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 ABSTRACT 

This narrative review synthesizes 25 peer-reviewed studies published between 2023 and 2025 

on holographic technology applications in educational contexts. The study examines 

implementation approaches, pedagogical impacts, and challenges across multiple academic 

disciplines. Through a systematic analysis of empirical studies, case reports, and pilot 

implementations, this review identifies key themes in the adoption of holographic education. 

Results indicate that holographic technology enhances spatial visualization, increases student 

engagement, and supports immersive learning experiences across STEM fields, medical 

education, and the humanities. However, implementation faces significant barriers, including 

high costs, technical complexity, challenges in content development, and infrastructure 

requirements. The review synthesizes evidence on learning outcomes, identifying improved 

comprehension rates, enhanced retention, and increased motivation among students using 

holographic learning environments. Key implementation challenges include hardware costs, 

content creation complexity, instructor training needs, and institutional readiness. The findings 

suggest that while holographic technology offers promising educational benefits, successful 

adoption requires strategic planning, adequate resources, and comprehensive support systems. 

This review contributes to the understanding of holographic technology's educational potential 

and guides institutions considering its implementation. 

 

Keywords: — holography; education technology; immersive learning; systematic review; 

educational innovation; three-dimensional visualization. 
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1. INTRODUCTION: 

Background on hologram technology 

Holography has progressed markedly from its mid-

twentieth-century origins toward computer-generated 

and digital workflows that enable real-time capture, 

reconstruction, and delivery across teaching and 

simulation settings [8]; [6]. Recent advances emphasize 

the development of portable, dynamic displays and end-

to-end communication stacks that support various use 

cases, including classroom, clinical, and remote-

presence applications [21]. Within education, 

accumulating evidence from controlled and quasi-

experimental studies demonstrates gains in engagement, 

visuospatial performance, and conceptual 

understanding, particularly in anatomy and clinical skills 

training, with growing evidence of curricular integration 

[19]; [5]; [9]; [1]; [22]. Beyond education, reviews of 

holographic communication systems highlight broader 

ecosystems that underpin public-facing and enterprise 

applications [21]. 

 

 
Figure 1:Evolution of holographic technology and its .  
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educational applications, from Gabor's 

 

Principles of holography 

 

Holography relies on the interference and diffraction of 

coherent light. An object beam illuminates the scene, 

while a reference beam provides a stable wavefront. The 

recorded interference pattern reconstructs a three-

dimensional image upon re-illumination. The shift to 

digital and computer-generated holography enables 

electronic capture/simulation and real-time manipulation 

within teaching and clinical pipelines [8]; [6]. Recent 

systems add communication and storage layers that 

support 

reliable holographic streaming and classroom 

deployment [21]. 

a)  Current applications in various fields 

Across sectors, holography supports teaching, clinical 

guidance, cultural display, and high-density 

communication/storage. In education, studies have 

reported improved visuospatial performance and 

increased engagement in anatomy, engineering, 

chemistry, and history [19]; [3]. Holographic telepresence 

enhances distance learning with more substantial social 

presence than conventional video ([4]; [13]). AI-driven 

personalization is emerging for adaptive content and 

feedback [20]. Technical reviews document broader 

ecosystems that enable medical, cultural, and enterprise 

use cases [8]; [21]. 

 

Figure 2. Overview of holographic technology 

applications across multiple sectors, including education, 

security, healthcare, entertainment, and data storage. 

 

 
Figure 2: Overview of holographic technology 

applications across multiple sectors, including education, 

security, healthcare, entertainment, and data storage. 

I.  Hologram technology in education 

In classrooms, holography allows learners to interact with 

complex 3D content, supporting spatial reasoning, 

engagement, and safe experimentation [6]; [7]. It is used 

from anatomy to history and enables realistic remote 

teaching through telepresence [4]; [13]. Key barriers 

include cost [16], infrastructure constraints in low-

resource contexts [16]; [11], and insufficient teacher 

training [19]. 

Table 1:Educational Applications of Holographic 

Technology Across Disciplines 

Disciplin

e 

Core use case 

(phrase) 

Primary 

benefit 

(phrase) 

Exam

ple 

refs. 

Anatom

y / 

Medicin

e 

Virtual 

dissection & 3D 

organs 

Spatial 

reasoning 

gains 

[6]; 

[7] 

Engineer

ing 

Pre-prototype 

design 

visualization 

Teamwork 

& design 

clarity 

[19] 

Chemist

ry / 

Physics 

Molecule/pheno

mena 

simulations 

Risk-free 

experiment

ation 

[6]; 

[7] 

History / 

Culture 

3D 

reconstructions 

of artifacts 

Contextual 

engagement 

[3] 

Distance 

learning 

Holographic 

telepresence 

Stronger 

social 

presence 

[4]; 

[13]  

 

b) Benefits for teaching and learning 

 

Key benefits of holography in education include: 

Table 2:Pedagogical benefits of holographic technology 

in education 

Benefit 

(keyword) 

Short example 

(phrase) 

Example 

refs. 

Enhanced 

visualization 

3D models lead to 

improved spatial 

skills. 

[6]; [7] 

Increased 

engagement 

Higher 

attention/motivation 

[10] 

Remote learning Telepresence over 

standard video 

[4]; [13]  

Experiential 

learning 

Safe manipulation of 

virtual objects 

[6]; [7] 

Personalized 

instruction 

AI-driven adaptive 

content 

[20] 

Collaborative 

learning 

Shared holographic 

interaction 

[3] 

High-risk 

simulation 

Aerospace / nuclear 

scenarios 

[7] 

Accessibility Multimodal, inclusive 

designs 

[23]; 

[12] 

Interdisciplinary 

use 

Science/medicine/arts [8]; [6] 

Real-time 

visualization 

Dynamic systems 

analysis 

[8]; [6] 

 

c) Early adoption and experimentation 
 

Early classroom pilots clarify what works, what needs 

iteration, and how learners and instructors actually 

engage with holography. Controlled and quasi-

experimental deployments in emergency medicine, 

surgical skills, and telepresence teaching not only 

demonstrate feasibility but also surface practical 
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constraints [1]; [9]; [4]. Similarly, curriculum-embedded 

trials in anatomy show how timetable integration, 

assessment alignment, and faculty readiness shape 

outcomes ([22]; [19]). Building on these findings, 

platform-level reviews and technical notes emphasize the 

role of structured teacher development and staged rollouts 

(The rollout progresses from workshops, to sandboxing, 

and finally to course adoption) to stabilize practice [15]; 

[14]). Finally, development studies recommend closed-

loop pilots with predefined metrics (learning, usability, 

latency) before scale-up ([11]). 

d) Challenges and limitations 

 

Adoption is moderated by several recurring constraints, 

including cost and infrastructure (display hardware, 

networking, compute, and content pipelines), teacher 

preparation, and runtime performance (resolution, 

latency, and tracking) [21]; [6]; [19]. Classroom and 

simulation studies have identified integration frictions, 

including room lighting, device fit/comfort, and the 

learning curve, which can mitigate the effects if not 

addressed ([5]; [4]; [10]). From a pedagogy standpoint, 

lack of ready-to-use curricular assets and limited time for 

instructional design are common bottlenecks [14]; [22]. 

Inclusivity also requires intentional multimodal design 

and alternative pathways to ensure participation for 

diverse learners [3]; [14]. 

 

Institutions should combine targeted infrastructure 

investment with ongoing professional learning and 

collaborative content development. Before expanding 

deployment, they should also establish and monitor 

specific performance goals, such as ensuring latency 

remains below defined thresholds, to maximize impact 

and feasibility [21]; [11]. 

2. METHODOLOGY 

This narrative review synthesizes peer-reviewed research 

on holographic technology (three-dimensional visual 

projections used for immersive or interactive learning) in 

education published from 2023 to 2025. We did not 

collect primary data. Instead, we integrated results from 

recent empirical and review papers. We aimed to map 

applications, benefits, and implementation issues. Below, 

we detail the search strategy, selection criteria, study 

selection flow, and synthesis approach to ensure 

transparency and replicability. 

e)  Search strategy 

We conducted structured searches in Scopus, Web of 

Science, and Google Scholar (providing broad coverage 

of education/EdTech), complemented by PubMed (for 

medical education) and PsycINFO (for 

learning/psychology). 

Keyword blocks combined concepts for the technology, 

setting, and outcomes: 

• Technology: holography, hologram, mixed 

reality hologram, HoloLens 

• Education: education, teaching, curriculum, 

simulation, telepresence 

• Outcomes: learning outcomes, engagement, 

spatial reasoning, skills 

 

Example Boolean: 

(holograph* OR "mixed reality" OR HoloLens) AND 

(education OR teaching OR curriculum) AND (learning 

outcomes OR engagement OR spatial) 

 

We limited our search to English, 2023–2025, and peer-

reviewed sources. We also employed backward and 

forward snowballing of included papers, such as those by 

[1], [4], [9], [19], and [11]. 

Databases and sources searched 

• Core: Scopus, Web of Science, Google Scholar 

• Complementary: PubMed (medical education), 

PsycINFO (learning sciences) 

• We also hand-searched reference lists and citing 

records of key studies, including [1], [4], [9], [5], 

[19], [21], and [11]. 

 

Inclusion and Exclusion Criteria 

A set of inclusion and exclusion criteria ensured only 

recent, peer-reviewed studies on hologram technology in 

education were selected. Studies outside this scope were 

excluded. Table 3 summarizes these criteria. 

Table 3:Inclusion and exclusion criteria 

Criterion Inclusion (keep) Exclusion 

(remove) 

Publicatio

n 

Peer-reviewed 

journal articles; 

select peer-

reviewed 

proceedings 

Theses, 

reports, and 

non-peer-

reviewed 

sources 

Language English Non-English 

Timefram

e 

2023–2025 < 2023 

Focus Holographic 

technology used in 

education/teaching

/and learning 

AR/VR with 

no 

holographic 

component; 

purely 

technical 

papers with no 

educational 

outcomes 

Population K–12, higher ed, 

professional/clinic

al training 

Non-

educational or 

general 

consumer 

contexts 

Outcomes Learning/teaching 

outcomes (e.g., 

engagement, 

spatial skills) 

Engineering/o

ptics results 

only, with no 

educational 

linkage 

 

These criteria provided a consistent framework for 

screening literature, ensuring the evidence base was 

recent and relevant to educational uses of holographic 

technology. 

 

f)  Study selection process 
We screened titles and abstracts using Table 3. Next, we 

reviewed the full texts of studies that addressed the 

educational uses and outcomes of holography. Because 

this is a narrative review, we prioritized thematic 

contribution rather than exhaustive PRISMA counts. The 
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final corpus included n = 25 diverse studies across 

disciplines and levels (e.g., [1]; [5]; [4]; [9]; [10]; [19]; 

[11]; [22]; [21]; [15]). 

 

Data extraction and quality assessment procedures 

 

For each study, we extracted the following information: 

authors/year, country/region, educational context, subject 

area, design, sample details, and key outcomes. We 

assessed clarity of methods, alignment with educational 

aims, and transparency of results reporting. We did not 

compute a numeric quality score (consistent with a 

narrative approach); studies with insufficient educational 

linkage were excluded. 

 

Table 4:Summary of included studies (2023–2025) 

Auth

or(s), 

Year 

Cou

ntry

/Reg

ion 

Con

text 

Subj

ect 

Design Key 

outco

mes 

(phras

e) 

[1] US

A 

Sim

ulati

on 

(HE

) 

Eme

rgen

cy 

medi

cine 

Rando

mized 

crosso

ver 

RCT 

Faster 

task 

deliver

y; non-

inferio

r 

perfor

mance 

[2] Pola

nd 

Cou

rse

wor

k 

(HE

) 

Anat

omy 

+ 3D 

holo

grap

hy 

Educat

ional 

study 

Positiv

e 

attitud

es; 

usabili

ty 

gains 

[3] Gree

ce 

Clas

sroo

m / 

Mus

eum 

Hist

ory / 

Cult

ure 

Case/fi

eld use 

Higher 

contex

tual 

engage

ment 

[25] Iran Clas

sroo

m 

(HE

/K-

12) 

Peda

gogy 

& 

strat

egies 

Conce

ptual 

paper/r

eview 

Classr

oom 

integra

tion 

guidan

ce 

[5] Hon

g 

Kon

g 

SAR 

Skil

ls 

lab 

(HE

) 

Visu

ospat

ial / 

POC

US 

RCT Impro

ved 

task 

accura

cy; 

user 

accept

ance 

[9] Ger

man

y 

Sim

ulati

on 

cent

er 

(HE

) 

US-

guid

ed 

proc

edur

es 

RCT Higher 

succes

s; 

reduce

d time 

[4] Spai Tele Rem Design Strong

n pres

enc

e 

(HE

) 

ote 

class 

integ

ratio

n 

/evalua

tion 

er 

presen

ce; 

collab

oration 

[10] Mal

aysi

a 

Clas

sroo

m 

Holo

gram 

tutor 

(affe

ct) 

Experi

ment 

↑ 

attenti

on/mot

ivation 

[14] USA 

(Glo

bal 

scop

e) 

Rev

iew/

ped

ago

gy 

STE

M 

peda

gogy 

Schola

rly 

review 

Trainin

g & 

course

-

integra

tion 

guidan

ce 

[15] Rom

ania 

(Glo

bal) 

Rev

iew 

Holo

Lens 

in 

healt

h 

traini

ng 

Narrati

ve 

review 

Platfor

m 

uses: 

educati

on 

cases 

[6] Glob

al 

Rev

iew 

(hea

lth 

ed.) 

XR 

(AR/

MR/

VR) 

Syste

matic 

review

/meta-

analysi

s 

Pooled 

learnin

g 

benefit

s 

[7] Chin

a 

(Glo

bal) 

Rev

iew 

(hea

lth 

ed.) 

3D 

anat

omy 

Syste

matic 

review

/meta-

analysi

s 

Impro

ved 

learnin

g 

outco

mes 

[8] Glob

al 

Tec

hnic

al 

revi

ew 

Digit

al/C

GH 

pipel

ines 

Techni

cal 

review 

Real-

time 

workfl

ows; 

classro

om 

readin

ess 

[13] New 

Zeal

and 

Dist

anc

e 

edu

cati

on 

Tele

prese

nce 

teach

ing 

Mixed 

metho

ds 

Higher 

social 

presen

ce vs. 

video 

[11] Irela

nd 

Clin

ical 

tuto

rials 

(HE

) 

Holo

Lens 

2 

Mixed

-

metho

ds 

evaluat

ion 

Feasibi

lity; 

usabili

ty; 

accept

ance 

[12] UK Incl

usiv

e 

edu

cati

on 

Acce

ssibil

ity / 

UDL 

Guida

nce/ev

aluatio

n 

UDL 

mappi

ng: 

feasibi

lity 
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[19] Ger

man

y 

Lab

/cla

ss 

(HE

) 

Engi

neeri

ng 

desig

n 

Experi

mental 

Better 

design 

visuali

zation 

[22] Indi

a 

Cur

ricu

lum 

pilo

t 

(HE

) 

Anat

omy 

mod

ule 

Course 

interve

ntion 

Feasibl

e 

timeta

ble 

integra

tion 

[11] Taiw

an 

Hig

her 

edu

cati

on 

Publi

c-

healt

h 

MR 

syste

m 

RCT Learni

ng + 

usabili

ty 

gains 

[21] Glob

al 

Cro

ss-

sect

or 

revi

ew 

Holo

grap

hic 

com

ms / 

Meta

verse 

Syste

matic/

narrati

ve 

review 

Bench

marks: 

latency

/perfor

mance 

[20] Chin

a 

Hig

her 

edu

cati

on 

AI-

drive

n 

pers

onali

zatio

n 

Experi

mental

/meta-

analysi

s 

Adapti

ve 

feedba

ck → 

outco

me 

gains 

[23] Glob

al 

Incl

usiv

e 

edu

cati

on 

Mult

imod

al 

MR 

acce

ss 

Scopin

g 

review 

Inclusi

on 

gains; 

design 

guidan

ce 

[6] Taiw

an 

(Glo

bal) 

Clas

sroo

m 

(mi

xed) 

Mixe

d 

realit

y 

effec

tiven

ess 

Syste

matic 

review

/meta-

analysi

s 

Signifi

cant 

pooled 

effects 

[12] Spai

n 

Nur

sing 

edu

cati

on 

IM 

injec

tion 

traini

ng 

(AR/

MR) 

Cluster 

RCT 

Skills 

improv

ement; 

confid

ence 

[17] US

A 

Rur

al 

pro

vide

r 

trai

ning 

Neo

natal 

resus

citati

on 

(MR

) 

Mixed

-

metho

ds pilot 

Team 

trainin

g 

feasibi

lity 

 

g)   Data analysis 
Given heterogeneity in contexts and outcomes, we 

conducted a thematic narrative synthesis: clustering 

findings by domain (e.g., anatomy, engineering, 

telepresence), pedagogy (engagement, spatial reasoning), 

and implementation (cost, training, performance). When 

studies reported quantitative effects (e.g., RCTs), we 

summarized the direction and magnitude but did not pool 

them in a meta-analysis due to inconsistent measures and 

small sample sizes (e.g., [1]; [5]; [11]). For future 

quantitative aggregation, standard publication-bias 

diagnostics and modeling approaches are recommended 

(see [9]); however, these are outside the scope of this 

narrative review. 

3. RESULTS 

Table 5:Characteristics of included studies (2023–2025) 

St

u

d

y 

(y

e

a

r) 

Coun

try/R

egion 

Setti

ng 

Subject Design Key 

outco

me 

(phras

e) 

[1

] 

USA High

er ed 

(EM) 

Simulati

on/emer

gency 

medicin

e 

Crossov

er RCT 

Improv

ed 

session 

deliver

y 

[2

] 

Polan

d 

High

er ed 

Cardiac 

anatom

y 

Educati

onal 

study 

Better 

learnin

g with 

3D 

[3

] 

Greec

e 

Prim

ary 

History/

heritage 

Classro

om 

study 

Higher 

engage

ment 

[4

] 

Spain Univ

ersit

y 

Telepres

ence 

System 

design/e

valuatio

n 

Strong

er 

presen

ce & 

collabo

ration 

[5

] 

Hong 

Kong 

High

er ed 

Visuosp

atial 

skills 

RCT Spatial 

ability 

gains 

[6

] 

South 

Korea 

Healt

h-

profe

ssion

s 

Anatom

y/health 

System

atic 

review 

& meta-

analysis 

Positiv

e 

learnin

g 

effects 

[7

] 

China Healt

h-

profe

ssion

s 

Anatom

y (3D) 

System

atic 

review 

& meta-

analysis 

Better 

retenti

on/clar

ity 

[8

] 

Multi-

countr

y 

Mult

i-

secto

r 

XR 

learning 

System

atic 

review 

Effecti

veness 

across 

XR 

[9

] 

Germ

any 

Clini

cal 

simu

latio

n 

Needle 

guidanc

e 

RCT Higher 

placem

ent 

accura

cy 
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[1

0] 

Malay

sia 

High

er ed 

Hologra

m tutor 

(affect) 

Experi

mental 

↑ 

Motiva

tion/att

itudes 

[1

1] 

Irelan

d 

Clini

cal 

teach

ing 

HoloLe

ns 2 

Mixed 

method

s 

Feasibl

e & 

usable 

in 

clinics 

[1

2] 

UK Clini

cal 

teach

ing 

HoloLe

ns 2 

Feasibil

ity/usab

ility 

Good 

usabilit

y; 

noted 

barrier

s 

[1

3] 

New 

Zeala

nd 

Nurs

ing 

educ

ation 

Remote 

MR 

simulati

on 

Qualitat

ive / 

survey 

Better 

presen

ce & 

collabo

ration 

[1

4] 

USA STE

M 

peda

gogy 

Policy/p

ractice 

Comme

ntary/re

view 

Guidan

ce for 

STEM 

use 

[1

5] 

Roma

nia 

Medi

cal 

educ

ation 

Urology 

/ 

HoloLe

ns 

Scoping 

review 

Use-

cases; 

trainin

g 

pathwa

ys 

[1

6] 

UK Instit

ution

al IT 

Implem

entation 

Feasibil

ity / IT 

view 

Cost & 

infrastr

ucture 

constra

ints 

[1

7] 

USA Medi

cal 

educ

ation 

AR for 

simulati

ons 

Pilot 

evaluati

on 

Adapta

tion 

pathwa

ys 

[1

8] 

Greec

e 

Prim

ary 

Holo-

pyramid 

Classro

om 

project 

Learni

ng 

value 

demon

strated 

[1

9] 

Germ

any 

High

er ed 

Anatom

y (AR) 

RCT 

(TEAC

HANA

TOMY) 

Spatial 

learnin

g gains 

[2

0] 

China High

er ed 

(mult

i) 

Creativi

ty / 

immersi

ve 

Meta-

analysis 

↑ 

Higher

-order 

outcom

es 

[2

1] 

Globa

l 

Tech 

revie

w 

Hologra

phic 

commu

nication

s 

Integrat

ive 

review 

Roadm

ap; 

perfor

mance 

bench

marks 

[2

2] 

Polan

d 

Unde

rgrad

uate 

Hologra

phic 

anatom

y 

Curricul

um 

study 

Course

-level 

integra

tion 

module 

[2

3] 

Iran Healt

h-

profe

ssion

s 

Inclusiv

e MR 

virtual 

patients 

Scoping 

review 

Multim

odal 

design 

guidan

ce 

[2

4] 

Saudi 

Arabi

a 

K–

12 

Teacher 

perspect

ives 

Survey Readin

ess & 

insight

s 

[2

5] 

Iran Gene

ral 

educ

ation 

Hologra

m 

pedagog

y 

Review/

strategi

es 

Classro

om 

strategi

es 

Figure 3. Geographic distribution of included studies 

(2023–2025). 

 
Figure 3: Geographic distribution of included studies (n = 

25) 

h)   Overview of included studies 

The corpus comprises 25 studies published between 2023 

and 2025 that evaluate the use of holographic or mixed-

reality technology in education across classroom, pre-

clinical, and clinical settings. It includes randomized or 

quasi-experimental trials, usability/feasibility 

evaluations, and several systematic reviews/meta-

analyses, with a concentration in health-professions and 

anatomy education, alongside classroom telepresence and 

primary-school "hologram-like" deployments [1]; [5]; 

[19]; [11]; [12]; [4]; [6]; [7]; [8]; [20]; [3]; [18]). 

Sample sizes are generally small to moderate (roughly 

45–200 participants per empirical study). Because effect 

reporting varies across designs and instruments, we 

summarize the direction of effects rather than pooling 

magnitudes [6]; [7]; [8]. 

Across subjects, studies span medicine and anatomy [19]; 

[5]; [9]; [1]), engineering and technical education [8], 

physics/chemistry and lab simulation [7], 

humanities/culture and primary classrooms [3]; [18]), 

distance learning and telepresence [4]; [13]), and 

creativity/personalization [20]. Reported outcomes 

consistently indicate higher engagement, improved 

visuospatial performance, and clearer conceptual 

understanding; qualitative work emphasizes acceptability 

and workflow fit [11]; [12]. 



How to cite Mohammed Alaidaros, Siti Hajar Mohamad , Hologram Technology in Education: A Systematic Review of Applications, 

Impacts, and Implementation Challenges. Advances in Consumer Research. 2025;2(6): 576-586 

Advances in Consumer Research 582 

 

 

 

Number and types of studies included 

Most included studies are experimental or quasi-

experimental (~17), enabling direct comparisons of 

learning outcomes with holographic integration [19]; [5]; 

[9]. Four case-based classroom implementations provide 

contextual evidence in cultural heritage and primary 

school settings [3]; [18]. Two studies use 

survey/qualitative methods [13]; [24]. One pilot 

evaluation reports early feasibility [17]. Systematic and 

scoping reviews/meta-analyses provide cross-study 

synthesis and technical/policy context [6]; [7]; [8]; [15]; 

[21]; [20]). 

Quality assessment of included studies 

 

Experimental studies in health-professions education 

typically report clear procedures and targeted outcomes 

[5]; [19]; [9]; [1]. Case/survey designs add contextual 

insight but often with smaller samples and limited 

generalizability [3]; [13]; [24]). Reviews triangulate 

findings and outline implementation considerations [6]; 

[7]; [8]; [21]. 

 

 
Figure 4. Distribution of study designs among included 

studies. 

 

i) Applications of Holographic Technology 
Anatomy and clinical education.  

Controlled studies and feasibility trials report meaningful 

learning/usability gains for 3D exploration, image-guided 

procedures, and simulation [19]; [5]; [9]; [1]; [11]; [12]. 

Telepresence and distance learning. 

 Holographic integration strengthens presence and 

collaboration for remote learners compared with 

conventional videoconferencing [4]; [13]. 

Primary/heritage contexts.  

"Hologram-like" displays in structured activities yield 

measurable engagement and contextualized learning [3]; 

[18]. 

Cross-cutting syntheses and roadmaps.  

Reviews/meta-analyses converge on positive learning 

effects across XR modalities, while technical roadmaps 

outline communications/content pipelines relevant to 

educational adoption [6]; [7]; [8]; [21]). Curriculum-level 

pilots demonstrate integration within undergraduate 

courses [22]. Evidence also points to higher-order gains 

(e.g., creativity) in immersive settings [20]. 

j)   Impact on learning outcomes 

Across controlled and synthesized evidence, holography 

is associated with improvements in visuospatial skills, 

conceptual understanding, task performance, and learner 

engagement, with magnitudes varying by task, 

assessment, and learner level [6]; [7]; [8]; [5]; [19]; [1]. 

Qualitative evaluations consistently note an increased 

sense of presence and collaboration in remote/simulated 

contexts [4]; [13]; [11]; [12]. 

Engagement and motivation.  

Experimental and classroom studies report higher 

attention and more positive attitudes when holograms are 

used in instruction [10]; [4]; [13]. 

Conceptual understanding and retention.  

Meta-analytic and controlled evidence suggest a more 

precise understanding and better recall of 3D content 

compared to traditional methods [6]; [7]; [19]; [3]. 

Spatial reasoning. 

 Studies targeting anatomy and visuospatial training show 

measurable gains on standardized tasks [5]; [19]. 

Collaboration and accessibility.  

Telepresence and mixed-reality platforms enhance 

collaborative learning; multimodal interfaces improve 

access for diverse learners and inform inclusive design 

[4]; [13]; [23]; [12]. 

 
Figure 5. Reported learning outcomes of holographic 

technology in education. 

k)  Implementation challenges and solutions 
Financial/equity.  

Acquisition and maintenance costs remain high, with 

risks of widening equity gaps in low-resource settings; 

staged pilots and institutional partnerships are 

recommended [16]; [11]. 

Infrastructure.  

Reliable power and connectivity, as well as compatible 

classroom hardware, are prerequisites; targeted 

infrastructure grants and clear performance benchmarks 

are also advised [16]; [11]; [21]. 

Teacher readiness.  

One-off workshops are insufficient; ongoing professional 

learning communities and supported pilots improve 

confidence and pedagogical fit [19]; [12]) 

Technical limitations. 

 Resolution, latency, and ambient light sensitivity can 

impair the experience; benchmarks and iterative 

monitoring are recommended [9]; [21]) 

Inclusivity.  

Visual-only experiences may exclude some learners; 

however, multimodal design (combining 

sight/sound/touch) and user-controlled pacing improve 

accessibility [23]; [12]) 

Content alignment. 

 A lack of standardized, curriculum-aligned holographic 
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materials slows adoption; co-creation with 

teachers/students addresses relevance and scaffolding 

needs [22]; [14]; [25]. Table 7 consolidates challenge–

solution pairs mapped to the above domains with 

representative citations. 

 

Table 6: Challenges and solutions for implementing 

holography in education 

Challen

ge 

Description 

(short) 

Propos

ed 

solutio

ns 

Represen

tative 

evidence 

High 

cost 

Hardware, 

licenses, upkeep 

Partners

hips, 

grants, 

staged 

pilots 

[16] 

(Cureus) 

Infrastru

cture 

Power, 

bandwidth, 

device readiness 

Targete

d 

investm

ent; 

regional 

hubs 

[16] 

(Cureus); 

[11] 

(BMC 

Med 

Educ) 

Teacher 

training 

Limited 

MR/Holo 

pedagogy skills 

Ongoin

g PD; 

mentori

ng; 

commu

nities 

[19] 

(Academi

c 

Medicine

); [12] 

(BMC 

Med 

Educ) 

Technic

al 

perform

ance 

Resolution/latenc

y/lighting issues 

Benchm

arks 

(≥1080

p, <50 

ms); 

monitor

ing 

[21] 

(Array); 

[11] 

(BMC 

Med 

Educ) 

Accessi

bility & 

inclusio

n 

Risk of excluding 

some learners 

Multim

odal 

design; 

user-

controll

ed 

pacing 

[23] 

(PLOS 

ONE); 

[12] 

(BMC 

Med 

Educ) 

Content 

availabi

lity 

Few 

curriculum-

aligned 

resources 

Co-

creatio

n; open 

reposit

ories 

[6] 

(JMIR); 

[22] 

(BAMS) 

Equity 

gaps 

Rural/low-

resource schools 

fall behind 

Subsidi

zed 

pilots; 

inter-

instituti

on 

sharing

; 

mobile 

kits 

[16] 

(Cureus); 

[13] 

(Nursing 

Praxis) 

 

Figure 6. Categorical distribution of implementation 

challenges. 

 

 
Figure 4: Categorical distribution of challenges identified 

in implementing holography in education. 

4. DISCUSSION 

The discussion section explains the findings by mapping 

each to its corresponding research question, clarifies their 

significance, compares them with prior work, notes 

limitations, and explores alternative explanations and 

future research directions. This structure advances 

understanding in the field. 

l) Synthesis of key findings 

This review synthesized 25 peer-reviewed studies on the 

use of holographic/mixed-reality technologies in 

education (2023–2025). Evidence converges on gains in 

spatial reasoning, conceptual understanding, engagement, 

and collaboration, with magnitudes varying by subject, 

learner level, and task. Health professions and anatomy 

are the most represented domains, consistently reporting 

learning and usability benefits from 3D visualization and 

simulation [1]; [5]; [19]; [11]; [12]. In classroom 

telepresence, holographic integration improves presence 

and collaboration for remote learners [4]; [13]. In primary 

education, hologram-like displays show measurable 

engagement/learning benefits in structured activities [3]; 

[18]. Recent syntheses and technical reviews outline 

positive learning effects across XR and chart integration 

pathways [6]; [7]; [8]; [21]. Curriculum-level pilots 

demonstrate the practical embedding of this approach 

within undergraduate courses [22]. Studies also indicate 

potential higher-order gains, such as increased creativity, 

in immersive settings [20]. 

Despite promising results, implementation is constrained 

by cost, infrastructure, content availability, and staff 

readiness, especially in low-resource contexts [16]; [11]; 

[12]. Additionally, because the evidence is concentrated 

in North America, Europe, and Asia (see Figure 3), its 

generalizability to other regions is limited. Overall, the 

synthesis supports the value of holography for 

visualization and interaction, while underscoring the need 

for scalable, inclusive, and context-sensitive adoption [8]; 

[6]. 

m)   Implications for educational practice 

First, holography shows measurable effects on higher-

order skills. Controlled and crossover trials report 

medium improvements in visuospatial performance in 

anatomy and related tasks [6]; [7], and immersive settings 

can boost motivation/engagement ([10]; [1]). AI-

supported holographic workflows are associated with 

gains in creativity and motivation [20]. These results 

support the need for targeted curricular integration to 

enhance both cognitive and affective outcomes. 
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Second, integration must be domain-specific. This means 

that in medicine and science, the focus is on complex 

anatomical visualization and safe lab simulation [7]; in 

engineering and architecture, on design comprehension 

and prototyping [19]; and in the humanities, on contextual 

or museum-based learning [3]; [18]. 

Third, sustained teacher development is essential. 

Teachers under-utilize the technology without hands-on 

workshops, mentoring, and pedagogical models [19]; 

[11]; [12]. This results in missed opportunities to enhance 

instructional practices and student learning. Ongoing, 

practical professional development addresses these gaps 

by equipping teachers with the necessary skills and 

confidence to succeed. 

Fourth, infrastructure, cost, and scalability must be 

planned through phased pilots, partnerships, and targeted 

funding, with a focus on equity in low-resource settings 

[16]; [11]. Inclusive design principles are essential for 

supporting multimodal interaction among diverse 

learners [23]; [12]. 

Altogether, embedding holography within education 

requires more than just new technology. Picture a 

dynamic ecosystem of schools that link infrastructure 

upgrades, ongoing teacher training, collaborative content 

creation, and continuous evaluation. Figure 7 brings this 

integration framework to life [11]; baseline guidance is 

summarized in [8] and [6]. 

 
Figure 5:Conceptual framework for integrating 

holographic technology in education 

n)  Future research directions 

Priorities include longitudinal designs to track retention 

and transfer ([8]; [6]), rigorous trials of AI-driven 

personalization [20], solutions for low-resource contexts 

through affordable/pilotable deployments [16]; [11]), and 

systematic evaluation of accessibility using Universal 

Design for Learning [23]; [12]). Cross-disciplinary 

collaborations among computing, cognitive psychology, 

and pedagogy are crucial for developing robust 

instructional models ([8]; [6]). Figure 8 outlines this 

roadmap. 

Figure 6:Roadmap for future research directions in 

holographic education 

2) Building on this roadmap, implementation barriers 

and solution pathways are consolidated in Table 6 

(Section 3.4), which can inform the design of future 

trials and  

5. CONCLUSION 

a)  Summary of main findings 

This narrative review synthesized 25 peer-reviewed 

studies (2023–2025) on holographic and mixed-reality 

applications in education. Reported gains in engagement, 

visuospatial skills, conceptual understanding, and 

collaboration span disciplines such as anatomy/health 

professions, engineering and design, primary education, 

and distance learning. Key trials and syntheses include 

[1], [5], [19], [6], [7], [8], [4], [3], and [20]. 

At the same time, recurring barriers were identified, 

including acquisition and maintenance costs, 

infrastructure constraints, the need for sustained teacher 

development, and technical issues (resolution, latency, 

and lighting) that can degrade learning experiences. 

These constraints are documented in feasibility and 

implementation studies and reviews [16]; [11]; [21]; [12]. 

Collectively, the literature suggests that phased adoption, 

targeted funding/partnerships, and structured professional 

development are key enablers of equitable scale-up [11]; 

[22]. 

In short, holography demonstrates clear pedagogical 

value. However, its successful integration depends on 

aligning technology with the context, including budget, 

infrastructure, and staff readiness, rather than treating it 

as a stand-alone solution [8]; [6]. 

b) Significance and broader impact 

The broader significance of holographic technology lies 

in its capacity to make complex ideas tangible and 

interactive, to support safe simulation, and to widen 

participation through multimodal interfaces. Studies 

demonstrate benefits from realistic clinical and laboratory 

practice, as well as creative and motivational gains, and 

richer participation for remote learners [1]; [5]; [4]; [20]; 

[18]. Inclusive design work emphasizes the importance of 

feasibility and accessibility considerations in authentic 

teaching settings [23]; [12]. 

Looking ahead, embedding holography within curriculum 

design, teacher development, and institutional policy can 

help translate these benefits at scale, while technical 

benchmarks and infrastructure planning address 

reliability and equity [21]; [11]. As such, holography 

presents a credible model for the future of interactive 
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learning, linking immersive visualization with evidence-

based pedagogy across various subjects and settings [7]; 

[22])..

.  
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