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Abstract: Emerging technologies, such as virtual reality, haptics, and 3-dimensionality, provide 
novel opportunities to allow students to investigate scientific phenomena by fostering perceptions 
of virtual presence, the feeling of being sensorially immersed and authentically interacting within 
a computer-generated virtual learning environment (VLE). Neurotypical learners are largely 
represented in VLE research on science learning, with fewer with neurodivergent learners, such 
as students with ADHD. This descriptive case study sought to address the dearth in the literature 
on neurodivergent students’ experiences, with emerging technologies, for learning science. 
Specifically, the case describes the extent to which neurodivergent learners experience the 
affordances of VLEs for science learning, as compared to their neurotypical peers, in: zooming, 
spatially orienting and rotating objects, viewing multiple representations and abstract processes 
in real-time, as well engaging in risk through multiple trials. Five middle grades students 
(diagnosed with ADHD) were assessed and observed using a tool (zSpace) that combines  
emerging technologies to learn cardiac anatomy and physiology. Students’ utterances of virtual 
presence and technological affordances were coded, and frequency counts and percentages were 
calculated, both individually and collectively. The results found that students most described 
sensory (41%), control (30%), and realism (26%) constructs with fewer reports of holding 
their attention (3%). Analyses of cardiac assessments found gains in scores for spatial rotation 
and viewing abstract processes, no change in score in viewing multiple representations, and a 
decrease in scores for spatial orientation. This case study provides unique insight into the needs 
of neurodivergent learners when using emerging technologies for science learning.
Keywords: 3-Dimensional, ADHD, Biology Education, Haptics, Instructional Technology, 
Students with Disabilities, Virtual Reality
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INTRODUCTION 

In the United States, professional agencies 
and educational policies promote the use of 
technology to support K-12 learning. The 
National Education Association (NEA, 2019) 
suggested teachers incorporate compatible 
technologies within learning spaces; technol-
ogies that students can use easily both inside 
and outside of the classroom. In science edu-
cation, the National Science Teaching Asso-
ciation (NSTA, 2016) stated that teachers 
should integrate technologies as pedagogical 
tools to enrich students’ learning of science. 
Furthermore, as cited by the White House 
and the Committee on STEM Education’s 
five-year strategic plan for science, technol-
ogy, engineering, and mathematics (STEM) 
education, there are two fundamental objec-
tives to enhance the learning of science by 
integrating technologies into classrooms: 1) 
support scientific literacy of all Americans in 
providing access to quality education includ-
ing the use of technologies and 2) empower 
innovation within the country’s workforce 
(National Science & Technology Council, 
2018). The relevant and meaningful incorpo-
ration of technologies in science classrooms 
offers students the opportunity to engage in 
learning that will expand beyond the tradi-
tional classroom experience and into future 
workforce endeavors. 

Several emerging technologies have evolved 
that can be used as instructional tools to 
support student learning in K-12 science 
education. Mobile technologies (Burden & 
Kearney, 2016), simulation and virtual labo-
ratories (Potkonjak et al., 2016), augmented 
reality (AR) (Ibáñez & Delgado-Kloos, 2018), 
remote laboratories (Childers & Jones, 2014), 
haptics (Minogue & Jones, 2006a), video 
gaming (Clark & Ernst, 2009), and virtual 

reality (VR) with 3-dimensional (3D) graph-
ics (Hite et al., 2019b), represent some of the 
emerging technologies that enable students to 
interact with science concepts. As the utiliza-
tion of these technologies increases, explor-
ing their affordances to provide innovative 
learning experiences for all learners is critical. 
Specifically, researchers need to know more 
about how diverse learners use these tools in 
learning science (Oliveira et al., 2019). Spe-
cific affordances of emerging technologies to 
enhance science learning include providing 
robust visualizations of scientific phenomenon 
(Nielsen et al., 2016; Potkonjak et al., 2016), 
conducting research with scientists remotely 
(Childers & Jones, 2017), enhancing develop-
ment of spatial abilities (Cheng & Tsai, 2013), 
and promoting students’ interest and moti-
vation in learning science (Parong & Mayer, 
2018). Notably, the continuous development 
and refinement of emerging technologies pose 
some difficulties for educators, specifically in 
initial and on-going costs of technology pur-
chase and maintenance as well teacher train-
ing for effective application in the classroom 
(Cardullo et al., 2014; Hite et al., 2019b). 

Nevertheless, these emerging technologies, 
particularly 3D, haptic, virtual reality (VR) 
technologies, are becoming vital tools in 
enhancing science instruction. The efficacy of 
these tools lies in how virtual learning envi-
ronments (VLEs) provide a virtual space for 
students that they can control and explore to 
investigate science phenomena that appears 
lifelike both in appearance and sensory engage-
ment, providing to the user an immersive and 
interactive learning opportunity (Mikropoulos 
& Natsis, 2011; Hite et al., 2019b). The design 
of VLEs to promote interactive and immersive 
learning experiences include specific hard-
ware such as 3D glasses, head-mounted gear 
with sensors that track the head movements of 
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the learner and haptics (force feedback) to rep-
licate the sense of touch with virtual objects 
(Wouters et al., 2013; Grasser et al., 2014). 
Qian (2019) suggested that VLEs that employ 
3D graphics, haptics, and VR in science class-
rooms may promote motivation, inquiry, and 
develop skills that support the learning of 
science. Furthermore, research by Merchant 
et al. (2013) indicates that learners with low 
spatial ability can benefit from 3D-enhanced 
VLEs for learning abstract content in chemis-
try. Whereas haptic tools in VR systems with 
3D graphics permit an exchange of sensory 
information between the learner and the VLE; 
this sense of touch can foster a greater per-
ception of immersive learning (Jones et al., 
2006b). As a learning experience involving 
sensory input and output, 3D, haptic, VR tech-
nologies, both individually and together, gen-
erate an immersive and interactive VLE to 
support rich and robust science learning for 
K-12 students. 

LITERATURE REVIEW

To date, the bulk of the existing studies on 
the affordances of emerging technologies 
focus on neurotypical learners. However, 
there is a growing sector of students who 
have been diagnosed with attention-deficit/
hyperactivity disorder (ADHD), compris-
ing 6.1 million school-aged students (CDC, 
2019). Also referred to as ADD, ADHD is a 
neurobehavioral disorder typified by impair-
ment in inhibitory control and response 
inhibition, resulting in executive function-
ing impairment (Barkley, 1997). The region 
of the brain where ADHD occurs is within 
the frontal lobes, an area that governs one’s 
ability to pay attention, use self-control, and 
regulate levels of activity (Biederman, 2005). 
Inattention, impulsivity, and hyperactivity, 
and sometimes anxiety and anger (CDC, 

2019, 2020), form the basis of students’ chal-
lenges when learning in school and persist 
into their adult lives. Unsurprisingly, VR has 
been used as a means of assessment (Parsons 
et al., 2007), digital therapy (United States 
Food and Drug Administration, 2020), and 
rehabilitation (Bashiri et al., 2017) for chil-
dren with ADHD. For example, a study by 
Yan et al. (2008) found VR to be effective 
for children with ADHD in reducing their 
impulsivity and improving attentiveness. 
Thus, the utility lies in “the ability of VR 
programs to increase engagement and moti-
vation by integrating a child’s [with ADHD] 
preferred interests into the program” (Wang 
& Reid, 2011, p. 4). This notion is rein-
forced by concurrent research of students 
with ADHD playing video games, finding 
that children with ADHD (as compared to a 
control group of neurotypical children) did 
not present issues with inhibitory control as 
hypothesized (Bioulac et al., 2014). Further, 
3D-enhanced VR may be a useful tool spe-
cifically for students with ADHD. A study by 
Othmer and Kaiser (2000) found that when 
using 3D technologies, students with ADHD 
not only outperformed students with ADHD 
2D groups on a learning task, but also had 
greater improvements in impulse control on 
a measure of attention. Notably, there are 
ongoing concerns that VR use may contrib-
ute to a specific type of motion-based dis-
comfort (VR sickness) or cause individuals to 
become fearful in hyper-realistic and immer-
sive VR environments (VR phobia), both of 
which vary greatly among users by gender, 
age, health-status, their duration of VR use, 
as well as issues like lagging, flicker, distor-
tions, and tracking errors in either hardware 
or software (Somrak et al., 2019). 

Therefore, there is little suggestion that 
VR would cause such ailments among 
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persons with ADHD specifically; the litera-
ture instead suggests that VR environments 
are greatly beneficial for individuals with 
ADHD for behavioral and cognitive thera-
pies (Cieślik et al., 2020; Linder, 2020; Park 
et al., 2019). Thus, these findings have led the 
authors to conclude that technology with 3D 
elements helps students with ADHD better 
achieve their learning outcomes. We decided 
to focus on middle grade students with dis-
abilities since many of their school experi-
ences stress basic skill acquisition rather than 
enriching experiences with conceptually 
demanding material (Gersten et al., 2006). 
Their disparate school experiences may help 
to explain why there is a significant disparity 
between students with disabilities and their 
peers without disabilities in mathematics and 
science proficiency (Hwang & Taylor, 2016; 
Nations Report Card, 2015; Moon et al., 2012). 
Therefore, a platform that marries a variety 
of emerging technologies, may provide novel 
experiences to and hold unique affordances 
for neurodivergent learners. 

Research from neuroscience provides some 
insight to why coupled emergent technolo-
gies (3D, haptics, and VR) help adolescents 
and individuals with cognitive impairments 
learn; specifically, how they experience 
virtual presence in VLEs. Baumgartner et 
al. (2006) hypothesized that the prefrontal 
cortex, the area involved with executive func-
tion in the brain, processes users’ experiences 
in VLEs. Considering the VLE experiences 
of children, with an “incomplete function-
ing of the prefrontal cortex, we suggest that 
the spatial presence experience is enhanced 
in young children compared to adolescents, 
because children are less capable of cogni-
tively controlling and monitoring the virtual 
experience” (p. 31). Their follow up study 
found that children did experience more 

robust perceptions of presence, as compared 
to adults, due to the lack of full function in 
this region of the brain (Baumgartner et al., 
2008). In science education research, Hite et 
al. (2019c) found relationships between chil-
dren’s perceptions of presence and their mea-
sures of Piagetian-based cognitive develop-
ment, affirming their work.

THEORETICAL AND CONCEPTUAL 
FRAMEWORK

For this study, virtual presence theory was 
used to explore neurodivergent students’ expe-
riences while learning science content (cardiac 
anatomy and physiology) with an instructional 
tool that incorporates three emerging technol-
ogies (3D, haptic, VR) in a single platform. A 
meta-analysis of previous research suggests 
that emerging technologies promote science 
understanding and learning (Oliveira et al., 
2019), yet the degree to which these emergent 
technologies support learning experiences for 
students with ADHD is still being established 
(Botsas & Grouios, 2017; Mangina et al., 2018). 
Virtual presence, as a lens, describes how real 
a virtual reality learning environment is per-
ceived by learners (Lombard & Ditton, 1997; 
Witmer & Singer, 1998). According to Witmer 
and Singer (1998), perceptions of immer-
sion and interaction between the learner and 
the virtual environment generate this sense 
of presence. Inducing virtual presence while 
using emerging technologies, like 3D hap-
tic-enabled VR, promotes user interactiv-
ity, engagement, and learning (Makransky & 
Petersen, 2019; Schifter et al., 2012).

Within a virtual environment context, four 
factors govern inducement of virtual pres-
ence: 1) sensory engagement, 2) apparent 
realism, 3) control over the VLE, and 4) a lack 
of external distractions (Witmer & Singer, 
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1998; Lombard & Ditton, 1997). Control as 
a factor for virtual presence describes the 
ability to which a learner can navigate and 
access the VLE with ease and efficiency. 
Distractions perceived by the learners (i.e., 
lagging of the software application, interrup-
tions from peer learners) may inhibit virtual 
presence. Realism, as a factor of virtual pres-
ence, is a perception of how immersed the 
learner feels or how vividly the learner con-
nects to the VLE (Witmer & Singer, 1998). 
Sensory factors are related to information 
processed by the learner, such as auditory, 
visual, and tactile sensory cues that heighten 
user immersion in the VLE. As an integrated 
whole, virtual presence replicates reality such 
that the user perceives the VLE an authen-
tic proxy for the real world (Rubo & Gamer, 
2018).

To conceptualize virtual presence as a frame-
work to explore how students with ADHD 
interact within and perceive VLEs that lever-
age 3D VR with haptics as an appropriate 
VLE for science, a conceptual framework was 
designed to describe the connective factors of 
technological affordances with virtual pres-
ence that may facilitate learning experiences 
of students with ADHD. Leveraging research 
by Makransky and Petersen (2019) on mod-
eling learning in VR in parentheses and 
depicted in Figure 1, virtual presence com-
prising of immersion (sensory and realism 
factors) and interaction (control and distrac-
tion factors) relate to VR features (e.g., hard-
ware and software affordances of a 3D, haptic, 
VR system) employed in the research study. 
Usability is related to VR features, which is 
important to note in the model as it relates 
to students’ capabilities to effectively use 
the hardware and software to learn (science) 
content. Modeling immersion and interaction 
constructs (disaggregated by the 4 factors) of 

virtual presence shows how a 3D, haptic, VR 
learning environment supports student learn-
ing: immersion occurring through the archi-
tecture of hardware and software affordances 
may support learner through five known 
affordances (spatial orientation and rotation, 
zooming in and out of objects, access to mul-
tiple representation and viewing abstract 
processes in real time).  Per Makransky and 
Petersen (2019), these VR features foster both 
virtual presence and notable experiences, 
such as opportunities to engage in trial and 
error and the ability to safely engage in risk. 
Given the literature on ADHD, we propose 
an adaption of Makransky and Petersen’s 
design to explain how students with ADHD 
may differentially learn with emerging tech-
nologies. In our model, we parse Makran-
sky and Petersen’s immediacy of control into 
separate factors of the interaction construct 
of virtual presence: control and distraction.  
We believe distraction may serve as a medi-
ating variable in their learning. Indicators of 
distraction can include, but are not limited to 
four central symptoms of zoning out, hyper-
activity, impulsivity, and anxiety (CDC, 
2020). In this study, distraction was parsed 
between observations and dialogue (between 
researchers and students) of being distracted 
as well as having their attention held by the 
VLE. All the proposed connections, factors, 
and skills in the conceptual framework may 
provide a lens to describe perceived virtual 
presence, affordances of virtual reality, and 
learning of science for students with ADHD 
in a VLE. 
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From virtual presence theory, we can 
describe how students with ADHD inter-
act with and learn from VLEs that leverage 
3D-enhanced VR with haptics for learning 
science specifically, in using five established 
technological affordances of emerging tech-
nologies from scholarship in the field (Dal-
garno & Lee, 2010; Makransky & Petersen, 
2019; Merchant et al., 2014). Collectively 
identified as affordances of 3D, haptic, VR, 
they are: 1) zooming in and out from objects; 
2) spatial rotation; 3) spatial orientation; 4) 
viewing abstract processes in real time; and 
5) viewing multiple representations of phe-
nomena. If these affordances are observed 
and reported by students, they should too be 
evidenced on assessments of learning science 
(cardiac anatomy and physiology), forming 
the five indicators of interest in this research 
study.

METHODOLOGY 

A one-group pretest-posttest research design, 
per Campbell and Stanley (1963) was selected 
to determine the effects of a novel treatment 

(emergent technologies) on a novel popula-
tion (students with ADHD) of science learn-
ers. This design permits qualitative obser-
vations and quantitative measurements of a 
treatment on a group of individuals. The vari-
ance observed or measured can then be attrib-
uted to the intervention they had experienced 
of using zSpace to learn science. Since these 
students did not have access to the emerging 
technology (zSpace) outside of the research-
ers’ laboratory, this design is acceptable. 
Studies following individual students with 
limited technologies such as virtual reality 
makes large-scale, controlled studies unreal-
istic. Furthermore, there are limited numbers 
of students with identified ADHD conditions 
within each grade level attending the school 
that was the focus for this investigation. As 
a consequence, a case study approach was 
employed to explore how neurodivergent stu-
dents experience emerging technologies for 
science learning by integrating both qualita-
tive and quantitative data (Yin, 2003, 2018). 
Specifically, a descriptive case study permit-
ted application of theory (presence) and prior 
literature (of the empirically based affordances 

Figure 1. Conceptual Framework of Research Study for Students with ADHD using Emerging Technologies for 
Learning Science Content.  Adapted from “Investigating the process of learning with desktop virtual reality: A 
structural equation modeling approach” by G. Makransky and G.B. Petersen, 2019, Computers & Education, 
134, Results Section, Figure 3.4
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of technologies as well as the use of technolo-
gies as instructional tools) to explore experi-
ences among students identified with ADHD. 
According to Yin (2018), a case study is an 
ideal approach given the focus is on individu-
als’ experiences within a bounded interven-
tion (i.e., using emerging technologies for 
science learning). The intent of this study is 
aligned to a case study approach which values 
replication (experiences) over sampling logic. 
The replication in this study was common 
experiences in using zSpace for science 
learning (i.e., the intervention) in which indi-
viduals related their experiences therein to be 
described individually and collectively (e.g., 
similar and different experiences reported in 
a pattern-based case analysis). Further, being 
an embedded design, “each individual…
may in fact include the collection and analy-
sis of quantitative data, including the use of 
surveys within each case study” (Yin, 2018, 
p. 61). This aligns with the notion of a pretest-
posttest research design, which can include 
content assessments as a form of quantitative 
data collected to measure the variance in par-
ticipants’ knowledge before and after treat-
ment. This study is part of a series of studies 
that examine how middle school students 
learn science content with emerging technol-
ogies (Jones et al., 2016). The sampling for 
this study was convenience sampling, as par-
ticipants for this study had to meet the narrow 
selection parameters of reporting a docu-
mented diagnosis of ADHD. 

Research Questions

The following research questions guided the 
research study of middle grade aged students 
with ADHD who used 3D, haptic-enabled 
VR for science learning.  

1.	 What are the reported elements of virtual 
presence in relation to: interaction (user 
control, minimal external and internal 
distractions) and immersion (sensory 
engagement, apparent realism)?  

2.	 What were the affordances students 
reported for:

a.	 using the technology (i.e., zooming, 
spatial rotation, spatial orientation, 
viewing abstract processes in real 
time, multiple representation)?

b.	 their learning experiences (i.e., safety 
and risk, trial and error)? 

3.	 What gains did students have in their 
knowledge of human heart using pre-
post open- and closed-ended content 
assessments?

Students

The five participants were seventh-grade 
students, between the ages of 12 and 13, 
from a single leadership-magnet middle 
school in the southeastern United States.  
To garner an understanding of the students’ 
socioeconomic backgrounds, this school 
location serves approximately 475 students, 
one-third African American, one-third  
Hispanic, and one-third White. Half of all 
students are categorized as economically 
disadvantaged. To describe the geographic 
context of where the students live, this school 
is located in the state capitol city and is in 
close proximity to a tier 1 research university.  
This school is lower performing (by aver-
ages) in the areas of mathematics, science, 
and reading compared to other schools in 
the district and in the state. This school was 
selected because of their receptivity to the 
specificity (i.e., students with ADHD) of this 
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research study and using emergent technology 
in science instruction. All seventh-grade stu-
dents were invited to the study through their 
science classes, in which researchers stipu-
lated we were seeking students who had been 
identified as ADHD. The three boys and two 
girls who responded to our call for participa-
tion were each included in the research study. 
Each participant identified as non-Hispanic 
white and had a documented diagnosis of 
ADHD that was affirmed by their parents and 
students in the consent and assent processes, 
respectively. Pseudonyms were assigned to the 
three boys (Wesley, Liam, and Parker) and two 
girls (Alice and Gabby). Although this group 
of students does not reflect the full racial and 
ethnic diversity of students at the school, white 
students diagnosed with ADHD do represent a 
sizeable population of all students with ADHD 
preceded only by non-Hispanic black students 
(Zablotsky & Alford, 2020). No other disabil-
ities and/or disorders were neither asked nor 
disclosed, since ADHD was the focus of the 
research inquiry with minors, although we 
recognize that up to 50 percent of individu-
als with ADHD diagnoses also have comor-
bid conditions such as learning and language 
disabilities, fine and gross motor difficulties, 
anxiety, depression, and other psychological or 
neurological disorders (Silver, 2006). However, 
these students do typify neurodiverse students 
experiences in learning science in the natural-
istic school settings.

Technology

The zSpace 200 series system (2015) consists 
of a 1920*1080 HD display with four head-
tracking cameras, a three-button haptic-
enabled stylus, and polarized eyewear with 
five reflectors that act as sensors for the track-
ing cameras. Figure 2 shows the hardware 
components of the zSpace system (computer 

laptop that runs software into the display is 
not shown). The zSpace system creates the 
illusion of 3D VR objects using a stereoscopic 
technique that replicates dual images to the 
user. These images appear to have depth (ste-
reopsis) such to enhance immersion. The 
eyewear allows the user to access these ste-
reoscopic images from different perspectives 
when moving their head and the haptic-stylus 
allows the user to manipulate VR objects in 
real time, enhancing interaction. These sim-
plistic features (simple eyewear and pen-like 
stylus) lend toward high usability, which is 
linked to robust learning in VLEs (Makran-
sky & Petersen, 2019). This technology was 
chosen because it possesses both immersive 
and interactive elements (Hite & McIntosh, 
2020) to facilitate virtual presence among 
individuals with cognitive disabilities (Hite 
et al., 2019a), and for science learning (Hite 
et al., 2019b).   

Instruction

Each student completed three sixty-minute 
sessions (180 minutes total) using the zSpace 
system, guided by a researcher. A second 
researcher videotaped the students’ inter-
actions and conversation with the primary 

Figure 2. zSpace 200 Series: Head-Tracking 
Cameras, 3D Eyewear and Haptic-enabled Stylus.
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researcher while recording field notes. In 
session one, students were first introduced to 
the hardware by holding the stylus, hearing 
sounds from the system, and wearing the 
eyewear. Then, students were given instruc-
tions and time to utilize the software tools 
of zooming and rotating objects, as well as 
manipulate a built-in perspective tool that 
permitted the user to look inside objects. 
Students explored a virtual environment in 
which they could pick up and examine objects 
and created series or parallel circuits on a 
virtual circuit board. Participants had learned 
about circuits in their formal class during 
the school year, so this was science content 
familiar to them. In session two, students 
explored and dissected pre-selected objects: a 
human tooth, a starfish, and a dolphin. These 
objects were related to biology content that 
was deemed as less familiar to what students 
may have seen in their formal science educa-
tion. At the mid-point of session two, students 
were asked to select objects that they wished 
to dissect. Wesley (pseudonyms are used 
throughout the paper) selected a dinosaur 
and the dwarf planet Pluto, Alice selected 
an owl pellet and a house cat (because she 
had a pet cat), and Liam selected the planet 
Earth, a fly, and a Tyrannosaurs Rex. Gabby 
and Parker chose to not select any additional 
objects to dissect. Session 2 concluded with 
students using a different software program 
that explored the concepts of friction. Stu-
dents made, tested, and reflected upon pre-
dictions of how a virtual ball would behave 
when rolled over three different surfaces (i.e., 
wood, ice, and rubber). In their last session 
(three), students explored the chambers and 
valves of the heart, describing what they 
were observing on cardiac form and func-
tion. Prior to the session three, each student 
verified that they had not learned about the 

human heart previously in school and that 
they were not familiar with the heart anatomy 
or physiology. In this last session, students 
observed and described how they understood 
blood moved to, through, and from the heart 
by watching, dissecting, manipulating, and 
feeling (haptics) the heartbeat in real-time. 
Figure 3 shows how the heart appears in 
zSpace to the user. This schema of using pre 
and post diagnostics, with time for qualifica-
tion (multiple sessions) is recommended by 
researchers in evaluating knowledge acqui-
sition in 3D VLEs (see dos Santos Nunes, 
Roque, & dos Santos Nunes, 2016).

Data Collection

Prior to the third and final session, students 
first completed a close-ended content assess-
ment on paper to determine their knowledge 
of the human heart (see Appendix A). Next, 
students were asked to take an open-ended 
assessment, tracing cardiac circulation (blood 
movement inside the heart) using a dry erase 
marker on a white board, labeling the direc-
tionality of blood from the ascending aorta 
and pulmonary veins (see Appendix B). This 
type of assessment provides a more com-
plete understanding of the nature of students’ 

Figure 3. 3D Rendition of the User’s View of and 
Interactions with the Human Heart on zSpace.
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learning (Fančovičová & Prokop, 2019). 
After the ninety-minute session exploring 
the heart, students completed the post-assess-
ments. Approximately seven days elapsed 
between administration of the pre-and post-
assessments. One additional week later, stu-
dents participated in a 45 minute follow up 
interview, which was audio recorded, and 
took the post-assessments. Students were 
interviewed about their experiences learning 
science using zSpace, their ease and difficul-
ties in using the system, their preferences for 
this type of technology in their overall formal 
science learning, and perceptions of presence 
based associations (realism, sensory engage-
ment, control, and distraction) when using 
the zSpace system.  

Data Analysis

Field notes with audio (interview) and video 
(session) data were combined and compared 
to develop transcripts for analysis. Transcripts 
were reviewed and double coded by two 
experienced researchers (and a third coder for 
intercoding), per the coding schema in Figure 
4, from individuals’ reports and researchers’ 
observations of research-based affordances of 
3D, haptic, VR for neurotypical students and 
the constructs of virtual presence that may 
differentially be impacted among students 
with ADHD. To explore neurodivergence, the 
distraction factor was further disaggregated 
into codes that reflect typical symptoms of 
ADHD (CDC 2019, 2020) that students may 
experience when using zSpace. This coding 
provided observations to characteristics of 
ADHD symptoms each student displayed 
during zSpace sessions. Frequency counts 
were developed by student and by data type to 
indicate the presence of theoretical constructs 
among students’ experiences with the tech-
nology. Descriptive analyses of cumulative 

frequencies were made to examine the dis-
tribution of reported affordances and percep-
tions of presence by each student. Chi-square 
analyses of independence and Fisher’s exact 
tests were made to determine any significant 
associations among constructs.

Pre and post closed- and open-ended content 
assessments were scored using an answer key 
(in Appendix A) and rubric (in Appendix B). 
A sign test determined gain and loss scores 
out of 13 and 16 points, respectively. Com-
bined (closed- and open-ended) assessment 
items were categorized by their associated 
affordances to further evaluate student per-
formance between assessment administra-
tions (see Appendix C). In the closed-ended 
assessment, item numbers 4, 5, 6, and 7 related 
to rotation, item numbers 2 and 12 measured 
elements of spatial orientation, item numbers 
3, 8, 11, and 13 connected to viewing abstract 
processes in real time, and item numbers 1, 9, 
and 10 focused on multiple representation. In 
the open-ended assessment, categories C and 
D (cardiac anatomy) were related to rotation, 
categories A and B (directionality of blood 
flow out of the heart) to spatial orientation, 
categories F, G, and H (cardiac circulation) 
related to viewing abstract processes in real 
time, and category E (cardiac physiology) 
related to multiple representation. Changes 
in size (zooming) was discussed in observa-
tions and interviews, although not reflected 
or coded in the assessments. 	

Trustworthiness

To ensure dependability of the data analy-
sis procedures, each transcript was co-coded 
by two researchers, while a third coder rated 
30% of the data. All coders were advanced 
doctoral students in science education and  
a part of a research group that measured and 
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Figure 4. Code Book for Conceptual Framework
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assessed of secondary science students’ per-
ceptions of virtual presence. Video and audio 
data allowed researchers to accurately capture 
participants’ utterances and these data were 
triangulated with the instructional activities 
(confirmability) prior to coding of transcripts. 
The wide variety of data sources supports 
a more accurate depiction of students with 
ADHD experiences’ learning science with 3D, 
haptic, VR technologies.  The third coder had 
no disagreements with coded data reviewed at 
the construct level (i.e., of control, realistic fea-
tures, sensory engagement, attentiveness or a 
lack of distraction) as seen in Figure 4. 

Limitations

There are several threats to internal valid-
ity that must be addressed when using a case 
study pretest-posttest design (Campbell & 
Stanley, 1963; Knapp, 2016; Wuensch, 2019). 
This study helped to mitigate threats due to 
history by employing an emerging technol-
ogy (zSpace) that is neither used in science 
instruction nor their homes, such they did 
not receive any additional treatment. Since 
the duration between testing and treatment 
was only a few weeks, maturation is unlikely. 
Because the testing was based in cognition, 
students may have been primed about aspects 
of the heart they may have recognized in 
treatment, from the test. Because the test 
was on paper and white boards (2D), whereas 
instruction was in 3D, there is little sugges-
tion that items from the pre-testing would 
appear as in during treatment, contributing to 
testing effects. Consistent application of treat-
ment and assessments (using a prescribed 
curriculum and tests) helps to mitigate instru-
mentation error.  Furthermore, use of two 
dissimilar (one open-ended and a closed-
ended) assessments helps to better visual-
ize gains to discourage variance in pre- and 

post-administration scores due to regres-
sion towards the mean. Two assessments or 
a double pre-test also provides additional 
support to the effects of treatment (Knapp, 
2016). Limitations of case study research is 
arguably in generalizability; however, use of 
theory (as was in this study) can help to extend 
research findings and conclusions rather than 
use of large sample sizes (Yin, 1994). Fur-
thermore, the goal of this study was to gain 
insight into how students with ADHD learn 
science with this technology and the results 
should not be inferred to students who were 
not participants in the study.

We did not measure students’ perceptions of 
presence in real-time, rather asking that ret-
roactively. Distraction decreased over each 
session (from free-choice learning to science 
instruction), suggesting that novelty effect 
contributed less to the variance in observed 
and reported perceptions of presence. Addi-
tionally, we did not collect information on 
whether students were prescribed medication 
to mitigate their symptoms of ADHD (and 
if prescribed whether they had taken their 
ADHD medication prior to each session), or 
whether they were participating in behavioral 
therapies to manage their ADHD. Asking 
for more or all privileged health information 
was not within the purview of this study and 
could have possibly dissuaded parents of stu-
dents with ADHD to volunteer to the study. 
Further, these students with ADHD and/
or with other comorbid conditions represent 
the naturalistic education setting of neurodi-
verse learners. This may help to explain dra-
matic individual’s differences, among reports 
and observations, in using zSpace to learn 
science. For example, Gabby had dramati-
cally different experiences in her treatment 
compared to the other students. She found 
difficulty in using the stylus as reported 
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from her interview (described in the results 
section), suggesting fine motor impairment, 
which is a comorbidity of ADHD diagnoses 
(see Silver, 2006). Also, Gabby scored lower 
on the posttest than the prettest on the closed-
ended assessment, although showing modest 
gains on the open-ended assessment (see 
Table 7). This change in testing condition, in 
which the test for the open-ended items was 
read-aloud to her, may have provided her a 
vital accommodation to evidence her knowl-
edge better (rather than by reading by the 
closed-ended selected response items) due to 
some other learning disability she may have 
possessed (Meloy et al., 2000). 

RESULTS 

As an embedded study, student-level results 
are presented first in Tables 1-5, followed by 
aggregate results (or the pattern case analy-
sis) in Tables 6-8. Individually and collec-
tively, results are parsed by students’ percep-
tions of virtual presence and reported techno-
logical affordances and experiences in tables 

of each numbered session, final interview (I), 
and totals (sum) with supporting utterances 
(quotations) in the narrative. For this analysis, 
attention and distraction are parsed from the 
same construct, which are denoted by posi-
tive (attention) and negative (distraction) ele-
ments that contribute to virtual presence. 

Table 1 displays Wesley’s experiences, sug-
gesting the most pronounced elements of 
virtual presence were in sensory engage-
ment (n = 16) and control (n = 10), with no 
feedback related to attention or distraction. 
Wesley described in his interview how the 
haptic feedback enhanced his learning of the 
heart “because you can actually feel it beating 
on zSpace, but you can’t feel this on a model.” 
Being able to orient objects in space was the 
most consistently described and observed 
affordance across sessions (n = 8), whereas 
viewing abstract processes in real-time  
(n = 8) was most salient in his learning of the 
human heart.  
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Wesley elaborated later in his interview about 
seeing objects from different angles as impor-
tant to his science learning: 

[The zSpace session] is more visual and 
you move it [the heart] around in different 
ways [that] you can’t move a book around. 
Like, if you are looking at an animal and 
it looks like in a book, it only gives you 
one side of it, but in zSpace you can turn 
it around and then take it apart and stuff.

Table 2 shows Alice’s experiences, suggest-
ing the most pronounced elements of virtual 
presence for her also in sensory engagement 
(n = 14) and control (n = 10), with two men-
tions of keeping her attention.  In her inter-
view, Alice mentioned that “It does not seem 
like you are on it [zSpace] very long, but you 
are on it for 40 minutes; it [zSpace] keeps 
your attention.” Being able to orient objects 
in space was similarly the most consistently 
described and observed affordance across 
sessions (n = 10), whereas viewing abstract 
processes in real-time (n = 11) was most 

mentioned, especially in the session where 
she learned about the human heart. 

Alice stated later in her interview that she 
appreciated that:

the model was moving. You can enlarge 
it and you can’t really break stuff. It is 
moving. Some of models you just look at 
it and can’t take it apart. With zSpace you 
can take it apart and if you forget where 
it goes you can press a button and it will 
make it go back into place. You can make 
stuff invisible. You won’t lose parts of the 
model. You can easily fix that.

Her response also suggests she liked the 
ability to not break or to be able to easily fix 
things in the virtual environment, which is 
dissimilar to her real-world experience, sug-
gesting the ability to safely engage in tasks 
where she perceived risk was important to 
her exploring the phenomenon of the human 
heart. 
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Table 3 shows Gabby’s experiences, suggest-
ing the most pronounced elements of virtual 
presence for her also in sensory engagement 
(n = 7) and realism (n = 6), with four instances 
of observed distraction.  In her first session, 
Gabby was very distracted, she struggled 

with using the stylus buttons and maintain-
ing the cursor orientation on the screen, often 
needing prompting to the activity of the cur-
riculum, acting impulsively in both the VR 
and real-world environments. Distraction was 
not observed in the latter sessions, however, 
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in those sessions the curriculum was more 
tightly related to science content, rather than 
free-choice exploration of the virtual envi-
ronment (in session 1). 

Gabby described in her interview that although 
the first session was complicated for her, it 
was useful and hardware use became easier 
for her to remember and use. For Gabby, rota-
tion was the most consistently described and 
observed affordance across sessions (n = 9), 
whereas the ability to spatially rotate objects 
(n = 9) was the most noted affordance across 
her science sessions. During Gabby’s session 
on the heart, she was observed tapping on her 
own chest, comparing that haptic feedback 
to what it would feel in her own body, sug-
gesting a strong connection between sensory 
engagement and realism as she learned about 
the human heart. 

Table 4 shows Liam’s experiences, suggest-
ing the most pronounced elements of virtual 
presence for him also in sensory engagement 
(n = 5) and control (n = 4), with one mention 

of how he remained attentive to his learning.  

In his interview, Liam stated when he is 
taking “a test, you think you don’t want to 
do it because you’re reading all the time, 
but it’s [zSpace] kinda interesting and you 
are more motivated, kinda like a game.” 
Both spatial orientation (n = 7) and rotation  
(n = 6) were consistently described and 
observed affordances across sessions. 
Viewing abstract processes in real-time  
(n = 7), like Wesley and Alice, was most 
salient in the sessions on learning the human 
heart. Liam noted in his interview that the 
“3D kinda makes you think. It is more inter-
esting than the teacher talking and taking 
notes” and “the best part was the 3D.”

Table 5 shows Parker’s experiences, suggest-
ing the two most pronounced elements of 
virtual presence for him were in realism and 
control (n = 7, respectively) with no descrip-
tions related to attention or distraction. He 
noted in session 1 that he liked the experi-
ence because it was “hands on [by using] 
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the camera and the other tools.” Spatial 
orientation was the most consistent affor-
dance reported and observed across sessions  
(n = 7). No particular affordance emerged as 
most salient during his session learning about 
cardiac anatomy and physiology. Parker noted 
in his final interview that when working with 
the heart, he enjoyed the fact that he could 
“make it bigger, and work, and beat.”  

Table 6 shows student level data in aggre-
gate.  Among the students, the most salient 
factors of presence-based experiences was 
in sensory engagement (n = 47), control  
(n = 35), realism (n = 30) and very distantly 
by distraction (n = -4) and attention (n = +3).  
In regard to affordances, students reported or 
were observed leveraging spatial orientation 
(n = 37), followed by viewing abstract con-
cepts in real time (n = 33), rotation (n = 29) 
and zooming (n = 22) objects, and having the 
ability to see multiple representations (n = 20) 
of scientific phenomena. Chi-square analyses 

of independence evidenced no significant 
association between frequency counts of stu-
dents reported experiences in virtual pres-
ence (χ(4, N = 5) = 1.1163, p = 0.8917) or 
associated affordances of 3D VR technology  
(χ(4, N = 5) = 4.969, p = 0.2905). Each chi-
square analysis had one cell with an expected 
value less than five, which can affect the 
outcome and is noted as such. Fisher’s exact 
tests evidenced insignificant p-values of  
p = 0.8891 and p = 0.947, respectively. 

Regarding science learning, students reported 
varied experiences that illustrate the diversity 
of findings reported in Table 6. For example, 
when dissecting a tooth in Session two, Alice 
remarked that, 

I have seen teeth, but not like this before. 
I didn’t know they were so yellow [in 
reference to the dentin] on the inside. 
I knew there were blood vessels, that’s 
why [when] we pull teeth, they bleed.  
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The nerves and vessels are connected, 
never seen that before! I didn’t know 
inside of teeth had different colors. I don’t 
think much about what’s in the tooth or 
what it is like in there.

The technology provided new insight that 
she was able to anchor onto her prior knowl-
edge (blood vessels) and practical experi-
ences (bleeding when having a tooth pulled). 
It also generated a sense of wonder for some-
thing she may have relegated as simple and 
unremarkable.  

Parker, in session 2 had similar thinking when 
dissecting the starfish that, “I thought at first 
[starfish are] not too complex, I like that you 
can take areas out into smaller areas to see 
small detail. There are tons of parts inside 
and I am surprised it is [mostly] stomach.” 
The detail and depth of his starfish obser-
vations may have enhanced his thinking of 
and appreciation for starfish. Liam, in session 
3 had similar thinking when stating that he 
had “thought the heart was more simple [sic]. 
There are tunnels [to explore so] you can do 
what you want. You can move it around more 
than a mouse.” For him, having the ability to 
manipulate the heart added to his experience 
of engaging with science. Gabby, in the first 
session (in which she struggled in learning 
how to use the technology) said, 

I feel like these things are real and are 
coming out, I want to touch it… take it out 
of the screen and put it on the table…You 
can see things more clearly. You can make 
things the way you want to see them. You 
can’t move objects in a book around.

For her, having control aided in keeping her 
interest in the scientific phenomena she was 
exploring; the interaction she had within 

the VLE heightened her sense of realism. 
Whereas Wesley noted in his first session 
that, 

Freaks me out because I don’t like bugs. 
Looks really realistic with the wings  
flapping. Unlike a normal butterfly you 
have more control over it and it is easier 
to study. Seems very realistic, [the] shine 
you see and high definition [detail in] the 
wings…really like you can feel it. 

For Wesley, the realism allowed him to 
engage in an activity he said that he couldn’t 
do physically (holding the butterfly) or psy-
chologically (fear of bugs) in the real world.  
Again, like the other students, he found com-
plexity in the living world that he had previ-
ously considered to be simple; furthermore, 
his control of the VLE added to the realism 
of the experience. Anecdotally, Wesley had 
bumped into one of the researchers months 
after the completion of the study inciden-
tally on campus and remarked how his fear 
of bugs had lessened, after exploring them on 
the zSpace.

The next series of results relate to students’ 
performance on the closed- and open-ended 
assessments on the anatomy and physiology 
of the human heart. Table 7 displays stu-
dents’ gain and loss scores from pre- to post-
administration. The amount of change was 
roughly equal (14 and 15 points gained) on 
closed-ended and open-ended assessments, 
respectively. Wesley and Gabby who did not 
show gains on the closed-ended assessment, 
did show moderate gains on the open-ended 
assessment. Alice, Parker and especially 
Liam showed strong gains on both assess-
ment types. 
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To further visualize students’ performance 
on the open-ended assessment, students were 
asked to label parts of the heart and indicate 
how blood flows through the heart. Figure 5 
shows Liam’s performance from pre- to post-
administration of the open-ended assess-
ment. These drawings suggest how his think-
ing became much more nuanced in regard 
to movement of blood and from which loca-
tions the blood was sourced (unlabled on left 
and labeled on right). Although some of his 
misconceptions persisted (the inferior vena 
cava taking blood away from the heart, for 
example), he was able to maintain connection 

to prior knowledge (blood going to brain) 
and add additional knowledge to his schema 
(notably, that lungs attach to both sides of the 
heart instead of just one) of cardiac function.

To understand to what extent technological 
affordances may have influenced students’ 
learning and knowledge of the heart, Table 8 
shows the relationship of gain and loss scores 
to these affordances. These are parsed by 
student, and also aggregated in total. Ques-
tions from the pre- and post-assessments that 
tasked students in visualizing and manip-
ulating (spatially rotating) objects had the 

Figure 5. Liam’s Labeling and Tracing of the Heart and Cardiac Circulation, Pre- (Left Image) and Post- 
(Right Image) Intervention.
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greatest gains in aggregate (n = 22), fol-
lowed by viewing abstract processes in real 
time (n = 7), and multiple representation  
(n = 2).  However, for questions that asked stu-
dents to contextualize the heart among other 
objects (spatial orientation), a loss score of 2 
was observed. Since zooming was not repre-
sented in the items, it has null scores. Appen-
dix D contains a radar chart that graphically 
displays technological affordances related to 
students’ gain/loss scores

DISCUSSION

The present study explored aspects of virtual 
presence and research-based affordances 
of the emerging technologies of 3D, haptic, 
VR, found among neurotypical learners, as 
applied to neurodivergent students. Address-
ing the research purpose required the devel-
opment of a conceptual framing (Figure 1) 
that took into consideration unique symp-
toms that make foster distraction among ado-
lescents with ADHD. After having observed 
and captured the experiences of these five stu-
dents with ADHD when using a 3D, haptic, 
VR system (zSpace) for science learning. 
Given the layers within this framing, we are 
presenting our recommendations through the 
lens of the unique affordances of the system 
as a combination of emerging technologies 
(i.e., 3D haptic VR) and how the students 

with ADHD interacted and described their 
experiences with the system. 

From the data, we conclude that the convergence 
of emergent technologies in 3D, haptics and VR 
(via zSpace) enhanced sampled students’ percep-
tions of virtual presence in immersion (N = 77) 
and to a lesser extent interaction (N = 34), which 
was greatly moderated by distraction. In regard 
to their experiences, the most observed and 
reported affordances was in spatial orientation  
(n = 37), followed by viewing abstract con-
cepts in real time (n = 33), spatial rotation  
(n = 29), zooming objects (n = 22) and seeing mul-
tiple representations (n = 20) of virtual objects. 

These findings relate to early presence research 
by Strickland (1996), who found that VLEs 
maximize neurodivergent (autistic) students’ 
preferences for visual stimuli when learning, yet 
to receive their full benefits, they should they be 
fully able to control the VLE (and consequen-
tial stimuli) safely. Given that user reported 
affordances found in this study (Table 6) related 
to centrally to only three aspects of presence: 
sensory engagement, control, and realism pro-
vides insight to the challenges neurodivergent 
students experience with the distraction (and 
attention) factor within the interaction construct 
of virtual presence. This is affirmed by gain/loss 
scores from the pre- and post-assessments that 
measured sampled students’ science learning; 
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the greatest learning gains were found in the 
questions that used spatial rotation (n = 22), 
viewing abstract concepts in real time (n = 7), 
and multiple representations (n = 2). Zooming 
was not included, and questions that required 
spatial orientation were losses (n = 2). Although 
their reported and observed experiences with 
control were modest, students largely benefit-
ted from control aspects (i.e., rotation) when 
assessed on their acquired knowledge of the 
human heart. 

These findings affirm meta-analysis results by 
Botsas and Grouios (2017) who concluded that 
computer-assisted instruction was an effective 
strategy for enhancing instruction and the aca-
demic performance of students with ADHD. 
With our finding that control aspects were par-
ticularly salient among learners in our sample, 
this suggests by having that control of the 
“computerized educational world [it] has made 
it easier to find [science] information…help[ing] 
students with disabilities circumvent certain 
problems and adapt things in a way that might 
make their learning easier” (Lewandowski, 
Wood, & Miller, 2016, p. 84). Therefore, our 
model (Figure 1) provides a refined model of 
how neurodivergent students may differentially 
experience emerging technologies in learning 
science content.  

Notably, there were differences among stu-
dents, such as the girls in the case (Alice and 
Gabby) had more attention and distraction 
values as compared to their male counterparts 
(Tables 2 and 3). This is similar to other studies 
that suggest girls have disparate experiences 
in VLEs due to their level of confidence and 
comfort (Ausburn et al., 2009), perceptions 
of presence (Felnhofer et al., 2012), and other 
gendered factors (Lombard & Ditton, 1997). 
Therefore, despite the selection factor of neu-
rodivergence, other demographic attributes 

play a pivotal role in students’ experience and 
learning with emerging technologies. Another 
example is the role of prior knowledge; Liam 
and Alice had the greatest gains (Table 7), yet, 
also had the higher pre-assessment scores. 
Prior research suggests prior knowledge is 
positive predictor in pre and post assessments 
when learning in VLEs (dos Santos Nunes et 
al., 2016). Meaning, prior knowledge could 
lead to greater investment in the content (Ryu, 
Kim, Chaudhury, & Rao, 2005), and such 
investment has empirical linkages to improved 
perceptions of virtual presence (Schrader & 
Bastiaens, 2012). Although not all students 
had the same level of prior knowledge (from 
pre-test scores as seen in Table 7), yet had all 
some degree of knowledge gains. Thus, stu-
dents’ experiences and learning align to the 
affordances ascribed to neurotypical students 
(seen in Figure 1), although experiencing con-
cerns with external and internal (within the 
VLE) distractions. Further, this case suggests 
neurodivergent students mirror their neuro-
typical peers in utilizing emergent technolo-
gies for gaining science content knowledge 
(Hite et al., 2019b, under review).  

IMPLICATIONS FOR RESEARCH 
AND PRACTICE

An examination of spatial ability, or the 
“capacity to understand and remember the 
spatial relations among objects” (John Hopkins 
University, n.d., para 1), can help to ground the 
disparate findings between spatial orientation 
and rotation (both of which comprise subskills 
within spatial ability). Spatial orientation, the 
positioning of objects within space relative to 
other objects, requires more working spatial 
memory, which is dependent on attentional 
control (Shelton et al., 2009). Furthermore, 
a dearth of attentional control is a hallmark 
symptom of ADHD (Astle & Scerif, 2009), 
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which may provide insight to why students 
may have liked it, yet the affordances were not 
equally represented (or mirrored) in the assess-
ments. This is important as prior research 
found that spatial orientation mediates learn-
ing outcomes in physical sciences (Merchant 
et al., 2012). Whereas spatial rotation, move-
ment of an object within a fixed axis, occurs 
in areas of the brain outside of the frontal 
lobe (Zacks, 2008), which are less impacted 
by ADHD (Biederman, 2005). This suggests 
that students were able to cognitively engage 
in spatial rotation as compared to spatial orien-
tation. Extant research suggests that cognitive 
ability may influence perceptions of virtual 
presence among neurotypical learners (Hite et 
al., 2019c); from the findings of this research 
in regard to spatial orientation, this influence 
is even greater among learners with ADHD. 
It should be noted that spatial ability is not a 
static trait and can be cultivated and developed 
throughout the life span (John Hopkins Uni-
versity, n.d.). This may help explain diverse 
findings that learners with lower spatial ability 
benefit more (than learners with high spatial 
ability) in VLEs (Lee & Wong, 2014) and 
other findings that state a “desktop VR-based 
learning environment that is able to provide 
such learning experience (e.g. presence)…is 
crucial to achieve good learning outcomes for 
learners with different spatial abilities,” (Lee, 
Wong, & Fung, 2010, p. 1437). Therefore, 
further research is warranted to assess aug-
mentation of spatial abilities among students’ 
with ADHD when using 3D, haptic VR tech-
nologies for long-term science learning. 

CONCLUSION

This paper provides insight into the experi-
ences of neurodivergent learners using emerg-
ing technologies to learn science content. 
Affordances of 3D, haptics, and VR emerging 

technologies mirrored those experienced by 
their neurotypical peers, which suggests that 
these technologies suggests that these tech-
nologies may support the science learning 
for both neurotypical and neurodivergent 
students. However, our results illustrate stu-
dents with ADHD have asymmetrical expe-
riences in spatial orientation, which tracks 
with research findings related to ADHD, and 
should be taken into consideration when using 
these technologies with neurodivergent learn-
ers. Rizzo and Kim (2005) stated that the attri-
butes of VR that provide therapeutic affor-
dances for neurodivergent individuals, may 
also be applied to learning by: engaging stu-
dents in contained, self-guided learning; pro-
viding opportunities to practice skills in a 
low-risk environment, and being responsive to 
their individual actions (in the VLE) and scaf-
fold learning goals. This research affirms the 
authors’ statements, refining the affordances 
of integrated emerging technologies (i.e., 3D, 
haptic, VR) to illustrate students’ robust per-
ceptions of realism and sensory engagement 
(immersion), though issues with control and 
distraction inhibit perceptions of interaction. 
These findings can aid technologists and prac-
titioners alike to consider novel and innovative 
ways to enable more equitable avenues for user 
control in VLEs, such to help facilitate pres-
ence for neurodivergent individuals.
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APPENDIX B – OPEN-ENDED ASSESSMENT WITH SCORING RUBRIC 
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APPENDIX D – RADAR CHART OF STUDENTS’ OBSERVED AND REPORTED 
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