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Abstract: Designing virtual reality (VR) 

experiences for tertiary education appropriately 

remains an active research topic. VR-based 

educational animation is seen as a low-cost VR 

option. It has been mentioned that more effort 

should be put into designing educational content 

and the role of design elements for VR. This 

thematic paper aims to explain the current 

research in VR-based educational animation. 

There have been efforts to propose strategies for 

collaboration with animators, improving the video 

quality, testing the effects of informational 

elements, and deriving design guidelines to 

enhance the video design. The overview 

identified loopholes and gaps, i.e., a lack of 

information about learners’ preferences for 

design elements and how to utilise the design 

elements better. The paper that investigates 

animators’ VR-based educational animation 

design experience is scarce. Hence, future 

research could investigate and fill in the gaps 

mentioned, which includes providing a clear 

description of the VR-based video design. It is 

hoped that this thematic paper can support and 

provide insights into future instructional design 

and development of VR-based educational 

animation, thus aiding its wider educational 

adoption. 
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1. INTRODUCTION 

Video in the form of animation offers greater imagination in educational material 

presentation, which has been enriched by virtual reality (VR) and augmented reality 

(AR) since 2010. Animation, VR, AR, and mixed media are emerging technologies 

gaining prominence in education (Stadlinger et al., 2021). 360-degree (360°) 

animation media, also referred to as VR animation, can facilitate a better message 

and story delivery and can aid in enhancing the effectiveness of the learning process 

of educational content (Sutrisno et al., 2023). Since we are transitioning from 

Industrial Revolution (IR) 3.0 to IR 4.0, it is best to keep up with current technology 

trends and utilise them to benefit learners. One such technology is VR, which uses 

360° video. 360° video, or mobile or desktop-based VR, offers the most popular, 

easiest, and cheapest way to access VR applications (Le et al., 2022). With 360° 

videos, learners can observe scene(s) from any preferred perspective (Rosendahl et 

al., 2024). Content creators acknowledge the learning potential of 360° video, where 

there are attempts to tailor 360° materials to serve instructional purposes (Beege et 

al., 2024). VR-based learning that provides immersive experiences could be the 

future of education in Malaysian universities and tertiary colleges (Adnan, 2020). 

According to Kalkofen et al. (2020), designing VR experiences for tertiary education 

appropriately remains an active research topic. 

 

The barriers that cause 360° video not to be widely adopted and implemented in 

education are the insufficiency of suitable video materials on online platforms, e.g. 

YouTube, as well as the shortage of specialised video materials on specific 

procedures or for specific areas (for instance, in the medical surgical field) (Ranieri et 

al., 2022). The creators of multimedia instructional resources are facing a shortage of 

principled guidance regarding how to design certain elements of animations to 

promote a better understanding of the content presented (Mustafa, 2023). Huang et 

al. (2024a) pointed out that 360° videos do not always lead to positive learning effects 

because the 360° environment may cause learners to focus more on the immersive 

experience rather than the learning content itself, thus obstructing the learning 

process. There are times when novel instructional resources, e.g. 360° videos, 

enhance learners’ perceived understanding because of their engaging nature. 

However, in actual learning, there is no corresponding improvement (Sun & Ch’ng, 

2024). When designing instructional immersive technologies, the challenge is to 

develop a product that can facilitate deep cognitive processing, not just for grabbing 

the learner’s initial attention.  
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According to Evens et al. (2023), developing a research foundation on 360° video in 

education has just begun. Researchers are encouraged to consider every aspect of 

360° video and the implementation of design to ensure their system can be utilised 

efficiently, and it has been mentioned that learner experience design is an emerging 

field (Schroeder et al., 2023). The upcoming research should concentrate more on 

the instructional design of 360◦ video and the role of design elements for VR 

(Radianti et al., 2020; Evens et al., 2023). Sun and Ch’ng (2024) mentioned the need 

for instructional designs that transcend novelty to promote engagement while also 

helping to align actual academic performance with perceived understanding closely.  

 

360° videos can lead to learning success, as demonstrated by some studies. 

Nevertheless, the results cannot be applied or generalised to other contexts 

(Rosendahl et al., 2024). Future studies should attempt to fully exploit animation 

technology in VR to create unique, instructive and immersive user experiences 

(Hashim et al., 2024). This thematic paper seeks to provide an overview with regards 

to the efforts done on optimising the design of educational 360° animation media or 

VR-based educational animation so that we can have a better understanding of the 

issues, views, or even gaps present to support and provide insights to future 

instructional design and development of VR-based educational animation, thus aiding 

with broader adoption of VR-based educational animation in higher education and 

other education levels. 

 

2. EDUCATIONAL ANIMATION 

Animation has been explained as a pictorial display that alters its structure or other 

features over time, which gives rise to a continuous change in perception (Weitz, 

2015). Educational animations are developed to facilitate learning (Atabhotor & 

Kofoworola, 2020). It is shown that animation has five characteristics that contribute 

to learning: (1) providing explanation, (2) presenting information, (3) motivating 

students, (4) attracting attention, and (5) making teaching appealing (Cevahir et al., 

2022). 

 

3. 360° VR 

As stated by Elmqaddem (2019), VR refers to a technology that enables us to 

immerse ourselves in a synthetic world, while this world can be an entirely fictional 

universe or a replication of the real environment. Omnidirectional video or 360° video 

is a panoramic spherical (or immersive) video that enables the user to look around 

during playback, and the viewing of video can be performed through different devices 

ranging from mobile phones and desktop computers to Head Mounted Displays 
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(HMD) (Shahid Anwar et al., 2020). 360° video is a new type of video based on VR 

technology, which has great application potential in the field of education (Liu et al., 

2022). 360° video may vary depending on the setup, equipment, and digital content 

utilised (Queiroz et al., 2022). The 360° content has two main categories: Natural 

Images (NI) and Computer-generated Graphics (CG) (Shafi et al., 2020; Queiroz et 

al., 2022). Based on different methods of viewing, 360° video can be classified into 

immersive 360° video (also known as 360° VR video) and non-immersive 360° video 

(Liu et al., 2022). 

 

4. VR-BASED EDUCATIONAL ANIMATION DESIGN 
OPTIMISATION 

In terms of development process or steps, 360° videos having three-dimensional (3D) 

content (e.g., animation) are slightly different from 360° videos that only have real-

world content (e.g., actual footage of real scene) due to specific steps like 3D 

modelling (Hussian, 2020). The paper by Liao et al. (2021) discusses optimising the 

production of 360° animation video, but the guidelines and considerations primarily 

focus on entertainment artistry presentation. Instructional video design theory, like the 

Cognitive Theory of Multimedia Learning (CTML), might need to be considered to 

assist learners in processing the concept delivered (Fyfield et al., 2019). Besides, 

since the content is presented using animation, some animation design principles or 

animating techniques like kinematics may be involved (Schulz et al., 2019). 

Animation should be utilised in moderation because multi-animation tends to produce 

unnecessary visual effects (Jeetha & Krishna, 2021). In 360° animation video, 

informational elements such as directions, labelling and additional text can be 

incorporated easily to augment such content (Allman et al., 2022). Regarding VR-

based educational animation design optimisation, there have been efforts to propose 

strategies for collaboration with animators, improve video quality, test the effects of 

informational elements, and derive design guidelines to enhance video design. 

 

Regarding “proposing strategies to collaborate with animators”, it has been stated 

that educators are required to take up new roles as the creators of 360° videos 

(Ranieri et al., 2022). Nevertheless, some people have less time to self-educate and 

create their own educational materials, e.g., 360° animation media or VR animation 

(Kayler et al., 2020; Sutrisno et al., 2023). In cases like this, collaboration with 

animators is needed (Ala et al., 2022; Kayler et al., 2020). There have been efforts to 

report the challenges encountered and respective strategies (short-term and long-

term) for three aspects when collaborating with animators to facilitate the production 

of educational animation. The three aspects are timely design refinement, users’ and 
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stakeholders’ input, and communication with the animator (Kayler et al., 2020). 

Besides, it has been mentioned that if a sound framework, like a list of design 

elements, is available, a common understanding can be achieved, reducing 

confusion when communicating about design choices or decisions (Radianti et al. 

2020). An example of terminology usage in the literature that may cause confusion in 

communication and make impact comparison difficult is that Liu et al. (2022) treated 

the term ‘visual cue’ as one type of cueing element appearance (e.g. visual cueing 

element and textual cueing element). In contrast, in the study by Huang et al. 

(2024a), ‘visual cue’ is considered as cues that act on particular sensory channels 

(e.g. visual channel and auditory channel), of which textual cueing element is part of 

the ‘visual cue’. Moreover, among the available literature, the information on 

animators’ perspectives on the design process (e.g., how they rationalise their design 

decisions and apply design choices) for VR-based educational animation is still 

limited. 

 

Concerning “improving the video quality”, some 360° video-related studies focus on 

investigating several aspects of video quality in a VR environment, for instance, 

cybersickness and presence (Tran et al., 2018). The sensory output of a VR system 

can contribute to the sense of presence, i.e., the subjective experience of being in a 

specific environment. Nevertheless, cybersickness can be caused by the addition of 

sensory information (Narciso et al., 2020). It is worth noting that quality optimisation 

for the delivery of 360° video is also considered in several studies (Tran et al., 2018). 

Virtual environments modelled in 3D possess limited capabilities to provide high 

degrees of realism, which may restrict the effectiveness of virtual training 

applications. Much effort in terms of time and a high computational cost for rendering 

all the elements in the scene are needed for modelling photorealistic environments in 

3D (Ritter III & Chambers, 2021). Inspired by Wuebben et al. (2023) paper, 

combining a few recorded real-world elements with virtual animated elements might 

be a potential option. As stated by Choi et al. (2018), there are research works 

regarding the creation of 360° content that concentrate on resolution improvement, 

image-based lighting effects, accurate stitching, and distortion correction of images 

from wide-angle cameras. Some researchers investigated how to enhance the 

interactivity of image-based VR content by changing scenes with button clicks and 

adding uniform resource locators (URLs) to 360° images (Choi et al., 2018). 

According to Dogan and Sahin (2024), the learning of procedural knowledge seems 

can be facilitated by realistic experiences simulated using design elements (i.e., 

interactivity and realism). 
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As for “testing the effects of informational elements”, the effects of cues that act on 

two sensory channels (i.e., visual and auditory), macro- and micro-level signalling, 

narrative style and subtitle presentation were explored (Huang et al., 2024a; Beege et 

al., 2024; Huang et al., 2024b). Visual and audiovisual cues can reduce cognitive 

load, improve learning retention performance, effectively direct visual attention, and 

increase implicit attention. In comparison, auditory cues were found to distract implicit 

attention. All the cues show no significant effect on emotion, knowledge transfer and 

long-term memory (Huang et al., 2024a). It has been found that both macro- and 

micro-level signalling show no effect on disorientation, which could be due to 

sufficient orientation within the 360° environment. Macro-level signalling improved 

learning performance, whereas micro-level signalling did not affect learning 

performance. The result suggests that including macro-signalling in a 360° 

environment may be necessary. In cases where learners struggle with orientation, 

micro-signalling could be viewed as a factor that overwhelms the learners (Beege et 

al., 2024). The human voice could assist humans in learning better than the computer 

voice. The lack of emotion in computer voice may reduce learning emotion and sense 

of experience. Besides, for 3D videos, having no captions is better than a 

presentation with captions because using subtitles in videos could lead to distraction 

and increase the cognitive load (Huang et al., 2024b). It has been noted that future 

research should investigate the effects of other elements in 360-degree virtual 

environments like animation and colour, the cueing elements that act on other 

sensory channels like olfactory and tactile, as well as learners’ subjective preferences 

on design elements of 360° video, e.g. narrative style (Huang et al., 2024a; Huang et 

al., 2024b). Beege et al. (2024) also mentioned the need to establish adaptive 

signalling techniques for creating 360° content and further investigate signalling 

techniques at both macro- and micro-levels. 

 

Regarding “deriving design guidelines to enhance the video design”, some 

researchers put effort into deriving design guidelines based on the video production 

process or using article review. However, the design guidelines created are either for 

the creation of specific content, i.e. research communication (Wuebben et al.,2023) 

or for the makeup of general features that created impact only, as the description on 

the video designs was not made clear enough in the majority of the paper reviewed 

by researchers (Evens et al., 2023). Due to unclear design description, Evens et al. 

(2023) were unable to dive deep into identifying the design feature(s), element(s) or 

choice(s) that could further make the virtual environment more conducive and 

engaging for learning, as well as can be personalised or customised depending on 

the learning content, goal, and context. The guideline by Evens et al. (2023) revealed 

that the adaptation of 360° video complexity should act according to the learner’s 
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level. This is because there are times when novices have difficulty concentrating 

when placed in overwhelming environments, and primarily, they receive benefits from 

360° video that is less complex (Evens et al., 2023). Both guidelines suggest using 

add-ons and complementary elements like animation and virtual actors to help guide 

learners’ attention or aid with content explanation (Evens et al., 2023; Wuebben et 

al., 2023). Moreover, it has been stated that upcoming studies could concentrate on 

questions related to the utilisation of add-ons (i.e. text, image, voice-over, chapter 

idea, switch location, question, 2D-video, object, and virtual actor), for example, how 

long, for whom, how many, when to utilise add-ons that lead to optimal learning 

experiences (Evens et al., 2023). Wuebben et al. (2023) mentioned the need for 

continuous attempts to create 360° videos for knowledge dissemination and the need 

to identify features of successful science videos on YouTube. 

 

5. DISCUSSION AND CONCLUSION 

From the overview of the previous section, several literature gaps or loopholes can 

be observed among the efforts explored. It has been noted that future research 

should look into the effects of other elements in 360° virtual environments, such as 

animation and colour, as well as the cueing elements that act on sensory channels 

other than visual and auditory (Huang et al., 2024a; Huang et al., 2024b). The 

creation of adaptive signalling techniques and further investigation of signalling 

techniques at both macro- and micro-levels are also needed (Beege et al., 2024). 

Besides, papers that reported on animators’ experience of designing VR-based 

educational animation are scarce, as the literature reviewed either mentions the 

collaboration with animators to create animated media (Ala et al., 2022; Kayler et al., 

2020) or reports on the challenges encountered and respective strategies during the 

collaboration (Kayler et al., 2020). Since it has been mentioned by Evens et al. (2023) 

that upcoming studies could focus on exploring the way to utilise add-ons like text, 

images, and virtual actors to promote an optimal learning experience, thus exploring 

animators’ design experience of practical VR-based educational resources (i.e. 

finding out the way to utilise the add-ons or design choices using design expert or 

animator’s perspective) could be a solution to fill in the above-mentioned gaps. This 

is because the multimedia tools creators have their expectations regarding the way 

the tools will be utilised, perhaps educational (entailing the instructional designs, 

processes, and impact) or functional (concentrated on the interface) (Abdulrahaman 

et al.,2020). 

 

Despite learner experience design being an emerging field (Schroeder et al., 2023) 

and the recommendation for 360° video complexity adaptation should be based on 

the level of the learner (Evens et al., 2023), the overview revealed that the subjective 
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preferences of learners (learning motivation and learning style) on-screen elements 

(narration and subtitle) of 360° video has yet to be explored and discussed (Huang et 

al., 2024b). As stated by Alamäki et al. (2021), learner experiences related to VR are 

significant as they support learner’s inner motivation and active participation. 

According to Lange and Costley (2020), obtaining learners’ perceptions can help the 

researchers understand why such media delivery negatively impacts learning, 

investigate instructional intervention recommendations to tackle these problems, and 

present new recommendations to solve existing pedagogical concerns. Huang et al. 

(2024b) noted that the creation of 360° video images should consider learners’ 

experiences and contribute to the development of accurate visual impressions in 

learners, i.e. the content delivered must be accurate. The essential state of things 

should be reflected objectively and truthfully. Including many late “virtual” elements 

that could lead to learner’s discomfort and visual loads should be prevented. 

Therefore, another loophole in the literature regarding design elements is limited 

information on learner’s subjective preferences, which is worth exploring. 

 

The overview also revealed that the description of the 360° video designs was not 

made clear enough in the majority of the papers reviewed by Evens et al. (2023), 

where attention is scarce on explaining the embedding of 360° videos in actual 

context or even the 360° videos design principles (Even et al., 2023). This has made 

it difficult for Evens et al. (2023) to investigate what video design has created an 

impact among the 360° videos investigated. The authors emphasise that future 

research should consider including the following information when describing 360° 

videos: (1) video content category (i.e. demonstration, situation, environment), (2) the 

utilisation of (interactive or non-interactive) add-ons, as well as (3) video length and 

context (Evens et al., 2023). Hence, in any future research that involves the creation 

of educational 360° videos, the researchers could adopt a direction in providing a 

clear description of the 360◦ video design to make it easier for readers and 

researchers to explore the video design and the impacts created. Having more 

research papers providing a clear description of the 360◦ video design may further 

assist any future study that seeks to explore and identify design elements or choices 

that could further make the virtual environment more conducive and engaging for 

learning, as well as can be personalised or customised depending on the learning 

content, goal, and context. This also may further lead to the establishment of another 

new design framework that can serve as a guide for animators when designing and 

developing VR-based educational animation, thus may assist in tackling the issue 

mentioned by Mustafa (2023), i.e. the lack of principled guidance in terms of how to 

design certain elements of animations to promote a better understanding of the 

content presented. Hence, a clear definition and unified term for each design element 
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within the new framework may also make communication between educators and 

animators on selecting suitable design choices that fit the instructional goals that can 

be done more efficiently. Radianti et al. (2020) stated that the generalisation of 

design elements facilitates the creation of new VR-based educational resources and 

aids with a better acceptance of VR in higher education. 
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