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Foreword of Chair of Science Education Program

The fourth International Seminar of Science Education is conducted to fulfill annual agenda of the
School of Graduate Studies, Indonesia University of Education.

The seminar theme “Curriculum Development of Science Education in the 21* Century” is chosen
emerge from many problems of science education in Indonesia. One of them is the overstuffed
condition of science curriculum that affected from rapid development of information in this era.
Besides, there are challenges of Indonesian people in facing against global competition. To win the
competition they have to think critically. Therefore many massages have to cover by science
curriculum caused it overloaded and difficult to be implemented.

We are not able to overcome the problem ourselves. We need input of information and experience
from many researchers all over the world. Therefore this seminar hoped to be an exchange
experience to solve the problem and lead to the discovery of science curriculum to enhance
Indonesian science education quality.

I would like to express my special gratitude to Prof Dr Bruce Waldrip from Monash University,
Australia; Prof Dr Russell Tytler from Deakin University, Australia; and Dr. Benny H.W.Yung from
The University of Hongkong; who are specially come here to be key note speakers. Thank you for
sharing the result of your latest result with us.

Finally I would like to thank to the committee who have been working hard to prepare the seminar
and publish the proceedings. Last but not least thank you for all speakers and participants of your
contribution today.

Bandung, 31 October 2010
Chair of Science Education Program

School of Postgraduate Studies
Indonesia University of Education,

Prof.Dr.Liliasari,M.Pd
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Multiple Representations Skills and Its Influenced toward
Students’ Critical Thinking Disposition using a Virtual Laboratory
Activity

Abdurrahman”, Liliasari®

Mathematics and Sclence Education Department of Lampung University
e-mail: abe@unila.ac.id
Iscience Education Frogram of Graduate Schoal Indonesia University of Education
e-mail: lifiasari@upi.edu

Abstract

The aim of this study is to explore students’ multple representation skills and critical thinking disposition when
supported by 3 peer virtual laboratary activity. The subjects were preservice physics students that were engaged in
Quantum Fhysies laarning situation based on multiple representation approach using IFSO framework. Three virtual
labaratory activity related to pholoelectric effect, Bohr's-atom madel, and Schradinger eguation apolication were given
lo Lhe sludents in the treatment. The learning actyities including virtual experiment, peer discussion and generating own
multiple representations based on response improvement fadlitated by the designed virtual lshoratory learming
environment. The findings of this study are that stadents! multiple representativn skills are Lthe seys to successful an
aritical thinking disposition. Students with high exploration ability £an take better advantage from peer interactions and
teacher guidance to generate more diversified representations modes ideas and analogies using virtual laboratory
Activity. I contrast, students with low explocation ability woull kave serious difficulty in representation skills. We
condude that explaration abiity in virual laboratory is @ crucial factor thal affects student’s multipla representation
skifls. The study suggests that |ectirers could desian mirids-on and hands-on activities suaparted by virlual laboratory
activity lodmprove students’ gensrated ownmultiple represcntation skills for enhancing critical thinking disposition,

Key Words | Representation Skills, Critical Thirking Dispositlon, Virtusl laboratory

Background

The concern for teaching: thinking skills s Quantum physics has required many of the deepest

penetrating the e-ucation program everywhers ip
the world. All leveis of society =gree that thinking
skills are crucial tob one to remsain relevent snd
proficient in this fast-paced and competitive world,
I the era of masiive information and technolagy
explosion as such, thereis zrUrgent nesd o7 puplis
Lo lezrn in ‘thinking schogls!, where teachers
emphasize skilful thinking: Thz leaming of thirking
skills will be even more meaningful when It is
reinferced in the lessons saught, with curriculum
content as its context. When Lhinking skills are
infused and weaved Inlo the lesson Instructon,
studenls are able to gain a deeper understanding of
the conmtent they ars leamning, resulting m
meaningful and transferable knowledge. (Lang,
2006).

minds in physics, so it s known as * 3 big challenge
Tar thinking™ that it 5 2 difficult subject for students
to lzarn. Similar to any Lopic in physics, quantum
physics prasents many of its ovwwn uniqae challenges
That conspire to make it extracrdinarily difficult and
frustrating for most studepts to build mental
madels. It |s counterintultive and surprising to find
that the microscopic world does not Behave at all
the way we would expsct, as the intuitions we have
bullt up from interecting with our  dally
envircnment do not hold up. Becsuse most of the
phenomena students study 0 guantum physics
cannot be cbserved directly, it s often difticult to
construct mental models by which to wisualize such
elusive phenomena. It s also mathematically
challenging, mwvolving  lengthy calculations to
analyze the simplest phenomens, with most real

P1-7
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Quantum physics toncents can bz bullt en &
classical base theory, using many classical concents
and o0 can be rich in representations. |f student
understanding is weak in these areas, the learning
ot quantum physics may still be difficult (Bao and
Redish, -2002). Although guantum physics s vary
representational rich bhut almost certain that
traditional tzaching ignores these richress, Student
abllity  to bulld different  kinds of Shysics
represepiztions for guantum physics can help them
understand and use key physics concepts.
Therefore, quantum physics lecture based on
multiple representation Is an alternative way to
gnbance  students' understanding of gquantum
physics concepts.

Much previous research has shown that the use of
multiple Jorms of representation in teaching
concepts In physical science has great potential
benefits, and vet poses significant challenges to
studants and instrugtors. Faclity In the use of mora
than one representation deepens 3 students’
understanding, but specific leaming difficulties
arise in the use of diverse representational modes
(Meltzer, 2c05) By “representational mode * we
mean any of the widely diverse farms i owhich
physical concepts may beserved; understood and
communicated.

Ecducators and researchers now widsly agres that
the disclpline of science should be understood
historically as the development and Integration of
multimadal discourses {Kress el al. 2003 Lemhks
song), wherz different modes serve different needs
in relation to reasoning and recording scientific
inquiry. I tmiz way, mathematical, verbal and
grephic modes have been used individually and in
coordinated ways to represent the knowledge
claims of science discourse, with more recent
technelcgy-mediated representaticn: of science
conslstent with, rather than a deviation from, this
evolution of science as 2 discipline. By Implication,
students need to learn about the multimodal
natire of the representations.entailed 7 scientific
inciuiry; and the dffarent maodes inwhich the same
concepts in scence.can bel rapresented as part of

studenis’ general development of scionze imaracy
(Waldrin et al, ve10)

Multimedality rafers to the intsgration In sclence
discgurse of different mades to refiresent scisntitic
reazening and tincings (Waldrip, el al, zoe6;2018)
Tive. Sdme Concepl I8 resepresented hrougEn
differenl forms oe “multipie representations® i
verbal, numerical, visual, or actional modes. A focus
on multimodal thinking and representation
encourages students to coordinate their differsnt
representations of sclentific knowledga. Ainsworth
(1999) posited that learner engagement wilh
rapresentaticns could suppert learning in three
wavs. These are (a) when the new representation
complements past understanding by confirming
past knowledge, (b} the new representaticn
constrains interprotation by limiting the learner
focus an key conceptual features, (c) the different
representations enable learnérs o identify zn
underlying concept orabstraction across modes ar
within the same mode of representation,

There Is growlng recognition in science educztin
research of the key impartance af inderstanding
and conceptually integrating ditterant
representational. forms in leamning sciance and
leaming: how ta think: and act sclentifically
{(Ainswerth, 1999; Waldrip et al, aom0). These
researchers argue that to learm sdenca-effeckively
students st understand differant
representations of science concepts and processes
znd bee able to tramslate thess into one another, as
understand their coordinated use in
representing scientific knowledge, While vadous
classificalions of Lhese modes have been proposad,
there is broad general agreement that these farms,
ior the purpeses of learping science In secondary
schogl, include such catzgorfes a5 verbal, graphic,
mathemeatical, pictorial, simulations, and kinesthetic
or embodisd understandings or representations of
tho cama concepl or process. There s consensus in
thz literature that students nzed to develop an
vnderstanding of diverse modes, rather than be
dependent on particular mades for specific topics,
if they are to develop a strong understanding of
Fow to interoret end represent sclence corcepts
and processss. There 15 alse agreement thal these
modes of representation have different strengths
and weaknesses In terms of precision, clarity, and
associative maaning.

well as

tzarning tundamental ideas in quanturs physics
requires that tae larnar tonstrict mental mods

ol



mhaneaystem ta e Lndesstanadntegrated denamic
“epEesartations: thats support  argumertation,
explanation and prediction, Visualizations facilitate
this canstruction. However construction it pot
enaUgh.. Learsing fundamental ideas i guantum
requ'ras thial e
multiple misntal models,. There are several kinds of
mapangs that can Be used Lo accomplish this
(Johnson etaal, 2001)

phvEits [earmier canrdinale

The use of computer simulations in learning
enviranmental are promising tools that have been
shawn to be effective in helping students leamn
many topics in physics, especally in guantum
physics {Rebello and Zolmann, 19ug; Roblee et al,
1999; Alnsworlh and Labeke, V.N, 2004). Because
of the added prablems of visuallzing and building
ar ntuition far the abstract concepts and principles
of yuantum physics, the power of simulations to
provide Interaction, visualization, and context has
the potential to be even more helpful in this subject
than In ether physics topics. Many teacher/lecturers
and researchers have developed caomputer
simulations to assist students in leamning quantum
physics(5.8,. M.C Kagan et al, 2009 }While many of
these simulations may bz useful for providing visual
madels of cuantum phenomena, ressarch on their
user Interface and effeciiveness for learming has
been limited. Many of the user interfaces ar
representations of physics are not consistent with
rasaarch on user-intarface design and how students
learn, potentizlly limiting their effectivencss. The
Physice Education: Technclogy (PhET) Praoject
creatas  researchrbased  interactive  computer
sirulztions for teaching and leamirg physics and
miakes them freely available from the PRET web-site
{hitpifiphet.colorado.adu). The simulations are
animated, Interactive, and game like environments
wherg students learn through exploration, We
emphasize the conmections between reallife
phenomena and the uaderlying science, and seek
to make the visual and conceptual models of expert
physicists  agccessible to studerts. We have
attempted to address the problem of stadent
learning .of guantum physics by developing PRET
simulations in this subject using our research-hased
design principles, and canducting research on their
2flectiveress in various contexts (Me, <agan, 5.8,
at.al, 2o0g)

As noted by lohnson et.al (20e1) that knowing a
funcamental idea in science s not merely beng
able to repeat its standard verbal formulation, or to
salve 3 canonical set of textbogk problems. Verbal
‘ormulations and  problessobdng skils can be

Abtddurraman and Liliasar

acquired withaut uncerslanding. Irsteai, cogaitive
aid educatisnal researchers have converged on the
hypathesis that understanding a1 ides regaires that
tiz learner constrict an internal representatian,
oiten ~eferred s a5 3 mertal madsl, of the bipe of
sestern fof which =hit jgea S relevanle A mental
moael s an Imtegrated, dynarmiic representatian
thet sficiws thie learner Lo simulate the relevant
syslemn in the mind's aye. Mental models support
ergumentation, especially counterfactual
reasoning, explaration and prediction. Educational
materials abound with visualizations.

However, recognizing the power of advanced
visualizaticns to support the construction of mental
madels does not specify which visualizations are
most useful for particular  topics, especially
fquantum physics concepts,

Method

Ihe study followed a mixed metheds approach
entailing collection and analysis of guantitative and
quafitative data (Creswell & Clark, 2007), This paper
will drawr on data from the gquantitztive step into a
mix-method research of the role of multf
representation  in learning  queantum  physics
concapls in a seguential embedded mixed methaod
design with embedded sxpe-imental model will be
used In overall study to cover the richness of the
study.

A quasi-experimental, pre-peost test design with
students in quanturm physics course class of pre-
service physics teacher students was used for this
study, The study will explore the effecls of two
synthesis tasks across three physics units under the
pverarching theme of quantum theary Le
photoelectic effect, Bahr's Atom Model, and
schrodioger Equation. The study was designed
argund Lwo distinct stages. In the first stage, ta
address experimental graup, we used rmultinle
representation approach in tezching and tearning
brocesses, The sacond stage was to address contral
group students. which used direct instructional
teaching and learning model,

Discussion and Implication

Simulations are powerful Louls far helping students
visualize eleclrons, photons, atoms,  wave
interference, anc other quantum phenomena that
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Lhey cannot abserve directly While studante ean
canduct experiments pn topics such as the
photeeleciric effect and double sliL intererence in
many. physics labs, there is much going on inside
thess expenments that they cannat observe | 5.R.
M Hagan, 2008, Photoeleciric Lifect simulztisn
(Fig. 1) allews students to watch electrons traval
between the plates, helping them Lo bulld 2 model
o® why the current increases when you increase Ure
intensity (they can see that more electrons |eave
the plate) but does not increase when you increase
the voltage (they can see that the electrons travel
faster between Lhe plates but the number of
electrons stays the same),

Figure +. Photoelectric Effect simulation
Irom FhET {availzbie from
http:ffwww phet.colorado.edufquantum)

In Teaming process of photoelectric effect which
embeddad ArEUMents with multiple
represenlalions, students try to deslgn a virtual
experiment using simulation from PhET (see fig 2.
in wirtual |aboratory students conducted group's
investigation about relationshin betwean current
and valtage as intansity furction in photoalectric
sxperiment. Flrthermore student can conduet
axperimant about relationship between retarding
patertial effect and photon frequenicy. Figure 2
show the result student's plat stopping potential
v.s frequency using MS Excalk

Beside, in virtual laboratory activily, students try to
make their arguments with embedded multiple
representalion modes for: promoting. deeper
understanding concept.

¥ At S
R i R e R Ayt ale ponn v arsanh g S R e
e e BT T TRy, e

Rl ot
CTH
wlcp

AL e

=il 2w w e i L T IRPA a TR [ a me

R R PR ) e e e

Figure 2. Students’ investigation in virtus|
laboratery for Photoalectric Effact

Ainsworth (2006,) noted that studerits neaded to
know how science representations encode
information, including interpretive procedures, or
‘operators’. They also needed to know how to
construet an approprizte representation, I lerms
of its fit with the conventions of science discourse,

ncluding  brevity, compacthess, zbsence of
amblguity, and  structural  coherence, or
systematicity, According to diSessa  (zoo4),

“students start with a rich pool of represeniational
competence” Dased on Lheir past experiences with
interpreting visual Lexls, and are *strikingly aod at

desighing representations”. He considered
therefore that “rich and engaging classrom
activities are relatively easy to foster “ that are
hlghly motivating Tor learners. The results of that
study supported my research results. From stude <t
activity in learning gquantum  physics cencept
(examples in phatoelectric effect and Hohr's model
atom), students triad to generate thelr own written
texi analogy representation that coulc be seen
below,




Figure 3. Studenis’ representation about
Photoelectric Effect using an analogy

Furthermore, alomic models are an important part
of physics Instruction at mary different levels,
Atomic models are an important part of physics
instructional many different levels, The study of
atoms s a rich content area, providing a solid basis
for  understanding everything from  the
fundamental building blocks of nature to the basic
of madern technology. The structure of atoms iz
poth beauciful and useful. Furthermere, atamic
models provide a good context for teaching
scientific reasoning skills such 20 model bullding
and making inferences from observations, The
history ol atomic medels over thz last century
provides: an exciting: detective stary in which
students can be led through a complex web of
reasening about how new models are built and old
models are discarded, based an a few simple
ebservations.(S.B Mc Kagan et al, 2008). In learning
process we also present interactive camputer
simulations designzad to help students bulld models
ot the atom more effectively, especially for Bohr's
atom maodel (zee figurs 4),

Abdurraman and Liliazar
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Flgure 4. Virtual experiment of Hydrogens' atom
simulation (available from
httpiwww.phet.colorado.edu/quantum)

Carolan, Prain, & ‘Waldrlp {(2008) stated that
students can also translate ideas from one Lype of
representation te another, thus shifting their mode
of reasoring.  as  they reorganize  their
understanding to lake into account visual, spatial
and verdal aspects of topics. As students dewvelop a
representation as a dalm, the teacher andjer
students can direct attention to inconsistencies of
interpretation,  amd  thus  provide  further
oppartunities for reasoning shout causal factors.
Constructing represectations can alsa enable
students to keep track of their prograss in problem-
solving in & tepic, can refine and clarify first
impressions, and can promcota the pleasure of
recognition of understanding when students see
that their representation makes a clesr and
Convincing case.

Figure 5 showed wverbal (written text) mode
representation that generated by sludents.

This example suggests Lhal Lhe students could (a)
gain criicial insights inlo Lhe reascning of students
as-they construct and justify Tepresentations, ()
provide targeted feedback on the adequacy at the
Clains implied in these repcesentations, and (c)
guicle the students’ reasoning as wal s in a tmaly
fashion explain the purpose of  particular
—anventions in scientific representations, especially
anderstanding “stom madaling” and its role in
covering abstract concepl. There is increasing
recognition that daveloping students' capacitiss to
Interpret and construct these complex science
lexte poses significant cognitive and pedagogical
challenges that it could promate students’ scientific
literacy (Waldrip, Prain, and Carolan, 2008),
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Figure 5. Students” written representation on
Bohr's atom model related to other mode)

Moreaver, to assist studenis understanding of
schrodinger Equation and its application, we have
served Guantum Tunneling end Wave Packets
simulation. Mapy of the quantum simulations take
advantage of the power of computers to quickly do
complex calculations without sxpasing the user to
the details. Thus, students can explere guantum
tunneling  and quantum  wave interference
qualitatively and focus on understanding the
concepts without getting involved in the difficulty
of masth. This hes the potential to radically
tranzform the way guantim mechanlcs is taught
because it allows the Insuructor te focus on the
preblems Lhat are most impertant for students to
uncerstand rather than on the problems that are
gasiest Lo caltulate (.8 Mo hagen et al, 2008,

Using Quantum Tunneling and Wave Packets (Fig. &)
in iearmng process allows us Lo begin our
instruction on tunneling with wave packets, so that
studenls can visualize an electror as a sightly but-
rotcompletely delocalized object that approaches
a barvier, interacts wilh it, and then partizily reflects
and partially transmts. This s not anly much easier
to visualize and understand than a wave packet
spread aver infinite space Interacting with a barrier
for al' time, but alse more physicaily accurate.
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Figure &. Quantum Tunneling and Wave Packets
simulation{available from

hitp:{fwwephet colerado.sdulquanturm)

In learning environmental studenis were Eiven
oppeortunity to predict wave funclion before using
simulation through analyzing Schrodinger equatian
for potential barder phenomena, especally for
square barrier. Figure 7 showed how students
predicted wave funclivn in the potential barrier
system,
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Figure 7, students’ skeleh wave function
In diffarent Region

According to final examination of Critical Thinking
Dizposition, as figure 8 to 10 displays, the effect of
multiple  reoresentation-based  nstruction  of
photeelectric effect concept, Bohr's aterm madel,
end Schrodinger Equation gave mare gain meta-
learming known as critical thinking  dispesition
integrated with their concepts. Bassd on data
analysls could be conclude that all M-2ain scars for
cverzll indicators of critical thinking disposition for
Experimental Group (EG) were higher than that for
Control Group (CG).

For all N-gain scare of critical thinking dispasition
photoelectric concept-integrated {(CTDPE) for €6
were categorized in low level (g=0 - 2.3), whereas
almast all N-galn score of CTDPE for EG were
categorized In medium level (g= 03 - ©.7), except
for open mindedness (OM=0.75) which kas N-=ain
score was high level categorized (5 0:7). Beside for
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Figure 8. M-gain ot CTDPE for EC and £G

Furthermare, tigure g showed that all N-gain score
for averall indicztors of critical thinking disoosition
Bohr's atom model conceptintegratad (CTDBA) for
EC wera higher taan that for £,

Almost all M-gain score of CTDBA for CO were
categorized in low level (g=o - 0.3), whereas all M-
gain score of CTDBA for EG wers categorized in
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Figure 12, M-gainof CTOBA for EG and €6

medium level (g= 03 - 0.7}, excapt both truth
seeking (T5-07) and inguisitiveness (INQ=o.20)
indicators which were categorized in low level.

Accarding to finzl examinztion of Critical Thinking
Dispositien of Schradinger Equation Concept
{CTDSE), figure 12 showed that the effect of
multiole. representation-besed  ipstruction of
Schrodinger equation concept gave more galn
metalearning known as crilical hinking than that
of the direct instruction with limitation of
representation mades. It could be seen that all §-
gain score for overall jndicetors of 'C1DSE for FO
ware higherthan that for GO, Forall N-gain score
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of LTO5E T G were categonized nlow level (g=0-
0.3, whireas almost all M-gain score of O555F lor
EG ware categorized in medium level (g= 0.5 - ou7),
except  lar  fruth  sesking  (TS=oen) and
InguisiEheness (=08 incicators avhich havap-
gain score was towe loval catesorzed (2 0:).
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Figure 10. N-Gain Score of CTDSE for £G and €G

As we could be seen thal some CTD indicators did
not increase in Uie Lreatment. From the literature
we xnow that disposition toward critizal thinking
appears to be stable over a period of years, but vet
there is a space for significant growth (Rimiene,
2007, Qurinvestigation has corroborated this view,
aafe dispositions developed significantly as a
result of our programme, while some rermained
dnchanged significantly. Truth-sesking scores did
not increase and were the lowest of all the
dizpositions measure. In many studiss with which
we are familiar, trith-sseking mean scores are also
worrisome indicators of weakness in this important
aspect of the (T disposition. However, statistically
significant Incraases in truth-seeking can occur over
A period of years (Fadong, Facione, and Giancarlo,
200c), Truthseeking can he considered as a
personality dimension and as such may be slow to
develap or changs.
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