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Abstract

Muezupliors and analogies ase efficien: avd attractive toals used [n sciencs feaching fo explaim ab-
stract irbean mn chmapler, Guniliar ferem. Sclescs te thenk matham and teschen rely on meétaphons amd analo-
gies to-explain absirast scientific concepn and couyvey thetn to v oung bearnery, [n this paper, we discusn
acarpin of metaphanical expreisdons foind i Romanian physies and chemisiny testhooks for second-
ary educatian (gades 6-8), and clawsified baed on target domatm (Le, the core saenhific conceph
peevensed in the umiy leasos of the anahzed texthoeka) and vourge demains (1.2, the more concrete,
moore familiar soncept wied 10 explam sciennfic concepts from the anabyzed exiboaks ). Furthenmore,
wg explors the way inwhich the idemtified and annotated metaplon my previde the basi for undar-
stnnding cone concepts from phyases (e.g., electmicity in termn of “water flrwing ') and chemiatry (eg.,
electron shells an “field treck Lanes® ). Thas vudy Is part of a langer revearch project whicl atma i 1o -
amine how metsphors and anabogies used in Romanian science texthosks are mdemtood and mimz-
demiood by young learner and what (mie) underianding comalex welentific idea might mean for
pupils” preparednets to make senve of the world we e in und, ultimately, for thelr fumre enga@ersent
with and kntérest in sctence.

Kevwards: wigticd sducsieo and communication, mataphor and weience, teaching and ¢onmmumnd-
citing abstract concepts, Romanian icience textbooks

Introduction

Sqience education and communication shape young children as- fisture citizens of o mod-
erti socieny. Scientific leracy i crucial to informed citizenship and schoa) exthooks are i
stnipental for transmiming know kedge and valies to the young generation. This paper aims
to explone the verbal and visual metaphors used in 1| science texthooks (6 - phywics, 5 - chem-
tstry) for voung students nged | | o 14 vears. There B widespread recognition of the essen-
tinl role played by metaphon in education, especially in mediating teaching and leaming new
abstract concepts. Metaphors belp simplify abstract idex by means of foregrounding analogies
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with concrels, mare langible concepts: at the same time. metaphors facilitare communiciion
of these ideas by ennbling students and young leamers to make commections berween what
they already know and unfamilinr concépts

Assuming that the way in which abstract concepts are represented in fextboaks may influ-
ence how children undersitand the world they live in, in this article, we focus on fwe core con-
cepts from physies and chenmstry that are considered crucial to acquiring know ledge of the
plevsical workd; electricity and the somie structire, Dirawing on quantitative and gualimtive
methods of text and image analyveis we ask: (1) how these abstractoons are made tangible
through metaphoric language and visualy in textbooks far children in early yean of science
education, and (2} what implications the use of metaphors 10 explain abutmct concepts mny
hanie for young learner  undentanding of abstract concepts from physics and chemistry.

We used Progplejnz Group's {2007 Metaphor Identifiention Procedure (MIP) and its re-
fined and extended elaboration MIPVU (S12en et al., 2000) to carry ool the idemtification of
linguistic metaphors wsed to explain and descnbe core scientific concepts in the analyzed
textbooki. By applying MIP{VL) 10 our corpus we were able 1o systenmncally wdennfy and
:I.usjf_'.-' the metaphoric paiential of linguistic expressions wused 1o exploin abstract concepls
from plysics and chemistry, Furifienmore, the idemtilication procedune, which was curried out
threughout the entire textbooks, allowed us 10 make sure that what we identified as metaphor
is indeed clossified o such, In the case of visual metaphors, we rely on content analyvis for
vismals to search, code and analyze the visuals in which scientific concepts from phy sics and
chemistry are explicithy part of the image, and the visuals in which such abstract concepts are
key discourse topics of the co-text surrounding the image; once dentified and coded as vi-
sual metaphors, we examine the metaphorical nssociations in the coded vivuals, Our analy-
s revealed o systematic use of verbal and visual metaphors across the analyzed texthooks
and a sensarimotor grounding of metaphorical meaning of scientific concepts,

Communicating science to young students

Science education helpy shape voung children as future citizens capable of making tme-
pormant life decisions. Scientific literacy is crucial o informed citizenship | Davies, 2004),
and school textbooks are instrumental for tnsrmrting koow ladge and values o the yvoung
generotion {Kalmus, 2004). Physics and chemistry are compulsory parts of the “Mathemat-
ict and Matural Sciences” section of the mational curriculum for lower secondary educaron.
Scientific subjects are very impartant for contempemry education reforms in Romnnia and
the European Umon. STEM (5cience, Technology, Engineering and Mathematics) is a prior-
ity aren of education throughout all member states | Evropenn Commission, 2012) il science
educntion i impormit to increase voung siudenty” intérest in science education nnd careen
and to develop their scientific citizenship

However, despite incrensing public concern about the comolidation of seientific lieracy,
scrence teachen and communicators have repemtedly wamed about the lack of inlerest of
young students in sclence topics combened with the lack of attractiveness ol science nstruc-
ton (Avepamidoy & Osbomne, 2009; L Astonna & Volente, 201 1; Raes «1 al,. 2013}, To chal-
lenge frequent portrayals of science topics in school eurricuia as “abstmcted, disembodied,
and decontexrualized” know ledge “disconnected from their [smdents | evervday expenences
(Avranmidou & Oshome, 2009, p. 1684). previous studies have proposed different solutions
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such aa the ove of narmtive and sorvielling (ie. Betionnl discourse) in commmemcating sci-
ence to make the complex, abstret nnd, sometimes, opagie scientific informntion more rel-
evant ad secedsible (Avraamidou & Oshome, 2009 ), Other schalar { Roes egal., 2013) have
advocated the web-based inguiry science project in teaching and lenming science bosed on
empirical findings showing the positive effects this technique has had on narrow ing the gen-
der gap in science leaming in secondary schoal classes and on boasting confidence and skills
fior learming science among low-achievers. In this paper, we explore the potential of metaphors
o comribute to both scientific know ledge acquisition and science communication, especial-
by m edvcational contéxts. Metaphors help simphify abstrct concepts and make them more
aceessible oo young learnens (Cameron, 2003, Low 2005, 2008); simplification of abstract
know ledge moy Excilimte comumunication of abstractr conceprs o sudenty je.2.. via visuali-
eathon, modalling, e,

Metaphors have been frequently used m the genetice discourse (Kedler, 2002, especially
for explaining and déscribing the aature and the function of genes and DMNA. Here Is an ex-
ample of o metaphor used o explain the striscture and the role of DNA and genes and com-
tunicate s scientific Kivow ledge in o creative and amractive way to appenl to young leamers.

The imsmugnons for building all living things, whethes 3 fish, 3 hacteriemn, a mee, an urvect oy u per-
son, mre found m o mebenle called DINA. DNA i::nmﬂ-ll.'nfitmp Mm‘hﬂh
'hhikl:n':1hﬁlmmd;dmﬂhnrlﬂnm@dhhhhhtﬁm1.ﬂﬂml
ecules have 2 strandh that aie Joined tepether thoough complomestary base pair A paam with T and
C pags with O, Theve balding blecky fonstion iogether in lger unss called gemes. Esch gene s a
e af mastrnations for buildimg a spesific protsian. A complete set of genen i called a posoms. A
petme 18 4 pet o vimctiomm for buikling an sonirs organism. Evesy penon's penoms han the samie
penes wrranged in the vame atder. But viaall differeséss in the sequences of ke bassl th our geiss
mikke sxch perian umigue

The excerpt above is o mamenpt of the text accompanyving a video produced by the Ge-
netics Science Leaming Center at the Univensity of Utah® with the purpose of helping young
learmers get familiarized with DNA and genes and understand what their role in the develop-
ment &f all bving organivms §5, The DNA 18 systematically described here via (LEGO) Dv-
STRUCTIONS metaphor which allows for correspondences 1o be established between the 4
boses of DNA and LEGO bujiding blocks thot are paiced two by two and they form 2 strands
that ore joined together by the pairing of the chemical base. The building blocks of DNA
form larger units called penes that are aho described a5 g set of instructions for building pro-
fesns, All the genes in an organism form the genome, which can alio be thought of as ) st
e nstuctions for building on organism. These creative and vet familiar metaphonical cor-
respondences berween DNA and "LEGO instructions” nnd between the nucleotide bases of
DNA and "LEGO building blocks™ help simplify abstret scientific know ledge and make it
available to young children. They may feel more motivated to leam about geneticy and DINA
i they vinualize them in mose familiar, more concrete tenms, such s LEGO budlding inatrue-
tions. The metaphor *DNA/ genes as o set of (LEGO) fnstructions” is creative ond entails
vivid comespondences benween complex, scientific concepts and a familior expenience to chil-
dren, i.e.. ploying with LEGO building blocks. Examining n different material from the wune
vource {i.e.. GSLC Uth), Semino {2008) discusses the implications that the systematic uses
ef the INSTRUCTION metaphor for DNA might have for voung leamers " ymderstanding and,
more importantly, misunderstanding of genetics. She wams about the reliance on o single
metaphor that may prevent leamens 1o reach mare advanced and more nuanced levels of sci-
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ence underiianding and suggests that providing swdents with alremative metaphor for the
same scientific phenomencn may help avoid the risk of oversimplification and mystification
of science { Seming, 2008, p. 167)

Metaphor and analogy in science education

Metaphon and analegies are bev components of himan cognition. They accur in all ar-
ens of human experience and imply highly sophistieated cognitive processes in which two con-
ceptunl domatins (3 source and a target) are mapped together so that knowledge from the
source dommin is trnisferred fo the target domain | Gentver & Gentner, 1983; Gentner etnl
20011 in such a way that inferences can be drawn, and new know ledge arises. It is their ca-
pacity o generate new meanings, 1o evoke new (mental) images allowing us to “see” things
from a different perspective that makes the wse of metaphors and analogies indispensable 1o
education, especintly to science teaching and learming. Metnphors and analogies are efficient
anch nrmctve ways 1o explam abstract ideas i familinr reoms, nnd ey provids the basis for
imderstanding core concepts from physics (e, light in terms of “waves'), chemistry (eg.,
links berwesn molecules ns chemizal “bonding”) and biology (e.g., synapric receptor as “kay.
lock mechanism’). Metaphors and nnnlogies are strongly connected (or argunbly equivalent,
ef. Cillucksberg, 2008), both imvolving a compariton berwees two conceprual domains A (tar-
get] and B (sourcel. However, in analogy, Le. A s like B, the comparivon is overt and the
two ideas (domaing) are Kept distinet: by contrast, in metaphor, Le., A i B, the comparison
s imphicit and the wo conceptual domains are blended, certnim attnbetes of B being mapped
directly onto A (Steen, 2007},

W rely on metitphors to wndertand o complex concept (nyprcally absiract) o rerms of ain=
other (usually more concrele. more Gumiliar) concept. Metaphors are intrinsic to thought (i.e.
concepiunl dimension) and this is reflected in the everydoy use of metaphorical language (ie.,
limguistic dimension) 10 coivey our conceptualieation and undersianding of the world arouid
us {Lakofl & Johoson, 1980}, Additionalky. o third dimension — communicatve —of metnphors
explabin why we somelinies e metaphon with the uslewtion 1o prompt a change of perspec-
tive in the way the audience concenves nn abstract idea by urging & mapping to a totally dif-
ferent, “alien” domain {Sieen, 2005, 2016), All three dimensions are of play when metaphors
are used in educational discourse to simplify complex ideas and communicate them to stu-
dents (Low, 2005; Cameron, 2003},

The important role played by metaphoery in the development of scientific knowledge has
been largely recogneed in previom work an metaphar in discourse nisd neroas genres | Deignnn
et ol 201%; Seming, 2008; Cameron, 2003 ; Knudsen, 2003: Bovd, 1993), Boyd { 1993] even
suggests that the we of metaphors in science can be either “pedagogic” or ‘theory-constil-
tive”. Impossible ta paraphmse, theory-conatitative metaphors are unique and original and,
arguably, the only way of talking about o particular scientific phanomeisen, e.0.. computer
metaphor used by cognitive pyvchologists to talk nbout abstract cognitive processes: “brmin
is 4 compiter’ pnd “thought s information processing” (Boyd, 1993, p, 286 Pedagogical
metaphors, on the other side, are peither original, nor argumentative, they are descriplive,
cnn be pamphrased and are onty tsed 10 explain or illustrate a scientific phenomenon, eg.,
the water analogy ro explinin electricity as ‘current” or “flow’ or o3 "moving crowds of pzo-
ple’ (Genter & Genmer, 1983). However, subsequent studies have shown that this distine-
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ticen is rather Muid than fixed nod that it captures dilferent fimetions of metaphars better than
different fypes of metaphors, as Boyd initially presented it { Knudsen, 2003; Semino, 2008).
For example, in the field of biochemical and molecular biology, metphorical xpressions
such as ‘transiation’, which had imitially been wsed to structure and support the field. became
established lexiealized terms used 1o talk about genetsc code nnd protem syithesis [ Knudsen,
2003, 20055, A lthough such ex pressiom are not used as metnphors by experts, the general pub-
fig may still explore and extend them, generating aliemative metaphers te help them make
svenise of the absmact soentific concepis

The extended ine of wientfic metaphors is a double-edged sword: it can generate gither
understanding or misunderstanding of scientific concepts. which, in turn, can lead to devel-
opment of either nccurate or innccurate know ledge nbout a scientific phenomenon, Cameron
(2003) amalyzed transcripts of schoal children discussing science metnphors and found ou
that some metaphors used by 1zachen lad o innccurate understandings of screntific phenom-
ena, such as the bearn pumps air ko the body, based on the metmphor of *heart a3 a bicyele
puimp”. Stinilarky, when analyzing metophors ol chimate changs wned by voung studdesty from
English schools, Deipnnn and her colleagues discovered that, in addition fo using comvention-
plized medaphars (such as *greenhowse’ “release’ or “wapped’) 1o disomss climate change-re-
lated issues, stadents come up with their own metaphors. At the expense of scientific accumcy.
stusdents used metaphors such as “bounce' (“the sun gives off mys, and then, they bounce off
the earth”™ ). omd “hand” (~.. _like there's_.. like a rubber band around the earth and then we're
i the middle of it [...] and the band gets tighter and together”) to extend creatively their un-
derstonding of climate change (Deignon et al.. 1019)

Metaphors and snalogied are important wols wsed 10 science teaching and leamimng o fo-
cilitate learners” understandimg of complex scientific concepts (Cumeron, 2003; Berger &
Fikel, 2015}, o allow them to visualize abstract concepts and to imoativale them | Duit, 1991,
to promote eritical thinking nmaong stodents (Litthemore. 2004), This paper aims to examine
the mietaphors and analogies used in Romaninn physics and cheniistry texthooks for lower
secondary education (grades 6-5) to explain abstract scientific ideas and 1o communicare them
to students. After a brief description of the methodalegy used, we discuss in more detail two
established discipline-specific | Goschler, 2019) metaphons of electricity that we identified in
the plysics textbooks., Le., electicity ns ‘moving crowd® and electricity as “water flowing”
i Cenimer & Ceniner, 1983) and a crentive metaphor identified in one of the chamisiny texi-
books, ie. electron shells as “field tack lanes”. Our analysis explores the implications that
the wie of these metaphorn in science texthooks may have for the understanding of abstruct
concepls and for the acquisition of scientific koow kedge by voung stsdents enrolled in s2e-
endary education in Romanin

Methodology and findings

Considerable coticinm of the Lakofl and Tohnson s | 1980} concepiual metaphor theory tag-
geted the idea that recognition and identification of metaphor rely overw helmingly on ang-
Byests” intuitions [Gibbs, 2007, Steen et nl., 2000), To overcome this methedological chnllenge,
arigoreus, bottom-up procedure to identify metaphorn in language has been developed by the
Progglejaz Group (2007 ) and subsequently refined and exiendzd by Steen et al. (2000}, The
Metaphor Identification Procedure (MIP), and its updated version called MIFVL is a tool
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that allows researchers 1o identify metapho r-reloted words in text. Basically, MIPIVL] con-
sists of the follow ing steps (Progglejar, 2007, p_ 3; Steen et al., 2010, pp. 3-6):

|. Read the entire sext'discourse o estohlish a geneml inderitanding of the meaning.
2. Determine the bexionl units in the text'discourse.

3. n) Foreach lexical unit in the text, establish my memmg e context, Le. how it applies
tor an entity, relation or attribute in the situation evaked by the text {contexmwal neaning)
Toke into accountwhat comes before and after the lexical unit.

bj For ench lexicad unit, detenmine if it has a more basic contemnpormry meaning in oiher
comtests than the one in the ghven context. For our purposes, basic meanings tend 1o be:

- more concrete; what they evoke is ensier to imagine, see, hear, feel. smell, and taste:

—related ro bodily action;

— moTe precise (a3 oppoescd to vaguc).

~ historically older.

Batic menmings are not neceasarily the most frequent imeanings of the lexical umit

¢} If the lexical unit has a more basic current confemmporary meaning i ather contexi
than the grven context, decsde w hether the comtextunl meaning contrasvts with the basic mean-
ing bt can be undersiaod (0 comparisen with it

4, Ifves, mark the lexical wait as metaghoncal,

For thes I.h.ld:r,‘l\'! biilt up o corpud comprising 1l science texthooks for voung sudents
aged |1 10 14 vears enrolled in lower secondary education in Romania. We, thus, content an-
ahyzed & physics textbooks for grades o, 7 nnd 8, nowd 5 chemistry texrboaks for grades 7 and
8, which resulted in n carpus of 195.20] words. The plyysics subcorpus { 132,133 words) in-
chuded 2 1exthooks for grade 6 of secondary education, | for grade 7 and 3 1textbooks for
gmde 8; the chemistry subcorpus (63,068 words ) inclided 3 fexthooks for grade 7 and 2 for
grndde 3 of secondary education; althoogh all coment analyreed extbooks follow the national
compulsory physics and chemistry corriculn, they hnd different publishers and, thus, we de-
ceded o include in the corpus all Minisviry of Education-approv ed plyuics and chemintry 1250-
books for lower secondary education validated by the National Center Tor Policy and
Ajysessment in Eduention and avatlable on the dedicated website, manual edwm.

To identify the lingmsiic metaphors wsed in the texthooks 1o desorthe and explan core
concepts from to the two teaching subjects, we applied MIF(VL). However, due to the speci-
ficity of the corpus, we decided 1o make some methodological choices to simplify the analy-
sis and to focus on metaphors used in relntion to abstract concepts from physics and chemistry.
We did not melude in the corpn the sections of the texthoeks that were net directly related
to teeducing, explyining. and descnbing core concepts and ideas from the two disciplines
Thus, wie discarded from the anaky sis the sections of the textbooks that mchieded descriptiam
af experiments, exercisel, assignments, group work, elass activities and revidioni. For every
metaphor identified using MIP(VLI), we checked if it was used indirectly or directly and if
its use could be expluined by o cross-donuin mapp ing 1o a fopee i the text. Gven the scope
of our study, snother methodological choice was 1o pre-define the torget domains of the
metaphary gy core concepts from physicy and chemitry, respectively, explained in the uni
lessons of the texthooks.
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Freguancy of Enguistic metaphors in taxtbooks

Our analysis revealed o toml of 1098 direct and indirect metaphors which were signifi-
cantly more present in physics tex tbooks compared 1o chemistry fextbooks for secondany ed-
seatien (vee Table | belaw |

Table |. Linguistic metaphors sdentified in the analyzed textbhooks
Frequency of metaphors Percentage Metaphor density scores (%)’

|
Physes | war 208 754
Chermistry | 1o | 02 | 1.80
Total | gl 100.0

'Hﬂnphnr denury o caloulared a1 the oumber of metsphanc expresvens per 1008 words.

Given the target domnins in our analysis were pre-defined and coincided with the core con-
cepts from physics and chemistry that were the topics of different lesson units in the exam-
ined texthooks, we were able to determime whech targets were mest frequemly explained via
metaphor. as shown in Table I below,

Table 2. Scientific concepts most frequently explained via metaphors

Grade & Grade 7 Girmde @

Target domaine EM|  Torget domaine EM|  Torget domaine L

Physacs phvysical baody 37 faren < | alsciiicty 10
gl 28 Bnangy 26 light L

ecticily 8| predziiia 10 et mi

Chamiatry Ao 20 A 4
e 5 H'-ﬁ-]ll 3

wikter 8 -.Huul_ 3

Based on these findings we hove chosen to thoroughly examine here the metaphors “elec-
tricity os water flowing” and “electron shell as field rack lanes” found in physics textbooks
and chemisiry textbooks. respectively. Our comtent analysis has revealed that electricity is
ihe abstroct concept most freguently described throough metaphers in the exaunined physics
texthooks, while explanntions of atons, atomic siructure and electron configuration of an
atom fesed 1o contnin metaphoric comespondences with more familinr and more tangible con-
cepts in the chemistry tenthoolks.

Visual metaphors in physics and chamistry taxtbooks

Multimadality has become ane of the highly valuable features of modem education, al-
lowing [or infonmation to be displayed in various modes, thins, Bcilitating encoding and ac-
cossibiliny of content (Weninger, 2020). Texthooks’ multimodal {texim] mmd visual) content
imay positively impact on both students* and teachers” engagenient with the topic tught. Ar-
guably, multimodal lexthooks convey the information in o more aftmctive way than monomodal
altematives. The textbooks we have analyzed can be considered multimedal repositones of
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scientific know ledge since i all the lzarming umits the information is encoded both linguisti=
colly and vismalty. In an attempt to account for the visunl representations of metaphors used
to explain abstract concepts from plysics and chemistry. we coded and nnalyzed visuals in
which the target domamns (1.2, core concepts from plveics and chemistry ) were explicily
part of thie image or kev discouné topics of the co-text surrounding the unagé: once whenti-
fied such visuals, we examined the metaphorical issociations. We found 12 visual metaphon
used in physics texthooks to convey information about electricity. light, physical bodies,
prosyes and heat; we also found * visual metaphors for atommig structure {ncheding electron con-
figuration) and greenhowse effect in the analvzed chemistry textbooks, Our nnnlysis also re-
veabed @ systematic semsorimetor groumding of metaphorical meaning of scientific concepts
i visual isetaphors. Inwhat follows, we show bow electricity and electron shells, respective-
ly, are metaphorically deseribed in physics and chemistry textbooks via lingunstic and visu-
pl expressions, and we explore the implications thar multimodalicy mglst have for voung
learnen” undentanding of hese scientific concepis,

Electncity as ‘a fluid

Electricity is key to phyvics curricula for secondary edication and concepts related 1o elec-
tricity are pamiculorly complex and abstract, therefore they are often explaied via metaphors.
Ceentner and Gentner (1983) discuss two estahlished mental models of electneity based on
water-flow and moving-crowd analogies. These models are pervasive in both scientific and
commonsensieal explanations of electricity and strongly influence how pesple renson abot
electricity in terms of flowing water ond moving crowds. When they think of electricity m
water flowing oras erowds of moving objects, people inport elements of the sounce damalns
to mnke inferences within the target domain.

The rwio metaphatical models for electricity are Freguenthy wed in all 6 analvzed plysics
texthooks 10 explain this concept. We focus here on the electricity as “water flow ing” metaphor
and we focus on one of the visual renderings of this metaphor in the textbooks to show how
the imnge may lead to 8 misunderstanding of this phenomenon by children.

These mis auatssials that allow slecmicty "t fow theougl theia (hecmis of the mov emenf of fres

chestroms ) and they are calked electmeal comdisoton (Phyiies, grmdbe & Lingea, p. 400

The gemerator i ke & pisg that radsss the wate into o high pak Sem whee it will flow feely -

like the “flowing” of election i the ¢lreanlt (Plordes, gtade 8 Litera, p, 580

In the corpus, the metaphor “electnicity s water flow” 15 expressed linguistically munly
via the verb “to flow”, which describes the process of the electric current traveling in o cir-
cuit, Ditferent napects of electricity and electric current are mapped onto corresponding ele-
ity of o hvdmulics system, e.g., electnc generior = pilip. The wabér pump annlogy requmes
ipecific know ledge thot allows childeen fo map elemenis of the source = waier pump {e.g..
water debit) anta the target — volinge of an electric ¢ircuir. However, children aged 11-14
moy oot pecessarily be familiar with the fonctioning of water pumps to be nble o map this
attribute {water debit) of the source anto the target and, thus, to reasan about voltage of an
electric circunt in terms of water debrl

An extended water flow metaphor is alvo visually rendered 1o explain another aspect of
ehectricity, namely the intensity of the electnic current, by means of creating correspondenc-
e between waler pipes and electric circuits and, possibly, berween air bubbles in watzr pipes
nnd atoms. While the first set of mappings (s conducive to show how stroctural relations from
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e souirce dormnin are feflected in inferences in the target domain (Gentner & Gentner, 1933,
p. 119), the second set of comespondences is problemnatic becmise it highlights aspects of wo-
ter fhowing in pipes, o feature which electnicity does ot share with warer

Figure |. Visiml expression of the "electrciry a5 o fluid’ mwetaphor in o plyuics lexibook

(Floyrsecs, grade B, Litera, p. 57§

We have deliberately chosen this example of “electricity as a floid” metaphor wsed in the
examined phyu'cs. tex thook fo show how using metaphors in teaching abstract scienfific con-
cepts may lend to misundentandings and poor conceptualizations of relevant aspects of nat-
ural phenomena such as electricity. Studies hav e shown that the uze of conventienal metaphor
of electricity as water flow has a significant impact on learning about electne current and
electric gircuits (Gentner & Gentrner, 19583 Cosgrove, 1995, Reiner e nl, 20000 however,
a questionable visunl rendering of the metaphor as in Figure 2 above may activate familior
know ledge about the source domaim that o incompatible with the thrget domnin

Electron shells as feld track lanes'

A already shown (vee Table | above), metaplenenl expressions whed to explam aobstrot
concephs ipedific to the wwhject were searce in the anplvzed chemintry texibooks. Nonethe-
less, we found thar the most metaphoerical mrget domain cormreipomnding o o core concept in
chemistry was by far the atom, including stodic strctiere, electronic configuration and elec-
tron shells. In contrast 10 the examphe fram pliysics texthooks which consivted of 0 comven-
tionnl metaphor of electneity, we have chosen to discuss a novel imetaphor used ina chemistry
texthook to explali how clectrons are distnbuted in stomic orbitaly or shells

To descnbe the electron configumtien in an atam, we could drmy an analogy with g imek
and field event (running} which takes place on o circular trock. Athlefes have the tendency to
eccupy the nside lape of the tack becmse the distance they must mum i sberer and therefore
the amount of energy they consume is smalles As the maide lane n occupied. the other athletes
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st oceupy lanes that gre mere fior owey from the ceptre and, therefore, a higher amount of
energy & required fo run the distanee. Only a cerinin pmember of pthlsies are allowed on each

logee. Atomie structure containg efectron shalls sionilar o laes on g Geld rack. Tn an mom, there
can be n shells numbered with digins 1, 2,3, 4, 5, 6, 7, or with betren K. L. M. N, 0. P, 0

Figure 2, Visual expression of the “electron shells as wrock field lanes " metaphor in a cherne
isiry texibook

(Chemiviry, e 7, Inbaitext, pag. 7)

Previous studies on the use of annlogies and modelling in 12nching ehemistry (Harrizon
& Treagust, 1996, p. 532) have shown that young vtudents prefer models of atoms that de-
seribe thein as concrete structures, .., atormic stricture as solar system and electron shells
an complete or semiselid structures. Other studies have shown that many conventional
metaphors in chemistry textbooks have become discipline-specific and form explicit models
used te structure highly abstract and complex selence domain (Goschler, 2009, such aa the
“solnr sysiem” madel of the atom or the elecinan “shedl”

Novel metaphors ined bin chembitry instmiction such as the ong discussed here vimplify ab-
simct knowledge by describiag in termes of o familinr and concrete eXpenisnce, 1.2, partici-
pating and’ or walching a track field event. But, more importangly, this metaphor has the
potential to evoke embodied experience that underlizs the memaphorical mapping of electroms
orbiting the stamic noeleus onto athletes nmning. atomic arbit onto circular field ek, and
electron ibells onto field track lanes. Presumably, children aged 10-13 yean hove &xperi-
enced field track competitions either directly via participation in athletic events or indirect-
b by watching such events. The text containing the metnphor and its extended meanings i
pecompanied by an image of athletes meciog on 8 mnning track. The lanes are visible, and the
athletes ron in lanes, Admittedly, the ‘electron shells as field track lanes” seemn 1o be an apt
metaphor 1 deseribe the electron configuration in an atom, judging by the abiliny of this
metaphor to compact complex soieitific knowledge, itn vividness, and the exie 1o be ex-
pressed linguistically and visunlly, However, we wonder w hether such imetaphor evokes vivid
sporrelated mappings that may be inappropnate o describe electmonic configumtion. Cons
fronfed with bwvisible Abstrnet concepts of piom structure and electron configuration. young
learnen motivated by the eomplementary fexi-image relatiouship mny push the metnphor to
establish comespondences between electrans as “competing” mhiletes to occupy the invide lane
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closest o the nuclews, which does nol hold with the miles of occupying shells Ind down in
chemistry. Finally, this metaphor moy not be appropriate to exploin the electron configum-
tion of atoms to more experienced learmers, university stfents and chemisiny enthuisis,
since the Rutherford-Bohr mode! inw hich electrons move around the noclens in fixed circu-
lar shells has been superseded by Schridinger's electron clond model

Discussion and conclusions

Our anialysis aimed to examine the metaphors used in Romanian physics and chemisiry
lexthooks to explain abstract concepts o yourng students enrolled in secondary education.
Drawiig on previous research supporting the idea that absienct thought 18 largely based on
meiaphors and annlogies (Gentner & Genfmer, 1983; Duit, 1991 Gentner & Jerziorski, 1993;
Boyd 1993 Hamson & Treagust, 2006, Miebert ef al., 200 2), we content analyzed o szable
corpus of 195, 20| words and applied MIF{VU) to identify nnd classify metaphoric linguis-
Tic expressions used o explain and describe alimer concepin from physacs amd chamistry mn
myre farmitiar and more concrete terma. The coment matysis revealed thnt the nnadyred physics
rexthooks were more populated with metaphors compared to chemivtry textbooks. This find-
ing might be explnined by a number of factors including the slightly difference in size be-
tween the plyvics and the chemistry wheoarpora and the difference in degree of metaphor
dedsity between the fwo subcarpora, 7.39 for physics v5. 1.6 for chemistry. Glven that we on-
Iy coded the expressions ued to describe ahstract seientific concepts from the e subjecti,
the difference in metaphor density between the two subcorporm might be read at keast m two
ways: o) as an mdicaton of texthooks authors” inclination to desenbe the abstract concepts
fromm plavsics i termis of more concrels e, and b} as a result of a higher frequency of con-
ventiomalized (inchnding discipline-specific) metmphors ised to explain abstract concepts from
physica companed 1o the number of comventionalzed metaphor for abstract concepts in chem-
istry, Cleirly, these assumphons néed 1o be tested by mone extensive fumre stuches, which ul
timately might affer valunble insights into the crnucial rofe that metaphors play in the
undersianding of science by voung learmers

Following the identification and classification of metaphors in the textbooks, we were
ahle 10 account for the target domarns, e, core concepts from physcs amd chemstry, thar
were most frequently explained through metaphors. Two examples of such metaphons. one
for each subject, were chosen to be discusied: “electricity as a flwd” and *electron shells as
field track lanes’. The twa metaphers were Hngsistically snd visually rensered in the corpus,
which allowed us to inguire mia the role thay visualzation plays in the wnderstanding of ab-
stret scientific concept by young leamers. Visualization hos been shown to help learmen bet-
ter understand scientific conceprs (Liu et al., 1999; Rapp, 2005 Harrison & Treagust, 2006),
particularly when metaphors are used to describe abstract know ledge in more concrete terms
that evoke mare emiily mental iages, Concretensss s usually sssocisted with bmapeabiliny
iPavio, 1986; McDonough 1 al., 200 1], which makes the use of metaphor in teaching and
leaming sclence mnore appealing. Intégrating visual imagery in physics education | Botzer &
Reingr, 2005) has fecilitared students " undervianding of phvsical phesomenn pssocinted with
magnetism, whereas visual representations and animations have proven effective in teaching
concepts related ro aquilibrinm, rexction chemistey, electrachamistry, or miscibality in chem-
fstry instroction (Russell & Kozma, 2005). In line with these studies. our analysis of how
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electricity and electron configuration are linguistically and visually deiéribed through
metnphors in the physics and chemistry textbooks has highlighted the potentinl of visual
metaphors fo evoke mental images and ‘embodied experiences in leamers which may [acili-
tate their understanding of these imvisibla phvsical and chermeal phenomena

However, not all metaphors and analogies are effective in science education, becanse not
nll of them ultimpfely facilitnte conceptual understanding of certnin pbstract scientific con-
cepts. We warn that this might be the cnse with the two metaphors exnmined in this paper.
The well-established water-flow analogy may not be undervtond an intended if stodents rely
an the visual rendition of the mopping between water flowing in a pipe and curment flowing
in o cireuit, sinee the graphical depiction of atoms as bubbles could evoke know ledge about
the cireulation of water in pipes that may be incompatible with the targer. Undoubedly, thia
assumption needs 1o be accounted for empirically by tapping into stadents " own explanations
of the scientific concepts metaphorically described. Ouir convern about the possibility that
the analyzed mgtaphors moy lead to misundertandings and noppropriate conceptualizations
of electricity nnd electron configurntion i an atom resonates with similar findings from oth-
er studies. Gertner and Gentner { 1983} found sut that being taught about electricity in terms
of water-flow iy have helped students efficiently salve problams related 1o serial electnc
gircuits bt not when the problems required an understanding of the propertiet of pamllel cir-
cuits, Apparently, certain properties of electncity were nol recogmized because they were hid-
den by the langunge used to corvey the metaphor *electricity is o fluid”

Tuming to the metaphor used in the chemistry rexthook, it could be part of a delibermte
teaching strategy to introduce complex, fnisible abstrset concepts to young students in a cre=
ative way 1o activate their embodied experience with athletes nnd track field nonning which
to then be associated with the scientific concept. “Electron shelli are feld mack lapes’ mny
elicit embodied meonings incompatible with the properties of the novel concept ta be gmsped.
Harrison and Treagust (2006) have 1hown thar analogies, s metaphors, can be double-edped
wweords in teaching and leaming science becanse sometimes they are nat understood o not
ised a8 intended by students when they explain the abstract concepts they leam sbout. Ax al-
ready mentioned, a limimtion of this study has to do with the need for its findings to be val-
idated by qualitative inguinies into young studenty” own interpretation of the metaphor and
their ow i explonations of the scientific concepts mempherically presented in the exthosks.
The project that this study §s o part of does include qualitative metheds designed 10 accownt
for how young students understond and wse metaphors for science concepts,

Finally. by identifying metaphors wsed in physics and chemistry textbooks for secondary
education and, furthenmore, by show casing bow metaphor are wsed o explain core concept
from these two subjects, we hope to have convincingly shown that metaphors are indeed im-
portant teols in reaching nowd leameng sceence, However, al the same time, we hope to have
raised swarensss of the (genmmne) possibility that metnphors ised in solence educntion moy
somerimes lead 1o pw anred misunderviandings and misconceprionnlizations of complex soi-
entific concepts. In the future, comprehensive research might explore ways i which cognis
tive and commumicative aspects of metaphor could be efficiently used in science education
to help young learners develop a scientific remoning and to shape their understanding of the
complexity of the physical world.
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Note

! The video can be found heee: bitps:/leam genetics mtah edi/comtesit haics doa We recommend resds
s B0 asees thos |k and watch thevideo in which the metaphor DNA 2 LEGOD INSTRUCTIONS s mare
vivid as 5 1 rendered vizually, oo
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