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Abstract. Defence Research & Development Canada – Atlantic Research Centre is developing a 
prototype planning and course of action (COA) testbed for naval command teams. As part of this 
effort, a study was conducted to understand how criteria for the assessment of Naval Task Group 
(NTG) courses of action are selected, defined, prioritized and applied. Fourteen naval officers with 
operational planning experience identified and defined a set of criteria for assessing COAs for four 
NTG missions. The responses of this first data collection activity were consolidated, categorized, and 
mapped to the Canadian Forces’ Principles of War, to create a short list of relevant criteria for each 
mission. In a follow-on data collection activity, naval officers were provided the refined criteria lists 
and, both individually and in groups, completed activities focused on defining the relative importance 
of the criteria to each mission. The results of the study are presented and framed from the perspective 
of their application to the COA testbed (COA-T).  

Keywords: evaluation criteria, courses of action, mission planning 

1 Introduction 

Defence Research & Development Canada - Atlantic is developing a prototype planning and course of action (COA) 
testbed (COA-T) to support shipboard and naval task group (NTG) planning in the 24-72 hour timeframe, across a 
range of maritime information warfare (MIW) activities. It aims to improve the command team’s ability to develop, 
assess, select and communicate COAs.  

From [1], a COA is any potential solution which may result in the accomplishment of the mission. A viable COA is 
a solution that is suitable, feasible, acceptable, compliant, exclusive and complete [2]. Past research [3] indicates that 
ship and NTG staff will take certain liberties to adapt formal planning processes such as the Canadian Forces 
Operational Planning Process (OPP) [2], Joint Operational Planning Process (JOPP) [4] or Naval Planning Process 
(NPP) [1], in order to suit their needs. Nevertheless, the process of assessing the mission requirements, developing 
feasible COAs, and analyzing the COAs in order to select a COA is common across the various formal and modified 
methods. The JOPP illustrates the steps of the planning process at a level of detail appropriate for the discussion in 
this paper, as shown in Figure 1.  

The JOPP is the planning method used by the US military to “facilitate interaction between the commander, staff, 
and subordinate and supporting headquarters throughout planning” ([4], pp. IV-1). It describes a process to 
“examine a mission; develop, analyze, and compare alternative COAs; select the best COA; and produce a plan or 
order” ([4], pp. IV-1). In this paper, our primary focus is on Step 4: COA Analysis, and also touches on Step 5: COA 
comparison. 
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participants would provide similar responses that could be easily grouped was not met. Also, the level of detail in 
the criteria descriptions varied widely, making some more clear than others. In addition, some participants used 
different terms to describe the same or similar things.  

We enlisted the help of a SME in both naval missions and operational planning processes to organize the responses. 
Planning guidance suggests that an initial set of high level criteria should be derived from the commander’s intent. 
The CF’s principles of war (POW) also provide a reasonable starting point for developing evaluation criteria. In 
Canadian military doctrine, there are ten “principles of war” that govern the application of military power [5]. In 
brief, the CF’s principles of war are [8]: selection and maintenance of the aim, maintenance of morale, offensive 
action, security, surprise, concentration of force, economy of effort, flexibility, cooperation and administration.  

Our RCN SME conducted a careful review of the commander’s intent statements, deriving evaluation criteria 
consistent with both the intent and POWs. The collection of criteria provided by the participants was then examined 
and each response was either mapped to a POW category or removed from the analysis. If no participant data 
existed for a POW category, even when expected by our SME based on the commander’s intent, that POW was also 
removed. The number of mappings of participant data to each POW category was used to infer importance of the 
criteria.  

A second RCN SME - a Lieutenant Commander with relevant at-sea experience - reviewed the results and indicated 
agreement with the criteria that were identified.   

2.3 Results 

The final sets of criteria and their inferred priority (1=High, 4=Low) for each mission are provided in Table 3, 
mapped to the Principles of War.  

    Criteria by Mission (with Rank) 

Principle of War    MIO  NEO  Combat  HADR 

Selection  and 
Maintenance of the Aim 

    Time (3) Geographical 
Coverage (1) 

 

Concentration of force    Effect (1) Readiness (2)  Resource 
Allocation (2) 

Economy of Effort    Sustainability (2)
Force 
Employment (3) 

Economy  of 
Effort (4) 

 

Security    Risk (4) Security (1) Security (2)  

Flexibility      Flexibility Flexibility (1)

Cooperation      Cooperation (2) Cooperation (3)  Cooperation (3)

Administration 
(Logistics) 

    Logistics (3) Sustainment (4)

Offensive Action      Offensive  Action 
(3) 

 

Table 3. Evaluation Criteria by Mission Types (with priorities) 

In a related research effort [5], DRDC contractors describe a framework for defining criteria to limit ambiguity and 
redundancy.  It involves systematically defining the criteria in terms of four elements: intent (i.e., the direction of 
change), effect, subject, and target of the approach or effect (e.g., own force). They illustrate the framework with 
three examples, read left to right, as shown in Figure 6.  
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Cooperation  Which  COA  contains  most  deliberate  measures  to  support  the  Rapid 
Response  Team  and  engage  with  relevant  government  and  non‐
government departments? 

Sustainment  Which COA contains best logistical support for re‐supply? 

Table 4. Evaluation Criteria Definitions 

3 Exploration of Criteria Weighting Methods 

This study takes the criteria identified for each mission in Study 1, and examines various methods of determining 
weights for these criteria.  

3.1 Approach 

For each mission type, the top four criteria were carried forward into this second study. However, the NEO mission 
was not used for further data collection; rather it was used an example for participants. Thus, only the HADR, MIO 
and CP missions were fully examined in this study. The current practice for determining criteria weightings is 
simple - the planning team uses their intuition and experience to create, typically as a group, integer-based 
weightings for each criterion that are appropriate for the mission at hand. This direct approach is straightforward and 
efficient, though lacks the rigor of some weight elicitation techniques described in the multi-criteria decision making 
(MCDM) literature. The authors of [9] suggest that weighting techniques may be selected based on their perceived 
validity in the decision making context, the cognitive effort required of the participants, and the complexity of the 
analysis.  In the current time-sensitive planning environment, without tools to support the analysis, it could be 
difficult to make an argument for a more complex weight elicitation technique. However, given a planning support 
tool like will be demonstrated using COA-T that could easily convert user inputs into the appropriate set of 
weightings, the option of using a more sophisticated weighting method becomes more realistic. The cognitive effort 
required by the planners to create the necessary input data, however, remains a consideration. The first thing to 
determine is whether or not using a different technique results in criteria weightings that are meaningful and  impact 
the end result (i.e., result in the selection of a different COA).   

In this study, we consider two alternative techniques to the current direct, intuitive weighting approach, and also 
consider the possibility of applying the weighting techniques in a group setting (as is current practice) or as 
individuals. In addition to the direct method, we also used a points allocation and Analytic Hierarchy Process 
(AHP) approach [10]. Points allocation (PA) involves splitting 100 points amongst the criteria to indicate their 
relative importance. It is straightforward, but offers a couple of benefits over the direct method:  

1. it forces the evaluator to consider trade-offs between criteria (i.e, more points for one criteria means less 
points for another; this is not the case when using the direct, ad hoc approach – the sum of weights is 
unlimited in that case), and, 

2. it may produce weights with a finer resolution (e.g., with the direct method, it is common to see users 
define weights which are simple multiples of each other (for instance, w1	 	2,	w2 1,	w3 1 . With PA, 
weights such as w1	 	55,	w2 25,	w3 20	are just as likely .  

The Analytical Hierarchy Process was developed by Saaty [11], and involves multiple decision makers individually 
prioritizing a set of distinct evaluation criteria, and conducting a set of pairwise comparisons between the criteria, 
using their judgement to indicate each criterion’s relative importance to all those above it in the prioritization 
hierarchy. The method applies matrix algebra to derive an overall set of weights for the criteria. The AHP process is 
widely accepted and supports the comparison of incommensurable criteria (e.g., mission cost, loss of life) two at a 
time, which allows for more precise judgements than reviewing the complete criteria set at once (as in the previous 



methods discussed). For the AHP method, data was collected only at the individual level, and analyzed for group 
consensus. 

This study took place in a group setting, over the course of 1 hour. Participants were briefed on the results of Study 
1 and the intent of Study 2, as well as given a copy of a complete example, using the NEO mission set.   

3.1.1 Participants 

Fourteen RCN participants with OPP training and/or experience participated in this study: six Lieutenants, four 
Lieutenant Commanders, and four Commanders. Twelve of these participants had previously participated in Study 
1, where they identified criteria for two of the four mission sets. To save time and maintain consistency in Study 2, 
we aimed to assign participants to a mission that they already studied in Study 1. However, creating similarly-sized 
teams which were balanced across ranks and mission sets (especially given that we now had only 3 missions instead 
of 4) was challenging. The participants ultimately assigned to each group are indicated in Table 5. 

Participant experience with the OPP varied by rank, and ranged from training only, to implementation in exercises, 
to application during deployed operations, and teaching the OPP to other officers. Participant positions within the 
RCN included weapons, operations room, combat, executive, and commanding officers. 

 HADR CP MIO 
Lt(N)  2  2  2 

LCdr  1  1  2 

Cdr  1  2   1 

Table 5. Number of participants by rank and mission (Study 2) 

3.1.2 Data Collection Survey 

A paper-based survey was used to guide data collection. The survey structure is described in Table 6. In addition to 
that shown here, a brief demographic and exit survey were conducted. 

Section  Description 

Reprint of the Mission Description   

Assumptions  Three  viable  COAs  already  exist,  and  evaluation  criteria  have 
already been determined. Survey 1 criteria and descriptions for 
that mission were then provided.  

Part A: Individual Exercise   

         A1: Ranking  Rank the four criteria provided in order of priority. 

         A2: Direct Method  Enter a weight (1 to 10) for each criterion to indicate its relative 
importance. (1=low, 10=high) 

         A3: Points Allocation Method  Divide  100  points  amongst  the  four  criteria  to  indicate  their 
relative importance. 

         A4: AHP Method   Enter a number (1, 3, 5, 7, 9) in the third column to indicate the 
relative  importance  of  the  two  criteria  (X,  Y)  in  the 
corresponding row.  
1 = X is equal in importance to Y 
3 = X is moderately more important than Y 
5 = X is strongly more important than Y 
7 = X is very strongly more important than Y 



9 = X is extremely more important than Y 

Part B: Group Exercise   

         B1: Ranking  As a group, rank the four criteria provided in order of priority. 

         B2: Direct Method  As  a  group,  enter  a  weight  (1  to  10)  for  each  criterion  to 
indicate their relative importance. 

         B3: Points Allocation Method  As  a  group,  divide  100  points  amongst  the  four  criteria  to 
indicate their relative importance. 

Table 6. Study 2 Data Collection Survey Structure 

3.2 Analysis 

The calculations applied to the collected data are described in Table 7, where: 

Q   = Set of all participants 
J  = Set of all criteria 

  = Weight of criteria j, assigned by participant q 

	 = Weight of criteria j  

  = Normalized weight of criteria j 

	  

Method  Analysis Applied 

Part A: Individual Exercise   

         A1: Ranking  (This was used only to enable application of the AHP method.) 

         A2: Direct Method  ∑
∑ ∑

 

         A3: Points Allocation Method  ∑
∑ ∑

, 100	 	  

         A4: AHP Method   Excel‐template applied, see 3.2.1 

Part B: Group Exercise   

         B1: Ranking  (no analysis needed) 

         B2: Direct Method 
∑

 

         B3: Points Allocation Method 
∑

, 100 

Table 7. Study 2 Data Analysis 

3.2.1 AHP Excel-Template 

To perform the AHP calculations, we leveraged an Excel-based AHP template [12] which allowed for easy entry of 
participant data, and calculation of the overall criteria weights for each mission set. An example is shown in Figure 
7. The first image to the left is an example of an individual’s data that was copied into the worksheet. The image to 
the right is the summary page produced by this AHP Excel template for this example.  
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 Comparisons between individuals and group: 
o Individual-direct vs Group-direct  Total # of matches out of 100: _____ 
o Individual-PA vs Group-PA  Total # of matches out of 100: _____ 

 Comparisons between methods: 
o Individual-direct vs Individual-PA  Total # of matches out of 100: _____ 
o Group-direct vs Group-PA   Total # of matches out of 100: _____ 
o AHP vs Group-direct    Total # of matches out of 100: _____ 
o AHP vs Group-PA    Total # of matches out of 100: _____ 
o AHP vs Individual-PA    Total # of matches out of 100: _____ 

For instance, for the run shown in Figure 8, 1 point would be added to each of these comparison categories, as all 
weighting methods resulted in COA3 being selected.  

3.3 Results 

3.3.1 Weights Determined by each Elicitation Method 

The weights obtained for the criteria provided for each mission using each method are detailed in Table 8. These 
values were calculated as described in Table 7. 

      Weights by Method 

    Criteria  Individual‐
direct 

Group‐ 
direct 

Individual‐
PA 

Group‐ 
PA 

Individual‐
AHP 

H
A
D
R
 

Flexibility  0.293  0.265  0.313  0.350  0.414 

Cooperation  0.285  0.265  0.300  0.300  0.361 

Sustainment  0.213  0.235  0.200  0.200  0.140 

Resource Allocation  0.209  0.235  0.188  0.150  0.086 

M
IO
 

Effect  0.304  0.250  0.362  0.250  0.409 

Risk  0.254  0.281  0.269  0.300  0.371 

Force Employment  0.241  0.250  0.212  0.250  0.157 

Sustainability  0.200  0.219  0.157  0.200  0.063 

C
o
m
b
at
 

P
at
ro
l 

Geographic Coverage  0.336  0.345  0.330  0.400  0.485 

Security  0.281  0.276  0.296  0.260  0.286 

Offensive Action  0.243  0.241  0.244  0.240  0.175 

Readiness  0.141  0.138  0.130  0.100  0.054 

Table 8. Study 2 Results: Criteria weights by method 

For both the HADR and Combat Patrol scenario, each method resulted in the criteria being ranked the same way in 
terms of overall priority. For HADR, all methods agree that Flexibility ≥ Cooperation > Sustainment > Resource 
Allocation in terms of importance. For Combat Patrol, all methods agree that Geographic Coverage > Security > 
Offensive Action > Readiness in terms of importance. For the MIO scenario, the three methods based on individual 
data agree that Effect > Risk > Force Employment > Sustainability, while the two group methods agree that Risk 
and Effect should be reversed such that Risk > Effect > Force Employment > Sustainability in terms of importance.  

To visualize the spread of weights identified for each criterion (Table 8), the method and mean weights are plotted 
in Figure 9.  
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was the preferred criteria. In addition, participants offered international and constabulary support as possible criteria. 
For the Combat Patrol mission, participants indicated general agreement with the given criteria, and also offered 
sustainment, logistics, and communications. 

3.3.3 Pairwise Comparison of Elicitation Method Results 

Table 10 shows the number of times out of 100, for each mission, that randomly assigned COA assessment values 
(as described in Section 3.2.2 and illustrated in Figure 8), vk aikj , resulted in the same COA being selected by the 
compared methods. The ‘Group-Direct’ method is bolded since it is the current method used by planning teams and 
therefore an important reference point.  

  #times out of 100 that same COA is selected 

Methods Compared  HADR  MIO  Combat Patrol 

Individual‐direct vs Group‐direct  97  96  100 

Individual‐PA vs Group‐PA  99  92  94 

Individual‐direct vs Individual‐PA  98  95  99 

Group‐direct vs Group‐PA  95  99  95 

AHP vs Group‐direct  90  85  91 

AHP vs Group‐PA  95  83  96 

AHP vs Individual‐PA  94  87  89 

Table 10. Comparison of weights according to COA selected 

Difference thresholds, as discussed in Section 1.2.1, were not considered in these comparisons. If they were 
included, the number of matches would be expected to increase. 

The greatest number of result differences occurs when comparing AHP to any of the other methods (group or 
individual). This seems straight forward given that we also noted that AHP had the greatest variability across its 
weights, and its weights are (Figure 9) least consistent with the other methods. AHP comparisons for the MIO 
mission resulted in the least matches though this is likely attributed to the fact the participants indicated the least 
agreement with these criteria overall and therefore would naturally find it more difficult to consistently describe 
their relative merits.  

4 Application of Default Criteria  

The final study, Study 3, was not designed specifically for the testing of default criteria, rather it had a primary 
purpose of exploring alternative, more intuition-based, processes for COA development and selection. That 
experiment involved the application of the current COA analysis and selection processes as its baseline condition, 
and involved the use of the same MIO and Combat Patrol mission statements as used in our previous studies. We 
were able to leverage that study to further explore the concept of default criteria for mission types, by providing 
participants with the criteria identified in Study 1 and used in Study 2 as a starting point for their analysis.  

In this study, groups of three Naval Lieutenants participants were provided with one of the MIO or CP mission 
descriptions and asked to develop a COA, using their existing planning process. This involves developing one or 
more possible COAs, and developing ECOAs, if applicable, and then applying a weighted decision matrix to arrive 
at a preferred COA. Each team was given the top four criteria identified in Study 1, along with their definitions. The 
MIO team was also given an additional default criterion of “public relations”, as this had been identified by our 
RCN SME but previously removed from the list as a result of no matching participant data from Study 1. While 
Study 2 had not been fully analyzed at this point, observations of the Study 2 data collection session had provided 



indications that additional criteria should be considered. Participants in study 3 were not given any default 
weightings as we did not want previous assessments of criteria importance to bias the participants towards using (or 
not using) a particular criterion. Participants were told that they could use these criteria, or select only particular 
ones to use, and/or could add additional criteria as they saw fit. An Excel-template was provided that automatically 
builds the decision matrix based on the user-selected criteria, and applies the user-supplied weights to calculate 
COA values, once the criterion assessments have been made.  

4.1 Analysis 

The weights for the criteria of Study 2 were normalized such that ∑ 1,	where J is the set of default criteria 

given to participants of Study 3. Let S be the set of criteria selected by the Study 3 participants. Then J∩S is the set 
of criteria that Study 2 and Study 3 have in common. The Study 3 participants used their typical, group-direct, 
method to assign integer weight values ( ) to each criterion. In order to compare the weights of the criteria in J∩S 
across studies, the weights of Study 3 are scaled as follows: 

∑ ∩

∑ ∩
 

4.2 Results 

Table 11 shows the default and selected criteria for Study 3, and the associated weights. The weights for the default 
criteria as determined by the group-direct method in Study 2 are also shown here, but were not given to Study 3 
participants. 

The MIO team used all the default criteria, and added one more: Deterrence. There is little in the way of similarly 
between the weights applied to the common criteria. In fact, the order of importance is not even consistent. For 
Study 2, when the group-direct method was applied, Risk > Effect ≥ Force Employment > Sustainability. For Study 
3, when the group-direct method was applied, Effect > Sustainability > Risk ≥ Force Employment. However, we 
also note that the Study 2 group-direct weightings have very small differences, thus, without a better understanding 
of the underlying variance of the process it is difficult to determine if the ordering is truly accurate.  In Study 3 
however, it is clear that Effect>Sustainability>(the rest of the criteria). The fact that the team used all six criteria in 
the decision matrix is interesting; typically fewer criteria are used, however, the Excel-template provided made it 
easier to manage a larger set of criteria, and may explain the reasoning for this. 

    Incl.  in default 
list  (  from 
Study 2)? 

Group‐direct 
weight  (Study 

2,  ) 

Incl.  in 
team  list 
(Study 3)? 

Group‐direct 
weight  (Study 

3,  ) 

Study  3 
weights  – 

scaled ( ) 

MIO  Effect  Y  .250 Y 3 .429

Risk  Y  .281 Y 1 .143

Force Employment Y  .250 Y 1 .143

Sustainability  Y  .219 Y 2 .286

Public Relations  Y  ‐ Y 1 .143

Deterrence  N  ‐ Y 1 .143

CP  Geographical 
Coverage 

Y  .345 Y 3 .466
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offered as defaults for Study 3, one team used the default set and included an additional criterion, while the other 
team discounted two of the default criteria and included an additional criterion. Despite not adhering to the exact 
criteria given, the participants did indicate that they found default criteria useful (3.7/5). The discrepancies in the 
preferred criteria could exist as a result of: experience levels, which was considerably higher for participants in 
Study 1; the study methods (Study 3 involved actual COA development which could have helped clarify which 
criteria were most useful in distinguishing between them); and/or the knowledge of the team members.  

In general, the support for providing default criteria through PowerPoint templates or a more sophisticated system 
like COA-T is somewhat positive, but requires more study. While the planner would always have the option of 
changing the defaults, there could be a tendency to accept the criteria (e.g., MIO scenario of Study 2) since there is 
an expectation that the system has based its defaults on something concrete. 

From Study 1, we obtained a fairly lengthy list of criteria overall, with associated definitions. A tool such as COA-T 
should consider providing the planner with the full list of criteria (and definitions) to choose from, with the option of 
ordering them according to how frequently criteria have been previously used for that mission type. The user would 
then decide to select the top criteria, select alternatives, or add new criteria as appropriate. When new criteria and 
definitions are added, these would become available for selection the next time the tool is used. 

The sample sizes in our studies were not sufficient to conclusively identify the most appropriate criteria. However, 
the criteria and preferences identified in this report can be used to seed the system, and the top criteria in the list can 
evolve over time with system use.     

4.3.2 Default Criteria Weights 

For the criteria used in both Study 2 and Study 3, the weights assigned by the groups were notably different, and 
criterion priority was not consistent across the groups. A larger set of data would be needed to confidently 
recommend specific sets of criteria or weightings. There is a concern, however, that providing defaults weights 
could result in a cognitive bias. There could be a tendency to accept the default numbers, particularly if they do not 
differ ‘enough’ from what the planners themselves might have intuitively specified. This concern should be explored 
through further experimentation. 

4.3.3 Weighting Method 

The authors of [9] point out that since there is no ‘golden standard’ (i.e., no correct answer) for criteria weighting, 
the validity of weighting techniques cannot easily be assessed. We saw in Study 2, Table 8 and Figure 9, that the 
different weighting techniques resulted in similar weightings within the Study 2 groups. When these weights were 
applied to 100 random decision matrices for each scenario, the end result was the same across select pairs of 
methods, an average of 94 times out of 100. This suggests that the end result (i.e., the chosen COA) is not overly 
sensitive to the weighting method chosen, though it is sensitive to the criteria ordering (ranking) due to the integer 
valuation (i.e., -1/0/1) of the value function. One could argue that there is not enough of a difference to justify 
changing the current process and adding additional effort in terms of the data entry required to calculate the 
weighting set.  The authors of [9] show in their own trials that when weights were intended to support group 
decision making, the elicitation method had negligible impact on the result.  

So long as these methods are applied manually, the direct method will most likely prevail. However, a simple Excel 
spreadsheet could make the application of more diverse weighting methods, such as points allocation, much easier. 
Alternatively, the AHP method is well-accepted in the literature as a premium method for identifying weights, and 
in particular, has the greatest ability to differentiate amongst the criteria [9]. We see some evidence of this in Figure 
9 where the AHP tends to differ the most from the mean. Its strength is also its weakness, however, wherein  
pairwise comparisons do not require planners to consider the relative merits of all criteria at once, but the many 



simple comparisons can become burdensome as the number of criteria increases. For the typical 3 to 5 criteria used 
by the RCN for COA comparisons, the AHP remains reasonable to apply, barring intense time pressures. The AHP 
template that was applied in this research also includes a field for scaling the contribution of input from each 
individual to the total. For the data reported here, all participants were treated equally; however, it is worth 
considering whether the inputs of more senior and experienced personnel should be given more weight than those 
with less experience.    

4.3.4 The Use  of Decision Matrices 

This paper has explored the process of selecting and weighting criteria for COA analysis and selection, as supported 
by a weighted decision matrix. This process is described in the JOPP and OPP and is the process taught to and 
exercised by the RCN. This is an analytical approach to support decision making which is riddled with 
approximations, uncertainties and subjective assessments. The JOPP notes that the decision matrix is meant as an 
aid only, and that its value is in encouraging a systematic process for viewing the strengths and weaknesses of each 
COA, not for picking the solution. In fact, if the preferred COA, according to the decision matrix, is not consistent 
with the planner’s expectations, they are to critically look at whether or not an important criterion was missed, or 
some other part of the analysis was incorrect. Thus, getting the weights exactly right is unlikely as important as the 
planner’s experience and ability to recognize when the outcome is amiss. 

4.3.5 Implications for COA-T 

COA-T is intended to help the planners through the entire planning process. In this paper, we have focused only on 
the steps of COA Analysis and touched on COA comparison. With respect to criteria selection, we have suggested 
that an augmentable list of criteria with well-structured definitions be provided and ordered according to historical 
frequency of use. As we saw in Study 3 for the MIO mission, providing technology to support the analytical process 
may result in the planner considering a larger number of criteria for a mission, when appropriate, since it is easier to 
do so. This would result in a more complete analysis that has not left out relevant criteria in the interest of 
mathematical simplicity. With respect to criteria weightings, we do not have sufficient data to recommend default 
values, but default ranking of criteria will be implied by the provided criteria list when ordered by frequency of use.  

Support for identifying weightings should be provided by the system. The implementation of the three methods 
described here (direct – i.e., the current method, PA, and AHP) within the system would not be complex, and the 
best method may be driven by any number of factors, such as time available, command team experience, number of 
criteria, etc. In addition to these methods, the option to specify and review the weights visually should be 
considered. As well, the tool should support exploration of the sensitivity of the results to a given criterion weight, 
allowing the planner to fully consider the impact of the chosen weights and possibly reconsider them. This could be 
achieved by allowing interactive user adjustments to one weight while holding the proportion of the other weights 
constant, or, by providing analysis on the delta required in a given weight to produce a different outcome. Finally, as 
discussed in Section 1.2.1, any indication of a COA preference given by the system should take uncertainty 
thresholds into account. When the value of multiple COAs cannot be distinguished beyond the boundaries of the 
uncertainty thresholds, they should be displayed as equal.  

4.3.6 Study Design 

The studies reported here were not intended as structured experiments, rather as focus groups akin to those that 
would be involved in the shipboard planning process in the real world. Given the knowledge gained through these 
studies, it would have been worthwhile having participants develop three COAs for their assigned mission(s) in 
Study 1, prior to coming up with criteria and definitions. Criteria are meant to differentiate between COAs, not stand 
on their own, and this facet of criteria selection may not have been well-considered when participants were asked, 
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important when building the set of viable COAs. The overall criteria list may be usable for both purposes, but the 
criteria relevant to building the COAs may differ from those selected to differentiate the COAs. It is expected that 
map-based visualizations of these criteria to support viable COA-building will be of value, but further exploration of 
the concept is needed.  

In the studies reported here, COA selection was not particularly reliant on the criteria weights. However, there may 
have been greater discrepancies in the results if a different COA value function, V COAi , had been chosen. The 
weighted sum value function, as used in our studies and by the RCN, can mask negative assessments with positive 
ones, and some important information can be lost. Alternative value functions should be considered and assessed for 
their appropriateness and impact on the results. As well, the process for determining appropriate difference 
thresholds for a given decision matrix should be examined in order to incorporate reasonable thresholds into COA-
T. Further, the value functions applied at the criterion level, vj aijk , could be studied further. At this time, the 
possible values for vj aijk  are determined ‘on-the-fly’ (e.g., red/yellow/green = -1/0/1) and their impact on the COA 
value across all criteria has not been adequately considered. 
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