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Spatial	thinking	is	a	core	competence	in	geography	learning,	yet	landform	topics	are	
often	 taught	 through	 verbal	 explanation,	 textbooks,	 two-dimensional	 images,	 and	
static	maps	 that	provide	 limited	opportunities	 for	students	 to	explore	relief,	 scale,	
distance,	 and	 spatial	 relationships.	 This	 study	 developed	 and	 initially	 evaluated	 a	
Google	 Earth-supported	 learning	 environment	 for	 landform	 learning	 using	 the	
Analysis,	Design,	Development,	Implementation,	and	Evaluation	(ADDIE)	model.	The	
product	 integrated	 Google	 Earth	 projects,	 QR-based	 access,	 2D/3D	 visualization,	
zoom	 and	 measurement	 functions,	 location	 marking,	 and	 guided	 spatial-thinking	
activities.	A	single	expert	appraised	the	material,	media,	and	evaluation/instrument	
aspects.	The	product	obtained	an	overall	feasibility	score	of	85.38%,	with	the	media	
aspect	 receiving	 the	highest	score	 (91.67%),	 followed	by	evaluation	(86.67%)	and	
material	(78.75%).	Implementation	involved	30	student	respondents	at	SMA	Negeri	
2	Konawe	Selatan.	Mean	scores	increased	from	74.53	on	the	pretest	to	86.50	on	the	
posttest.	All	respondents	obtained	higher	posttest	scores,	and	the	mean	normalized	
gain	was	0.488,	indicating	a	moderate	increase;	10.0%	of	students	were	in	the	high-
gain	category,	86.7%	in	the	moderate	category,	and	3.3%	in	the	low	category.	These	
results	indicate	that	the	developed	learning	environment	is	feasible	and	can	support	
spatial	exploration	and	learning	gains.	Because	the	implementation	used	a	one-group	
pretest–posttest	design,	the	score	increase	should	be	interpreted	as	initial	evidence	
rather	than	a	causal	treatment	effect.	
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1.	Introduction	

Spatial	 thinking	 is	 a	 disciplinary	 foundation	 of	 geography	 because	 geographic	 understanding	
requires	 learners	 to	 locate	 phenomena,	 work	 with	 distance	 and	 scale,	 interpret	 representations,	
recognize	spatial	patterns,	and	reason	about	relationships	among	places	and	processes.	It	is	therefore	
not	 a	 single	 visualization	 skill,	 but	 a	 coordination	 of	 spatial	 concepts,	 representational	 tools,	 and	
reasoning	 processes.	 Ishikawa	 (2016)	 empirically	 distinguishes	 geospatial	 conceptions,	 map-based	
reasoning,	 and	 spatial	 visualization	 as	 related	 but	 non-identical	 dimensions.	 At	 the	 school	 level,	
Thayaseelan	et	al.	(2024)	further	show	that	spatial-thinking	measures	require	construct	validation	and	
attention	to	item	invariance.	Meta-analytic	evidence	also	indicates	that	spatial	skills	are	malleable,	can	
improve	 through	 training,	 and	 can	 transfer	 beyond	 the	 specific	 task	 practiced	 (Uttal	 et	 al.,	 2013).	
Developing	 these	 dimensions	 is	 especially	 important	 in	 secondary	 geography,	where	 students	must	
move	beyond	naming	geographic	features	toward	explaining	how	and	why	they	are	spatially	organized.	
Landform	 learning	 makes	 this	 representational	 demand	 particularly	 visible.	 To	 understand	

mountains,	valleys,	highlands,	lowlands,	slopes,	and	drainage	settings,	students	must	coordinate	plan-
view	maps,	satellite	images,	elevation	information,	profiles,	and	three-dimensional	terrain	while	also	
relating	 visible	 form	 to	 geomorphological	 processes.	 Static	 pictures	 and	 verbal	 descriptions	 can	
introduce	terminology,	but	they	provide	limited	opportunities	to	rotate	terrain,	change	scale,	compare	
viewpoints,	or	measure	relationships	directly.	Importantly,	3D	visualization	alone	does	not	guarantee	
improvement	across	all	spatial	abilities.	In	a	Google	Earth	study,	students	improved	in	achievement	and	
mental	rotation	but	not	in	spatial	visualization,	while	cognitive	load	remained	high	(Koç	&	Topu,	2022).	
This	 finding	 underlines	 the	 need	 for	 carefully	 sequenced	 tasks	 rather	 than	 technology-led	
demonstrations.	
Interactive	 geospatial	 environments	 nevertheless	 provide	 strong	 affordances	 for	 addressing	 this	

problem.	Google	Earth	enables	learners	to	search	for	real	locations,	move	between	local	and	regional	
scales,	tilt	and	rotate	terrain,	compare	2D	and	3D	views,	measure	distance,	and	examine	associations	
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among	physical	and	human	features.	A	quasi-experimental	study	 in	secondary	geography	found	that	
Google	 Earth	 supported	 students’	 analysis	 of	 spatial	 and	 temporal	 change	 more	 effectively	 than	
conventional	instruction	(Xiang	&	Liu,	2017).	A	later	review	similarly	identified	data	visualization	and	
flexible	reasoning	about	spatial	patterns	and	relations	as	plausible	mechanisms	through	which	virtual	
globes	can	support	geospatial	learning	(Jaeger,	2024).	These	studies	establish	the	educational	potential	
of	Google	Earth,	but	they	also	imply	that	learning	depends	on	what	students	are	asked	to	do	with	its	
functions.	
Adjacent	research	on	augmented	and	immersive	learning	clarifies	both	the	promise	and	the	risk	of	

interactive	visualization.	Reviews	 identify	benefits	 for	representation,	engagement,	and	 learning,	but	
also	 recurrent	 problems	 involving	 usability,	 distraction,	 technical	 instability,	 and	weak	 pedagogical	
integration	 (Akçayır	 &	 Akçayır,	 2017;	 Wu	 et	 al.,	 2013).	 Meta-analytic	 evidence	 suggests	 a	 positive	
average	association	between	AR	use	and	learning	gains,	while	also	showing	that	effects	vary	by	learner,	
subject,	and	 implementation	context	(Garzón	&	Acevedo,	2019).	More	recent	syntheses	demonstrate	
that	 cognitive-load	 outcomes	 remain	 inconsistent	 and	 depend	 on	 the	 relationship	 among	 content	
complexity,	 interface	 demands,	 learner	 expertise,	 and	 instructional	 support	 (Buchner	 et	 al.,	 2022;	
Poupard	 et	 al.,	 2025).	 Experimental	 evidence	 that	 stronger	 immersion	 can	 increase	 presence	while	
reducing	learning	further	cautions	against	treating	visual	intensity	as	instructional	quality	(Makransky	
et	 al.,	 2019).	Although	 the	present	product	 is	 a	mobile	 3D	virtual	 globe	 configuration	 rather	 than	 a	
camera-overlay	AR,	this	evidence	is	relevant	to	 its	design	because	both	require	deliberate	alignment	
between	 visual	 affordances	 and	 learning	 actions.	 A	 recent	 geography-specific	 synthesis	 similarly	
emphasizes	that	spatial-learning	benefits	depend	on	balancing	interactivity	and	spatial	anchoring	with	
instructional	scaffolding	(Pratama	et	al.,	2025).	
Classroom	integration	is	therefore	a	design	problem	rather	than	a	device-selection	problem.	Work	in	

Computers	&	 Education	 emphasizes	 that	 educational	 AR	must	 accommodate	 classroom	 constraints,	
teacher	orchestration,	collaboration,	and	the	visibility	of	learner	activity	(Cuendet	et	al.,	2013).	A	recent	
design-based	study	in	the	British	Journal	of	Educational	Technology	likewise	found	that	coherent	tasks,	
progressive	 challenge,	 adequate	 exploration	 time,	 clear	 representations,	 and	 useful	 feedback	
distinguish	 productive	 AR-supported	 learning	 environments	 from	 technically	 impressive	 but	
instructionally	 weak	 ones	 (Li	 et	 al.,	 2025).	 Evidence	 comparing	 marker-based	 and	 markerless	 AR	
further	shows	that	different	technical	modes	elicit	different	engagement	and	navigation	patterns	(Na	et	
al.,	 2025).	 These	 findings	 support	 a	 design	 chain	 in	 which	 the	 selected	 technology,	 spatial	 action,	
disciplinary	concept,	and	assessment	evidence	are	specified	together.	
This	need	was	sharpened	by	Schmidt	and	Stumpe’s	(2025)	systematic	review	of	18	mobile	AR	studies	

in	primary	and	secondary	geography.	Fourteen	studies	did	not	refer	to	a	 learning	theory,	12	did	not	
specify	a	pedagogical	approach,	and	only	three	explicitly	employed	3D	manipulation.	The	evidence	was	
also	dominated	by	small,	selected	groups	and	short	interventions,	while	higher-order	thinking,	validated	
competence	 measures,	 and	 learning-process	 variables	 remained	 insufficiently	 examined.	 Thus,	 the	
central	literature	gap	is	not	simply	a	shortage	of	digital	or	immersive	geography	applications.	It	is	the	
limited	 instructional	 alignment	 among	 technology-specific	 affordances,	 geographic	 content,	
theoretically	purposeful	learning	activities,	and	competence-specific	assessment.	
Taken	 together,	 the	 Google	 Earth	 and	 adjacent	 immersive-learning	 literature	 leaves	 a	 narrower	

development	gap	for	school-based	landform	learning.	The	literature	has	not	adequately	documented	a	
traceable	design	chain	in	which	each	virtual-globe	operation	is	assigned	to	a	specific	spatial-thinking	
indicator,	 enacted	 through	 a	 guided	 landform	 task,	 and	 evaluated	 with	 geospatial	 rather	 than	
predominantly	verbal	stimuli.	This	gap	was	also	evident	in	the	study	context.	The	needs	analysis	at	SMA	
Negeri	2	Konawe	Selatan	showed	that	instruction	relied	mainly	on	teacher	explanation,	textbooks,	two-
dimensional	pictures,	and	static	maps,	providing	 limited	opportunities	 for	students	 to	observe	relief	
from	multiple	perspectives,	measure	spatial	relationships,	or	connect	landforms	with	real	geographic	
settings.	
Accordingly,	 this	 study	 aimed	 to	 develop	 and	 conduct	 an	 initial	 evaluation	 of	 a	 Google	 Earth-

supported	landform	learning	environment	using	the	Analysis,	Design,	Development,	Implementation,	
and	 Evaluation	 (ADDIE)	 model.	 The	 product	 combined	 QR-based	 access,	 Google	 Earth’s	 2D/3D	
visualization	and	measurement	functions,	guided	spatial	tasks,	a	user	guide,	and	geospatial	assessment	
stimuli.	Two	questions	guided	the	study:	(1)	To	what	extent	is	the	developed	product	feasible	based	on	
a	 single-expert	 appraisal	 of	 its	 material,	 media,	 and	 evaluation/instrument	 aspects?	 and	 (2)	 What	
pattern	 of	 change	 occurs	 in	 students’	 spatial-thinking	 scores	 after	 implementation,	 as	 indicated	 by	
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pretest–posttest	 scores	 and	 normalized	 gain?	 The	 study	 addresses	 the	 instructional-alignment	
component	 of	 the	 current	 research	 agenda	 by	making	 the	 relationship	 among	 geospatial	 functions,	
learning	actions,	spatial-thinking	indicators,	and	assessment	explicit.	Because	the	implementation	used	
a	 one-group	 design,	 it	 offers	 product-development	 and	 initial	 score-change	 evidence	 rather	 than	 a	
causal	estimate	of	effectiveness.	

2.	Method	

2.1	Research	Design	and	Study	Context	

This	study	employed	an	educational	research	and	development	(R&D)	design	structured	by	the	five	
ADDIE	phases:	Analyze,	Design,	Develop,	Implement,	and	Evaluate.	ADDIE	was	used	as	a	development	
framework	 because	 it	 connects	 needs	 analysis,	 specification	 of	 instructional	 tasks,	 production	 of	
learning	 resources,	 classroom	 enactment,	 and	 iterative	 evaluation	 (Branch,	 2009).	 Consistent	 with	
educational	design	research,	the	inquiry	treated	the	learning	product	and	evidence	from	its	initial	use	
as	mutually	informative	for	revision	(McKenney	&	Reeves,	2018).	
This	 study	 was	 conducted	 at	 SMA	 Negeri	 2	 Konawe	 Selatan.	 The	 analytic	 sample	 comprised	 30	

students	with	 complete	pretest	 and	posttest	 scores.	 The	 classroom	 implementation	 followed	 a	 one-
group	pretest–posttest	 arrangement	 in	 a	 regular	 geography-learning	 context,	without	 a	 comparison	
group	or	 random	assignment.	Accordingly,	 the	 study	was	designed	 to	 report	product	 feasibility	and	
initial	within-group	score	change,	not	to	estimate	a	causal	treatment	effect	(Shadish	et	al.,	2002).	

2.2	ADDIE	Development	Procedure	

In	the	Analysis	phase,	the	researchers	examined	the	learning	needs,	landform	content,	learner	and	
device	characteristics,	existing	instructional	practices,	and	spatial	thinking	demands	of	the	topic.	The	
researchers	 consulted	 the	 geography	 teacher	 to	 clarify	 classroom	 conditions	 and	 the	 difficulties	
students	 encountered	 when	 interpreting	 relief,	 scale,	 direction,	 and	 relationships	 among	 landform	
features.	 The	 analysis	 specified	 five	 target	 domains:	 (1)	 location,	 direction,	 distance,	 and	 scale;	 (2)	
transformation	 between	 two-	 and	 three-dimensional	 representations;	 (3)	 interpretation	 of	 maps,	
imagery,	and	three-dimensional	terrain;	(4)	recognition	of	spatial	patterns,	distributions,	associations,	
and	relations;	and	(5)	reasoning	about	landforms,	geomorphic	processes,	and	environmental	context.	
In	the	Design	phase,	the	five	domains	were	translated	into	observable	learning	actions	and	media	

features.	 The	 design	 included	 Google	 Earth	 project	 navigation;	 selected	 representations	 of	 Mount	
Mekongga,	 Lohe	 Valley,	 highlands,	 and	 lowlands;	 transitions	 between	 2D	 and	 3D	 views;	 zoom,	
measurement,	 and	 place-marking	 functions;	 QR-based	 access;	 worksheets;	 guided	 questions;	 group	
discussion;	product-review	instruments;	and	a	spatial-thinking	test.	The	intended	sequence	moved	from	
locating	and	orienting	a	feature	to	changing	viewpoint,	measuring	and	comparing	terrain,	interpreting	
spatial	 relations,	 and	explaining	 the	associated	geomorphic	process.	Table	1	presents	 the	alignment	
between	the	design	components	and	the	intended	spatial-thinking	evidence.	

Table	1.	Alignment	of	Google	Earth	design	components	with	spatial-thinking	indicators	
Design	component	 Instructional	function	 Spatial-thinking	indicator	

Location	search	and	
orientation	

Identify	the	position	of	a	landform	
and	its	regional	context.	

Location,	relative	position,	
direction/orientation	

Zoom,	scale,	and	
measurement	tools	

Compare	dimensions	and	measure	
distance	or	spatial	extent.	 Distance	and	scale	

Switching	between	2D	and	
3D	views	

Compare	representations	and	
understand	relief.	 2D-3D	transformation,	relief	

Observation	of	rivers,	roads,	
vegetation,	and	settlements	

Identify	relationships	among	features	
and	patterns	of	land	use.	

Pattern,	association,	spatial	
relationships	

Geomorphological	process	
questions	

Explain	relationships	among	
landform,	process,	and	environment.	 Spatial	reasoning	

Source:	Research	data,	2026	
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During	the	Development	phase,	the	design	specifications	were	converted	into	a	working	Google	Earth	
learning	project	and	a	user	guide.	The	prototype	integrated	QR	access,	2D/3D	visualization,	zoom	and	
measurement	 tools,	 location	 marking,	 landform-learning	 activities,	 and	 operating	 instructions.	 The	
researchers	checked	access	and	navigation,	submitted	the	product	and	instruments	for	expert	appraisal,	
and	 revised	 the	 materials	 in	 response	 to	 the	 review,	 including	 the	 depth	 of	 geomorphological	
explanations	and	the	clarity	of	spatial-thinking	prompts.	
The	Implementation	phase	placed	the	revised	product	in	classroom	use	and	generated	paired	pretest	

and	posttest	 observations.	The	Evaluation	phase	operated	 throughout	 the	 cycle:	 formative	 evidence	
from	the	initial	analysis,	functional	checking,	and	expert	comments	informed	revision,	whereas	the	final	
product-review	percentages	and	student	score	summaries	provided	an	initial	summative	description.	
This	staged	but	iterative	use	of	ADDIE	follows	the	framework's	emphasis	on	evaluation	and	revision	
across	the	development	process	(Branch,	2009).	

2.3	Product	Review	and	Research	Instruments	

The	product-review	package	comprised	three	four-point	rating	forms	completed	by	one	reviewer:	
20	items	for	material	quality,	18	items	for	media	quality,	and	15	items	for	evaluation/instrument	quality.	
The	forms	addressed	the	relevance	and	organization	of	the	landform	content,	the	usability	and	technical	
presentation	of	the	Google	Earth	medium,	and	the	suitability	of	the	assessment	components.	Written	
comments	 were	 used	 as	 formative	 evidence	 for	 revision.	 A	 related	 ADDIE	 study	 of	 AR	 media	 for	
lithospheric-dynamics	 learning	used	separate	material,	media,	 and	 learning-expert	validation	before	
testing	the	product	with	students	(Bokingo	et	al.,	2023).	
Because	the	appraisal	was	conducted	by	one	reviewer,	the	resulting	percentages	were	treated	as	a	

single-expert	 formative	 appraisal	 rather	 than	 as	 an	 inter-rater	 estimate	 of	 content	 validity.	 This	
distinction	is	important	because	the	interpretation	of	content	validity	evidence	depends	on	transparent	
reporting	of	the	number	of	experts,	rating	procedure,	and	aggregation	method	(Polit	&	Beck,	2006).	
Student	outcomes	were	assessed	using	a	spatial-thinking	test	administered	before	and	after	use	of	

the	 product.	 The	 test	 blueprint	 represented	 the	 five	 domains	 defined	 during	 Analysis	 and	 used	
landform-related	maps,	imagery,	2D/3D	representations,	measurement,	relief	profiles,	and	alternative	
viewpoints.	The	blueprint	drew	on	Ishikawa’s	(2016)	account	of	geospatial	conceptions	and	map-based	
reasoning.	Its	multidomain	structure	also	responds	to	Thayaseelan	et	al.’s	(2024)	evidence	that	school-
level	spatial	measurement	requires	explicit	construct	validation	and	attention	to	item	behavior.	Scores	
were	reported	on	a	0–100	scale.	

2.4	Implementation	and	Data	Collection	

Students	 first	 completed	 the	 spatial-thinking	 pretest.	 They	 then	 used	 the	 developed	 medium	 in	
guided	 geography-learning	 activities	 that	 required	 them	 to	 access	 the	 Google	 Earth	 project,	 locate	
selected	 landforms,	 change	 between	 2D	 and	 3D	 views,	 zoom	 and	measure	 terrain,	 mark	 locations,	
compare	representations,	discuss	spatial	patterns,	and	connect	visible	features	with	geomorphological	
processes.	A	posttest	was	administered	after	the	learning	activities.	The	analysis	used	the	30	cases	for	
which	both	pretest	and	posttest	scores	were	complete.	

2.5	Data	Analysis	

For	each	product-review	component,	 the	obtained	 item	scores	were	 summed	and	divided	by	 the	
maximum	possible	score.	The	overall	product	percentage	was	calculated	from	the	sum	of	all	obtained	
scores	divided	by	the	sum	of	all	maximum	scores:	

Feasibility	(%)	=	(obtained	score	/	maximum	possible	score)	×	100	

Pretest	and	posttest	distributions	were	summarized	using	the	mean,	standard	deviation,	minimum,	
and	maximum.	Raw	score	change	was	retained	alongside	normalized	gain	so	that	the	observed	change	
could	be	interpreted	in	relation	to	the	baseline	distribution.	Individual	normalized	gain	was	calculated	
before	averaging	across	students	and	groups	(Hake,	1998):	

gᵢ	=	(posttestᵢ	−	pretestᵢ)	/	(100	−	pretestᵢ)	
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Individual	values	were	classified	as	low	(g	<	0.30),	moderate	(0.30	≤	g	<	0.70),	or	high	(g	≥	0.70),	
following	Hake	 (1998).	 The	mean	 individual	N-gain	was	 reported	 for	 the	 full	 sample.	 For	 the	 eight	
classroom	groups,	N-gain	was	calculated	from	each	group’s	mean	pretest	and	posttest	scores.	Because	
normalized	gain	can	vary	with	the	pretest	distribution,	it	was	interpreted	together	with	the	raw	pretest	
and	posttest	statistics	rather	than	as	a	standalone	effect-size	estimate	(Nissen	et	al.,	2018).	
All	 analyses	were	 descriptive.	 No	 inferential	 significance	 test,	 covariate	 adjustment,	 or	 between-

group	 treatment	 comparison	 was	 performed.	 Therefore,	 the	 score	 changes	 provide	 preliminary	
implementation	evidence	for	this	sample	and	should	not	be	interpreted	as	a	causal	effect	of	the	learning	
medium	(Shadish	et	al.,	2002).	

3.	Results	and	Discussion	

3.1	Results	

3.1.1	Analysis	and	Design	Outputs	

The	 Analysis	 stage	 identified	 a	 mismatch	 between	 the	 representational	 demands	 of	 landform	
learning	 and	 the	 classroom	 resources	 used	 to	 support	 those	 demands.	 Students	 were	 expected	 to	
interpret	 relief,	 scale,	 direction,	 distribution,	 and	 relations	 among	 landforms,	 whereas	 static	
representations	provided	limited	opportunities	to	rotate	terrain,	change	viewpoints,	compare	two-	and	
three-dimensional	 representations,	 or	 measure	 spatial	 relations	 directly.	 The	 analysis	 therefore	
specified	five	target	domains:	positional	reasoning;	transformation	between	2D	and	3D	representations;	
interpretation	 of	 maps,	 imagery,	 and	 terrain;	 recognition	 of	 spatial	 patterns	 and	 relations;	 and	
explanation	of	landforms	in	relation	to	geomorphic	processes	and	environmental	context.	
The	Design	stage	translated	those	domains	into	a	task	sequence	and	product	specification.	Search	

and	orientation	functions	supported	location	and	direction	tasks;	zoom	and	measurement	supported	
distance,	scale,	and	terrain	comparison;	changes	between	2D	and	3D	views	supported	representational	
transformation;	place	marks	and	selected	 landform	examples	supported	recognition	of	patterns	and	
associations;	and	worksheets,	prompts,	and	group	discussions	linked	the	visible	terrain	to	geomorphic	
explanations.	The	resulting	prototype	combined	a	Google	Earth	project,	smartphone	access	through	a	
QR	code,	operating	guidance,	learning	activities,	and	a	spatial-thinking	assessment.	Figure	1	shows	the	
developed	3D	view	and	access	configuration.	

	
Figure	1.	Example	of	the	developed	learning	product:	a	3D	Google	Earth	view	on	a	smartphone	and	QR-based	

access	to	the	project.	

3.1.2	Product	Appraisal	and	Revision	

One	expert	appraised	the	prototype	using	three	 four-point	rating	 forms.	The	material	component	
obtained	63	of	80	possible	points	(78.75%),	the	media	component	obtained	66	of	72	points	(91.67%),	
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and	the	evaluation/instrument	component	obtained	52	of	60	points	(86.67%).	Across	the	53	items,	the	
total	 was	 181	 of	 212	 points	 (85.38%).	 Media	 received	 the	 highest	 percentage,	 followed	 by	
evaluation/instrument	and	material.	Because	all	ratings	came	from	one	reviewer,	the	percentages	in	
Table	2	represent	a	single-expert	product	appraisal	rather	than	agreement	across	experts.	

Table	2.	Single-expert	product	appraisal	results	
Aspect	 Items	 Score	 Maximum	 Percentage	 Decision	

Material	 20	 63	 80	 78.75%	 Feasible	with	revision	

Media	 18	 66	 72	 91.67%	 Highly	feasible;	minor	revision	

Evaluation/instru
ment	 15	 52	 60	 86.67%	 Feasible	with	revision	

Overall	 53	 181	 212	 85.38%	 Feasible	after	revision	
Source:	Research	data,	2026	

The	appraisal	generated	two	principal	revision	priorities.	First,	the	landform	material	was	expanded	
so	 that	 the	 visible	 terrain	 was	 connected	 more	 explicitly	 to	 geomorphological	 processes	 and	
environmental	context.	Second,	the	spatial-thinking	prompts	and	evaluation	items	were	clarified	so	that	
students	were	required	to	locate,	measure,	compare	viewpoints,	identify	spatial	relations,	and	explain	
the	 observed	 forms	 rather	 than	 only	 identify	 features.	 These	 changes	 addressed	 the	 comparatively	
lower	 material	 rating	 and	 strengthened	 the	 alignment	 between	 content,	 learning	 actions,	 and	
assessment.	
The	 revised	 package	 retained	 the	 positively	 appraised	 technical	 features:	 QR-based	 access,	

smartphone	 compatibility,	 2D/3D	navigation,	 zoom	 and	measurement,	 place	marking,	 and	 a	 guided	
sequence	for	classroom	use.	Functional	checking	was	completed	after	revision,	and	the	revised	version	
was	used	in	the	classroom	implementation.	

3.1.3	Pretest–Posttest	Score	Patterns	

Complete	paired	scores	were	available	for	30	students.	The	mean	increased	from	74.53	(SD	=	5.82;	
range	=	60–83)	on	the	pretest	to	86.50	(SD	=	5.75;	range	=	76–98)	on	the	posttest,	a	raw	mean	increase	
of	11.97	points.	Every	student	obtained	a	higher	posttest	score.	The	mean	of	the	30	individual	N-gain	
values	was	0.488	(SD	=	0.155;	range	=	0.273–0.889).	Based	on	the	stated	thresholds,	one	student	was	in	
the	 low	 category,	 26	were	 in	 the	moderate	 category,	 and	 three	were	 in	 the	 high	 category.	 Table	 3	
presents	the	full-sample	descriptive	statistics.	

Table	3.	Descriptive	statistics	for	pretest,	posttest,	and	N-gain	(n	=	30)	
Indicator	 Mean	 SD	 Minimum	 Maximum	

Pretest	 74.53	 5.82	 60.00	 83.00	

Posttest	 86.50	 5.75	 76.00	 98.00	

N-gain	 0.488	 0.155	 0.273	 0.889	
Source:	Research	data,	2026	

Table	4.	Mean	pretest,	posttest,	score	increase,	and	N-gain	by	group	
Group	 n	 Pretest	 Posttest	 Increase	 N-gain	

1	 4	 77.50	 87.25	 9.75	 0.434	(Moderate)	

2	 4	 80.25	 94.00	 13.75	 0.705	(High)	

3	 4	 79.00	 90.25	 11.25	 0.554	(Moderate)	

4	 4	 69.75	 85.50	 15.75	 0.522	(Moderate)	

5	 4	 74.00	 86.25	 12.25	 0.486	(Moderate)	

6	 3	 72.67	 84.67	 12.00	 0.443	(Moderate)	

7	 4	 70.00	 81.25	 11.25	 0.381	(Moderate)	
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Group	 n	 Pretest	 Posttest	 Increase	 N-gain	

8	 3	 72.00	 81.00	 9.00	 0.324	(Moderate)	
Source:	Research	data,	2026	

	
Figure	2.	Mean	pretest	and	posttest	scores	by	group.	

At	the	group	level,	N-gain	calculated	from	each	group’s	mean	pretest	and	posttest	scores	ranged	from	
0.324	to	0.705	(Table	4	and	Figures	2–3).	Group	2	had	the	highest	mean	posttest	score	(94.00)	and	the	
highest	group-level	N-gain	(0.705),	whereas	Group	8	had	the	lowest	group-level	N-gain	(0.324).	Seven	
group-level	 values	 fell	 in	 the	 moderate	 range,	 and	 one	 reached	 the	 high	 threshold.	 The	 raw	mean	
increases	 ranged	 from	 9.00	 points	 in	 Group	 8	 to	 15.75	 points	 in	 Group	 4.	 The	 Evaluation	 stage	
consolidated	 the	 revised	 product,	 expert-appraisal	 record,	 classroom	 materials,	 and	 paired-score	
summaries.	 These	 outputs	 provide	 a	 traceable	 account	 of	 product	 readiness	 and	 of	 score	 patterns	
observed	 during	 the	 initial	 implementation,	 illustrated	 in	 Figure	 3.	 The	 Discussion	 interprets	 these	
results.	

	
Figure	3.	Mean	N-gain	by	group;	dashed	lines	indicate	the	moderate	(0.30)	and	high	(0.70)	thresholds.	
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3.2	Discussion	

3.2.1	Product	Feasibility,	Instructional	Alignment,	and	Technical	Readiness	

The	appraisal	profile	 indicates	 that	 technical	presentation	and	usability	were	 the	most	positively	
judged	aspects	of	 the	product.	The	media	score	(91.67%)	exceeded	the	evaluation/instrument	score	
(86.67%)	 and	 the	 material	 score	 (78.75%),	 while	 the	 combined	 score	 was	 85.38%.	 This	 pattern	
supports	readiness	for	initial	classroom	use,	but	it	should	be	read	as	formative	evidence	from	one	expert,	
not	as	a	stable	estimate	of	inter-rater	content	validity.	Transparent	separation	of	reviewer	count,	rating	
dimensions,	and	aggregation	is	necessary	when	content-validity	claims	are	made	(Polit	&	Beck,	2006).	
The	 strong	 media	 rating	 is	 educationally	 meaningful	 only	 because	 the	 technical	 functions	 were	

embedded	in	an	instructional	sequence.	Research	on	classroom	technology	design	argues	that	visibility	
of	 learner	 activity,	 teacher	 orchestration,	 collaboration,	 and	 fit	with	 ordinary	 classroom	 constraints	
should	be	treated	as	design	requirements	rather	than	implementation	details	(Cuendet	et	al.,	2013;	Wu	
et	al.,	2013).	Recent	design-based	evidence	similarly	identifies	coherent	tasks,	progressive	challenge,	
sufficient	exploration	time,	clear	representations,	and	useful	feedback	as	conditions	for	productive	AR-
supported	learning	(Li	et	al.,	2025).	In	the	present	product,	the	QR	code	shortened	the	access	path,	but	
the	 intended	 learning	 value	 lay	 in	 using	 search,	 viewpoint	 change,	 zoom,	 measurement,	 and	 place	
marking	to	generate	spatial	evidence.	The	product’s	design	logic	is	consistent	with	recent	geospatial	and	
immersive-learning	work	that	treats	disciplinary	task	design,	classroom	framing,	and	orchestration	as	
conditions	for	productive	use	rather	than	automatic	consequences	of	the	technology	(Bolkas	et	al.,	2024;	
Edler	et	al.,	2025;	Jaeger,	2024;	Schmidt	&	Stumpe,	2025;	Spangenberger	et	al.,	2025).	
The	 comparatively	 lower	 material	 rating	 identifies	 an	 important	 boundary:	 visually	 accessible	

terrain	does	not	by	itself	provide	a	sufficiently	developed	explanation	of	landform	processes.	Research	
on	spatial	thinking	shows	that	position,	scale,	representation,	pattern,	and	causal	interpretation	must	
be	coordinated	across	maps	and	digital	geographic	information	(Duarte	et	al.,	2022;	Ishikawa,	2016).	
Recent	 intervention	 and	measurement	 studies	 further	 show	 that	 conclusions	 depend	 on	 the	 spatial	
subskill	assessed	and	on	how	learners	interact	with	the	representation	(Na	et	al.,	2025;	Thayaseelan	et	
al.,	2024;	Wang	et	al.,	2025).	Expanding	the	geomorphological	explanations	and	rewriting	prompts	as	
observable	spatial	actions	therefore	strengthened	the	substantive	layer	of	the	product,	not	merely	its	
wording.	
A	 second	 design	 boundary	 concerns	 cognitive	 demand.	 Interactive	 3D	 and	 augmented-reality	

environments	 may	 help	 learners	 externalize	 rotation,	 perspective	 change,	 and	 spatial	 comparison;	
however,	controls,	navigation,	split	attention,	and	unfamiliar	interfaces	can	also	add	extraneous	load	
(Elford	et	al.,	2022;	 Jian	&	Abu	Bakar,	2024;	Koumpouros,	2024;	Mokmin	et	al.,	 2024;	Şimşek	et	al.,	
2025).	Systematic	reviews	report	that	the	direction	of	cognitive	load	effects	varies	across	learners	and	
designs	 (Buchner	 et	 al.,	 2022;	 Poupard	 et	 al.,	 2025),	while	 experimental	work	 shows	 that	 stronger	
presence	does	not	necessarily	produce	stronger	learning	(Makransky	et	al.,	2019).	Even	pre-training	
may	not	remove	these	demands	uniformly,	and	visuospatial	working-memory	differences	can	remain	
consequential	(Arztmann	et	al.,	2025).	The	guided	sequence	and	operating	instructions	in	the	present	
product	are	compatible	with	recommendations	to	manage	these	demands.	However,	cognitive	load	was	
not	measured;	therefore,	reduced	load	cannot	be	claimed	from	the	appraisal	or	score	data.	

3.2.2	Score	Patterns	as	Initial	Spatial-Learning	Evidence	

The	implementation	produced	a	clear	descriptive	pattern:	the	mean	score	rose	by	11.97	points,	all	
30	students	improved,	and	the	mean	individual	N-gain	was	0.488.	The	concentration	of	26	students	in	
the	moderate	N-gain	 category,	with	 3	 high	 and	 1	 low,	 indicates	 that	 improvement	was	widespread	
within	 this	 sample.	 Nevertheless,	 the	 one-group	 pretest–posttest	 arrangement	 cannot	 separate	 the	
contribution	of	the	product	from	testing,	maturation,	concurrent	instruction,	teacher	support,	or	other	
time-varying	 influences.	 The	 findings	 should	 therefore	 be	 described	 as	 initial	 within-group	
implementation	evidence	rather	than	a	causal	effect	(Shadish	et	al.,	2002).	
The	N-gain	result	also	requires	calibration.	Normalized	gain	expresses	improvement	relative	to	the	

remaining	distance	from	a	maximum	score	and	is	useful	for	describing	change	across	different	baselines	
(Hake,	1998).	Yet	it	can	be	associated	with	the	pretest	distribution	and	should	not	replace	raw	change,	
uncertainty	estimates,	or	a	design-based	effect	estimate	(Nissen	et	al.,	2018).	Reporting	the	11.97-point	
raw	increase	alongside	the	individual	N-gain	distribution	is	therefore	more	informative	than	treating	
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0.488	as	an	isolated	measure	of	effectiveness.	The	group-level	values	require	the	same	caution	because	
they	were	calculated	from	group	means	and	involved	only	three	or	four	students	per	group.	
Several	mechanisms	nevertheless	make	the	observed	pattern	educationally	plausible.	Google	Earth	

allows	repeated	changes	of	scale	and	viewpoint,	movement	between	regional	context	and	local	form,	
and	observation	of	places	that	may	be	inaccessible	during	ordinary	lessons.	Google	Earth	research	links	
these	 affordances	 to	 geospatial	 reasoning	 and	 attitudes	 when	 they	 are	 embedded	 in	 guided	 tasks	
(Jaeger,	 2024;	 Ortiz-Guerrero	 &	 Loizzo,	 2024).	 Complementary	 virtual-field	 literature	 documents	
disciplinary	engagement	and	 improved	access,	while	emphasizing	the	need	for	 instructional	 framing	
and	support	(Cook	et	al.,	2025;	Semken	et	al.,	2025).	The	present	sequence	used	these	affordances	to	
connect	 location,	measurement,	 terrain	 comparison,	 and	 geomorphic	 explanation,	 offering	 students	
external	representations	on	which	to	base	discussion.	
The	2D/3D	transition	is	particularly	relevant	because	landform	interpretation	requires	learners	to	

coordinate	map	symbols,	 imagery,	profiles,	and	perspective	views.	The	broader	evidence	establishes	
that	spatial	skills	can	respond	to	training	(Uttal	et	al.,	2013)	and	that	AR	interventions	have	produced	
positive	average	learning	gains	(Garzón	&	Acevedo,	2019),	but	neither	finding	warrants	a	uniform-effect	
assumption.	 Research	 with	 three-dimensional	 geospatial	 technology	 documents	 embodiment	 and	
representational	advantages	alongside	uneven	or	construct-specific	cognitive	outcomes	(Bagher	et	al.,	
2023;	Koç	&	Topu,	2022).	For	example,	an	AR-integrated	mathematics	curriculum	did	not	improve	every	
broad	spatial	outcome,	although	a	movement-related	dimension	improved	(Wang	et	al.,	2025),	and	a	
recent	scoping	review	found	that	effects	vary	with	learner	characteristics,	task	design,	spatial	subskill,	
and	 assessment	 choice	 (Yang	 et	 al.,	 2026).	 The	 overall	 score	 increase	 in	 this	 study	 is	 therefore	
compatible	with,	but	does	not	demonstrate,	change	in	each	spatial	domain.	
Variation	 among	 the	 eight	 groups	 is	 descriptive	 rather	 than	 evidence	 of	 differential	 treatment	

response.	Group	2	 reached	 a	 group-level	N-gain	 of	 0.705,	whereas	Group	8	 obtained	0.324,	 but	 the	
groups	were	small,	were	not	randomized	conditions,	and	had	different	starting	scores.	The	variation	
may	 reflect	 baseline	 composition,	 interaction	quality,	 navigation	 fluency,	 teacher	 attention,	 or	 other	
unmeasured	processes.	Process	evidence	such	as	screen	recordings,	interaction	logs,	observations,	and	
group	discourse	would	be	required	to	connect	learning	actions	to	score	changes.	
This	cautious	 interpretation	is	reinforced	by	recent	methodological	reviews.	Lawson	et	al.	(2024)	

found	that	many	media-comparison	studies	involving	immersive	virtual	reality	for	STEM	education	did	
not	fully	control	instructional	and	technological	differences,	making	it	difficult	to	attribute	outcomes	to	
immersion	itself.	Reviews	in	geography	education	likewise	call	for	larger	samples,	longer	interventions,	
validated	measures,	and	attention	to	process	variables	(Schmidt	&	Stumpe,	2025).	The	present	evidence	
is	therefore	most	useful	for	refining	the	product	and	specifying	a	stronger	subsequent	evaluation,	rather	
than	for	ranking	the	learning	environment	against	conventional	instruction.	

3.2.3	Practical	Implications,	Terminological	Boundary,	and	Limitations	

For	 classroom	use,	 the	 results	 support	 a	 structured	 sequence:	 establish	 location	and	orientation;	
compare	 2D	 and	 3D	 representations;	manipulate	 scale	 and	 viewpoint;	measure	 and	mark	 features;	
identify	spatial	patterns;	and	conclude	with	an	explanation	of	 the	relevant	geomorphic	process.	The	
teacher	remains	central	in	modelling	controls,	focusing	attention,	probing	spatial	language,	and	linking	
observations	 to	 concepts.	 Classroom-design	 research	 supports	 making	 learner	 activity	 visible,	
preparing	students	for	the	interaction	mechanics,	and	coordinating	technical	access	with	guided	tasks	
and	debriefing	(Arztmann	et	al.,	2025;	Cuendet	et	al.,	2013;	Li	et	al.,	2025).	This	implication	also	aligns	
with	 recent	 geography	 and	 immersive-learning	 studies	 that	 present	 disciplinary	 framing,	 teacher	
guidance,	and	orchestration	as	necessary	design	considerations	(Bolkas	et	al.,	2024;	Edler	et	al.,	2025;	
Schmidt	&	Stumpe,	2025;	Spangenberger	et	al.,	2025).	Local	development	studies	provide	contextual	
support	for	organizing	interactive	geography	media	around	explicit	curriculum	objectives	(Dumako	et	
al.,	2025;	Meeradji	et	al.,	2024).	
Terminological	 precision	 is	 required.	 The	 documented	 product	 combines	 Google	 Earth	 3D	

visualization,	 mobile	 access,	 a	 QR	 link,	 and	 guided	 learning	 tasks;	 the	 manuscript	 does	 not	 report	
camera-based	superimposition	of	virtual	objects	on	the	learner’s	immediate	physical	surroundings.	The	
revised	 title	 therefore	 foregrounds	 Google	 Earth	 rather	 than	 AR.	 Reviews	 distinguish	 AR	 from	
immersive	 virtual	 reality,	 desktop	 or	 mobile	 3D	 environments,	 and	 other	 extended-reality	
configurations	 because	 each	 entails	 different	 affordances,	 interaction	 requirements,	 and	 potential	
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confound	(Poupard	et	al.,	2025;	Schmidt	&	Stumpe,	2025;	Wu	et	al.,	2013).	Future	reporting	should	
specify	the	hardware,	software	mode,	tracking	or	registration	features,	and	learner	interaction	pathway	
before	assigning	a	technology	label.	
Four	limitations	constrain	interpretation.	First,	one	reviewer	completed	the	appraisal;	therefore,	the	

breadth	 and	agreement	of	 expert	 judgments	 are	unknown.	 Second,	 the	 implementation	 involved	30	
students	in	one	school	without	random	assignment	or	a	comparison	condition.	Third,	the	analysis	was	
descriptive,	and	the	N-gain	categories	do	not	provide	an	inferential	test	or	causal	estimate.	Fourth,	only	
an	overall	spatial-thinking	score	was	reported;	the	data	do	not	show	whether	positional	reasoning,	scale,	
representation,	pattern	recognition,	or	geomorphic	explanation	changed	differently.	
The	 source	 record	 also	 does	 not	 provide	 several	 details	 needed	 for	 replication	 and	 risk-of-bias	

assessment:	grade	or	age	distribution,	sampling	procedure,	intervention	duration	and	lesson	frequency,	
spatial-test	 item	 count	 and	 reliability,	 reviewer	 qualifications,	 implementation-fidelity	 evidence,	
cognitive-load	 or	 usability	 measures,	 and	 ethics	 or	 consent	 procedures.	 These	 items	 should	 be	
documented	 in	any	submission	version	 if	verified	records	are	available;	 they	should	not	be	 inferred	
retrospectively.	
A	stronger	next	study	should	use	multiple	content,	media,	and	measurement	experts;	report	item-

level	validity	and	reliability;	examine	gains	by	spatial-thinking	domain;	and	capture	process	measures	
such	as	task	completion,	navigation	logs,	classroom	observation,	group	discourse,	cognitive	load,	and	
usability.	A	comparison	condition,	baseline-equivalent	groups,	longer	implementation,	and	recruitment	
across	 schools	would	 improve	 causal	 and	 external	 validity.	 These	 additions	would	 test	whether	 the	
intended	sequence	produces	durable	spatial	learning,	for	whom	it	works,	and	which	geospatial	actions	
account	for	the	change.	

4.	Conclusion		

This	study	developed	a	Google	Earth-supported	learning	environment	for	landform	learning	using	
the	ADDIE	model	and	explicitly	aligned	geospatial	functions	with	spatial-thinking	indicators.	The	final	
product	 integrated	 QR-based	 project	 access,	 2D/3D	 visualization,	 zoom	 and	 measurement	 tools,	
location	marking,	guided	spatial	tasks,	and	a	supporting	user	guide.	A	single-expert	appraisal	produced	
an	 overall	 feasibility	 score	 of	 85.38%,	with	 the	media	 aspect	 rated	 highest	 at	 91.67%,	 followed	 by	
evaluation/instrument	 at	 86.67%	 and	 material	 at	 78.75%.	 Reviewer	 feedback	 led	 to	 substantive	
revisions	 in	 geomorphology	 content,	 spatial-thinking	 activities,	 geospatial	 assessment	 stimuli,	 and	
technical-access	procedures.	
Implementation	with	30	respondents	showed	that	the	mean	score	increased	from	74.53	to	86.50	and	

that	all	students	obtained	higher	posttest	scores.	The	mean	N-gain	was	0.488,	 indicating	a	moderate	
increase,	with	10.0%	of	respondents	in	the	high	category,	86.7%	in	the	moderate	category,	and	3.3%	in	
the	 low	 category.	 These	 findings	 support	 the	 feasibility	 of	 using	 the	 product	 as	 an	 interactive	
environment	 for	 spatial	 exploration	 and	 provide	 initial	 evidence	 of	 learning-score	 improvement.	
However,	the	absence	of	a	comparison	group	means	that	the	results	should	not	be	interpreted	as	a	causal	
estimate	of	effectiveness.	
Future	research	should	strengthen	the	validation	process	with	multiple	experts,	test	the	medium	in	

more	schools,	analyze	gains	by	spatial-thinking	indicator,	and	use	quasi-experimental	or	experimental	
designs	 to	 compare	 the	 developed	 medium	 with	 alternative	 instructional	 approaches.	 Further	
development	should	also	examine	device	compatibility	and	connectivity	requirements	and	explore	the	
application	 of	 the	 same	 design	 logic	 to	 other	 geography	 topics	 that	 require	 multiscale	 and	 three-
dimensional	spatial	reasoning.	
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