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Abstract. Successful submarine operations—those that accomplish the mission 
while maintaining security and safety—depend on numerous factors, including 
the capabilities of various sensor systems, the reliability of algorithms, and the 
proficiency of the crew. Among the most critical elements is Command Team 
decision-making and the underlying processes that create a cohesive and 
effective team. As a team, submarine commanders must successfully contend 
with complexities associated with safety and security as they build an 
understanding of the operational environment in order to accomplish their 
mission. Hence, opportunities to enhance training to support Command Team 
decision-making are essential. This paper describes a framework used to 
develop performance measures to support formative assessment of the 
submarine Command Team. Results are reported here from a study at the Naval 
Submarine School concerning the validity and utility of the measures in relation 
to capturing essential aspects of performance. 

Keywords: performance measures, formative assessment, decision-making, 
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1   Introduction 

1.1   The Challenge 

Successful submarine operations—those that accomplish the mission while 
maintaining security and safety—are exceedingly difficult to achieve. These operations 
depend on numerous factors including items such as the capabilities of various sensor 
systems, the reliability of algorithms, and the proficiency of the crew. Among the most 
critical elements is Command Team decision-making and the underlying processes that 
create a cohesive and effective team. As a team, submarine commanders must 
successfully contend with complexities associated with safety and security as they 
build an understanding of the operational environment in order to accomplish their 
mission. This cannot be accomplished by individuals acting independently while 
executing their assigned tasks. Rather, the objective for the Command Team is to 
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leverage their combined resources. Opportunities to enhance training or system 
performance to support Command Team decision making are essential, given that the 
decisions are complex with severe consequences for error. A critical question, 
therefore, is how can learning systems develop essential team processes? 

To address this challenge, we believe that the key is to create learning systems that 
are learner-centered, knowledge-centered, assessment-centered, and community-
centered. More specifically, we follow a framework developed by the National 
Research Council, Commission on Behavioral and Social Sciences and Education, 
which outlines the requirements for effective learning systems [1]: First, to be 
learner-centered, a learning system must address what learners bring to the table—
what they know, what they do not know, how they learn, and what they are motivated 
to learn. Second, to be knowledge-centered, effective learning systems must stress 
“sense-making” rather than mere memorization or execution of procedures without 
understanding. Third, to be assessment-centered, learning systems must provide 
formative feedback and not only summative evaluation. Fourth, to be community-
centered, learning systems must be relevant to, and reflect, the communities in which 
they are embedded such that the learning is view as being meaningful. 

Within the context of this overall approach, our focus is on the creation of 
assessment tools that support effective Command Team decision making. It is well-
established that team performance depends not only on individual skills, but also on 
teamwork processes [2]. For instance, one framework employed by the Submarine 
Force is known as Team Dimensional Training (TDT) [3], [4]. TDT catalogues 
important aspects of teamwork that are associated with high-performing teams. Key 
teamwork skills identified in this framework include items such as information 
transfer (e.g., providing information prior to requests), communication (e.g., 
providing complete standard reports), supporting behavior (e.g., providing back-up to 
team members), and team leadership (e.g., stating clear and appropriate priorities). 
Accordingly, with a focus on team processes, in the work reported here we 
concentrate on the creation of tools to support formative assessment. Our goal is to 
create assessment tools that do not merely measure a Command Team against a 
standard, but that serve to guide learners and instructors to an understanding of 
learner state along with an appreciation of the path toward success (i.e., what “right” 
looks like). We strive to ensure that the assessment tools are community-centered in 
that they focus learning on meaningful, critical teamwork-oriented foundations for the 
Submarine Force. 

1.2   The Development of Formative Assessment Tools 

The measures we developed are designed to facilitate formative feedback regarding 
decision making and teamwork in the context of Intelligence, Surveillance, and 
Reconnaissance (ISR) missions. They focus on the Command Team, including the 
Commanding Officer (CO), Executive Officer (XO), Officer of the Deck (OOD), 
Junior Officer of the Deck (JOOD), and Junior Officer of the Watch (JOOW). To 
construct the measures, we used an approach named the Competency-based Measures 
for Performance Assessment Systems (COMPASS) method [5]. COMPASS employs 
an intensely interactive process in which operators work directly with scientists to 
identify behaviors that need to be measured. Here, the work relied on operational 
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expertise (retired individuals with experience as CO and XO, as well as active-duty 
Tactical Readiness Evaluation (TRE) team members) combined with theories of 
measurement and teamwork, drawing heavily on the TDT framework. Overall, the 
approach explicitly strived to leverage theoretical foundations while deliberately 
expressing measures within the context of the issues, terminology, and focus of the 
submarine community. 

The outcome was a set of approximately 100 measures, referred to in this paper as 
Exceptional Expertise for Submarine Command Team Decision Making (E2SCDM) 
measures [6]. As a sample in Figure 1 illustrates, the E2SCDM measures have the 
potential to support formative assessment in several ways. First, they capture current 
behavior in clear terms, guiding both the instructor and leaner in describing this 
behavior. Second, by providing indications of ideal performance, the measures serve 
to illustrate what the learners need to do in the future (e.g., proactively transfer 
information to the team). The measures therefore help to guide attention to essential 
items and illustrate desired behaviors. They have the potential to serve as the 
backbone of assessments tools that move beyond scores (or pass/fail) and into 
assessments that describe meaningful challenges facing the learner (e.g., see [7], for 
descriptions of alternative “report cards” that focus on descriptions of current and 
future abilities). 

 

Fig. 1. Sample measure reflecting building of operational picture, highlighting proactive 
transfer of information 

The purpose of the effort reported here was to explore the utility of the E2SCDM 
measures in relation to capturing essential aspects of team performance and providing 
feedback. To do so, we conducted a study at the Naval Submarine School (NSS) in 
Groton, CT, in which the measures were employed during Intermediate and Advanced 
Pre-Deployment Training events (IPDT and APDT respectively). While this approach 
limited our data collection to a small sample of three Watch Sections over four days, 
it allowed us to focus on an intact crew preparing for deployment, thereby enabling 
exploration of measure utility in examining a real Command Team in a real training 
setting. Our specific objectives were as follows: first,  

 
• To capture data to illustrate how the measures might be used in the future to 

examine teams and provide feedback to guide learning. 
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• To examine the measures in relation to a current Fleet standard training assessment 
tool, the Continuing Training Support System (CTSS). CTSS is a comprehensive 
tool covering a wide range of items grouped within a few hundred categories of 
behavior (attributes). Our objective was to explore whether we could add value to 
this tool by focusing explicitly on Command Team decision making. Moreover, we 
sought to understand whether the measures could provide additional sensitivity with 
respect to team processes. 

• To examine whether multiple observers tended to rate behavior similarly.  
• To examine whether the measures of team processes produced overall assessments 

similar to those produced by current standard tools. 

Below we begin by presenting the methods of our study, and then the results and 
potential implications. Given the small sample size that resulted from our focus on an 
intact Command Team, we did not concentrate on statistical analyses. Rather, we 
focus on trends gleaned from our examination of actual operational teams, and 
conclude that the approach does indeed show promise for providing formative 
assessments of team processes that support effective decision making. 

2   Method 

2.1   Participants and Apparatus 

Participants included a crew conducting IPDT and APDT exercises at NSS, Groton, 
CT, in 2010. The focus of the study was on the CO, XO, OOD, JOOD, and JOOW as 
they interacted with each other and the crew as a whole. Three different Watch 
Sections were observed, two per day both in the IPDT and APDT events, for a total of 
four days of data collection. The crewmembers that were observed ranged in rank 
from O1 to O5. The average time spent at sea was 18 months, with a standard 
deviation of 27 months.  

The study utilized existing training scenarios at NSS, with a primary focus on ISR 
exercises, in the Submarine Multi-Mission Team Trainer (SMMTT). No modifications 
were made to existing training scenarios since our objective was to observe a typical 
training cycle.  

Data collection consisted primarily of observations performed by three retired 
submarine Officers, with prior experience as CO and XO, who acted as expert 
observers. These subject matter experts observed and collected data using E2SCDM 
measures which were implemented in Aptima’s Scenario-based Performance 
Observation Tool for Learning In Team Environments (SPOTLITE) data collection 
tool, which allows for electronic collection of observer-based data. These same 
observers also collected observations using a subset of CTSS attribute sheets 
applicable to the ISR missions that were observed. When using CTSS to guide their 
observations, the subject matter experts took notes throughout the exercise and 
recorded the CTSS scores post-exercise. A comparison between these observer-based 
collection methods, with a focus on opportunities in which to add value, is included in 
Results and Discussion. Additional self-report data (e.g., workload, situation 
awareness) and system-based data (e.g., solution quality) were collected as well, but 
are not reported here.  



312 E. Jones et al. 

2.2   Procedure 

Informed consent was obtained during an initial brief prior to the PDT events, along 
with general information regarding the experience of the participants. Collection took 
place during the morning and afternoon over four days (two each during the IPDT and 
APDT events). The only exception to this schedule was the Monday session of the 
APDT in which we observed the afternoon and evening sessions because of technical 
difficulties with the SMMTT trainer. Each Watch Section lasted approximately four 
hours. Each expert observer used either the E2SCDM measures (as implemented 
within SPOTLITE) or the CTSS attribute sheets to rate performance for the duration 
of the Watch Section. The order in which these tools were used was varied, meaning 
that for a single session the raters were using E2SCDM measures, CTSS, or a 
combination of both (one rater assigned to each). One observer participated in the 
Monday session of the IPDT only. These data are included in the analysis where 
noted, but omitted from discussions of inter-rater reliability due to the limited data set. 
The experimental design permits several analyses both within and between Watch 
Sections that reasonably balances the treatments given the small number of 
opportunities to observe the PDT events. 

While the E2SCDM measures assume a variety of forms, the predominant 
structures are that of Yes/No questions and 5-point Likert scales (with half-point 
increments) that are behaviorally anchored at levels 1, 3, and 5 (less than acceptable, 
acceptable, and exceptional performance respectively expressed as behavioral 
anchors; see Figure 1). Our analysis therefore focused on these two question types. 
Also, the observers were provided flexibility in deciding which measures to rate, 
based on the behavior they were observing. There was not a fixed set of measures that 
was rated for each session, but rather a library from which to select based on the 
developing scenario. The measures could be summoned multiple times within a 
session as well, as the observers decided to capture certain behaviors at various points 
throughout the scenario evolution. Similarly, the observers applied the same scrutiny 
to the CTSS attributes, grading only those sheets that were applicable and not a 
consistent set throughout the study. CTSS scores ranged from 0 to 3 with anchors 
reflecting the frequency of occurrence of an attribute (none of the time to all of the 
time, respectively). In the analyses reported below, results are reported based on the 
measures taken in each watch section, with a focus on comparison of ratings of like 
measures where possible. 

3   Results and Discussion 

The research team compiled and examined the data from various perspectives to 
understand the extent to which the E2SCDM measures support the design objectives. 
We begin by illustrating use of the measures for formative purposes through an 
example, and then move on to provide analyses with respect to trends concerning 
reliability, sensitivity, and validity (with respect to current Fleet tools). 

3.1   Use of Measures for Formative Feedback 

To illustrate use of the E2SCDM measures for formative feedback, the “top ten” and 
“bottom ten” Likert score items were compiled and averaged to provide an overview of 
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team performance during the IPDT. Note that our objective was neither an extensive 
analysis nor a complete evaluation of the crew (that would require data over multiple 
days across a variety of events), but rather, we sought to illustrate how an instructor 
can use the measures to understand a team through emergent themes. These themes 
could serve as the basis for providing feedback during debriefing sessions. In this 
study, the crew was rated highly in several categories that are associated with desirable 
performance and favorable mission outcomes: pre-watch information management, 
command-level feedback, and risk/gain evaluations. These top ten measures ranged 
from averages of 5.0 to 4.1, with standard errors ranging from 0.0 to 0.3. 

The bottom ten lowest-rated Likert measures describe areas in which the crew 
could improve given the challenging scenario events: accurate picture of 
safety/stealth, flexibility/adaptability, and self-assessment. Scores ranged from 2.8 to 
1.0, with more variability than the top ten scores (standard errors ranging from 0.2 to 
0.8). This range of data permits finer distinctions in performance: for example, the 
measures pertaining to self-assessment exhibited large standard errors, indicating that 
the crew demonstrated a wide range of proficiency in this area, possibly impacted by 
specific scenario events. On the other hand, the item regarding maintaining an 
accurate tactical picture had a small standard of error, indicating consistent behavior 
throughout the scenario.  

Collectively, these findings provide clear evidence that could be used to support 
team assessment. For instance, while the Command Team did well to provide 
feedback to the team, self-assessment by watch-standers was not as effective as what 
might have been ideal. In addition, while the team prepared well for their watch 
sections by sharing information, they had more difficulty maintaining an accurate 
picture that enabled flexibility during the watch. Moreover, in addition to diagnosing 
those areas that challenged the crew given the difficult scenario events, the E2SCDM 
measures also provided a mechanism through which to guide improvements to 
performance (e.g., proactively transfer information to build the picture). Indeed, the 
anchors that support each question describe what “right” behavior looks like and can 
be incorporated by an instructor or team member during a training exercise to provide 
actionable, formative feedback to the crew.  

3.2   Measures Sensitivity 

The E2SCDM measures were generally designed with the use of a 5-point rating 
scale, with half-point increments, thus enabling nine possible rating levels. From a 
perspective of sensitivity, a critical question was the extent to which these possible 
ratings were actually employed. For instance, if a limited range of ratings were used, 
these would data suggest that the measures provide limited insight into the range of 
performance seen in PDT-like training events. In addition, given our interest in 
determining possible ways in which to add value to the current standard tool, it is 
useful to compare ratings employing CTSS and the E2SCDM measures on similar 
events. A wider distribution of meaningful ratings suggests possible ways to enhance 
current assessment instruments.  

Figure 2 demonstrates the frequency and distribution of E2SCDM Likert scores 
and CTSS grades for the APDT event (only APDT data were examined in this 
analysis to reflect use of the measures following the greatest possible familiarization 
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both the AM and PM Watch Sections, and the length of the AM section was 
shortened. These confounding factors may point to the conclusion that the E2SCDM 
measures are more sensitive to the amount of time spent observing the crew, whereas 
the CTSS measures are less so. This difference may also reflect the fact that the 
E2SCDM measures are intended to be taken multiple times and averaged, whereas the 
CTSS ratings were made once at the end of each Watch Section. E2SCDM scores 
were significantly lower that day, and as suggested by the subjective feedback of the 
observers, more time may be required for them to make accurate judgments of team 
performance. However, given the peculiar nature of this particular collection event, it 
is difficult to be certain why the scores diverged for that particular Watch Section. 
Overall the results suggest some consistency with CTSS, with additional data required 
to reach definitive conclusions. 

4   Summary and Conclusions 

The findings of this study serve to illustrate the potential utility of developing 
measures for provision of formative feedback. In the context of pre-deployment 
training events, the measures were utilized to create themes of crew performance that 
could be used to guide learning. Given the construction of the measures, the anchors 
provide substantial guidance with respect to desired behaviors that could serve as 
reminders to crews who are learning and instructors who are watching for key events. 
Moreover, our findings also suggested that the measures investigated here exhibited 
acceptable levels of reliability between the raters while enabling a greater range of 
ratings to detect more subtle distinctions in performance. Hence, relative to the 
current Fleet standard tool, these data suggest that the E2SCDM measures have the 
potential to provide additional value with respect to formative feedback with 
increased sensitivity without a loss of reliability.  

The findings also indicated overall agreement between ratings using the CTSS tool 
and the E2SCDM measures (despite disagreement in one test session). Given that 
CTSS is the current Fleet standard assessment tool, this finding suggests convergent 
validity with current tools, which are assumed to predict actual operational 
performance. Collectively, then, these trends suggest that the measures have the 
potential to provide a valid assessment tool for Command Team decision making, 
thus potentially adding value in addition to that of current tools. However, it should 
be noted that due to the small sample size, and poor agreement associated with one 
observation session, these results must be interpreted as suggestive but not conclusive. 

Given these findings, future work should focus on refinement of the current 
measures, as well as further expansion of the measurement concept. Development 
should focus on testing with a range of crews, levels of proficiency, raters, and 
instructional events so as to further explore utility and validity. The result will be a 
revised set of measures suitable for use in assessment applications with respect to 
Command Team decision making. Overall, the preliminary findings reported here 
indicate that the methods promise to promote the creation of a comprehensive 
assessment toolset. Through an intense focus on team processes that support cohesion, 
decision making, and overall effectiveness, these measures provide a mechanism to 
support development of submarine Command Team decision making.  
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