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�Nowadays,�science�education�is�based�predominantly�on�the�principle�
of� constructivism,� according� to� which� children� should� be� active�
participants� in� the� learning� process� and� construct� their� knowledge�
based�on�experience.�For�blind�or�visually�impaired�children,�science�
education�methods�and�educational�tools�must�be�adapted�according�
to� their� perceptual� needs,� in� order� for� these� children� to� be� active�
participants�in�the�learning�process.�The�aim�of�the�current�paper�is�to�
describe�the�latest�view�on�active�and�inquiry-based�learning�in�science�
education�for�blind�or�visually�impaired�children�while�simultaneously�
minimizing� misconceptions.� Further,� the� paper� compiles� the� recent�
research�that�enables�prosperous�and�high-quality�adaptive�educational�
approaches�and�tools.�Thus,�the�content�of�this�paper�will�be�useful�for�
both�science�teachers�and�researchers�of�inclusive�classrooms.

Keywords:��active�learning,�adjusted�educational�tools,�blindness,�inc-
lusion,�visual�impairment

Introduction

Science	education	for	pre-school	and	primary	school	children	re-
quires	skilled	teachers	and	continuous	training	of	teachers	and	teach-
ing	educators.	It	is	important	for	science	to	be	correctly	transferred	to	
children	from	an	early	age	(Trundle,	2010),	as	it	will	provide	them	with	
important	information	to	understand	their	natural	surroundings,	while	
being	fundamental	to	future	academic	and	professional	skills	(Saçkes	
et�al.,	2011),	simultaneously	reducing	the	incidence	of	misconceptions	
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(Briten,	Allen,	2018).	Therefore,	early	science	education	is	considered	
crucial	in	most	of	the	educational	programmes.	In	the	process	of	learn-
ing,	children	mostly	rely	on	information,	which	they	get	through	their	
sense	of	vision	and	this	remains	a	crucial	sensory	pillar	of	pedagogy	
throughout	 the	European	educational	 systems.	With	 the	development	
of	 inclusion,	 blind	 and	 visually	 impaired	 children	 introduced	 special	
needs	 in	 regular	 schools,	 as	 they	 are	 entitled	 to	 accomplish	 learning	
goals	 in	mainstream	schools	based	on	an	inclusive	paradigm	(Kumar	
et�al.,	2001).	Consequently,	science	teachers	in	inclusive	classes	need	
to	develop	different	adaptations	and	strategies	to	teach	science,	where	
students	 can	use	other	 senses	 than	vision	 (Martin	et�al.,	 2014).	Sub-
sequently,	also	typical	visually-developed	peers	in	the	inclusive	class-
rooms	can	benefit	from	this,	as	research	shows	that	teachers	in	inclusive	
science	classes	with	teaching	adaptations	actively	improve	their	meth-
ods	for	all	students	(Rule	et�al.,	2011).

The	following	paper	aims	to	describe	the	current	view	on	inclusive	
science	education	for	blind	and	visually	 impaired	children.	Based	on	
identified	relevant	literature,	first,	we	explain	the	importance	of	science	
education	in	the	early	years,	and	the	effective	approaches	to	teach	sci-
ence	 to	children.	Then	we	introduce	 the	 incidence	and	categorisation	
of	blindness	and	visual	impairments;	clarify	their	corresponding	world	
perception	and	general	inclusive	teaching	while	indicating	the	impor-
tance	of	science	education	in	the	early	years	of	development.	Next,	we	
describe	the	most	effective	teaching	approaches	with	specific	attention	
to	active	involvement	and	the	use	of	adapted	methods	and	tools.	In	the	
final	section,	we	review	effective	examples	of	adaptations	for	blind	or	
visually	impaired	children	in	the	science	class.

Research methodology

The	search	strategy	and	 literature	 selection	process	 followed	 the	
protocol,	preferred	for	reporting	on	systematic	reviews.	From	May	2019	
to	June	2020,	the	following	databases	were	searched:	PubMed	Medical	
Information	System,	EBSCO	host,	Web	of	Science,	Google	Scholar	da-
tabase,	the	Slovenian	Co-operative	Online	Bibliographic	System,	and	
Services-catalogue	 database	 (COBISS.SI),	 using	 the	 following	 key-
words:	‘blind’,	‘blindness’,	‘visual	impairment’,	‘preschool’,	‘primary	
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school’,	‘adapted	educational	tools’,	‘adapted	methods’,	‘science	edu-
cation’,	‘science	teachers’.

Titles,	abstracts	and	content	were	reviewed	for	scientific	and	tech-
nical	research	in	the	field	of	science	education	for	blind	and/or	visual	
impaired	children,	and	inappropriate	and	repetitive	papers	were	elimi-
nated.	The	total	number	of	 initial	search	results	was	5	813.	After	ex-
cluding	duplicates	and	considering	the	content,	90	articles,	books	and	
book	chapters	remained	for	further	analysis.	The	most	interesting	sci-
entific	and	professional	contributions	were	selected.	Although	some	of	
the	relevant	selected	articles	are	already	45	years	old,	the	selection	of	
final	 publications	 predominantly	 describes	 research,	 published	 in	 the	
last	20	years,	which	are	presented	in	the	form	of	a	descriptive	review	of	
relevant	domestic	and	foreign	professional	and	scientific	literature,	of	
which	the	content	is	compiled	and	divided	into	chapters,	dealing	with	
the	most	important	research.

Science education in the early years

The importance of science education

From	 an	 early	 age,	 children	 have	 an	 instinctive	 natural	 need	 to	
observe,	 think	 and	 explore	 nature	 and	 events,	 look	 for	 answers	 and	
questions,	and	understand	primary	science-related	concepts.	Therefore,	
learning	science	in	children	starts	in	pre-school,	when	they	develop	a	
basic	understanding	of	natural	phenomena	and	processes	 through	ev-
eryday	activities,	e.g.,	playing	with	sand,	blowing	soap	bubbles,	using	
a	 light	 source	and	making	shadows,	collecting	and	observing	stones,	
shells,	 earthworms	 and	 other	 garden	 plants	 and	 animals	 (Conezio,	
French,	2002;	Katalinič,	2010;	Mantzicopoulos	et�al.,	2008;	Trundle,	
2010;	Tu,	2006).	By	playing,	children	observe	and	imitate	natural	phe-
nomena	 from	 their	 environment,	 and	gain	 their	first	 insights	 into	 the	
world	of	science.	The	basic	understanding	of	nature	that	children	ac-
quire	through	their	own	experiences	is	a	good	basis	for	understanding	
more	complex	phenomena	and	processes	in	the	later	stages	of	cognitive	
development	(Eshach,	Fried,	2005).	Environmental	influences	are	ex-
tremely	important	in	early	childhood;	a	lack	of	environmental	stimuli	
can	even	lead	 to	a	child’s	development	not	reaching	its	 full	potential	
(Hadzigeorgiou,	2002;	Trundle,	2010).
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However,	it	is	not	enough	to	expose	oneself	to	natural	phenomena	
and	observe	nature	only	in	the	pre-school	period.	In	order	to	develop	a	
positive	attitude	towards	science	and	to	help	children	to	understand	the	
world,	gather	and	organize	information,	and	apply	and	test	new	ideas,	
it	is	essential	to	offer	a	combination	of:	guidance	by	experienced	and	
qualified	adults,	a	stimulating	and	engaging	environment,	and	a	good	
science	 education	 program	 (Tu,	 2006).	 Such	 a	 combination	 leads	 to	
all	students	acquiring	a	solid	foundation	of	basic	scientific	knowledge	
and	skills.	Importantly,	this	includes	a	coherent,	well-designed	curricu-
lum,	 teachers	who	have	 the	 resources	 and	 skills	 to	 teach	 effectively,	
and	communities	and	families	committed	to	excellence	(Mirzaie	et�al., 
2009;	Tu,	2006).

Early	science	learning	at	pre-school	age	helps	to	develop	a	positive	
attitude	 towards	 science,	besides,	 fosters	 the	ability	 to	grasp	abstract	
ideas	and	discover	nature	while	solving	problems	in	a	logical	and	scien-
tific	way	(Eshach,	Fried,	2005;	Krnel,	2008).	Consequently,	children’s	
ideas	 about	 scientific	 concepts	 are	 often	 extremely	 stable.	 However,	
poor	and	subject-related	misrepresentation	of	scientific	content	in	early	
childhood	can	lead	to	negative	attitudes	towards	science	and	miscon-
ceptions	that	can	persist	up	to	high-school	and	beyond	(Mullis,	Jenkins,	
1988).	Once	embedded,	 these	are	very	difficult	 to	 refute.	Even	when	
science	teachers	offer	counter-evidence,	it	might	be	ignored,	rejected,	
or	the	earlier	interpretation	will	remain	(Trundle,	2014).	The	contents	
of	such	misconceptions	make	sense	to	children,	but	can	confuse	once	
the	alternative	–	scientifically	correct	–	explanations,	are	presented	later	
in	class	(Briten,	Allen,	2018).	In	early	science	education	it	is	therefore	
important	that	scientific	concepts	are	presented	to	children	by	a	com-
petent	teacher	in	a	simple,	yet	scientifically	correct	way,	using	didactic	
approaches	that	reduce	the	incidence	of	misconceptions.

Effective approaches of science education in  
preschool and primary school period

The	traditional	way	of	teaching	science,	in	which	a	teacher	plays	
an	active	role	in	the	classroom	and	students	listen	passively,	has	been	
replaced	 in	 recent	 decades	 by	 modern	 didactic	 approaches	 (Skribe-
Dimec,	 2009;	 Trundle,	 2010),	 predominantly	 the	 constructivist	 phi-
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losophy.	This	approach	implies	that	learning	is	not	a	passive	acquisi-
tion	of	knowledge,	skills	and	habits,	but	a	progressive	transformation	
of	the	individuals,	incorporating	their	own	activity,	combining	existing	
knowledge	with	a	new	one	(Ferjan,	2005;	Ivanuš	Grmek	et�al.,	2009).	
Children	act	as	active	participants	in	the	learning	process	and	build	–	
construct	–	 their	knowledge	through	their	own	experiences	and	men-
tal	 activity	 (Gil-Pérez	et�al.,	2002;	Mastropieri	et�al.,	2001;	Trundle,	
2010).	It	therefore	requires	students	to	be	mentally,	physically	and	so-
cially	active	and	to	rebuild	knowledge	through	their	own	understand-
ing	(Marentič	Požarnik,	2020),	and	reconnect	already	existing	cogni-
tive	structures	with	the	newly	acquired	knowledge,	thus	upgrading	and	
rearranging.	In	this	way,	the	student’s	incorrect,	naive	and	incomplete	
ideas	about	natural	processes	and	phenomena	can	be	rebuilt,	and	false	
ideas	can	be	more	easily	replaced	by	correct	ones	later	in	life	(Marentič	
Požarnik,	2003).

An	 important	didactic	 approach,	based	on	 the	principles	of	 con-
structivism,	is	inquiry-based	learning	(Marentič	Požarnik,	2020).	The	
central	idea	of	the	“guided	inquiry”-approach	is	that	the	individual	ac-
quires	 knowledge	 through	 his/her	 own	 experience	when	 actively	 in-
volved	 in	 the	 learning	 process.	Besides,	 it	 strengthens	 the	 children’s	
sense	of	work	 responsibility	 and	 increases	 their	motivation.	This	 ap-
proach	 promotes	 active	 learning	 by	 including	 practical	 activities	 in	
small	groups,	where	children	and	teachers	have	more	opportunities	to	
exchange	views,	discuss	and	cooperate,	 that	enhance	mutual	 respect,	
tolerance	and	attitudes	inherent	to	science	education	(Alveirinho	et�al., 
2017;	Barell,	2007;	Ivanuš	Grmek	et�al.,	2009;	Trundle,	2010).	Such	
an	 experiential	 environment	 creates	more	 opportunities	 to	 form	 cor-
rect	scientific	concepts	(Trundle,	2010),	and	in	addition,	maintains	chil-
dren’s	curiosity	and	ongoing	interest	in	knowledge,	and	develops	skills	
necessary	for	independent	problem	solving	(Petek,	2012).

Blindness and visual impairments

Incidence and categorisation of visual impairments

Vision	is	considered	the	most	important	sense	in	today’s	visually	
oriented	society	(Kermauner,	2011;	Kermauner,	2014a;	Mitchell,	1986),	
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as	through	vision	humans	receive	up	to	83	%	of	all	worldly	informa-
tion.	The	remaining	17	%	of	information	reaches	our	brains	through	the	
other	senses:	11	%	via	hearing,	3,5	%	via	smell,	1,5	%	via	the	sense	of	
touch,	and	only	1	%	via	taste	(Stolovitch,	Keeps,	2014).	In	light	of	this	
paradigm,	blindness	within	our	society	is	a	severe	sensory	disability.	

According	to	the	latest	statistics	from	the	World	Health	Organiza-
tion	(WHO,	2019),	there	are	2,2	billion	people	worldwide	blind	or	vi-
sually	impaired,	including	19	million	children	under	the	age	of	fifteen.	

Blindness	and	visual	impairment	cover	a	whole	spectrum	of	disor-
ders	and	problems	of	vision.	Generally,	vision	impairment	refers	to	a	
reduced	ability	to	see,	usually	caused	by	an	illness,	injury	or	eye	disease	
immediately	after	birth	(Eškirović,	2015),	it	can	be	a	decrease	in	visual	
acuity,	decreased	visual	field,	problems	with	colour	discrimination,	and	
lack	of	binocular	vision.	Importantly,	the	functional	ability	of	blind	or	
visually	impaired	children	is	not	only	caused	by	the	impairment	itself,	
but	by	a	number	of	additional	elements	of	their	biopsychosocial	struc-
tures.	Consequently,	the	demographic	properties	of	these	children	are	
extremely	heterogeneous	and	vary	greatly	in	terms	of	perceptual	func-
tions,	cognitive	abilities,	motor	skills	and	behaviour	(Cain,	Fanshawe,	
2019).	This	heterogeneity	is	caused	by	a	number	of	circumstances	and	
their	 interaction	 –	 the	 subculture	 of	 visual	 impairment,	 dispositions,	
environment,	self-activity	and	the	possible	presence	of	other	disorders	
(Kermauner,	2011).	In	Table	1,	the	classification	of	visual	impairment	
according	to	international	criteria	as	stated	by	the	World	Health	Organ-
isation	(WHO,	2021)	is	summarized	and	supplemented	by	the	criteria	
of	American	Optometric	Association	(2021)	and	of	National	Eye	Insti-
tute	of	the	National	Institutes	of	Health,	USA	(2020).	

Table 1. Categories	 of	 visual	 impairment	 based	 on	 World	 Health	
Organisation	 classification	 (WHO,	 2021)	 and	 on	 classification	 of	
American	Optometric	Association	(2021)	and	of	National	Eye	Institute	
of	the	National	Institutes	of	Health,	USA	(2020).

Categories of visual 
impairment Visual acuity Central field 

vision*
Low vision 5	%	-30	%
I. moderate	 10	%	-	30	%	(6/18	–	6/60)
II. severe 5	%	-	10	%	(6/60	–	3/60) 10°-20°
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Blindness <	5	% <	10°
III. with	residual	vision 2	%	-	5	%	(3/60	–	1/60) 5°-10°
IV. with	minimal	visual	

abilities
Light	perception	and/	or	
light	projection	to	<	2	%

<	5°

V. total	 No	light	and	form	
perception	and	projection	
(amaurosis)

Cortical visual 
impairment

Visual	impairment,	where	visual	problems	
are	primarily	caused	by	neurological	
problems	or	brain	damage	(as	compared	to	
visual	impairment	and	blindness	where	the	
primary	causes	are	the	eyes	and	its	nerve	
pathways).
Problems	with	visual	attention	and	visual	
complexity,	visual	and	fixation	disturbances,	
and	signs	of	delayed,	slow,	or	atypical	visual	
response.

*regardless	of	visual	acuity

Perception of the world by blind and/or  
visually impaired children

For	most	people,	visual	abilities	enable	them	to	move	and	live	in-
dependently	 in	 the	world,	and	 to	 read,	write,	draw,	observe,	measure	
and	perceive	natural	 phenomena.	Children	who	 are	 blind	or	 visually	
impaired	have	difficulties	 in	perceiving	the	world	around	them	(Hor-
zum,	2018).	Their	ideas	about	natural	phenomena	and	complex	changes	
in	nature	are	often	incomplete	or	even	wrong.	Problems	also	occur	in	
the	 perception	 of	 distances,	 directions	 and	 relations	 between	 objects	
in	space,	 in	orientation	in	micro	and	macro	space	(Brvar,	2000;	Hor-
zum,	2018).	In	general,	the	perception	of	an	object,	or	phenomenon,	is	
gradual	and	develops	during	childhood.	While	already	limited	in	these,	
in	addition,	a	blind	child	recognizes	and	perceives	an	object	from	his	
or	her	surroundings	mostly	by	touch.	Other	senses	are	also	a	source	of	
information,	but	 the	dominant	 sense	 is	 the	sense	of	 touch	and	 tactile	
communication	(Milković,	Šupe,	2013)	which	is	a	proximal	sense	and	
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therefore	has	significant	limitations	in	learning	about	the	child’s	envi-
ronment	(Kermauner,	2014a).

In	early	childhood,	for	blind	or	visually	impaired	children	the	moti-
vation	to	explore	the	environment	can	be	stimulated	by	early	treatment	
and	perceptual	exercises.	As	long	as	a	blind	or	visually	impaired	child	
has	access	to	suitable	toys,	materials,	aids,	adapted	methodological	pro-
cedures	and	educational	tools	that	help	overcome	the	deficit,	he/she	can	
equal	sighted	peers	in	knowledge	(Brvar,	2010).	

General teaching for blind and/or  
visually impaired students

In	 teaching,	 it	 should	be	 ensured	 that	blind	or	visually	 impaired	
students	retain	sensory	images	of	objects	as	long	as	possible	over	the	
early	educational	 lifespan,	as	 this	 is	 the	basis	for	 the	development	of	
their	cognitive	skills	(Rosenblum	et�al.,	2018).	In	addition,	as	inclusion	
developed,	children	with	blindness	or	visual	impairment	became	part	of	
the	regular	school	process,	usually	labelled	as	one	of	the	groups	of	chil-
dren	with	special	needs,	still	achieving	similar	learning	goals	as	typical	
visually-developed	children	(Kumar	et�al.,	2001).	

In	order	to	successfully	teach	blind	or	visually	impaired	students,	
teachers	need	to	acquire	basic	knowledge	and	skills	related	to:	(1)	the	
adaptation	of	the	learning	content;	(2)	the	assessment	of	students	with	
special	needs;	(3)	the	use	of	assistive	technology;	and	(4)	the	individu-
alization	of	the	learning	process	(Štemberger,	2013).	The	teacher	must	
also	have	access	to	an	appropriate	number	of	special	aids	and	educa-
tional	 tools.	 It	 is	 also	 recommended	 that	on	 the	basis	of	 the	abilities	
and	characteristics	of	a	blind	or	visually	impaired	student,	the	teacher	
divides	the	teaching	content	into	smaller	units	and	regularly	re-assesses	
whether	 the	 student	 truly	 understands	 the	 subject	matter,	 pays	 atten-
tion	 to	all	 steps	of	 the	cognitive	process,	and	gives	priority	 to	multi-
modal	 forms	 of	 teaching	 and	 considers	 different	ways	 of	 presenting	
knowledge.	If,	however,	despite	all	adjustments,	knowledge	gaps,	lack	
of	motivation	or	poor	organization	of	learning	occur,	it	is	necessary	to	
involve	 additional	 professional	 help,	 like	 special	 inclusive	 educators	
(Florjančič	et�al.,	2003).
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When	 teaching	 a	 blind	 or	 visually	 impaired	 student,	 the	 teacher	
must	 follow	 certain	methodological	 and	 didactic	 principles:	 (1)	 loud	
and	clear	speech,	 (2)	 the	student	should	always	be	close	enough;	 (3)	
the	student	should	be	able	to	look	closely	at	the	blackboard	or	educa-
tional	tools;	(4)	in	the	experiments,	the	student	needs	the	opportunity	
to	be	in	the	foreground	while	at	the	same	time	hear	detailed	description	
of	the	procedures	in	process;	(5)	the	presentation	of	the	teaching	con-
tents	should	preferably	refer	to	nature,	in	the	form	of	walks	and	excur-
sions,	where	visually	impaired	students	are	additionally	informed	about	
smaller	objects	and	the	blind	students	are	additionally	given	expressive	
descriptions	of	the	environment	and	natural	phenomena	(next	to	the	pu-
pil’s	sensing	abilities);	and,	finally,	(6)	the	teacher	must	always	ensure	
safety	(Martin	et�al.,	2014).

In	addition,	the	teacher	must	be	well	acquainted	with	the	primary	
school	curricula	for	an	adapted	educational	program	with	an	equivalent	
educational	standard	for	blind	and	visually	impaired	students	(Repub-
lic	of	Slovenia,	Ministry	of	education,	2011),	where,	compared	to	the	
general	curricula	for	teaching	in	regular	primary	schools,	the	objectives	
and	knowledge	standards	remain	the	same,	and	adaptations	are	made	
only	at	the	level	of	specific	didactic	recommendations	(Plazar,	2015).	
Thus,	the	teaching	and	didactic	material	must	be	adapted	accordingly	
to	the	visual	ability	of	the	individual	student,	and	therefore	it	is	neces-
sary	that	the	teacher	is	familiar	with	visual	acuity,	diagnosis,	perceptual	
characteristics	etc.	of	the	student.	In	addition,	the	teacher	must	also	take	
into	account	the	other	senses	and	should	introduce	multisensory	learn-
ing.	And	while	the	student	must	be	proficient	in	all	the	contents	of	the	
curriculum,	for	some,	like	geometry	and	measurements	in	mathemat-
ics	and	physics,	the	teacher	cannot	expect	accuracy	(Florjančič	et�al., 
2003),	and	thus	encourages	and	motivates,	but	should	help	the	student	
only	as	much	as	is	needed	(Brvar,	2010).
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Teaching science to children with blindness  
and/or visual impairments

Active involvement in science classes

Many	researchers	and	educators	believe	that	science	is	an	impor-
tant	area	for	students	with	special	needs	(Mastropieri,	Scruggs,	1992;	
Norman	et� al.,	 1998),	 and	 therefore	 also	 for	 students	with	 blindness	
or	visual	impairments.	By	learning	science,	children	not	only	acquire	
scientific	knowledge	and	are	educated	in	science,	but	also	discover	their	
own	 abilities,	 learn	 to	work	 in	 groups,	 train	 their	 skills	 and	 develop	
positive	personality	traits	(Erwin	et�al.,	2001;	Norman	et�al.,	1998).	In	
addition,	knowledge	of	sciences	enables	a	better	understanding	of	the	
world	and	stimulates	children’s	curiosities	and	interests,	as	it	provides	
knowledge	for	understanding	complex	relationships	in	nature	(Erwin	et�
al.,	2001;	Kavkler,	2005;	Norman	et�al.,	1998).	In	the	past,	learning	sci-
ence	was	often	inaccessible	to	blind	or	visually	impaired	children,	and	
was	neglected	because	teaching	from	different	fields	of	science	relied	
on	information	and	ideas	based	on	traditional	teaching	in	the	form	of	
lectures,	which	were	mainly	based	on	visual	presentations	(Rosenblum	
et�al.,	2019;	Sahin,	Yorek,	2009;	Therrien	et�al.,	2014).	As	all	children	
are	capable	of	learning	science,	teachers	need	to	create	an	appropriate	
learning	environment	 (Kavkler,	2005;	Martin	et�al.,	2014).	However,	
studies	 show	 that	most	 science	 teachers	 have	 insufficient	 knowledge	
and	experience	to	teach	children	with	special	needs	and	very	few	spe-
cial-needs-teachers	are	trained	to	teach	science	(Norman	et�al.,	1998;	
Plazar,	2015).	Thus,	students	with	special	needs	 in	science	education	
do	 not	 receive	 appropriate	 materials	 and	 instructions,	 rarely	 receive	
practical	work,	active	learning	and	go	on	excursion,	and	as	a	result	for	
science	education	blind	or	visually	impaired	students	lag	behind	their	
sighted	peers	(Kumar	et�al.,	2001).	In	general,	 the	practical	activities	
experienced	by	blind	or	visually	impaired	students	are	simple,	not	de-
manding	enough,	and	 therefore	do	not	pose	an	 intellectual	 challenge	
to	the	students	(Fraser,	Maguvhe,	2008).	Prospective	science	teachers	
should	therefore	ensure	that	blind	or	visually	impaired	children	can	also	
actively	participate	in	science	lessons	in	an	inclusive	class	(Kumar	et�
al.,	2001;	Maroney	et�al.,	2003;	Martin	et�al.,	2014),	while	they	also	
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should	be	 trained	 in	 the	use	of	 resource	materials	and	adaptive	 tech-
nologies	(Kumar	et�al.,	2001).

Kolenc	 (2005)	 points	 out	 that	 a	 science	 teacher	 in	 an	 inclusive	
classroom	should	be	attentive	to	include:	(1)	different	and	interesting	
experiences,	where	success	does	not	depend	only	on	understanding	the	
theoretical	knowledge,	(2)	as	much	practical	work	as	possible	adapted	
to	the	child’s	abilities	and	skills,	(3)	tasks	with	different	levels	of	dif-
ficulty,	which	allow	good	performance	even	for	children	with	special	
needs,	and	(4)	tasks	where	performance	does	not	depend	only	on	previ-
ously	acquired	knowledge	and	language	skills.

Teaching	blind	or	 visually	 impaired	 children	 can	be	 a	 particular	
challenge	for	a	 teacher.	With	high	quality	methods	and	support,	such	
as	adaptation	of	didactic	 tools	and	a	certain	degree	of	 individualized	
teaching,	 such	a	student	can	be	 fully	 involved	 in	a	science	class	and	
participate	easily	in	the	inclusive	learning	process	(Dion	et�al.,	2000;	
Martin	et�al.,	2014).

Adaptations of educational approaches and tools

In	educating	blind	or	visually	impaired	children	it	is	necessary	to	
develop	different	methods,	tools,	approaches	and	ways	to	achieve	the	
same	learning	standards	(Kizilaslan	et�al.,	2019;	Mulloy	et�al.,	2014).	
It	 is	necessary	 to	find	or	create	alternative	 information	for	objects	or	
concepts	in	the	curriculum	from	the	environment,	that	are	within	reach	
of	the	child’s	perception	and	to	adapt	the	visual	and	graphic	material	
accordingly.	Didactic	material	must	be	adapted	so	that	students	can	ef-
fectively	use	their	vision	or	other	senses,	especially	touch	and	hearing	
(Kermauner,	2014b;	Martin	et�al.,	2014).	For	blind	students	audio-tapes	
should	be	used	and	for	visually	impaired	students	enlarged	printed	ma-
terials	must	be	clear,	in	good	contrast,	with	bright	colours	and	without	
too	many	geometric	designs	(Martin	et�al.,	2014):	models	and	reliefs	
must	 be	 clear	 and	generalized	with	 simple	 shapes.	Appropriate	 sizes	
and	correct	proportions	are	extremely	important,	but	should	omit	un-
necessary	details	that	might	disturb	tactile	or	reduced	visual	perception.	
Besides,	the	material	from	which	they	are	made	must	also	be	haptically	
similar	 to	 the	 real	 image	of	 an	 object	 or	 concept	 (Kermauner,	 2004;	
Martin	et�al.,	2014).	In	science	class	while	experiential	and	kinaesthetic	
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learning,	the	3-D	models,	auditory	instructions,	talking	science	equip-
ment,	should	preferably	follow	all	these	rules	(Rosenblum	et�al.,	2019).	

When	learning	science,	attention	must	also	be	paid	to	the	clarity	of	
the	procedure	 for	conducting	various	 scientific	experiments.	 In	order	
for	 the	students	 to	be	actively	 involved	 in	 the	experiment,	 they	must	
concentrate	well	on	it.	The	tutor	who	accompanies	the	blind	or	visually	
impaired	student	during	the	execution	of	the	experiment,	uses	clear	and	
understandable	verbal	communication,	asks	simple	and	clear	questions	
about	the	course	of	the	experiment,	helps	to	sense	certain	elements	of	
the	experiment,	and	assists	with	the	spatial	orientation,	the	arrangement	
of	elements	and	objects	(Martin	et�al.,	2014;	Rosenblum	et�al.,	2019).	
Furthermore,	Wild	and	Koehler	(2017)	state	that	additional	responsibil-
ities	of	a	science	teacher	in	supporting	students	in	inclusive	classrooms	
are	to:	teach	prerequisite	skills	to	students	prior	to	science	topics	being	
covered	in	class,	assess	and	address	any	misconceptions	students	have	
about	science	topics,	and	co-teach	or	work	in	small	groups	that	enable	
to	model	accessible	teaching	techniques	for	teachers	and	students.

Examples of active participation using adapted tools

The	 literature	 shows	 that	 a	 considerable	number	of	 studies	have	
been	conducted	involving	these	students	in	the	active	learning	of	sci-
ence,	especially	in	the	lower	grades	of	primary	school	(Beck-Winchatz,	
Ostro,	 2004;	 Beck-Winchatz,	 Riccobono,	 2008;	 Jones	 et� al.,	 2006;	
Wagner,	1995).	However,	research	and	experiments	on	the	integration	
of	blind	or	visually	impaired	students	have	been	prepared	and	evaluated	
mainly	 in	 the	upper	classes	of	primary,	 secondary	and	higher	educa-
tion	(Azevedo	et�al.,	2014;	Kizilaslan	et�al.,	2019;	De	Oliveira	et�al., 
2017;	Weems,	1977):	typically	in	biochemistry,	chemistry	and	physics	
classes,	during	which	teachers	or	university	professors,	with	the	help	of	
special	education	teachers	have	adapted	experimental	work	(Kumar	et�
al.,	2001;	Sahin,	Yorek,	2009).	

Unfortunately,	several	studies	report	that	in	schools	it	is	common	
practice	that	blind	students	are	not	allowed	to	conduct	experiments	in	
the	classroom	or	in	the	laboratory,	but	are	instead	paired	with	sighted	
peers	who	take	over	the	tasks	and	share	the	information	about	the	on-
going	experiment	(Reynaga-Peña,	López-Suero,	2020).	However,	in	a	
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recent	review	article,	the	authors	examined	several	researches	conduct-
ed	between	2009	and	2018,	and	claim	that	all	students	with	blindness	
or	visual	impairment	can	learn	scientific	content,	if	they	have	access	to	
adapted	educational	tools	and	if	teachers	adapt	science	lessons	accord-
ingly,	because	they	have	cognitive	abilities	identical	to	typical	visual-
ly-developed	peers	(Ediyanto,	Kawai,	2019).	Moreover,	many	studies	
reveal	 that	adaptations,	which	were	provided	for	students	with	visual	
impairment,	benefitted	the	entire	class	(Rule	et�al.,	2011),	where	adapt-
ed	educational	tools	and	teaching	strategies	were	not	good	only	for	the	
students	with	visual	impairments,	but	equally	good	for	other	students	as	
well	(Kermauner,	Plazar,	2019;	Koomen	et�al.,	2018;	Stefanich,	2018).

The	next	section	reviews	successful	practical	implementations	of	
adapted	science	 teaching	 to	students	with	blindness	or	visual	 impair-
ments	(summarized	in	Table	2).

The	first	researches	and	reports	on	the	inclusion	of	students	with	
blindness	or	visual	impairment	in	regular	science	lessons	date	back	to	
the	1970s.	Weems	(1977)	describes	the	Optacon	device,	which	trans-
ferred	information	from	the	screens	of	digital	instruments	used	in	phys-
ics	 experiments,	 into	 tactile	 information	 on	 the	 screen	 surface	 of	 a	
blind	student’s,	similar	to	the	Braille	principle.	Baughman	and	Zollman	
(1977)	 report	 about	 an	 experimental	work	with	 a	 student	 of	 physics	
with	congenital	blindness	who,	with	the	help	of	adaptations	of	simple	
technical	aids	such	as	a	bar,	scales,	measuring	cups	and	a	board,	was	
able	 to	 easily	 reproduce	 physical	 experiments	 and	 perform	 them	 to-
gether	with	his	sighted	classmates.

Wagner	(1995)	also	describes	 the	adaptation	of	devices	for	mea-
suring	length	in	physics	 lessons	for	a	blind	pupil,	who	marked	every	
centimetre	with	a	stapler	or	glue	that	the	pupil	could	touch	and	feel.	A	
similar	device	for	measuring	length	is	described	by	Windelborn	(1999),	
who,	in	addition	to	a	measuring	stick,	created	an	electrical	circuit	for	
a	 blind	 student	 and	 an	 adapted	 board	 for	 entering	 results,	 based	 on	
which	a	student	drew	a	graph	with	pins.	A	more	recent	case	study	in	
the	field	of	physics	education	for	visually	impaired	students	in	primary	
schools,	reports	on	the	adaptation	of	educational	tools	in	dealing	with	
the	conversion	of	electricity	into	light.	Prior	to	adapting	the	teaching,	
the	general	and	special	needs	of	seven	visually	impaired	students	were	
identified,	and	on	this	basis	the	adapted	didactic	tools	were	developed	
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to	help	all	students	enrolled	in	science	teaching	to	understand	the	se-
lected	physics	 content	 (Okcu,	Sozbilir,	 2019).	Azevedo	et� al.	 (2014)	
described	adapted	physical	experiments	in	the	field	of	optics	in	which	
teachers	use	a	laser	to	explain	the	phenomenon	of	refraction	and	reflec-
tion	 of	 light	 to	 blind	 students.	The	 students	 use	 thermo	 receptors	 to	
detect	a	change	in	temperature	at	the	point	on	the	skin	where	the	laser	
beam	is	positioned.	From	this	they	draw	conclusions	about	the	course	
of	the	light	rays.	Since	to	most	primary	and	secondary	school	students	
astronomy	is	of	interest,	and	also	to	the	ones	who	are	blind	or	visually	
impaired,	such	educational	tools,	adapted	and	prepared	to	understand	
space-related	content,	are	of	crucial	importance.	They	have	the	poten-
tial	to	explain	the	objects	and	dimensions	in	space	that	are	too	large	to	
be	compared	with	known	objects	and	dimensions	on	Earth.	In	present-
ing	this	content,	teachers	used	2-D	and	3-D	models	of	the	solar	system	
and	galaxies	(Beck-Winchatz,	Ostro,	2004)	and	tactile	books	with	as-
tronomy	content	(Beck-Winchatz,	Riccobono,	2008).

In	 addition,	 various	 studies	 report	 on	 adjustments	 of	 chemistry	
teaching	methods	 and	 didactic	 tools	 for	 blind	 and	 visually	 impaired	
students	 in	 primary	 and	 secondary	 schools	 and	 universities.	 For	 the	
teaching	of	chemistry	in	primary	school,	Hasse	and	colleagues	(2011)	
proposed	a	removable	black	and	white	model	of	the	atom,	which	helps	
both	visual	impaired	and	blind	students,	due	to	the	model’s	contrast	and	
relief	structure,	respectively.	Adaptations,	related	to	chemistry	teaching	
in	an	observation-based	laboratory	are	more	difficult	to	implement,	be-
cause	the	safety	of	blind	or	visually	impaired	students	needs	to	be	guar-
anteed.	Most	authors	see	computer-based	tools	and	synthetically	spo-
ken	laboratory	equipment	as	a	solution	that	would	help	blind	or	visually	
impaired	students	to	understand	the	procedures	and	results	of	chemical	
experiments	(Kumar	et�al.,	2001;	Nepomuceno	et�al.,	2016;	Supalo	et�
al.,	2007).	One	of	the	most	recent	studies	focuses	on	the	adaptation	of	
didactic	illustrations	for	blind	students	for	the	topic	“Energy	in	living	
systems”	(Teke,	Sozbilir,	2019).	In	their	work,	the	authors	highlight	the	
adaptation	of	different	molecule	structures	into	tactile	forms.	Based	on	
the	observations	and	conversations	with	the	student,	the	teachers	cre-
ated	educational	 tools	 that	helped	 the	 student	 to	understand	both	 the	
structures	of	different	molecules	and,	besides,	the	principle	of	energy	
transfer.
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Also	 in	 the	 study	of	Kizilaslan	et�al.	 (2019)	 an	activity	was	de-
signed	to	teach	the	insulation	properties	of	different	materials	to	visu-
ally	impaired	or	blind	students,	in	which	different	everyday	materials	
were	used	to	familiarize	students	with	the	concepts	of	thermal	conduc-
tivity	and	the	importance	of	thermal-insulation	materials.

In	the	study	of	biochemistry,	the	concepts	are	often	very	abstract	
and	based	on	visual	representations.	De	Oliveira	and	colleagues	(2017)	
developed	a	series	of	experiments	and	graphic	representations	that	en-
abled	biochemistry	students	to	understand	the	properties	of	enzymes,	
using	samples	of	different	viscosity	and	graphics	made	of	cold	porce-
lain	with	Braille	labels.

Similar	 to	 astronomy,	 biology	 encounters	 objects	 that	 cannot	 be	
truly	touched	and	felt.	While	in	astronomy	lessons	with	unimaginably	
large	objects,	 in	 contrast	 to	biology	 lessons,	 objects	 are	 too	 small	 to	
touch	to	comprehend	their	structure.	One	example	are	the	cells	of	ani-
mals	and	plants	with	 their	cellular	organelles,	which	can	only	be	ex-
plained	to	blind	or	visually	impaired	students	using	2-D	and	3-D	mod-
els	(Jones	et�al.,	2006):	cell	division	can	be	shown	using	chromosome	
models	with	additional	tactile	markers,	as	well	as	the	recombination	in	
the	process	of	meiosis	(Ricker,	Rodgers,	1981).	Recently,	the	study	of	
the	use	of	specially-adapted	digital	dichotomous	identification	keys	to	
identify	plants	was	investigated	and	yielded	a	new	innovative	botanical	
education	tool	that	contributed	significantly	to	the	knowledge	of	plant	
identification	by	blind	botany	students	(Andjić	et�al.,	2019).

Table 2. Overview	of	studies	reporting	adapted	science	educational	
tools	for	active	participation	of	blind	or	visually	impaired	students.

Authors of 
the study 

(publication year)

Science  
field

Short description of the  
adapted tool

Andjić	et�al. 
(2019)

botany plant	identification	for	blind

Azevedo	et�al. 
(2014)

physics explanation	of	reflection	and	
refraction	of	light	rays,	using	laser	
beams	positioned	on	students’	skin
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Baughman	and	
Zollman	(1977)

physics performing	experiments	with	
adaptation	of	simple	technical	aids	
(bars,	scales,	measuring	cups	and	a	
board)

Beck-Winchatz	
and	Ostro	(2004)

astronomy 2D/3D	models	of	the	solar	system	and	
galaxies

Beck-Winchatz	
and	Riccobono	
(2008)

astronomy tactile	books	with	astronomy	content

De	Oliveira	et�al. 
(2017)

biochemistry graphic	representations	made	of	cold	
porcelain	and	different	viscosity	
samples,	for	understanding	enzyme	
properties

Hasse	et�al.	(2011) chemistry model	of	the	atom,	using	black	and	
white	contrasts

Jones	et�al.	(2006) cell	biology 2D/3D	models	of	animal	and	plant	
cells	with	organelles

Kizilaslan	et�al. 
(2019)

physics thermal	conductivity	and	isolation	
properties	of	materials

Kumar	et�al.	
(2001)

chemistry computer-based	tools	and	
synthetically	spoken	laboratory	
equipment

Nepomuceno	et�al. 
(2016)

chemistry computer-based	tools	and	
synthetically	spoken	laboratory	
equipment

Okcu	and	Sozbilir	
(2019)

physics adapted	didactic	tools	that	convert	
electricity	into	light

Ricker	and	
Rodgers	(1981)

cell	biology tactile	models	that	demonstrate	
chromosomes	and	recombination	
during	meiosis

Supalo	et�al. 
(2007)

chemistry computer-based	tools	and	
synthetically	spoken	laboratory	
equipment

Teke	and	Sozbilir	
(2019)

chemistry tactile	models	of	different	molecules	
for	understanding	the	principle	of	
energy	transfer	in	living	systems
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Wagner	(1995) physics measuring	length:	marking	
centimetres	with	a	stapler/glue

Weems	(1977) physics	 experiments	and	device	that	transfers	
digital	information	from	instruments	
to	tactile	information	(Optacon	
device)

Windelborn	(1999) physics adapted	measuring	stick:	an	electrical	
circuit	and	a	board	to	draw	a	graph	
with	pins

Conclusions

The	current	review	describes	the	importance	of	science	education	
for	 blind	 and	visually	 impaired	 students,	 especially	 for	 better	 under-
standing	their	surroundings.	The	research	describes	adapted	tools	and	
methods	of	teaching	science	on	different	educational	levels,	but	in	order	
to	 be	 effective,	 science	 educators	 needs	 to	 include	 specific	 attention	
and	active	involvement	of	students.	Worldwide	research	suggests	that	
the	inclusion	of	these	students	in	science	lessons	is	possible	and	use-
ful.	However,	this	requires	qualified	teachers	with	the	skills	and	knowl-
edge	to	teach	children	with	blindness	or	visual	impairments	in	inclusive	
classrooms.	Appropriately	trained	teachers,	with	the	help	of	special	ed-
ucation	teachers,	can	easily	adjust	teaching	methods	and	adapt	educa-
tional	tools.	Interestingly,	from	our	own	experience	and	from	the	other	
research	findings	cited	in	this	paper,	it	must	be	emphasized	that	all	the	
adaptations	are	often	well	received	by	both	groups	of	students:	typical	
visually-developed	and	the	blind	or	visually	impaired	ones.	Thus,	blind	
or	visually	impaired	students	can	be	included	in	science	lessons	at	all	
levels	of	education	in	regular	schools,	and	can	be	supported	to	acquire	
scientific	 knowledge	 actively	 and	 without	 misconceptions,	 enabling	
them	to	have	successful	and	high-quality	education.
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NASTAVA	IZ	PRIRODOSLOVNOG	PODRUČJA	ZA	SLIJEPU	DJECU	I	
DJECU	S	OŠTEĆENJIMA	VIDA

Janja	Plazar,	Cécil	J.	W.	Meulenberg,	Aksinja	Kermauner

Nastava�iz�prirodoslovnog�područja�danas�se�najčešće�temelji�na�principima�
konstruktivizma�prema�kojima�djeca�trebaju�biti�aktivni�sudionici�procesa�učenja�i�
izgrađivati�svoje�znanje�na�temelju�iskustva.�Metode�i�sredstva�korištena�u�nastavi�
prirodoslovnog�područja�moraju�biti�prilagođeni�perceptivnim�potrebama�slijepe�
djece� i� djece� s� oštećenjima� vida� kako� bi� im� se� omogućilo� aktivno� sudjelovanje�
u� procesu� učenja.� Cilj� ovoga� rada� je� opisati� posljednje� spoznaje� o� aktivnom�
i� istraživačkom� učenju� slijepe� djece� i� djece� s� oštećenjima� vida� u� nastavi�
prirodoslovnog�područja�te�otkloniti�postojeće�zablude.�Nadalje,�rad�predstavlja�
recentna� istraživanja� koja� ukazuju� na� prilagođene� uspješne� i� visokokvalitetne�
odgojno-obrazovne�pristupe�i�metode.�S�obzirom�na�navedeno,�sadržaj�rada�bit�će�
od�koristi�nastavnicima�iz�prirodoslovnog�područja,�kao�i�istraživačima�inkluzivnih 
učionica. 

Ključne riječi:��aktivno� učenje,� prilagođeni� odgojno-obrazovni� alati,� sljepoća,�
inkluzija,�oštećenja�vida


