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Abstract We believe that finding out how students think abmrrtain topics that are covered in science
classes should not be “the end of the story” betgtarting point for planning lessons and designing
materials. From this perspective, the researchysprdsented here is intended to explore secondary
school (15-18 year old) students’ preconceptionsonfnd attenuation, and of the properties andriater
structure of materials. Specifically, we analysaatents’ explanations for the fact that some mal®ri
attenuate sound more than others. This study waduoted within a particular scenario, in which 72
students participated in laboratory sessions aiatedeveloping students’ understanding of the nature
propagation and attenuation of sound. From theyaisabf students’ explanations, we could identify
some conceptions of sound attenuation in matef@ads as a result of hindering the entrance of dpan

as a result of capturing sound). The results of gtudy also indicate that the role of properties o
material and the role of the internal structure #tadents associate with its acoustic behaviopede on
their conceptions of sound attenuation. We useskthesults as support for the design of a resdzaséd
teaching/learning sequence on the Acoustic Pragzemif Materials, which is intended to facilitate
students’ overcoming the specific conceptual diffies identified in this research study and praemot
students’ development of conceptual models of s@ttahuation.
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1 Introduction

It has been widely evidenced that students deviele@s about natural phenomena before they arettaugh
science in school. It is also widely agreed thathsideas should not be seen as simply pieces of
misinformation, but as students’ ways of constngttvents and phenomena which can be coherent and
fit with their domains of experience, even thoubbyt may differ substantially from the scientifiewi.

We agree with Driver, Squires, Rushworth, and WBadbinson (1994) that finding out how students
think about the various topics covered in scienlesses is not “the end of the story” (p. 10). Soéen
teachers have the responsibility for providing\atiés which enable students to make the journenfr
their current understanding of the world to theegted scientific view.

There is a wide consensus in science educatioreffedtive science teaching takes account of stistien
previous ideas, among other aspects. Accordingisoview, this article presents a research studyab
students’ preconceptions of a specific topic - sbattenuation in materials and the acoustic progsedf
materials — in order to provide new insights inbmtto teach this topic in secondary school.

Even though several research studies have anaysddnts’ conceptions of the nature of sound, sound
propagation and other sound-related phenomena asichsonance or superposition, we could not find
previous published studies specifically devotedthe analysis of students’ conceptions of sound
attenuation in materials and the acoustic properiematerials. That was one of the main reasons to
conduct this study.



Another reason for conducting this research rel@tdéle particular context in which we planned &org

out the study. According to the available reseatata which supports that students’ thinking is dieep
situated in specific contexts (Taber 2000), we a&silithat the students’ responses that might bensiota

in the particular scenario we used (understoodhassetting and the activities) would presumably be
different (and even richer and more varied) froodshts’ responses to the same questions had tleey be
asked before having performed some previous agtivélated to the same phenomenon (sound
attenuation). Multiple possible contexts can beduse explore children’s thinking about sound
attenuation, but we selected a (technologically pedagogically) rich scenario in which studentsewer
asked about their thinking of sound attenuatioarréig to one experimental task that they had presty
performed during a laboratory session.

In particular, the research we present here wasdigh contributing to the design of a teachingfiesy
sequence (TLS) on the Acoustic Properties of MakefAPM) intended for 15-16 year-old secondary
school students. Thus, this article will reportsmme of the previous steps leading up to the dexigime
TLS on APM, which was carried out after the reskaaported here and took its findings into account.

First of all, this paper presents a review of poesi studies of students’ conceptions of sound tedan

the literature. Then, it explains the research \stwe carried out on students’ preconceptions of the
specific topics we wanted to address in the seqensound attenuation and the acoustic properfies o
materials. Finally, the article describes the firgdi of this research and how they were used tocstihe
design of the teaching sequence on APM.

2 Students’ conceptions of sound before or after fmal instruction

As mentioned before, one of the first actions eardut when designing a TLS on APM was to consider
the ideas about sound usually held by secondagos$students, and the difficulties they commonlydia

in understanding what sound is, how it propagates laow it is attenuated. According to Wittmann,
Steinberg, and Redish (2003), whilst the conceptsoond and noise are part of students’ everyday
experience, the fact that the perception of soaraliditory and not visual makes knowing what sagnd
how it propagates and how it is attenuated becarmar more difficult for many students.

From a scientific point of view, sound is conceiaslthe event produced by the vibrations of anabbje
called the sound source. These vibrations are gaipd through an elastic medium which gradually
transmits its state of compression or dilationhwitt transport of matter. The important point herthat
sound, as a wave, is a process of energy transéetheerefore has the physical properties of praxss
not those of objects (Lawrence 2008). Most of theearch studies devoted to analysing students’
conceptions of sound concluded that this key ida®t understood by most students.

Below, we summarise the main findings of severaljmus studies on students’ common conceptions of
sound, before or after formal instruction, distirsling two categories: conceptions referring to wha
sound is (i.e. ontology attributes) and how it @ggtes (mechanisms and trajectory), and conceptions
referring to the interaction between sound andkdium through which it propagates.

2.1 Students’ conceptions of the nature and proptiga of sound

Several studies suggest a naive mental model ofdspropagation, according to which sound travela as
particle-like object. This kind of mechanistic spameous reasoning has been evidenced in elementary
school students (Mazens & Lautrey 2003), as welhasecondary school students (Eshach & Schwartz
2006; Maurines 1993) and undergraduate physicsestad(Hrepic, Zollman & Rebello 2010; Linder
1992; Wittmann et al. 2003). Some of these authererally refer to this naive model as the “paaticl
model” (Maurines, 1993) or “entity model” (Hrepita. 2010) of sound propagation. These models can
be characterised in terms of some of the follovattgbutes expressed by students in the aforemeedio
studies:

» Sound signals are conceptualised as material @bfsotind particles) created and set in motion by th
source (Maurines 1993).

« Sound is considered an entity which is transpoligdndividual molecules, which move along a
medium (Linder 1992).

e Sound is considered an entity which is transfefrecth one molecule of a medium to another but is
different from the medium where it propagates (leini992).



e Sound is considered a limited substance which sawéth a certain impetus, and is generally
represented as an air current (Linder 1992).
e Sound is considered a substance which travelsdoipthe pattern of waves (Linder 1992).

2.2 Students’ conceptions of the interaction of smuwith matter

Some research studies (Linder 1993; Maurines 18&®) analysed students’ explanations of the factors
that affect the speed of sound, and students’ idbast the interaction of sound with a certain raedi
Here we summarise the main findings that relatutostudy:

* Molecules that form a medium are conceptualisednasbstacle to the propagation of sound through
the medium (Linder 1993).

e The speed of sound is conceived as being deperwerhe source or the signal amplitude but
independent of the properties of the medium (Magih993).

« Even when the speed of sound is recognised as ligipgndent on the density and elasticity of
materials, density is often conceptualised as edlanly to the distance between the molecules of a
medium, and elasticity is conceptualized in terrhcampressibility and as inversely proportional to
density (Linder 1992).

« Sound is thought to be able to propagate througlvéituum and to be transmitted through the empty
spaces between the particles that form a mediunuiikies 1993).

To sum up, these research studies indicate thatopie knowledge regarding sound of students at any
educational level tends to be materialistic or dzh®n substances”. This implies that students tend
attribute properties or the behaviours of matesigbstances to processes or events, as in the €ase o
sound. On the other hand, the previous studieenui that students often attribute different radethe
medium when referring to sound propagation (fatility or hindering sound propagation) and, morgover
the physical properties of the medium such as termid elasticity are themselves difficult to be
appropriately conceptualised.

Although many aspects and attributes of the seddiéntity model” of sound have been described and
reported by several authors, these previous rdsesincies did not tackle the analysis of how stiglen
conceive sound attenuation or how they understaadatoustic properties of materials. For this reaso
we decided to design and conduct a research studypiore 15-18 year-old students’ preliminary glea
of these topics. This research study was carri¢dvithin a special scenario which is described elo

3 Context of the study

3.1 The REVIR scenario

The scenario in which this study was conductetiésREVIR project, which is an initiative of the Gen
for Research in Science and Mathematics Educa@&ECIM), in which secondary school students from
Catalonia can access a computerised laboratorpeatUniversity (Faculty of Education). Groups of
researchers and secondary school teachers coltaltoraesign activity sequences for labwork practic
that deal with different science topics and intégrdifferent ICT tools (simulations, computational
applications and MBL technology). The aim for irdilug these ICT tools is not only for improved
learning of science content and skills, but alsgresater achievement of digital competence and a&mor
sophisticated idea of how real science is conduatedCT-enhanced laboratories (Pintd, Couso &
Hernandez 2010).

During the REVIR sessions, classes of secondargpascétudents (12-18 years old) spend an entire
morning (4 hours) working in small groups (2-4 stot) with specific material prepared for the s@ssi
and for the grade of the attending class. Theichees also attend the session in order to obséeie t
students’ attitudes and skills when working withmgutational tools and, at the same time, they learn
different ways of implementing these tools withireit own lessons. Members of CRECIM implement
the designed sequences and often collect data #imigarning process. In short, the REVIR project
hybrid scenario intended to contribute to bothsoéeteaching and research in science education.



The teaching sequence on Acoustics educatamidressed to these REVIR sessions was designed and
iteratively developed for several months before dlaga collection for the study we present here took
place. This teaching sequence engages studentsaigsang the nature, propagation, production and
hearing of sound, in monitoring and characterisheysounds they produce and in designing solutons
attenuate sound, the content of which is includetthé official “Physics and Chemistry” curriculum.

3.2 The teaching sequence on Acoustics educatiartiie REVIR scenario

As a method to involve students in the sessiontdhehing sequence begins by placing studentseala
context with some significance to them, and by pgsi meaningful problem. The aim is to give them a
purpose for the tasks that they will carry out dgrihe session, challenging them to find a solutiothe
following problem:

We are a rock team practising in the attic of ddng. While we were practising, the police came du
to some complaints from the neighbours. We musghatite the sound we produce by using sgme
materials. How can we manage to do it?

The teaching sequence on Acoustics educationustated around three tasks:

a) Let’s explore and describe sound

Students explore a simulatipnvhich represents the propagation of sound indesfithe vibration of the
particles that form a medium, and also graphicedgresents the displacement of particles over time.
Students are asked a series of questions thahtmedied to guide them when exploring the simulation
about sound and its characteristics. The goal @ finst task is that students revise/clarify their
conceptions of sound propagation in terms of theations of particles and the transfer of energyrmt
matter. Throughout the task, students discuss #ening of the variables that characterise souncesvav
(frequency, period, amplitude) to guarantee thay tbhare a specific language with a common meaning
during the session.

b) Let’s graphically analyse different sounds and asis

Students analyse the graphical representations iftéreht real sounds by means of a freeware
applicatio to characterise sound waves produced by diffaresttuments in terms of their frequency
and shape, related to the pitch and timbre respyti Therefore, students relate the pitch of défe
sounds to the frequencies they calculate from #r®g expressed in the graphs, and they relatstthpe

of the graphs to the characteristic timbre of astriment. Students also graphically analyze the
difference between sound and noise. In short, stadanalyse in depth one of the variables that
characterise sound: frequency (or period).

c) Let’'s measure sound intensity level

In this final task, students focus on another kasiable that characterises sound waves: the ardplitu
First of all, students relate the amplitude of sbuwraves to the sound intensity level, magnitudé tay
learn to measure with a sound level meter. Newtjesits design and perform an experiment to compare
the capacity for attenuating sound with three difift materials: expanded polystyrene, glass wodl an
rock wool. At this point, the only operational definition ofund attenuation that is made explicit and
shared among students is that sound attenuatioieBrgp decrease in sound intensity level. Althotigh
activity engages students in analysing the acolgfaviour of different materials, this activity rist
intended to engage students in discussing or dnglytke properties of materials that influence rthei
acoustic behaviotr Once the students perform the experiment androkite resulting measurements,
they are expected to make informed decisions onnthterial they would propose as soundproofing
solutions for the noise control of the room of pgieblem posed at the start of the session.

3.3 The experiment to analyse materials’ capacity attenuating sound

1 Note that the teaching sequence on Acoustics éduacdesigned for the REVIR sessions is different
from that on the Acoustic Properties of Materiagd®|1) which will be described later and which was
designed using the results obtained from the ptessearch study.

2 http://lwww.ngsir.netfirms.com/englishhtm/Lwave.htm

3 Audacity (http://audacity.sourceforge.net)

4 This is indeed the main focus of the teachingfieay sequence on the Acoustic Properties of Mdgeria
which was designed using the results obtained franturrent research study



The experimental setup used in the investigatiomierh out by the students in the third task of the
teaching sequence contains the following elemergsund sourcesamples of materiand adetector

Regarding the sound source, students are providdd bwoadband buzzers, which emit sound at a
constant intensity level.

The samples or plates of material are containeiéna cardboard box covering all six sides. The
cardboard box itself represents the structure rafoan or closed space, which has a particular gegymet
The plates of material covering the box (as shawRigure 1) represent the samples of the matdrél t
could be used to soundproof a certain room. Thasegpkes have similar thickness (2.5 cm) to allow
comparison of the capacity of the different materiar attenuating sound, instead of the effect uthe
different thicknesses of the plates. Three boxea® wsed in order to cover each of them with platage
from a different material.

Fig. iCardboard boxes "énd their lids covered with rooblvvéxpand!;(ed polystyrehe and glass wool,
respectively

As a detector, students use sound level meterseasune the sound intensity level, which are the
common instruments used in everyday life for naieatrol. Sound level meters are also used in
connection with data capture systems (MBL techngl@gd computers (Figure 2) in order to registet an
monitor in real time the evolution of the sourlgb'rmity level during the experiments.

Ty

Fig. 2 Experimental setup (sound level meter-MBL inteef@omputer, box and lid covered with a
certain material, buzzer inside the box)

During the experiment, students use the sound lenskr to measure the intensity level of the sound
transmitted outside a box whose walls have beerredvwith plates made from a certain material
(sample), having placed the sound source insidebtixe(Figure 3). The measurement of the intensity
level of the sound transmitted outside the box oedevith the tested material represents the nasta
measurement that would be taken at the neighbtansse. Comparing the measurements outside each
box at a certain (fixed) distance from the soustedents can compare the capacity of each matferial
attenuating sound, with the lowest measurementidauthe box being associated with the best sound
insulating material or with the one that has higtegracity for attenuating sound.




Fig. 3 Experiment to test sound attenuation producedhéyraterial inside the box

After describing in detail the intervention carriedt during the REVIR sessions devoted to Acoustics
education, in which the research data were colledtge specific research questions and methods are
discussed.

4 Research questions

In designing our study, we were guided by two regdeajuestions: (a)What preconceptions on the
phenomenon of sound attenuation do secondary scétoolents use when explaining the acoustic
behaviour of materials?h) Which properties and internal structure do secornydsehool students assign
to materials according to their acoustic behaviour?

5 Method

Setting and Participants

Seventy-two secondary school students from difte@atalan schools constitute the sample of ourystud
These students came from different classes thétipated in REVIR sessions that dealt with Acownisti
education throughout two consecutive academic yE#066-07, 2007-08). The participating students
were studying in the final years of secondary stl{tt6-18 years old). Although all the participating
students had, to some extent, previously studiedapic of sound during their formal science insti@n,
they had not formally discussed the topic of soattdnuation in materials and the acoustic propedfe
materials.

Data Sources

Our methodological choice consisted of an open-@mpestionnaire administered at the end of theeenti
REVIR session on Acoustics education, after stuglestformed the experiment already described, and
without having discussed the mechanisms of soutahwdtion or acoustic properties of the materials
used during the session. For the purpose of tkisareh, students were asked the following openeende
question concerning the third task of the session:

Invent an explanation for the fact that some maleriested attenuate sound more than other
materials

Data Analysis

We conducted a phenomenographic study using a tgiindi research methodology within the
interpretative paradigm, in order to investigate different ways in which students experience sbingt

or think about a specific situation or phenomenitarfon 1981). Thus, this phenomenographic study
was intended to obtain a set of related categdhiasdescribe the qualitative differences betweea o
students’ conception and another.

6 Results and Discussion

Analysing students’ answers, we could categoriselestts’ explanations depending on whether they
focused on the acoustic behaviour of different mi@teor on the physical properties or internalisture

of materials. Table 1 summarises the different sypfestudents’ explanations that were identified.

Table 1 Types of students’ explanations (at the end efséisssion) for the fact that some tested materials
attenuate sound more than others

Explanation Description of each type of , Number of
: . Students’ quotes
in terms of... explanation students
Acoustic St“deT‘FS explain the d_|fferent “[Some materials attenuate
. capacities for attenuating sound of
Behaviour of . : - sound more than others] 39/72
; different materials by providing a
Materials - . . ecause they do not allow (54%)
description of the acoustic behaviour|o "
(ABM) . he passage of sound waves
materials
Physical Students interpret the differences in | “[Some materials attenuate 63/72

6



Properties of | sound attenuation produced by sound more than others] (88%)
Materials different materials in terms of their because they are less

(PPM) physical properties porous”

Internal Students relate the different capacities“{Some materials attenuate

Structure of for attenuating sound of different sound more than others] 8/72
Materials materials to their internal structure in | because their particles are (11%)
(ISM) terms of the particulate model of mattemore distant [...]"

As shown in Table 1, many students (54%) explaithexd differences in sound attenuation caused by
different materials by providing a description b&tacoustic behaviour of these materidiBNl). Thus,
these students made explicit what they understgrsbibnd attenuation.

Most of the students (88%) also explained possiifferences in the acoustic behaviour of materiials
terms of their physical propertie®®M). That is to say that students mentioned severapgsties
influencing the particular acoustic behaviour ofteanaterial, perhaps not even eliciting their idéa
sound attenuation.

We surprisingly found that 11% of students, withdwatving been taught about the role of internal
structure of a material, used a microscopic mokBN] to justify their capacity for attenuating sound.

The previous percentages already provided evidd#raten many cases students did not answer in terms
of just one type of the aforementioned explanatioutsin terms of a combination of some of them. For
example, the next student’s quote illustrates griagmation that refers to a physical property of emats
(PPM), the internal structure of matter (ISM), and atsakes explicit the acoustic behaviour of materials
(ABM):
“If a material is denser, its particles are closemd therefore it transmits sound better than 3 les
dense material”

We now proceed to analysing in depth and separételyypes of explanations that students formulated
when are asked about sound attenuation. ABRHype students’ explanations were analysed in oiler
answer the first research question, andRR&M and ISM-types students’ explanations were analysed to
answer the second research question. The contaftsénof these students’ explanations is described
below.

6.1 Students’ conceptions of sound attenuation

In order to identify students’ preconceptions aiirs attenuation, we took a subsample of 39/72 stsde
(54%), which is formed from those who have answenetérms of the acoustic behaviour of materials
(ABM). Table 2 shows such preconceptions.

Table 2 Description of students’ conceptions of soundratation

Student Description of the , Number of
. : Students’ quote
conception conception students
Sound is attenuated by rI]Depelr;dlnghon the propefrtles of materials, /
c1 hindering the entrance of they allow the passage of waves more oy 11/39
less. The materials that best insulate (28%)
sound "
sound, reflect waves more
. . “The denser a material is, the less
co Sr(z)ur;d ;iﬁnwmﬁ“h"e vibration it allows in its particles, and 15/39
propagafing . therefore it has more difficulty (38%)
through a material o i
transmitting sound
Sound is attenuated by | “Some materials absorb the vibration /39
C3 capturing / absorbing [...]Jmore easily than others because they
-~ . - (18%)
sound within the material | have small spaces full of air
Sound is attenuated by | “Some materials have pores that absorb 6/39
C4 eitherreflecting or sound; others do not have [any pore] and
- " (15%)
absorbing sound reflect sound

As summarised in Table 2, more than one quarténeofeduced sample of students considers that sound
attenuating materials behave as sound barrierpthaent the passage of sound through a materigl (C
Accordingly, these students conceive that the amdchanism of sound attenuation is sound reflection.



Students’ conception of sound attenuation C1 sderhs based on an underlying conception of sound as
a physical entity that can or cannot move throughagerial depending on certain characteristicshef t
material. Even in the case of students expliciigagiating the propagation of sound with energystier
they might consider sound and/or energy as a sutxstdnat can propagate or be obstructed by certain
materials.
“[Some materials attenuate sound more than otheeshbse there are materials that allow the
energy, which is transmitted by sound by meansefparticles [of the medium], to go through
them more than other materiéls

Therefore, as many authors evidenced in severalque research studies (Maurines 1993, Hrepic.et al
2010), the concept of sound as an entity instead @f process is rather common.

As also illustrated in Table 2, most of the studd38%) accounted for sound attenuation in matesal
being the difficulty for sound to be transmittedtbe difficulty for particles of the medium to viie
(C2). Students often associate this difficulty withrtain modifications to the characteristics ofirsh
waves. One of the changes to sound waves that rgtudéghlight is the “decrease” in energy, as
exemplified by the following quote:
“The most porous materials are the most sound atsuy materials because when a wave finds
obstacles [within the material] it loses energydaherefore the sound loses intensity”

Some of the students that hold this conception @Rethat sound transmission through differentdsoli
materials is more or less difficult depending oe tlistance between the particles of each maté&ied.
following student’s quote evidences this type afiaeption:
“[Some materials attenuate sound more than othéesgause their particles are more separated
and the vibration is transmitted worse than in atenal whose particles are very close”

According to Linder (1993), students generally ddesthat the distance between particles affeats th
speed of sound propagation, so that the smalleinthemolecular distance the faster the sound tsave

the material. Students interpret that individuallenales of the material have to travel less distatac
transfer sound to the next molecule. We interpnat students answer in terms of difficulty in sound
transmission since they might conceive sound adtiimi as a decrease in the speed of sound propagati
in a medium. This conception would imply that therexsound is attenuated, the slower it propagates
through a medium.

Remarkably, about 20% of students recognised salnsdrption as a phenomenon that accounts for
sound attenuation (C3), even though absorptionneagxplained in terms of energy dissipation. Imso
cases, students who explained sound attenuatioheasbsorption of sound within a material also
evidenced a materialistic reasoning in terms ofehtty or particle model of sound. For instancee o
student answered:

“If there is more material inside the box, it holssund more, and thus, sound is heard less”

According to the previous answer, sound is conce® an entity that can be held or kept within the
material.

Finally, it is worth noting that 15% of studentsnsaered both reflection and absorption as mechemnis
of sound attenuation (C4), although in most of tases they did not explain what they meant by
absorption or relate it to energy dissipation.

6.2 Students’ conceptions of acoustic propertieswadterials

From the subsample of students (66/72, 92%) thplaaed the differences in materials’ capacity for
attenuating sound in terms of their physical prtpsrand/or internal structurd®®PM and/or ISM
respectively), we determined the characteristieg tHudents associate with the acoustic behavibur o
materials (Table 3).

Table 3. Characteristics that students associate witlatlogistic behaviour of materials
Materials’ capacity for attenuating sound
is associated with ...

Characteristic of materials Number of students

Physical Intensive Porosity 32/66 (48%)

. i 0,
properties of (scale invariant) Density 29/66 (44%)
materials Hardness 2/66 (3%)




(PPM) Extensive Thickness 5/66 (8%)
(dependent on the system Number of layers 4/66 (6%)
size or the amount of
material) Quantity of matter 5/66 (8%)
Internal struiltgrhj) of materials Distance between particles 5/66 (8%)
Arrangement of particles 1/66 (2%)

As illustrated in Table 3, students mentioned salveharacteristics of materials as influencing rthei
acoustic behaviour. The richness and variety ofadtaristics of materials mentioned by students is
worth noting since they come from their inferenafter the manipulation and observation of the three
sound attenuating materials used in the experiifrenk wool, expanded polystyrene and glass woal). |
particular, most of the students explained theedéfiices in the materials’ capacity for attenuasiognd

in terms of intensive properties, such as porodignsity, and hardness. Taking into account thedpky,
density and elasticity are in fact the most rel¢\amoustic properties of materials (Herndndez, Gdus
Pinté 2011), this result is quite remarkable.

Furthermore, a sample of 33/72 (46%) students ksiald relationships between certain physical
properties or the internal structure of materiatatégoriesPPM or ISM in Table 1) and acoustic
behaviour of materialsABM in Table 1). From these responses, we can detertihateeach property is
conceived by different students as affecting thdéenmls’ capacity for attenuating sound in differen
ways. Table 4 presents the different roles atteitub different properties.

Table 4. Relationships between students’ conceptions afmdoattenuation in materials and the
characteristics that they associate with acousti@mbiour of materials

Higher value of the property Higher value of the property
. implies more capacity for implies less capacity for
Conception attenuating sound attenuating sound
Property | of sour_ld Number NUmber
attenuation of Students’ quote of Students’ quote
students students
“Materials with low
c1 ) 2/33 porosity result in sound
(6%) | waves colliding [against
them]”
“More porous materials
attenuate sound more
co 9/33 | since sound waves spend
(27%) | more energy when going
through changes of
medium”
Porosity “[Within porous
materials] some
phenomena occur. For
c3 3/33 | instance, sound remains i
(9%) | inside the pores, and so
a great part of the sound
is not transmitted to the
opposite side ”
3/33 “The more porous the 2/33 “The less porous the
C4 material, the better the material, the better a
(9%) S | (6%) e
sound absorber it is sound reflector it is
“More dense materials
c1 4/33 result in sound waves i
(12%) | colliding [against
Density kil
“The denser a material, “If a material is denser,
co2 4/33 | the less vibration it 2/33 | its particles are closer
(12%) | allows in its particles (6%) | and therefore it transmits
and therefore it has sound better than a less




more difficulty in dense material”
transmitting sound”
C3 - -
“The denser a material I th? matgrial has a low
2/33 . ' 1/33 density, with lots of
C4 the more sound it .
(6%) B (3%) | spaces between particles,
reflects . ”
it absorbs sound a lot
“Some materials have
their particles very
close and then air
particles cannot go
through them. In
contrast, if the
c1 ) 1/33 particles are more
(3%) | separated and allow
air to enter the
material then the
vibrations will also
Distance enter [the material]
between and we can hear
particles sound”
“If particles are more
separated, then the
co2 3/33 | vibration is transmitted i
(9%) | worse than in a material
in which the particles
are closer”
C3 - -
“[If the material]
ca 1/33 has a lot of space i
(3%) between particles, it
absorbs sound a lot”

As illustrated in Table 4, all students who consitleat sound is attenuated by materials that act as
obstacles which do not allow sound to go througknth(C1), also consider that sound attenuating
materials are dense, not very porous and are fobyedoser particles. On the other hand, studetis w
state that sound attenuation in materials is predwehen sound remains inside the material and dloes
get out (C3) believe that sound attenuating mdsedae porous. In this sense, we interpret that the
acoustic role that students attribute to certaimpprties or the internal structure of materialsaher
coherent with their conception of sound attenuation

Concerning students who conceive sound attenuasanphenomenon occurring while sound propagates
within the material (C2), we evidence some diffeesnin the roles that these students attributemnsity.
While some students consider that sound attenuatatgrials need to be dense so that their partaokes
difficult to move, other students state that soattgénuating materials should not be dense so that i
particles are very separated from each other, anttleyy have more difficulty in transmitting sourichis

last statement was also reported by Linder (19889 found that many students consider that theityens
of materials uniquely depends on the distance letits particles, but not on the mass and packagfing
particles.

Furthermore, we found that students use indistiabtispecific properties of materials to describen.
In this way, several students do not only assodatesity with close proximity between particlest bu
they also consider that the terms dense, non-ppamgscompact are equivalent.

7 Conclusions

The findings of this study provide evidence thatdsints, who had been previously taught about the
nature and propagation of sound and had measueedtdhacity for attenuating sound of different
materials during a laboratory session, but who had received any prior instruction on sound
attenuation, were already able to elaborate ormift types of - naive or reasonable - explanatidns
sound attenuation. That is to say, there is evigé¢hat students built some models of sound atteruat
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without explicit teaching on this topic, just hagirxperience with materials with different acoustic
absorption capacity.

Regarding the first research question, we couldlcale that about one quarter of students concagptual
sound attenuating materials as sound barriers igpithe passage of sound, and thus reflection is
considered the only mechanism for sound attenuafiemaller number of students recognise absorption
as a mechanism of sound attenuation within a naztdri any case, most of the students conceive the
phenomenon of sound attenuation as the difficuityransmitting sound in a material. In some cases,
attenuation is conceived as being accompanied éynitdification of the characteristics of sound veave
Remarkably, a small number of these students waeeta relate sound attenuation to energy decrease.

The results of this study also provide evidence $tiadents’ preconceptions of sound attenuatioeakv
their conceptions of the nature and propagatiosooind. In this sense, some students’ responses show
that the most common alternative conception isonfingl as a physical substance that can go through a
material or not depending on certain charactessticthe material. This conception correspondshéo t
well known “entity model of sound” described by Hieet al. (2010).

With regards to the second research question, ébalts of this study indicate that the role of the
properties of a material and the role of the irgérstructure that students associate with its aaous
behaviour depend on their conceptions of soundh@dtigon. That is to say, the same material property
can be conceived as a facilitator or an obstackbtorb or to reflect sound, depending on the stigle
model of sound attenuation. Accordingly, the bestrsl attenuating materials are considered dense and
non-porous by those students who think that sottesh@ation is the result of the non-entrance ohsou

in a material. Sound attenuating materials are ttmeceived as sound barriers.

Furthermore, the findings also illustrate a laclkddferentiation between certain properties of miate,
such as density, compactness or porosity. The msmmHohination between certain scientific terms is a
recurrent issue that needs plenty of attention.

Finally, the results of the present study also supprevious research findings such as those regdry
Linder (1993) concerning the oversimplificationtbé relationship between the density of material$ a
their microstructure (i.e. “the smaller the distabetween particles, the denser the material is”).

From this study, we conclude that students havarigty of preconceptions about sound attenuatiah an
of the acoustic properties of materials, althougime of them are more coherent from a scientificpof
view than others. Thus, this research study suppbe fact that students do not develop conceptual
models that allow them to appropriately explainrsbattenuation in materials as a mere result af the
active engagement in designing and performing éxpsants in the REVIR session. The REVIR scenario,
however, turned out to be a favourable contextaltwing students to enrich and elicit their inlitia
explanations.

8 Implications for design

Within the research-based design paradigm, thidysts relevant not only because it contributes to
clarifying students’ conceptions about sound atiion and of the acoustic properties of materiais,
also becausthe findings can be used to adjust and supporti¢ieesions made when designing a teaching
sequence, like those already developed by Piraé €2009) on the Acoustic Properties of Materials.

What benefits could there be of a teaching sequendbe Acoustic Properties of Materials?

Sound is an area of physics widely considered aergisal component of most official science curigcul
A traditional approach to the study of sound inoselary schools usually includes a macroscopic
description of mechanical longitudinal waves imtsrof its main characteristics (amplitude, freqyenc
etc.), and a microscopic description of the medasiinvolved in sound production, propagation and
detection, such as vibration and the interactidwéen the particles of the medium.

Moreover, we can find relevant socioscientific ssuelated to sound, such as why we should avoid
listening to and/or emitting loud music. Some awmh(Sadler 2009) plead for the discussion of these
issues in school science lessons in order to pmieatrning experiences that can affect studenisitig

and the development of scientific literacy. In fdotking sound with noise pollution has also beeom
more common in curricula with an STS (Science-Tettgy-Society) or environmental education
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approach. To make students aware of this problainnaare able to select the appropriate materials for
practical soundproofing tasks, we designed a tegdeiarning sequence drawn upon the findings
presented here. The teaching sequence allows emgafidents in the analysis of the relationship
between the properties and internal structure e€ifp materials so that they are able to accoantHeir
acoustic behaviour. This meant tackling the stuflgaund from the perspective of Materials Science,
emphasising the selection, testing and charactienisaf the appropriate materials for noise contidlis
perspective is in agreement with Wendell and L€2&10) view, who consider that certain practices
common to Materials Science, such as the charaatemn of materials by intensive properties,
identification of the properties needed for patdcyurposes, and selection of existing materiath w
desirable properties, play an important role innguatudents’ physical science learning.

What have we learned from this study about thehti@egcof this topic that could contribute to the iges

of a TLS on APM?

According to Scott, Asoko and Leach (2007), insighto how to teach conceptual content will onliger
through design research, where insights into dorspatific reasoning are drawn upon in the design of
teaching materials, which are then tested and dpedlin an iterative process (Lijnse 1995). Acaugdi

to this, we made detailed use of the above-destribedents’ preconceptions to the design of certain
activities of the TLS on APM. Those activities anéended to facilitate students’ eliciting of thewn
conceptions and make them yearn for a need foratieal elements to justify their statements.

Considering the differences between the contettetdaught (Hernandez et al. 2011) and the students’
conceptions evidenced in this study, we could distalthelearning demandg¢Leach & Scott 2002) for
15-16 year-old students. These learning demandsnasthat the students involved come to:

< Understand the nature and propagation of sound asent or process instead of as an entity.

e Conceive sound attenuation as a process of enésgipation that involves reflection and absorption
rather than an effect caused by materials wherd#ring the entrance of sound” or “capturing sound”.

« Appropriately conceptualize the acoustic propemiesaterials, at both macroscopic and microscopic
levels, and relate them to the acoustic behavibunaierials. For instance, this would imply considg

the density of solid materials as being relatedht® mass and packaging of their particles instdad o
associating it with the distance between particles.

Finally, the research study also gave us somehihgitp how to organise the content to be tauglhtén
TLS on APM in order to facilitate students’ devetognt of a more coherent conceptual framework:

e Since students’ conceptions of sound attenuatienrdiuenced by their conceptions of the nature and
propagation of sound, teaching about sound wavdstagir propagation should be a prerequisite of the
TLS on APM.

< Similarly, since the properties and internal stnuet that students associate with the acoustic
behaviour of materials is often based on their eptions of sound attenuation in materials, we dmtim
develop their conceptions by distinguishing the hagism of sound reflection from that of sound
absorption. In this way, students would identifypttypes of sound attenuating materials (soundctsite
and sound absorbers) and would attribute diffeaenustic properties to them.

* As students tend to have a simplistic view of #lationship between properties and internal strectu
of materials, we decided to explicitly tackle theséationships by developing tasks and analogies to
unambiguously develop students’ understanding@ttitcalled acoustic properties of materials.
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