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Abstract 

This paper presents a description of an event-based performance measurement system for shipboard command teams. This effort is a result of ongoing research into Tactical Decision Making Under Stress (TADMUS). First, we briefly review the requirements for high-performance team training and performance measurement based on TADMUS research findings. Second, we describe a strategy for addressing these requirements: the development of an event-based performance criteria and measurement system for shipboard training systems. Finally, we discuss the implications of this approach for training shipboard teams and future research. 

1 Introduction 

Performance in a typical shipboard Combat Information Center (CIC) is inherently complex, and often characterized by a host of stressors. They include: rapidly evolving, ambiguous scenarios, complex, multi-component decisions, information overload, auditory overload, command pressure, threat, adverse physical conditions, and rapid interaction requirements. Consequently, training to prepare operators for such situations must be designed not only to build crucial task and teamwork skills, but also to help teams be resilient to the impact of stress. With the Navy's emphasis shifting toward heavier reliance on shipboard training systems, methods and tools to optimize such training must be developed. Of particular importance is the design of systems that provide command teams with opportunities for realistic exposure to the kinds of scenarios they are likely to confront in the operational environment described above. Further, it is essential that mechanisms to measure and diagnose performance be developed and tested as a basis to deliver remedial feedback. Since 1990, the Tactical Decision Making Under Stress (TADMUS) program, sponsored by the Office of Naval Research, has been examining a variety of training approaches to address this issue (Cannon-Bowers, Salas, & Grossman, 1991). The purpose of this paper is to describe an important line of inquiry generated from this program: the development of a systematic strategy for generating and validating scenario-based measures of performance for shipboard training systems. First, we briefly review the requirements for high-performance team training and performance measurement based on TADMUS research findings. Second, we describe a strategy for addressing these requirements: the development of an event-based performance criteria and measurement system for shipboard training systems. Finally, we discuss the implications of this approach for training shipboard teams and future research. 

2 Team Training and Performance 

Research into the nature of naturalistic team decision making (Klein, 1993) and team training (Cannon-Bowers, Tannenbaum, Salas, & Volpe, 1995) has contributed to the specification of promising training interventions for CIC teams. Briefly, these lines of research have led us to hypothesize that: a) expert decision makers rely on well organized knowledge structures in making decisions; b) over time, expert decision makers build complex associations between situational cue patterns and appropriate strategies/responses; c) teamwork skills are separate and distinct from taskwork skills, and hence require dedicated training; d) expert teams have the ability to adjust their strategy in accordance with task demands (stress); and e) expert team members employ implicit coordination strategies (i.e., without the need to communicate) by drawing on common or mutual knowledge bases (Salas, Cannon-Bowers, & Johnston, in press). 

Taken together, these propositions highlight the need to develop training that will allow team members to rapidly assess and respond to the environment. At the individual level, this means that team members must be exposed to realistic scenarios so that they can build needed knowledge bases. At the team level, team members must be allowed to practice with others in the actual task environment so that task-specific, as well as team-specific competencies can develop (Cannon-Bowers et al., 1995). 

Therefore, establishing performance criteria that are related to training objectives is paramount to effective training (Hall, Dwyer, Cannon-Bowers, Salas, & Volpe, 1993). Accurate and sensitive measures of performance are of equal importance. Thirdly, for training purposes, assessment must be diagnostic. Emphasis should be not only on how observed performance deviates from desired performance (outcomes), but also why performance degradations occurred (processes), in order to provide a means to give specific corrective feedback, and to design and tailor remedial activities (Cannon-Bowers & Salas, 1995). 

We propose a system of measurement that includes assessment of performance outcomes and processes at the team and individual levels. Individual performance outcomes are represented by latency, accuracy, and decision biases, whereas, team performance outcomes are represented by aggregates of latency and accuracy (Bernardin & Beatty, 1984; Carroll & Schneier, 1983; Swezey & Salas, 1992). Measurement of processes must be descriptive of the moment-to-moment changes that characterize both task work and teamwork performance. For example, individual performance processes are represented by information seeking, task strategies, and cognitive decision making processes, whereas team performance processes are represented by communication flow, coordination behaviors, and team strategies (Bernardin & Beatty, 1984; Carroll & Schneier, 1983; Swezey & Salas, 1992). 

Assessment of processes and outcomes should include assessment of both teamwork and task work skills (Swezey & Salas, 1992). Task work refers to the technical aspects of a job that must be performed. For example, team task work for CIC Anti-Air Warfare (AAW) has been identified as detection, threat evaluation, weapon assignment, and engagement (Zachary, Zaklad, Hicinbothom, Ryder, Purcell, & Wherry, 1991). Individual task work refers to specific activities that each team member carries out with respect to the overall team task. Teamwork refers to the activities required to coordinate the task work among team members. AAW teamwork skills have been identified as communication, situation assessment, leadership, and compensatory behavior (Bailey, Johnston, Jentsch, & Gonos, 1995). 

The next section describes a systematic procedure for identifying and assessing individual and team processes and outcomes for training purposes. This procedure is based on an approach developed for a ship's AAW CIC team. 

3 Event-Based PerformanceMeasurement 

Recent team training research supports an event-based training cycle that begins with information presentation, and then moves on to demonstration, practice, feedback, and goal-setting for the next exercise (Swezey & Salas, 1992). The cornerstone of event-based training is a process-based performance measurement system that is linked closely to training objectives that are embedded in pre-specified scenario events (Fowlkes, Lane, Salas, Oser, & Prince, 1993; Hall et al., 1993). We have found from recent TADMUS research that the development of exercise-based training is a five step procedure: a) identify, through task analyses, individual and team training objectives; b) translate training objectives into representative scenario events; c) identify and establish performance criteria that represent achievement of targeted objectives for each event; d) translate performance criteria into the development of event-based measures of individual and team performance processes and outcomes to evaluate training effectiveness; and e) develop a framework for performance feedback that enables an instructor to provide details to teams regarding processes and outcomes, and performance goals for remediation. Steps a through d are described in greater detail below, with an emphasis on tools for developing performance measures. The development of a framework for performance feedback is addressed following the measurement sections. 

3.1 Stress Assessment Methodology. A number of team training researchers have determined that a key factor in the design of team training scenarios is determining how to structure events that elicit appropriate decision making actions (Fowlkes et al., 1993; Hall et al., 1993). A realistic range of operational conditions should be represented by scenario events so that a representative sample of decision making actions can be observed and measured (Hall, Driskell, Salas, & Cannon-Bowers, 1992). Furthermore, structured scenarios must contain tasks that not only elicit the behaviors that reflect training objectives for individuals, but also for teams (Fowlkes et al., 1993). Evaluating the efficacy of team training objectives requires that scenarios be designed so that performance can be measured in a standardized and reliable manner. 

A major goal of the TADMUS program has been to conduct research to understand how combat-related stress affects tactical decision making of AAW CIC ship teams (Cannon-Bowers et al., 1991). One of the main tasks of this program was to develop AAW research scenarios with combat stressors that would stimulate AAW team performance. The stressful scenarios, in turn, would be used in conjunction with training interventions that were developed to enhance or maintain team decision making performance under stress. Development of the Stress Assessment Methodology (SAM) was required to accomplish this task (Hall et al., 1993). 

The SAM begins with an identification of training objectives that specify individual and team performance criteria. The criteria should be observable individual and team behaviors that represent an expected standard of performance during the critical events in a training scenario. This strategy enables assessment of both performance processes and outcomes. Figure 1 shows an example of a the SAM format for documenting specific scenario features that map to training objectives represented by task stressors. The first and second columns note individual and team training objectives. Such behaviors are task specific. That is, the behaviors that are identified are contingent on important situational events that typically occur in the task environment. The next step is identification of representative task stressors. Therefore, the third column notes CIC stressors (information overload and ambiguity) that add to the complexity of team decision making. Last is the specification of significant AAW scenario events, that should be embedded in the stressors, and that stimulate behaviors noted in columns one and two. Combining scenario events should lead to the development of a complete training scenario composed of a pre-determined number of events. Scenario length is contingent on training requirements. 

Establishing training objectives and scenario events based on the SAM allows for development of an event-based performance measurement system that includes both individual and team processes and outcomes. The design of the measurement tools developed for the TADMUS program was drawn from an empirically-based grounding in performance measurement methods (Bernardin & Beatty, 1984; Carroll & Schneier, 1983). The measurement format was developed with real-time performance evaluation and immediate performance feedback as the goal. Therefore, the real-time assessment process was developed as two tasks. The first task is performance recording during a scenario run, and the second task is data reduction and summary, and takes place immediately following the scenario run. Described below are the TADMUS individual and team performance measures based on this two-step format. 

3.2 Measures for Individual Processes and Outcomes. Anti-air warfare in a CIC is a highly interdependent team task that requires a constant flow of critical information among team members (e.g., Tactical Action Officer, Anti-Air Warfare Coordinator, Electronic Warfare Supervisor, Tactical Information Coordinator, Identification Supervisor). Moreover, information is passed in a hierarchical flow to a single decision maker (e.g., Tactical Action Officer). The sequence of actions in the AAW team task (detection, situation assessment, threat evaluation, weapon assignment, and engagement) requires more than one team member to interact at each step. Therefore, for appropriate performance feedback, the Behavior Observation Booklet (BOB) and Sequenced Actions and Latencies Index (SALI) had to be designed to capture individual processes and outcomes that were tied not only to scenario events, but also to the AAW team task (Hall et al., 1993). 

	Individual Training Objective
	Team Training Objective
	Stressor
	Scenario Event

	Electronic Warfare Supervisorreports detection of unknown aircraft within 30 seconds of track detection
	Complete detection, correlation, and identification of commercial aircraft within 60 seconds of track detection 
	High Workload and ambiguity: 20 aircraft with incomplete information on track profiles. 
	Persian Gulf; unknown popup within 40 nm heading toward ownship; slow, low flier. 


Figure 1. Stress Assessment Methodology 

Measures for performance processes and outcomes were developed based on subject matter expertise over the course of several years of TADMUS research. Development of the current version of the BOB was based on previous empirical work with an earlier version (Westra, 1994). Two trained subject matter experts assessed the performance of 25 individuals following two AAW scenarios. Results showed that the raters could reliably assess performance. But, the data also indicated that the BOB needed to be revised to improve assessor reliability, validity, and for ease of use in training. Therefore, the BOB was redesigned as a performance processes recording device. The SALI was developed to serve as an index for latencies and errors in these processes. 

Figure 2 shows three sections to the BOB data capturing format. The event time and scenario event are listed in the first column. The next three columns divide AAW operator actions into the cycle of activities determined for an AAW operator's task (detection, analysis, and anticipated actions). For example, the Tactical Action Officer's "detection" responsibilities include monitoring workstations, evaluating information, seeking/integrating intelligence information, and assessing threat tracks (Zachary et al., 1991). In contrast, the Identification Supervisor's "detection" responsibilities include assuring correct identification of tracks, correlating tracks, assuring EW input, IFF challenges, and tactical situation reports. Within each activity, pre-determined operator actions are identified by subject matter experts and are noted in that box for each event. In the second row, actual operator actions are recorded by an instructor in real-time for each event. At the end of the scenario, an instructor should have recorded enough critical information about an operator's actual actions to compare them to the expected operator actions, in order to make a determination of how well that operator performed during the scenario. 

The SALI format helps make this determination by allowing for a reduction and summary of the BOB information so that there is an overall assessment of operator performance for each activity, at each scenario event. Figure 3 shows an example of the SALI format. The behavior anchors should be specific to the expected behaviors noted in the BOB. For example, under the activity "detection/situation assessment," the behavior anchor that corresponds to "0" could be "failed to detect track number 1234." The SALI can be used as a diagnostic tool because patterns of performance proficiency and 

	
	Detection/Situation Assessment
	Situation Analysis
	Anticipated Action

	Time Xx:Xx 

Event X 
	List Expected Operator Actions Within An Expected Time Frame 
	List Expected Operator Actions Within... 
	List Expected OperatorActions Within... 

	Performance Processes Recording 
	Note Actual Operator Actions And Time Performed 
	Note Actual Operator Actions And... 
	Note Actual Operator Actions And... 


Figure 2. BOB data capturing format 

	Event
	Score
Detection/Situation
Assessment
	Score
Situation
Analysis
	Score
Anticipated
Action

	Event X 
	0 1 2 3 
	0 1 2 3 
	0 1 2 3 

	Event X 
	0 1 2 3 
	0 1 2 3 
	0 1 2 3 

	Event X 
	0 1 2 3 
	0 1 2 3 
	0 1 2 3 

	0 = Failed To Perform Assessment/Analysis/Action
1 = Made Erroneous Assessment/Analysis/Actions, And Did Not Correct; Long Delays In Assessment/ Analysis/Action
2 = Made Errors, But Corrected Them; Some Delays In Assessment/Analysis/Actions
3 = Made Correct Assessment/Analysis/Action; Made Assessment/Analysis/Action In A Timely And Efficient Manner 


Figure 3. SALI data capturing format 

deficiency can be assessed across each activity. In addition, a performance index for the entire scenario can be obtained by calculating an average performance level across the three activities and over the entire series of scenario events. Following assessment, an instructor should use a feedback/debriefing format that conveys specific information about performance to the trainees. The feedback format will be described in detail later in this paper. 

3.3 Measures for Team Processes and Outcomes. As we mentioned above, measures of individual performance must be linked to team level activities, since the success of the CIC is contingent on team interactions. Therefore, a measure of team task work outcomes was developed and labeled the Anti-Air Warfare Team Performance Index (ATPI) (Dwyer, 1992). In addition, a teamwork processes measure, the Anti-Air Teamwork Observation Measures (ATOM), was developed to capture team coordination strategies that support successful taskwork activities (Bailey et al., 1995). As with the BOB, preliminary validation studies were conducted on earlier versions of the ATPI and ATOM, with similar results (Westra, 1994). Changes were made in the design of current versions to improve assessor reliability and user acceptance. The next two sections provide a description of both measures. 

3.3.1 Anti-Air Warfare Team Performance Index. The BOB and SALI data can be used for identifying accurate input to the ATPI, or, the ATPI can be used as a standalone device. Figure 4 shows an example of the ATPI data capturing format. The first column shows the sequence of seven AAW tasks to which the AAW team contributes. That is, one or more operators in the AAW team may perform the task. The next three consecutive columns represent each critical event in a scenario. The numerical evaluation at each event is based on whether the task was performed, not who performed it. The anchors shown here are generic, and are for the purpose of example. But, similar to the SALI, the anchors for numerical ratings should be specific to the task. For example, under "made the id/correlation report," a "3" can be represented by "identifies/correlates and reports quickly; provides complete and accurate report including track, basis of identification, and platform." Following a scenario run, and with the aid of the BOB, an instructor can assess how well the task was performed by the AAW team across each event. The ATPI can be diagnostic of team taskwork because it shows patterns of proficiencies and deficiencies across events and tasks. An index can be calculated as the average score across events and tasks. As noted in previous sections, a feedback format for trainees on ATPI performance is required for learning to occur, and is described in detail later in this paper. 

	AAW TEAM TASK
	EVENT 1
	EVENT 2
	EVENT 3

	1 RADAR DETECTION REPORT 
	0 1 2 3 
	0 1 2 3 
	0 1 2 3 

	2 ESM DETECTION REPORT 
	0 1 2 3 
	0 1 2 3 
	0 1 2 3 

	2 ESM DETECTION REPORT 
	0 1 2 3 
	0 1 2 3 
	0 1 2 3 

	3 ID CORRELATION REPORT 
	0 1 2 3 
	0 1 2 3 
	0 1 2 3 

	4 ASSESSED INTENT 
	0 1 2 3 
	0 1 2 3 
	0 1 2 3 

	5 MONITORED TRACK 
	0 1 2 3 
	0 1 2 3 
	0 1 2 3 

	6 TOOK ACTION IAW ROE 
	0 1 2 3 
	0 1 2 3 
	0 1 2 3 

	7 ENGAGE/NO ENGAGE 
	0 1 2 3 
	0 1 2 3 
	0 1 2 3 

	TOTAL POINTS 
	
	
	

	0 = NO ACTION WAS TAKEN
1 = ERRONEOUS ACTION, NOT CORRECTED; LONG DELAYS IN ACTION
2 = DELAYED ACTION, ERRONEOUS REPORT CORRECTED
3 = RESPONDED QUICKLY AND ACCURATELY


Figure 4. Example of ATPI assessment tool 

3.3.2 Anti-Air Warfare Team Observation Measure. The ATOM was developed to assess AAW team processes with respect to situation assessment, communication, compensatory behavior, and team leadership (Bailey et al., 1995). Situation assessment requires communication that promotes a team awareness of the surrounding environment, both internal and external to the team. This involves timely and accurate reporting of deviations and/or potential problems. Communication refers to the clear and efficient exchange of relevant information. This requires using proper terminology, standard procedures for external communications, and an appropriate tone of voice. Compensatory behavior includes monitoring the activities of other team members, taking action to correct errors, giving and receiving feedback in a nondefensive manner, and providing and seeking assistance or backup when needed. Team leadership involves providing needed guidance to other team members, helping team members focus their activities appropriately, anticipating tasks that should be performed, and providing instruction to other team members to enable them to perform or complete their tasks. Any team member can perform leadership functions. 

Figure 5 shows an example of the recording format for the ATOM. Like the BOB, an instructor records teamwork actions for each event in a scenario. Following recording, the instructor can refer to the recordings in order to rate each dimension of teamwork across each scenario event. Figure 6 shows an example of a behavior anchored rating format for the teamwork dimension of situation assessment. It is important that the actions noted in Figure 6 be tied to scenario events so that trainees can be given specific feedback about their performance. Following ratings, instructors can proceed with a feedback device to provide information to trainees in a systematic format. 

4 Performance Feedback System 

A feedback debriefing guide should contain specific examples of behaviors assessed by the BOB, SALI, ATPI, and ATOM, and enables a shipboard instructor to organize and provide the information to team members in a systematic manner. Recent research on board an AEGIS capable ship demonstrated that feedback is most efficient if team task work and teamwork actions are discussed first, with brief discussions of individual performance relating to team level objectives (Bailey et al., 1995). For example, team level performance can be addressed using the ATPI and ATOM. Then, if time permits, examples of acceptable or unacceptable individual actions found in the BOB and SALI can be described, that support assertions about team performance. 

	
	Situation Assessment
	Communication
	Compensatory Behaviors
	Team Leadership

	Time Xx:Xx 

Event X 
	List Expected Operator Actions Within An Expected Time Frame 
	List Expected Operator Actions Within... 
	List Expected OperatorActions Within... 
	List Expected OperatorActions Within... 

	Record Teamwork Actions 
	Note Actions And Time Performed 
	Note Actions And ... 
	Note Actions And ... 
	Note Actions And ... 


Figure 5. ATOM data capturing format 

SITUATION ASSESSMENT: EVENT 1 

	1 Incorrect Assessment Of The Situation Which Led To A Potentially Dangerous Situation For Ownship.

	2 

	3 Correctly Identified Track 7030 As An F-4

	4 

	5 Correctly Identified Track 7030 As An F-4 By Time 7-00.


Figure 6. Example of a behavior rating scale for situation assessment 

To initiate learning, debriefings on performance can be efficient if the feedback format includes dialogue the instructor can use to lead the team in discussing event-based activities (Bailey et al., 1995). An instructor should question the team members about what they recalled they did during an event. If the training objective was performed correctly, the instructor should review this with the team. If there was an error, the instructor should describe the error, and ask the team members why it occurred. Explanations of how to avoid or catch errors should be discussed. At the end of the debrief for the entire scenario, the ratings for each performance dimension (e.g., situation assessment, communication) should be provided to the team, noting strengths, weaknesses, areas for improvement, and specific goals to be achieved during the next scenario run. 

A preliminary validation of this training format was conducted on board an AEGIS-capable ship with a single AAW team in October 1994 (Bailey et al., 1995). The team participated in four TADMUS scenarios over a period of four days. Shipboard training consisted of four two-hour sessions. This included a pre-brief, a 30-minute scenario, a debrief on the ATOM within 15 minutes of scenario conclusion, and an expanded critique delivered the following day, prior to the next scenario. By using the debrief guide for the ATOM, team process performance was assessed and meaningful feedback was provided within 15 minutes of performance on each 30-minute scenario. Trends in ATOM scores collected from trained raters during the training period showed an improvement in all four teamwork skills. Team self-assessment scores improved as well. The shipboard instructors reported the ATOM and debriefing guide were quite useful in identifying targeted teamwork behaviors and for preparing for debrief sessions. Targeted performance goals prior to each scenario run were provided, and are credited for the improved trends in performance and self-assessment. 

5 Conclusions and Future Directions 

As noted, the event-based performance measurement system described above was developed as a means to assess training effectiveness, record complex individual and team processes and outcomes during a scenario, and as a means to provide specific feedback to shipboard teams. Moreover, preliminary results suggest that the measurement tools have adequate reliability. In addition, instructors find this format to be useful and to have face validity. Further testing of this approach is being conducted at shorebased Navy training facilities in order to establish more fully its validity and generalizability. In addition, the facilities are beginning to incorporate the performance measurement and feedback system into current simulator training activities. 

A next logical step in the development of performance measures for shipboard systems is to automate the collection and interpretation of performance data where possible, especially in the case of the BOB and SALI. Several advanced development R&D efforts are on-going in this area. Briefly, these efforts are attempting to capture what we know about individual and team performance in the form of human performance models. These models can then be executed (in software) so that a dynamic tracking of performance is achieved. Ultimately, the goal here is to draw inferences regarding cognitive performance based on an assessment of keystroke and instructor-observed data. A Navy Advanced Technology Demonstration project (slated to commence in FY96) extends this work by incorporating point-of-regard and speech behavior into dynamic assessment routines. Together, these efforts form the basis of intelligent embedded training for application to the surface combatant of the future. 
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