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INTRODUCTION TO COMPETENCY-BASED
SCENARIO DESIGN & GIFT

Anne M. Sinatra’, Arthur C. Graesser’, Xiangen Hu’,
Benjamin Goldberg!, Andrew J. Hampton?, and Joan H.
Johnston! Eds.

TU.S. Army Combat Capabilities Development Command — Soldier Center —
Simulation and Training Technology Center
2University of Memphis Institute for Intelligent Systems



This book focuses on the topic of competency-based scenario design as it relates to Intelligent Tutoring
Systems (ITSs). The current book is the ninth in a series of books that examine key topics in ITSs. The
chapters in this book specifically relate the work presented to applications for the Generalized Intelligent
Framework for Tutoring (GIFT) (Sottilare, Brawner, Goldberg, & Holden, 2012; Sottilare, Brawner,
Sinatra, & Johnston, 2017). GIFT is an open-source, domain independent, service-oriented, modular
architecture for ITSs. GIFT has specifically been designed to allow for reusability of the GIFT architecture,
GIFT tools, and instructional content materials. Further, GIFT has been designed with the goals of reducing
the amount of time necessary to author ITSs, and reducing the skill level required for the authoring process.
GIFT can be used to create ITSs that can be distributed both locally on a computer and virtually in the
Cloud. In addition to creating ITSs, GIFT can be used to examine instructional outcomes, and conduct
research.

In addition to this book, the first eight volumes in this series, Learner Modeling (ISBN 978-0-9893923-0-
3), Instructional Management (ISBN 978-0-9893923-2-7), Authoring Tools (ISBN 978-0-9893923-6-5),
Domain Modeling (978-0-9893923-9-6), Assessment Methods (ISBN 978-0-9977257-2-8), Team Tutoring
(ISBN 978-0-9977257-4-2), Self-Improving Systems (978-0-9977257-7-3) and Data Visualization (ISBN
978-0-9977257-8-0) are freely available at www.GIFTtutoring.org.

The topic of this book, Competency-Based Scenario Design is highly relevant to the development of
ITSs. Scenarios are information-rich task/problem contexts that are closely aligned with real-world
situations that professionals face in their jobs. The tasks/problems exhibit ecological validity rather
than stripped-down abstract simplifications. Developers of ITSs and other adaptive instructional
systems need to have principled guidance on how to design these scenarios. An example scenario may
be a close match to a particular situation in the past, but not be representative of a large range of
situations that professionals experience in their job. An example scenario may be very realistic, but not
provide reliable and valid assessments of the learners' performance to guide assessments (summative,
formative, or stealth). Research teams that build high quality scenarios need to include expertise in the
targeted profession, assessment, learning science, and computer science. The current book brings
together experts on ITSs to discuss their work as it applies to Competency-Based Scenario Design. We
believe that this book can be used as a resource for those who have an interest in developing Scenarios
for ITSs, and who want to learn more about how to do so.

GIFT and Expert Workshops

This book series is associated with a series of Expert Workshops that began in 2012. In 2012, the Army
Research Laboratory (ARL) along with the University of Memphis developed a series of expert workshops
including senior tutoring system scientists from academia, government, and industry to present their work
on relevant gaps in ITS research and applications. As part of these workshops the experts also provide
suggestions for ways to improve GIFT moving forward. Expert workshops have been held each year since
2012 resulting in published volumes in the Design Recommendations for Intelligent Tutoring Systems
series that are associated with each workshop. In 2018, parts of ARL, including the GIFT team, were
reorganized into another organization, Soldier Center. Research into applied adaptive tutoring and team
tutoring have continued with Soldier Center. Additionally, the expert workshops and books have continued
with topics in line with the relevant research gaps. Table 1 lists the expert workshop topics, the locations
of the workshops, as well as the dates of the workshops and associated volume publications.


http://www.gifttutoring.org/

Table 1. Historical List of Expert Workshops, Locations, Dates, and the Book Publication Output.

Expert Workshop Topic Expert Workshop | Expert Workshop | Book Publication
Location Date

Learner Modeling Memphis, TN September 2012 Volume 1 — July 2013

Instructional Management Memphis, TN July 2013 Volume 2 — June 2014

Authoring Tools Pittsburgh, PA June 2014 Volume 3 — June 2015

Domain Modeling Orlando, FL June 2015 Volume 4 — July 2016

Assessment Methods Princeton, NJ May 2016 Volume 5 — June 2017

Team Tutoring Ames, [A May 2017 Volume 6 — August 2018

Self-Improving Systems Nashville, TN May 2018 Volume 7 — October 2019

Data Visualization Orlando, FL August 2019 Volume 8 — December 2020

Competency-Based Scenario | Virtual September 2020 Volume 9 — January 2022

Design

Strengths, Weaknesses, Virtual September 2021 Volume 10 — In Progress

Opportunities, and Threats

(SWOT) Analysis of

Intelligent Tutoring Systems

Sections of the Book

This book is organized into three sections that cover three related but different topics associated
with Competency-Based Scenario Design and ITSs:

L Scenarios for Individual Assessment

II.  Scenario Based Training for Groups and Teams

III.  Computational and Quantitative Models

Design Recommendations for Intelligent Tutoring Systems: Volume 9 — Competency-Based Scenario
Design is intended to be a design resource as well as a community research resource. We believe that
Volume 9 can serve as an educational guide for developing ITS scientists and as a roadmap for ITS research
opportunities.
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CHAPTER 1 = INTRODUCTION TO SCENARIOS FOR INDIVIDUAL
ASSESSMENT

Arthur C. Graesser' and Anne M. Sinatra?
University of Memphis', U.S. Army DEVCOM - Soldier Center?

Core Ideas

The chapters in this section focus on assessment of individuals in competency-based scenario design.
Individuals are assigned tasks in the assessment that are very similar to those tasks they need to complete
in real-world settings. The assessment tasks involve authentic scenarios rather than decontextualized tasks
that are many abstractions away from the real tasks they need to perform in a job position or as a citizen.
Assessments are designed to assess whether an individual is competent in completing the tasks and/or what
level of proficiency they exhibit.

There are many stages in developing learning and assessment tasks in competency-based scenario design.
An initial step is to define the theoretical construct (e.g., leadership, cognitive flexibility) or practical scope
of the job position (e.g., aircraft electrician, webmaster) being assessed. A second step is to identify the set
of knowledge, skills, attitudes, and abilities (KSAAs) that are needed or desired to achieve competent
performance in achieving goals. A third step is to identify tasks in the real world that appear to have face
validity in being authentic scenarios and that require these KSAAs. A fourth step is to design similar
scenarios for assessment and that cover important relevant KSAAs. A fifth step is to measure the test-
takers’ performance and develop a scale that identifies thresholds of competence and levels of proficiency.
Competency-based scenario design requires expertise in psychology, measurement, scenario design, and
experience in relevant real-world activities.

Individual Chapters

The chapter by Sottilare discusses scenario design and development processes for competency-based
training at scale in military contexts. Common competency-based assessment methods include pretests,
in-situ assessments, and computational methods when there is longitudinal data available in the learning
record store. There is a particular focus on adaptive scenario-based training with digital technologies that
uses a series of scenarios and events in scenarios to develop or maintain the ability to complete a task.
Scenarios and events are adaptive by changing their sequence, level of difficulty, or training content.
However, making such decisions on adaptivity involves some challenges that require complex modeling
and expertise in instructional design.

The chapter by Owens and Goldberg presents a Competency-Based Experiential-Expertise (CBEE) model
that was developed during a decade of research in Army and Navy training and performance projects.
CBEE is now part of a US Army science and technology research project to develop advanced training
management tools in conjunction with the Army’s Synthetic Training Environment. It uses Artificial
Intelligence (AI) supported evaluation tools and standards for classifying levels of competence that promote
learning-on-demand at a point-of-need. Learning and competence evaluation occurs through live, full- or
semi-synthetic learning environments that emulate real-world settings and conditions that expose trainee
mistakes and learning-by- doing in an experiential learning model.
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The chapter by Baker, Choi, and O’Neil presents a Training Assessment Framework (TAF) that provides
an architecture for designing, developing, and providing valid assessments of training and education. There
are innovative tools for scenario-based performance assessment and analysis of relevant features in the
assessment. The chapter discusses a project with the Naval Education and Training Command that
supported the development and use of a TAF to create a coherent structure for designing end-of-course
assessments that also considers formative assessments during training, analytic models of computer-based
instruction, and feedback to instructors, trainees, and test developers. Clear performance assessments can
be designed for complex practice environments, simulations, and other intelligent tutoring systems (ITSs).
A recommendation for the future is to develop a theory and ontology of situations that can help
operationally define transfer of training to new situations, including the modification of content, setting,
roles, and goals.

The chapter by Sabatini reviews scenario-based assessment and how it can be designed for ITSs. Design
principles are presented based on scenario-based assessments developed and tested in a large-scale Reading
for Understanding initiative funded by the Institute of Educational Science. Evidence-centered design is a
core technique that guided the process. It is also important to consider constraints in both the
research/development phase and the final operational use. The principles guiding scenario-based
assessment include a goal (purpose, mission) for the participant to achieve over the course of the
assessment, a coherent collection of materials relevant to achieving the goal, use cases in assessment
(formative, summative, stealth) that triangulate strengths and weaknesses in performance, links between
prior knowledge and performance, and ideally optimization of interest, motivation, and engagement.

The chapter by Kyllonen, Graesser, Haviland, Robbins, and Williams explores the process and advantages
of implementing soft skills training in GIFT. Soft skills refer to social, emotional, and self-management
skills associated with success in school and work. The chapter describes a soft skill training system
developed at Educational Testing Service that could potentially be integrated with GIFT in ways analogous
to the training of hard skills (e.g., verbal and quantitative literacy, science, particular technical skills).
Unlike hard skills, soft skills are rarely explicitly taught and assessed in schools. The training systems
include, among other activities, scenarios with open-ended problems in workplace, school, community, and
personal settings that present an issue or problem that calls for deliberation on a resolution.
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CHAPTER 2 — CONSIDERATIONS FOR ADAPTIVE COMPETENCY-
BASED SCENARIO DESIGN AND DEVELOPMENT AT SCALE

Robert A. Sottilare
Soar Technology, Inc.

Introduction

This chapter focuses on the scenario design and development processes for competency-based training. We
emphasize the application of these processes for training (learning a specific task) versus education
(learning of concepts that may be broadly applied). Competency-based training provides a framework
for instruction and the assessment of learning based on a set of predetermined competencies (abilities
required to complete or achieve something) where measures of assessment are tied to real-world
performance standards and outcomes (Lytras et al., 2010).

In thinking about the scenario design process for adaptive competency-based training, the
designer/developer should consider the modeling of learners and teams, the use of those models in adapting
scenarios in real-time and the evaluation of instructional decisions to reinforce better decision-making in
future scenarios. To this end, this chapter explores scenario design and development processes. Next, we
define adaptive scenario-based training and the contexts in which competency modeling provides
opportunities to tailor scenario dimensions.

First, the broad term of adaptive instruction has been defined as the use of various instructional strategies
and resources (e.g., content, content delivery methods - intelligent multimedia instruction (IMI)) to provide
learning experiences that are tailored to the needs, goals, preferences and interests of individual learners or
teams (Wang, 1980; Sottilare et al., 2018; Sottilare & Brawner, 2018). Therefore, adaptive scenario-based
training is adaptive instruction that uses a series of events (scenarios) to develop or maintain the ability to
complete a task or set of tasks. The events may be adapted by changing their sequence, their level of
difficulty, or by providing alternate content, but how does competency fit into the adaptive instructional
decision-making process? In the next section of this chapter, we explore competency modeling and
challenges in designing and developing adaptive competency-based training.

Competency Assessment Methods — Challenges and Limitations

Now that we have defined a scope for the design and development of adaptive competency-based training,
our next task is to identify the process and challenges associated with competency determination and how
it is used to tailor training scenarios. Vygotsky (1978) identified the zone of proximal development (ZPD)
as a set of proximal skills (a range of abilities) that an individual can perform with assistance from a tutor
or peer, but cannot yet perform completely on their own. An individual’s proximal skills are those they are
close to mastering. By focusing instruction on the development of proximal skills, the instruction
emphasizes objectives that are attainable in the near term and this aids learner engagement. However, the
ability to use ZPD as a design guideline is directly dependent on the adaptive instructional system’s (AIS’s)
ability to accurately assess learner or team competency. How is competency modeled today? Competency
may be inferred through various methods, but is most often determined using pretests, an in-situ assessment,
or a computational method used to assess previous learning and experience.
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Pretests as Competency Assessments

The use of well-designed pretests or competency assessments are valid and reliable. They can measure
knowledge and skills required to perform a task or successfully work in a specific job. For example, a
pretest might be administered to determine if a learner has the requisite skills to enroll in a course or an
organization might administer a certification test to ensure that employees operating a specific type of
equipment possess the required knowledge and skills. It is important that these tests pose practical problems
that reflect the knowledge and skill needed to be successful and efficient.

The limitations associated with using pretests is their validity and the availability of the time required to
complete the assessment. Face validity of pretest is the extent to which the test measures the competency
that it was designed to measure. The availability of time required for the assessment should be viewed in
terms of return on investment (ROI). If there is a return in accelerating learning by eliminating lessons or
modules where the learner is already proficient, there is time returned for the pretest time investment. If
there are no planned adaptations to recover the time, then the designer may determine that the pretest is
unnecessary.

In-Situ or Real-time Competency Assessments

Next, we examine in-situ or real-time competency assessments. It might be useful to determine learner
competency to provide more efficient instruction and accelerate learning. Learner competency might be
assessed during instruction and real-time decisions made by the instructor to determine what lessons can be
skipped or if remediation to more fundamental lessons are required. Machine-based tutoring provides an
advantage in being able to track real-time performance and adapt recommendations for future instructional
experiences based on that performance. Human tutors with large classes or student populations may not be
able to afford the time to make the interim competency assessments required to make real-time
recommendations or decisions about learning pathways.

Computational Competency Assessment Methods

Finally, we examine more longitudinal methods of assessing competency. Today, the experience
application program interface (xAPI; Sottilare et al., 2017), a statement of achievement, is widely used for
capturing military training accomplishments. The xAPI is an e-learning software specification that records
all types of learning experiences in a learning record store (LRS; Hruska et al., 2015). While the xAPI as a
method of capturing learning achievements has been quite successful, it is somewhat limited in its ability
to accurately assess competency.

The xAPI statements are written to the LRS where the statements pile up over time. The statements are time
stamped so they could be used with a decay model to compute when the learner needs refresher training.
Some logic or computational model is needed to make sense of the xAPI statements as they are often unable
to stand alone as competency assessment models. xAPI statements may not be granular enough to determine
whether a learner or team of learners is at a sufficient level of competency for the machine-based tutor to
make recommendations about their specific learning path. For example, a learner or team completing a
scenario may not be sufficient evidence to determine their proficiency because only a single achievement
statement was generated.

Now that we have examined competency assessment methods, we will discuss the process, challenges and
limitations of scenario design and development in the context of adaptive training.
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Scenario Design and Development — Challenges and Limitations

Scenario-based training (SBT) takes place in immersive training environments where learners are exposed
to realistic work challenges and conditions (Dunne et al., 2010; Magerko & Laird, 2002). SBT illustrates a
time-tested “learn-by-doing approach” for military training. The goal of SBT is to improve learner or team
performance and build competency through iteratively more difficult experiences and application of each
learner’s knowledge and skills to a broad variety of job conditions.

This section provides discussion about the training scenario design process which requires a high degree of
knowledge of the domain of instruction and defined learning objectives and measures of assessment (Noori
et al., 2017). The myriad of design process steps outlined in the training literature can be distilled down to
a few simple heuristics: 1) know your audience, their goals and learning gaps, 2) define your learning
objectives, 3) select appropriate activities (e.g., skill, reasoning, decision-making, optimization) to support
learning objectives and overcome knowledge gaps, and 4) tie expected scenario outcomes and measures of
assessment to a sequence of activities (events).

Military training departments usually provide a set of standard scenarios that are tied to specific objectives
so that inexperienced teams can learn to perform in increasingly complex environments and experienced
teams can maintain their performance edge. Scenarios are typically authored by training department
members, battlemasters or instructors. Each base scenario may be adapted manually by the battlemaster in
real-time to keep each team engaged with an appropriate level of difficulty. The battlemaster can adjust the
simulation events or activities to reduce or increase complexity if the scenario is determined to be too
difficult or too easy for a given team.

While the process may be simple to understand, the process of authoring scenarios for adaptive training
experiences is anything but simple. Adaptive instruction, by its nature, requires additional content and more
frequent assessment of individual learners/teams to identify opportunities to tailor SBT. Automation should
be considered when designing adaptive SBT. Zook et al. (2012) identified several advantages to
incorporating automated scenario generation tools and methodologies for use in SBT. A primary
advantage is that automated scenario generation develops training scenarios with a broader differences in
a shorter time than human authors can produce. The combinatorial optimization approach that was
part of Zook’s approach provided both a differences and a quality set of scenarios that are
specifically tailored to each learner's needs and abilities as per the ZPD (Vygotsky, 1978).

The approach used by Rowe et al. (2018), used deep reinforcement learning methods to dynamically
generate training scenarios specifically configured to support defined learning objectives and tailored to the
goals, learning gaps, and abilities (e.g., prior knowledge) of individual learners. Folsom-Kovarik et al.
(2019) describe the development of a scenario variation tool based on the novelty search genetic algorithm
(Lehman & Stanley, 2011). Genetic algorithms act on a population of prospective solutions which evolve
through mutation or crossover operations to create new prospective solutions through an iterative process.
The solutions with the highest fitness ratings are selected for reproduction as the population evolves from
one generation to the next. Novelty search guides evolution by novelty alone without explicitly specified
goals. There is debate whether using novelty as a measure as a fitness or a genetic algorithm provides better
results than a goal-directed fitness function.

The challenge of which approaches produce the best results is centered around the selection of evaluation
metrics. Zook et al (2012) proposed a set of evaluation metrics that included replayability, tailoring to
individual learners, and adaptation to changing conditions in the environment. Replayability focuses on a
SBT system’s ability to generate numerous, but distinct variations of existing scenarios. This is important
to be able to exercise the learner’s knowledge and skills and avoid circumstances where the learner can
anticipate events and ‘game’ the system. Tailoring is a response by the SBT system to the needs and
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changing conditions of each individual learner. Tailoring has been shown to be highly effective in engaging
learners. Finally, adaptation includes changes to events or scenario difficulty to align the individual learner
or team with the knowledge and skill to be successful in a given scenario per ZPD.

Now that we have discussed competency assessment methods, the scenario development process, and

automation options, it is time to capture major considerations in the scenario design and development
process.

Considerations for Scenario Design and Development at Scale

Following along with the scenario generation process described above, scenario designers and developers
should consider steps in the process, the source and acquisition of data, how data will be used to support
adaptation, methods and approaches to scenario design and development at scale, and the limitations of
various approaches and how these limitations affect desired outcomes. Scenarios provide the learner
activities needed to acquire/maintain/exercise the knowledge and skills outlined in the learning objectives.

Know Your Training Audience

It is necessary to model individual learner or team competency as a basis for designing effective new
scenarios or selecting existing scenarios. Consideration should be given to understanding what data is
needed to determine competency and how competency will influence scenario adaptations. Additional
consideration should be given to methods to infer competency. As noted, the XxAPI achievement statements
are becoming a military and IEEE standard. While this provides a record of achievements, these statements
may not be sufficient to assess competency. Additional data (and context) may be needed to accurately
infer individual learner or team competency. Automation should be an option for capturing learner
behaviors as well as achievements at scale. Automation can reduce the workload required to model
competency, but another consideration is the development and validation of a computational competency
model (Nursikuwagus et al., 2018) that can be applied to a variety of instructional domains.

Define Your Learning Objectives

Learning objectives are composed of three elements: 1) conditions under which the task is to be performed,
2) an observable learner behavior that indicates accomplishment of the task, and 3) a measure that validates
how well the learner can perform the task. Authoring tools that allow developers to define learning
objectives and provide a guided process for tying learning objectives to activities will greatly reduce the
work required to develop effective scenarios. It will be important to develop a repeatable authoring process
that validates the scenario as 1) adequate to support the defined learning objectives, 2) composed of
activities that influence learner behaviors required to assess the learning objectives, and 3) adequate to
identify data sources required to assess learning. To scale across multiple learning experiences (e.g., a
curriculum or learning pathway), a mechanism is needed to understand the scenario learning objectives
relative to other objectives in the curriculum.

Selecting Appropriate Learning Activities

Learning activities are selected to create the set of conditions needed to acquire the knowledge and skill
defined by the learning objectives. Learning activities are intended to stimulate experiential learning,
critical thinking, collaboration or analysis. Learning activities are also intended to prompt observable
learner behaviors to support measures of assessment. Examples of active learning activities are activities
where learners participate in simulations, serious games, problem-solving exercises, and decision exercises.
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Some learning activities include opportunities for deliberate practice of skills and application of knowledge
in relevant environments. The ability to scale learning activities is the ability of the system to capture
achievements below the course and lesson level at the activity level (e.g., assessment of problem-solving
activities).

Tying Outcomes, Activities and Measures Together

As noted earlier, it is important to identify what learning outcomes (objectives) are targeted, what activities
will stimulate appropriate learner behaviors, and how the progress of the learner or team will be measured.

Recommended Next Steps

In this section, we provide specific recommended next steps to achieve desired outcomes for the
Generalized Intelligent Framework for Tutoring (GIFT) to support adaptive SBT at scale:

e Design — Understand and model the relationship between learner competency, learning objectives,
learning activities and scenario content to design effective adaptive SBT

e Authoring - Automate or simplify the scenario authoring process to expand the available conditions
in which learners can apply their relevant knowledge and skill

e Development — Select activities that engage the learner and exercise their skills in a measurable
way

e Scaling — Adaptive SBT systems are complex capabilities that require special expertise to produce,
and the skills needed can be drastically reduced along with cost/time through the use of guided
learning, templates, reports, and automation
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CHAPTER 3 - COMPETENCY-BASED EXPERIENTIAL-EXPERTISE

Kevin Owens! and Benjamin Goldberg?
YApplied Research Laboratories: The University of Texas at Austin (ARL: UT); 2U.S. Army DEVCOM Soldier

Center, Orlando, FL

Introduction

In this chapter we deliberate on a learning model referred to as Competency-Based Experiential-
Expertise (CBEE). CBEE is a result of methodical applied research conducted from 2009 to 2017 by the
Applied Research Laboratories: The University of Texas at Austin (ARL: UT) for the US Navy on
improving surface ship tactical operator and team-based performance. This research was based on post-
event analysis of significant real-time performance data from multiple years of US Navy at-sea live
exercises and real-world events, as well as experiential classroom training experiments.

CBEE is based on requirements that are extensions of similar past efforts to improve individual
competence (James, 2015; Jaschik, 2017; Linked In, 2021; Marcus, 2020; McClelland, 1973; Nodine,
2016; Pew Research Center, 2017; Tavangar, 2014) but is more focused on team-based performance
contexts which most work performance is in. CBEE is also part of a US Army science and technology
research project being conducted to explore advanced training management tools in conjunction with the
design of the Army’s future Synthetic Learning Environment (STE) (Rosman, 2020). In addition, CBEE
is being considered as part of the US Army’s future learning concept for training and education (US
Army Training and Doctrine Command, 2017), and the DoD Advanced Distributed Learning vision to
modernize learning (Walcutt & Schatz, 2019) using ubiquitous web-based learning architectures and
Adaptive Learning Systems (ALSs) similar to the US Army’s Generalized Intelligent Framework for
Tutoring (GIFT) product (GIFT, 2020).

In contrast to today’s typical subject-matter formatted curriculum that began in the mid-19" century,
CBEE is a more 21* century focused learning construct that builds what is called expertise in specific
tasks through experiences that a person may perform in many different roles, in different teams and
perhaps in different domains over their lifetime. This is actually how today’s volunteer military structure
works; personnel conduct permanent change of station (PCS) moves from duty-station to duty-station
after two to four year “tours” in which they focus on different missions and/or assignment mostly using
the same knowledge, skills and tasks but sometimes having to learn entirely new knowledge, skill-sets
and tasks. The other characteristic that CBEE extols is for one to have any experiential expertise, they
have to be objectively asserted as being competent at a specific level based on recent and valid data.

To support this learning model, complex competency development structures are required to support
each of the domains in which experience and expertise are to be measured (Biech, 2008; Gilbert, 2007;
Spencer & Spencer, 1993) along with finding ways to incorporate century-old philosophies of
experiential education and practices (Itin, 1999). The CBEE model incorporates the adult-learning
philosophy called andragogy (Knowles, 2015) in order to more rapidly and efficiently develop and
sustain competence. To support the competency structure, cloud-based, standards enforced, competency
frameworks will provide ubiquitous, reusable and machine-readable data structures that provide both an
authoritative definition of organizational learning and performance requirements. CBEE is focused on
objective evaluation by using data informed artificial intelligence (Al) supported evaluation tools and
math-models for classifying levels of competence. The math-model will calculate a three-dimensional
level of competence: (1) how-well one performs against a set of threshold-criterion, (2) ~zow-hard the
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conditions were when they performed, and (3) how-often one has performed a competency within a set
window of time (i.e. their experience).

In support of evaluating these competence dimensions, CBEE uses data standards and competency
management services (CMS) that are ubiquitous across everyday information networks. Experiential
learning data is delivered, managed and facilitated through CMSs (CASS project, 2021), with
credentialing services (Credential Engine) established to store, track and support data of a team or
person’s competence across their lifetime. By employing a more ubiquitous andragogical approach
around how humans naturally learn (Kamenetz, 2020; thecriticalthinkingchild.com, 2020; Young, 2020)
and using technology to support self, instructor, or trainer led facilitated learning across local centers,
schools, work-environment or online, CBEE promotes learning on-demand, and at a point-of-need.

CBEE assumes future individual and team competence development practices will not just employ
locally accessed or online multi-media content. Nor, will it limit competence evaluation services and
accrediting to traditional written test-based assessments (Merzenic, 2013; National Research Council,
2001; Nugroho, 2020). Instead, learning and competence evaluation occurs through live, full or semi-
synthetic learning-environments that emulate real-world settings and conditions, and encourage mistakes
and learning-by-doing using an experiential learning model. This approach has already been tested in
various military, space and pilot training programs, as well as advanced academic learning efforts that
incorporate virtual engagements (Board of Behavioral and Social Sciences and Education, 2018). These
mediums benefit learning by allowing learners to build competence through reflection on noted gaps and
mistakes, and repetition across multiple simulated experiences.

In the following sections we will provide a cursory discussion of the ontology required to incorporate
CBEE, which includes reusable competency definitions, frameworks, and indexes, and tailored
evaluation standards aligned to competency registries that are accessible on demand through the world-
wide-web. We will then discuss the experiential learning model based on the work of past pioneers, and
how that model develops the state (or level) of competence around what is called experiential-expertise.
To conclude, we will briefly demonstrate the proposed CBEE architecture using the open source GIFT
product. We will then summarize and make recommendations of future research needed to support the
CBEE model.

Discussion

The CBEE Ontology and Conceptual Structures

An ontology is critical so that anyone trying to research, design or implement a new technology or endeavor is
speaking the same semantic and syntactic language beyond just human language. This means terms, information
and data having the same meaning, as well as having the relationships with other terms, information and data so that
they are meaningful to the context of effort. An ontology also defines how entities of information are grouped to
basic categories and their purpose. Figure 1 provides a summary illustration of this ontology.

At the left side of Figure 1 is an example of a competency structure. A competency structure is a little different
from that of a typical task structure in that it is made up of multiple “entities” that capture and represent “classes”
of performance definition and standards that can be “reused” and tailored for different performance and task
contexts. This ensures performance requirements can be unique but follow a similar ontology (for machine
readability) and to ensure comparable standards of performance for cross-domain collaboration and teamwork.
Competency structures can be used for both academic and occupational/operational learning domains to ensure
there is more consistency across these domains, and across associated institutions and organizations implementing
a CBEE strategy. This approach allows teams and people to be evaluated and credentialed fairly and consistently
as they apply their competence from academic to occupational domains or from one occupational job to another.

20



Competeficy Framework == Framework: Collection of
competency objects to
; Association Index support a specific
occupation or academic 0 j‘ P | Infinitelimit —
domain organizational [@ o T I
ey — = Team, Role, Job or Specialty. |”|| ® ;
cDmp:?é / Competencylobject Actor Expert ] g
Frameyfork Competffncy Association Index: These (ateam or &t
Competency Objglct Definitjon are lists of RDF “pointers” individwal) | | L e | = |
e amptar Eval Obfect that join and relate the o ;:
Definitio various competency - o ) E 5 3
Eval Objlct structure components for a Tg Proficient or = - c % g
‘ f ‘ Competendy Object specific application 3 Journeyman § E g % g Qualified
. Compefen % o o @ = ‘T :
pu Objact De;n ur:v Vw_mmﬂuﬂ: A 2 &;: ;5’ % g Credent\al
tailored and compiled set of ] ‘g g 2 El =
Competency ‘ Eval (T'j“t related competency 2 Practiced B -2 ‘u;, 2| £
finiti 4 definitions, and experience g ractice _or £ 5 5 § E
Eval Object Competency Object t;bjects :nd evaluation 3| Apprentice g . § &
objects that support any P 2
o e extensible and specific Tralpmg = é
performance application. | c K]
Eval Object =
‘ ‘ Competency Definition: Enabling Novice S
j Defines any task, Development E
- - - - knlolw\edge, skill, amtf.lde or Education
Evaluation Object: Defines the extensible ability. Integrates (points to) = L
conditions, measures, levels and criteria a specific experience and No/Little Task Experience or KSAA Application Experienced
competency is evaluated againstin a real evaluation objects needed
experience or using an experience object. to learn and/or evaluate a
Sets areusable and fair standard. level of competence.

Figure 1. The Competency-Based Experiential Expertise (CBEE) Ontology

Also shown on the left-side of Figure 1 is the CBEE competency structure (or model) consisting of six basic entity
types: Frameworks, an association index, competency objects, competency definitions, and evaluation objects (see
Figure 1 for descriptions of each). This structure is based on standards being defined by the Institute of Electrical
and Electronic Engineers (IEEE) 1484.20.1 working group (IEEE, 2021) but refined to meet the needs of
experiential-expertise. Entity relationships and their actual tangible representation will exist in what is defined as
the Resource Description Framework (RDF) that is used to store and access structures like these over the world-
wide-web, and are often written in what is called a Javascript Object Notation (JSON) text format for both storage
and network transfer.

As shown at the right-side of Figure 1, the terms and meaning used in the competency level structures are a
modified version of the Dreyfus model of skill acquisition (Dreyfus, 2004) and intended to provide a logical
competence structure and taxonomy whether using the 13"-century apprentice model or a more modern taxonomy
of expertise. The term “actor” - from the unified modeling language (UML) standard — is used to represent a team
of people (a work group) or an individual performer (who performs a function in a team role, a job or in a
specialty). Today the newest form of an actor may be an Al-based machine service or “assistant” that will be
required to have minimum competence in low-level competencies; allowing humans to focus on more higher-level
functions. This evaluation process and corresponding model structures will be discussed next.

Corresponding Competency Structures to Performance Structures

Frameworks are the natural clustering of competencies as they apply to organizational structures within an
occupation or a learning event. In CBEE, frameworks should be established from existing organizational servers
and/or academic courses and classes, and then the individual roles, jobs or specialties within those organizational
entities. As noted in the right-side of Figure 1, frameworks can be within frameworks which is often the case the
higher the team is in an organizational structure. This translation is how to implement a competency structure into
Human Resource / Talent Management software and makes competencies better understood by managers and
personnel whom are associated with hiring, promotion, and payroll management. Competency objects are any task
one needs to learn, perform and evaluate or measure to attain or sustain a level of competence for a given team,
role or job as determined by the framework.
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CBEE Competency Evaluation Process

Figure 2 below shows the activity flow of an Evaluation Object. At the very left-side of the figure are the enabling
elements needed to “start” any competency evaluation process: the performance experience(s) (be it live
performance, exercise-based performance or lesson-based performance) with assessment events designed within
them, and actors (team, individual, machine) that must respond to prompts from the assessment events, using one
or more competencies.
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Figure 2. Competency Evaluation Level 1 Process

As shown in Figure 2, any competency will be pre-planned and naturally prompted within an experience
during one or more assessment events. A competency can be associated with one or more specific
conditions or use-cases that defines how-hard it is to perform a competency that not only gives context
to the performance but gives its evaluation more weight in calculating competence. Conditions also
indicate the level of competence needed to perform (for KSAAs, “conditions” may be the tasks they
support). Which competency condition is used will be pre-defined in a designed experience and/or
analyzed and identified in unscripted recorded live performance.

From each condition, an evaluation will take a path to one or more measurement points that will be
different for each condition. This difference is necessary because different conditions may enhance or
inhibit the same performance levels due to their setting (e.g., performing in a humid jungle at night vs. a
brisk open field during the day) or prioritize what competencies are more critical over others at a given
moment. Competency measures are the sow-well an actor performs, and can be a task or skill-step,
phase, knowledge-item or decision that is performed physically or cognitively. Measures can be one of
two types: measures of performance (MOP) that are data sampled during an actor’s real-time
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competency performance or measures of effectiveness (MOE) that are the result or outcome data
sampled after an actor’s competency performance. These measures establish a domain model
(Professional Credential Services Inc., 2021) that can be applied and re-configured across all conditions,
enabling consistent competence evaluation.

Next is the adjudication of what competence-level the actor’s performance equates to. The number of
competence-levels used in a competency evaluation object can vary but CBEE will use the four-level
ontology stipulated earlier in Figure 1. Which level of competence an actor is evaluated at will be
determined by a two-phase process that consists of (1) an Al supported manual classification process at
the point of performance and then (2) an objective math-model discussed more below, based on data
filtered through set criterion that is tailored to the type of competency and its unique measurement needs
(e.g., a weapon competency, with a marksmanship measure will use criterion based on precision and
accuracy). Once an actor’s condition-based, measured levels of expertise are classified, they can be
weighted or scored accordingly, and reported to a performance registry like a learning resource store
(LRS).
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Figure 3. Competency Evaluation Level 2-4 Process

From that point in the evaluation process when a task has been evaluated following performance
(manually with support of Al- based measurement and recommendation), a series of more complex
classification-levels occur as shown in Figure 3. These later stage classification-levels will occur within
a CMS that is outside the adaptive instructional system (AIS). As shown in Figure 3, each
classification-level aggregates the previous classification-level outcomes until they ultimately determine
a current state (percentage) and level (as defined in Figure 1) of competence. This ultimately
determines, as applicable, if some form of credential is awarded.

Each competence-level adjudication process is done within a math-model shown in Figure 4. This
model uses accumulated experiential data from previous and recently encountered live or synthetic
“experience events” (xEvents) that are associated with specific metadata (task, mission, role), paradata
(method data was collected), and what we will herein call “condata” (a combined series of context and
conditions the performance was done in as described later). All this data is then multiplied by a
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longitudinal factor that accounts for performance repetition and/or decay over time (representing a
team’s cohesion or a person’s neurologic state). This math-model can be in the form of a modified
Rasch model (Rasch, 1960) or any other similar predictive performance math-model.
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& Conditions
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Target Task

Target Actor
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Performance Experiences

Figure 4. Experiential Expertise (Competence) Evaluation Model

As shown in Figure 4, each time an experience event occurs and specific task measure outcomes are
reported in an actor’s record, those levels are objectively calculated by the math function located within
the CMS. It should be noted that each competency being evaluated is directly related to the three parts
of the performance experience noted in Figure 4: the target task, a specific actor (team or person), and a
context the task was performed in. It is critical that the range of xEvent conditions become part of the
standard for a specific level of competence since that, along with temporal specifications are
determining factors. As described later, the progress of one’s competence level can be represented in a
competency dashboard through representations such as color or a bar-chart, and a competency state in
the form of a probability of performing the competency at an expert level.

In CBEE, one’s experiential-expertise (competence) in a given mission/role task is presumed to follow a
natural sigmoid curve of development. This pattern of growth is identical to other natural biological
capability development including the brain’s natural neuronal development. At a micro-level, when an
actor is first motivated to develop a competency, they begin performing at a novice level because they
lack the neuronal or muscular structure to perform at any better level. As the actor begins to practice a
task over time and across different conditions of difficulty, their cognitive and/or behavior expertise
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increases as they become practiced. As they continue to practice they are able to perform the task more
rapidly (through automated response). That along with their increased self-efficacy allows them to reach
a minimum proficient level of predictable performance, for the specific role or mission. As the actor
continues to practice (and is measured), in more different conditions and with more difficulty, their level
of expertise increases into the highest domain of competence — an expert, thus they are predicted to
perform competently regardless of condition. When in this domain of expertise, their performance
improvement begins to level off - requiring significant deliberate practice in more challenging
conditions to increase it any more. A similar process occurs for developing expert teams in that each
team-member needs to qualify in their respective roles, as well as develop teamwork, and then all
members must learn to work together to best accomplish the actual team-tasks as well. As the team
performs more and more together they will begin to rapidly increase in each of these elements until they
reach an expert level which is when each member can essentially anticipate each other’s actions and
communication is minimized; all of this happens on a sigmoid curve as well.

Methods

The Experiential-Expertise Process

Experiential-expertise is another rung on the evolution of the original thought that began with the
broader philosophical term "experiential education" coined in the early 20™-century by Dr. John Dewey
(Dewey, 1938). Experiential education was a push against the overly didactic, pedagogical methods of
education that were pervasive then, and are still pervasive today. Next came research by Dr. David Kolb
that was called “experiential learning” (Kolb, 1984) that took experiential education and focused it on
the individual learning process itself within the educational system; however still focused within the
academic context (illustrated in Figure 5 below). Standing on these past principles and efforts,
experiential-expertise is the next evolutionary inflection-point in the experiential narrative.

r} Concrete Experience ﬁ

Active Experimentation Reflective Observation
L Abstract Conceptualization 4J

Figure 5. The Original Experiential Learning Model

The basic premise of experiential-expertise is that academic learning and professional occupational
learning are both part of the same common social mechanism to develop the future workforce,
government employees and even military membership. To produce that common learning framework,
the employment of modern ubiquitous internet-based competencies is the most efficient and effective
way of doing that. Experiential-expertise suggests that in all modern learning, the ultimate goal is the
application of what is learned in experiential practical endeavors. This application includes the
collection of data and evaluation of how well what one learned is capable of being performed in the
future - i.e., competence. Unlike traditional evaluation methods that reference measures against a
minimum standard or criterion, Experiential-expertise references all performance against the highest
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standard baseline - measured as expertise, as defined by the continuously collected raw performance
data across a domain.

Experiential-expertise is developed in context to real prompts, demands and supported by “just-in-time”
and “just-enough” inquiry (resulting in multiple interleaved KSAA learning episodes or “micro-
learning” (Alagumalai et al., 2005)), as well as performing in different conditions, over many iterations.
The type of performance data collected and used to measure an actor’s performance expertise includes:
system actions, video, kinematics, eye-tracking, voice, and positions. As an actor begins to practice a
competency over and over (and apply KSAAs) in varying conditions, their expertise and efficacy
increases. Observations of modern video game players learning new role-playing or first-person
performance games show a similar process. The same is true for kids learning to ride a bike for the first
time, the latter also requiring previous expertise in more fundamental competencies such as balance,
inertia, and mechanical energy transfer; all usually learned through experiential means. Thus, CBEE
asserts, with support from neuroscience, this is how humans best learn, especially in the more technical,
technology based future workforce.

CBEE extends the basic experiential learning model in Figure 5 within a competence structure by
integrating it in the evaluation math model described above that adds the evidence required for objective
expertise assertion. This modified model executes as follows (see Figure 6):
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Figure 6. CBEE Application Use-Case

(1) Concrete Experience. This phase begins when an actor cognitively and/or physically interacts
with prompts or orders to perform a task (a competency) in a given condition, and within a live
or synthetic learning environment. These are termed experience events, and are the units of
experience used to calculate specific targeted task competence. These events also provide the
actor more structure with which to categorize the performance better in memory.

(2) Reflective Observation. The recorded concrete experience data can be played back to the
instructor or trainer and the actor immediately after their performance using data analysis and
playback tools. This reflective process can and will likely occur again later as part of all future
performance; it is in fact the learning product. In this phase, the actor is given the opportunity to
consider what parts of their experience performance worked and what needed improvement.
These reflective points are highlighted by ALS automated measures as well as manual subject
matter expert measures which then are used as data for expertise assertion.

(3) Expertise Assertion. This phase is added to Kolb’s original model and modifies it to the

experiential-expertise moniker. As described earlier, this phase is when the CMS math-model
begins using the past performance measured outcome trends across multiple concrete experience
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phase outputs, and is represented as an expertise state. These inferences are then visualized in an
online competency indicator format, accessible from appropriately configured devices.

(4) Expertise Feedback. This phase is also added to the Kolb model to provide the summative
feedback one needs to understand their gaps with data to support the levels of competence
provided. The actor or leader or manager can now view the competency levels and states of
interest to help define what improvement strategy is needed. They can also compare
competence against others’ in similar positions. This phase is also critical to mitigate what is
called the Dunning-Kruger effect which is the false-assumption of expertise/proficiency without
such feedback being present.

(5) Abstract Conceptualization. With the feedback provided, actors, leaders or managers can now
conduct abstract conceptualization of improvement. This not only develops targeted goals but
can be attained by receiving intelligent recommendations (from Al within the Adaptive
Learning System) on strategies to improve a competence level in a future performance.

(6) Active Experimentation. Based on the goal developed from the previous phase, an experience
(novel or repetition in performance) is sought or produced in a cyclical pattern to improve. This
results in experimenting with new conditions that will help the actor attain the desired level of
competence.

Here are the key enabling capabilities to be successful in employing experiential expertise (as facilitated
through future learning technology):

*  Set competency definitions and standards are established with declared criteria.

* Raw performance data is collected to support evaluation and feedback to the actor.

* Actors have the necessary core competencies that enable associated tasks or skills to be performed
as part of experiential learning.

» Actors are willing to be actively involved in the learning experience (meaning they are interested in
the task being performed — thus the need for andragogical learning).

* The actor is able to reflect on what was learned through the experience (facilitated through data).

» The actor is provided tools to analyze a past performance experience and to conceptualize future
alternative performance.

Recommendations and Future Research

This chapter discussed the basic ontology of CBEE, the concept of the basic competency structure and
how it corresponds to real occupation or academic structures and performance, how evaluation occurs, the
experiential learning model, and demonstrated a use-case of CBEE based experiential learning. Several
lines of research are still needed to support and improve the CBEE model.

These lines of research include:

o Establish a CBEE course template in GIFT that enforces the five phases of interaction. Produce
better synergy between a CMS and available content in an environment environment, supporting
the abstract conceptualization phase.

o How to describe the competency elements a GIFT lesson supports must be improved.
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e Building better GIFT mechanisms for building a competency state from a single interaction.

e Better technologies to manage, update, and sustain competency structures.
Improved methods of providing competence feedback and awareness following experiential
learning or performance.

e Improved synthetic and live data collection technologies and translation algorithms.

e Improved Al models that support the automatic detection and classification of activity into
competency-based real-time evaluation algorithms.

e Improved research on classifying teamwork expertise and the factors that define expert from
novice teams.

e Technology to integrate this learning model and its data collection needs into everyday life, from
personal devices, wearable technology, and even fixed technology (televisions, security cameras
and sensors).
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CHAPTER 4 — THE TRAINING ASSESSMENT FRAMEWORK:
INNOVATIVE TOOLS USING SCENARIO-BASED ASSESSMENT
AND FEATURE ANALYSIS

Eva L. Baker!, Kilchan Choi!, and Harold F. O’Neil?
"University of California, Los Angeles/CRESST; 2 University of Southern California/CRESST

Introduction

This chapter describes advances using the Training Assessment Framework (TAF), a conceptual
architecture for the design, development, and establishment of validity for assessment of training and
education in which innovative tools for design and validity were developed. This includes scenario-based
performance assessment and feature analysis. The project was conducted with the support of the Naval
Education and Training Command (NETC) over three years. This project was developed to build reusable
guidance, prototypes, methods, and tools useful for Navy training assessment. Research was not a principal
purpose of this project, although comparative solutions to assessment and methodology problems were
explored and evaluated as needed to meet the project requirements. In addition to discussing the overall
project, this chapter also includes additional detail for two specific methodological components of the
project: (1) scenario-based performance assessment (PA), an innovative assessment format used throughout
our research and (2) the application of a new approach to validity, feature analysis (FA) (Baker & Choi,
2019; Chung & Redman, 2015). Their applicability to intelligent tutoring systems (ITSs) is relevant to
systems whose goals include assessment of open-ended, complex learning. For example, the Generalized
Intelligent Framework for Tutoring (GIFT; Goldberg, 2021) provides such opportunities.

The term, ‘Training Assessment Framework’, evolved to describe the overall project as well as the
particular architecture that was the basis of the prototype assessments for end-of-course examinations at the
A-Schools at Naval Education and Training Command. The chapter considers our larger aspirations for the
use of the TAF as a general assessment development tool as well as the goals, methods, and outcomes
achieved over the three years of the project focused on technical training.

Goals of the TAF Project

A set of ambitious goals motivated the project, with proximal goals to create A-School assessment
prototypes to exemplify the objectives. A-Schools in the Navy provide initial technical training for various
Navy jobs (i.e., ratings) for new enlisted Sailors. In an attempt to strengthen previous design and
development assessment models, the TAF project was launched with the idea to create a structure to support
the quality of end-of-course assessments for each rating. Another goal was to consider the assessment
system in use in A-Schools and to explore the value of a common framework to increase the coherence
among the end-of-course assessments of different ratings. Our focus was to create assessments with high
fidelity to the goals of particular courses tied to job training by developing a framework and applying it
across ratings. If a common framework were workable, it could serve to give the A-School end-of-course
assessment system greater coherence overall as well as to provide a basis for judging the comparability of
assessments of different content.

In addition, the framework was conceived to serve multiple purposes of different but related assessments.
To support the findings of end-of-course assessment, we wished to have impact as well on testing conducted
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within courses to support learning, such as interim or formative assessments, analytic models applied to
computer-based instruction, or the provision of feedback to instructors and other test developers. For the
most part, we were unable to meet this goal in the Naval Education and Training Command project as
instructional systems were already in place and could not be modified to conform to the TAF provisions.
An additional training use for the framework was to develop the assessments that could be used to generate
measures of transfer and application, that is, to document the degree to which trainees could demonstrate
their learning under varied conditions or requirements similar to the modifications they would naturally
encounter when they were sent to duty stations with different contexts and expected roles. Happily, transfer
and application are currently a part of a recently awarded project.

The goal of clarifying the development of performance assessments and employing them in Navy training
settings grew in its importance over the course of the project. For instance, we were asked to develop a
prototype performance assessment for use in the Navy-Wide Advancement Examination. We agreed
because we were interested in the robustness of the TAF across purposes.

The TAF encompassed not only design parameters for the development of assessments, it also focused on
a range of protocols intended to support quality inferences about tasks, items, and tests, as well as exploring
validity for various training purposes (AERA, APA, & NCME, 2014). These validity protocols resulted in
sub-goals addressing design and execution of the formative evaluation procedures involving both
qualitative and quantitative data collection procedures and interpretations. Constraints include involving
administration time, varying lengths of instructional time, and different sizes and schedules of training
cohorts. These conditions required the addition of objectives focused on the methodology needed to draw
conclusions about quality, such as the reliability and validity of items, as much prior work has focused on
large-data sets. As Naval Education and Training Command used instructional courses with limited
numbers of trainees, the project methodology team needed to devise validity approaches that reflected the
sampling constraints and include them in the TAF itself.

Description of the TAF as an Assessment Tool

This description focuses at the outset on the overall TAF project and then provides detail on the design and
use of performance assessments, promotion examinations, and feature analysis. The methodological
description considers the design, development, and revision of the TAF over the life of the project. The
TAF was designed with multiple assessment purposes in mind and with built-in attention to the quality and
validity of the assessments emanating from the design. As a broad template, we used a software design
document to structure the Training Assessment Framework (ISO/IEC/IEEE, 2011) that included a wide
range of stakeholders, purposes, and requirements intended to clarify the framework.

The overall plan was to create the TAF, and to use it to guide the generation of prototype tasks and items
for two very different ratings—Fire Controlman (FC) and Damage Controlman (DC)—in an effort to
determine the robustness of TAF for skill and content requirements. Beginning with earlier versions of
model-based assessment (Linn et al., 1991; Baker & Niemi, 1996; Baker, 1997, 2007; Baker & Chung,
2002) our approach embodied design features that went beyond the usual exclusive focus on content.
Following approaches developed by Bloom (1956), Gagne (1974), Gagne and Briggs (1979), and Anderson
and Krathwohl (2001), we first began to design with the consideration of cognitive demands. Cognitive
demands, or required thinking or processing, involves types of learning and performance such as
comprehension of facts and principles, procedural learning, problem-solving, search and analysis, and
systems thinking. These cognitive demands are always to be embedded in the content (subject matter) and
skill objectives for each rating of interest. A second precept of the TAF was determining and explicating
the range of tasks or item formats that could be used to elicit appropriate responses to the cognitive demands
and choosing the best options for the goals. Although multiple-choice was the dominant assessment format
at Naval Education and Training Command, in the first year of the project we explored alternative ways to
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assess understanding of facts and principles as well as procedural learning using available item templates
from Questionmark Perception, a computer-based system that Naval Education and Training Command
was using to create and administer examination items (Questionmark Computing, 2013). As our main
interest was furthering the fidelity of the assessment both to the courses and to the jobs to which the Sailors
would perform following A-School, we also were committed to Naval Education and Training Command
to create and implement innovative approaches to assessment. We created specifications for performance
assessments designed to measure procedural learning, such as following a set of rules or principles to
complete a task, and problem-solving that allows a more open-ended response. The design of performance
assessments also required attention to scoring rubrics, a topic to which we will return.

We also involved subject-matter experts (SMEs) throughout the process, who included instructors or other
individuals made available by Naval Education and Training Command or veterans with recent experience
in the ratings of interest to assist us on TAF components. Subject-matter experts provided significant input
to the development of domain content and skills. Creating the content model for each rating was a key
requirement. We adopted an approach using an ontology for each rating to describe and depict key content
knowledge and principles and their structural and functional relationships to one another. Input came from
Navy curriculum and requirements documents as well as SMEs. These ontologies underwent revisions in
content and representation over the project, fixing on a set of network depictions that included the
importance of ideas (nodes) determined by the frequency and importance with which the nodes were
connected to other nodes. The connections in the form of directional links, and each proposition, node-link-
node, showed what the relationship was, including links such as of part or type of, causes, precedes, for
example, Chung et al., 2003; O’Neil and Chung, 2011; Nye et al., 2018; Baker, Choi, Kao et al., 2019. The
ontology functioned not only to highlight the content and relationships of greatest importance, but also to
bound the limits of the domain, in other words, specifying which content was fair game for assessment and
which was “out of bounds.” SME input to and review of the parameters of the content model as well as its
internal relationships were essential. The content model as represented by the ontology also served to clarify
the validity focus of the project and emphasize attention to the explicated domain rather than a broad
construct. This distinction had implications for the multiple validity studies conducted here as well as for
validity methods in general.

Formative Evaluation. Two types of formative evaluation were implemented: qualitative and quantitative.
The first evaluation involved the close inspection of the actual items, task, and examination. Following the
development of draft assessments using the TAF requirements of cognitive demands, task demands and
responses, and content models, drafts were reviewed systematically by SMEs to determine the importance
and clarity of the assessment task or item. In this review and revise stage, we used the qualitative ratings of
item and tasks characteristics described in the feature analysis section. These reviews resulted in revisions
prior to administration to trainees. In addition, the methodology of feature analysis, where items and tasks
were rated to see the extent to which they actually exhibited desired TAF elements, i.e., cognitive demands,
task requirements and a content model. In addition, tasks and items were reviewed to determine their
reading difficulty.

Quantitative formative assessment required data collection from trainees under actual conditions of use.
There were multiple reasons to collect empirical data on the assessments. They included verifying the
usability of the assessments by the trainees. Part of the usability involved the function of the technology
platform for the assessment (iPads) and the comfort and ease with which the examinees engaged with the
assessments provided on them. As we collected process data for each examinee, in addition to direct
feedback, we were able to evaluate usability, including the time spent on various tasks. Because some of
the item types were unfamiliar to the examinees and required new types of responses, we wished to assure
that good information was collected. An overriding concern of our on-site data collection was our ability
to fit into the existing classroom and school environments, minimizing burden to all participants. Because
considerable attention was given to assuring the data collection team understood Navy protocols and
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comported themselves as they were part of the Naval Education Training Command team, we received
excellent cooperation throughout. In addition, usability concerns extended to how well we could negotiate
the technology environment in place at the sites. Our requirements were to avoid official Navy technology
systems, upload examinee data, and otherwise conduct the trials with efficiency and clarity. To do so we
provided our own devices and servers to simplify administration and uploading.

To conduct quantitatively-oriented formative evaluation, we developed designs intended to address specific
purposes. For example, pretest-posttest designs were used, but each rating brought difficulties in
implementation. Some ratings were relatively short in duration, e.g., weeks instead of months. The school
week was Monday-Friday from 7:30am-4:00pm which would allow the comparison of the same trainees
on a pretest and posttest basis, in order to determine whether the assessments were sensitive to instruction.
If no changes were seen, the measures would be reviewed to assure that they were responsive to the
delivered instruction. Another model used a posttest-only design that compared new trainees with those
ready to graduate and was employed for the Fire Controlman rating that required several months of
instruction. Because the length of each project contract (one year) would not allow us to follow up with the
same group in the Fire Controlman rating, different cohorts before and after instruction provided data.
Obviously, we had no control over the assignment of trainees to groups, and because randomization was
not possible, there was a strong likelihood that the groups may have differed a priori from one another. A
usual adjustment to be made in non-equivalent groups requires the collection of detailed background
information to serve as covariates, but limitations on the collection of such information were in place. Thus,
growth attributed to instruction could be approximated at best, and the question of instructional validity
was not clearly resolved.

Nevertheless, the conduct of empirical trials also gave us the opportunity to administer the assessment to
instructors or Naval Education and Training Command SMEs to determine their performance. The original
purpose was to contrast expert performance with that of novices, an approach we have used in the past to
set criteria for scoring rubrics in open-ended assessments. However, in this project, in addition to
determining the ability of the measures to distinguish between expert and novice groups, we used expert
performance as a means to set a quantitative standard based on their expertise. This approach contrasts with
other training environments, where the performance standard, or cut-score for passing, is arbitrarily set at
80 or 90%. This type of criterion, if applied to the whole test operationally, considers each item as
approximately equally difficult and drawn from the same construct. It is clear that the 80% criterion can be
achieved by manipulating the difficulty of the examination or allowing multiple trials to reach the criterion,
or both. In our case, we had multi-dimensional components of the assessment. We decided to use the
average of expert performance on the assessment as the criterion level. Therefore, we reported trainee
performance as a proportion of the experts’ scores. As with much real-world development, this solution
also presented difficulties. For example, for some ratings, instructors only taught a subset of goals as part
of an instructional team so they would not be fully proficient in all course components.

Additional information was gathered in formal data collection using revised assessments, in particular,
results of short measures of self-efficacy and anxiety, to determine whether trainees were uncomfortable
with unfamiliar assessment formats (Baker, Choi, Iseli et al., 2019).

Description of Scenario-based Performance Assessments

Performance assessments as they were formulated in the TAF project were high fidelity tasks synthesizing
important learning in the ratings under study. While performance can be stimulated by text or even brief
instructions, for instance, to write an essay on a particular topic or process, our approach involved selecting
tasks that required combining sets of skills, portraying them in a scenario or setting that directly mapped to
significant course requirements, and including, in some efforts, requests for explanations of why the
examinees made their decisions. The development of performance tasks followed the TAF sequence
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described above and they were included in the testing administration. Performance assessments were
generated based on cognitive demands, particularly those that involved multiple steps, such as problem-
solving, procedural learning, and search, all of which were applied to the content of the rating. Two notes
are important. First, we were able to use in the scenarios partial art and software support created for
development on a parallel project: The Navy Life Game (Koenig et al., 2020). This project presented
examples of rating tasks in a game format in order to familiarize individuals with various Navy jobs. This
project allowed us to import some of the scenario aspects that contributed to verisimilitude of the game
tasks. For example, we used operationally functional work stations and resources for the Fire Controlman
rating or settings involving casualties (fire and flood) and their remedies used by the Damage Controlman
rating. Another distinction of performance assessment development is the need to create and implement
scoring rubrics for constructed, or open-ended, responses, using automated approaches.

How did our work differ from traditional performance assessment? For most performance assessment
development, great attention is given to the creation of the one and only perfect situation to elicit responses,
and far less thought devoted to how performance should be judged and evaluated. Unique performance
assessments each would have its own special scoring approach. As a result, to support coherent instruction
and assessment we have identified principles that would be used in scoring, but differentially exemplified
as appropriate to particular content. To clarify and operationalize scoring, and to get agreement from SMEs
and measurement experts, we decided to include multiple explicit steps in the performance task to provide
support for the examinee as well as to give us a strategy to develop and validate scoring rules. Given that
the performance assessments were derived from the TAF design and would be subject to revision based on
qualitative and quantitative data, we focused both on the TAF requirements and the quality of
representations presented to the examinees. Although rubric development is usually one of the more
challenging components of performance assessment development, in the Naval Education and Training
Command cases it was relatively easy. For one thing, there is clearly a Navy “way” or “ways” of doing
complex tasks, and respondents are not encouraged to free-lance unless the situation is previously un-
encountered.

Another opportunity developed in the performance assessment area. We were asked to consider the use of
the TAF performance assessment model and to create performance assessment prototypes for the Personnel
Specialist promotion to E-5 and E-6 (Baker, Koenig, & O’Neil, 2019; Choi et al., 2019). For promotion,
performance on the Navy-Wide Advancement Examination is an important element but not the single
criterion for promotion. The current exam uses 175 multiple-choice items. To keep within the examination
time limits for administration, the number of multiple-choice test items would need to be reduced
substantially to make time for the longer performance assessment task. Thus, a corollary objective was to
determine what number and selection approach of Navy-Wide Advancement Examination multiple-choice
items would achieve an equivalent level of prediction as the longer version of the exam. The goal of
clarifying the development of performance assessments and employing them in Navy training settings grew
in its importance over the course of the project. Thus, an additional task was to determine the reduced
number and source of multiple-choice items that could predict Navy-Wide Advancement Examination
performance as well as the 175-item set.

A more general development challenge, largely unsolved in scientific literature and practice, is the
generation of performance assessments that are coherent and from which one could infer a common set of
skills. Creating performance assessments as unique objects limits their exchangeability and potential use
for multiple purposes. Instead of administering the same performance assessment twice on a pretest and
posttest, one would want to be able to document that the designs used in each were comparable. One of the
more interesting challenges involves how one generates scenarios for use in performance assessments. In
the Navy examples, these were happily limited to particular objectives. For instance, tasks for the Damage
Controlman rating might require navigation to find the location of the problem, the number of team
members involved, and the numbers of concurrent casualties, such as different types of fires, floods, or
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causalities that involved injuries. The rules for action in the assessment are specified in instruction based
on prior risk assessment. In developing the performance assessment for the Personnel Specialist rating, we
needed to decide what actions were required for the trainee to understand the personnel request, find the
correct form, fill it out carefully and error free, and send an email to execute actions.

In the past, we have used simple combinations to generate the characteristics of performance assessments
that would cover the high probability situations. For instance, a set of parameters might include four core
scenarios, three cognitive demands, two task options, and four response options that would generate a large
number of potential combinations as a design pool for the number of performance assessments. They can
rapidly be edited and subsets selected for testing.

The reactions to the performance assessments were positive across the range of leadership, management,
instruction, and trainees. Operationally, the performance assessments presented a few technical problems.
The first was to determine their weighting within the test which also contained a number of comprehensive
multiple-choice items related to knowledge of and about the course content. Given that the administration
time was fixed, we decided to score the performance assessments partly on their challenge, weighted by the
proportion of time they took. In our first-year trials, the performance assessments were considerably longer
and we determined that we could better use the time by presenting additional shorter performance
assessments to the examinees.

Description of Feature Analysis

One of the relatively recent methods to assess the quality of assessments used in the Naval Education
Training Command TAF project is feature analysis (Chung & Redman, 2015; Kao et al., 2018; Baker &
Choi, 2019). Feature analysis (FA) combines qualitative and quantitative data to characterize items or task
components and their empirical impact on test performance in order to support development and to
contribute to validity inferences about assessments. Our notion was that FA could address “functional”
validity, that is, how attributes of items and tasks affected performance. To begin, qualitative ratings by
items and tasks are conducted by teams of trained raters who understand assessment parameters and the
relevant content domain(s). The ratings are tagged in the data (assuming a sufficiently large sample) and
examined in terms of their relationship to examinee performance. The results show the association of
features to different types and levels of examinee accomplishments. Findings may have implications for
assessment design and revision of the instructional intervention, administration, and scoring. FA can be
conceived as serving both prospective and forensic views of validity, with prospective uses focused on
design and development of assessments and forensic uses examining analyses following the administration
of the measure under planned conditions.

FA was used in the development of the Naval Education Training Command A-School end-of-course. FA
was used principally to verify that TAF elements could be observed in the developed tasks and items for
Naval Education and Training Command ratings. Where shortfalls were found using FA, tasks and items
were revised. In particular, FA was useful in performance assessments in which the scoring rules affect
cognitive demands, for instance, comparing problem solving with procedural tasks. In each of the cycles of
design, revision, and further development for each rating, feature analysis was employed with agreement
of raters being documented. Our experience with the TAF suggests that FA should be considered as a
methodological tool key to the development of assessments.

The results of the TAF at Naval Education and Training Command were documented in a range of reports
(Baker, Choi, Kao et al., 2019; Baker et al., 2021). They document that the TAF functions as intended and
can assist in the generation of assessments useful in training. We realized that our contribution to assessment
included not only the design parameters for cognitive demands, content models, and formative evaluation,
but that our approach to creating a coherent design strategy across ratings also resulted in a “proof of
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concept” in the ratings that we used. The ratings varied in terms of requirements and content, ranging from
technological, emergency-oriented, and logistics content. Furthermore, our design and implementation of
performance assessments showed their utility, and resulted in positive responses by Navy personnel from
senior Navy leadership to trainees. The idea that tests can show greater fidelity to real tasks was
demonstrated, along with reliability and validity evidence. An additional set of results focused on methods
or infrastructure for application in assessment. First, the refinement of content modeling can be used for
both instructional design and assessment purposes.

Discussion and Design Suggestions for GIFT

In this section, we raise some continuing issues relevant to assessment and not fully resolved by our
experience but that would serve as possible design enhancements to the Generalized Intelligent Framework
for Tutoring (Goldberg, 2021). Our attempt to create performance assessments that are coherent and from
which one could infer a common set of skills was documented by prototypes tried on limited sample sizes
related to the size of Sailor training cohorts. Stronger evidence should be obtained by collecting data over
multiple cohorts and expanding the number of ratings to which the TAF applies. Second, our goal of
developing exchangeable performance assessments within a domain has not been achieved in this project,
in part because performance assessments require greater time to administer and trainee time is greatly
limited. Nonetheless if performance assessments are conceived as unique objects, without exchangeability
and potential use for multiple purposes, they will be of limited use. We would want to document that
common forms could be developed so we could monitor performance gains over multiple occasions. That
is only possible with a design for a set of performance assessments measuring the same cognitive and
content requirements with evidence of their comparability.

In the past, we have used simple combinations to generate the characteristics of a set performance
assessments that would cover the high probability situations. For instance, a set of parameters for a set of
performance assessments might include choices among four core scenarios, three cognitive demands, two
task options, and four response options. These combinations would generate a large number of potential
assessments as a pool for creating the desired number of performance assessments. In addition, if one were
to add a specific number of processes to monitor, the size of the pool would increase substantially. In order
for this activity to be feasible, software supporting the performance environment would need to be designed
so its modules could be reused or modestly adapted. Otherwise the programming costs would be too high.

We also believe that FA methodology is useful in a number of ways pertinent to the design of GIFT for
training. First, FA can be used alone as a qualitative method in order to confirm that the intended
characteristics of items and tasks, as specified in standards, frameworks, and the assessment design, actually
can be observed by raters in the items and tasks. A lack of confirmation between intentions and actual
observations of tasks and items should result in the revisions of the examination components and, perhaps,
of rater training as well. Second, by adding the data component following empirical trials with sufficient
numbers, the FA can show interactions among item and task features and characteristics of the examinee
population. These findings have implications for fairness inferences about the examination and the
interventions. Third, the linking of features with performance data can also reflect specific relationships of
exam elements to the degree and type of effects of particular interventions, using pre-post or other multi-
occasion designs. A more direct focus on GIFT intervention attributes is a fourth use of FA, where
relationships between rated characteristics of the intervention are compared to findings in the data, both
overall and on particular features. Such findings suggest how the intervention might be strengthened to
achieve desired goals. The FA process can be applied to a single measure or to measures intended to serve
as a source of criterion-oriented validity inferences. Data can be explained by the similarities and
differences found during the rating process. This approach may as well serve as a more general approach
to analyze both the instructional impact of the intervention and the instructional sensitivity of the
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assessment. If FA can be shown to disambiguate the concepts of instructional sensitivity of the measure
and the characteristics of the interventions, these views of validity address the contribution of assessment
elements to validity inferences about performance, particularly when the assessment is thought to be useful
for program evaluation and to monitor changes in learning. Fifth, FA, when conducted in combination with
think-aloud or interview protocols, can uncover task and item attributes not specifically intended by the
design. For instance, in one set of studies, we found that particular items required an unplanned high
cognitive load for examinees were previously unnoticed.

Rather than a global judgment, FA emphasizes a more analytical approach that relies on data from mixed
methods to provide evidence of validity. Our notion was that FA could address functional validity, that is,
how attributes of tasks affected performance. The resulting analyses can identify tasks or items that are
regarded as difficult or easy, make comparisons following an intervention in order to determine which
features contribute to change over occasions, and to recommend to assessment developers features that
might be included or excluded based on the data. FA inferences also relate to the quality of instruction; for
instance, where instruction is irrelevant or ineffective, one might see no score improvements. One approach
that has been taken (Chung & Redman, 2015) involves also coding the intervention with elements that
overlap features rated on the assessments. When those data are examined together, it is possible to infer
characteristics that lead to desired performance changes. In such a case, these findings are referred back to
the instructional or intervention developer for revision.

Recommendations and Future Research

The outcomes and limitations of the TAF work may have implications for ITSs, particularly those that focus
on complex learning. Rules for the design of clear performance assessments have application to complex
practice environments, simulations, and other ITSs approaches. One important consideration is the degree
to which outcome measures used in ITS implementations have validity evidence beyond content or
alignment with a set of standards. Second, it is clear that well-designed practice environments, such as those
often found in ITSs, can be adapted to serve as stand-alone assessments. Third, reviewing the rules for
advancement or adaptation of learning environments may profit from the additional nuance associated with
particular TAF elements. Assessment has, since the second half of the 20" century, attempted to employ
team or unit environments to determine competency or readiness. The use of simulated characters with
interactive capabilities could permit the assessment of multiple roles and conditions. In our own planned
work, we are finding ways to compress the time of performance assessments, and apply them to a number
of transfer and application situations at various distances from the original training environment. Our plan
is to develop and refine a theory of situations that can help codify what is meant by transfer operationally,
including the modification of content, setting, role, and goal. If such an analysis can be embodied in a
general ontology, it could be applied to a range of content essential for efficient learning. In this age of
rapid and unexpected change, assessment must address a wide range of potential situations for which skills
and approaches may need to be adapted.
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CHAPTER 5 — SCENARIO-BASED ASSESSMENT: DESIGN,
DEVELOPMENT, AND RESEARCH

John Sabatini
Institute for Intelligent Systems, University of Memphis

Introduction

This chapter describes scenario-based assessment (SBA) and thoughts about how they can be integrated
into the Generalized Intelligent Framework for Tutoring (GIFT) intelligent tutoring system (ITS) designs
to measure formative and summative outcomes in the context of “Competency Based Scenario Design
and Intelligent Tutoring Systems.” Volume 5 of this series “Design Recommendations for Intelligent
Tutoring Systems (Volume 5): Assessment Methods”, (Sottilare et al., 2017) addressed much of the
technical, measurement, and psychometric machinery required to design, implement, and evaluate the
psychometric properties of a scenario-based assessment strategy. We do not repeat that content here.
Instead, we focus on the concepts and principles of “scenario-based” design.

In searching the aforementioned volume, the term “scenario” appeared some 90 times across eight
chapters, but only two or three chapters discuss the specific sense of SBA we describe here (Katz et al.,
2017; Mislevy & Yan, 2017; Zapata-Rivera et al., 2017). The sense of SBA used here was derived from
an Educational Testing Service Research and Design (R&D) program called “Cognitively Based
Assessment of, for, and as Learning” (CBAL) (Bennett, 2011). CBAL was a research initiative that
focused on assessment in K-12 settings in English Language Arts (ELA), mathematics, and science
(Bennett, 2010, 2011; Bennett & Gitomer, 2009; Sabatini et al., 2011). The CBAL ELA competency and
key practice models (and associated learning progressions) were based on syntheses of the literature of
reading, writing, thinking, and their connections (e.g., Deane et al., 2011; O’Reilly et al., 2015). A key
goal of CBAL was to integrate the research from learning sciences to make assessments meaningful for
instruction. Multiple prototype ELA summative and formative assessments were developed and
evaluated; thus, building interpretive and validity arguments for their value and utility (e.g., Bennett,
2011).

The subsequent Global, Integrated Scenario-Based Assessment (GISA) was developed with a primary
focus on benchmark or summative applications, across kindergarten through 12th grade as part of the
Reading for Understanding initiative (Pearson et al., 2020; Sabatini et al., 2018). The GISA framework
and design relied on web-based delivery and principles from the learning science and text and discourse,
discussed in three framework documents (O’Reilly & Sabatini, 2013; Sabatini & O’Reilly, 2013;
Sabatini, O’Reilly, & Deane, 2013). A major goal of the project was to design SBAs to be feasible and
practical, while maintaining adequate psychometric properties (Sabatini et al., 2020). While Reading for
Understanding focused entirely on reading literacy, we generalize the SBA principles for assessment in
other domains.

SBAs typically include a range of principles and techniques that distinguish them from other types of
assessments: (1) they provide an authentic purpose for reading, (2) they place reading in context for
completing a set of interrelated activities that may move from more guided to independent performance,
(3) items tend to require the integration and evaluation of a wide range of different sources and, (4) in
many cases, items provide scaffolds (e.g., a graphic organizer for an analysis of text structures) and
guidelines (e.g., tips for summary writing) to help better understand and model the target performance in
the assessment (O’Reilly & Sabatini, 2013). S