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ABSTRACT

Many of the twelve review elements contained in the NRC’s Human Factors Engineering
Program Review Model, NUREG-0711, Rev. 3 (NRC, 2012) highlight the importance of
workload (WL), situation awareness (SA) and teamwork (TW). The primary purpose of this
NUREG/CR is to enhance NRC staff knowledge of the human performance metrics used to
measure WL, SA, and TW, and, to provide a tool for evaluating the use of such metrics in
applications (e.g., design certification) and proposed license amendments. This report
summarizes the most widely used definitions and theories of each of the three constructs (i.e.,
WL, SA and TW) along with discussing factors that contribute to each. In addition, it describes
the psychometric criteria used to evaluate metrics and specifically discusses the measurement
and associated metrics of WL, SA and TW. This report also introduces a database of human
performance metrics and a tool to assist NRC technical staff in evaluating their use in license
applications and proposed amendments. The tool is available on the CD “Workload, Situation
Awareness and Teamwork Generic Metrics Catalog (GMC) and Decision Making Wizard
(DMW)” located in the back of this report. A user guide to instruct and train NRC technical staff
(reviewers) on the organization, capabilities, and applications of the tool can be found in an
appendix to this report. For those who are unfamiliar with the NRC’s Human Factors
Engineering Program Review Model, an additional appendix includes a review of the NUREG-
0711 general activities with an emphasis on the role that WL, SA, and TW measurement plays
in the process.

NUREG/CR-7190 has been
reproduced from the best available copy.
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EXECUTIVE SUMMARY

The human factors engineering (HFE) staff of the Nuclear Regulatory Commission (NRC)
evaluates the HFE programs of applicants for construction permits (CPs), operating licenses
(OLs), standard design certifications (DCs), and combined licenses (COLs) using the Human
Factors Engineering Program Review Model, NUREG-0711, Rev. 3 (NRC, 2012). NUREG-
0711 identifies 12 review elements important to effective Human Factors Engineering (HFE) in
nuclear power plants (NPPs). Several of these elements identify the constructs of workload
(WL), situation awareness (SA), and teamwork (TW) to be important considerations during the
design process. As such, in order to demonstrate successful implementation for these elements
in their HFE design program, applicants propose a variety of metrics to measure these
constructs.

Many methods (i.e., metrics) for measuring these influences on human performance have been
developed for use in other domains (e.g., military, aerospace, aviation), with specific populations
(e.g., air traffic controllers), under specific conditions (e.g., participant ratings via freeze-probe
administration). These metrics often have particular limitations (e.g., wired physiological
equipment restricts operator movement). Consequently, these metrics were reviewed to
determine the domains for which each metric has been validated and each metric’s strengths
and limitations. This report is intended to be used in conjunction with the CD-ROM “Workload,
Situation Awareness and Teamwork Generic Metrics Catalog (GMC) and Decision Making
Wizard (DMW)” accompanying this report.

The staff initiated this work to develop a WL, SA, and TW knowledge base and tool to enhance
NRC staff knowledge of metrics used to measure these constructs when evaluating a proposed
implementation of the HFE standards in NUREG-0711. Chapter 1 of this report provides an
overview of the WL, SA, and TW constructs, including their most widely used definitions, and
summarizes theories and contributing factors for each. Chapter 2 of this report describes the
psychometric criteria used to evaluate metrics and specifically discusses the measurement and
associated metrics of WL, SA and TW. Chapter 3 describes a database of human performance
metrics (i.e., the GMC) and a tool (i.e., the DMW) for assisting reviewers in evaluating the
acceptability of metrics described in applications and license amendment request (Note:
Chapter 3 provides a description of the GMC and DMW, however, the database and tool are
found together on the CD-ROM accompanying this report). A user guide to instruct and train
NRC technical review staff on the organization, capabilities, and applications of the tool can be
found in an appendix to this report. For those who are unfamiliar with the NRC’s Human Factors
Engineering Program Review Model, an additional appendix includes a review of the NUREG-
0711 general activities with an emphasis on the role that WL, SA, and TW measurement plays
in the process.
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1 INTRODUCTION
1.1 Purpose and Scope

Purpose

NUREG-0711, Rev 3 (NRC, 2012) provides NRC'’s technical review staff with HFE guidelines
for evaluating the HFE programs of applicants for construction permits (CPs), operating licenses
(OLs), standard design certifications (DCs), and combined licenses (COLs) in order to obtain
reasonable assurance that the plant will be designed such that it can be operated safely. Many
of the twelve review elements contained in NUREG-0711 highlight the importance of workload
(WL), situation awareness (SA) and teamwork (TW). The primary purpose of this report is to
provide reviewers with a knowledge base to enhance their understanding of the metrics used to
assess WL, SA and TW, and, provide a tool to assist reviewers in evaluating the acceptability of
metrics for the specific uses proposed by applicants and licensees requesting license
amendments (e.g., in support of design modifications).

Overview

Whereas the primary focus of this report is to enhance NRC staff knowledge of metrics used to
measure WL, SA, and TW, it is first necessary to discuss the ways in which the constructs of
WL, SA, and TW are defined. These constructs are “fuzzy” in the sense that they do not have
universally accepted definitions or theories. Rather, each construct has multiple definitions
based on a variety of underlying theories. Chapter 1 provides the most widely used definitions
and theories of each of the three constructs along with discussing factors that contribute to
each. This provides staff with a general sense of the scope of the construct and an
understanding of where various definitions diverge or overlap. This information allows reviewers
to better evaluate the extent to which a metric assesses the construct of interest.

In order to determine the quality of a metric, there must be a standard for comparison. The
second chapter of this report describes the psychometric criteria used to evaluate metrics, the
measurement of WL, SA and TW, and their associated metrics.

Chapter 3 is a description of a database of human performance metrics and a tool to assist
reviewers in evaluating the acceptability of metrics for specific uses proposed by applicants and
licensees (database and tool are on the CD in the back of this NUREG/CR).

This report is intended to be used in conjunction with the CD “Workload, Situation Awareness
and Teamwork Generic Metrics Catalog (GMC) and Decision Making Wizard (DMW)” located in
the back of this report.

As a note, this report was not intended to provide a comprehensive literature review of WL, SA,
and TW, but, rather, an overview to orient the reader. Additionally, although it is recognized that
these constructs interrelate, exploration of these relationships was beyond the scope of the
work documented in this report.

1.2 Workload
1.2.1 Definitions and Theories of Workload
Despite over 50 years of workload research (e.g., Knowles, 1963), there is yet to be a

universally agreed upon definition. Early concepts of workload focused on the objective
physical demands imposed by the task (e.g., actions required, number of actions taken, amount



of time standing) as measured by metrics such as Goals, Operators, Methods, and Selection
rules (GOMS; Card, Newell, & Moran, 1983). As the construct evolved, the focus shifted to
operators’ “experienced workload” or perception of task demands. As stated by Hart and
Staveland (1988), “...workload is not an inherent property, but rather it emerges from the
interaction between the requirements of a task, the circumstances under which it is performed,
and the skills, behaviors, and perceptions of the operator.” In 1977, the North Atlantic Treaty
Organization (NATO) Special Panel on Human Factors conducted a workshop with the goal of
defining workload and identifying the components that comprise it (Moray, 1979). Current
definitions of workload are built upon the results of that workshop.

Workload is defined in a variety of ways, including; 1) the portion of operator’s limited capacity
required to perform a particular task (Gopher & Donchin, 1986; O’'Donnell & Eggemeier, 1986),
2) a hypothetical construct that represents the investment by the operator to perform a task at a
desired level (Hart & Staveland, 1988) and 3) the total quantity of resources required by task
demands (Kahneman, 1973). Workload has been proposed as both a uni-dimensional and a
multi-dimensional construct (Boles & Adair, 2001; Hart & Staveland, 1988; Rasmussen, 1979).
Multidimensional implies that workload is composed of more than one aspect. For example,
workload as a multidimensional construct might consist of mental demand, temporal demand,
and frustration in contrast to a single rating of overall workload (i.e., unidimensional). All of the
definitions agree on two fundamental tenets. First, all consider workload as an active interaction
between the operator and their task (Megaw, 2005). Second, all characterize workload as the
amount of effort/resources required for task performance, relative to operator capacity (Abich,
2013; Eggemeier, Wilson, Kramer, & Damos, 1991; Gopher & Donchin, 1986; Hockey, 1997;
Kahneman, 1973; Kramer, Sirevaag, & Braune, 1987; Moray, 1979; Taylor, 2012; Veltman &
Gaillard, 1996). The foundational definitions of workload are reflected in the way workload is
defined and treated in the guidance of NUREG-0711, Rev.3, “Workload is comprised of the
physical, cognitive, and other demands that tasks place on plant personnel. The impact of one
or many of these aspects of workload should be considered in the application of performance
measures and while comparing alternative design elements.”

There are two popularly ascribed to theories of workload: 1) unitary resource theory
(Kahneman, 1973; Moray, 1967) and 2) multiple resource theory (MRT); (Wickens, 1984, 1992,
2008). Both postulate the idea that humans possess a finite amount of cognitive resources.
Specifically, both support the notion of a “pool of resources” that is allocated to meet task
demands. The major difference between the theories lies in the proposed constraints on these
resources (Kantowitz & Knight, 1976; Navon & Gopher, 1979; Wickens, 1976). Resource theory
argues that humans possess one central pool of resources whereas MRT asserts that humans
possess multiple resource pools with varying capacities (Kahneman, 1973; Moray, 1967;
Wickens, 1984; Wickens & Hollands, 2000).

Resource theory asserts that workload occurs as a result of the amount of resources allocated
to a task and the resultant depletion of those resources from the unitary pool. Cognitive
resources drawn from this unitary pool might include verbal processing, spatial processing,
working memory, etc. Regardless of the type of resource required, the unitary pool is used to
meet the demand of the task at hand. Therefore, workload will increase and performance may
suffer even when tasks are drawing on different types of resources (Friedenberg & Silverman,
2006; Kahneman, 1973). Whereas, MRT asserts that global workload does not increase just
because one or more pools of resources are depleted. For example, the depletion of verbal
processing resources should not affect performance on tasks that require spatial resources.
Therefore, if resource demand is equal, two tasks that both demand one type of resource will
inhibit each other more than two tasks that require different types of resources (Wickens, 2000).



1.2.2 Factors that Contribute to Workload

As stated previously, the various definitions and theories of workload agree that workload is an
interaction between the operator and their task. Thus, elements of the task and characteristics
of the operator are contributors to workload. Both are discussed in this section.

Huey and Wickens (1993) identified factors that are important contributors to WL in complex
task environments (e.g., air traffic control, NPP operation, unmanned vehicle control). These
factors were classified into four high level categories described below: performance criteria, task
structure, human system interface, and individual factors.

Performance criteria. Demanding performance requirements are frequently associated with
elevated WL (Yeh & Wickens, 1988). This is particularly relevant to NPP operation because of
high performance and safety standards expected from operators. Operators are under
continuous performance scrutiny and are expected to perform with minimal errors. Research
has shown low error tolerance to be a significant source of WL in various complex task
environments (Yeh &Wickens, 1988).

Task structure. Another important factor that likely affects the WL of NPP operators is the
structure of the task itself. Huey and Wickens (1993) identified information flow, multitasking,
task difficulty, and task duration as task structure factors that impact WL. In NPP operation,
high rate of information flow (Ha et al., 2006), complexity of the information, and time pressure
(Jou et al., 2009) can be present, leading to increased WL, which has the potential to overload
operators. In addition, multi-tasking is common in NPP operation in both normal and off-normal
operations. Multi-tasking refers to the requirement to complete multiple goals, accomplished by
frequent task switching (Delbridge, 2000). For example, NPP operators may be simultaneously
responsible for monitoring plant parameters along with performing surveillance testing (Reinartz,
1989). Studies examining supervisory control of multiple systems on a single display (e.g.,
Moray & Rotenberg, 1989) concluded that operators tend to deal with one complex task at a
time and, as a result, fail to maintain optimal performance on multiple tasks. In an extreme case
when a large number of tasks are required to be performed in parallel, WL can reach such a
high level that an operator might adopt a strategy of ignoring the tasks that appear to not be
critical at the moment (i.e. task shedding; Hart & Wickens, 1990). This is particularly important
to the NPP domain because task shedding might have safety implications. An example of task
shedding might be omitting or reducing the amount or quality of team communications. Changes
in task priorities also influence WL (Huey and Wickens, 1993) such as transitioning from normal
to off-normal events. WL is likely to increase because the operators switch from supervisory
tasks consisting primarily of monitoring the state of the plant to tasks that require implementing
multiple procedural steps, analyzing information from instrumentation, and communicating with
other crewmembers.

Human System Interface (HSI). Poor interface design, such as a flawed interface layout, is a
potential source of increased WL. One HSI component where poor design has been found to
create issues for operators is the user interface for automatic systems. Automation is the
sharing or allocation of tasking from a human to a machine agent in an effort to improve overall
performance and reduce the chance of error by reducing task demands on the operator and
thus, workload (Scerbo, 2007; Reinerman-Jones, Cosenzo, & Nicholson, 2010). According to
Liu, Nakata and Furuta (2004), “...only by visualizing the working of the automatic systems in an
interface can an operator track what an automatic system is doing, why and how it is doing i,
and what it will do next.” If this is not done effectively, the HSI will be a contributor to undue
workload.

Individual factors. The three previous factors addressed task characteristics that affect WL.
However, workload is experienced subjectively, and thus is also influenced by individual factors.
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The following individual factors have been shown to influence the amount of WL an operator will
experience (Huey and Wickens, 1993):

Years of experience

Sleep

Type of plants where one previously worked
Similarity of I&C layout to previously worked plants
Amount of time on shift

Time spent training

Time in current NPP

Stress coping techniques

Accuracy of mental model

The individual differences that will come into play in a particular situation are partly determined
by the type of task being performed. Thus, individual differences are couched within task type in
the following paragraphs.

Skill-based tasks (often a physical action) require minimal conscious attention for completing the
task. Because skill-based tasks are performed with limited conscious processing, we often
perform them automatically and experience them as second nature. The level of WL for a skill-
based task may be influenced by the degree of interference (i.e. current required behavior
conflicts with previous required behavior) and the likelihood of a person making an error.
According to Chang and Mosleh (2006), both interference and likelihood of error are influenced
by a variety of individual differences including years of experience, age, sleep, the type of plants
previously worked (e.g., PWR to BWR), the similarity of I&C layout to previously worked plants,
amount of time on shift, time spent training, and time in current NPP.

Rule-based tasks require rules and procedures for task completion (Rasmussen, 1983; Yeh &
Wickens, 1988). Reason (1990) states, “Here, errors are typically associated with the
misclassification of situations leading to the application of the wrong rule or the incorrect recall
of procedures”(p.43). Misclassifications of situations often occur because an operator’'s mental
model is inaccurate. A mental model is a cognitive representation of the system with which an
individual is interacting (Matthews et al, 2000). A person’s willingness and ability to learn and
integrate new rules into their existing mental model, in order to maintain an accurate mental
model, may influence WL level when carrying-out a rule-based task.

Knowledge-based tasks rely on the operator's knowledge of the system and understanding of
the system’s current state (i.e. accurate mental model) to support decisions for task completion.
Reason (1990) states, “errors at this level arise from resource limitations (‘bounded rationality’)
and incomplete or incorrect knowledge.” As a note, increasing expertise shifts knowledge-based
tasks to skill-based tasks, but all three levels can co-exist at any one time.

Differences in stress coping techniques influence and are influenced by workload in all task
types. The most widely accepted model of stress is the transactional theory of stress posited by
Lazarus and Folkman (1984), which states that a stressor is evaluated in terms of the resources
a person has available to cope (Matthews, 2001). Resources, in this instance, might be internal
or external to the person. An example of an internal resource is the amount of attention directed
toward a task, whereas an example of an external resource is time available. Two primary
coping strategies are emotion-focused and task-focused coping (Matthews & Campbell, 1998).
An emotion-focused coper tries to manage the feelings associated with the stressor and might
use techniques such as meditation or distraction. If the task is not resolvable (i.e. outside of the
person’s control) then emotion-focused coping may be the only means to cope and reduce



workload If the problem is resolvable, task-focused coping is most effective at reducing
workload because the coper focuses on mitigating the stressor that is increasing the workload.

1.3 Situation Awareness
1.3.1 Definitions and Theories of Situation Awareness

Situation Awareness (SA) refers to an individual’s understanding of the information provided in
their current environment and the relevance of the information to their current goal and goals in
the near future (Gilson, 1995; Endsley, 1995; Endsley, 2001). Although there is some
agreement regarding the generalities of SA, there has been much debate as to how it should be
characterized specifically (Salmon et al., 2009). Smith & Hancock (1994) describe the status of
this disagreement as “a tacit recognition that our understanding is still incomplete” (p. 59). With
many theoretical models attempting to underpin SA (Fracker, 1991; Endsley, 1995; Smith and
Hancock, 1995; Bedny & Mesiter, 1999), Smith and Hancock’s ecological approach (1995) and
Endsley’s three-level model (1995), have held the most support, with Endsley’s model being the
predominant theory.

Smith and Hancock’s (1995) ecological approach to SA stresses the importance of a person’s
iterative interaction with a dynamic environment and the way in which goals influence this
interaction. Their characterization of SA is conceptually based on Neisser’s (1976) perception-
action cycle model. Neisser's model includes three main interacting components: the
information available in the environment, the individual’'s knowledge, and the action taken. All
three components dynamically interact and update one another as a situation unfolds. In other
words, interaction with information from the environment modifies the individual’s knowledge,
which in turn influences future actions that impact the environment. Time is an inherently
important factor in this model due to the fact that an individual’s iterative interaction with the
environment unfolds over time.

Smith and Hancock expand this model by adding what they call an ‘invariant’ at the core of the
model which represents a set of externally defined goals that guide the person’s adaptive
behavior. The invariant might be a set of pre-defined rules that influence how an individual
interprets the environment and makes judgments and decisions. For example, in safety focused
environments (e.g., NPP operations, air traffic control) risk thresholds are often used to help
determine a course of action. Under the Smith and Hancock approach, SA is defined as a
generative process of knowledge creation and informed action-taking within the constraints of
externally defined goals. This interaction continues to repeat in a cyclical manner, which Smith
and Hancock (1995) account for as the acquisition and sustainment of SA.

Whereas Smith and Hancock characterize SA as a process, Endsley’s (1988) model
characterizes SA as a product of the processes used to achieve SA. Endsley (1988) defined
SA as “the perception of the elements in the environment within a volume of time and space, the
comprehension of their meaning, and the projection of their status in the near future.” In this
model, SA is formed through three-levels: perception (level one), comprehension (level two),
and projection (level three). Each level builds from the preceding level’'s information, leading to
higher SA. Level one involves the perception of status, attributes and dynamics of the
surrounding environment, which is attained through visual, auditory, tactile, taste and olfactory
inputs (Endsley, 2003). Level two deals with taking the inputs from level one and
comprehending the degree of importance it holds in terms of the overall goal. This level also
deals with the merger of inputs to create a bigger picture. Level three takes the preceding
information and uses it to project possible future states (Endsley, 1995).



The two theories propose different mechanisms regarding how SA is achieved and
characterized, however, both theories recognize that a goal and time are important factors
impacting SA. NUREG 0711, Rev. 3 ascribes to Endsley’s SA model by defining SA as “the
degree to which personnel’s perception of plant parameters and understanding of the plant's
condition corresponds to its actual condition at any given time and influences predictions about
future states.”

1.3.2 Factors that Contribute to Situation Awareness

Applying Endsley’s (1995) definition to the nuclear domain, operators need to perceive and
monitor a variety of system parameters and alarms. Two categories of factors have been
identified as affecting SA in Endsley’s (1995) model: individual factors and system factors.

Individual factors. There are several cognitive components that differ among individuals and
affect levels of SA. Specifically, Endsley (1995) identified the effects of individual processing
constraints and coping mechanisms on SA.

Processing constraints are associated with attention and working memory. In complex
environments, such as an NPP main control room (MCR), attention demands can exceed an
operator’s attention capacity which can inhibit the operator perceiving important task-relevant
information. This missed information could hinder an operator’s ability to form a complete
picture of the state of the NPP and, ultimately, negatively affect safe NPP operation.

If important information is perceived (level 1 SA), it is stored in working memory. The working
memory must integrate the new information with existing information (for level 2 SA) and
determine how the information will affect future system conditions (level 3 SA). Working memory
has been viewed as the “main bottleneck for SA” such that there are processing constraints
related to how much new information one can hold in short-term memory and process
effectively.Endsley (1995) identified several coping mechanisms that help manage attention and
working memory constraints. They include mental models, goal-driven processing, and
automaticity '(Endsley, 1995).

A mental model is a framework for understanding information for a certain system. Within
mental models are schemas of prototypical situations that operators have previously
encountered. When an NPP operator has an accurate mental model of the NPP system, he or
she is able to match the current situation to a previous situation they have encountered. This
allows the operator to process a large amount of system information efficiently to achieve SA.
Schemas and mental models are developed through training and experience.

In addition to mental models developing as a result of experience, automaticity may also
develop. Automaticity is described as a highly practiced procedure or action that requires few
attentional resources (Matthews et al., 2000). According to Endsley, the automaticity of some
tasks can provide a mechanism for overcoming limited attention capacity. NPP operation often
consists of executing a learned sequence of actions. Some procedures (or portions of
procedures) and the associated actions are practiced habitually. The operator will give
sufficient attention to the task to retrieve necessary information or take necessary action, but no
additional effort is expended determining what information to look for or how to take action.

Goal-driven processing occurs when a person’s perceptions, interpretations, and judgments of a
situation are impacted by their specific goal. As stated by Endsley (1995), “...a person’s
goals...direct which aspects of the environment are attended to in the development of SA.”

! Automaticity refers to automatic information processing and the associated action.
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Information that does not pertain to one’s goal is not actively attended to, thus helping overcome
limited attention capacity and preserving working memory for only important information.

System factors. System factors including interface design, system complexity, and automation
all influence NPP operators’ SA. Good interface design in plants may support SA by integrating
information from various sources or by minimizing the amount of information to which an
operator must attend (e.g., alarm filtering features; Hallbert et al., 2000). The accuracy of
operators’ SA can affect overall task performance, thus, it follows that designing displays in a
way that supports SA is beneficial (Hogg, Folleso, Strand-Volden, & Torralba, 1995). Another
system factor that might influence SA is system complexity. A typical NPP control room consists
of a large number of gauges, displays, knobs, and alarms, making it quite complex. Different
strategies have been employed in an attempt to mitigate complexity including careful design,
thorough testing of the HSI and increasing the amount of system automation. Changes in
automation, such as increased function allocation to machine systems have the potential to
affect operator SA (Hallbert et al., 2000). Poorly implemented automation or overreliance on
automated systems can negatively impact SA making an operator ineffective at understanding
the system, specifically, recognizing when manual control is required, and ultimately leading to
errors (e.g., Billings, 1997). It has been suggested that performance decrements may be the
result of automation where operators are out-of-the-loop (Carmody and Gluckman, 1993;
Endsley,1987; Wickens, 1992).

In addition to the factors mentioned, Endsley (1995) also discusses stress and workload as
factors that may affect SA. However, the nature of the relationship between SA and these
factors varies based on system design, task type and individual differences (see Endsley,
1995).

1.4 Teamwork
1.4.1 Definitions and Theories of Teamwork

Cooke, Salas, Kiekel, and Bell (2004) define team as a group of people working as an
integrated and coordinated unit, with the common goals of detecting and interpreting cues,
remembering, reasoning, planning, solving problems, acquiring information and making
decisions. Salas, Stagl, and Burke, (2004) postulate that a team must consist of two or more
people working to accomplish a common goal, while interacting with multiple information
sources. Although these definitions are distinctive, they share the principle that a team is a
group of people working together within a system to achieve a goal (Stanton & Walker, 2013).
“Teamwork is a set of interrelated thoughts, actions, and feelings of each team member that are
needed to function as a team and that combine to facilitate coordinated, adaptive performance
and task objectives resulting in value-added outcomes” (Salas, Sims, Burke, 2005). There are
challenges associated with distinguishing teamwork from other team constructs (e.g., team
workload, team SA) as all are aimed at understanding team behavior and performance. The
way in which teamwork and other team constructs (e.g., team workload) are related is still being
investigated. Team research is still relatively new. As the research develops, it is the hope that
definitions, theories, and models will become more well-defined.

1.4.2 Factors Contributing to Teamwork

There is a fair amount of literature on the topic of TW, with various models and metrics
proposed (Salas, Sims, & Burke, 2005). However, there is a large degree of inconsistency in
theory, terminology, and key variables (Shanahan, Best, Finch, & Sutton, 2007). This is, in part,
due to the various fields in which TW research is conducted, from psychology to business to
engineering. In order to organize the existing knowledge on TW, Salas et al. (2005) conducted
an extensive literature review and identified five TW factors and three coordinating mechanisms.
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Factors are elements of TW, whereas coordinating mechanisms are means to achieving TW.
TW factors (team leadership, mutual performance monitoring, backup behavior, adaptability and
team orientation) and mechanisms (shared mental modes, closed-loop communication and
mutual trust) are described in the following pages.

1.4.2.1 Teamwork Factors

Team leadership. Studies indicate that leadership is crucial to effective and safe team
performance (e.g., Mearns, Flin, Gordon, & Fleming, 2001; O’Dea & Flin, 2000). There are
various skills that are present in a successful team leader including effective communication,
conflict resolution capabilities, efficient planning, and ability to delegate task assignments (Huey
& Wickens, 1993). An effective team leader would actively participate in conflict resolution,
which involves analysis of conflict origins, confrontation reduction, and future conflict prevention.
In order to ensure high performance standards for the team, an effective team leader would also
take an active part in task planning by providing clear objectives. Specifically, a team leader
would divide a task into subtasks and assign them to the team members (Salas et al., 2005).
Also, a team leader would cultivate an understanding of the interdependence of team member
actions. The shift manager and shift supervisor often function as the team leaders in NPP
MCRs.

Mutual performance monitoring. Another key component of successful TW is support. Support
consists of monitoring the activities of other team members, taking action to correct errors,
giving and receiving feedback in a non-defensive manner, and providing and seeking assistance
or backup when needed (Johnston, Smith-Jentsch, & Cannon-Bowers, 1997; Weil et al., 2004).
These behaviors can lead to identification of mistakes and misinterpreted information, as well as
combat groupthink® (Weaver et al., 2009). In NPPs, operators often check each other’s
instrument readings to ensure accuracy.

Backup behavior. Several studies highlight the importance of team member coordination in
team performance (e.g., Chiocchio, 2007; Dickinson & Mcintyre, 1997; McCallum, Oser, &
Salas, 1989). In many situations (e.g., off-normal events), additional demands are imposed on
team members, potentially causing a WL imbalance in the team. A team member coordination
technique known as back-up behavior is often employed to mitigate this imbalance. Back-up
behavior is advising, assisting, or performing a task for the overloaded team member (Marks,
Mathieu, & Zaccaro, 2001). For example, if a control board operator has to leave the area from
which his or her control board can be directly monitored (e.g., to check a back panel), then the
remaining board operator will balance that task responsibility by monitoring those controls
during the operator’s absence.

Adaptability. Adaptability in a team environment is the ability to adapt individual actions of team
members to produce coordinated team action. Adaptability helps teams respond to unexpected
demands. The state of a NPP can change quickly during an emergency. Crews of operators
(teams) must be able to quickly adapt to changing condition in order to mount a coordinated and
effective response.

Team Orientation. Team orientation is attitudinal. It is defined as “a preference for working with
others but also a tendency to enhance individual performance through the coordination,
evaluation and utilization of task inputs from other members while performing group tasks”
(Driskell & Salas, 1992). Team orientation has been shown to improve both individual and team
performance (Driskell & Salas, 1992; Salas et al, 2005; Shamir, 1990; Wagner, 1995).

2 Groupthink is a phenomenon in which the desire to not disrupt group cohesiveness leads to final
decisions without consideration of alternative viewpoints (Janis, 1982).
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1.4.2.2 Coordinating Mechanisms

Shared mental models. A shared mental model is commonly referred to as “an organized
understanding of relevant knowledge that is shared by team members” (Mohammed & Dumville,
2001, p. 89). Shared mental models enable task planning and setting task priorities (Lim &
Klein, 2006). Understanding the progression of the task helps each team member to take
appropriate, coordinated steps for maintaining task performance. For example, crewmembers at
an NPP must have a common understanding of the current state of the NPP, which will enable
effective communication and event mitigation. Shared mental models allow individual team
members to anticipate the kind of information each team member will need during a particular
task. Also, it can help with resource allocation, and decision-making (e.g., Cannon-Bowers &
Salas, 2001). Shared mental models are supported by several common practices in NPP
MCRs. For example, during a crew update, a crewmember announces “update”and gives
pertinent information to the entire crew. The rest of the crew acknowledges the update, ensuring
that everyone has the same information, thus encouraging a shared understanding or mental
model of the current state of the plant. Another instance is the formal communication, commonly
referred to as “turnover,” that occurs between shift changes.

Closed-loop communication. Communication and operation as a cohesive team are inseparable
(Cannon-Bowers & Salas, 1997). Closed-loop communication involves the exchange of
information from the giver to the receiver, the acknowledgement that the information was
received by repeating what was heard, and the approval from the giver that the information was
processed correctly. This process is known as three-way communication in NPP operation.
Communication between team members is critical for the successful completion of team tasks
(Patrashkova-Volzdoska, McComb, Green, & Compton, 2003; Pinto, M. & Pinto, J., 1991;
Scholtes, 1988; Weil et al., 2004).

Mutual Trust. Mutual trust among team members is necessary because, in order to work
effectively, team members must be willing to “accept a certain amount of risk” and rely on each
other to complete a task successfully (Salas et al., 2005). If trust is not present, team member
behaviors may be suspect leading to degradations in team functioning. For example, in NPPs,
operators monitor each other’s performance. If trust is present, the team members will likely
interpret this behavior as helpful. However, if trust is lacking team members may feel others are
scrutinizing their work.

1.4.3 Related Team Constructs

As stated previously, teamwork can be difficult to distinguish from other team constructs. For
illustrative purposes, two examples of other relevant team constructs are presented below.

Team Workload. Team-based activities can include two components: teamwork and taskwork.
Teamwork occurs when people within a team co-ordinate their behavior to accomplish tasks
associated with the team’s goals. Taskwork occurs when a team member performs a task
separate from the team (Stanton & Walker, 2013). Team WL is defined as including taskwork
and TW components (Cannon-Bowers & Salas, 1997). For example, in NPPs taskwork, might
include system monitoring and surveillance testing and TW might include team communication
and coordination. As a note, although this construct is labeled as “workload,” it is not explicitly
tied to the resource theories described previously for individual workload. The challenge
associated with framing team WL in terms of resource theory is that it is not known if the
individual resources of the team members can be characterized as a cumulative pool of
resources. More research is needed in this area.



Team Situation Awareness. Team SA is often referred to as the aggregate of individual SA
levels (Endsley, 1995). The higher the SA levels for individuals the higher the team SA.
However, the theoretical foundation for team SA is still in its infancy and more research is
necessary to outline a precise definition of team SA. There is a debate regarding whether
aggregate scoring is most appropriate or if using the lowest individual SA score should be the
standard scoring methodology. It is possible that low SA in one individual cannot be
compensated for by other team members; rather, that person could drive the team to failure
(Endsley, 1995).
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2 MEASUREMENT

The first chapter provided a general overview of each of the constructs Workload (WL),
Situation Awareness (SA), and Teamwork (TW). This chapter focuses on the measurement of
these constructs. Specifically, this chapter provides NRC technical staff with information about
the properties of metrics by which acceptability for specific uses can be discerned. In addition, it
provides information about the various types of metrics available for each construct. Examples
of each type are provided.

2.1 Psychometric Properties

In establishing a metric, it is essential to build a case for the quality of the metric based on
evidence collected from research. Psychometric criteria are quantitative and qualitative
standards used to evaluate the overall quality of a metric. Information concerning the extent to
which a particular metric meets established criteria is relevant for NRC staff as it provides a
basis for assessing the metrics proposed by applicants. The psychometric properties that will be
addressed in this chapter include: validity, reliability, sensitivity, diagnosticity, and intrusiveness.

2.1.1 Validity

The ultimate goal for metric development is to create a valid assessment; that is, the metric
assesses the construct that it claims to, and not some other construct (for example, a metric
measures WL and not SA).

The process for establishing validity is provided by Standards for Educational and Psychological
Testing (1999) published jointly by the American Educational Research Association (AERA),
American Psychological Association (APA) and National Council on Measurement in Education
(NCM). According to the Standards, “The process of validation involves accumulating evidence
to provide a sound scientific basis for the proposed score interpretations.” (AERA, APA, &
NCME, 1999, p. 9).

The Standards list five types of evidence that support validity.

1. Test content evidence refers to whether the metric samples relevant domain content,
often determined by expert analysis. For example, a WL metric may need to sample
multiple factors that contribute to workload (e.g., mental demand, physical demand)
depending on the ascribed to definition of WL.

2. Response processes evidence refers to evidence that the metric is not contaminated by
extraneous influences such as socially desirable responding (e.g., reporting a lower level
of workload than that actually experienced to appear competent).

3. Internal structure evidence refers to whether the internal psychometric properties of the
metric match those of the construct. It is determined by use of factor analysis® or other
multivariate analytic techniques.

4. Relation to other variables evidence refers to research findings that show the metric is
related to other variables as expected on theoretical grounds. For example, a WL metric
should be associated with error rate, and it should be sensitive to objective levels of
demand. Evidence can be obtained from correlational and experimental studies.

5. Consequences of testing evidence refers to the ability of a metric to demonstrate utility.
For example, a WL metric may be intended to identify operators at risk of performance
failure.

® Factor analysis is a statistical technique used to evaluate the correlations among various
factors or components to identify a smaller, subset of factors.
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Although there are different types of evidence, validity remains a unitary construct. Thus,
building a case for validity typically requires performing multiple empirical tests to confirm the
various aspects of validity. As a note, metrics are typically designed to measure constructs in
specific circumstances, and will often show different results in other circumstances. For
example, the NASA-TLX, a workload metric, was validated in the aviation domain, thus, using it
for the nuclear power domain creates a different circumstance. Likewise an individual being
assessed creates a different circumstance than a team, an operator completing a self-
assessment creates a different circumstance than an observer completing an observational-
assessment and a post-task administration creates a different circumstance than a freeze-
probe. If a metric was designed to be used in a particular way for a specific domain and was
validated under those circumstances, applying different circumstances could make the validity
of the metric suspect. Therefore, the “new” circumstance would need to be empirically tested to
ensure the metric’s validity.

Quantitative criteria

There is no single quantitative criterion that can be used to determine whether a test is “valid”.
However, quantitative information about a metric can be evaluated using the statistical concept
of effect size, defined as the strength of a relationship between variables (Cohen, 1988). For
example, a WL metric might strongly predict error rate (large effect size), or it might be only
weakly associated (small effect size). As with other statistical concepts, such as significance
levels, there are some useful conventions for interpreting effect size indices. In experimental
studies that compare two group means, the effect size indicator is Cohen's d, defined as the
difference between the two means divided by the standard deviation for the measure.
Conventionally, d values of 0.2, 0.5 and 0.8 are considered small, medium, and large effect
sizes respectively (Cohen, 1988). For multi-group or multi-condition designs, for which analysis
of variance (ANOVA)" is appropriate, Cohen’s f statistic may be used as an indicator of effect
size: values of 0.02, 0.15, and 0.35 are defined as small, medium, and large. Pearson’s
correlation, used as an indicator of effect size for paired quantitative data, r values of 0.1, 0.3
and 0.5 are considered small, medium and large effect sizes respectively. Some key
quantitative guidelines are as follows:

Convergence with related constructs (relation to other variables evidence). Metrics of the same
construct should correlate highly. Thus, effect sizes should be strong (e.g., a new WL metric
should correlate at 0.5 or higher with existing WL metrics).

Divergence from unrelated constructs (relation to other variables evidence). Metrics should not
be strongly correlated with measures of other, distinct constructs. Generally, such correlations
should be less than 0.3. For example, WL is a distinct construct from depression, thus WL
metrics (e.g., NASA-TLX) should have only small (< 0.1) correlations with metrics that measure
depression (e.g., Beck depression inventory). However, moderate correlations with theoretically
related measures are acceptable. For example, WL and stress are distinct constructs but might
be expected to correlate moderately (i.e. less than 0.5).

Relationships with outcome measures (consequences of testing evidence). One application for
metrics may be to predict some specified outcome (e.g., a WL metric might be used to predict
operational errors). In this case, quantitative guidelines should reflect the importance of the
objective. For example, if it is critical that a WL metric predicts errors, a large effect size is
required (i.e., a correlation of 0.5 or greater). If it is merely desirable, but not critical that the
metric predicts errors, a moderate effect size of r = 0.3 would be acceptable. Small effect sizes

“An analysis of variance (ANOVA) is a collection of statistical models used to analyze the differences
between group means.
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are often of no practical significance, and exceptions to this principle must be carefully justified.
For example, a small-magnitude decrease in operator WL might be meaningful if, over time, it
led to reduced operator stress, through a gradual accumulation of small benefits.

Although quantitative guidelines are useful, it is important to keep in mind that some forms of
validity evidence specified in the AERA/APA/NCME (1999) standards (e.g., expert analysis of
test content) are necessarily qualitative.

2.1.2 Reliability

Validity should be distinguished from reliability, which refers to the accuracy and consistency of
metric (irrespective of what is actually being measured). A reliable metric will give consistently
similar values for the construct of interest; an unreliable metric will give fluctuating values.
Reliability is necessary, but not sufficient for validity. For example, a scale can repeatedly
provide a weight of 150Ibs for a person and thus is reliable. However, if the scale is not
calibrated and the person actually weighs 200 Ibs, it is not accurate and, thus, is not valid.
Reliable metrics require further evaluation to determine if they are also valid. An unreliable
metric cannot be valid and should not be used.

Some key quantitative guidelines for reliability are as follows. For multi-item scale metric (e.qg.,
survey with multiple questions), the most popular statistic is Cronbach’s alpha (Nunnally &
Bernstein, 1994). It varies from 0-1.0, and may be thought of as the internal consistency of a
metric. In other words, it is the inter-correlations of test items to demonstrate that all items are
measuring the same construct. The minimum acceptable value is 0.70; an alpha below 0.70
indicates that the measurement metric is too inaccurate for use. It is preferable for alpha to
exceed 0.80. For assessment of individuals, alpha should exceed 0.90. For example, if a WL
metric is administered to an individual operator repeatedly for the same task, alpha should
exceed 0.90. A metric’s credibility of being reliable is increased by administration in multiple
studies, which confirms test-retest reliability.

2.1.3 Intrusiveness

Intrusiveness describes the extent to which the metric interferes with task performance. For
example, frequent requests to complete a questionnaire during the task or physiological sensor
equipment that restricts mobility are likely to distract the operator. If the metric is intrusive, it
may be difficult to validate it against operator performance as it will not be clear whether errors
are due to task characteristics or the distraction caused by the metric. Intrusiveness may be
assessed in relation to the loss of performance resulting from introducing the metric. Only a
small loss of performance (Cohen’s d < 0.2) would constitute an acceptable level of
intrusiveness in a research study.

2.1.4 Sensitivity

Two additional psychometric properties that are relevant to the assessment of WL and SA
include sensitivity and diagnosticity.®

Sensitivity refers to the capacity of the metric to detect changes in task difficulty or demands. An
experimental study might vary a task feature, such as the rate at which critical events occur, and
test whether, according to the metric, WL increased as task demands increased. Sensitivity may

® These properties are not evaluated for teamwork due to the fact that measurement of teamwork is still in
its infancy. It is not clear how individual scores should be used to accurately represent a team. For
example, if individual scores are averaged, it may over or under-represent the sensitivity of the metric.
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be quantified in relation to effect sizes as previously discussed. For example, a large increase in
task demands should elicit a large magnitude change in WL (Cohen’s d = 0.8).

2.1.5 Diagnosticity

Diagnosticity is the extent to which the metric indicates the source or reason for changes in the
metric. For example, a change in WL might reflect various factors such as a change in the pace
of work, a change in physical demands or a change in the effort applied by the operator. Some
metrics provide multiple scores indicative of different sources of WL. Those that provide only an
overall WL score are less diagnostic. This psychometric property is generally assessed
qualitatively by analyzing the content and structure of the metric.

2.1.6 Additional Considerations

In evaluating the evidence for psychometric properties, the reviewer must also evaluate the
quality of the evidence. Weaknesses in the methods used to conduct an empirical test will limit
the conclusions that can be drawn from it. Poor methodology may lead to both over- and under-
estimation of validity. For example, a critical feature of empirical studies is the sample size. The
accuracy of statistical tests increases with sample size, thus findings from small samples may
not be trustworthy. Another example is using simulated environments to make inferences about
real world operations, as is common in the NPP domain. Lack of fidelity in the simulation may
threaten generalization to real environments. If the psychometric properties and the
methodologies to determine the psychometric properties are sound, one can be reasonably
confident in the quality of the metric.

2.2 Workload Measurement

The research documented by this report entailed a comprehensive review of the metrics
available for WL, SA, and TW. This section categorizes the types of WL metrics available. In
addition, it provides examples of metrics for each category. The information provided in the
examples is the type of information that staff can acquire by using the WL, SA and TW GMC
and DMW CD located in the back of this report. The sections that follow addressing SA and TW
are similarly structured.

Workload metrics vary to the extent that they are grounded in theory. Many are founded on
theories such as MRT or resource theory; others are developed for practicality purposes in a
given experiment. Additionally, workload metrics have often been developed for use in a
specific domain or for use with a specific experimental task. Thus, many workload metrics might
not be valid for all domains or all tasks within a domain. However, researchers frequently use
metrics that were originally developed for use in a specific domain in domains for which they
were never intended and for which the psychometric properties have not been sufficiently
assessed (Nygren, 1991). For example, Hart and Staveland (1988) developed the NASA-TLX
for aviation, but it has become the most commonly used workload measure, crossing multiple
domains. No single workload metric has been widely validated and accepted for use across
domains (Gopher & Donchin, 1986). In fact, workload metrics often yield low, inconsistent
correlations with one another (Reinerman-Jones, Taylor, Cosenzo, & Lackey, 2011). Thus it is
possible that a metric might be sensitive to workload changes in the aviation domain but not the
nuclear domain. Additionally, different tasks within a domain might require different workload
measures. Understanding the domains and tasks for which a metric has been validated, allows
for a better understanding of how it may be used appropriately.

There are various types of WL metrics including subjective and objective metrics. Both types of
metrics are meant to reflect the effects that performing a task has on an operator. Subjective
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metrics include self-report questionnaires, interviews and third-party observation and report.
The latter two types of subjective metrics are typically highly context dependent and one-off in
nature (e.g., interview questions may be based on a particular observation with a particular
person in a particular situation). Thus, only a self-report questionnaire example is provided in
section 2.2.1.

Objective metrics include physiological response and performance indicators. Performance
metrics come in the form of primary and secondary task performance, where decrements
indicate a change in workload (Wickens & Hollands, 2000). Physiological metrics continuously
monitor bodily responses as they relate to changes in the task environment (Cain, 2007).

2.2.1 Subjective Metrics

Definition: Subjective metrics are based on the operators’ self-evaluations of WL. These metrics
are often administered after the task or interrupt the task.

Advantages: This metric type is easily integrated into validation testing and is inexpensive. Also,
metrics administered after the task are non-intrusive (Rubio, Diaz, Martin, & Puente, 2004).

Limitations & Factors to Consider: Subjective metrics are susceptible to participant bias. For
example, a participant might report lower than actual level of WL to represent oneself as
competent or proficient at the task. Also, post-task WL metrics provide only a WL summary
without showing real-time WL fluctuations associated with the task. Finally, subjective metrics
are intended to capture the full WL experienced during the task, but often the participant
responds according to his or her perceived WL for only a particular segment of the task
(frequently the end of the task). Therefore, their score might not be an accurate reflection for the
entire task.

Subjective WL metrics should be tailored to the WL components they intend to measure. For
example, if the applicant is seeking to measure overall WL experienced by NPP operators,
generic instructions for the metric would be appropriate. Alternatively, if the applicant is
measuring the WL imposed by the HSI, the metric instructions should explicitly ask the
participant to evaluate WL related to the HSI. However, caution must be exercised when using a
modified metric because the modifications could negatively affect the psychometric properties.
If a post-task WL metric (e.g., NASA-Task Load Index) was used, the applicant needs to
demonstrate that responses of WL are for the entire task and not for an unknown task period
deemed by the operator. This can be accomplished by proper instruction to the operator
regarding the specific timeframe or tasks that they should evaluate in terms of workload (e.g.,
report the amount of workload you experienced during task A). In the case when WL needs to
be assessed multiple times throughout one task, preference should be given to metrics with low
task intrusiveness. Examples of subjective WL metrics are described below.

National Aeronautics and Space Administration Task Load Index. The National Aeronautics
and Space Administration Task Load Index (NASA-TLX) (TLX; Hart & Staveland, 1988) is a
self-report metric of perceived WL that has been validated in numerous studies and applied in
various performance settings (Hill et al., 1992; Moroney, Biers, Eggemeier, & Mitchell, 1992;
Wierwille & Eggemeier, 1993). This metric offers several advantages over other self-report
subjective metrics due to its high reliability, simplicity of administration, and non-intrusiveness
(Farmer & Brownson, 2003). The NASA-TLX can be administered via paper and pencil or on a
computer. In addition, the NASA-TLX has been used in the NPP domain. As with any self-report
metrics, the NASA-TLX is subject to participant bias. It also does not provide a real time,
continuous WL index, but just a WL summary of the entire task or the task up to the point of
metric administration. However, it does provide diagnosticity through sub-scales to understand
the aspects influencing WL. The six sub-scales are mental demand, physical demand, temporal
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demand, performance, frustration, and effort. The source publication (Hart & Staveland, 1988)
establishes the NASA-TLX as sensitive to a variety of task demand manipulations.

Instantaneous Self-Assessment. The instantaneous self-assessment (ISA) is a simple metric
for evaluating perceived WL (Tattersall & Ford, 1996). It involves asking the operators to rate
their WL, on a single scale, multiple times during task performance. The ISA is highly correlated
with other self-report WL metrics (Castle & Leggatt, 2002, as cited in Gawron, 2008). The ISA
metric is a one-dimensional WL metric and does not distinguish between types of demand, thus
it is not very diagnostic. However, it can be tailored to a specific task by modifying the
questionnaire instructions. For example, “respond with your WL rating according to how the HSI
is influencing your WL”. Generic instructions might read, “please rate your WL on a scale of one
to five with five being the highest”. Administration and response can occur in writing or as an
auditory prompt and verbal response.

2.2.2 Performance Metrics

Definition: Generally, increased WL is associated with declines in performance (Cain, 2007).
Performance metrics indirectly estimate WL level based on task performance. Performance
metrics of WL consist of primary and secondary task measures. A primary task is one that is
specified to be the most important or most frequently performed (e.g., monitoring NPP
parameters). A secondary task is one that is of lesser importance to job success or occurs
infrequently (e.g., reviewing log entries). A secondary task measure can be used to indicate the
spare resource capacity left from the primary task. It is important to look at the quantity and
type of errors for both types of tasks. The highest levels of WL will likely elevate errors in both
aspects of performance (Wickens, 1991). A lesser, but still high level of WL, is suggested when
a task manipulation increases errors on secondary, but not primary task performance. It may be
inferred that an individual is maintaining primary task performance at the expense of declining
secondary task performance (Matthews et al., 2000). Similarly, degradation of other
performance measures like detection rate, detection accuracy, and response time identify likely
points of increased WL (Cain, 2007; Wickens & Hollands, 2000). In particular, increasing WL
tends to slow the speed of response to stimuli or events, especially for secondary activities
(Ogden, Levine, & Eisner, 1979; Lansdown, Brook-Carter, & Kersloot, 2004; Matthews et al.,
2000).

Advantages: The advantage of including primary task performance measures is that they are
non-intrusive.

Limitations and Factors to Consider: The disadvantage of the primary performance measure is
that it has low sensitivity in low to moderately demanding tasks. The disadvantage of the
secondary task is that it is often intrusive to the primary task. Also, a decline in performance
might not be observed if different task modalities are chosen. If one task is presented visually
and another auditorily, performance might not suffer because they are drawing on different
resources. Thus, the secondary task also is not always sensitive to changes in task load
(O’Donnell & Eggemeier, 1986).

2.2.3 Physiological Metrics

Definition: Physiological Workload metrics are based on the premise that varying levels of WL
produces changes in physiological response. Examples of some physiological metrics used for
assessing WL include brain activity (e.g., EEG), cardiac metrics (e.g., heart rate variability), and
eye tracking (e.g., blink rate, blink duration and blink latency).

Advantages: The advantages of physiological metrics include the continuity of the data
recording, cognitive non-intrusiveness to the task, and absence of participant bias. Particular to
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the NPP domain, physiological WL metrics may be valuable because they are able to
continuously capture WL level changes during scenario testing.

Limitations and Factors to Consider: Some physiological metrics can be physically intrusive and
others require extensive training of research personnel. Scoring might be more complex than for
questionnaires. Several examples are described below.

Electroencephalography. Electroencephalography (EEG) is the measurement of electrical
activity of the brain recorded from electrodes placed on the scalp. Changes in EEG have been
associated with changes in WL as shown by several studies (e.g., Gevins et al., 1998; Raabe,
Rutschmann, Schrauf, & Greenlee, 2005). The EEG metrics provide high temporal resolution,
meaning EEG metrics are sensitive to changes over short time intervals when measuring WL.
An effort must be made to minimize intrusiveness when collecting EEG data. For example, if the
NPP simulator is large and requires the participant to move around, wired EEG technology
would be physically intrusive to the task. Analyses of the EEG data can be used as indicators of
WL as shown throughout literature (Parasuraman & Wilson, 2008). EEG systems do require a
trained technician for set-up and data interpretation.

Cardiopulmonary. The contraction of the heart is produced by electrical impulses.
Electrocardiogram (ECG) measures electrical heart rate activity. Heart rate (HR), Heart Rate
Variability (HRV), and Inter-beat Interval (IBl) are common measures used for evaluating
changes in WL (Veltman & Gaillard, 1996; Miller, 2001).

Eye tracking. Most eye tracking systems record blink frequency, eye closure fraction, blink
duration, fixations, pupil diameter, and saccades (Ha et al., 2006). Eye tracking technology has
evolved from early systems that required long calibrations and participants to sit completely still.
Today, there are a variety of systems available, ranging from head-mounted to desk-mounted.
Eye trackers are relatively easy to use and results are generally straightforward, but researchers
require training before use.

2.2.4 Workload Metrics: Key Issues

One of the key issues in WL assessment is deciding whether to use a single or multiple metrics.
Use of a single, validated metric will typically be the quickest to administer. However,
diagnosticity may be enhanced by using a combination of several WL metrics to capture the WL
profile in the NPP domain. Research has not yet determined the combination of metrics that
capture the entire “workload picture.” The metrics have been inconsistently correlated with one
another throughout the literature. The limited information that is available regarding the
relationships between metrics is captured in the Similarities Table located on the Workload,
Situation Awareness, and Teamwork GMC DMW CD.

2.3 Situation Awareness Measurement

The types of SA metrics include explicit, implicit, and subjective metrics. The metrics can be
further divided into two categories: 1) those that measure SA via real time probes (intrusive)
and, 2) those that measure SA post-task (non-intrusive). One of the greatest challenges with SA
metric development is that SA is context dependent and therefore, a single set of questions is
not likely to apply across domains.

2.3.1 Explicit Metrics

Definition: Explicit metrics of SA are based on self-report information about the situation
retrieved from memory. Fracker (1991) distinguished several types of explicit metrics including
retrospective, concurrent, and freeze metrics. Retrospective metrics are used to determine
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participants’ SA after the task by asking about the events that occurred during a certain stage of
the task. Concurrent SA metrics are administered during the task. The participants are asked to
provide verbal feedback or talk to a confederate® who evaluates the participants’ awareness of
events and processes. Finally, freeze probe SA metrics require pausing the task and asking a
set of questions to assess SA.

Advantages: The advantage of explicit metrics is that they allow comparison of operators’
awareness of the processes occurring in the plant to the actual state of the plant. The explicit
metrics of SA appear to be directly measuring SA by asking questions related to the state of the
system.

Limitations and Factors to Consider: There are several disadvantages related to explicit metrics
including reliance on memory and subjective interpretation. In other words, people report their
interpretation of the situation instead of the actual situation, thus assigning meaning to the
situation and not the facts that compose the situation. Also, concurrent and freeze-probe metrics
are potentially intrusive to task performance.

Situation Awareness Control Room Inventory. Situation Awareness Control Room Inventory
(SACRI) is an example of an explicit metric for NPP design evaluation with a freeze probe
administration. SACRI was developed by Hogg et al. (1995) based on the Situational
Awareness Global Assessment Technique (SAGAT). The items in SACRI were specifically
designed to be relevant to the NPP domain. Several studies found that freeze-probe techniques
can be intrusive to the primary task (e.g., Sarter & Woods, 1991), however, it was found that
SACRI does not significantly impact primary task performance (Hogg et al., 1995).

2.3.2 Implicit Metrics

Definition: Implicit metrics infer SA indirectly from performance data, on the basis that loss of SA
will surface as poor task performance. The simplest technique is simply to assess global (i.e.
primary) task performance. Another approach relies on use of an external task. That is, some
external stimulus changes (e.g., an alarm sounds in a NPP MCR that is unrelated to the current
task), and SA is measured in terms of the operator’s response to the event (e.g., silencing the
alarm and/or taking appropriate action if necessary). A third approach is to use embedded task
metrics. In this case, a subtask that is compatible with the overall task environment is used to
assess SA. For example, an alarm event might be generated periodically during NPP operation;
rapid response to the alarm, such as acknowledging and silencing the actuation, would indicate
high SA.

Advantages: The advantages of such metrics are they can be non-intrusive and easy to
implement.

Limitations and Factors to Consider: The main disadvantage of inferring SA from primary task
performance is that the link between SA and performance is not necessarily direct. Poor task
performance could be caused by factors other than low SA, thus making interpretation of results
ambiguous. The disadvantage of the external task and embedded task approach is that they are
potentially intrusive to the primary task performance. Furthermore, an operator might be aware
of an external or embedded task event, but fail to respond to it.

Situation Present Assessment Metric. Situation Present Assessment Metric (SPAM) is an
objective unidimensional metric of SA that records reaction time and accuracy to probes with

® An actor who participates in a psychological experiment pretending to be a subject, but in actuality is
working for the researcher.
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displays remaining in view. This metric has almost solely been used to assess air traffic
controllers.

2.3.3 Subjective Metrics

Definition: Subjective is another category of SA metrics that includes direct self-ratings,
comparative self-ratings, and observer ratings (Uhlarik & Comerford, 2002). Subjective SA
metrics are based on the rating by the operators themselves or observers.

Advantages: These metrics are easy to administer and inexpensive to implement.

Limitations and Factors to Consider: They are subject to participants’ and observers’ biases.
Observers’ ratings of SA metrics require high inter-rater reliability, (i.e. degree of agreement
among raters), thus entailing extensive research personnel training and preparation of the
materials to ensure quality data collection.

Situation Awareness Rating Technique. The Situation Awareness Rating Technique (SART)
is a self-report metric of SA, which consists of 10 dimensions (10-D SART), or three dimensions
(3-D SART; Taylor, 1990). The original 10-dimension version of SART provides more detailed
information and thus is more diagnostic. However, 3-D SART requires less time and seems to
be sufficient at providing an accurate picture of SA and it is easy to interpret results. As SART is
a post-task metric, it should be used for assessment of overall SA. Care should be taken when
using a single administration of SART in long scenarios because the accuracy of SA estimation
could be affected by participant memory decay.

2.3.4 Situation Awareness Metrics: Key Issues

As with WL, the researcher must decide to use either a single metric or multiple metrics.
Regarding measurement, typically, SA metrics are developed to adhere to a particular theory
(Salmon et al., 2009). Stanton, Chambers & Piggott (2001) suggest that the various theories of
SA, including lesser-known theories (Bedney & Meister, 1999; Fracker, 1991; Taylor, 1994),
may present a part of the global SA picture and thus, a multiple metric approach may be
prudent. The optimal compliment of SA measures has not been determined through research.

2.4 Teamwork Measurement

The main reason for assessing teamwork is to evaluate the cost of performing tasks as a team
(Stanton & Walker, 2013). Teamwork measurement is challenging because of the ambiguity
regarding the dimensions that constitute TW and the lack of metrics with psychometric
properties falling into acceptable ranges (Dyer, 1984). Stanton and Walker (2013) classified
team performance metrics into five broad categories: team task analysis (TTA) methods, team
cognitive task analysis (CTA) methods, team communication assessment methods, team
behavioral assessment methods, and team mental workload assessment methods. In addition,
there are several team performance assessments that fall into their own unique category.
Many experiments use TW questionnaires that researchers created specifically for that
particular study. In most of these instances, reliability and validity are not considered.
Experiment-specific metrics are most often subjective and are often completed by one of
several parties, 1) directly by operators, 2) supervisor or 3) trained observer. General
considerations for self-report metrics should also apply to those for TW (see section 2.2.1).

Team Interaction Behaviorally Anchored Rating Scale. A Behaviorally Anchored Rating

Scale (BARS) metric, such as the one developed by Hallbert, Sebok, and Morisseau (2000), is
an example of a TW metric. BARS-based metrics provide an assessment technique that aims to
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combine the benefits of narratives, critical incidents, and quantified ratings by anchoring a
quantified scale. This is often completed by trained observers.

2.4.1 Measurement of Constructs Related to Teamwork

2.4.1.1 Team Workload Measurement

Little research has been conducted on measurement of team WL. The majority of researchers
modify existing individual WL metrics (e.g., NASA-TLX) by changing instructions and the
number of items in order to capture team WL dimensions. Modifying existing measures to fit
new circumstances may negatively affect the metric’s psychometric properties. Also, the use of
individual WL metrics raises the issue of scoring and interpretation. For example, determining
team WL is a challenge because authors use various means to decide the score including a
sum, minimum, or maximum of the individual WL scores.

Team Workload Assessment. Team Workload Assessment (TWA) is a self-report
questionnaire that was developed to evaluate WL in teams (Lin, Hsieh, Tsai, Yang, & Yenn,
2011). This questionnaire assesses WL in teams through several dimensions, including
coordination, communication, support and leadership, and time sharing. Lin et al. (2011)
compared the effectiveness of TWA with NASA-TLX in assessing team WL in the NPP domain.
Results showed that TWA was a more sensitive metric of team WL, when compared to team
WL metrics based on aggregated individual NASA-TLX scores.

2.4.1.2 Team Situation Awareness Measurement

Team Situation Awareness metrics are in their developmental stages, as only recently has the
theoretical framework of team SA been identified. The best examples of metrics for assessing
team SA are the Computerized Adaptive Rating Scale (CARS; McGuinness, 1999) and Team-
related Knowledge Measurement Instrument (Team KMI; Johnson et al., 2007). CARS is a
subjective metric of SA that assesses perception, comprehension, projection, and integration. It
is administered after a task and scores for individuals are often aggregated to provide a team
SA rating. Team KMI is a subjective metric of team SA that focuses on measuring a level of
team related knowledge that can be used to calculate the degree of shared knowledge, which
represents the team’s shared mental model.

2.4.2 Teamwork Metrics: Key Issues
Teamwork is a key element of NPP operation, but valid metrics are lacking. Thus, in
applications that include TW assessment, it may be important to evaluate whether evidence of

reliability and validity of the metric are provided. Findings from TW metrics are likely to be
somewhat tentative, and so excessive weight should not be placed on them.
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3 GENERIC METRICS CATALOG AND DECISION MAKING WIZARD
3.1 Generic Metrics Catalog: Overview

The purpose of the Generic Metrics Catalog (GMC) is to compile information about WL, SA, and
TW metrics in a readily accessible and easy-to-use format. It provides information about both
the psychometric properties of a metric and the soundness of the methods used to investigate
these properties. The information is captured in three groups of Excel spreadsheets
corresponding to WL, SA, and TW (located on CD in the back of this report). The GMC serves
as a technical reference for NRC staff assessing a metric proposed by an applicant.

3.1.1 Detailed Description of Generic Metrics Catalog

The information in this section is most useful when used in conjunction with the GMC located on
the WL, SA and TW GMC and DMW CD. For more detailed information and associated visuals,
see Appendix A.

3.1.1.1 Presentation of Information

Access to the Generic Metric Catalog (GMC) can be found in the Table of Contents on the
Workload, Situation Awareness, and Teamwork GMC and DMW CD. The Table of Contents
allows the user to access a spreadsheet for each WL, SA, and TW metric. In order to access
the desired sheet, the user first clicks on the corresponding construct title (e.g., Workload
Metrics) and subsequently the specific metric title of interest (e.g., NASA-TLX) in the list
provided. The metric sheets are color-coded with the sheets colored in red representing WL
metrics, sheets colored in blue representing SA metrics, and sheets colored in green
representing TW metrics.

The metric sheets are organized in the form of a table. In brief, the information provided for each
metric is as follows: The name of the metric and short description is provided at the top of each
sheet. This description provides reviewers with the full metric name and acronym (if relevant),
and a high-level description of the metric. Each row of the table refers to a specific study where
the metric was used, organized in relation to the research domain in which it was conducted.
The columns of the table provide information for understanding the study.

3.1.1.2 Description of Table Columns

This section describes the information provided for each study using a given metric, and its
relevance for NRC staff. Each column has a header to indicate the content provided. Users can
find column definitions within the GMC by holding the mouse over the heading and clicking once
to open the definition.

The first column (References) gives the corresponding number in the linked references
spreadsheet that contains the full citation for the study, so that the user can locate the article if
desired. The next column (Frequency) provides a code of 1 to confirm that the metric was used
in the study. The frequency column is later tallied in the “GMC Metric Summary” spreadsheet for
a total frequency for each domain and then for each metric. Higher frequency of use lends to a
metric’s credibility and is related to the idea of sample size (see section 3.2).

The next set of columns provides information on sample size. Several columns are necessary
because samples may be based on either individuals or teams (groups). Also, samples drawn
from a general population should be distinguished from samples of operators. Specifically,
“Sample Size Non-operator” represents the number of participants drawn from a general
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population (e.g., college students). “Sample Size Operator” represents the number of
participants drawn from a specific “operator” population (e.g., NPP operators, air traffic control
operators). For both types of samples, an indication of team or individual is provided along with
the number in a team, and the total number of participants. As noted in Section 2.1.6., sample
size is relevant to determining how much confidence can be attached to the findings of a given
study. Other things being equal, more weight should be attached to findings from operator
samples than non-operator samples, given that operators have a higher level of domain specific
training and skill. Across multiple studies (rows), the Sample Size Non-operator (general
sample) and Sample Size Operator (operator sample) group of columns also show information
on how extensively each metric was used across the domains. Those within the NPP domain
will likely be of most direct relevance. However, the features of other domains may be similar to
the NPP domain, thus, it is helpful to understand which domains a metric has been used in to
evaluate its potential utility for the NPP domain.

The Scoring and Administration group of columns provides information about how each metric is
typically scored and additional issues related to scoring and administrations practices. NRC staff
can use this information in evaluating whether the applicant is administering and scoring the
metric in the traditional way.

The Psychometric Properties set of columns informs the reviewer about important psychometric
properties of metrics as reported in each article including reliability, validity, sensitivity,
diagnosticity, and intrusiveness (refer to section 2.1 for psychometric property descriptions).
Taken together, the properties indicate the extent to which the metric is effective at measuring
WL, SA and TW and the confidence that can be placed in study findings.

The remaining columns are as follows. The Task Completion Time column provides information
about the durations of the experiments in which the metrics were used. This information can be
used to compare the duration of the experiment to that of a realistic work shift. It also describes
time allocated to training, which provides an understanding of the level of participant knowledge.
This is important because using a non-expert population for research in complex domains
requires adequate training so that the results are more likely to be informative. Training is also
necessary in order to ensure that performance is not an artifact of learning. The Task Fidelity
column specifies the simulator fidelity used in the study in which the metric was administered,
categorized as high, medium, or low. High fidelity is preferable as it is more ecologically valid,
however, lower fidelities may be adequate for metric validation in some circumstances (e.g., to
show sensitivity of the metric to some simple manipulation such as short term memory load).
Finally, the Special Requirements column describes any special considerations that are
required to replicate the study or to use the metric (e.g., special equipment/software).

The tabs at the bottom of the table allow the reviewer to navigate the database without returning
to the Table of Contents. They allow the user to switch directly between different metrics, they
provide access to the DMW (described in the next section), and they provide access to
supplemental information spreadsheets (Key Terms, Similarities Table, and References).

In Figure 1, the red tabs (ATWIT, BRFS etc.) refer to other WL metrics.
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Metric Name Metric Description
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RSME (15)
. The Rating Scale Mental Effort (RSME) is a subjective uni-dimensional metric of Workload. the amount of Mental Effort allocated to the task.
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Figure 1:  GMC screenshot

3.1.1.3 Supplemental Sheets

Returning to the Table of Contents, links to supplemental sheets (See Figure 5 in Appendix A)
may be found: Key Terms, Similarities Table, and References (color coded in yellow) and the
GMC Metric Summary, and Past Application (color coded in olive green). The content of each of
these supplemental sheets is described below:

The Key Terms spreadsheet is a glossary containing relevant definitions.

The Similarities Table spreadsheet (See Figure 12 in Appendix A) provides a similarities matrix
between metrics within WL, SA, and TW. The exact correlation values are highlighted in green
and ratings of similarities are highlighted in orange. Ratings of similarities between two metrics
were determined by experts answering a set of questions related to the metrics’ use and known
psychometric properties (described in Chapter 2). Ratings of similarities were determined by the
score obtained from the sum of three criteria: 1. Domain, 2. Administration Method (Interrupted,
Post-Task, Continuous), and 3. Type of Metric (Subjective or Objective). Ratings ranged from O-
3 and Low, Medium, and High were assigned to 0-1, 1.1-2, and 2.1-3 ratings respectively.
Ratings of similarities are provided in terms of low, medium, or high to represent the level of
similarity between the metrics and should be distinguished from actual correlations that were
found in the literature. Five individuals, well-informed on each metric, completed the ratings of
similarity independently and then inter-rater reliability was calculated. A resulting similarity rating
was entered into the table if at least three expert ratings were the same for a pair of metrics.
Ratings of similarity were not calculated for metrics with less than three references due to high
error of estimation.
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The purpose of the similarities matrix is to provide reviewers an opportunity to compare metrics.
This is important to the concept of “relation to other variables evidence” described in section 2.1.
For instance, a reviewer might be familiar with the NASA-TLX, but the applicant is proposing to
use a less familiar metric (e.g., ATWIT) to assess WL. The reviewer can access the Similarities
Table to better understand if the properties of each metric are more similar than different. This is
accomplished by reading the criteria provided below the Similarities Table spreadsheet in the
GMC and then viewing the rating determined from inter-rater agreement shown in the
corresponding cell of the metrics of interest. This comparison provides the reviewer a frame of
reference for the metric being reviewed. The Similarities Table can be used as a starting point
for acquiring additional information regarding metric pairs, but the ratings of similarity should be
used with caution as these have not been experimentally tested.

The References spreadsheet includes the references for all articles, books, or chapters that
were used in the GMC. The sources within the metrics sheets are linked to the References
sheet.

The GMC Metric Summary spreadsheet is a compilation of all the data from each metric sheet
into one table(See Figure 14 in Appendix A).

The Past Application spreadsheet is a list of all saved application results to be recalled at a
later date.

3.2 Decision Making Wizard: Overview

The DMW is an excel-based tool that provides a decision tree to assist reviewers in evaluating
the choice and implementation of a metric. The DMW accepts inputs from reviewers regarding
the metric of interest. It compiles information entered by the reviewer and information stored in
the GMC, and uses decision logic to generate a list of suggested questions that the reviewer
may want to ask the applicant.

3.2.1 Detailed Description of the Decision Making Wizard

The Workload, Situation Awareness, and Teamwork spreadsheets include flow charts and are
identical in layout. Each decision making flow chart consists of the following columns: 1)
Questions Asked by the DMW, 2) Instructions, 3) Inputs, and 4) Areas of Concern. The column
“Questions Asked by the DMW?” provides the questions the DMW asks in order to evaluate a
particular metric. The Instructions column provides the directions technical review staff should
follow for providing information in the Inputs column. The Instructions column will have a path
arrow through it if the GMC automatically provides the information. Path arrows along with
instructions guide the reviewer through the flow chart. The Inputs column allows the reviewer to
select an option from a dropdown menu or shows automatically populated information from the
GMC. To be clear, two types of inputs are used by the DMW: Reviewer Generated and GMC
Generated. For Reviewer Generated inputs, the reviewer uses a selection menu to input
information into the DMW, whereas GMC Generated inputs are automatically populated based
on the information amassed in the GMC. Details regarding these automatically populated
choices are detailed in Figure 2. The Areas of Concern (AOC) column lists potential questions
regarding the quality and appropriate usage of the proposed metric that review staff may want to
ask applicants.

The Summary of Areas of Concern spreadsheet summarizes all of the comments from the
Areas of Concern columns from the Workload, Situation Awareness, and Teamwork
spreadsheets. There is a save feature that allows reviewers to save the “Areas of Concern”
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resulting from the current session. Later, these results can be recalled for side-by-side
comparison of results from revised inputs. The Questions for Reviewers spreadsheet compiles
the information from the Summary of Areas of Concern spreadsheet and converts them into a
user-friendly format (i.e., Word or PDF). The resulting saved Word document enables editing of
the AOC whereas the saved PDF does not allow editing. It is important to note the disclaimer,
“NRC reviewers may use questions generated by the DMW as input when composing RAIs. The
GMC and DMW should not be used in place of technical reviewer judgment. The NRC reviewer
is responsible for making a final decision based upon all content of the entire application.” The
GMC and DMW is merely a tool to assist reviewers during the review process.

3.2.2 Decision Making Wizard Decision Logic

The Decision Making Wizard (DMW) utilizes answers to ten questions to generate feedback to
the technical review staff regarding the metric of interest. An explanation of the logic behind
each of the questions is detailed in this section.

The first four questions require the reviewers’ input (i.e., answer) because the information must
be extracted from the application under review. The inputs for the last six questions are
automatically generated by the GMC from the information collected and compiled for the metric.

The DMW compares the input provided by reviewers to the information in the GMC in order to
determine whether a metric is being used appropriately (i.e., in accordance with the DMW
assessment criteria). Based on this comparison, technical review staff will either be directed to
move to the next question, if the metric is being used appropriately, or will see comments in the
“Areas of Concern” column for staff consideration if the metric is not being used appropriately.
The logic that determines whether the DMW generates a comment in the “Areas of Concern”
column is described and illustrated in Figure 2.
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Administration Type | Intrusion

Continuous Intrusive

DNS

Freeze Probe Intrusive

On-line Intrusive

Post task Non-intrusive

Question Choice

Is the metric planned to measure the construct | Teams

in individuals or teams? Individual
DNS

Is the metric administered the way it is Table listed above

typically done?

Who is completing the metric Observer
Participants/Operator
DNS

Administration Type: Determined as Continuous, Freeze Probe, On-line, or Post task. This
information is found in the original source entry.

Reliable: Yes, if at least one article has evidence for the metric being reliable

Valid: Yes, if at least one article has evidence for the metric being valid

Sensitivity: Yes, if at least one article has evidence for the metric being sensitive

Diagnosticity: Yes, if at least one article has evidence for the metric being diagnostic

Number of References: Determined by the number of entries in each metric tab. Considered
frequently used if greater than 10.

Operator Sample: This is determined yes if at least one entry has an operator sample

NPP Domain: Determined yes if at least one entry has completed an experiment in the NPP
domain

Task Fidelity: Determined yes if 10% or more of the entries for the tab are considered high
fidelity simulators.

Figure 2: Details used to by the DMW to compare information to the GMC

1. Is the proposed metric valid to measure the intended construct?

This question asks whether the metric was intended to measure WL, SA, or TW. This is
addressing evidence of test content described in section 2.1.1. All metrics are sorted in the
GMC by the construct they are intended to measure based on the information obtained in the
review of the literature. If the metric proposed by the applicant does not measure the intended
construct (e.g., a metric for WL cannot be used to measure SA), the results obtained from
implementing this metric during human performance evaluation would be inaccurate.

2. Is the metric planned to measure the construct in individuals or teams?
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Metrics developed to measure constructs in individuals are likely not valid, or, have not been
validated for measuring the constructs in teams and vice versa. The DMW evaluates whether
the metric usage (i.e. individuals or teams) proposed by the applicant has been validated
(discussed in section 2.4) by comparing it to the usage in the original source. Physiological
metrics are exceptions to the decision making logic of the original source as they can only be
used for individuals.

3. Is the metric administered in its traditional manner?

Each metric has been created and validated for use with a particular administration type (e.g.,
NASA-TLX was created as a post-task metric). If the applicant proposes an administration type
that has not been validated, the results may be inaccurate or misleading. The DMW evaluates
the proposed administration (e.g., post-task, freeze probe) by comparing it to the original
source.

4. Who is completing the metric?

Some metrics are designed to be completed directly by the participant/operator (e.g., SWAT),
and others are to be completed by observers or raters (e.g., SABARS). This information is found
in the original source and supported by other literature available for the metric. If the applicant
does not plan to have the appropriate respondent completing the metric, the results obtained
from implementing this metric during the human performance evaluation may be invalid or
misleading.

5. Is the metric potentially intrusive to the scenario?

Intrusiveness is discussed in section 2.1.3. A metric is labeled as non-intrusive if it does not
interfere with the primary task. If intrusive, the way in which it is intrusive is listed in the areas of
concern (e.g., physical, cognitive, task freeze). Intrusion may significantly alter the psychological
or physical processes that are being investigated. The inputs previously entered into questions
3 and 4 will determine if the metric is intrusive to the experimental scenario.

6. Is the metric sufficiently reliable, valid, sensitive, and diagnostic?

Standards for these psychometric properties are discussed in section 2.1. Validity, for this
question, refers to all evidences discussed in section 2.1.1 other than test content, which is
addressed in Question 1. If there is one study demonstrating a particular psychometric property,
then the metric is considered sufficient in demonstrating that property (i.e., reliable, valid,
sensitive, or diagnostic). If the metric proposed by the applicant is not sufficiently reliable, valid,
sensitive, and/or diagnostic, the results obtained will be suspect.

7. Has the metric been frequently used?

The more a metric has been used lends to its credibility and is related to the idea of sample size
presented in section 2.1.6. Ten articles were required for the DMW as an indication that the
metric has some acceptance in the field and has been used by more than the creators of that
metric. However, frequency of use does not necessarily imply the quality of the metric. It should
be considered alongside the other psychometric properties.

8. Has the metric been used with operator samples?
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This question informs the reviewer whether the metric proposed by the applicant has been used
with operator samples from any domain. Experts differ from novices in performance of tasks and
therefore, responses to metrics can also differ between experts and novices. It is possible that a
metric is, for instance, sensitive for novices but not for experts. In the NPP domain, the
population of interest is typically licensed operators, therefore metrics found to be sensitive and
diagnostic with experts from similar domains will likely be more suitable.

9. Has the metric been used in the NPP domain?

A metric that has not been validated in the NPP domain (i.e., there are no studies from nuclear
domain) may not be suitable for use in the NPP domain. For example, metric items worded for
the air traffic control domain may not be suitable for use in the NPP domain.

10. Has the metric been used with high fidelity simulators?

This question informs the reviewer whether the metric proposed by the applicant has been used
with simulators with a high level of realism in at least 10% of the studies using the given metric.
In order to gain an accurate assessment of task performance within an integrated system, the
NPP domain uses high fidelity, full-scale simulators to ensure the system design supports the
safe operation of the plant. For this reason, a metric validated using a high fidelity simulator may
be more applicable for use in the NPP domain. The10% cut-off was determined because nearly
all metrics have been used with at least one high fidelity simulator; therefore, the requirement
was 10% to differentiate metrics more widely used with high fidelity simulators.
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APPENDIX A - Generic Metrics Catalog and Decision Making Wizard User Guide

1. About the User Guide

The goal of this user guide is to instruct and train technical review staff on the organization,
capabilities, and applications of the GMC and DMW. Readers should use this manual in
conjunction with the Workload, Situation Awareness, and Teamwork GMC and DMW tool which
can be found on the CD accompanying this NUREG/CR. Upon the completion of this guide,
staff should achieve a general understanding of the GMC and DMW composition. The user
guide discusses the general layout and main functions of the DMW and the GMC. The user
guide also provides directed practice using both tools for evaluating a metric from a hypothetical
application.

2. Navigating the GMC AND DMW

This section has two objectives: 1) familiarize the user with the GMC and DMW and 2) provide
the user with an understanding and the rationale behind the elements included in the GMC and
DMW.

The GMC and DMW consists of two distinct, yet integrated, components: 1) the GMC which
compiles information about WL, SA, and TW metrics and 2) the DMW which is a tool that
obtains information from the technical review staff and the GMC and uses decision logic to
generate a list of suggested questions that technical review staff may want to ask an applicant.
These two components are presented in a manner that allows the user to move between them
with ease to best suit the user’s needs.

The GMC and DMW is an Excel file consisting of multiple color-coded spreadsheets. The users
will only need basic Excel skills to use the GMC and DMW. Below, are steps to show the
components and navigation within the GMC and DMW. The italicized directions move through
the structure and content of the GMC and DMW, beginning with the DMW followed by the GMC.
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_!__.-' Security Warning  Macros have been disabled

Enable Content

Al hd Jfe | Table®
Table of Contents
Key Terms

Decision-Making Wizard
Workload
Situation Awareness

Figure 3: Enable content

STEP 1:

Open the GMC and DMW by double-clicking on the file. Enable content and macros if
prompted.
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Table of Contents

Key Terms

Decision-Making Wizard
Workload
Situation Awareness
Teamwork
Summary of Areas of Concern

Questions for Reviewers

Generic Metric Catalog
Workload Metrics ‘

Situation Awareness Metrics

Teamwork Metrics ‘

IExExn !

Similarities Table
References

Table of Contents IKe

<+ ¥| Table of Contents . Key Terms MWV

Figure 4: Tab linking i‘o Table of Contents

STEP 2:

Select Table of Contents by clicking on the corresponding tab once. If the Table of Contents tab
is not visible, click on the left directional arrows in the lower left-hand corner to scroll until it
appears.

The Table of Contents (Figure 4) provides access to all GMC and DMW elements. The
elements are color-coded tabs. They are color-coded to group related spreadsheets. To access
the desired spreadsheet, the user must click on the underlined word. The following features are
accessible from the Table of Contents:

Key Terms

Decision Making Wizard (DMW)

Generic Metric Catalog (GMC)

Similarities Table

References

GMC Metric Summary

Past Applications

@MmMoUoOmy>
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Each element is described below:

A. Key Terms: A glossary to help the user understand terminology used in the GMC and DMW.

B. DMW: Technical review staff may use the DMW to support their review process by selecting
inputs according to the information provided in an NPP application. The Workload, Situation
Awareness, and Teamwork spreadsheets are identical in layout.

Table of Contents

Key Terms

Decision-Making Wizard
Workload
Situation Awareness

Teamwork

Questions for Reviewers

Generic Metric Catalog

Workload Metrics |

Situation Awareness Metrics |

Teamwork Metrics |

Similarities Table
References

Past Applications

. GMC Metric Summary

Figure 5: The DMW portion of the Table of Contents

STEP 3:
Click on Teamwork under the DMW in the Table of Contents.

The Workload, Situation Awareness, and Teamwork spreadsheets include flow charts and are
identical in layout (See Figure 6 for a sample of the layout for the Teamwork spreadsheet). Each
decision making flow chart consists of the following columns: 1) Questions Asked by the DMW,
2) Instructions, 3) Inputs, and 4) Areas of Concern. The column “Questions Asked by the DMW”
provides the questions the DMW asks in order to evaluate a particular metric. The Instructions
column provides the directions reviewers should follow for providing information in the Inputs
column. The Instructions column will have a path arrow through it if the GMC automatically
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provides the information. Path arrows along with instructions guide the reviewer through the flow

chart.
9 Table of Contents

s gfF proposed metric valid to)
measure the intended
construct?

Select the metric usig
applicant.

Figure 6: Teamwork DMW spreadsheet

The DMW asks two types of questions: 1) questions that require an input from the technical
review staff and 2) questions for which inputs are automatically generated based on information
provided by the GMC (more on the content of the GMC is in Section 2.2). The questions on the
left of the screen are questions of interest with regard to the evaluation of a particular metric
(See Figure 7). The first question, which requires input by the review staff, examines whether
scientists designed the selected metric to measure the intended construct (e.g., TW). If the
selected metric measures the intended construct, additional questions will appear. Otherwise,
no additional questions appear. The three subsequent questions will also require input from the
review staff by selecting from a drop-down menu. The final six questions will automatically
populate from data in the GMC. All inputs allow for the “does not specify” (DNS) option if the
information is unknown or not available.

Is the proposed metric valid to
measure the intended
construct?

Reviewer Generated

Select the metric used by the

MOVE TO THE NEXT REVIEW
STEP

metric planned to
e the construct in
iduals or teams?

Is the metric planned to Select how the metric is planned to be

. ed.
measure the construct in "

individuals or teams?

Figure 7: DMW Questions

A-5



Table 1 provides the questions included in the DMW along with the reason for why each is
important to the evaluation of a metric. The questions in the Questions Asked by the DMW
column link back to the Key Terms spreadsheet. Click on the cell to activate the link. This
feature provides direct access to definitions and additional information for the vocabulary and

concepts in each row.

Table 1

Questions asked of the GMC
Does the proposed metric measure

the intended construct?

Is the metric planned to measure
the construct in individuals or
teams?

Is the metric administered in its

tradition manner?

Who is completing the metric?

Is the metric potentially intrusive to
the scenario?

Is the metric sufficiently reliable,
valid, sensitive, and diagnostic?

Has the metric been frequently
used?

Has the metric been used with
operator samples?

DMW questions and their relationship to metric evaluation

Importance

A metric that was created to measure the intended
construct is important to provide evidence of test content,
which is one aspect of validity.

A metric created to measure the construct in individuals
might not be valid to measure the construct in teams.

A metric validated for a specific method of administration
(e.g., post-task) is not necessarily valid if administered
differently (e.g., freeze-probe).

A metric validated for being completed by a specific
individual (e.g., supervisor) is not necessarily valid for
completion by a different individual (e.g.,
participant/operator).

A metric that is intrusive to the task or the person might
impact the operator’s state or performance.

Reliability describes how consistently the metric measures
the construct. Validity describes the metric's ability to
accurately represent the construct to be measured.
Sensitivity describes how effective the metric is at
detecting changes in task manipulations. Diagnosticity
describes the metric’s capability to differentiate reasons
for the measurement results (e.g., why was WL high).

The more a metric has been used, contributes to its
credibility and is related to the idea of sample size
presented in section 3.2. However, frequency of use does
not necessarily imply the quality of the metric. It should be
considered alongside the other psychometric properties.

A metric found to be applicable for use with operator

samples may be more suitable for the NPP domain
because of increased generalizability.
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Has the metric been used in the A metric used in the NPP domain supports validity.
NPP domain?

Has the metric been used with high A metric used and validated in a simulator of a particular
fidelity simulators? level of fidelity has validity for another environment of the
same fidelity level.

Areas of Concern (See Figure 21) result from the inputs into the DMW. The information
provided in this column is feedback for review staff regarding where further inquiry of applicants
may be prudent. These areas of concern are also compiled and summarized in the “Questions
for Reviewers” spreadsheet.

C. GMC: In the Table of Contents, under the Generic Metric Catalog heading (Figure 8),
metrics are listed by category: Workload, Situation Awareness, and Teamwork.

Generic Metric Catalog
Workload Metrics

Situation Awareness Metrics

Teamwork Metrics

Figure 8: Accessing the GMC

STEP 4:
Click on the “Table of Contents” link (See figure 5). Next, click on “Situation Awareness
Metrics.”(See Figure 8) to display the names of metrics that measure SA (See Figure 9).

Each metric links to a corresponding spreadsheet (Figures 9) that contains information about
that specific metric.

A-7



Generic Metric Catalog
Workload Metrics

Situation Awareness Metrics

CARS

Eve Tracking - SA
FASA

MARS

Mini Sitreps

PSA

QUASA
SACRI

SAGAT

SARS

Figure 9: SAGAT selection

STEP 5:
Click on SAGAT.

Each metric spreadsheet contains a collection of organized and synthesized information
gathered via an extensive literature review. Figure 10 provides a sample of the information
compiled for SAGAT. The information includes: (1) a brief description of the metric; (2) the
domain(s) in which the metric has been applied or tested; (3) reference links to the full
publication citation; (4) details about metric properties and usage (i.e., sample sizes from non-
operational and operational personnel, scoring and administration method, psychometric
properties, task completion time, task fidelity, and special requirements); and (5) A return link to
the Table of Contents.
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‘The Situation Awareness Global Assessment (SAGAT) is a subjective multi-dimensional metric of Siuation Awareness. Uses queries that ask the operator about
past, present and future states of the task. Administered during periodic freezing of the task.

SAGAT (43) SAGAT (43) i V4

Global A
Technique)

Table of Contents

vlalels|k|e|=|o|8

gle|=lo/-|

A ¥
h
Sample Size Non-operator Sa ize Operator

Number of
Individuals

Number of ‘ Team Size Total in team Number of Number of ‘ Team Size
Teams study Individuals Teams

Figure 10: Example Metric Spreadsheet: SAGAT

Table 2  Columns on the GMC Metric Spreadsheets

Description of information provided for each metric found in the columns on GMC Metric
Spreadsheets

Column Importance

Reference This column shows a number that corresponds to the linked
references spreadsheet that contains the full citation.

Sample Size This group of columns shows the population from which the
sample was drawn. Sample Size Non-operator (general sample)
represents the number of participants drawn from a general
population (e.g., college students). Sample Size Operator
(operator sample) represents the number of operators (e.g., NPP
operators, air traffic control operators, etc.). Both types of
samples include an indication of crew or individual and the
number of members in a crew.

Scoring and Administration  This group of columns describes the process for scoring or
administering the metric.

Psychometric Properties This group of columns provides information about psychometric
characteristics of the metric including reliability, validity,




Task Completion Time

Task Fidelity

Special Requirements

Users can find column descriptions within the GMC by holding the mouse over the heading and

sensitivity, diagnosticity, and intrusiveness.

This column indicates the duration of the experiments in which

the metric was used.

This column specifies the simulator fidelity in which the metric
was used including low, medium, and high fidelities.

This column describes any special considerations needed to use

the metric within that specific study.

clicking once to open the definition (Figure 9).

heries that ask the operator
rator Scoring and Administration
hm Size Total in team oW DTETPE| The method for scoring
St“d}" cr”a%nwxiwwsteringthe

2 12 DNS DNS

0 0 Freeze probe. |SA queries were |DNS

0 0 Freeze probe. |Computer- None -

0 0 DNS DNS DNS

0 0 SA was assessed | DNS DNS

0 0 Paper and DNS DNS

0 0 Paper and DNS DNS
Figure 11:  Pop-up definition feature showing Scoring Method

D. Similarities Table

The similarities table is a matrix between metrics within WL, SA, and TW. The exact correlation
values are highlighted in green and ratings of similarities are highlighted in orange. Ratings of
similarities between two metrics were determined by experts answering a set of questions
related to the metrics’ use and known psychometric properties (described in Chapter 2). Ratings
of similarities were determined by the score obtained from the sum of three criteria: 1. Domain,
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2. Administration Method (Interrupted, Post-Task, Continuous), and 3. Type of Metric
(Subjective or Objective). Ratings ranged from 0-3 and Low, Medium, and High were assigned
to 0-1, 1.1-2, and 2.1-3 ratings respectively. Ratings of similarities are provided in terms of low,
medium, or high to represent the level of similarity between the metrics and should be
distinguished from actual correlations that were found in the literature. Five individuals, well-
informed on each metric, completed the ratings independently. Following the independent
assessments, inter-rater agreement was calculated. A rating was entered into the table if at
least three of the five raters’ ratings were the same for a pair of metrics. Ratings for metrics with
less than three citations were not calculated due to high error of estimation.

The purpose of this matrix is to provide reviewers an opportunity to compare the similarity of
metrics. For instance, a reviewer might be familiar with the NASA-TLX, but the applicant is
proposing to use an unfamiliar metric called ATWIT to assess WL. The reviewer can access the
Similarities Table to better understand if the properties of each metric are more similar than
different. This is accomplished by reading the criteria provided below the Similarities Table
located in the GMC and then viewing the rating determined from inter-rater agreement shown in
the corresponding cell of the metrics of interest. This comparison provides the reviewer with a
frame of reference for the metric being reviewed. The Similarities Table should be a starting
point for acquiring additional information regarding metric pairs, but the ratings of similarity
should be used with caution as these have not been empirically validated.

Subjective similarity rating is determined based on the score obtained from

Similarities Table due to high error of estimation. Detailed methodology can be found below

Back to Table of Contents

Medium Low Low Low Low
Medium Low Low Low Medium
0.83; 0.25;
L L : : Hi 0.3
ow ow 0.29 gh
0.83; 0.25;
L L : : Hi 0.34
oW ow 0.29 gh
Low Low High High High

Figure 12:  Similarities Table spreadsheet

STEP_6:
From the SAGAT metric spreadsheet, click the “Back to Table of Contents” link (shown in figure
10. Click “Similarities Table” in the table of contents tab.

E. References

The References spreadsheet (Figure 13) includes all of the articles and publications that
support the GMC. The numbers in the brackets (Figure 10, Number 3) in the first column are the
linked reference numbers that appear in the Metric spreadsheets. Scrolling to the top of the

A-11



page will show the link to return to the Table of Contents or use the tabs at the bottom of the
screen to navigate to any point within the GMC or the DMW.

References

Back to Table of Contents

1] Ahlstrom, U. and F. J. Friedman-Berg. "Using Eye Movement Activity as a Correlate of Cognitive \
[2] Alm, H. and L. Nilsson. "The Effects of a Mobile Telephone Task on Driver Behaviour in a Car Fo
[3] Averty, P., et al. "Mental Workload in Air Traffic Control: An Index Constructed from Field Tests."
[4] Baldwin, C. L. and B. N. Penaranda. "Adaptive Training Using an Artificial Neural Network and EH
[5] Banbury, S. H,, et al. "Fasa: Development and Validation of a Novel Measure to Assess the Effectiy

[6] Becker, A. B, et al. "Effects of Jet Engine Noise and Performance Feedback on Perceived Workloa

Figure 13:  Screenshot of References spreadsheet

G. GMC Metric Summary

The GMC Metric Summary sheet is a compilation of all of the data from each metric sheet into
one table. See Figure 14 below for an illustration of the GMC Metric Summary spreadsheet. For
a clearer view, click on the GMC Metric Summary in the TOC of the GMC DMW located on the
CD.

Tsble of Contents

Metric Name SA, Frequency | Adminisoation Type Reliable Valid Sensitiviy Operator Sample NPP Domain_ | Task Fidelity Observer | Type of menic
1 3 post task 0 0 0 0 246 1 No Pasticipant/Og Teamwork
2 2 online 1 1 0 0 154 0 No Observar
3 10 online 1 1 ) 1 170 0 High BasticipantOg
1 2 post task 1 0 0 0 70 1 Hish ParticipantiOf
H 1 post task 1 1 0 0 53 0 High Basticipant Of
5 1 post task 0 1 0 0 0 1 Hish Pasticipant Of
7 26 i 2 7 7 0 224 5 Hizh Individual |Participant/Of Phy
B 3 post task 0 0 0 0 28 0 No Tndividual | Participant O Subi
5 3 on-line 1 0 0 1 0 0 No Teams | Obssrvar
1 post task 0 0 1 0 20 0 o Teams _|ParticipantiOg
2 post task 1 0 1 0 1300 0 High Teams |Darticipant/Og
1 post task 1 1 0 0 1000 0 Hish Teams __|Participant/Og
3 fraazs probs 0 1 0 0 0 0 No Teams |ParticipantiOg
1 i 1 3 1 0 33 0 High Tndividal |Farticipant Oy
2 1 2 10 2 63 0 Hizh Individal |ParticipantiOg
2 0 0 0 0 0 0 No Teams __|Participant Oy
1 0 0 1 0 1 0 Mo Tndividual |DarticipantiOg
33 0 3 7 1 120 4 Hish Tndiviéual _|ParticipantiOg
1 1 1 0 0 48 0 High Tndividual |Farticipant Og
GOMS Stress NA WA WA NA NA WA N NiA NA NA
21 Greohical Multiprocd Program design WA NA NA A WA NA NA NA A WA
22 Greohical Timeline & Timeline Analys]  NA WA WA N NA WA N NA N NA
3 Indexof Intesration |Intesrated HCL NA NA NA NA NA NA N NA NA NA
3 0 1 1 0 20 0 Hish Tndiviésal |ParticipantiOg
3 0 3 3 3 23 1 High Individual |Participant Oy
1 0 0 0 0 7] 0 Hizh Tndividual |Participant/Og 50
1 0 2 3 0 30 1 To Tndividual |Participant/Of Subje
1 0 0 0 0 7 0 Hish Tndividual _|Participant/Og Subis
B 2 1 6 3 FE] 0 To Tndividual |Farticipant Og
1 0 0 0 0 0 0 o Tndividal |Participant/Og 50
118 12 B 23 H 814 11 High Individual |Participant Oy
1 0 0 0 0 " 1 Hizh Tndividual |Participant/Of Subis
NA WA WA N NA NA N N N NA
3 0 0 0 0 28 0 Hish Tndividual | Participant/Of Subjsctiva WL
2 0 0 0 0 20 0 High Individual |Pasticipant Oy Subjective 4
6 0 0 F) 0 77 0 To Tndividual _|Participant Oy Subjactive SA
15 0 1 2 0 127 1 High Tndividual |Participant/Og Subjective WL
5 2 0 0 0 122 0 Hish s |Observer  |Teamsa
] 0 0 1 0 33 ] High Participant Og Explicit
(7} 5 4 3 2 355 2 Hish Participant Of Explicit
1 1 0 0 0 30 0 o Observer  |Team8A
1 3 1 0 0 515 0 Hizh Darticipant Og Sthjs:
b 2 3 H 1 194 0 Hizh Dasticipant Og
4 0 0 0 0 56 0 Hish Tndividual | Participant O Subi
2 0 0 0 0 0 0 No Individual | Pasticipant Oyl Subjective WL
1 0 1 0 0 12 0 Hizh Tndividual _|Participant/Of Physiolozical
2 0 1 0 0 0 0 High Teams |Darticipant/Og Teamwork
B 0 0 0 0 a7 0 Hizh Tndividusl _|Participant O Implicit
2 0 0 1 0 0 0 Hish Tndividual | Participant/Op Subjsctiva WL

Figure 14:  GMC Metric Summary Spreadsheet
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H. Past Application
The Past Applications spreadsheet is a list of all saved session results to be recalled at a later
date.

3. Practice Using the GMC and DMW

In this section, a step-by-step NPP application example using the GMC and DMW is presented
to give users hands-on practice..

Scenario: An application proposes to use the Situation Awareness Control Room Inventory
(SACRI) metric. The applicant plans to administer this metric to individual operators after task
completion.

Information received from the applicant reveals important details to input into the DMW, such as
the human performance area being measured (SA), the metric (SACRI), team or individual, and
method of administration (participant/operator, post-task).

Steps for Using the DMW
Follow each step carefully to enter all pertinent information into the DMW.

Table of Contents

Key Terms

Decision-Making Wizard
Workload
Situation Awareness

Teamwork
Summary of Areas of Concern
Questions for Reviewers

Generic Metric Catalog

Workload Metrics

. Situation Awareness

Situation Awareness Metrics

Teamwork Metrics ‘

Similarities Table

References

RAL

GMC Metric Summary = -
S }E' Situation Awareness 4

Past Applications

i 4 » ¥ Table of Contents . Key Terms T M0 ais e W e LT

Figure 15:  Select tab from Table of Contents or the list at the bottom of the window

STEP 1:
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Once the DMW is open and content and macros enabled, open the blue Situation Awareness
spreadsheet as this is the construct of interest in this scenario.

Is the proposed metric valid to
measure the intended construct?

Select the metric used by the applicant.

Figure 16:  Questions asked by the GMC and Instructions in the DMW

STEP 2:
Read the question and follow the instructions.

rwer Generated

Figure 17:  Input selections indicated by a drop-down menu under Inputs column

STEP 3:
Select SACRI from the drop-down menu.
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Once the reviewer makes a selection, a series of questions and instructions will appear. Notice
the flow of the page in Figure 18.

Table of Contents

Reviewer Generated

Is the proposed metric valid to

measure the intended construct? Select the metric used by the applicant.

MOVE TO THE NEXT REVIEW
STEP

Is the metric planned to
measure the construct in
individuals or teams?

Select how the metric is planned to be
used.

REVIEW AREAS OF CONCERN

Select how the metric is planned to he
used.

REVIEW AREAS OF CONCERN

Is the metric administered in its
traditional manner?

Figure 18:  Flow of DMW instructions, inputs, and areas of concern.

Note: If applicants did not provide details for any of the questions asked by the DMW, select
“‘DNS” (Does Not Specify). The first four questions require an input from the reviewer.
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Is the metric planned to
measure the construct in
individuals or teams?

Select how the metric is planned to be
used.

Individual

MOVE TO THE NEXT REVIEW
STEP

Figure 19:  Individual or team measurement.

STEP 4:
Select Individual.

Is the metric administered in its

Select how the metric is planned to be
used.

traditional manner?

REVIEW AREAS OF CONCERN

Figure 20:  Administration of metric.

STEP 5:
Select Post-task.

Post task

This metric has been traditionally
administered in freeze probe way. Your
report indicates that the metric will be
administered in an alternative way. Please
provide evidence/justification that
alternative administration is appropriate or|

provide a revised proposal.

Figure 21:  Areas of concern appear as selections are made.

STEP 6:
Read the pink boxes as they appear in the Areas of Concern column.
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Who is completing the metric?

Select who will be using the metric. Participant/Operator

Figure 22:  Select who completes the metric.

STEP 7:
Select Participant/Operator.

After the first four questions that require reviewer input, the GMC generates information for the
remainder of the questions (Figure 24).

GMC Generated Feedback, Reviewer: Continue Reading Below.

Is the metric potentially
intrusive to the scenario?

No requests

Is the metric sufficiently
reliable, valid, sensitive,
diagnostic?

Describe how the metric measures the

Reliable - DNS y-
Valid - DNS Describe how the metric's ability to
ly represent the to be
Sensitive - Yes measured has been validated
Diagnostic - DN§
No requests.

Describe how the metric is suitable at
differentiating the reasons for the results
they produced.

Figure 23:  Example of generated information based on inputs to the DMW.

The Refresh button is located at the top of the screen (Figure 25) and clicking this will clear all
selections.

A-17



Table of Contents

Reviewer Generated

Is the proposed metric valid to

measure the intended construct? Select the metric used by the applicant.

Figure 24:  To clear all selections, click on "Refresh" at the top of the tab.

At this point in the process, all of the available drop down menus should be completed and
all areas of concern provided. The feedback in the Areas of Concern column is compiled in
the Summary of Areas of Concern spreadsheet (Figure 26) and translated into Suggested
Questions for Reviewers. If there are any blank selections in the DMW, suggested questions for
reviewers cannot be generated.

Key Terms Situation Awareness ¢ _Summary of Areas of Concern ¢

Figure 25: Summary of AOC spreadsheet shows WL, SA, and TW recommendations

If the review staff has put information into the DMW for SA, WL, and TW metrics, results from all
three will appear on the Summary of Areas of concern spreadsheet (Figure 25). Otherwise, it
will only contain the feedback generated for constructs that were populated.

Situation Awareness Suggested Quest
(Metric Used SACRI
Is the proposed metric valid to measure the intended construct? No areas of concern
*Is the metric planned to measure the construct in individuals or teams? No areas of concemn
This metric has been traditionally administered in freeze prolj
administered in an alternative way. Please provide evidence/j
Is the metric administered in its traditional manner? provide a revised proposal.
|W'ho is completing the metric? No areas of concern
s the metric potentially intrusive to the scenario? No areas of concern
*Is the metric sufficiently reliable? Describe how the metric measures the construct consistently
Is the metric sufficiently valid? Describe how the metric's ability to accurately represent the
*Is the metric sufficiently sensitive? No areas of concem
Is the metric sufficiently diagnostic? Describe how the metric is suitable at differentiating the reas
1]-[;15 the metric been frequently used? Please provide information about previous use of this metrid
Has the metric been used with operator samples? No areas of concern
']-Ias the mefric been used in the NPP domain? No areas of concern
Has the metric been used with high fidelity simulators? No areas of concemn

Figure 26:  Summary of Areas of Concern showing results from practice input.
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In the SACRI example, the DMW does not produce recommendations in the Workload or
Teamwork summary sections due to the lack of information provided.

Saving results from a specific DMW session

The reviewer has the ability to save the results from each application entered into the DMW.
This feature is located at the top of the Summary of Areas of Concern spreadsheet. To save,
first the reviewer must input the application name into the cell stating “(Type name of application
here).” Then click on “Save Current Application.” Once the reviewer saves the application
he/she can retrieve past applications by clicking “Drop down menu of previous application.”

Save Current Application ‘

7

Current Application Save Cmaﬂwﬁ:aﬂ'rm Previous Application

Drop down mem of Previous Applicatigg
Sugg.sted Questions for Reviewers

Drop down menu of Previous Applications

(Type name of application here)

Suggested Questions for Reviewers

Figure 27:  Saving results from a specific DMW session

Generating the Suggested Questions for Reviewers

The feedback report is located in the Suggested Questions for Reviewers spreadsheet (Figure
29). To save a Word or PDF version of the report, click “Save as Word” or “Save as PDF”
(Figure 30).

Questions for Reviewers

Figure 28:  Questions for Reviewers spreadsheet.

STEP 9:
Select Questions for Reviewers.
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Suggested Questions for Reviewers ‘

Table of Contents
This page will generate a suggested questions for rg

applicant. To list the questions for the reviewers, p Save as Word ‘ Save as PDF
combine questions from populated workload, situa

To save the questions as Microsoft Word or Porta S—
corresponding button.

Generate Report Save as Word ‘ Save as PDF
&

Disclaimer: NRC revieNgrs may use questions generated by the DMW as input when composing
RAIs. The GMC and D should not be used in place of technical reviewer judgment. The NRC
technical review staf ed upon all content of the entire

lication.
application. (Generate chort

Figure 29:  Suggested Questions for Reviewers generation.
STEP 10:
Click the Generate Report button to see the summary of Suggested Questions for Reviewers.

STEP 11:
When the pop up disclaimer (Figure 31) appears, read carefully then select “OK”.

STEP 12:
Select Save as Word or Save as PDF at the top of the table to save or print the report

i A
Microsoft Excel | 2|
MNRC reviewers may use questions generated by the GMC DMW as input when
composing RAIs, The GMC DMW should not be used in place of technical
reviewer judgment. The NRC reviewer is responsible for making a final decision
based upon all content of the entire application.
OK |
. A

Figure 30:  Disclaimer.

After completing the above steps, a complete set of Suggested Questions for Reviewers should
generate (Figure 32). If the Suggested Questions for Reviewers do not generate, go to the
Situation Awareness spreadsheet, refresh, and repeat the steps. Take care to select the inputs
provided on pages 50-55. When saving to Word, the information appears in a table where
reviewers have the option of manually editing recommendations.
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Disclaimer: NRC reviewers may use questions generated by the DMW as input when composing
RAIs. The GMC and DMW should not be used in place of technical reviewer judgment. The NRC
technical review staff is responsible for making a final decision based upon all content of the entire

application.

Suggested Questions for Reviewers

Situation Awareness Metric

SACRI

Is the proposed metric valid to measure the intended construct?

No areas of concemn

Is the metric planned to measure the construct in individuals or teams?

No areas of concern

Figure 31:  SA Metric Suggested Questions for Reviewers example.

4. Troubleshooting

Occasionally, problems arise during the navigation of the GMC and DMW. Often this is due to
macros working improperly in Microsoft (MS) Excel. A macro is a predetermined formula or set
of instructions triggered by a keyboard shortcut, button, or icon used to eliminate repetitive tasks
or to navigate easily through a MS Excel document. This section provides step-by-step
instructions on how to enable Microsoft Excel macros in the GMC DMW file.

Steps to Enable Macros

Macros are essential to the use of the GMC and DMW. The macros needed for the GMC and
DMW are pre-set and require no alterations. However, if users encounter issues with the GMC
and DMW, the following steps can alleviate problems.

Currently, the GMC and DMW works only with MC Excel 2007 and 2010 versions. Refer to
Figure 35 for the step to check the version of MS Excel.
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Music

Computer

Control Panel

Devices and Printers

,uﬁ Paint

Default Programs

Help and Support

»  AllPrograms

. _H
| Search programs and files 2 ' Shut down
e

Figure 32:  Checking MS Excel version

STEP 1:

Click on the Start Menu and double check the version of MS Excel (should be either 2007 or
2010).

In order to function properly reviewer must save the GMC and DMW as macro-enabled file type.
This means that the file name should end in .xIlsm. The following steps show how to save an
Xlsm file (Figures 33-35).

T T —)
ome Insert Page Layout Formulas Data Review
ut ) aA v
Times New Roman ~ 12 ~ A 4 e
= 53 Copy ~

Paste e & .
- F Format Painter B rag == - A

Clipboard & Font Al

G84 - fe |
Table of Contents

i
I
%

Figure 33:  Selecting the File Tab.
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STEP 2:
Click on the File tab in the top left corner of the MS Excel window

. ______J
Home Insert

£ Close

‘ Recent

Figure 34:  Save As option on the File tab.

STEP 3:
Select Save As, the second icon from the top, on the File tab

After the Save As option is chosen in the File tab a window will pop up. Under Save as type

choose Excel Macro-Enabled Workbook from the drop down menu. This will save the file type
as .xlsm.

File nameg =
bave as typs [Excel Macro-Enabled Workbook (*xlsm) v] ]

Authors: Guznov, Svyatoslav; jtys... Tags: Add atag Title: Add a title Subject: Specity the subject

[ Save Thumbnail

Folders Tools ~ [ Save ] ’ Cancel

Figure 35:  Choose Excel Macro-Enabled Workbook

Enable Macros within the File

If steps 1-3 do not allow the reviewer to access the GMC and DMW properly, make sure the
user enables the macros within the GMC and DMW file. For step-by-step instructions please
refer to Figures 36-40.
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STEP 4:
Select the Microsoft Office Button (MS Excel 2007) or File (MS Excel 2010). Then select (Excel)
Options.

ANED-0 - -

Y
) Recent Documents
Mew
1 GMC DMW _confidential_unlocked_19Mov(2).xl... 1=
-
7 Open
kel s
= Save As b
4] Print >
Prepare »
Send k
/' Publish
=) = -
=
Close
2] Excel Options | X Exit Excel

Figure 36: MS Excel 2007 Menu.
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ome

|l Save
Save As

= Open

[ Close

Recent

New

Print

Save & Send

Help

Figure 37:

STEP 5:

MS Excel 2010 Menu.

Click on the Trust Center in the right hand column
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Customize Ribbon
Quick Access Toolbar

Addns

Trust Center *

Excel Options
General
@ Help keep your documents safe and your computer secure and healthy.
Formulas
Procfing Protecting your privacy
Save Microsoft cares about your privacy. For more information about how Microsoft Excel helps to protect your privacy, please
see the privacy statements.
Language X i
Show the Micosoft Excel privagy statement
Advanced Office.com privacy statement

Customer Experience Improvement Proaram
Security & more
Learn more about protecting your privacy and security from Office.com.

Microsoft Trustwaorthy Computing

1t Excel Trust Center
The T ter contains security and privacy settings. These settings help keep your .
computer ‘We recommend that you do not change these settings. Trust Center Setiings... ]

Trust Center

Figure 38:

MS Excel 2007 Select Trust Center.

-
Excel Options ? =
Popular
Help keep your documents safe and your computer secure and healthy.
Formulas
Proofing Protecting your privacy
Save Microsoft cares about your privacy. For more information about how Microsoft Office Excel helps to protect your privacy,
please see the privacy statements.
Advanced .
Show the Microsoft Office Excel privacy statement
Customize Microsoft Office Online privacy statement
Customer Experience Improvement Program
Add-Ins

Resources

Center Security & more

Learn more about protecting your privacy and security from Microsoft Office Online.

Microsoft Trustworthy Computing

Microsoft Office Excel Trust Center

The Trust Center contains security and privacy settings. These settings help keep your P
secure. We recommend that you do not change these settings. Trust Center Setting:

[ Trust Center Settings... ]

}:igure 39:

MS Excel 2007 Select Trust Center Settings.
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STEP 6:

Select Trust Center Settings.

Trusted Publishers

Trusted Locations

Trusted Documents

Add-ins

ActiveX 5

Macro Settings

Protecte
Messag
External
File Blog

Privacy

Trust Center

Macro Settings

) Disable all macros without notification

O Disable all macros with notification

) Disable all macros except digitally signed macros
@ Enable all macros [not recommended; potentially dangerous code can run)

ettings

View
bar

ontent

settings

tions

ntially dangerous code can runj

Figure 40:

STEP 8:

MS Excel 2007 Enable macros.

Click on Macro Settings

STEP 8:

Select Enable all macros

STEP 9:
Click OK
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APPENDIX B - Workload, Situation Awareness, and Teamwork in NUREG-0711

This appendix is included for those not familiar with the NRC’s Human Factors Engineering
Program Review Model (e.g., new NRC technical review staff, members of the public). The
Human Factors Engineering Program Review Model (NUREG-0711) is intended to provide NRC
technical review staff with a structured guide for the evaluation of submittals pertaining to
applications for construction permits, operating licenses, standard design certifications,
combined operating licenses, and license amendments. This appendix gives a high-level
overview of the NUREG-0711 HFE Program Review Model and highlights the importance of
WL, SA and TW.

NUREG-0711 General Activities

For new NPPs (i.e. new builds), NUREG-0711 consists of 12 review elements covering four
general activities including Planning and Analysis, Design, Verification and Validation (V&V),
and Implementation and Operation. NUREG-0711 describes the incorporation of Human
Factors Engineering (HFE) principles into an NPP design as an iterative process. Information
identified in one element is utilized in later elements and revisited and re-assessed as
information is gathered and the design is finalized.

Planning and Analysis

The Planning and Analysis general activity consists of the first six NUREG-0711 review
elements including HFE Program Management, Operating Experience Review (OER),
Functional Requirements Analysis and Functional Allocation (FRA/FA), Task Analysis (TA),
Staffing and Qualifications, and Treatment of Important Human Actions. During this process an
applicant provides two types of documents, 1) implementation plans that detail the proposed
methodology for meeting the acceptance criteria for each element and, 2) a results summary
report that details the results of the applicant’s efforts related to each element. The purpose of
providing information for each element is to give the NRC technical review staff a detailed and
thorough understanding of the intended NPP HFE design and implementation plan. The review
staff evaluates the information the applicant provides related to each element in order to make
regulatory decisions. Each review element complementarily builds upon the information
provided in other elements.

Element 1: HFE Program Management

The objective of the HFE Program Management element is to ensure that the applicant has a
HFE team in place and that the team has a staged plan for incorporating state-of-the-art human
factors principles into the design of the NPP.

Element 2: OER
The Operating Experience Review element is intended to capitalize on lessons learned from
predecessor designs in new designs.

Element 3: FRA/FA

The Functional Requirements Analysis/Function Allocation element identifies the functions
within NPPs required to satisfy plant safety objectives and assigns the functions to either human
operators or plant automation. These assignments should exploit the strength of both the
human and the system. When allocating functions to human operators, the applicant must
consider “the overall personnel role... allocations should ...be considered in the context of other
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responsibilities personnel have to help ensure that, together, all functions allocated to personnel
are acceptable and do not interfere with each other” (NRC, 2012, p. 29). Thus, applicants
should be aware of the WL associated with the functions they are allocating and determine the
allocation of functions with acceptable WL levels in mind.

Element 4: TA

The Task Analysis element is used to identify task requirements for accomplishing the functions
allocated to human operators in the FRA/FA element. Tasks are defined as “a group of related
activities with a common objective” (NRC, 2012, p.31). NUREG-0711 provides guidance that
applicants should analyze tasks for a variety of factors including the estimated WL and the
amount of TW and coordination expected. This element includes verifying that task
requirements do not exceed operators’ capabilities.

Element 5: Staffing and Qualification

The Staffing and Qualification element determines the number and qualifications of staff
required to provide reasonable assurance of safe operation. According to NUREG-0711, “The
applicant should use the results of the task analysis as an input to the staffing and qualification
analyses.” Personnel tasks, addressed in task analysis, should be assigned to staffing positions
to ensure that jobs are defined considering:

o the task characteristics, such as the knowledge and abilities required,
relationships among tasks, time required to perform the task, and estimated
workload

e the person’s ability to maintain SA within the area of assigned responsibility

e teamwork and team processes, such as peer checking” (NRC, 2012, p.38).

Element 6: Treatment of Important Human Action

Finally, the Treatment of Important Human Action element seeks to identify and evaluate the
potential for human error. This identification can subsequently inform the HSI design and other
elements in terms of desirable design characteristics to minimize error.

Design

The Design general activity includes the next three NUREG-0711 review elements: Human-
System Interface (HSI) Design, Procedure Development, and Training Program Development.

Element 7: HSI

The HSI design element verifies that the applicant has translated functional and task
requirements identified in the planning and analysis stage into the detailed design of alarms,
displays, controls, and other components of the HSI.

HSIs are tested during the design phase via trade-off evaluations and performance-based tests.
Applicants are asked to look at a variety of factors including performance measures to make
design decisions (e.g., large overview display vs. smaller individual displays). Performance
issues along with a reduction in SA, a reduction in the quality of TW and/or elevated WL may be
an indication of poorly designed or confusing HSls.

Element 8: Procedure Development

The Procedure Development element verifies that HFE principles have been applied in the
development of procedures and that they are accurate, comprehensive, explicit, validated, and
easy to use.
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Element 9: Training Program Development
Finally, the Training Program Development element verifies that the applicant has developed a
systematic training approach that evaluates the knowledge and skill requirements of personnel.

Procedures must be written to support and guide personnel interactions with plant systems and
with one another. Applicant training programs must ensure that operators are provided with the
knowledge, skills, and abilities needed to perform their roles. V&V testing is when both
procedures and training are examined. Sub-optimal performance during testing may relate back
to WL, SA, or TW considerations.

The Design general activity uses the information from the Planning and Analysis general activity
in order to construct the HSI, identify the operating rules or procedures, and develop training to
prepare for the next general activity, which is Verification and Validation (V&V) of the NPP
design.

Verification and Validation

The V&V general activity consists of only one review element, the Human Factors V&V review
element.

Element 10: Human Factors V&V

There are two aspects to this element: 1) Verification and 2) Validation. NUREG-0711 defines
verification as “the process by which the design is evaluated to determine whether it (1)
provides the information, controls, and task-support needed to accomplish tasks; and (2)
conforms to the HFE design guidance” (NRC, 2012, p.118). NUREG-0711 defines validation or,
more specifically, integrated system validation (ISV), as an “evaluation using performance-
based tests to determine whether an integrated system design meets performance
requirements and acceptably supports safe operation of the plant” (NRC, 2012, p.115).

The ISV process is conducted using a plant simulator that accurately reproduces both the
physical (e.g., HSI panels, room size) and task environments (e.g., EOPs, crew composition).
This phase of the process is an evaluation to determine whether the integrated system
(hardware, software, and personnel elements) meets performance requirements and supports
safe operation.

This evaluation involves testing operating crews on realistic scenarios while using human
performance metrics. “Plant performance, personnel task performance, situation awareness,
cognitive workload, and anthropometric/physiological factors” (NRC, 2012, p.87) are measured
during testing.

Implementation and Operation

The Implementation and Operation general activity includes the Design Implementation and
Human Performance Monitoring review elements.

Element 11: Design Implementation

The Design Implementation element, as defined by NUREG-0711, is “the implementation of the
HFE aspects of the plant design for new plants and plant modifications” (NRC, 2012, p.xii). This
element has two objectives, which are: 1) ensuring the applicant’s as-built design conforms to
the verified and validated design resulting from the HFE design process, and 2) ensuring
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implementation of plant changes considers the effect on personnel performance and provides
the necessary support to provide reasonable assurance of safe operations.

Element 12: Human Performance Monitoring

The Human Performance Monitoring review element is defined by NUREG-0711 as a program
that “will help to provide reasonable assurance that the confidence developed by completing a
thorough HFE program, culminating in a verification and validation of the control room and
integrated systems design, is maintained over time” (NRC, 2012, p.103). This review element
provides reasonable confidence that no degradation in skill level of plant staff occurs
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