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L I S T  O F  A C R O N Y M S  A N D  D E F I N I T I O N S  

ACTIONS Access, Costs, Teaching and Learning, Interactivity & Usability, 
Organization, Novelty, and Speed 

ADDIE  Analysis, Design, Development, Implementation and Evaluation 
 
CASCOIME Cost, Accessibility, Social-political suitability, Cultural friendliness, 

Openness, Interactivity, Motivational  
CBT    Computer Based Training 
CF    Canadian Forces 
CFITES  Canadian Forces Individual Training and Education System 
 
EdO Educational Objective 
EO Enabling Objective 
 
FOV  Field-of-view 
 
HSI    Human System Integration 
 
IFE   Intermediate Feasibility Experiments 
IMI    Interactive Multimedia Instruction 
ISD   Integrated Systems Design 
IT&E   Individual Training and Education 
 
PADDIE+M Planning, ADDIE, Maintenance 
PO Performance Objective  
 
ROTI  Return on Training Investment 
 
SAT   Systems Approach to Training 
SDP   System Development Process 
SECTIONS  Students, Ease of Use, Cost, Teaching functions, Interaction, 

Organization, Networking, Security 
SME Subject Matter Expert 
SPOT Sensory, Perceptual, Objective Task 
STA Sensory Task Analysis 
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TA Technical Authority 
TDO  Training Development Officers 
TNA Training Needs Analysis 
TNI    Training Needs Index 
ToT  Transfer of Training 
 
VE Virtual Environments 
VIRTE  Virtual Environments and Technologies 
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E X E C U T I V E  S U M M A R Y  

This work provides an overview of the various methods relied upon by those making decisions 
regarding the selection of media and level of fidelity found within training solutions. The 
objective of this work was to review current instructional media selection methodologies used 
during the instructional design process for computer and simulation based training. A survey of 
the literature identified approaches to the problem, and answers to questions of interest to the 
Technical Authority (TA) for each of the identified methods reviewed where applicable and 
available. Two domains were reviewed, first, Instructional System Design (ISD), concerns itself 
with the methods used to select the appropriate media for non-immersive training solutions, for 
example computer-based training. Second, human factors, Human Computer Interaction or HSI 
literature were reviewed, which concerns itself with higher immersive training (i.e. part task 
trainers, virtual environments (VEs) and high fidelity environments (live, virtual and constructive 
simulation). 

The review of the ISD literature, training media selection methods, included U.S. and Canadian 
defense sector methods and six additional non-defense methods. The review included an 
analysis of the level of specificity and evidence for validity for each method. None of the 
methods reviewed were rated as having a high level of both, specificity or validity. Upon review, 
there seems to be no empirically validated theory or process that supports media selection. 
Models described in this report can help guide users by providing questions and criteria to 
consider while making decisions about media and instruction; however, they have yet to be 
empirically validated. The actual decision making process may be informed by the criteria and 
associated data, but the analyses are not prescriptive in nature and in the end, the decision is 
left to the designer. The final media selection decision across all methods reviewed does not 
seem to be based on any media selection method in isolation, but driven by a combination of 
intuition, SME experience, and the data collected based on the questions considered in the 
model, framework or method.  

Based on the review, the existing media selection methods seem insufficient when used on their 
own for making decisions about which media to use for a particular result. A combination of 
methods may be the best solution and the methods selected would depend on the context and 
complexity of the environment to be designed. In addition, research reviewed suggests that 
other aspects such as the learner goals and objectives, subject matter, age, skill level, fidelity of 
technology, and cognitive functions to be supported, may all have a significant influence on the 
outcome of the media selected and implemented and not included in current methods.  

When selecting the appropriate level of fidelity in an immersive or interactive system, 
practitioners may not be able to rely on the media selection methods that are used for the 
design of less immersive systems. This is because the level of detail regarding the components 
and the physical, functional and psychological factors related to fidelity are excluded from these 
methods. Therefore, two methods for selecting the appropriate level of fidelity for immersive 
environments were reviewed. It is concluded that either method could be followed when 
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selecting the appropriate level of fidelity, as the focus of both is on identifying the requirements 
up front that will support the training objectives.  

Leaders in both fields seem to be cautious to support any one method as they are not 
empirically deemed usable, practical, and evidence-based as of yet. It can be argued that the 
existing media selection methods reviewed seem insufficient when used in isolation for making 
decisions about which media to select. Elements from a combination of methods may be best 
suited.  
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1 INTRODUCTION 

This document is a report for Project W7719-155268/001/TOR Task 11 - Top-Down Training 
Analysis and Media Methods Analysis Review. Within the Statement of Work there were two 
main tasks requested; Task 6.2; Derive Training Requirements from Royal Canadian Airpower 
Core Role, and Task 6.3; Review Media Methods Analysis Methods. This particular report 
presents the results of the work that has been carried out to support Task 6.3; Review Media 
Methods Analysis Methods. Document # 114118-002-01 provides the work in support of Task 
6.2. 

1.1 Background 

This work provides an overview of the various methods relied upon by those making decisions 
regarding the selection of media and level of fidelity found within training solutions. Upon review 
of the literature and discussions with Subject Matter Experts (SMEs), this area of research is 
particularly challenging for two reasons. First, there is very little literature supporting the 
empirical validation of Training Media Analyses and selection methods. This may be for a few 
reasons; 1.providing proof of validation is a time consuming and costly exercise, 1.as 
technology and media continuously evolve so may the methods used to select them making it 
difficult to validate, and 3.most methods rely significantly on SMEs subjective, albeit informed, 
final decisions regardless of the rigor of the analysis. Second, there is a significant disconnect in 
the literature as this field crosses two distinct domains; the first domain encompasses the 
traditional “school house and” less-immersive training and the second domain rests within 
human factors or human system integration (HSI).  

The first domain, referred to as Instructional System Design (ISD), includes literature regarding 
the methods used to select the appropriate media for non-immersive training solutions, for 
example computer-based training. The more immersive the training tends to be (i.e., part task 
trainers, virtual environments (VEs) and high fidelity environments (live, virtual and constructive 
simulation) the more likely the research resides within the second domain, referred to as human 
factors, Human Computer Interaction or HSI. The two domains are reviewed separately within 
this report and can be found in Section 4 and 5, respectively.  

1.2 Objective 

The objective of this work is to review current instructional media selection methodologies used 
during the instructional design process. This includes, to a certain degree, methods to 
determine the required component fidelity regarding simulation (e.g., part-task trainers, full flight 
simulators) as well. A survey of the literature identifies approaches to the problem, and answers 
to questions of interest to the Technical Authority (TA) for each of the identified methods 
reviewed where applicable and available. These questions include:  

• What information and analysis is required to use the method and is additional theory
development or data collection required to use the method?
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• To what level of specificity is the method able to identify the media required? 

• To what extent has the model been validated?  

1.3 Scope 

This document is organized into the following sections: 

• Section 1. Introduction: Describes the background to this work and the objectives for this 
document. 

• Section 2. Design Processes: Describes at a high level the process typically followed to 
design a training environment. 

• Section 3. Media: Defines and describes the various media used in instructional design and 
simulation to meet training requirements. 

• Section 4. Instructional Media Selection: Literature review of the various methods and 
frameworks relied upon to select the appropriate media to meet training requirements. 

• Section 5. Simulation and Level of Fidelity: Literature review of the various methods and 
frameworks relied upon to select the appropriate level of fidelity used to meet training 
requirements within the field of simulation. 

• Section 6.Summary and Conclusion: Summarizes the review completed and states any 
recommendations that came forward upon review. 

• Section 7: References.  

• Appendix A: CASCOIME model media evaluation chart 
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2 DESIGN PROCESSES 

The focus of this report is how to ‘choose’ the appropriate medium that provides the most 
effective learning environment, not how to ‘design’ the system. However, it is important to 
understand where within the instructional systems design process media selection rests and 
how then it may interact with other components within the process. Therefore, this section 
provides a brief overview of the entire ISD process, which includes the media selection process, 
to ground the reader and prepare for a deeper dive into the media selection component of the 
process.  

There is not one single agreed upon standard for designing instructional systems; however, 
there are two prominent design processes found in the literature and in practice. The first is the 
ADDIE (Analysis, Design, Development, Implementation and Evaluation) Model, and the other 
is the Systems Development Process (SDP).  

The two processes can be distinguished by the level of interactivity, or what is referred to as the 
Interactive Multimedia Instruction (IMI) levels 1 through 4 (Figure 2-1). Levels one through three 
ranges from passive to complex student participation and is associated with a traditional 
classroom setting (e.g., Computer-based training; CBT), whereas IMI level four is associated 
with real-time participation within life-like virtual or real environments (e.g., full flight simulator). 
This report groups IMI Levels into two distinct categories; IMI levels 1-3 as one group, and Level 
4 separately, as each category relies on different research domains, methods, processes, 
models and frameworks for their design and development.   

 

Figure 2-1: Levels of Interactivity (IMI Levels 1-4), (from MIL-HDBK-29612-3, 1999) 

Upon review of the literature and discussions with domain experts, it is inferred that the design 
of IMI levels 1-3 rely on the ADDIE Model. ADDIE is associated with classroom-based, or self-
paced, instructional training solutions. Whereas higher fidelity training systems such as full flight 
simulators (IMI Level 4), rely on the engineering based SDP. Note that the ADDIE is modeled 
after a Systems Approach to Training (SAT) however, the focus of each process or model plays 



https://www.trainingindustry.com/wiki/entries/addie-model.aspx
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Figure 2-2: The ADDIE Model (Holden, 2015, p. 5) 

The five phases in the ADDIE model include: 

1. Analysis: In this phase of the ISD process, the designer identifies specific variables, which 
includes the goals and objectives of the solution or course [(Performance Objectives (PO), 
Educational Objectives (EdO) and Enabling Objectives (EO)], the environment, learner 
characteristics, prior knowledge, and the resources that are available to develop and 
manage the solution. The methods used to complete this analysis are varied, but can 
include mission and function analysis, user needs analysis, training needs analysis (TNA), 
target audience analysis, and job analysis. 

2. Design: The design phase utilizes the results of the analysis phase to create detailed plans 
for the training solution. This includes the design of assessment tools and approaches, 
exercises, content, lesson plans, and creation of documentation concerning the framework 
and guidelines for the training solution. Of direct relevance, it is in this phase that designers 
select the appropriate media for content delivery. For example, the ISD may design a 
storyboard outlining the order of what to display via text, audio, and video. The focus of the 
section 4 lies within this phase – the design phase, where media selection occurs.  

3. Develop: Based on the solution architected during the design phase, at this stage the ISD 
team creates and assembles the content, builds the devices, integrates additional 
technology, and ensures the training solution is ready for deployment through user testing.  

4. Implement: During implementation, users are able to try the system on site. The 
implementation phase also includes training the instructors with respect to the course 
curriculum, expected learning outcomes, media used, and testing procedures.  

5. Evaluate: The last phase of this iterative lifecycle is an evaluation of the solution and the 
learners’ performance (e.g., retention, accuracy, transfer of training). This includes collecting 
feedback and data used to identify areas of improvement. These improvements are made 
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based on feedback for the next release or iteration of the solution. Both aspects of this 
evaluation (system and learner) is important because if learners are not successful, they 
could be deemed incompetent to perform their job and the outcome may be that the training 
solution must be re-evaluated and potentially redesigned if it is having a negative impact on 
performance.  

There are numerous variations of this model, for example, the United States Navy added “P” to 
the beginning of ADDIE and “M” to the end to create the ‘PADDIE+M’ model. The ‘P’ refers to 
the planning phase (project goals, budget, and schedules) and the ‘M’ refers to maintenance 
(continuous improvements) (U.S. Navy, 2010). However in general there is a consensus that the 
original model still “guides instructional designers as they attempt to approach instructional 
design problems in a systematic way” (Bichelmeyer, 2005, p. 5) and can be applied iteratively 
with “evaluation leading to re-analysis and further design and development modifications” 
(Bates, 2015b, p. 140).  

The ADDIE model provides a systematic process and template or structure for ISDs to rely on. 
According to Bates, ADDIE is associated with “good quality design, clear learning objectives, 
carefully structured content, controlled workloads for faculty and students, integrated media, 
relevant student activities, and assessment strongly tied to desired learning outcomes” (2015b, 
p. 117).  Some ISD professionals have critiqued ADDIE and have suggested that the model can 
be time consuming, costly, and therefore inefficient for small-scale projects (Bates, 2015b). 
Additionally, some claim that ADDIE is not prescriptive in nature and lacks guidance on how to 
make decisions within the model. For instance, ADDIE does not provide guidelines related to 
decisions regarding the selection between technologies or strategies to rely on. Therefore, 
instructors or designers must reach beyond the ADDIE framework to make these decisions. 
Section 4 of this report focuses on the additional resources ISDs can rely upon. 

2.2 System Development Process 

ADDIE traces back to an adaptation of a systems engineering approach as it incorporates the 
majority of phases within the engineering lifecycle, while placing an emphasis on instructional 
design issues (inputs, outputs, users, etc.). The intention of this section is to provide the reader 
with an overview of the process(es) that are relied upon when defining requirements for a higher 
fidelity training system. These may include systems such as part-task training systems, virtual 
environments and full flight simulators. This section will provide the reader with the necessary 
background information referred to within Section 5.  

The system analysis and development process (SDP) includes the following phases (CAE Inc., 
2014):  

1. System requirements analysis: This phase includes the activities that are required to gain 
an understanding of the user needs, analogous to the Analysis phase in the ADDIE model. 
The requirements should be clear and concise enough so that each requirement 
corresponds to a specific element in the design of the system. This may also include 
experimental research, such as human factors analyses. 
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This phase identifies the training objectives, scenario/mission elements to be included in 
the training system, and an assessment of the gaps between the as-is and to-be 
systems (if applicable). The tasks in this phase may include end-user needs analysis via 
task/TNA, usability assessment, and/or human factors assessment for each component 
within the system (P. Muller et al., 2006; P. Muller, Cohn, & Nicholson, 2003). According 
to Muller et al.(P. Muller et al., 2003, p. 6) this phase may also include the identification 
of the sensory modality integration requirements, (i.e., visual, auditory, haptic, olfactory, 
kinesthetic, etc.) and how best to support these requirements from a technological 
standpoint (i.e. visual, auditory, haptic, olfactory, kinesthetic, etc.) and how best to 
support these requirements from a technological standpoint (i.e., hardware/software 
required). The result of the analysis can be used to understand how the students may be 
impacted by the design of the system and to provide evidence and traceability for the 
design decisions or level of fidelity selected for a particular component.  

Unlike the ADDIE model where media selection is traced to the “Design” phase, the 
training solution level of fidelity requirements will be chosen during this phase as it is 
informed by the outcome of a literature review, experiment, or human factors analysis. 
Essentially, the analysis directly influences the design decisions made.  

2. System design: Activities in this phase include defining the technical specifications that will 
meet the requirements specified in the previous phase, including the hardware and software 
(and all related subsystems). During this phase the various components of a training system 
are selected, including the level of fidelity required to meet the user requirements previously 
defined. Again, the level of fidelity is informed by the analyses completed in the previous 
phase.    

3. System development: In this phase all design decisions are implemented, e.g., if the 
system is software based, the coding will take place along with validation and traceability of 
the code back to the design element and requirements.  

4. System testing and evaluation: In this phase errors are detected and corrected. This 
includes informal testing (verifying design along the way), and formal testing (validating that 
the requirements are met). This phase includes an evaluation of system effectiveness and 
efficiency from an end-user perspective including any negative effects incurred due to 
system exposure , such as simulator sickness.(P. Muller et al., 2006, 2003). This phase 
could also include a validation of the degree to which the system meets the original training 
objectives  (P. Muller et al., 2006, 2003). 

5. System acceptance and installation: Prior to this phase, the system has most likely been 
developed and tested in a non-operational environment. Therefore, this phase ensures that 
the system is delivered or deployed (installed) and accepted by the client on site. System 
acceptance tests are conducted to validate that the system performs as intended in the 
operational environment.  

The SDP also has associated strengths and weaknesses. The SDP not prescriptive in nature 
and should be tailored to the specific environment and domain to accommodate the individual 
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needs. Some strengths of the SDP include that it provides systematic control over the entire 
lifecycle which for larger projects could provide a significant return on investment, ensures that 
there is well defined user input, provides detailed steps to follow while affording customization, 
and provides development and design standards. Some weaknesses include an increase in 
time to develop along with associated up-front costs, system is required to be defined from the 
beginning, and it can be difficult to estimate the cost.3  

 

                                            
3 
https://en.wikibooks.org/wiki/Introduction_to_Software_Engineering/Process/Life_Cycle#Strengths_and_weakn
esses, last accessed 5/31/2017. 

https://en.wikibooks.org/wiki/Introduction_to_Software_Engineering/Process/Life_Cycle#Strengths_and_weaknesses
https://en.wikibooks.org/wiki/Introduction_to_Software_Engineering/Process/Life_Cycle#Strengths_and_weaknesses
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3 MEDIA 

This section provides the reader with more detailed descriptions of the various levels of 
interactive media (IMI Levels 1-4) and each medium (as described in MIL-HDBK-29612-3, 1999) 
available to practitioners.  The intention of this chapter is to ensure all readers agree on the 
definitions of the various IMI level and available media. Familiarization with each medium will 
ensure the reader is knowledgeable of the various forms a designer may select prior to 
presenting “how to select” the appropriate media via the various frameworks and models.  

According to the CFITES: Design of Instructional Programmes (1999a, p. 15) ‘medium’ refers to 
the “means of delivering instructional activities to the learner” and which can include text books, 
computer based content, and simulators. Within the literature, the terms ‘media’ and 
‘technology’ are sometimes used interchangeably. Bates (2015b) argues that these two terms 
should be understood separately, particularly within the context of selection. Technology, in the 
context of education, is defined as a tool used to support pedagogy (e.g., computers, books, 
networks) however, the technology itself does not contain any “meaning.” The basic function of 
the word ‘technology’ is to identify a “general tool” and the word ‘media’ to identify the “means of 
communication”.  

3.1 List of Media 

A list of the various media and definitions have been extracted from CFITES Manual of 
Individual Training and Education (Department of National Defence, 1999a, p. E1, 1999b). This 
list also includes associated benefits and limitations of each medium, which includes: 

• Instructor led: Activities conducted in person in a classroom setting.   

• Printed material: Text or graphics used to provide content and learner with activities. 

• Video: Moving images including sound. 

• Computer (or web) Based Training (CBT): Computer program including text, and graphics 
via a local computer or through the web.  

• Multimedia: Computer based training that also includes audio, animation, and video.  

• Tele/computer/video conference: Digital voice based communications linked by 
telephone, video, or computer.  

• Audio graphics: Teleconference that includes two-way transmission of graphics and sound 
in real time.  

• Models/mock ups: Three-dimensional devices used to represent the real system.  
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• Simulator: Dynamic device representing a system that learners can interact with in a 
realistic manner. 

• Real equipment: Actual equipment used for training purposes.  

Note that limitations and benefits associated with each type of media can be found in the 
CFITES: Design of Instructional Programmes and MIL-HDBK-29612-2 (Department of National 
Defence, 1999a, 1999b, respectively) as well as other non-military references (Bates, 2015b).  

3.2 IMI Levels 

Based on the literature reviewed, there seems to be an “invisible” line drawn between IMI Level 
3 (audio, graphics and above) and IMI Level 4 (models/mock ups and simulators). The media 
selection models reviewed in this report can be found in the training and education domain and 
refer mostly to IMI Levels 1 through 3 as solutions. As the solution moves from IMI Level 3 to 
Level 4, the literature shifts from education into Human Factors, Psychology, Human Computer 
Interaction, and Engineering domains. This most likely occurs because of the level of complexity 
and cost when moving to a simulated environment versus a CBT environment and the 
associated effects it may have on the learner and their experience as well as the organization.   

The way in which the selected components relate to higher fidelity models and simulators is less 
documented as a process, when compared to media selection for CBTs. The processes for 
simulation and the selection for specific levels of fidelity are found to be more academic in 
nature, and specific to certain research projects (R. K. Champney, Carroll, & Surpris, 2014; 
Milham, Bell-Carroll, Stanney, & Becker, 2009; P. Muller et al., 2006, 2003; Padron, Champney, 
& Carroll, 2016). Therefore, Section 4 provides a review of relevant media selection models for 
IMI Levels 1-3, and Section 5 provides a review of methods used to select the level of fidelity. 
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4 INSTRUCTIONAL MEDIA SELECTION 

During the course of investigation,4 it became clear that only a handful of models and 
frameworks are relied upon to select the most appropriate media for instruction.  Seven models 
were selected and reviewed based on relevance, conversations with the TA and SMEs and 
include the following sections and models:  

1. Section 4.1: Defense related guidance (Department of National Defence, 1999a; MIL-HDBK-
29612-3, 1999) 

2. Section 4.2: ACTIONS (Bates, 1995)  

3. Section 4.3: SECTIONS (Bates, 2015b; Bates & Poole, 2003) 

4. Section 4.4: CASCOIME (Patsula, 2002) 

5. Section 4.5: Huddlestone and Pike’s 7 Key decision factors for selecting e-learning 
(Huddlestone & Pike, 2008) 

6. Section 4.6: Koumi’s Media Selection and Deployment Guidelines (J. Koumi, 2006b) 

7. Section 4.7: Sugrue and Clark’s Media Selection for Training (Sugrue & Clark, 2000) 

The selected models and frameworks provide guidelines for media selection; however, there is 
a general lack of literature regarding whether the process has been validated and how, or 
whether additional theory development or data collection is required. Section 4.8 discusses the 
lack of empirical evidence that was uncovered from various sources, as we felt this was a 
significant gap and required a deeper discussion that was not method dependent. Regardless of 
the lack of true empirical evidence for media selection, each model was reviewed for the 
following information:  

• What information and analysis is required to use the method? 

• To what level of specificity is the method able to specify the media required?  

o The “level of specificity”, for the sake of clarity and consistency, is defined as the “careful 
thoroughness of detail” and will be rated as high, medium or low.  

 High level of specificity: a model or framework that provides enough details 
regarding the information required that the user does not have to revert to other 
resources or presumptions. Criteria or questions are rated or prioritized based on 

                                            
4 The “investigation” for the content of this statement includes the literature review and numerous discussions 
with SMEs at CAE, Canadian Defense, and within industry. 
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research or evidence. At the highest end of this category, the framework provides a 
clear, effective and efficient assessment aid or tool used by the designer.  

 Medium level of specificity: a model or framework that provides adequate details 
regarding the information required, but the user may have to revert to other 
resources or presumptions about the information required. Criteria or questions may 
be rated or prioritized. If an assessment tool is provided, the tool may be difficult to 
use or the information may not be complete enough to be useful when making media 
selection decisions.  

 Low level of specificity: a framework that only provides high level guidelines and 
lacks further details regarding the information required. The user will require other 
resources and will need to make vast assumptions about the information required. 
Data required is not prioritization or rated and an assessment tool is not provided.  

• To what extent has the model been validated? 

o A distinction can be made between internal and external validity. Internal validity can 
refer to the model’s reliability between users (i.e. do users rely on the methods 
consistently between each other and between different solutions?). Whereas external 
validity focuses on the effectiveness of the models’ outcome (the solution) on the learner 
and other stakeholders.  Did the media selection model ensure that the solution met all 
requirements? 

o The levels of internal and external validity for the sake of clarity and consistency, will be 
rated with the following scale and criteria: 

 None – there was no evidence provided for external or internal validity. This is not to 
say it is not a valid method, or even that evidence does not exist for proof of validity, 
but merely that none was located/reviewed.   

 Low – minor effort made to provide evidence of internal or external validity. 

 Medium – evidence of internal or external validity provided. 

 High – significant evidence of internal and external validity. 

4.1 Defense Guidelines 

The United States (MIL-HDBK-29612-3, 1999) and Canadian Militaries (Department of National 
Defence, 1999a) provide guidelines for media selection. Each are discussed in brief in this 
section to provide an overview to the depth of guidance, or lack thereof, for media selection.  
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• Simulators. 

The handbook also provides guidance regarding attributes that should be considered, namely 
the enterprise (what is initiating the LO), student schemas (students’ level of knowledge), meta-
skills (cognitive strategies relied on to process new information) and the students’ level of 
experience (i.e., novice, intermediate, expert). Six general guidelines are provided to the 
designer and request that  media is selected so that it: 

• does not conflict with the specific training environment; 

• effectively supports the LOs at the appropriate learning levels; 

• supports the training strategy; 

• allows individualization of training when appropriate;  

• considers time and dollar resources; and 

•  is effective and cost-efficient. 

In a slightly more prescriptive way, the handbook then suggests that the sensory stimulus be 
analyzed for each LO, suggesting that each LO has a requirement for sensory stimuli in order to 
effectively communicate a change in activity. A table of 30 sensory stimuli are provided and 
categorized by sense; visual, auditory, affective, tactile, and olfactory. The handbook suggests 
the following process associated with selection of media and appropriate sensory stimuli be 
followed: 

• assign to each LO the set of sensory stimuli required; 

• assign to each media a set of sensory stimuli that it supports as media features; and 

• match the sets of sensory stimulus requirements with the list of media features.  

The result of this three-step process is a list of media requirements used to select the 
appropriate media. The media may be packaged in various forms, for example, a given LO 
might require a motion visual with accompanying sound. This set of media could be formatted 
as a film, a video, or a computer image; the method does not prescribe to that level of detail. 
Therefore, the final decision regarding media selection needs to consider the learning context in 
which it is being used, and the entire set of LOs in order to create a feasible holistic solution.  

After the media is selected, an analysis should be conducted to determine if the selected media 
is practical, affordable, and supportable. The handbook provides a job-aid to guide the user to 
determine feasibility. Note that there is no empirical evidence provided regarding the process 
and guidance within this handbook.  



https://insdsg619-sp10.wikispaces.com/Bates+Model




http://www.cotr.bc.ca/cdc/Distributed_Learning.htm




https://wiki.ubc.ca/images/1/19/SECTIONS_Framework.pdf
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Cost:  

• This criterion includes the costs associated with development of the actual media (e.g., 
production costs, instructor time to develop and produce material), delivery and the time 
and support required, maintenance costs including content updates and technological 
updates, and overhead costs9 (e.g., infrastructure or overhead costs of licensing the 
system). 

• According to the SECTIONS model, the primary cost drivers are: 

○ Development and production of materials; 

○ Delivery of materials; 

○ Number of students/scalability; 

○ Experience of an instructor working with the medium; and 

○ Whether the instructor develops materials alone (self-development) or works with 
professionals. 

Teaching and Media Selection: 

• Design decisions: These decisions are critical to ensuring the selected technology is 
effective. Once the media is selected, focus on design decisions by attending to Mayer’s 
12 principles of multimedia design based on cognitive processing (Mayer, 2009). These 
principles include items such as coherence, temporal and spatial contiguity, pre-training, 
modality, customization, etc.  

Interaction: 

• The level of interaction is an important criterion from the perspective of how the medium 
and technology will support the various ways learners can interact with the content (e.g., 
with learning materials, with the teacher, and with other students). The author (Bates, 
2015b) provides three dimensions of interactivity regarding how active or passive the 
user response needs to be. The dimensions to consider when analyzing this criterion are 
inherent, designed and user-generated levels of interactivity.  

                                            
9 Note that costs associated with overhead are typically shared services across multiple courses and may not 
need to be factored into the decision on what media to use.  
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Organizational Issues: 

• Organizational issues will have a significant influence on the media selected by the 
designer or teacher. Issues include the organizations’ willingness and readiness to adopt 
the technology, or the current supported technology available to the teachers.   

Networking: 

• The importance placed on the ability for students to network (e.g., social media, learning 
groups) outside of the course boundaries will influence the technology selected. 

Security and Privacy: 

• Requirements surrounding security will influence the media and technology required to 
support learners. Students should remain protected from privacy issues, harassment 
and bullying, and therefore the environment may need to be controlled. From a security 
standpoint, institutions should be wary of cloud-based services as data may be hosted 
out of country and therefore may afford access to other countries.  

3. Implement the media while engaging stakeholders to assess their impressions and keep 
the decision iterative. This will help decision makers determine whether the media is worth 
pursuing and what additional considerations are required to improve the solution. 

4. Refine the approach while considering the implementation. Consider what worked and did 
not work and create a plan to make changes.  

Bates also provides a useful high-level summary of 12 rules that he believes are prudent in 
using and selecting educational media for training. Below are a selected few that are relevant to 
media selection:   

• designing effective learning experience requires instructional designers who understand the 
technology; 

• each medium has its own idiom and grammar to follow for professional production; 

• educational technologies are flexible and can be used in a variety of ways limited only to 
human imagination and creativity; 

• there is no “super-technology”; 

• make all mediums (face-to-face, print, audio, video, interactive multimedia) available to the 
learners; and 

• technology is not the question, decide what the students need to learn through the use of 
technology. 
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• learning context; 

• learner characteristics;  

• instructional management; and  

• cost effectiveness.  

Huddlestone and Pike’s guidance enables the practitioner to assess how suitable e-learning is 
to a specific learning task and provides a framework to analyze the impact (organizationally and 
contextually) it may have holistically. When designing learning, one first needs to identify who, 
what, why, when, etc. (read TNA). Part of this is the Task Analysis, to understanding “what” is to 
be learned by “whom”. This forms the basis of any follow-on analysis. Although the focus of this 
method is e-learning, it can be generalized and applied to any form of training since it includes 
the attributes of specific media to be considered, and how they relate to the characteristics of 
each learning task included in the training solution. 

The authors suggest that media selection does not exist in a vacuum, but that there are factors 
that reside outside the scope of media selection that should be taken into account that are 
interrelated with media selection. Therefore, this holistic approach to media selection includes a 
framework that considers the surrounding factors influencing media selection. For example, 
when referring to Figure 4-3, instructional management, which includes issues surrounding 
delivery and management plays a role in this framework, among others. Delivery issues refer to 
content delivery methods (i.e., individually or in a group), management issues (i.e., 
management regarding the resources such as scheduling) and the system itself (e.g., 
evaluation of effectiveness).  

 

Figure 4-3: Interrelation of Factors that may affect Media Selection (Huddlestone & Pike, 
2008, p. 244, Figure 4) 
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Figure 4-5: Examples of Koumi’s ‘Comparative Merits’  
(From J. Koumi, 2006a, p. 65) 

Koumi provides specific teaching related attributes for each media type, in finer detail, to aid in 
media selection. Essentially Koumi analyzed each medium individually and identified the 
teaching functions where they each excel when compared to others.10 This provides an 
inventory for media selection to enable a match to user and training requirements. Further, this 
framework links the learning outcomes afforded by media and its combinations. The matrix 
(Figure 4-6) comprises six rows of cognitive processes, with four columns of knowledge 
dimensions (facts, concepts, procedures and metacognitions), based on Bloom’s taxonomy. 
Each of the 24 cells identifies a particular kind of learning outcome, e.g., “apply procedures”. 

 

Figure 4-6: Revision of Bloom’s Taxonomy of Learning Objectives  
(J Koumi, 2015, p. 2)  

Relying on the data and tools provided, educators and ISDs who intend to develop and 
implement media can evaluate which of their intended outcomes (e.g., matrix position 1. A. 
Remember - Facts) can be advanced by which type of media.  

Koumi provides evidence-based guidance on six specific media; print, TV, radio, video, audio 
and audio-vision, and how they compare to one another as a function of techniques and 
                                            
10 Note that a similar framework can be found in (Clark, 1989) 
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Training Methods Selection: In this first stage, the authors have categorized the available 
methods into six categories based on the cognitive factor supported;  

• interpret goal,  

• encode/retrieve knowledge,  

• compile new knowledge,  

• monitor performance,  

• diagnose source of error, and  

• adapt.  

Designers need to select the type, amount, timing, and control of methods (i.e., who will control 
the deployment) for the solution. Figure 4-9 summarizes this phase in nine steps. This method 
provides detailed information regarding each category and the information required to complete 
the analysis. The authors also provide a graphic that contains information regarding the media 
attributes that most closely relate to each of the six methods. The designer can move to the 
second stage (selection of media attributes) once the instructional methods have been chosen. 
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Figure 4-7: Phase 1: Instructional Method Selection Steps,  
from Sugrue and Clark (2000, p. 52) 

Media Attributes Selection: The training methods selected in stage 1 will determine what is 
required from the media to facilitate learning. Media attributes (transmission, storage, recording, 
processing, and retrieval) are determined for each of the six training methods required. For 
example, the “storage” attributes refer to the medium’s ability to store different types and 
amounts of information, and the “recording” attributes refer to the medium’s ability to record any 
student input.  

Authors suggest that different attribute categories (transmission, storage, etc.) are more 
relevant to certain instructional method categories (goal elaboration, information, etc.). Provided 
guidelines summarize which media attributes relate to which training methods (Figure 4-8). 
Sugrue and Clark provide details for each category of methods and their related media 
attributes to further guide the designer. Figure 4-9 lists the five steps necessary to complete the 
media attributes selection stage. 
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Figure 4-8: Media Attributes related to Instructional Methods,  

adapted, from Sugrue and Clark (2000, p. 54) 

 

Figure 4-9: Media Attribute Selection Steps,  
from Sugrue and Clark (2000, p. 55) 

Selecting a Final Combination of Media: The goal of this phase is for designers to maximize 
access and efficiency while also ensuring the solution is an economical. Decisions include 
whether the training can be provided by a human or computer (function allocation), and the type 
of visuals and practice environment that may be required.  Figure 4-10 summarizes the steps 
and criteria for making final media selections.  

6 Training Methods 5 Media Attributes 
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media and instruction; however, they have yet to be empirically validated. The actual decision 
making process may be informed by the criteria and associated data, but the analyses are not 
prescriptive in nature and in the end, the decision is left to the designer. Evidence supporting 
the lack of an empirically-based model for systematic selection of instructional media is 
persistent throughout relevant literature and includes the following quote from leaders in field: 

“I always advise my graduate students never to write ‘There is no previous research on 
this topic’, because there always is[…] Similarly, I am cautious about saying that there 
are hardly any usable, practical, empirically-based models for media selection – but I 
think it’s true.” (Bates, 2015a) 
 
“There does not exist a sufficiently practicable theory for selecting media appropriate to 
given topics, learning tasks and target populations . . . the most common practice is not 
to use a model at all. In which case, it is no wonder that allocation of media has been 
controlled more by practical economic and human/political factors than by pedagogic 
considerations”. (Jack Koumi, 1994, p. 56)  
 
"Media selection is NOT (and may never be) a precise science...charts are simply 
intended to organize that activity in a more systematic and thorough manner." 
(Anderson, 1983)11 
 
“One would like to think that organizations applying systematic or objective approaches 
would make better decisions than organizations making decisions based largely on 
intuition or experience. Unfortunately, there is little research evidence to support the 
superiority of systematic selection.  The only two published studies we find that have 
attempted to examine the relative merits of media selection models and intuitive 
approaches produced conflicting results.” (Sugrue & Clark, 2000, p. 5) 

 
The literature review conducted on the various media selection methods did not reveal 
significant evidence for validity, however, there are specific reasons for this finding. Throughout 
the reviewed literature there were numerous comments regarding the lack of scientific rigor and 
evidence to support the information that relayed in media selection methods. Sugrue and Clark 
(2000) state “selection models have given an illusion of rationality and scientific precision to 
what have been, at best, decisions driven by practical and economic considerations and, at 
worst, decisions based on invalid assumptions about learning, learners, and the effects of media 
on them” (2000, p. 1). Apart from quantifiable contextual factors such as cost and cultural 
considerations, media selection relies on subjective judgement of the designer or SMEs.  

A large gap identified in the literature review is the need for systematic validation for the 
effectiveness of media selection methods on learner performance and transfer. Cost and time 
may be the driving factors for the lack of validation of methods. In addition, the subjectivity 
afforded within each method would make it almost impossible to control across different 
participants. Regardless, internal and external validation is lacking.  

                                            
11 taken from (Sugrue & Clark, 2000) 
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Internal validation refers to the model’s reliability between users. That is, do users rely on the 
methods consistently between each other and between different solutions? One way of ensuring 
this to rely on a user-centered design process as the method develops. This will ensure that all 
steps are easily understood, evidence for each step is provided and clear, and that there are no 
steps missing (Lim, 2006). This type of evidence was not provided publicly for any of the 
methods reviewed in this report.  

External validation focuses on the effectiveness of the models’ outcome (the actual impact of 
the solution) on the learner and other stakeholders.  That is, did the media selection model 
ensure that the solution met all requirements? External validation is much more complicated as 
it would be almost impossible to parse out the effects of the overall ISD process (e.g., ADDIE) 
from the effects due to the media selection method, among other uncontrolled variables such as 
the expertise of the designer.  

4.9 Summary 

According to researchers, there is conflicting evidence supporting the hypothesis that 
instructional media improves performance, attitude or retention, known as the “Clark Media 
debate”. Clark [According to Bates (2015b)] argued that there no significant difference can be 
attributed to differences between the use of different media in scientific literature (2015b, p. 
206). There are counter arguments that the methodologies used in previous studies were 
flawed, as discussed in Section 4.6.1. Taking the most extreme position on media and training 
effectiveness, one might be tempted to suggest that if media has no positive or negative effect 
on instructional outcome then perhaps ‘how’ media are selected may not matter either. 

The media selection models reviewed have numerous overlapping processes or steps, and 
criterion to consider.  While some are more prescriptive in nature and provide frameworks for 
selecting specific media, others are vague, but afford the user flexibility to interpret the process 
as they wish and afford the users with the ability to rely on their expertise to make the final 
decision based on the data and analysis required by the method.  As the methods were 
reviewed, it became apparent that readers might find a comparison of the criteria included 
across all methods useful. Therefore, Table 4-2 provides the reader with a comprehensive list of 
criterion to consider, and perhaps may afford them with an overview to select an appropriate 
method(s) that will support their development decisions. In addition, this table provides an 
overview of the level of specificity and evidence for validity selected for each method for 
comparison purposes.  

Table 4-2: Comparison of Media Selection Methods by Criterion 

 ACTIONS SECTIONS CASCOIME 7 Factors Koumi Sugrue & 
Clark 

Access √  √  √ √ 
Cost √ √ √ √  √ 
Teaching  √      
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 ACTIONS SECTIONS CASCOIME 7 Factors Koumi Sugrue & 
Clark 

Learning √ √  √  √ 
Interactivity/Engagement √ √ √  √  
Usability/Ease of use √ √ √    
Organization √ √  √   
Novelty √      
Speed √     √ 
Students  √  √   
Networking  √   √  
Security  √     
Socio-political   √    
Cultural   √ √   
Flexible/ 
Collaborative /Adaptable  

  √ √ √  

Motivational   √   √ 
Task     √   
List of Media 
Types/Symbol System 

    √  

Cognitive processes     √ √ 
       
Specificity Medium High Medium Medium High Medium 
Validity Medium Medium None None Low None 

 
It is unknown whether systematic means, such as the methods reviewed in this report, are relied 
upon in practice, as it is assumed that the design of training solutions and the methods used are 
rarely published in a public forum. In addition, technology is continuously changing and models 
that are too prescriptive in terms of which media to select will not stand the test of time if they 
unless they are built in a modular way. Based on the current review, there does not seem to be 
a theory, model, method or framework for selecting media appropriate across all topics, tasks, 
types of learners, and other contextual factors. Based on discussions with SMEs the selection of 
media is most likely still centred on economic, human, and organizational factors than by 
following systematic methods. As stated by Bates (2015a, p. 266) “finding a practical, 
manageable model founded on research and experience has proven to be challenging.  

In conclusion, it is argued that the existing media selection methods reviewed seem insufficient 
when used on their own for making decisions about which media to use for a particular result. A 
combination of methods may be the best solution and the methods selected would depend on 
the context and complexity of the environment to be designed. Designers may be relying on 
more generic methods and customizing them to support their needs, by eliminating steps and 
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adding their own throughout the process.  In addition, research reviewed suggests that other 
aspects such as the learner goals and objectives, subject matter, age, skill level, fidelity of 
technology, and cognitive functions to be supported may all have a significant influence on the 
outcome of the media selected and implemented.  
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5 SIMULATION AND LEVEL OF FIDELITY  

5.1 Level of Fidelity  

Parallel to selecting the appropriate medium within computer-based solutions, is selecting the 
appropriate level of fidelity within the domain of modeling and simulation for Simulation Based 
Training (SBT). A formal definition of fidelity includes: 

“The degree to  which  a  model  or  simulation  reproduces  the  state  and behavior  of  
a  real  world  object  or  the  perception  of  a  real  world  object,  feature, condition, or 
chosen standard in a measurable or perceivable manner; a measure of the  realism  of  
a  model  or  simulation;  faithfulness.  Fidelity should generally be described with 
respect to the measures, standards or perceptions used in assessing or stating it.” U.S. 
Department of Defence, Modeling and Simulation Coordination Office (Modeling and 
Simulation Coordination Office (MSCO), U.S. Department of Defense, 2000; 2011).  
 

The definition above focuses primarily on the physical aspects of the simulator. Taylor (1999, p. 
333) expresses the opinion that while physical similarity to the real world is useful for gaining 
user acceptance, it is not sufficient (and probably not necessary) to ensure effective training.  
Instead, educational researchers propose that the standard for assessment of a learning 
environment, such as a simulator, should also focus on its psychological or functional12 fidelity 
(Ross, Phillips, & Cohen, 2009; Timson, 2013). In general, the literature proposes that three 
categories of fidelity exist: Physical, Functional and Psychological. 

1. Physical fidelity is the extent to which the system looks, sounds and feels like the real 
environment. In essence, it is the degree of similarity between the appearance and cues 
provided by the simulator to the appearance and cues present in the real environment. The 
cues include “those that represent the sensory perceptual experience and are experienced 
via the human’s multiple sensory modalities” (Padron et al., 2016, p. 5). These cues include 
motion, motion cues, visual displays and flight models for example.  

2. Functional fidelity is the ability to support the appropriate stimulus response set (Peter 
Muller et al., 2006, p. 3); or the degree of accuracy in system operation (Thomas, 2003, p. 
1). Functional fidelity corresponds to the degree to which the tasks in the real world are 
mimicked in the simulated one. 

3. Psychological/cognitive fidelity is the “degree to which simulated tasks reproduce 
behaviours that are required for the actual, real-world target application” (Stone, 2011, p. 
279), e.g., does the student perceive the simulator as the “real environment” and are the 
same cognitive and emotional processes experienced? 

                                            
12 Some authors use the term “functional fidelity” to refer to the abstract behaviour of the operating 
environment and equipment, which is more similar to the term “engineering fidelity” than the definition 
used here. 
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As argued in the selection of appropriate medium for CBTs, it is also important that decisions 
regarding selecting the appropriate level of fidelity be driven by evidence. Conventional wisdom 
suggests that higher fidelity levels result in better the transfer of training. The ‘identical elements 
theory’, originally proposed by Thorndike (1906), states that the more identical a simulator is to 
reality, the better the learning and transfer of training. This principle originally drove designers to 
design high fidelity training solutions, usually at great cost.  

Thorndike’s hypothesis is still widely accepted; however, researchers have questioned the 
validity or at least the necessity of this principle for effective learning (Liu, Macchiarella, & 
Vincenzi, 2009) and some have found evidence that there may be an optimal level of fidelity and 
anything beyond that level provides no additional benefit (Noble, 2002). Most designers 
recognize that many features of an operational environment cannot be feasibly replicated and 
their representation is an approximation only. Indeed, many educational researchers recognize 
that it may be disadvantageous to reproduce the operational environment by default as its 
complexity is often bewildering to novices and perhaps not even properly understood by experts 
in the domain.  

It should be noted that cost-effective does not necessarily imply low cost (i.e. low quality), only 
that the cost of obtaining effective training is less than alternative methods such as using 
operational equipment (Pongracic et al., 1997). Indeed, there is considerable evidence 
supporting the position that low-fidelity simulators are as effective as high-fidelity simulators for 
training effectiveness (Norman, Dore, & Grierson, 2012; Salas, Bowers, & Rhodenizer, 2009) 
and in some instances, low-fidelity simulations outperform high-fidelity simulations (Smallman & 
Cook, 2010; Smallman & John, 2005).  

Taylor (1999, p. 333), amongst others from the learning research domain, have expressed the 
opinion that while physical similarity is useful for gaining user acceptance, it is not sufficient (and 
probably not necessary) to assure effective training. In fact, the focus on increasing fidelity in an 
attempt to improve fitness-for-purpose is likely misguided as perception is selective and it is 
difficult to assess exactly what cues operators are actually being relied on for learning compared 
to what they believe they are using (Stoffregen, Bardy, Smart, & Pagulayan, 2003). 
Nevertheless, the training environment should adequately represent the operational 
environment to a degree to promote effective training (Grossman & Salas, 2011). 

Simulator capabilities should be matched to the intended purpose (fit-for-purpose) and that what 
may be appropriate in one context may be inadequate in another, as is the case for media 
selection. There seems to be little benefit to creating a training simulator that has all of the 
features of the aircraft but that do not figure into any training objectives. The inclusion of unused 
and often complex features increases the simulator cost exponentially, but with very little return 
on investment and may decrease training effectiveness particular for the novice student 
(Duncan, 2006). US rotary-winged simulation-based research suggests that the level of fidelity 
be aligned with the training objectives. For example, it is not effective to train system operation 
using a full-flight simulator. It can be done, but there is the risk of cognitive overload for 
environmental representation outside the scope of the training focus, and it is not cost-effective 
(Stewart, Johnson, Howse, & Sams, 2008). 
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1. Requirements analysis: Identify the training requirements and objectives (i.e. task analysis, 
job/training analysis). For example, in relation to VIRTE a sensory task analysis was 
conducted to determine the multi-modal requirements, i.e., the tasks were decomposed into 
their sensory elements (visual, haptic, auditory, etc.) and critical training design needs were 
identified to support each task.  

2. Component selection: Determine how to represent the cues in the VE by identifying the 
component technologies that will support the requirements (i.e. operationally realistic, visual, 
auditory, haptic, or metaphoric). As components and the associated level of fidelity are 
selected, “Intermediate Feasibility Experiments (IFEs) and formative assessments must be 
undertaken at key points within the development cycle to evaluate progress-to date and, if 
necessary, to propose alternate development solutions” (Muller et al., 2003, p. 3) 

3. Transfer of Training: ToT evaluations are conducted to validate that the design has met the 
requirements, once the solution has been implemented. This usually involves the 
comparison of two groups, one that is exposed to the current training and one that is 
exposed to the new training. Once the training is completed, the groups’ performance in in a 
real-world scenario are compared.  

Step 2, component selection, resembles “media selection” methods and was the focus of the 
paper by Muller et al (2006). The authors first identified the training requirements and 
objectives, followed by the identification of component technologies used to build the solution. 
The same challenge identified in Section 4, mapping the specific media to the training 
requirements, is also identified when selecting components and associated fidelity. As Muller et 
al stated “the challenge is to map the desired training to the type of training technology and then 
identify the types of technologies that need to be integrated to support this system” (Muller et 
al., 2006, p. 2). The authors also state that the specifications for each piece of the solution 
should be based on evidence from human performance tests and evaluations, and therefore 
easily mapped to a requirement. Unfortunately, this is rarely the practice as it is cost and time 
prohibitive.  

For VIRTE the components were evaluated to gain an understanding of their influence on 
students’ performance. Authors identified, based on literature, the types of systems that were 
likely to be effective. They used the amalgamated data, found in Table 5-1, to identify the level 
of fidelity that would best suit their training solution as well as the issues that they may face. In 
this design the authors were most concerned with how to blend multiple modalities to create a 
realistic experience. The modalities of concern included visual displays, navigation, locomotion, 
as well as haptic and auditory interactions. At this point, a sensory task analysis (STA) was 
conducted to identify multi-modal requirements. An STA is a type of task analysis “used to 
decompose an operational environment to understand how a learner gathers, processes and 
reacts to cues in the environment” (R. K. Champney et al., 2014, p. 2356)13. Once these were 

                                            
13 See Champney et al  (2008) for a usable STA methodology and tool called “SPOT” (Sensory, Perceptual, 
Objective Task). The SPOT method is intended for use by non-human factors practitioners. 
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scenario selected for training (in the tables provided, the authors used the example of a 
combat medicine scenario). 

Table 5-3: Examples of Physical, Functional and Psychological Fidelity Reference cue 
Tables, from Champney (R. K. Champney et al., 2014, pp. 2357–2358) 

 

 

 

2. Cue task analysis:  To optimize fidelity, the practitioner conducts an experiential cue task 
analysis using the cue reference tables. The operational environment is decomposed into its 
functions and tasks, which are then assessed for training needs using the TNI.  Each task or 
subtask is analyzed for the physical, functional and psychological cues required. Using the 
combat medicine scenario, the authors provide an example of the completed cue task 
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analysis in Table 5-4. The subtask is “forming an impression of the casualty’s condition”, and 
the identified domain cues include “breathing and bleeding”. For each of the domain cues, 
the physical, functional and psychological fidelity are assessed and identified.  

Table 5-4: Example of an Experiential Cue Task Analysis in the Combat Medicine Domain 
(from R. K. Champney et al., 2014, p. 2358) 

 

3. Fidelity Requirements Optimization:  After fidelity cues have been identified in step 2, the 
associated requirements are determined for each task using the reference tables from 
output. The optimization occurs with an assessment of the impact using a scale found in 
Table 5-5. The TNI results and the results of the optimization assessment affords the 
practitioner with the ability to evaluate the cost and benefit of each fidelity cue, which will 
guide the final decision making process regarding the level of fidelity.  

Table 5-5: Fidelity Cue Impact Rating Scale Used (from Champney et al. 2014, p. 2359) 
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balance between too much and too little fidelity is required; fidelity that is too high for the task 
may result in extreme costs and cognitively overloading the users, particularly novice ones. Not 
enough fidelity or the wrong level for each type (physical, functional, psychological) may result 
in systems that do not support training effectively. The right balance will result in the best return 
on investment (Padron et al., 2016). A challenge is that this process is far from straightforward 
and often involves subjective assessments by SME’s or human factors professionals. A more 
objective process for identifying the value of the right level of fidelity is needed (Padron et al., 
2016). 

In summary, although the gold standard is to incorporate as much fidelity as possible and hope 
for adequate transfer of training, this is not always the case. However stronger and more 
consistent evidence needs to be provided (Stewart et al., 2008) either for or against this 
practice. Either method reviewed could be followed when selecting the appropriate level of 
fidelity, as the focus of both methods is on identifying the requirements up front that will support 
the training objectives. In addition, user buy-in and satisfaction also seem to play a significant 
role and are not included in the methods reviewed. The research on ToT from simulator to 
aircraft has demonstrated that “contrary to institutional beliefs, training strategy has been found 
to be more important than fidelity with regard to training effectiveness” (Stewart et al., 2008, p. 
v). Therefore, similar to advice donned in CBT media selection methods, “it may be the design 
of the entire training program, rather than the individual devices, that will have the largest 
impact” (Burki-Cohen et al., 2003).  
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6 RESULTS AND CONCLUSIONS 

The objective of this work was to review instructional media selection methods used during the 
instructional design process (IMI levels 1-3), including to a lesser degree, methods to determine 
the required component fidelity regarding simulation-based training solutions (IMI level 4). A 
survey of the literature identified approaches to the problem space, and answered questions of 
interest for each of the identified methods reviewed where information was available.  

The review of training media selection methods included US and Canadian defense sector 
methods ad well as six additional methodologies from the academic sector. The review included 
an analysis of the level of specificity and evidence for validation for each method. None of the 
methods reviewed were rated as having a high level of specificity or validity. In fact, the final 
media selection decision across all methods reviewed does not seem to be based on any media 
selection method in isolation, but driven by a combination of intuition, SME experience, and the 
data collected based on the questions considered in the model, framework or method.  

Based on the review provided in Section 4, recommendations and insights regarding media 
selection for IMI levels one through three include: 

1. Defense handbooks and manuals, such as that provided by the CF, could be more 
prescriptive in nature. It may be useful if these manuals provided references to media 
selection methods that have made an attempt of internal and external validation, and 
provide additional guidance by way of tools and aids to practitioners. Table 4-2 provides a 
comparison of criterion considered by each method. This table (once validated by SMEs) 
could feasibly be relied upon when selecting an appropriate media selection method.  Given 
that each method has its own focus (e.g., e-learning, distant education, cognitive processes) 
it is our hope that the comparison table provides some direction regarding the selection of a 
best-fit method, depending on the context and solution environment. In addition, it is likely 
that a practitioner would rely upon a combination of methods to design a training solution if 
one method does not provide enough breadth of criterion. Based on the review and 
assessment, all methods reviewed captured between six and eight criterion, however the 
SECTIONS model was rated the highest overall - with a high level of specificity and a 
medium level of evidence for validity. It can then be suggested that Bates’ SECTIONS 
model could provide the most comprehensive and valid method that was included in this 
current review.  

2. The review provides some evidence that models placing too much focus on specific media 
types and technologies may prove to be too constraining. Models that seem more flexible 
and modular may be best for future use as technology is constantly evolving.  

3. Apart from quantifiable contextual factors such as cost and cultural considerations, media 
selection methods appear to be based on the subjective judgement of the designer or 
SMEs. Therefore, models that are somewhat quantitative in nature, versus solely qualitative, 
provide practitioners with more traceable evidence for which to base their final decision on.   
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4. A large gap identified in the literature review is the need for more systematic validation for 
the effectiveness of media selection methods on learner performance and transfer of 
training evidence. Cost and time may be the driving factors as to the lack of validation of 
methods to date. In addition, the subjectivity afforded within each method would make it 
almost impossible to control across different participants. Regardless, internal and external 
validation is lacking.  

a. Internal validation of media selection methods is lacking for all methods reviewed. It is 
recommended that, during development, a user-centered design process is relied upon. 
This will ensure that all steps are easily understood evidence for each step is provided 
and clear, and that there are no steps missing (Lim, 2006). 

b. External validation of media selection methods is lacking for all methods reviewed. No 
studies were located that created training solutions comparing the use of one method to 
a control group. This would enable us to understand if the method used results in 
effective training solutions compared to other methods.  Again, this is a complicated 
endeavour as the factors related to selecting media may be impossible to control (e.g., 
expertise of practitioner, biases, other processes followed such as ADDIE).  

In conclusion, leaders in the field are cautious to support any one method as they are not 
deemed usable, practical, and empirically based as of yet. It can be argued that the existing 
media selection methods reviewed seem insufficient when used on their own for making 
decisions about which media to select. Elements from a combination of methods may be best 
suited and would depend on the context and complexity of the environment.  

Parallel to selecting the appropriate medium within computer-based solutions, is selecting the 
appropriate level of fidelity within the domain of modeling and simulation for Simulation Based 
Training (SBT). Based on the review provided in Section 5, recommendations and insights were 
collected and include: 

1. When selecting the appropriate level of fidelity in an immersive or interactive system, 
practitioners may not be able to rely on the media selection methods that are used for the 
design of less immersive systems. This is because the level of detail regarding the 
components and the physical, functional and psychological factors related to fidelity are 
excluded from these methods. Therefore, practitioners need to rely on a systems design 
process and even more heavily on literature reviews and research if they want empirical 
evidence that the solution (usually a costly one) will have a positive impact on performance.   

2. Selecting the appropriate level of fidelity is a challenge in that the process is complex and a 
multi-disciplinary team of experts will most likely be required. These experts involve SMEs 
from operational, training and human factors domains that place a subjective perspective on 
the final choice. 

3. The solution for simulation will be domain and context specific, and there does not seem to 
be one accurate way of selecting the appropriate level of fidelity. The selection will depend 
and most likely require some empirical work to determine the best level of fidelity, at least for 
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some functional and psychological components. Of the two methods reviewed, the Human 
Experience Approach would be recommended if fidelity beyond the physical needs to be 
determined.  

4. A major gap in the domain is to identify the ability of different levels of fidelity to meet 
various training objectives. This of course would answer the original questions put forth by 
the TA and would afford the practitioner with specific data and information regarding how to 
optimize the solution based on various types and levels of fidelity required. Therefore, future 
research will need to focus on determining the types and levels of fidelity that is required 
within each domain and each set of training objectives.  

The analysis conducted on media selection methodologies for IMI levels 1 through 4 suggest 
that media selection is subjective in nature and that additional guidance and tools are required 
to improve objectivity, and therefore, validity.  
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