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Abstract

Training is vital to the Canadian Armed Forces (CAF) being prepared to conduct operations. However, 
the CAF’s resources are often insufficient to participate in all potential training events, and thus they must 
be able to determine how to get the most value of out of their available resources. In response to this 
problem, Defence Research and Development Canada designed two models: one to assess how much 
value an individual training event brings to the CAF, and a second model to help decision makers select a
group of exercises that meet their objectives while respecting a variety of constraints. This project’s 
objective is to design a system, using information management, visualization, etc., that seamlessly 
integrates these two components to communicate insights to decision makers. 

Résumé

L’entraînement est essentielle pour que les Forces armées canadiennes (FAC) soient prêtes à mener des 
opérations. Cependant, les ressources des FAC sont souvent insuffisantes pour participer à tous les 
entraînements potentiels et doivent donc être en mesure de déterminer comment tirer le meilleur parti de 
leurs ressources disponibles. En réponse à ce problème, Recherche et développement pour la défense 
Canada a conçu deux modèles: un pour évaluer la valeur d’un événement d’entraînement individuel pour 
les FAC et un second pour aider les décideurs à choisir un ensemble d'entraînements qui rencontrent leurs 
objectifs tout en respectant une variété de contraintes. L’objectif de ce projet est de concevoir un système, 
utilisant la gestion de l’information, la visualisation, etc., qui intègre de manière transparente ces deux 
composantes pour communiquer des informations aux décideurs.
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Executive Summary 
 
The client contact person, Mr. Mark Rempel, a scientist at Defence Research and Development Canada 
(DRDC), has asked the team to develop a visualization using a task workflow that communicates the 
results of two data processing models in order to support the development of a military exercise 
portfolio. This portfolio contains a list of training exercises the Canadian Armed Forces (CAF) could 
possibly run. These models allow the development of different iterative portfolios based on factors set 
by the user.  
 
The team started by identifying the shortcomings in state-of-the-art systems such as the Visual 
Investment Planning Optimization & Revision (VIPOR) system; this system does not communicate 
sufficient information when comparing different portfolios or communicate how the portfolio 
generation relies on criteria the user chooses. The next step for the team was to develop two main 
functions for the design: it must generate a visualization presenting the results of both models (this 
consists of displaying information pertinent to the models and their results), and allow user input to 
modify what is displayed. The team chose objectives for the design in relation to the user experience 
and the user interface that ensure the visualization is easily navigable, layered, interactive, intuitive to 
use, and concise. Finally, the team used information given by the client to set constraints; the design 
must be a website, be based on a task workflow, and be able to display the score from the value model 
and the cost and location of each individual exercise. 
 
After finishing the detailed requirements, the next step was to consider which organizations or people 
might be affected by the design, and the environment it would operate in. The environment for this 
design will consist mostly of virtual factors and human factors; these include communicating the 
visualization through a website and considering the education of the user and their professional role (ex. 
analysts and senior decision makers). The CAF is the primary stakeholder since the design will display 
the training portfolios that they use. Other stakeholders are foreign exchange officers working within 
the CAF, since joint operations are affected by the training the CAF decides to do. 
 
Through the use of idea generation methods such as blue sky thinking, the team came up with three 
alternate designs, each of which is based on a workflow. The first and second designs both use the same 
workflow, since the user tasks are identical and the difference lies in task execution, and the third design 
has an individual workflow; all three are interactive and intuitive to use to some degree. The first and 
third designs, called the Layered and Build-a-Portfolio Designs respectively, make use of multiple 
screens to input, adjust, and view data about individual exercises and portfolios; these designs are best 
suited to the layered and concise objectives but underperform. The second design, named the Split-
Screen Interface, has all of its elements laid out on one screen, making it more easily navigable but less 
layered. 
 
The Layered Design was chosen to be the proposed conceptual design, as determined through the use 
of a weighted decision matrix. It received higher scores than other designs in multiple objectives, and 
has a greater overall visual appeal than the other two designs. The measure of success for the proposed 
design is an evaluation plan; this plan details qualitative experiments, surveys, and usability scales to 
be used along with a prototype, which the team was not able to construct due to client constraints. Next 
steps for this project include seeking approval of this document from the client and commencing work 
on the final presentation. 
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1.0 Introduction 
 
The client contact person, Mr. Mark Rempel, is a Senior Defence Scientist at Defence Research and 
Development Canada (DRDC) whose work supports the Canadian Armed Forces (CAF) Joint Training 
Authority (JTA). Military training is crucial to the success of CAF operations; however, their budget is 
limited and they must select which exercises to participate in [1]. As a response, Mr. Rempel and his 
team developed a value model and an optimization model to assist the CAF with their decision-making. 
The value model uses six criteria to determine how important an exercise is to the CAF and assigns 
each exercise a numerical value [2]. The optimization model then sorts exercises into groups called 
portfolios, based on a set of constraints (budget, time period, policies, etc.) and weighted criteria 
inputted by a decision maker [2].  
 
The client has requested that the team explore various visualization techniques to integrate the value 
and optimization models to support users in their decision-making process [1]. This report identifies the 
gap present in current solutions, describes the detailed requirements, service environment, and 
stakeholders, and introduces three alternative designs. The proposed conceptual design is chosen from 
these three, and rationalized through the degree to which it meets the requirements, and through possible 
measures of success. 
 
2.0 Problem Statement 
 
By communicating portfolio costs and benefits, data visualizations will be used in the design to assist 
the user in selecting the optimal portfolio for their objectives. A state-of-the-art decision support system 
used by the DRDC is the Visual Investment Planning Optimization & Revision (VIPOR) system, an 
interface that displays portfolio data graphically and allows the user to manipulate both the data and the 
optimized output [3]. Generated portfolios take into consideration multiple constraints, and can be 
adjusted by the user via different sorting criteria and the removal/addition of exercises [3]. Examples 

-depth comparisons between portfolios or offer clear 
explanations as to how the system determines the optimal portfolio. 
 
VIPOR lacks better methods for the user to control constraints and compare portfolios against gross 
factors [3]. Thus, the gap is a visual interface that displays portfolio alternatives, while giving a 
comprehensive understanding of criteria values associated with optimal portfolios. Consequently, the 
scope of the design is to create a new system which will take existing data from the value and 
optimization models, and output visualizations that provide more in-depth user interactions than those 
provided by VIPOR. 
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Figure 1: An overview of the visual elements of VIPOR which only show output and fail to show how 

it was determined by the algorithm [3].  
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3.0 Detailed Requirements 
 
The design should display information to the user about recommended portfolios while allowing them 
to control the portfolio composition and the factors it relies upon. This project will be successful if it is 
able to perform the functions, fulfill the objectives, and operate within the constraints described below. 
 
3.1 Functions 
 
The two functional bases of communicating and receiving information were expanded to create the 
following table. These functions were established to outline a simple, informative user experience. See 

 
 
Table 1: Primary and secondary functions. 

Primary Functions Secondary Functions 

Generate visualizations of the value and 
optimization models 
 
 

Display all exercises within a portfolio 

Display the resources required for an 
exercise/portfolio 

Display total value model score of a portfolio 

model scores, location, budget) 

Display comparisons between the portfolios 
offered  

Modify data presented according to user input Remove an exercise(s) from a portfolio at the 
 

discretion 

Accept criteria weights and constraints to be 
used in the optimization model 

Accept time constraints from the user under 
which the optimization model will run  
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3.2 Objectives  
 
To execute the functions successfully, the design should utilize effective visualization techniques for 
data modelling. Table 2 lists properties the design should have and methods to measure their success. 
Pairwise comparison was used to rank the objectives in order of importance (Appendix A). The design 
should also take into consideration guidelines for effective visualizations (Appendix B). 
 
Table 2: Objectives by descending order of importance. 

Objective  
(The design should be: ) 

Metric Goal 

Easily Navigable Number of clicks to access 
each piece of information 

Three clicks or fewer to view 
further details on currently 
displayed data topic [4]. 

Layered Number of layers of depth used 
to present items on the screen 

Access five pages from the 
main screen for one specified 
navigation path [5].  

Interactive   Number of interactive elements 
used to view data and modify 
portfolios 

At least three types of 
interaction (drag and drop, 
mouse rollovers, runtime 
adjustments, portfolio 
modification and comparison) 
[6]. 

Intuitive to Use  
 

Number of labels used One label or less needed to 
identify the purpose or name of 
each displayed button or icon 
[7]. 

Concise Number of words used for 
descriptions of displayed data 

No more than 20 words per 
description [8]. 

 
3.3 Constraints 
 
The list below describes constraints communicated to the team through the client contact person. These 
constraints help the user understand the reasoning behind the portfolio creation process. In addition, 
there are no constraints on the execution of the visualization. Any design that does not fulfill the 
following criteria cannot be considered a solution.  The design must: 

 Be communicated by a website 
 Output visualizations 
 Display scores from the value model 
 Output costs of exercises 
 Be based on a workflow 
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4.0 Service Environment 
 
In accordance with the constraints, the design must be in website format. The primary location 
considered for this design is Canada, specifically in places and on devices which comply by directives 
laid out by the Department of National Defence (DND). This section details key attributes of the 
environments in which the design will operate. 
 
4.1 Physical Environment 
 

 Personal Devices - DND and CAF members are allowed the use of Information Technology 
systems, provided their use complies with security protocols; these encompass Mobile Wireless 
Devices (any mobile device which can use telecommunication) and computer systems (any 
individual and network-oriented devices used to control other devices, process data, or transmit 
it) [9][10]. 

 
4.2 Virtual Environment 
 

 Technological Specifications - state-of-the-art visualization programs use servers with 
specifications as follows: Intel Xeon CPU, 2.4 GHz, 144 GB RAM [3]. They are most often 
used with an Intel i7 CPU, with a dynamic frequency of 2.13 GHz, and 4 GB of RAM [3].  

 Intranet - use of a website necessitates a network connection, which is established through the 
defence intranet; this intranet links all DND and CAF computers together and allows them to 
access services and communicate with each other [10].  

 Information management - the DND and CAF use electronic systems to easily allow 
information sharing to all relevant departments with proper security clearance [11]. 

 
4.3 Living Things 
 

 Users and Operators - all users of the design will be associated with the Canadian military so 
they must be proficient in English [12]. Primary users include analysts and senior decision-
makers; an intelligence analyst, as an example of a user, must have advanced knowledge of 
strategy and tactics, politics and government, and economics [13]. 

 
5.0 Stakeholders 
 
The design in the current scope is confined to military-based purposes. As such, the groups significantly 
affected by the design are closely related to the military and are arranged in the table below in 
descending order of influence. 
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Table 3: Stakeholders by descending order of influence. 

Stakeholder Interest(s) 

CAF Members The design supports decisions related to which 
military exercises the CAF will organize and 
execute [2]. Relevant members of the CAF will 
be taking part in these exercises [14]. 

CAF/Civilian Analysts Analysts are responsible for providing 
assessments and advice to support the CAF in 
decision-making [13]. The design will give 
analysts access to in-depth information for each 
exercise and portfolio [6]. 

CAF Senior Decision Makers The design will provide key details relating to 
the most optimal portfolios, allowing senior 
executives of the CAF to make knowledgeable 
decisions [6]. 

Militaries Working with CAF/Exchange 
Officers 

Multiple countries are collaborating on joint 

performance in these operations would be 
affected by the exercises they choose, and the 
results of these operations would affect the 
collaborating militaries [14][15]. 

 
6.0 Alternative Designs 
 
Three alternative designs have been selected from a list of options generated using blue sky thinking, 
to ensure unique and creative solutions. When generating the alternative designs, emphasis was placed 
on the sequence of user interactions with an interface to explore different workflows. See Appendices 
D [16] and E for a description of workflows and their typology, and the workflows themselves; the 

in previous solutions. The Layered and Split-Screen designs were based on one workflow, whereas the 
Build-a-
to a space where the user can create, save, and modify portfolios. 
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6.1 The Layered Design 
 
This design has a layered structure with several levels of depth, requiring substantial user interaction to 
navigate. Text and information is distributed throughout the layers to maintain clean visuals, drawing 
attention to the displayed topics. The user navigates a workspace composed of three main screens, 
accessible through tabs at the top. Each tab branches off into additional pages depending on user input.  
 

 
Figure 2: The Exercise Tab allows the user to organize or filter a list of exercises and view information 
about each. The user can also select multiple exercises and add them to a portfolio.  
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Figure 3: The Portfolio Tab allows the user to create new optimized portfolios, view the contents of 
single portfolios, and compare up to four side-by-side. 
 

 
Figure 4: Portfolio edit mode allows the user to make changes and witness how it affects the value 
model score, total cost, and other portfolio characteristics before finalizing any actions. 
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Table 4: Performance of Layered Design 

Objective  How it is met 

Layered Fulfilled: Goes up to five layers deep on the 
longest one-way click path.  

Easily Navigable Partially fulfilled: Requires up to six clicks to 
access certain data topics. 

Interactive   Fulfilled: Includes five interactive elements: 
interactive charts, drag and drop functions, 
mouse rollovers, portfolio modification and 
comparison. 

Intuitive to Use  Fulfilled: Utilizes zero labels on  universal icons 
and one label on more specific buttons for ease 
of use. 

Concise Partially Fulfilled: Generally less than 20 words 
for chart and exercise descriptions, but they may 
be longer depending on the complexity of the 
exercise or graphs presented. 

 
6.2 The Split-Screen Interface 
 
This design offers multiple tasks within one window, with a dynamic layout. Figure 5 depicts the home 

ios by cost, value model score, and recent activity. The exercises also appear 
in green if they are already in the portfolio and can be sorted by cost, proximity, and value model score. 
The user can drag and drop a portfolio to the middle section to compare against the portfolio originally 
on screen (Figure 7).  
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Figure 5: The graphs in (a) and (b) compare all exercises within the portfolio and allow the user to 
choose what attributes the exercises are compared by. (c) displays the aggregate cost of the exercises 
within the portfolio and all exercises within it. (d) orde
model score, and recent activity. (e) allows the user to search for any military exercise; once selected, 
information about the exercise appears. 
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Figure 6: Shows a dialogue box with a brief description and small map. 

 

 
Figure 7: Shows the comparison of two portfolios. The graphs now compare the portfolios as 
attributes change with time.  
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Table 5: Performance of Split-Screen Design 

Objective  How it is met 

Easily Navigable Fulfilled: One click to access data topics.  Easy 
to navigate with little time lost going between 
screens.  

Layered Partially fulfilled: Two layers. Most functions 
are present on screen at one time; there are few 

 

Interactive   Fulfilled: Multiple different functions can be 
accessed through buttons: multiple selection, 
drag and drop, runtime adjustments and more. 

Intuitive to Use  Fulfilled: Each button has one label or less and a 
tooltip to display more information on what it 
does. 

Concise Partially fulfilled: Intuitivity allows there to be 
few descriptions, but descriptions of the graphs 
will most likely exceed 20 words. 
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6.3 The Build-a-Portfolio Design 
 
This design focuses on user interactivity and combines certain tasks into one. It uses a workspace system 
similar to the one in Design 1 (Figure 3) which allows users to save multiple portfolios, but requires 
user input during the creation of each portfolio. The operation of this design begins with building the 
portfolio (Figure 8). From that stage onwards, the user has access to in-depth information about 
individual exercises (Figure 9) through the associated information buttons. They can also select two 
portfolios to compare (Figure 10) through the workspace screen. 
 

 
Figure 8: shows what the user sees when building a portfolio. There is the total list of exercises,  the list 
of exercises in the portfolio and the value model scores of the portfolio and a chart visualizing some 
data about the portfolio. 
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Figure 9: Shows the pieces of information displayed for each exercise.  

 

 
Figure 10: Shows the comparison between two orthogonal portfolios.  
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Table 6: Performance of Build-a-Portfolio Design 

Objective  How it is met 

Easily Navigable Fulfilled: One click to go from workspace to get 
to the build-a-portfolio screen, three clicks to get 
to portfolio comparison. On the build-a-portfolio 
it takes one click to get to more information 
about exercises.  

Layered Partially fulfilled: Four different possible 
screens in this design. 

Interactive   Fulfilled: One drag and drop interactive element 
in the build-a-portfolio, one binary choice 
interaction  to add recommended exercises to the 
portfolio. One  drop-down menu per chart.     

Intuitive to Use  Fulfilled: One label per recommended exercise 
interaction. One label to get more information 
on an exercise..  

Concise Partially fulfilled: Less than 3 words per 
description of exercise. Less than 3 words per 
description of portfolio.  Graph descriptions may 
vary above 20 words.  

 
7.0 Proposed Conceptual Design 
 

11 below demonstrates a user interaction with the interface and displays snapshots of the various 
screens. See Appendix F for the full-sized images. The path set for the user by this design is 
straightforward, and the simple yet informative elements on each screen make this a very intuitive and 
easy design to use (Figure 11). This interface performs all functions, remains within constraints, and 
fulfils objectives. Our weighted decision matrix illustrates how well the design meets our objectives 
and compares it to the other designs (See Appendix G). The design fills the gap by comparing portfolio 
alternatives, and giving the user access to the criteria values and information associated with optimal 
portfolios. This interaction-heavy user interface creates transparency in the decision making process.  
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Figure 11: Navigating through the Layered Design. 

 
8.0 Measure of Success 
 
The feasibility of our design can be measured by testing it against the most important objectives. Its 
interactivity, navigability, number of layers, and visual appeal can be modelled using a mock-up of the 
design, and then evaluated quantitatively and qualitatively. Since the scope of our design is the 

-making 
support systems include value-driven evaluations, interviews, and surveys [3]; a similar approach will 
be taken to evaluate our design. In order to proceed with the following methods, a fully functioning 
prototype must be created, however, the team currently cannot make one due to client limitations [6]. 
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8.1 Experiments 
 
Prior to testing, three types of participants will be evenly separated into two groups, A and B, each 
consisting of CAF analysts, CAF executives, and civilian contractors. To avoid first impression bias, 
Group A will u

VIPOR has been proven to outperform said method [3]. In this experiment
next fiscal year will be used and both groups will be tasked with deciding which exercises should be 
funded. Time will be allocated for them to arrive at a decision and members of each group will be 
subject to a post-experiment survey and interview.  
 
8.2 Surveys 
 
The System Usability Scale and After Scenario Questionnaire can be used to measure and compare 

standards and deliver reliable results [17]. 
 
8.2.1 System Usability Scale (SUS) 
 
SUS is a well established tool for evaluating the usability of a design. Its high degree of validity can 
distinguish between usable and unusable systems with a score of 68 being average usability [17]. The 
results will demonstrate how easy to use the design is and can assist the team in adjusting the design to 

 
 
8.2.2 After Scenario Questionnaire (ASQ) 
 
ASQ has good psychometric properties and consists of thr
satisfaction with the system [18]. Ensuring user satisfaction is crucial and the ASQ results can be 

 
 
8.3 Interviews 
 
Collec
via interviews. Questions that allow comparisons to be made between the two designs regarding the 
confidence and trust the user has in each are vital as our design should make the optimization process 
transparent. Based on user feedback, the design can be modified to provide a more appropriate amount 
of information regarding the integration of the value and optimization models. 
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9.0 Conclusion 
 

cus is the integration of the value and optimization models into a visual interface. 
This will be done via data reception and transmission between the user, the design, the value model, 
and the optimization model. The design is primarily affected by the virtual environment it will operate 
in and military stakeholders related to the CAF. Taking into consideration the detailed requirements, 
the Layered Design is the most optimal solution providing in-depth information while balancing user 
interaction with ease of navigation. Once a functioning prototype is built, validity and feasibility can be 
tested via a series of experiments, surveys, and interviews to confirm its fulfillment of the requirements. 
Looking forward, the design will need to be approved by the client and presented on April 15, 2019. 
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Appendix A - Pairwise Comparison 
 
The objectives were compared in pairs of two. The most important one obtains one point in each 
comparison. The objectives with the highest score are the most significant for this design. 
 

Objective Concise Layered Easily 
Navigable 

Interactive Intuitive 
To Use 

Score 

Concise --------- 0 0 0 0 0 

Layered 1 ---------- 0 1 1 3 

Easily 
Navigable 

1 1 ------------- 1 1 4 

Interactive 1 0 0 ------------- 1 2 

Intuitive to 
Use 

1 0 0 0 ------------ 1 

 
Appendix B - Visualization Guidelines  
 

Guideline Metric Goal 

Readable 
 
 
 

Size of the font used Text-heavy pages: 14-20px 
font  
Interaction-heavy pages: 12-
48px [19]. 

Line spacing size 
(Micro whitespace) 

Minimum line spacing of 1.2. 
Micro whitespace enhances 
readability [20]. 

Visually Appealing 
 
 

Number of colours displayed 
 
 

Three main colours on each 
screen [21].  

Ratio of colours 6:3:1 ratio between three 
colours maintains a harmonious 
and  clean visual interface [21]. 
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Appendix C -  
 

Primary Functions Secondary Functions 

Generate visualizations of the value and 
optimization models 
 
 

Explore all exercises within a portfolio 

Observe the resources required for an 
exercise/portfolio 

View the total value model score of a portfolio 

model scores, location, budget) 

Evaluate comparisons between the portfolios 
offered  

Modify data presented according to user input Remove an exercise(s) from a portfolio at the 
 

discretion 

Input criteria weights and constraints to be used 
in the optimization model 

Input time constraints from the user under which 
the optimization model will run  

 
 
Appendix D - Brehmer Typology  

 
Figure 12: Visual representation of the typology [16] 
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The following notes are -
document and contain direct quotes [16]. 
 
Why? 

 
 

  
 Discover; making and verifying a hypotheses related to scientific inquiry 
 Enjoy; casual encounters with visualization, stimulates curiosity and exploration 

 Produce: tasks that generate new transformed data, annotations, visualizations and more 
 Products of produce task may not involve visualization 

  
 Depends on what is being sought: whether the identity or location of the search target 

is known (lookup or locate) or unknown (browse, explore) 
 Query: Once a target is found, user will identify (characteristics of single target), compare 

(multiple targets)  or summarize (whole set of targets) 
 
How? 

 Contains methods and interaction techniques 
 Encoding data:  
  

  
 Navigate: alter users viewpoint 
 Arrange: organizing elements spatially 
 Change: alterations in visual encoding 
 Filter: adjusts exclusion and inclusion criteria 
 Aggregate: change the scale or level of elements 

 Introduce: adds new elements into a visualization 
  
 Import: addition of new elements like data 
  
 Record: save or capture elements 

 
What? 

  
 Values, extremums, ranges, nodes, links, paths, points, intervals, spans, data, 

attributes, visualization structures 
 In this t
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Appendix E - Workflows 
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Appendix F - Proposed Conceptual Design Interface Screenshots 
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Appendix G - Weight Decision Making Matrix 
 

Objectives Design 1  Design 2  Design 3 

Navigable(30%) 40% 70% 35% 

Layered(25%) 80% 15% 35% 

Interactive(20%) 50% 60% 90% 

Intuitive(12.5%) 70% 60% 45% 

Concise(12.5%) 60% 20% 40% 

Total 58.25% 46.75% 47.875% 
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