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Abstract: A fundamental challenge for science learning érnbed of develop meaningful
understanding of the relationship between the elabde phenomena and interaction at the
molecular level for student. In order to understagdconceptually the complexity of
scientific phenomena, essential, nonessential ragldvant features of the concepts must
also be determined and understood for applying evaduating to a variety of affined
situations. To enhance student learning in inteecwhbr forces concepts, a computer-
simulated experiment of water contact angle has lsveloped to reveal a dynamic
situation of relationship between intermolecularc& hydrogen bonding, and water
contact angle phenomenon under different temperatiype of solution, and type of
material conditions. The simulation was designedefiresent the change of phenomenon
both observable and molecular level of matter tedent for increasing meaningful
understanding construction of the concepts. The dithis study is explore an effect of
the contact angle simulation, shortly called CA-SIbh students’ mental model. 116
college students voluntarily undertook learningwifie CA-SIM. Results show a potential
of the CA-SIM that it helps students to correctitineental model on intermolecular forces
concepts. This finding suggests the power of theSIM on enhancing students’ better
mental model of intermolecular forces concepts. ifhaically, it could be used to be an
integral part for practical experiment for provigia sense of direction and making more
conceptual reflection of learning science concepts.
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Introduction

From the past to nowadays, researchers, educatoidgvelopers in science education
devoted to find various interesting ways that a@ad|to student not only have excellent
memorable knowledge in scientific facts, laws, gmthciples but also integrate new
confronted knowledge into existing conceptual frauoek appropriately and transfer what
they learned to new situation or other context wwitkeveryday life, accounting to
meaningful understanding construction. The waysifigi everyday life is considered to be
an important pedagogical tool for motivating studeand making science leaning more
relevance. In a constructivist perspective anatyzneryday life problems or authentic
situations has been seen as a matter of undenmstpedncepts well [2]. Anderson [1]
stated that the meanings of scientific conceptgslaepened if they are applied to everyday
phenomena and that solving everyday life probleransifically is a way to challenge
students’ everyday conceptions. In order to undadstthe world, the students have to
grasp a comprehension by themselves and the cosrmiein requires the construction of
mental models of it in their mind. According to popt student’s construction of accurate

51



mental model of scientific phenomena, computer &tran has been used extensively as
a visual representation tool to advocate presentiyigamic theoretical or simplified
models of real-world components, phenomena, or ga®es, enlarging students to
observe, explore, recreate, and receive immediadbiack about real objects, phenomena,
and processes. Computer-simulated experiment hexs ibevitably infused into science
classroom as an integral part of processing séiemtiquiry in the classroom, affording
inquiry learning activities. There are several ediomal values that computer simulation
adds into science learning activities [11]. Therefahis study was intended to explore
impact of simulation-based inquiry on student’s aémodel transformation.

1. Literature Review
1.1 Open-inquiry Science Learning

In recent years, more and more evidence indicdtes s$tructured inquiry, highly
structured laboratory practices that provide goesti theory, experimental and analytical
procedures, is not sufficient in developing sci@ntithinking [23]. This type of
investigation produces a robotic style of thinkitigat is less effective than teaching
deductive reasoning, detailed in-depth thought ggses, and logic [19]. According to the
evidence, engaging learners into more flexible @érgific inquiry through conducting
laboratory experiment is more emphasizing in resei@nce education. Therefore, science
teachers who have a critical role in implementinguiry-based learning, especially in
case of open-ended inquiry, need to know and meadt build up increasingly open-
inquiry science learning process for students. Rigethe meaning of open inquiry is
quite not clear yet and inquiry practitioners aik discussing about its characterizations.
Buck, Bretz, and Towns [4] described open inquiryai way that can be used by both
secondary school practitioners and university nefess as an investigation where
instructor provides the inquiry question or problend basic background, but the
remaining characteristics are left open to the esttidin where learners have to develop
their own procedure, analysis, communication, amaclusions to address an instructor
provided question.

1.2 Computer Simulation on Student Learning

Visual representation technologies have becomesasongly important amongst science
educators [7]. Simulation is a computer-based Viwaizon technology which can imitate
dynamic systems of objects in a real supportinthéoquality of making sense by vision.
Computer simulation has been used extensivelyvasual representation tool to simplify
dynamic theoretical models of real world phenomengarocesses. Researchers found its
potential that it works with remedial by producicigange to student’s misconceptions [3].
Computer simulation also improves scientific pracskills [8], and the performance of
gaining more qualitative knowledge [21], more c@mrunderstanding of the concepts
[18, 22], and more advanced mental model [5]. Q@ieely, Computer simulation is
mentioned widely that it could be used to faciét#ite construction of mental model and
the development of conceptual understanding.

1.3 Mental Model and Understanding

Understanding cannot be transmitted from persomérson, for example, teacher to
student or student to student. To understand thddwastudents have to grasp a
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comprehension in which requires the construction acturate mental models by
themselves. Newton [16] mentioned that understandira product of mental processes,
with having a mental model, which infer relatiormhbetween elements of information,
and also have a generative character. Hence, tieess of understanding calls for the
construction of mental model.

Mental models are always under construction, asgth on existing and new coming
knowledge, ideas, conceptions, and experiencesin@uthe learning process, the
development of mental model varies as studentsémapce increase and their superior
performances reflected that how well they develggrtown mental model [12]. In facts,
not everyone has developed performance at the dawmeé Several researches were
reported that novices differ from experts in thavines have more primitive, incomplete,
unconnected, and erroneous mental model but expess more abstract, elaborate,
stable, interconnected, and integrative mental mfiy. Student who can come with
highly developed mental models would produce maeuate and efficient results in
performing complex tasks [20]. However, novice tabmodels are able to become more
complete and accurate as their gaining more expeFigl5].

2. Method
2.1 Study Participants

The patrticipated students comprised 116 collegdesiis (18-20 years old) in science
major enrolled in Principle of Chemistry Il courdéhey were classified into two groups
with respect to level of scientific prior knowledged there are 49 and 67 students for
Higher Prior Knowledge (HiPK) and Lower Prior Knaslge (LoPK) groups, respectively.
All students have sufficient computer experiencéhvieéarning. The students have been
covered with the intermolecular forces experimemschemistry laboratory before
undertook the CA-SIM. In addition, one professod &ur graduate students were invited
to participate in a survey to indicate an expartental model level.

2.2 The Contact Angle Simulation (CA-SIM)

In order to design the learning environments fgrpsuiting the construction of cognitive
schema, the instructional model of Open Learningifenments (OLEs) [10] was utilized
to form and create key elements of the CA-SIM. Thstructional message design
principles in according to Cook [6] were used tasige messages, which is directly
delivered to student, of each key element for reducognitive loaded during the
construction. In respect on the design of the CR;She context of everyday phenomena
such as phase change of water and water contatt prgperty of wettability, which
represented both macroscopic and microscopic vieas,used to situate student learning
into the domain of hydrogen bonding concepts addde student to transfer their leaned
concepts to different contexts. The manipulatividd@nable student to change parameters
and visualize dynamic effects graphically. The soalko afford student in order to verify,
test, extend their own understanding, and promet&ructuring of mental model.
Resources which included both static and dynantiepaprovided scientific background
and related information covering the contexts. fetdihgs such as conceptual, procedural,
and strategic scaffoldings were used to provide kewcepts and reflections on
understanding, introduce how to utilize availatdel$, and identify what are needed data
that they should experience, respectively. An exarmpthe CA-SIM displayed in Figure
1.
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Figure 1. An illustrative interface example of he CA-SIM
2.3 Data Collection

For investigating construction of mental modelhrststudy, a mental model survey form
was administered to examine HiPK and LoPK’s mentatlels at before and after their
interaction with the CA-SIM. The mental model swyvierm was used to determine
students’ conceptual understanding in mental medgiression. Ad hoc drawing and
describing approach was used to develop the formstdoveying the students’ mental
models. In this survey, they were assigned to mbe @ given black ink pen for drawing
their mental model and reasoning at the pre-tef$&ér Aompleted learning action with the
CA-SIM, the mental model survey form was adminesteto them again with a given red
ink pen for drawing and reasoning their mental nhaohel they were assigned to use a
given red ink to complete their previous mental giod the pre-test.

2.4 Data Analysis

A rubric scoring was used to interpret and evaltlaée mental model for three concepts;
the relationship of temperature and hydrogen baydemperature and contact angle, and
hydrogen bonding and contact angle, at two knovdedgresentation levels; observable
(OBS) and molecular (MOL) levels (maximum and minimscores of each level = 3 and
-3, respectively). For each concept at each lethedjr scored mental models were
calculated and transformed into the conceptiorvaktes, where a student’s net OBS and
MOL values equal “number of OBS and MOL scientifimnceptions” minus “number of
OBS and MOL misconceptions”. Based on the net wbfestudents’ conception, central
tendency of and dispersion of the net values wesed uo spatially visualized their
conception values by using mean center and stantaidtion ellipse.

3. Results
Visually, the biplot result was used to show thathbOBS and MOL misconceptions for
HiPK and LoPK were considerably diminished and elated after their interacting with

the CA-SIM. This indicated that the CA-SIM effealy helped them to revise their
mental model at OBS and MOL. The mean score of #Xp@®BS and MOL conception
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values were also displayed in Figure 2 as a refer&avel to visualize the students’ mental
model development. The result also shows that safrbeth HiPK and LoPK can reach to
experts’ mental model level. Arrow vectors wereduseindicate change of their OBS and
MOL conception values from the pre-test to the {pest, which resulted from the revision
of their mental model. Ceiling effects were found@BS conception values of HiPK and
LoPK post-test because many students in both gnaguhed the maximum score at OBS
after having interaction with the CA-SIM. Howevére biplot graph in Figure 2 provides
empirical evidence that the CA-SIM environment vedfective to increase HiPK and
LoPK scientific conceptions at both OBS and MOLédsvby correcting their mental
models.

eption

MOL conc

OBS conception

Figure 2. Mean center and standard deviation ellips of HIPK, LoPK
and Expert mental model score at OBS and MOL

Inferential statistics was used to examine sigaiftly difference for HIPK and LoPK
mental model scores both manner of within and betwgroups. The statistical analyses
provide empirical findings that HIPK and LoPK hdwk tdifferent cognitive ability of the
studied scientific phenomena in mental model. FBitigation resulted to gaining of mental
model development of both groups from the learnmnth the CA-SIM. The CA-SIM
learning environments effectively influence in legpHiPK and LoPK to increase OBS
and MOL mental model scores.

Table 1. Overall mean and S.D. of HiPK and LoPK metal model scores and
comparison the differences of pre- and post-test anof
HiPK and LoPK mental model scores

Mental model scores

Group n Pre-test Post-test tindependent-samplfD-
Mean(S.D.) Mean(S.D.) \;’aluedm‘; tpaired-sampidP-valuefleo)
HIiPK 49 &=0.31(1.53) a=2.88(0.53) a1270.23 2.
by=- bs=1.53(1.23) (0.820,0.09) 1=11.29(<0.005*,2.23
67 0.69(0.96) a,=2.66(0.93) bu.2=3.12 bs.=11.73
LoPK 2=0.24(1.60) b,=0.79(1.35)  (<0.005*0.59) (<0.005*,2.01)
b,=- 3(3’4):1.62 a.=11.19
1.19(0.76) (0.108,0.39) (<0.005*,1.8%
b(3’4):3.02 b4_2:11.12
(<0.005*,0.57) (<0.005*,1.79

Note: a and b There are OBS and MOL mental model scespectively.
* This is significant difference gi<0.05
s M and' There are small, medium, and large effect size.

4. Discussion
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Considering with the result, mental model at obakly and molecular level for both
groups of HiIPK and LoPK students were developedsidaenably after they learned
interactively with the CA-SIM. The students incredsnore conceptual accuracy on their
observable and molecular mental models. Thus fitilng could be argued that the CA-
SIM has significant influence to transform studemsntal models from simple to being
complex mental models by changing alternative cptioes, which embedded within
individual mental model, into scientific conceptsorAs a statement of Rhodes [17], he
pointed out that computer simulation and modelialpéd students understand complexity
of natural phenomena and, especially, test thedimi their understanding with others.
Thus, we believed that the students have oppoigsriid change and restructure their own
existing mental model and then transform and reehdde phenomena to be more
acceptable mental model. Support for this argumeas mentioned by [14] that
conceptual change is archived by any of acquistioh new information and then
reorganizing existing knowledge, the notion of cgtaalization stability, and this effect
also caused to mental model variability.

Furthermore, the result showed its impact that gimulation helped all students
develop good mental model on the observable levdleostudied phenomenon, however
none of the groups had fully developed mental mati&he molecular level after learning
with the CA-SIM. This evidence could be argued tta@ CA-SIM has a potential
limitation for helping mental model constructionopess. Haag and Kaupenjohann [9]
mentioned that simulations have limited predictbagpacity and it is difficult to validate
them. Therefore, students could construct diffecfrknowledge and this situation results
to conceptual dispersion [14]. However, the CA-Silsls impact on varying degrees of
mental model and it has potentially united effeststudent’s observable mental model
more than molecular mental model. Correspondinglgag and Kaupenjohann also
reported that dynamical simulation offers a remhld&gpotential for consensus mental
model building.

5. Conclusion

To enhance conceptual understandings on hydrogewliny a designed interactive
computer-simulated experiment was created to peoeidunique learning environment,
which reduces cognitive load and induces the coastm of cognitive schema, for
supporting meaningful learning of the conceptssTdiudy result verified the potential of
computer simulation that it helped students to emrrtheir mental models by
comprehending their own conceptual understandihgis empirical finding revealed the
benefit of OLEs-oriented computer simulation forquiry-based learning in science
concept that it could be directly utilized for eiimating students’ alternative conceptions
and enhancing the construction of meaningful conmpunderstanding. Other way, it
also could be used as integral part for practigpeament to provide a sense of direction
and make more conceptual reflection on learningnea concepts.
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