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 ABSTRACT

se purpose of this pilot study was to describe and analyze the perceptions 
and alternative ideas of individuals with and without vision impairments re-
garding the concepts of “density” and “heat”. se perceptions of sighted, 
age- and gender-matched participants were compared with those of visually 
impaired participants (two groups). Semi-structured interviews were conduc-
ted, and the analysis of the data followed the method of tracing and develo-
ping categories and sub-categories. se analysis revealed that the two groups 
held diverse understandings about “density”, while most participants seemed 
to identify “heat” as “temperature” and vice versa. se results are presented in 
the form of conception correlation matrices highlighting common concepts 
and alternative ideas towards the notions of “density” and “heat”. se rndin-
gs demonstrate that in both groups there are common patterns of alternative 
ideas, which may lead to the assumption that vision loss or blindness and 
prorciency in science do not constitute a causal relation. se results may lead 
to useful implications for dioerentiated instruction regarding the compre-
hension of science in an integrated educational setting in conjunction with 
technological advances and inclusive practices.
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INTRODUCTION

Based on relevant research, it is documented that stu-
dents with vision impairment, exhibit the same range 
of cognitive abilities and intellectual capacities as their 
sighted peers (Kumar, Ramasamy, & Stefanich, 2001). 
Students with vision impairment have the potential and 
the capacity to master higher-order science concepts as 
do their sighted peers, provided that the obstacles they 
encounter are being alleviated (Jones, Minogue, Oppe-
wal, Cook, & Broadwell, 2006; Kumar, Ramasamy, & 
Stefanich, 2001; Sahin & Yorek, 2009). se role of as-
sistive technology has played pivotal role in science le-
arning regarding students with vision impairment. All 
of the technological advances that have been designed, 
developed, and used in the education of students with 
vi are aimed at one universal goal: access to information. 
Such examples may be the following: embossers (prin-
ters which produce tactile graphs and diagrams), tape or 
digital recorders, talking calculators, scanners, 3-D prin-
ters, computer with specialized software such as Jaws or 
Supernova, other braille software, handheld magnirers, 
braille displays, optical characters recognition systems, 
synthetic speech software, Kurzweil reading machine, 
braille, and other low vision aids such as closed-circuit 
television (Argyropoulos & Ravenscroft, 2019; Nkiko, 
Atinmo, Michael-Onuoha, Ilogho, Fagbohun, Ifeaka-
chuku, O., Adetomiwa B., Usman, 2018; Azeta et al., 
2018; Eligi & Mwantimwa, 2017; Beal & Rosenblum, 
2015; Matchinkski & Winters, 2016). 

Although assistive technological advances seem to 
be very promising regarding the removal of barriers in 
the learning process, science teachers receive inadequate 
level of preparation regarding the use of assistive tech-
nology (Ambrose-Zaken & Bozeman, 2010; Maguvhe, 
2015; Wild & Allen, 2009). Hence, evidence-based data 
regarding science coupled with teaching materials and 
teaching strategies for students with vision impairment 
are rather limited (Jones, Minogue, Oppewal, Cook, & 
Broadwell, 2006; Maguvh, 2015). Moreover, the num-
ber of studies that have sought to examine how people 
with visual impairments approach and conceptualize 
scientirc concepts is limited (Jones, Taylor, & Broad-
well, 2009). More specircally, the studies which have 
investigated blind students’ scientirc concepts fall into 
the following thematic areas: linear size, measurement 
and scale (Jones, Forrester, Robertson, Gardner, & Tay-
lor, 2012; Jones, Taylor, & Broadwell, 2009), nature of 
matter (Smothers & Goldston, 2009), features of living 

organisms and life science (Fraser & Maguvhe, 2008; 
Jaworska-Biskup, 2011; Wild, 2010), seasonal change 
(Wild & Trundle, 2010), colors, natural phenomena, 
physical processes (Jaworska-Biskup, 2011), chemical 
reactions (Micklos, Lewis, & Bodner, 2013), geological 
concepts (Wild, Hilson, & Farrand, 2013), as well as na-
ture and sound (Wild, Hilson, & Hobson, 2013).

For example, notions such as dissolution, chemical 
change, expansion, condensation, rotation and orbits, 
gravity, mass, and weight, have been investigated in the 
above studies with samples consisting of students with 
and without vision impairments (Smothers & Goldston, 
2009; Wild, 2010; Wild & Trundle, 2010). It was found 
that students with blindness or severe vision impairments 
tended to develop two mind maps (Smothers & Gold-
ston, 2009); one for the internal functional system of 
the particles and another one for the external function, 
namely the interaction of the particles of a body with its 
environment. Also, it was conjectured in many studies 
that specialized support was vital to the enhancement of 
blind students’ understanding and conceptualization of 
science, such as pin-dot diagrams, 3D diagrams, 3D mo-
dels as well as modeling kits (Betts & Cross, 2010). 

se rnding of the above studies cannot be generalized 
because the samples were very small; nevertheless, there 
was a common outcome that participants who had vision 
impairment had developed a science notion system which 
consisted of correct and incorrect ideas; the latter is known 
as “alternative ideas”. It has to be mentioned here that the 
term “alternative ideas” indicate students’ ideas regarding 
nature, physical phenomena and reasoning which may 
dioer from the theories the science teacher may wish to 
develop. sese ideas are referred to as alternative concep-
tions (Wandersee, Mintzes, & Novak, 1994) and usually 
deviate from textbooks which constitute the dominant 
teaching tool in schools and colleges. Additionally, these 
ideas may be developed without instruction or with very 
little guidance from teachers and, as a result, they are also 
called naive theories as they usually incorporate miscon-
ceptions (Rosengren & Brawell, 2002).   

Alternative ideas have been traced in all students 
with and without vision impairments and many resear-
chers have arrived at conqicting outcomes regarding the 
existence of same or dioerent patterns of alternative ideas 
in both populations. So far, pilot studies with students 
with and without vision impairment have been conduc-
ted, which investigate concepts related to matter, space 
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and time, motion and forces, chemical equations, optics 
and light, and sound.

To our knowledge, no research has investigated how 
individuals with vision impairments conceptualize and 
elaborate the concepts of “density” and “heat” and the 
characteristics of matter at dioerent physical states (solid, 
liquid, gas). 

Hence, the research objectives  
of the present study are as follows:

1. To investigate blind and sighted students’ ideas 
about the concepts of “density” and “heat” and 
rnd out –if any- common patterns among them
2. To investigate blind and sighted students’ al-
ternative ways of thinking about the concepts of 
“density” and “heat” by categorizing and compa-
ring them

METHOD

Participants
Eight individuals participated in the present study and 
were equally divided in two subgroups.  Members of the 
rrst subgroup were individuals with sever vision impa-
irments (i.e. congenitally blind), they did not have ad-
ditional disabilities and they were enrolled in a main-
stream high school (12th graders, three females and one 
male students). Members of the rrst subgroup were of 
the same age and were epcient braille readers. se se-
cond subgroup consisted of sighted individuals, and the 
two subgroups were matched by two factors: a. gender, 
and b. age.

According to the Greek National Curriculum, the 
notions of “heat” and “density” are introduced to stu-
dents beginning with the 5th grade, and they are wor-
king out these notions throughout school years, in their 
science classes. sus, all participants were familiarized 
with the notion of “heat” and “density”, respectively. 

Also, it has to be mentioned that the authors follo-
wed the ethical principles of the Declaration of Helsinki 
and obtained signed consent from the participants using 
the appropriate forms and procedures suggested by the 
World Medical Association.

Instruments
Data were obtained via face-to-face semi-structured in-
terviews (Merriam, 2009). se authors developed two 
interview guides structured on three main axes: a. de-

rnition(s) and descriptions of the physical concepts in 
question (i. e. heat and density), b. relations between 
physical concepts and their appearance in the physical 
world, and c. physical properties. All items in the in-
terview guides were organized according to the previo-
us main axes and included open-ended questions. se 
purpose of using open-ended questions rather than ra-
ting items was to obtain as much information as possible 
about the participants’ insights and experiences towards 
the specirc notions of heat and density. In addition, the 
authors examined in advance that these specirc notions 
of heat and density had been taught in the participants’ 
classes, according to the National Curriculum, and the 
use of Greek textbooks provided the basis for formula-
ting the conceptual questions from which the two in-
terview-guides were developed.

se topics of the interviews were based on the respec-
tive content of the Science textbooks of the Greek public 
primary schools. In order to ensure the external validity 
of the tool (Cohen, Manion, & Morrison, 2007), the 
questions were evaluated in terms of scientirc content 
and wording - by two experienced science teachers who 
were working at the university- and were updated on the 
basis of the data obtained. Questions were also modired 
during pilot studies with other students who did not par-
ticipate in the main study. se studies took place before 
the main research

Research Design
Individual meetings were set up and the number of me-
etings dioered depending on each participant’s availabi-
lity. Most interviews were conducted at the participants’ 
schools or at their homes. se authors asked the par-
ticipants questions about their knowledge of these very 
distinct science concepts (i. e. heat and density) and then 
the authors proceeded into secondary questions based 
upon participants’ responses. se whole session lasted 
approximately one hour per participant and all dialogues 
were recorded.

Data Analysis
se authors used Dey’s (1993) recommendations in de-
veloping categories into broad categories, “middle-order” 
categories, and sub-categories using the “bit-by-bit” data 
analysis. se analysis began with the verbatim tran-
scription of the interview recordings. sen, the transcri-
bed interviews were clustered in sentences, phrases, and 
words. Finally, the authors organized the data into broad 
categories based on the core themes of the semi-structu-
red interviews.
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Anonymity of the participants was obtained through 
allocation of a three-character code (two letters and one 
digit) per each individual. se rrst character (letter) of 
each code indicated the presence of vision impairment or 
not (“B” for Blind/Visually Impaired and “S” for Sighted 
participants). se second character (digit) indicated the 
seriation of each participant. se third character (letter) 
indicated the gender of the participant (“F” for female, 
“M” for Male).

Both authors read the transcribed data and developed 
all types of categories and then compared them. When 
a discrepancy in coding or in categorization was traced, 
the specirc item(s) was/were revised on the basis of the 
original data.  se authors separately developed catego-
ries and subcategories during the qualitative analysis of 
the obtained data. In order to ensure reliability, they me-
asured the inter-individual concordance rate (Robson, 
2002) twice. se initially calculated concordance rate 
was 90%, and after discussion, the concordance rate re-
ached 98% for all category types.

RESULTS

Two criteria were used to present the results. se rrst 
one refers to participants’ common conceptions about 
density and heat and the second one refers only to parti-
cipants’ alternative conceptions. Hence, the below tables 
constitute an aggregated description of these concep-
tions providing input from both groups (i. e. students 
with and without vision impairment). sis approach has 
adopted elements of a between and within study without 
following the rigorous character of an experimental de-

sign. It is based on pragmatic content formulating con-
ception correlation matrices (Soltanifar & Ansari, 2016).

Investigating Concepts about “Density”
se interviews covered a variety of topics, such as states 
of matter, characteristics of matter at dioerent physical 
states, volume, and density of a physical body. All parti-
cipants were invited to reqect on these topics and make 
their own statements based on their knowledge or their 
understanding. Table 1 presents blind participants’ com-
mon notions towards density through characteristics of 
matter, whereas no common concepts were found regar-
ding dernitions of volume and density.

Most participants with vision impairment acknowled-
ged that all physical bodies may be found in solid, liquid 
or gaseous state (states of matter). Participants seemed 
to share a common understanding about the shape and 
the volume of a solid body. sey held the view that the 
shape of a solid body is rxed, while its volume may dioer 
depending on its placement within the environment. It 
seems that they had developed a notion of relationship 
between the location of solid objects and their volume (i. 
e. alternative idea). Regarding the shape and volume of a 
liquid body, most of the participants held the same view 
(i. e. “Liquids do not have rxed shapes” see Table 1) and 
this view was in line with all common science textbooks.

Concerning gas bodies, most participants with vision 
impairment stated that their shape and volume is der-
nite (i. e. alternative conception). Finally, what is intere-
sting to mention here is that nearly all participants with 
vision impairment were not happy with the idea that ga-

:\I�JH[LNVY` 2L`���JVUJLW[PVUZ B1F B2F B3M B4F

:VSPK�Z[H[L�PZ�H�Z[H[L�VM�TH[[LY • • • •

3PX\PK�Z[H[L�PZ�H�Z[H[L�VM�TH[[LY • • •

.HZ�Z[H[L�PZ�H�Z[H[L�VM�TH[[LY • • •

(PY�PZ�L]LY`^OLYL • • • •

*OHYHJ[LYPZ[PJZ (PY�JHU�IL�WLYJLP]LK�VUS`�I`�[OL�ZLUZLZ • • • •

VM�TH[[LY Solid�bodies�have�Äxed�shapes • • • •

Liquids�do�not�have�Äxed�shapes • • • •

Gases�have�Äxed�shapes • • • •

Solids�do�not�have�a�Äxed�volume� • • • •

Liquids�have��a�Äxed�volume� • • •

Gasses�have��a�Äxed�volume • • •

;HISL����� Blind�participants’�common�concepts�towards�notions�relevant�to�“density”.
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ses are matter with no shape or size. sey believed that 
air was enclosed in spaces, and people could recognize its 
presence by its mass when the wind blew.

se content of Table 2 depicts the corresponding 
common conceptions of the sighted participants towards 
“density”. Based on the conducted analysis, three sub-
categories emerged; that is, characteristics of matter, de-
rnition of volume, and dernition of density.

When the sighted participants were invited to describe 
the states in which physical bodies can be found naturally, 
only two of them referred to three states of matter (i. e. 
solids, liquids and gases). se other two participants be-
lieved that it is wrong to categorize substance into specirc 
states of matter. It is worth emphasizing here that when the 
sighted participants were asked to elaborate on the shape 
and volume of gases, they supported the view that they 
are dernite (see Table 2). sis conception constitutes an 
alternative idea and there were members from both groups 
(participants with and without vision) who embraced it. 

Unlike participants with vision impairment, mem-
bers from the group of the sighted participants, attemp-
ted to derne the concepts of volume and density of ob-
jects, whereas none of the participants who were blind 
attempted to do so. According to their dernitions, volu-

me is the amount of space occupied by the object, and 
density reqects the distance between the atoms which 
compose the object (see Table 2). In addition, the par-
ticipants S3M and S4F were closer regarding the funda-
mental characteristics of the notion “density”, whereas 
S1F and S2F, seemed to have adopted an intuitive rather 
than a scientirc understanding about density. To conclu-
de, despite the fact that the sighted participants referred 
to critical variables of “density” (i. e. mass and volume), 
they did not carry on to a quantitative approach (e. g. 
ratio) or to a qualitative approach (e. g. density is a valid 
measure to identify a substance).

Investigating Common Concepts about “Density”
Table 3 incorporates common conceptions from both 
groups. sree sub-categories were also traced in this 
conceptual correlation matrix: a. characteristics of mat-
ter, b. dernition of volume, and c. dernition of density. 
Most participants acknowledged three states of matter (i. 
e. solids, liquids, and gases), and held the view that air 
exists only in enclosed spaces and the only way to trace 
its presence is when the wind blows. Dioerences were 
also traced between the members of the two groups. Re-
garding solid objects, almost all participants stated that 
their shape is rxed. On the contrary, when they were 
asked to comment on their volume, sighted participants 
claimed that solids can hold their own shape, whereas 

:\I�JH[LNVYPLZ 2L`���JVUJLW[PVUZ S1F S2F :�4 S4F

:VSPK�Z[H[L�PZ�H�Z[H[L�VM�TH[[LY� • •

3PX\PK�Z[H[L�PZ�H�Z[H[L�VM�TH[[LY • •

.HZ�Z[H[L�PZ�H�Z[H[L�VM�TH[[LY • •

(PY�PZ�L]LY`^OLYL • • • •

(PY�JHU�IL�WLYJLP]LK�VUS`�I`�[OL�ZLUZLZ • • •

*OHYHJ[LYPZ[PJZ Solids�have�Äxed�shapes • • • •

VM�TH[[LY Liquids�do�not�have�Äxed�shapes • • • •

Gases�have�Äxed�shapes • • •

Solids�have�Äxed�volume • • •

Liquids�have�Äxed�volume • • •

Gases�have�Äxed�volume • • • •

DeÄnition�of�volume :WHJL�VJJ\WPLK�I`�H�WO`ZPJHS�IVK` • •

+PZ[HUJLZ�IL[^LLU�H[VTZ • • • •

DeÄnition�of�density :VTL[OPUN�[V�KV�^P[O�[OL�]VS\TL�VM�H�Z\IZ[HUJL • • • •

:VTL[OPUN�[V�KV�^P[O�[OL�THZZ�VM�H�Z\IZ[HUJL • • • •

:VTL[OPUN�[V�KV�^P[O�[OL�^LPNO[�VM�H�Z\IZ[HUJL • •

;HISL����� Sighted�participants’�common�concepts�towards�notions�relevant�to�“density”.
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most participants with vision impairment held the view 
that the shape of solids depends on their placement in 
the environment. In addition, almost all participants 
agreed that liquids assume the shape of the part of the 
container which they occupy, whereas they held the view 
that gases retain a rxed shape (see Table 3). Finally, the 
number of common conceptions regarding volume and 
density is much smaller, compared with the other two 
sub-categories - and it seems that the participants witho-
ut vision impairment elaborated more on these notions. 

Investigating Alternative ideas about “Density”
According to the participants with vision impairment, air 
is conceptualized as an “entity” without substance (“non
-material body”, see rrst column of Table 4) and according 
to them, its existence can be traced only by its qow. As far 
as the notion of shape is concerned, some participants ar-
gued that the shapes of liquids and gases are rxed, whereas 
solids do not retain a rxed shape. seir shape depends 
on their orientation in the environment. Also, it seems 
that the participants with vision impairment, for some re-

ason, have developed certain intuitive notions regarding 
the notion “volume” which was contrary to formal science 
education they had received (see Table 4). Finally, what is 
interesting to underline is the causal relationship which 
participants with vision impairment have adopted; that is 
the bigger an object is, the higher the density and vice 
versa (see rrst column of Table 4).

se alternative ideas of the sighted students are quite 
similar to the ideas expressed by the participants with vi-
sion impairment (see second column of Table 4). It seems 
that the characteristics of gases, liquids, and solids, such 
as shape and volume, creates confusion to individuals ir-
respective of the vision condition. In terms of the notion 
“density”, the participants who had no vision impairment 
had many misunderstandings regarding relationships be-
tween density and weight as well as between density and 
volume (see statements in second column of Table 4).

Comparing the rrst two columns of Table 4, it is 
conjectured that the common alternative ideas between 

;HISL����� (U�HNNYLNH[LK�JVUJLW[\HS�JVYYLSH[PVU�TH[YP_�YLNHYKPUN��
common�concepts�towards�notions�relevant�to�“density”.

:\I�JH[LNVYPLZ 2L`���JVUJLW[PVUZ B1F B2F B3M B4F S1F S2F :�4 S4F

:VSPK�Z[H[L�PZ�H�Z[H[L�VM�TH[[LY • • • • • •

3PX\PK�Z[H[L�PZ�H�Z[H[L�VM�TH[[LY • • • • •

.HZ�Z[H[L�PZ�H�Z[H[L�VM�TH[[LY • • • • •

(PY�PZ�L]LY`^OLYL • • • • • • •

(PY�JHU�IL�WLYJLP]LK�VUS`�I`�[OL�ZLUZLZ • • • • • • •

Solids�have�Äxed�shapes • • • • • • •

*OHYHJ[LYPZ[PJZ Liquids�have�Äxed�shapes • •

VM�TH[[LY Liquids�do�not�have�Äxed�shapes • • • • • •

Gases�have�Äxed�shapes • • • • • • •

Solids�do�not�have�Äxed�volume • • • •

Solids�do�not�have�Äxed�volume� • • • •

Liquids�have�Äxed�volume • • • • • •

Liquids�do�not�have�Äxed�volume • •

Gases�have�Äxed�volume • • • • • • •

DeÄnition�of�volume :WHJL�VJJ\WPLK�I`�HU�VIQLJ[ • • •

:VTL[OPUN�[V�KV�^P[O�[OL�]VS\TL��
VM�H�Z\IZ[HUJL

• • • •

DeÄnition��
VM�KLUZP[`

:VTL[OPUN�[V�KV�^P[O�[OL�^LPNO[��
VM�H�Z\IZ[HUJL

• • •

:VTL[OPUN�[V�KV�^P[O�[OL�ZWHJL��
VJJ\WPLK�I`�[OL�Z\IZ[HUJL

• • •

:VTL[OPUN�[V�KV�^P[O�[OL�TH[LYPHS��
VM�[OL�Z\IZ[HUJL

• •
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:\I�JH[LNVYPLZ 2L`���JVUJLW[PVUZ B1F B2F B3M B4F

OLH[ :\U�PZ�H�ZV\YJL�VM�OLH[ • • •

6IQLJ[Z�OH]L�JVUZ[HU[�Z\YMHJL�[LTWLYH[\YL�� • •

[LTWLYH[\YL ,_[YLTL�[LTWLYH[\YL�L]LU[Z�HYL�[OVZL�ILSV^��6�* • • •

;LTWLYH[\YL�JOHUNLZ�HYL�K\L�[V�UH[\YHS�WOLUVTLUH • •

>OLU�H�SPX\PK�[\YUZ�PU[V�ZVSPK�[OLU�P[Z�[LTWLYH[\YL�KLJYLHZLZ� • •

[LTWLYH[\YL >OLU�H�ZVSPK�[\YUZ�PU[V�SPX\PK�[OLU�P[Z�[LTWLYH[\YL�KLJYLHZLZ • •

JOHUNLZ >OLU�H�SPX\PK�[\YUZ�PU[V�NHZ�[OLU�P[Z�[LTWLYH[\YL�PUJYLHZLZ • •

>OLU�H�SPX\PK�[\YUZ�PU[V�NHZ�[OLU�P[Z�[LTWLYH[\YL�KLJYLHZLZ • •

;HISL����� Alternative�ideas�of�participants�with�and�without�vision�impairments�(vi)�towards�“density”.

;HISL����� *VTTVU�WH[[LYUZ�PU�[OL�LSHIVYH[PVUZ�VM�WHY[PJPWHU[Z��
with�vision�impairment�towards�the�concept�of�“heat”.

WHY[PJPWHU[Z»�Z[H[LTLU[Z��^P[O�]P� WHY[PJPWHU[Z»�Z[H[LTLU[Z��^P[OV\[�]P� *VTTVU�Z[H[LTLU[Z

(09

“Air�isn’t�something�that�you�can�
touch…it’s�non-material�body”�

“The�existence�of�the�air�is�justiÄed�
when�the�wind�blows”

“You�can�recognize�the�air��
only�by�air�currents”

“Air�isn’t�something�that�you�can�
touch…it’s�non-material”�

�“The�existence�of�the�air�is�justiÄed�
when�the�wind�blows”�

“You�can�recognize�the�air�only��
by�air�currents”�

:/(7,�

“When�you�change�the�orientation��
VM�H�ZVSPK�PU�[OL�LU]PYVUTLU[�[OLU��

its�shape�also�changes”�
“Liquids�and�gases�have�Äxed�shape”

“Liquids�and�gases�
have�Äxed�shape”

“When�you�change�the�orientation��
VM�H�ZVSPK�PU�[OL�LU]PYVUTLU[�[OLU��

its�shape�also�changes”��
“Liquids�and�gases�have�Äxed�shape”�

>,0./; ¶

“The�weight�of�a�solid�substance��
decreases�when�it�turns�into�liquid”�
“The�weight�of�a�liquid�increases��

when�it�turns�into�solid”

¶

=63<4,�

“Gases�retain�a�Äxed�volume”�
“The�volume�of�a�solid�changes��

^OLU�`V\�MVSK�P[��MVY�L_HTWSL�H�WPLJL�
of�paper”�

“The�volume�of�a�solid�may�change�
when�you�change�its�position”�
“The�volume�of�a�liquid�changes��
when�you�change�its�container”

“Liquids�do�not�retain�a�Äxed�volume”�
“Gases�retain�a�Äxed�volume”

“Gases�retain�a�Äxed�volume”
“The�volume�of�a�solid�changes��
^OLU�`V\�MVSK�P[��MVY�L_HTWSL��

a�piece�of�paper”�
“The�volume�of�a�solid�may��

change�when�you�change�its�position”�
“The�volume�of�a�liquid�changes��
when�you�change�its�container”�

“Liquids�do�not�retain�a�Äxed�volume”�
“Gases�retain�a�Äxed�volume”

+,5:0;@

“Density�depends�exclusively��
on�the�mass�of�the�substance”�
“Small�objects�have�low�density;��

big�objects�must�have�higher�density”

“Density�is�identical�to�volume”�
“Density�is�linked�to�the�weight��

of�the�object”�
“The�density�of�a�solid�substance�
decreases�when�it�turns�into�liquid”

¶

participants with and without vision impairment were 
traced in the notions of the air, shape and volume (see 
third column of Table 4).

Investigating Concepts about “Heat”
se analysis of the comments and reqections of the parti-
cipants with vision impairments upon the notion of “heat” 
revealed three sub-categories: a. the notion of heat, b. the 
notion of temperature, and c. temperature changes (see Ta-

ble 5). All participants were invited to express their opinion 
upon dernitions of heat, temperature as well as to make 
comments on temperature changes during changing states 
of matter. seir reqections and elaboration on these en-
tities were more intuitive rather than scientirc. For exam-
ple, when they were asked to comment on temperature 
changes when matter moves from one state to another, ke-
eping pressure constant, their responses seemed to be very 
confusing without a robust reasoning (see Table 5). 
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:\I�JH[LNVYPLZ 2L`���JVUJLW[PVUZ S1F S2F :�4 S4F

OLH[ 0[�PZ�[OL�WYVJLK\YL�VM�[YHUZMLY • •

/LH[�PZ�HIV\[�OV^�JVSK�VY�OV^�OV[�H�Z\IZ[HUJL�PZ • •

Objects�have�diɈerent�surface�temperature�� • • •

[LTWLYH[\YL ;LTWLYH[\YL�OHZ�HU�PTWHJ[�VU�[OL�Z[H[L�VM�H�Z\IZ[HUJL • •

;LTWLYH[\YL�JOHUNLZ�YLSH[L�[V�^LH[OLY�JOHUNLZ • •

,_[YLTL�]HS\LZ�VM�[LTWLYH[\YL�HYL�JVUZPKLYLK�
�[OVZL�MV\UK�PU�PJLILYNZ�VY�OLH[�^H]LZ

• •

>OLU�H�SPX\PK�[\YUZ�PU[V�ZVSPK�[OLU�P[Z�[LTWLYH[\YL�KLJYLHZLZ • • • •

;LTWLYH[\YL >OLU�H�ZVSPK�[\YUZ�PU[V�SPX\PK�[OLU�P[Z�[LTWLYH[\YL�PUJYLHZLZ • • • •

JOHUNLZ >OLU�H�SPX\PK�[\YUZ�PU[V�NHZ�[OLU�P[Z�[LTWLYH[\YL�PUJYLHZLZ • • •

>OLU�`V\�IVPS�H�Z\IZ[HUJL�[OLU�P[Z�[LTWLYH[\YL�PUJYLHZLZ •

;HISL����� *VTTVU�WH[[LYUZ�PU�[OL�LSHIVYH[PVUZ�VM�WHY[PJPWHU[Z��
with�no�vision�impairment�towards�the�concept�of�“heat”.

;HISL����� (U�HNNYLNH[LK�JVUJLW[\HS�JVYYLSH[PVU�TH[YP_�YLNHYKPUN��
common�concepts�towards�the�notions�relevant�to�“heat”.

:\I�JH[LNVY` 2L`���JVUJLW[PVUZ B1F B2F B3M B4F S1F S2F :�4 S4F

:\U�PZ�[OL�ZV\YJL�VM�OLH[ • • • •

/LH[�TLHUZ�IVK`�^HYT[O� • •

/LH[ /LH[�PZ�H�TLHZ\YL�[V�\UKLYZ[HUK��
OV^�JVSK�H�IVK`�PZ

• •

;V\JO�[YHUZMLYZ�OLH[ • •

� Objects�have�diɈerent�surface�temperature�� • • • •

DeÄnition 6IQLJ[Z�OH]L�JVUZ[HU[�Z\YMHJL�[LTWLYH[\YL�� • • •

VM�[LTWLYH[\YL ,_[YLTL�]HS\LZ�VM�[LTWLYH[\YL�TLHU�OLH[�^H]L • • •

Temperature�changes�relative�to�diɈerent�
Z[H[LZ�VM�H�Z\IZ[HUJL

• •

Τhermal�energy ;OLYTHS�LULYN`�YLSH[LZ�[V�ZVSHY�LULYN` • •

>OLU�H�ZVSPK�[\YUZ�PU[V�SPX\PK�[OLU��
P[Z�[LTWLYH[\YL�PUJYLHZLZ

• • • • •

>OLU�H�SPX\PK�[\YUZ�PU[V�ZVSPK�[OLU��
P[Z�[LTWLYH[\YL�KLJYLHZLZ

• • • • • •

;LTWLYH[\YL�VM�H�IVK`�JOHUNLZ��
HM[LY�P[Z�JVU]LYZPVU�MYVT�SPX\PK�[V�NHZ

• •

;LTWLYH[\YL�
JOHUNLZ

>OLU�H�SPX\PK�[\YUZ�PU[V�NHZ�[OLU��
P[Z�[LTWLYH[\YL�PUJYLHZLZ

• • • • •

>OLU�H�SPX\PK�[\YUZ�PU[V�NHZ��
[OLU�P[Z�[LTWLYH[\YL�KLJYLHZLZ

• • •

>OLU�H�SPX\PK�[\YUZ�PU[V�NHZ��
[OLU�P[Z�[LTWLYH[\YL�YLTHPUZ�[OL�ZHTL

• •

>OLU�H�NHZ�[\YUZ�PU[V�SPX\PK��
[OLU�P[Z�[LTWLYH[\YL�JOHUNLZ

• •

>OLU�H�NHZ�[\YUZ�PU[V�SPX\PK��
[OLU�P[Z�[LTWLYH[\YL�PUJYLHZLZ

•
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se responses of the sighted participants were closer 
to scientirc explanations but still confusion was traced 
mainly between the concepts of heat and temperature 
(see Table 6). 

Investigating Common Concepts about “Heat”
se following table (Table 7) constitutes an aggregated 
depiction of the common conceptions of participants 
with and without vision impairments regarding “heat”. 
It seems that confusion between heat and temperature is 
prevailing in both groups, whereas sighted participants 
outperformed their blind counterparts in concepts re-
levant to temperature change.

Investigating Alternative ideas about “Heat”
A plethora of blind students’ alternative ideas concerned 
the notions of heat, temperature, thermal energy, boiling 
and the temperature values of a body from one state to 
the other (the rrst column of Table 8). se analysis sug-

gested that the conceptual boundaries between the rrst 
three concepts are blurred. Heat and thermal energy are 
both derned as the temperature of a physical body (or of 
a space) and vice versa. 

se alternative ideas of the sighted participants were or-
ganized in four categories. It seems that heat, temperature, 
and thermal energy are terms that the sighted participants 
used interchangeably, as if they were the same. A common 
feature was also the partial understanding of how tempe-
rature of a body quctuates between the physical states (see 
second column of Table 8). se alternative ideas that were 
explicitly or implicitly stated by members of both groups 
are displayed in the third column of Table 8. se common 
component of those ideas was the use of the terms “heat” 
and “temperature” as conceptually equivalent. se transfer 
of heat from a cold body to a warmer one and the identi-
rcation of “heat” with “thermal energy”, were another two 
commonly shared ideas between the two groups.

;HISL����� (S[LYUH[P]L�PKLHZ�VM�WHY[PJPWHU[Z�^P[O�HUK�^P[OV\[��
vision�impairments�(vi)�towards�the�concept�of�“heat”.

WHY[PJPWHU[Z»�Z[H[LTLU[Z��^P[O�]P� WHY[PJPWHU[Z»�Z[H[LTLU[Z��^P[OV\[�]P� *VTTVU�Z[H[LTLU[Z

/LH[

“Heat�is�when�something�is�hot”�
“Heat�is�the�temperature��

of�a�space�or�of�an�environment”��
“Heat�and�temperature��

are�the�same”�
“Heat�is�a�material�body��

that�changes�its�temperature”�
“Heat�is�equated�with��

a�warm�object”��
“Heat�can�be�transmitted�from��
a�cooler�to�a�warmer�object”

“Heat�is�something�warm”�
“Heat�can�measure�how�cold��

a�body�is”�
“Heat�Åows�from�the�cooler��

to�the�warmest�body”�
“Heat�and�temperature�are�the�same”�

“Cold�can�be�transferred��
between�diɈerent�bodies”

“Heat�is�something�warm”�
“Heat�and�temperature��

are�the�same”�
“Heat�Åows�from�the�cooler��

to�the�warmest�body”

;LTWLYH[\YL

�“A�cold�body�will�have��
a�temperature�below�zero”�
“A�warm�body�will�have��

a�temperature�of�over�20°�C”�
“Temperature�of�water�falls��
HM[LY�P[Z�JVU]LYZPVU�MYVT�PJL��

to�liquid�water”

“The�temperature�measures�cold��
and�hot”�

“Changes�in�temperature�aɈect��
liquids�rather�than�solids”�

“Temperature�is�hot�or�cold”

¶

;OLYTHS�LULYN`

“Thermal�energy��
is�the�energy�of�heat”�

“Thermal�energy��
PZ�[OL�[LTWLYH[\YL�[V�IL��
transferred�to�a�body”

“Thermal�energy�and�heat��
are�the�same”�

“Thermal�energy�is�the�energy��
[YHUZMLYYLK�MYVT�H�^HYT�IVK`��

to�a�diɈerent�one”

“Thermal�energy�and�heat��
are�the�same”�

“Thermal�energy�is�the�energy�
[YHUZMLYYLK�MYVT�H�^HYT�IVK`�

to�a�diɈerent�one”

;LTWLYH[\YL�HM[LY�
WOHZL�JOHUNLZ

“Temperature�of�a�body�falls��
HM[LY�P[Z�JVU]LYZPVU�MYVT�ZVSPK��

to�liquid”�
“Temperature�of�a�body�falls��
HM[LY�P[Z�JVU]LYZPVU�MYVT�SPX\PK��

to�gas”�
“Temperature�of�a�body�remains�

Z[HISL�HM[LY�P[Z�JVU]LYZPVU��
from�liquid�to�gas”�

“Temperature�of�a�body�rises��
HM[LY�P[Z�JVU]LYZPVU�MYVT�NHZ��

to�liquid”

“Temperature�of�a�body�falls��
after�its�conversion�from�liquid�to�gas”�

“Temperature�of�a�body�remains��
Z[HISL�HM[LY�P[Z�JVU]LYZPVU��

from�liquid�to�gas”�
“Temperature�of�a�body�rises�after��
its�conversion�from�gas�to�liquid”

“Temperature�of�a�body��
MHSSZ�HM[LY�P[Z�JVU]LYZPVU��

from�liquid�to�gas”�
“Temperature�of�a�body��
YLTHPUZ�Z[HISL�HM[LY��

P[Z�JVU]LYZPVU��
from�liquid�to�gas”�

“Temperature�of�a�body��
YPZLZ�HM[LY�P[Z�JVU]LYZPVU��

from�gas�to�liquid”
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DISCUSSION

se main objective of the present study was to investi-
gate the ideas and understandings of individuals with 
vision impairments about “density” and “heat”. Sighted 
individuals were also part of the investigation so that 
comparisons could be drawn between the two groups. 
se overall analysis indicated many points of shared un-
derstandings between the two sub-groups.

se results showed that the two subgroups had quite 
dioerent understanding regarding “density”. In particu-
lar, the students who were visually impaired provided 
explanations about “density” based more on their feeling 
and instinct rather than on theory. sis may be due to 
the fact that “density of a physical body” is an inheren-
tly complex concept, as it is unperceivable by the senses 
and its understanding requires the comprehension of 
many intrigue concepts (e.g. ratio or proportion) (Xu 
& Clarke, 2001). On the other hand, sighted partici-
pants’ elaborations revealed a primary understanding of 
the concept. sis discrepancy is possibly an indicator of 
the role of restrictions imposed by the loss of vision in 
constructing the “density” concept. 

While there was no common ground about density in 
the elaborations of participants with vision impairment, 
many shared ideas emerged about matter characteristics, 
which was due to everyday experiences in constructing 
knowledge about matter properties (Jaworska-Biskup, 
2011). sese results document the need for teachers 
to provide their students with many opportunities to 
explore and examine the properties of matter at dioe-
rent physical states. sis is more crucial and necessary for 
students with vision impairment whose prior knowledge 
may be limited since incidental learning (Hyams & Sa-
dique, 2014) is restricted and fragmented. According to 
Ross and Robinson, “students with visual impairments 
are unable to take full advantage of unplanned learning” 
Ross & Robinson, 2000, p. 331). sis is why it is im-
portant to ensure that students with vision impairment 
receive appropriate instruction regarding science edu-
cation in order to develop exploratory skills and com-
pensate for the absence of incidental learning (Ross & 
Robinson, 2000).

Regarding “heat”, it seemed that most participants 
held alternative ideas about the related concepts. sere 
are several factors that may hinder the scientirc meaning 
of the concepts in the context of school science (Sözbi-

lir, 2003). sese concepts are used in everyday life inter-
changeably, as if they were the same (for example, heat 
and temperature), but they have a distinct meaning in 
the context of school science. Daily life experiences as 
well as the instruction provided in these content areas 
may also promote or reinforce alternative ideas. 

In conclusion, participants with vision impairments 
held numerous alternative ideas about the two concepts. 
se same pattern was noticed in the group of their si-
ghted peers. On the other hand, the results revealed 
many points of common understanding between the two 
subgroups, but also some points of divergence. Whate-
ver the dioerentiations or adaptations may be in science 
labs, teachers need to investigate blind students’ alterna-
tive ideas in advance and work them out with them. In 
addition, students with vision impairment observe rrst 
the parts of a phenomenon or of an experiment and then 
they are invited to mentally construct the whole, which 
is a more challenging way to learn and hence to elabora-
te (Millar, 2006). serefore, science teachers’ education 
should be consistent and aligned with current educatio-
nal trends so that teachers can use eoective instruction, 
appropriate technological advances, and dioerentiated 
content. (Argyropoulos & Gentle, 2019). According to 
Maguvhe (2015), the science curriculum is usually inac-
cessible to students with vision impairments and science 
teachers are not trained to teach students with vision im-
pairments. What is more, there are no specialized labs to 
support students with vision impairment. Since, the vast 
majority of students with vision impairment are enrolled 
in general educational settings, the necessity of having 
trained science teachers, adapted science labs, availabili-
ty of assistive technology and dioerentiated curricula is 
crucial and vital. se example of the expanded core cu-
rriculum may serve all the above needs very well and set 
basic principles into an integrated school where students 
with vision impairment are enrolled (Brown & Glaser, 
2014).

Finally, it has to mentioned that researchers have 
criticized comparative methods as inadequate and unsta-
ble (i. e. students with visual impairments and sighted 
peers, Warren, 1994) since these methods seek compa-
risons between dioerent populations instead of seeking 
explanations within a population. However, the infor-
mation which has been obtained by comparative studies 
concerning scientirc concepts should not be rejected 
altogether as it constitutes the main source of data. In re-
lation to this, Lewis and Collis (1997) support the view 
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that the opinions concerning cognitive development are 
bound to be inquenced by comparative studies with the 
“norm”. Warren (1994) advocates this as well, assuming 
that one should not completely dismiss the information 
that is obtained from comparative studies by taking the 
sighted population as the „norm” because:

se development of all children is governed to some 
degree by maturation, and since development occurs 
within environments that, though they dioer in speci-
rcs, have major domains in common, we should expect 
some basic commonalities of development among all 
children…the principles and basic dynamics of develop-
ment are fundamentally the same for children with and 
without visual impairments (p4-5).

Since, the rndings demonstrated that there were 
common patterns of alternative ideas in both subgroups, 
it may lead to the assumption that vision loss or blind-
ness and prorciency in science do not constitute a causal 
relation.

LIMITATIONS AND CONCLUSION

One basic limitation is the fact that with such a small 
number of participants, these results cannot be generali-
zed. Also, another limitation that may have impacted the 
results is the fact that age, development, years of expo-
sure to the topic (i.e. density and heat) were not taken 
into account in this pilot study. Nevertheless, although 
the outcomes of the present study cannot be generali-
zed due to the small sample, they support the idea of 
expanding the general science curriculum by adding 
additional purposeful hands-on experiences in conjunc-
tion with advanced technological advances in order to 
promote blind students’ scientirc thinking and learning 
(Darrah, 2013; Nam, Li, Yamaguchi, & Smith-Jackson, 
2012; Supalo, Isaacson, & Lombardi, 2014; Siu & Mo-
rash, 2014). 
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