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Topic of Interest 

 How will the up-and-coming 4DX technology impact learning?  What will its impact be 

on pedagogy and what are the immediate impacts on long-term memory?  Does the introduction 

of the five senses have a profound impact on cognition and lead to greater learning and memory 

retention? 

 For several years now, these questions and more have been on my mind, and the need to 

understand them has grown exponentially since being exposed to 4DX technology myself at the 

Walt Disney Studio’s “A Bug’s Life, It’s tough to be a bug!” 4D movie production in the Disney 

Animal Kingdom, Orlando Florida (Shockling, 2013).  Additionally, I have been fascinated by 

the affects of PTSD and the research being conducted to reverse the cognitive impact on 

memories (UT Southwestern Medical Center, 2006).  Why are some memories more vivid than 

others?  For me, the answer formulated with 4DX technology and the role it plays in the 

application of the five senses in learning and how they relate to emotional experiences. 

 Ultimately, I want to discover the answer to developing training using the five senses 

through Multisensory Learning application and affect long term memory and plasticity, leading 

to greater advances in haptic and multisensory training.  Ultimately, the future research into 

Educational Virtual Environments may be the key to understanding how more realistic virtual 

environments can stimulate greater emotional response and promote cognitive plasticity. 

Selected Article Summaries 

 Ironically, the articles I selected do not all create a solid foundation for the 4DX 

technology.  On the contrary, several articles reveal the science is not yet all that clear on how 

multisensory learning affects cognitive memory applications.  However, the research does 
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indicate there are modest improvements in memory plasticity and recall.  Yet, even though the 

science behind the cognitive research is promising, the implications for the technologies, Virtual 

Reality (VR), Augmented Reality (AR) and 4DX seem to be facing adoption hurdles as 

institutions race to find a fit for these technologies. 

 Looking at the technologies from a purely scientific and cognitive value, my first article 

by Shams and Seitz discovered promising evidence the adult human brain performs better in 

multisensory environments compared to unisensory.  Much of the previous research concluded 

the adult human brain processed stimuli in modular function, with the senses operating 

independently from each other.  However, new findings are proving the senses operate in tandem 

with each other and cognition benefits from a multisensory environment (Shams, Seitz, 2008).   

This article provides a basis why 4DX might provide benefits over AR and VR. 

 My second article was meant to focus on previous technologies and inquire on the 

effectiveness of VR.  The article, “Evaluating the Importance of Multi-sensory Input on Memory 

and the Sense of Presence in Virtual Environments” took an in-depth look at how virtual 

environments impacted long-term memory and recall.  The authors conclude VR environments 

provide a greater sense of presence in the studies, suggesting a strong relationship between 

multi-sensory inputs and greater memory recall.  In contrast to the previous article, both seem to 

suggest multi-sensory environments, whether in the physical world or virtual world offer similar 

benefits.  Additionally, this provides even greater evidence to support multisensory learning as 

more effective in long-term recall but also in the ability to support Experiential Learning and the 

development of new Experience Based Learning (EBL) models. 
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 Leading into the third article, I present the 4DX technology as it is currently evolving.  

While there are several companies involved in technology, only one has been capable to make a 

strong global presence in the entertainment markets.  Without going into a business promotional, 

I instead focused on the educational perspective and selected an article pertaining to the JOHN P. 

MCGOVERN MUSEUM OF HEALTH & MEDICAL SCIENCE.  The article highlights and 

promotes the advances the museum was willing to take to improve their theatre educational 

experience, much to the delight of their patrons.  The article further illustrates the effectiveness 

of the multisensory environment through the 4DX technology.  While the articles pertaining to 

4DX technology do not indicate success in cognition development, it does mark a broader and 

more widely commercially viable alternative to VR and AR, and is quickly being embraced by 

Hollywood movie studios and cinemas globally. 

 Again looking back at VR technologies, my fourth article focused on ten years of 

empirical research evidence to suggest Educational Virtual Environments (EVE) (Mikropoulus 

and Natsis, 2011), while lacking in any hard evidence, may provide pedagogical benefits in real 

world simulation tasks.  However, the research also indicates a lack of complete understanding to 

how this happens.  The authors suggest more research to be devoted to studying how VR and 

EVE impact long-term memory retention and multi-sensory learning.  The term, “Sense of 

Presence” is once again denoted in this article as it was in the VR studies, indicating participants 

who feel a greater sense of being part of the virtual world exhibit greater cognition affects. 

 My fifth article focuses more on the sense of hearing and the research indicates sound 

plays an extremely important role in the multi-sensory learning environments.  Again, looking at 

unisensory input, the author provides additional evidence to support multi-sensory learning 

environments over the latter.  Furthermore, the authors declare most of the research to be novel 
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in scope with many sources dating back to the last two decades.  The research is suggesting 

additional stimuli would have similar and beneficial impacts on learning, as did combining audio 

and visual models.  The research concluded that while participants learned with training and 

visual aides, they performed with greater results in learning when the auditory cues where added 

into the visual and instructional portion of testing (Seitz, Kim, Shams, 2006). 

 Finally, my last article takes an interesting look at Augmented Reality and looks at how 

relevant in irrelevant stimuli affects the overall learning experience.  What is striking about the 

research is how both relevant and irrelevant stimuli impact the overall learning experience.  The 

study takes an in-depth look at participants and their reactions to environmental stimuli from 

both a task-relevant and irrelevant scope.  The results indicate AR might have some very 

beneficial affects on cognition and learning but warns the task-irrelevant information, or the 

technology itself may prove too much of a distraction to the learning process (Wu, Lee, Chang, 

Liang, 2013).  Overall though, this article helps to support another aspect of a virtual environment 

and paves the way for more proof 4DX might have more benefits to both. 

Article Critique 

 I think what I found most interesting about all these articles, some of which initially 

concerned me, in that, I thought others had already discovered the answers.  Yet, through the 

readings, I revealed the current research is novel and more evidence and understanding is need in 

the area of educational virtual environments (EVE).  Furthermore, EVE can categorically cover 

Virtual Reality, Augmented Reality and 4DX theatre.  All of which engage the participant with a 

virtual environment presented through slightly different approaches.  Regardless of the approach, 

research into each technology revealed very similar findings in the application of multi-sensory 

FRANK BEIER 10/2015 
 



Research Development Paper 6 
 

design, application and cognition.  When the research is concluded for all EVE technologies, I 

believe the findings will come back to support the views of cognitive theory and lead more 

research into the role these environments play on the adrenal systems, which in turn, impacts 

long term memory retention.   

Although I did not cover adrenal impact in my research, I did discover several articles 

which point to many additional studies the adrenal system plays in memory plasticity and recall.  

Combined together, I believe future research will be able to develop learning and training 

systems to target the emotional response systems to increase the memory retention and the 

affects the adrenal system plays in memory (Cahill and McGaugh, 1995).  Specifically, I believe 

of the EVE technologies, 4DX could be the key to unlocking the novel research in adrenal 

impacts by allowing researchers to combine the technology with IMAX movie systems, 3D 

video and the incorporating into research models.  Ultimately, all these article and the research 

all share in the foundational development into new and exciting cognition research which will be 

occurring in the next decade or sooner.  In turn, this information will help learning designers in 

the development process and multi-sensory engagement of the five senses, eliciting desired 

responses and supporting long-term memory retention. 

While all the articles in their singularity, do not conclusively answer my questions, 

combined, they begin to create an understanding between the cognitive psychology 

underpinnings and the application of multi-sensory learning and design.  Collectively, the 

research from all these articles, including dozens of supporting literature, reviews, research and 

empirical evidence suggests a strong relationship between each approach.  Furthermore, because 

several of the studies concluded similar results within different environments, especially with 

sense of presence and multi-sensory impacts is promising to continue future research initiatives. 
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Remaining Questions 

 While there has been significant research into multi-sensory studies, more is still needed 

in the terms of identifying the degree and balance of the senses in learning and coaxing of the 

proper emotional responses.  Emotional arousal, when applied in lab studies produced unreliable 

results (Cahill and McGaugh, 1995), due to the introduction of synthetic adrenal compounds.  If 

the drug was applied incorrectly, stress responses where triggered in the subjects, causing an 

increase in cortisol steroid levels and an impairing effect due to the sustained dosing levels.  

When subjects received a more controlled hormonal and lower dosage, cortisol steroid levels 

where much lower and resulted in better memory retention and long-term memory plasticity.  

While this research is very interesting, it might lead future research to look at how certain 

technologies impact the emotional response systems and positively affect long-term memory.  

The pressing questions on my mind are the following: 

1. Can the 4DX technology create specific emotional responses and positively impact 

adrenal production through a natural process? 

2. What is the natural process to increasing the adrenal and cortisol steroid production 

within the human brain? 

3. Is there a way to adequately monitor this research on human subjects? 

4. Which technology and emotional stimulus will produce the appropriate affects? 

5. Which emotional response target produces the greatest results, fear, anger, happiness, 

shock, and etc? 

6. Once the research determines the appropriate cortisol steroid equivalent levels produced 

by the human brain, can natural stimuli produce the same desired levels and accurately 

target the learning retention systems through the emotional responses? 
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7. What are the results from simulator studies, including, flight, military, racing and marine 

navigation?  Do these results mirror the multi-sensory studies? 

Conclusion 

 The research I want to conduct and the path I want to follow, I believe will make for 

exciting and needed research into the cognition sciences and how they relate to EVE 

technologies.  Much of the future research will be novel in scope and the process will require 

dedicated teams in the science of cognitive psychology and adult learning design.  Together, both 

fields of study can work together to develop processes, instruction and multi-sensory systems to 

target a specific emotional response generating the proper level of hormones and steroids to 

impact long-term memory retention.  The day this happens, learning systems will take a 

tremendous step forward and positively impact not only education but also survivors of PTSD.  

Ultimately, I believe a combination of 4DX, VR and AR technologies, together can create that 

reality. 
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