appropriate, and not interrupting at inappropriate times.
Skills Reading Comprehension — Understanding written sentences and paragraphs in work related documents
Skills Speaking — Talking to others to convey information effectively.

Speech Clarity — The ability to speak clearly so others can understand you.

Speech Recognition — The ability to identify and understand the speech of another person

Oral Comprehension — The ability to listen to and understand information and ideas presented through spoken words
and sentences
Oral Expression — The ability to communicate information and ideas in speaking so others will understand

Telephone — 52% responded “Every day.”

Skills Writing — Communicating effectively in writing as appropriate for the needs of the audience

Written Comprehension — The ability to read and understand information and ideas presented in writing

Written Expression — The ability to communicate information and ideas in writing so others will understand

Letters and Memos — 41% responded “Once a3 week or more but not every day.”

Communicating with Supervisors, Peers, or Subordinates — Providing information to supenvisors, co-workers, and
subordinates by telephone, in written form, e-mail, or in person.

Figure 34. Knowledge Area Example

While sorting and organizing the descriptors, some of them have the same basic meaning
such as “Responsible for Equipment Maintenance” and “Responsible for repairing and maintaining
equipment”. These descriptors will be combined to reduce the number of questions needed.
Starting with 183 descriptors, the number was reduced to 158. Out of the 158, 145 have the
potential to have associated metrics. The other 13 are YES/NO decision questions to assist with
the parsing. After all the knowledge areas and other areas are organized into a proper flow and
converted into decision (yes/no) and rating questions based independent and dependent
relationships, the model is ready for the demonstration.

The Excel file is set up to flow through all the questions in a logical format and only
requires the participant to answer relevant questions. The participant only sees a clean user
interface, but all the possible information is laid out in Excel and the VBA program will step

through the information effectively. The main Excel sheet is shown in Figure 35.
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Figure 35. SGAM Excel Sheet

4.8 Summary

This chapter demonstrated how taking the best features from the HCO model, JASS, and
O*NET could be combined to design the SGAM. Using structured and grouped O*NET
descriptors with a parsed decision model, the JASS logic along with the described metrics, and the
comparison algorithm, postions can be fully and quantitatively detailed from the organization

position side and the worker side to allow for comparison.
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5. DEMONSTRATION

The purpose of this DSRM stage is to demonstrate the use of the artifact to establish that
the artifact addresses one or more instances of the problem domain. The skills gap analysis model
(SGAM) was implemented in an Excel spreadsheet so that the model could use inputs from subject
matter experts (SMESs) to characterize a specific position from both the position and the worker
perspectives using the O*NET descriptors. This ensures that both sets of data are comparable terms
which will allow the algorithm to equate two sets of data. After completing the activity, the SMEs
and Technicians completed an opinion survey regarding the suitability and relevance of the
SGAM. The outcomes of the demonstration, along with the survey data, will be used to evaluate

the new artifact in Chapter 6.

5.1 Demonstration Protocol

The SGAM was implemented using Microsoft’s Excel program to develop an executable
version of the model that can accept user inputs in order to characterize a position. Excel provides
an easily portable model that is standard for most organizations. Using the Visual Basic for
Applications (VBA) functionality, it has the capabilities needed to parse the data and allows user
inputs to drive the outcomes of the model. A simple interface steps the user through the model
framework and applies the metrics for the comparison algorithm. The Excel file was emailed to
leads within two local manufacturing organizations. These leads identified potential candidates to
test the model. It was requested to get as many willing participants as possible. The target for both
organizations was five for each group.

The participants were SMEs and Technicians within a specific operation area:
Manufacturing Technology. It is important to note that all technicians who participated in the
demonstration had the exact same job title. Because participants had the same job title, there was
also a desire to compare position requirements and worker qualifications from different
organizations.

The Excel file included all required informed consent questions, and the only information
collected about participants was to determine if they were Subject Matter Experts (SME) or

Technicians. Table 20 indicates the number of personnel who participated in the demonstration.
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Table 20. Demonstration Participants

SMEs Technicians Total
Company A 3 5 a8
Company B - 3 3
Total: 3 8 11

Both the SMEs and Technicians used the model to detail a specific position, Manufacturing
Technician. The completed position descriptions (SME) or worker requirements (Technician),
along with the user survey were emailed back to the researcher. Once received, the file was
downloaded by the researcher and the message deleted. No identifiable information was retained.

5.2 Demonstration Model

The SGAM model (Excel file Version 021319), distributed to the SMEs and Technicians
was an implementation of the model described in Chapter 3 using the features of an Excel

workbook. By clicking one button the program starts.

Thank you for participating in this study.

SKILLS GAP ANALYSIS MODEL (SGAM)

AAN CLICK TO START AAAAA

Figure 36. User Interface
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When starting the demonstration, the user is prompted with a Consent Form (see Figure
37) containing all relevant information about the study. If the user selects the DECLINE button
the program will close, and the user will be directed to close the file. No information will be
collected.

Informed Consent

INFORMED CONSENT DOCUMENT - OLD DOMINION UNIVERSITY
PROJECT TITLE: Identifying and Quantifying Personnel Skil Gaps Using a Parsed Decision Model

INTRODUCTION
The purposes of this form are to give you information that may affect your decision whether to say YES or NO to participation in this research, and to record the consent of those who say YES. This
Excel user interface will be used to collect all information.

RESEARCHERS

0Old Dominion University - Department of Engineering Managemeant and Systems Engineering
Responsible Principle Investigator (RPI): Holly A. H. Handley, Ph.D.

Co-Principle Investigator (PI): Joe McKenney Phone: 757-572-6151

DESCRIPTION OF RESEARCH STUDY
Several studies have been conducted looking into the subject of defining a skills gap. Mone of them have explined an adequate method for identifying and guantifying the gap.

If you decide to participate, then you wil join a study involving research of 3 method to identify and quantify a skils gap. This Excel file has a series of questions about 3 maintenance position. The
Excel file uses a parsed decision model to direct the participant through a series of guestion that will identify the level of proficiency, the level of importance, and the level of frequency. If you say
YES, then your participation will last for about 1 hour. Approximately 3 subject matter experts (over 10 years technician level experience or greater) and 5 maintenance personnel wil be participating
in this study.

RISKS AND BENEFITS
RISKS: If you decide to participate in this study, there are no risks currently identified. In order to reduce the chance of any risks, the researcher wil not collect any participant specific information
except for if the person is an SME or maintenance personnel. And, as with any research, there is some possibility that you may be subject to risks that have not yet been identified.

BEMEFITS: The main benefit to you for participating in this study is helping to determine if using the parsed decision model with the O*NET database can successfully identify and quantify skils gaps.
Being able to identify these gaps can save companies money by training or hiring in the correct areas.

COSTS AND PAYMENTS
The researchers want your dedsion about participating in this study to be absolutely voluntary. Yet they recognize that your participation may pose some inconvenience and take up some of your
time. The researchers are unable to give you any payment for participating in this study, but greatly appreciate your help.

MHEW INFORMATION
If the researchers find new information during this study that would reasonably change your decision about participating, then they wil give it to you.

CONFIDENTIALITY
The researchers wil take all "reasonable” steps to keep information private. The results of this study may be used in reports, presentations, and publications; but the researcher will not identify you.
Of course, these records may be subpoenaed by court order or inspected by government bodies with oversight authority.

WITHDRAWAL PRIVILEGE
It is OK for you to say NO. Even if you say YES now, you are free to say NO fater, and walk away or withdraw from the study at any time. WITHDRAWAL PRIVILEGE

COMPENSATION FOR ILLNESS AND IMIURY

If you say YES, then your consent in this document does not waive any of your legal rights. However, in the event of harm, injury, or ilness arising from this study, neither Old Dominion University nor
the researchers are able to give you any money, insurance coverage, free medical care, or any other compensation for such injury. In the event that you suffer injury as a result of participation in any
research project, you may contact the responsble principal investigator or investigators at the phone numbers listed in the researcher section.

VOLUNTARY COMSENT

By clicking the accept button, you are saying several things. You are saying that you have read this information or have had it read to you, that you are satisfied that you understand this information,
the research study, and its risks and benefits. The researchers should have answered any questions you may have had about the research. If you have any questions later on, then the researchers
should be able to answer them:

If at any time you feel pressured to participate, or if you have any questions about your rights or this form, then you should call Stacie Ringleb, the College Human Subjects Committee chair, at
757-683-5934, or the Old Dominion University Office of Research, at 757 683 3460.

And most important, by clicking the ACCEPT button below, you are teling the researcher YES, that you agree to participate in this study.

ACCEPT DECLINE

Figure 37. Consent Form

If the user selects the ACCEPT button, the demonstration will start. The participant selects
whether they are a SME or a Technician. For the SGAM, it is not only the proficiency level that is
evaluated, it is also the importance and the frequency of the descriptor. The evaluator is asked to

rate all three of these. Figure 38 shows the user screen for the participant to provide inputs.
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Please select either Subject Matter Expert (SME) or Mechanic

Select one:

Subject Matter Expert (SME) Technician

In order to properly weight job descriptors the following three values are used.
Proficiency - how good the person needs to be at the descriptor.
Importance - how important is it that the person have this descriptor.
Frequency — how often the person will have to use the descriptor.

SME — Please rate these descriptors based on what you think is important for the
position.

Technician — Please rate these descriptors to detail your current position. Not
what you think is needed, but your current skill levels.

I'm ready to start

Figure 38. Participant Selection Form

The SGAM logically steps the user through all the questions based on the O*NET
Knowledge areas for this domain using the parsed decision logic, i.e., skipping over any dependent
questions that are not relevant based on previous question responses. Decision screens are used to
determine if an area is relevant and consist of YES/NO questions (see Figure 39). If the item
presented is not relevant to the position being described, the rating scale is hidden. Once an item
is selected as relevant, the scale is provided. Additionally, items that can be identified as not
relevant based on previous responses will be skipped; hence, the data parsing ability of the model’s
algorithm reduces the burden on the user. The percentage complete is displayed at the bottom, and

the participant has the option to stop and exit at any time without saving any of the data.
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) "
Question: | Is it neceassary to have Mechanical Knowledge of machines and tools, including their designs, uses, repair, and maintenance O*NET
Caption:
Notes:
YES N

a

YES/NO Decision

Option to STOP and
EXIT at any time.

Percentage Complete \
v \
Forcont Complate:  9.6% STOR and EXIT

Figure 39. Decision Form

Using a slide scale, the proficiency of the descriptor (with anchor points), the importance
of the descriptor, and the frequency that the descriptor is needed for the position are identified.
The ratings form uses logical anchor points to make user selection easier and more accurate. These
anchor points help prevent the typical concern about the self-evaluation being exaggerated by
giving the user specific examples of the proficiency levels so they can choose appropriately. The
slide scale enables the participant to quickly answer the questions.
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Figure 40. Ratings Form

After all the questions have been answered, the participant is informed that the data is

DATA 5AVED. Thank You!

OK

Figure 41. Model Data Saved Screen
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All the data is temporarily stored until the end of the demonstration, and then it is
automatically transferred to a log sheet (see Figure 42). During the transfer process, the scales for

proficiency level, importance, and frequency are used to determine a rating factor for the relevance
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of each descriptor. The average of all the relevance factors results in a single number that can be
used for an overall comparison. At the completion of the participant’s rating of the position or
worker requirements, the data is automatically stored within the Excel spreadsheet. The log sheet
also tracks how many questions were answered and skipped using the parsing algorithm. The
results from the SMEs detailing the position can then be compared to evaluate the inter-rater
reliability of the model for detailing a common position. Likewise, the worker profiles will be
compared to determine the internal consistency of the model for determining the required KSAOs.
Finally, the model will be tested to quantitatively determine the skills gap, between the two sets of

data.

Job Description] Texhnizian Technizian Technizian
Evaluatar] 1.-knizian Tozhnizian Tozhnizian
Date:] z/1zM9 d:22 FM eiEd1ad:z2 FH eMEMadzz FM
Proficiency Level Used] | i 0
Impartance Used| 15 s
Frequency Used:| 5 5
: Praficiency | Impurtanc | Froquanc : Praficisncy | Impmrtanc | Fraquanc : Praficisncy |lmpurtanc Froamency :
Cmartimn Lawal - T Fating Lawal - x Rating Lawal - -1y Rating
[(1-73 1-5) 1-71) 1-71) [(1-5) (1-7) (1-7) (1-5)
1 & 4 & 22.08 3 4 3 22.08 & 4 3 22.08
2
3 & 4 5 £1.25 3 4 5 81.25 & 4 5 8125
4 & 4 5 £1.25 3 4 5 81.25 & 4 5 8125
5 & 4 & 22.08 3 4 3 22.08 & 4 3 22.08
3
7 3 4 5 81.25 3 4 5 81.25 3 4 5 8125
8 3 4 3 g2.08 3 4 3 82.08 3 4 3 82.08
9 3 4 5 81.25 3 4 5 81.25 3 4 5 8125
10 5 4 5 £7.92 5 4 5 £7.92 5 4 5 £7.92
11 5 3 4 63.33 5 3 4 £3.33 5 3 4 £3.33
12 5 3 4 £3.33 5 3 4 £3.33 5 3 4 £3.23
13 5 4 5 £7.92 5 4 5 E7.92 5 4 5 E7.92
14 4 E] 4 50.00 4 E] 4 50.00 4 E] 4 50.00
15 5 4 5 £7.92 5 4 5 E7.92 5 4 5 E7.92
16 5 4 £ E2.75 5 4 E EE.75 5 4 E ER.75
17 5 4 £ E2.75 5 4 E EE.75 5 4 E ER.75
18 5 3 E E2.75 5 4 E EE.75 5 4 E E8.75
13 5 4 3 £8.75 5 4 3 E8.75 5 4 3 £8.75
20 5 4 5 £7.92 5 4 5 £7.92 5 4 5 £7.92
21 5 4 5 £7.92 5 4 5 £7.92 5 4 5 £7.92
22 5 4 5 £7.92 5 4 5 £7.92 5 4 5 £7.92
23 5 4 3 £8.75 5 4 3 E8.75 5 4 3 £8.75
24 5 4 5 £7.92 5 4 5 £7.92 5 4 5 £7.92
Total Questions|) 15§ 6202 158 5127 158 55.54 158
Questions answered| 155 155 155 32
Cuestions skipped| 0 7 0 )
Savings| .00 4438 0.00: 41775

Figure 42.

Model Log Sheet




73

By comparing the SME values to the worker values, a quantitative worker-to-position fit
measurement is obtained. By drilling down into the individual values for each descriptor specific
details about what is driving the skills gap can be identified. Another benefit of implementing the
model in Excel, with all the data stored in the log sheet, the basic graphing capabilities of Excel,

can be used to visually identify the differences.

5.3 Survey to assess Model Suitability and Relevance
After the participant has completed the model demonstration, the program prompts the

participant to complete a survey (see Figure 43).

Microsoft Excel e

COMNGRATULATIONS, you are done! Please fill out the 10 question
sUrvey,

oK

Figure 43. Model Completion/Survey Screen

The survey is an adaptation of the System Usability Scale (SUS). The SUS (Brooke, 1986)
consists of a 10-item questionnaire and provides a reliable tool for measuring usability. The SUS
has become an industry standard and is reliable for small sample sizes and is has proven validity
to identify unusable systems. For the Model Suitability and Relevance Survey (MSRS), each of
the five model evaluation criteria will have two questions, one positive and one negative, as shown

in Table 21. These questions are also listed in Appendix C.
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Table 21. Model Suitability and Relevance Survey (MSRS) Questions

Question
Number Question Criteria Number
1 | think this model will capture the main aspects of the position requirements and worker 1- postive
qualifications.
2 | feel this model is too complex to use. 5 - negative
3 Given the position requirements and personnel qualifications are in the same language, | feel this 2 - positive
would provide a good model to identify skill gaps and training needs.
4 | feel this model would be better than the current method for identifying skills gaps 4 - positive
5 | think the requirements are organized in a logical manner. 3 - postive
6 | feel this model does not provide enough detail. 3 - negative
7 Given the output, | feel this model is easy to use. 5 - positive
8 | do not think proficiency, importance, and frequency are good metrics to use for weighting. 2 - negative
9 | do not think this model for identifying requirements would be better than the current method. 4 - negative
10 | feel the model does not capture all the position requirements and worker qualifications. 1 - negative

The survey questions are built into the Excel program and use a five-item Likert scale (see

Figure 44) to capture the participant response. Participants also can provide open ended comments.

Strongly Strongly
Disagree Disagree Neutral Agree Agree

l | | | |

1 2 3 4 5

Figure 44. Survey Likert Scale

The participant is guided through all 10 questions using the Excel interface shown in Figure
45,
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Model Suitability and Relevance Survey (MSRS)

Number Question
3 Given the position requirements and personnel qualifications are in the same
language, I feel this would provide a good model to identify skill gaps and training
needs.
Strongly Strongly
Disagree Disagree Neutral Agree Agree
| | | | ]
1 Z2 3 4 5

[ [ o

=

Figure 45. Survey Interface

Once all 10 questions have been completed the participant is thanked (see Figure 47) and

for analysis. A sample log sheet is shown in Figure 46 below.

Microsoft Excel X

You have completed the survey. Please close the program. Thank You!

oK

Figure 46. Survey Completion

the survey data is transferred to a worksheet in Excel where the data is collected and can be used



lob Description Technician Technician Technician
Evaluator Technician Technician SME
Date: 2/18/19 2:03 PM 2/18/19 2:23 PM 2/18/19 2:41 PM

1 5 5 5
2 5 5 5
3 4 4 4

@ 4 4 4 4

o 3 3 3 5

E B 4 4 4

%{ 7 2 2 2

z 3 2 2 2

@ a 4 4 4
10

Figure 47. Survey Log Sheet
5.4 Summary
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This section described the demonstration step of the Design Science Research Methodology.

All the data collected from the demonstration participants was saved in the Excel program. No

participant identifiers were retained. After all the data has been collected, the demonstration step

is complete, and the data will be used for the evaluation step detailed in Chapter 6.



77

6. EVALUATION

The purpose of the evaluation stage of the DSRM is to ensure that the new artifact meets
the requirements set out at the beginning of the development (as articulated in Chapter 2) and can
address the problem identified at the beginning of the research (in Chapter 1). The data collected

from the demonstration phase, reported in Chapter 5, can be used to complete the evaluation.

6.1 Criteria for the Skills Gap Analysis Model

The problem identified for this research was to improve existing skill models by combining
them in such a way that the skills gap, based on a common representation of a job position and
personnel skills, can be identified. The challenge was to identify the position requirements and
worker skills using a common framework so that the comparison could be made. Additionally, the
model needed to be easy to use, able to parse data effectively, and able to yield actionable data that
would be useful for evaluation. The explicit criteria to evaluate the success of the new model were
identified in section 2.1.3:

Criteria 1 - Single Taxonomy for both position requirements and the worker qualifications

Criteria 2 - Comparable (quantifiable data)

Criteria 3 - Adaptable to any domain (robust)

Criteria 4 - Actionable: Provide accurate and actionable data

Criteria 5 - Usability: Would be quick and easy to use
These criteria will be used in conjunction with the review of the data collected during the

demonstration to evaluate the resulting SGAM model.

6.2 Evaluation of the Demonstration Data

6.2.1 Gap Analysis

The data collected during the demonstration use of the SGAM model by both SMEs and
Technicians can be analyzed to evaluate the success criteria of the SGAM model and the response
of the users to the new artifact. Each O*Net descriptor, which describes a KSAO needed, was
converted to a question for the model. Participants provided proficiency, importance, and

frequency responses for each descriptor question. In Figure 48, the vertical axis is quantitative
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numerical average determined from these responses. The first analysis provides a graph of the
average of the SME results vs. the average of the Technician results. From these results, it can be
seen the SME average is greater than the technician average. It also shows the ability of the model
to represent both sets of data using the same taxonomy (Criteria 1).

SME Average versus TechniCian Average
. b SME Average (Blue)
GAPS ~__ /
—— No GAP

WP T o T |
M J ! N/\A/ W\j N

~ Technician Average (Red) \/\]WW

Numerical Average

v

®_

Model Questions

Figure 48. Demonstration Results — SME Average vs Technician Average

The average gap for each descriptor, based on the results above, can be graphed from high
to low. This supports the ability to identify a quantifiable skills gap from the model data (Criteria
2). It also shows where the Technician average agrees with the SME average, where the gap equals
zero, and the cases where the Technician average exceeds the SME average or where the gap is
less than zero.

Having the data available, it is also possible to identify the skills gaps for a single

individual as shown in the graph below.
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Model Questions
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Figure 49. Demonstration Results — SME Average vs Technician A5

Technician A5 was the highest rated and will be discussed in more detail in section 6.2.5

Position “Fit” Evaluation. The graph shows specific areas that need improvement, skills gaps,

and areas where this technician exceeds the SME average. The graph shows even the best fit

technician would benefit from training in certain areas.

A graph of the gap averages from high to low as compared to the SME average is shown

below.
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Gap Analysis

* Descriptors

Figure 50. Demonstration Results — Identified Skills Gaps

The top ten identified gaps based on this data are shown in Table 22. These gaps are
identified by both question and descriptor and provide actionable data for the model user (Criteria
4). The number in the “Gap” column represents the numerical average of the proficiency,
importance, and frequency responses from the technician participants as compared to the SME

average.
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Table 22. Skills Gaps identified in the Demonstration Data

QUESTION GAPS Descriptor
Repairing and Maintaining Electronic Equipment — Servicing, repairing, calibrating, regulating,
5 §55.24 fine-tuning, or testing machines, devices, and equipment that operate primarily on the basis of
1 electrical or electronic (not mechanical) principles.
2 A9 5417 Provide production, progress, or changeover reports to shift supervisors.
Scheduling Work and Activities — Scheduling events, programs, and activities, as well as the
43 54.17
3 waork of others.
Prepare production documents, such as standard operating procedures, manufacturing batch
48 54.17 - .
records, inventary reports, or productivity reports.
71 50.56 |Provide advice or training to other technicians.
66 47.38 |Setup and verify the functionality of safety equipment.
86 47.99 Identifying Objects, Actions, and Events — Identifying information by categorizing, estimating,
’ recognizing differences or similarities, and detecting changes in circumstances or events.
70 47.17 |Troubleshoot problems with equipment, devices, or products.
Making Decisions and Solving Problems — Analyzing information and evaluating results to
55 46.44 ]
9 choose the best solution and solve problems.
85 45.73 Analyzing Data or Information — Identifying the underlying principles, reasons, or facts of
10 ' information by breaking down information or data into separate parts.

As shown in the table, the largest gap identified in the demonstration data is Repairing and
Maintaining Electronic Equipment. As technology has improved, manufacturing equipment has
moved from the mechanical dial assembly, cam driven, machines and contact gages to electronic
servo-drives and vision systems. As these systems continue to evolve, the need for Technicians to
gain these skills is becoming more important. The model correctly identifies this disconnect
between the existing workforce (the Technicians) and the evolving needs of the organization (the
SMESs). The other major gaps identify the need for better troubleshooting ability, organization
skills, and communication.

In contrast, the four areas where the Technician average exceeded the SME average are
shown in Table 23. While the adaptability criterion references the capability to tune the SAGM
model domains, the ability to view the demonstration data from different user viewpoints also

supports the adaptability of the model (Criteria 4).
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Table 23. Items where Technician Requirements Exceeded SME Expectations

QUESTION GAPS Descriptor

Reaction Time — The ability to quickly respond (with the hand,
118 -1.67 finger, or foot) to a signal (sound, light, picture) when it appears.

Handling and Moving Objects — Using hands and arms in handling,
116 -1.67

installing, positioning, and moving materials, and manipulating

Arm-Hand Steadiness — The ability to keep your hand and arm
115 -1.67 |steady while moving your arm or while holding your arm and hand in
one position.

Selective Attention — The ability to concentrate on a task over a

121 -7.14 period of time without being distracted.

As described in the table, questions 118, 116, and 115 all relate to traditional mechanic
skills. The SGAM correctly identifies that the Technicians who participated in the demonstration
excel in this area and, as such, are better than the SME identified requirements, i.e. as technology
improves the importance and frequency of these skills will be reduced.

The robustness of the model allows each descriptor to be further analyzed. As an
example, for question 121, “Selective Attention”, a comparison can be made between the detail
data provided by both the SMEs and the Technicians, as shown in Table 24. This level of detail

provides additional support for Criteria 4 — Actionable Data.

Table 24. Details for Question 121 “Selective Attention”

Proficiency
Importance | Frequency
Level (1-5) (-7
1-7
SME Average 4 3 4
Technician 45 3 4
Average

For this question, the SMEs and Technicians agreed on the importance and frequency, but

the Technicians rated it at a higher proficiency level. These parameters are all important when
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evaluating an existing workforce and may indicate a miscommunication with the workforce about
the requirements of a task. For example, the frequency metric would be useful for organizations to
see where employees are spending their time. Maintenance activities are typically hard to track
because they do not have regular production metrics, such as number of parts produced. The
SAGM model can identify these types of disconnects and can be used to communicate more
directly with employees as well as identify training needs.

While Table 24 identifies the details for one particular question, the SME and Technician
averages for the three evaluation metrics: proficiency, importance, and frequency, can be graphed
across all questions, as shown in Figures 51, 52 and 53. The vertical axis for all three graphs is the
numerical average based on the participant’s responses. Note that the questions are sorted by the
SME average, resulting in the smooth average line for the SME, as compared to the choppy line

for the Technicians.

 SME Aversge Metric: Proficiency

Figure 51. SME and Technician Average Metric Results - Proficiency
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Metric: Importance

- SME Averaze

Figure 52. SME and Technician Average Metric Results — Importance

A

- SME huersge Metric: Frequency
\ X

\—\

\
||l \

—
"y f\/\l’ Ir A ’\ W "I\
. N \v "Mf U\q‘! /\'J\JA“W‘%\/ | ' | LB W.YVAN a'h\ / jL

1
N

Technician Average —

Figure 53. SME and Technician Average Metric Results - Frequency

These data can be reviewed for trends across the organization. For example, consistent
disconnects in any one of the metrics can be used to review, perhaps incorrect, assumptions about

specific skill requirements. For example, low frequency requirements, coupled with low
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importance, might indicate that this skill set can be contracted outside of the organization instead

of maintaining that expertise in-house.

6.2.2 Participant Survey

After using the SGAM model, the SMEs and Technicians who participated in the
demonstration were asked to complete the Model Suitability and Relevance Survey (MSRS). The
outcomes of this survey support the usability (Criteria 5) of the new artifact, the SGAM model.
The survey questions were identified in Table 21 of the previous chapter and are repeated here in
25 with the data collected from the MSRS survey.

Table 25. Survey Responses

‘Question SME Responses Technician Responses Variance | STDDEV | Average
I think this model will capture the main aspects of
+ 1 the position requirements and worker qualifications. 5 4 4 4 1 4 0.264 0.514 4.091
4 5 3 4 4
_ 2 I feel this model is too complex to use. a 3 a a 3 3 s s R R . 0.231 0.481 3.64
Given the position requirements and personnel
qualifications are in the same language, | feel this
+ 3 . TETEeE a a a a a 3 0.149 0.386 1.818
would provide a good model to identify skill gaps
and training needs. 4 4 3 4 4
| feel this model would be better than the current
+ 4 CEe - a 4 4 4 4 a 0.149 0.386 4.182
method for identifying skills gaps. 5 4 4 5 4
I think the requirements are organized in a logical
+ 5 4 4 4 4 3 4 0.149 0.386 3.818
manner. a 4 3 4 4
_ 6 I feel this model does not provide enough detail. 5 2 2 5 3 3 5 5 . . . 0512 0.716 2182
+ 7 Given the output, | feel this model is easy to use. 4 2 2 2 3 3 . . . . . 0.248 0.498 3455
I do not think proficiency, importance, and frequency
- 8 _ A a 4 4 4 4 5 0.182 0.426 4.000
are good metrics to use for weighting. 4 4 3 4 4
I do not think this model for identifying requirements
- 9 would be better than the current method. 4 4 4 4 4 3 0.149 0.386 3.818
4 4 3 4 4
| feel the model does not capture all the position
- 10 ) e 4 4 4 4 a 4 0.198 0.445 3.727
requirements and worker qualifications. 3 4 3 3 4
Notes long none 0.223 0.462 3.845

To analyze the results, the negative values are converted to positive values by reverse
scoring the items. In this case the Likert scale is reversed for the negative items and the new values
used. The data shows that most of those surveyed agreed with the positive questions and disagreed
with the negative questions. This allows all the items to be included in an overall average, as shown

in Figure 54.
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Survey Results - Negatives Flipped
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