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ABSTRACT 
Advancements in immersive technologies, such as augmented 
reality (AR), have made their implementation more feasible, 
however there still remain fundamental gaps in this domain’s 
knowledge for their application in training. Synthetic learning 
environments (SLEs) provide great utility in training, 
reinforcement, and evaluation for tasks that may be too cost-
prohibitive or dangerous to replicate otherwise. Still, from a human 
factors psychology and educational technology perspective, little is 
known for the design, implementation, and structuring of 
augmented elements in immersive technologies that contribute to 
efficient training and performance outcomes. This dissertation 
research proposes an experiment investigating the role of situated 
content in both immersive and non-immersive displays, as well as 
comparison to the traditional training method, of a task with 
ecological relvance to a real-world domain. 
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1 INTRODUCTION 
Synthetic learning environments (SLEs) have the potential to 
provide accessible, cost effective, and personalized training 
systems that allow workers to adapt to emerging technologies 
through life-long training and reskilling. Future jobs involving 
performance of complex tasks situated in physical environments 
(e.g. factory floors, hospital rooms, residential homes) will require 
workers to assess dynamic environments, carry out assessment 
based activities, and manipulate these environments [9]. The 
importance of these skills is underscored by a recent report [9] 
estimating that demand for energy and environmental workers will 
grow by 1.5-2.0% (compounded) between 2015-2020, globally, 
and in the Internet of Things (IoT) space, by 2.27%. Bureau of 
Labor Statistics forecasts healthcare practitioners and support 
occupations, and technical occupations will be the two fastest 
growing occupational groups, adding a combined 2.3 million jobs 
by 2024 [11]. Critical to achieving job stability is the need for 
ongoing training and skills maintenance in a rapidly changing 
technology context. Bessen observes that beyond hard skills and 
formal qualifications, employers are often equally concerned about 
work-related practical skills or competencies needed to perform job 
tasks successfully [3]. Training that is context specific, 
upgradeable, and technologically driven is forecasted by 2020 to be 
required in more than a third of the desired core skills work [9]. 

Simultaneously, there is an increasing interest in the potential 
of virtual/mixed/augmented reality (VR, MR, and AR) 
technologies that can deliver consistent, effective, accessible, and 
affordable training. Immersive technologies that combine digital 
training content with the physical environment are well suited for 
training workers for these future jobs where the physical context is 
a necessary component of the instructional experience. However, 
the academic research domain is lacking in fundamental knowledge 
for the appropriate design of immersive SLEs driven by cognitive 
psychology principles. One of the greatest criticisms lodged in this 
research is a lack of understanding for the components of the SLE 
that worked, since much of the literature contains only evaluations 
of the SLE as a whole and not its constituent parts represented as 
experimental variables.  

For example, the expectation from the AR community would 
be that situated content for training is advantageous for learning but 
there are few studies examining this one variable. Additionally, 
other questions remain – what is the role of modality for the 
augmentation? Do all modalities require situated content in the 
environment? Should certain tasks be loaded with different 
augmentations based on the task’s unique cognitive, mechanical, 
perceptual, or other kind of nature? What are the role of individual 
differences of the learner (e.g. personality, cognitive ability, 
previous work experience)? How should immersive training 
systems be deployed in terms of skills and training schedules; to 
train complete novices, as practice, as reinforcement, as 
evaluations? This research requires a trans-disciplinary approach 
that encompasses expertise from computer science, educational 
technologies, training and human performance, and human factors 
psychology.  

Fundamentally, from a human factors perspective, this 
domain would benefit from new knowledge on the implementation 
and design of immersive technology features to maximize human 
performance outcomes. This dissertation research is early work 
(pre-proposal) and seeks to examine the role of situated content on 
training and performance outcomes in a task (to be determined) 
representing a key perceptual, cognitive, or mechanical skill that 
has ecological relevance to an applied domain (e.g. maintenance). 

2 BACKGROUND AND MOTIVATION 

2.1 Evaluations of immersive training systems 
In the current literature, I identify two predominant areas of 
research that require further examination. Particularly in the 
industrial domain, there is a focus on evaluating simulation systems 
that are designed to give the learner experience with the task [4, 12, 
13], but without instructional design to train the learner on the task. 
While simulation experiences can have positive outcomes for those 
oriented to the task and domain, more research is needed to 
understand immersive technology training for novices (this is 
particularly vital for those that are changing careers). 

The second area that requires deeper investigation is for a 
granular examination of the elements constituting the immersive 
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training environment. While there exists of paucity of research into 
the impacts of situated content (typically thought of as AR), there 
is reason to believe interactive immersive technologies and situated 
content could contribute to training outcomes. For example, 
Macchiarella and Vincenzi examined training effects for immediate 
and delayed recall of information between four presentation styles 
(printed instructions, video, AR, interactive AR; [15]). Researchers 
found that those participants training with AR and interactive AR 
displayed higher performance on long-term information recall, 
however the reasons behind this are not well understood. In fact, 
AR and interactive AR participants did not have higher levels of 
learning (as compared to text and video trained participants), yet 
they forgot less of the trained information over time. These authors 
suggest the multimodal nature of the integrated scenes in the virtual 
environment aided the associative information processing and 
integration functions of cognition requisite for knowledge 
acquisition. Research suggests the integration of virtual and real-
world objects and environments may aid in cognitive processing 
during learning, resulting in enhanced performance outcomes over 
time [17].  

There are many compelling reasons for the use of SLEs with 
augmented instructional elements in training and decades of 
research have evaluated their use. However, what remains one of 
the primary drawbacks of this research is an understanding of the 
components that make SLEs successful or not [2, 5]. Many times, 
SLEs are evaluated as an entire system and not with respect to their 
constituent design elements (e.g. instructional presentation), 
training procedure (e.g. leveraging best practices for scaffolding), 
or implementation type (e.g. usage for practice, reinforcement, 
evaluation). This has resulted in confusion in this literature 
regarding the elements of SLEs that were effective or not. 

Immersive technologies present intriguing advantages for 
training of new workers on real world tasks, however there remain 
few rigorous empirical evaluations of these systems against current 
methods. More commonly, researchers tackle the technological 
requirements and capabilities of immersive technology [12, 13] or 
perform qualitative usability and experience studies [7], but contain 
no evaluation of the efficacy of the system against the traditional 
training process. Additionally, many immersive training systems 
are for guidance only and not instructional training [19]. This may 
be effective for a learner already familiar with the system, but 
would not be appropriate for a novice. Gavish et al tested AR and 
VR training systems against watching videos of an actuator 
assembly and found that, while participants needed more time to 
familiarize themselves in the immersive technology systems, that 
there were fewer unidentified errors in the AR group [10]. The 
authors suggest this is due the the manner the AR system gated 
participants through each step, causing them to approach the 
problems in a more careful way. 

2.2 Immersive training systems informed by cognitive 
psychology 

Salas & Burke emphasize the need for cognitive task analysis to 
understand the core cognitive components and skills involved with 
performing the task to be trained and inform the appropriate design 
of the training system [18]. Through CTA, researchers can 
determine the organization, presentation, and content that should be 
presented to the learner that maintains the fidelity of the cognitive 
and behavioral elements of the task. Until relatively recently, CTA 
or evaluations of cognitive requirements have been only rarely 
considered in the design of the immersive technology training 
system [19].  

2.3 The value of situated content 
Of particular interest for this proposal is the potential value of 
immersive SLEs that “situate” [20] virtual multimodal training 
guides (e.g. a virtual arrow indicates which valve to open next in a 
machine, a worker follows a virtual 3D sound to the appropriate 
product bin in a warehouse, or a tactile display mounted on 
inspector’s fingertip modulates its vibration as she passes her hand 
over a car door on the assembly line indicating where defects may 
occur) by registering them with the physical environments. The use 
of situated virtual guides are very common in AR systems that 
augment the actual physical world with virtual content to support 
the user in performing a task. Studies involving manual assembly 
tasks with immersive technology training systems [6] constitute the 
bulk of research in this domain. Often such systems are intended 
for continuous use, rather than for just initial training. As a result, 
much of the existing research studies how effectively the 
augmentations support the worker in completion of a task, but do 
not evaluate learning outcomes (e.g. does the user learn the task in 
the absence of the AR system?). In fact, it is possible that such 
systems impede learning as the user becomes accustomed to having 
the virtual support [21].  

While the concept of augmenting the physical world with 
visual, auditory, and tactile content to support the learner may seem 
only applicable to true AR systems (i.e. the Azuma definition of 
virtual 3D content tightly registered with the physical world via an 
interactive real-time system; [1]) I argue that the fundamental 
findings generated from this research regarding the proper design 
of situated content can be applied all along the immersive 
continuum [16].  

While previous work studying non-immersive training suggests 
that situating training content with the physical world in immersive 
training environments could result in positive training outcomes, it 
is actually not clear whether it is necessary to tightly register the 
stimuli (visual, auditory, or haptic) with the physical world in 3D 
(following the Azuma definition). There have been many research 
studies comparing the presentation of support or training content 
on nearby computer screens, content shown on heads-up displays 
(HUDs; henceforth referred to as “wearable” display) worn on the 
users’ head but not registered with the world, and AR presentations 
with the content registered to the scene and the results are mixed. 
Critics would argue that having information appear at the 
appropriate times in an ego-centric view via a wearable display 
would be adequate and would be more feasible to deploy than a 
registered AR solution [22].  

3 PROPOSED RESEARCH 
This dissertation research is in its nascent stages. The current 
methodology is proposed.   
3.1 Cognitive task analysis 
Before designing training materials - regardless of whether they are 
pencil and paper or AR or anything in-between - one must first 
identify what the learner needs to learn. A flaw in much training 
research and implementation, especially those that emphasize 
technology, is an emphasis on the technology without a careful 
consideration of what the technology is supposed to help someone 
learn. Thus, I propose to conduct CTA in one of our three real-
world work domains that I have access to current traditional and 
immersive training environments that are in development from 
collaborators (e.g. training social workers in a MR home visit 
environment to identify risk factors for children). The CTA 
technique I will use is based on the TAPS technique [8] that 
requires a subject matter expert (SME) to solve a set of problems 



or carry out a set of tasks in the domain of interest. While the SME 
is carrying out the tasks, the knowledge extraction expert (KEE) is 
taking detailed notes of what the SME does and, equally or perhaps 
more importantly, why the SME did a particular step. Sometimes 
the “why” is based in the theory in the domain, sometimes it is 
tradition, sometimes it is logical, etc. The key is to tightly couple 
the “why” with the “how” so that that the theory (as such) is brought 
up in a “just in time” fashion with the procedural details that it 
supports.  

Because decisions about training can be more thoughtful and 
explicit due to task analysis, hypotheses about what types of tasks 
may benefit from situated content can be thoughtfully formed. 
Rather than relying on intuition regarding what seems 
“reasonable”, the task analysis document will provide fairly precise 
guidance about what goes in to learning particular tasks and 
therefore our subsequent hypotheses about the design of 
experiments and conditions can be more informed. Additionally, 
the CTA will inform me on the root kinds of cognitive, perceptual, 
and decision-making tasks that are vital in training within this work 
domain and that, in turn, will lead to the design of a more “stripped 
down” immersive experience to specifically train and evaluate 
those skills in the various conditions. 

3.2 Dissertation Experiment 
The research goal is to understand how the components of 
immersive SLEs (i.e. situated/not situated virtual content) affect 
their efficacy for different learners, tasks, and physical contexts. In 
the primary experiment, novice participants will be trained on a 
distilled task (as identified by the CTA, e.g. visual search) from a 
real-world work domain (e.g. social work home visit). In the 
experiment, there are five conditions comparing existing non-
immersive training approaches to several immersive SLE 
presentation methods (see Figure 1).  
 

 
Figure 1: This experiment will examine the effects of immersive 
technologies and content design elements on learning, transfer, and 
retention. 
 

The framework of this experiment will allow me to iteratively 
study more deeply sub-questions in this domain. For example, I can 
compare the impact of situated content registered with the literal 
real world (i.e. AR) versus the same content registered with a 
virtual representation of the real world provided through VR and 
MR. I can study how specific parameters of situated visual 
presentation impact training for specific subtasks such as: 
registration precision and specificity (e.g. should augmentations 
indicate exact locations via an arrow pointing at the relevant switch 
or should it merely highlight a region of interest?), level of 
abstraction (e.g. is an augmentation that fits visually and 
thematically with the scene more or less effective than one that is 

designed and rendered in deliberate contrast to the physical scene?), 
and timing/dosing of AR guides (e.g. how should the AR support 
be scaffolded during the training experience?).  

Lastly, I will be collecting a variety of demographic, cognitive, 
and personality data for our large pool of participants, which will 
allow me to study how individual differences affect the utility of 
training environments, an aspect of immersive SLE design that is 
often overlooked. These individual differences will be examined as 
covariates in the final statistical analysis. Overall, the results from 
this experiment will produce generalizable knowledge regarding 
the value of immersive SLEs for different tasks, work domains, 
immersive technologies, and people. 

3.2.1 Research design 
The proposed research focuses on the impact of visual aspects of 
an immersive SLE. The experiment is a between-subjects design 
(to minimize training effects) with five conditions (35 participants 
in each condition, with roughly even numbers recruited from the 
general population and Georgia Tech student pool) varying a 
manipulation of training presentation type to test the impacts of it 
on training performance, retention, and overall user experience and 
usability.  

The control condition would reflect the current manner of 
training this skill in a relevant work domain. (e.g. an expository 
training video). The non-immersive display conditions are 
interactive training tools, one of which contains the content situated 
in the environment (e.g. highlights the target object in the space) 
and the other where content is not situated (e.g. the target object is 
represented in a heads-up display). Participants will engage with 
the interactive training tool where they can perform the task by 
exploring a virtual environment on a desktop computer with either 
the training content situated or not situated. In the immersive 
display conditions, there are two similarly nested conditions of non-
situated content and situated content. Participants will use the 
immersive technology (e.g. HUD) to train the task execution where 
the training content is either situated (e.g. augmentations around 
the target object) or not situated (e.g. information in the HUD).  

I will conduct this experiment over two sessions, each lasting 
no more than 3 hours. In the first session, participants will take a 
battery of cognitive and perceptual assessments to establish 
baseline abilities (e.g. peripheral reasoning) and capture 
information on individual differences (e.g. personality), as well as 
questionnaires relating to their experience and attitudes towards 
technology. Then, participants will engage with the training tool of 
their assigned condition, perform the task without the training 
system, and then complete an exit survey questionnaire at the end 
of the session capturing data on their experience. Participants then 
return one week later to test for retention performance of the trained 
skill from the previous session and complete comprehensive exit 
questionnaires on usability and experience. These five conditions 
representing core skills from a real-world work domain is designed 
to examine questions infrequently investigated in this literature. 
These questions include understanding for what kinds of cognitive 
tasks immersive technology is advantageous in training for, when 
situating content is beneficial for training, and when these kinds of 
digital technologies may lead to better training outcomes over the 
current method. 

4 DISCUSSION 
In summary, there are a variety of gaps in existing AR/MR/VR and 
SLE research that motivate this project and inform its methods:  
• Lack of research in immersive training systems using situated 

virtual content. 



• Absence of systematic examination of the impact of individual 
components of the system (e.g. visual design choices, timing 
of presentation, display technologies) on training outcomes.  

• Insufficient consideration in studies regarding individual 
differences as a factor. 

• Shortcomings in experimental design (including a small 
sample size, skill transfer measured inappropriately, and a 
failure to report on retention of skills). 

• Research teams often lack human factors or cognitive 
psychologist expertise. 

• Within the AR field, there is a heavy focus on 
training/supporting users in static physical environments (e.g. 
assembly line, airplane fuselage) rather than preparing the user 
to perform tasks situated in dynamic environments (e.g. 
outdoors, residential homes). 

• The need to produce from this knowledge design guidelines 
for the successful development of these systems. Currently, 
design guidelines that exist in the literature for immersive 
training systems have been put forth as best practices, but few 
have empirically tested them outside of qualitative usability 
studies. 

5 REQUESTS FOR FEEDBACK 
All feedback on this early dissertation work is welcome. In 
particular, I would appreciate advice on scope and refining 
experimental variables to be used in the conditions. The other 
aspects of the augmentation design (outside of the situated and 
unsituated content) I am considering as methodological constants 
are: 

• Registration precision and specificity 
• Level of abstraction 
• Timing/dosing of AR guides 

6 FUTURE WORK 
Once we have better understanding of the role of situated content, 
the next steps for this research are in exploring different kinds of 
augmented modalities (e.g. auditory, haptic) and the role that 
situated context plays with them. There are three driving 
motivations for this future work. First, there are the practical 
considerations that auditory & haptic displays are more affordable, 
require less power, can be more comfortable and inconspicuous, 
and are more robust than visual ones. There is also the need to 
explore multimodal training for accessibility purposes. Systems 
that rely only are visuals will exclude learners with vision 
impairment. Lastly, there are open research questions related to the 
proper combination of multimodal stimuli in training systems and 
there has been limited exploration of audio and haptic AR 
interfaces in general. 

Multi-modal sensory integration presented by immersive 
environments has been theorized to result in enhanced coding of 
trained material through multiple channels of memory [14], though 
further research is necessary into the design, combination, and 
weighted impacts of these modalities.  
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