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Abstract: WiIMVT (Web-basednquirer withM odeling andVisualizationTechnology) is
designed as a learning system combining guidedripgmodeling and visualization with
the social interaction. In the paper, we first préghe design rationale of the system, briefly
describe the main functions, then discuss the festsupporting model progression in
science learning. Following it, we describe a pdatdy of WiMVT implementation in the
secondary science class. The data analysis deratassthe pedagogical value of WiMVT
on students’ conceptual understanding, and indictitat appropriate peer feedback can
promote students’ model elaboration in the modedictiyvities.
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Introduction

Due to the learning effectiveness of the modelsraadeling tools for science education, in
particular, the computer-supported Model-basedrgei¢.earning Environment (MbSLE),
a number of researchers have invested great effbuilding and implementing MbSLEs in
science learning (e.g. Model-it, ModelingSpace,lldgb, WISE). Besides modeling tools,
these applications may have design elements suctumEulum materials, proposed
pedagogy (e.g. inquiry, CSCL, model progression) @mmunicative tools. However, few
of them have been designed with the integratioalldhese design elements. For example,
most of them are unable to support online collalbeamodeling; some of them do not
allow for importing of multiple visual representats; and some of them do not facilitate
model progression in pupils. With the intentioncoéating an innovative application for
secondary school students to acquire sophistiaatddrstanding of scientific conceptions,
develop critical learning skills, we have developadweb-based science learning
environment named WiMVT Web-basedinquirer with Modeling andVisualization
Technology, http://www.sstlsl-wimvt.sg/wimvt). It designed as a system in which guided
inquiry, modeling and visualization, and sociaknatction, are integrated - which is unique
among existing science learning environments (Swodi, 2012).

The work reported in this paper focuses on onenod features of the system: model
progression. In this paper, we first introducedkesign rationale and the basic functions of
the system. Then we emphasize the feature of npzdgtession in the system. Finally, we
present some results from a pilot study to illustrdne educational value of the model
progression with WiMVT system. The study is usedriswer the research questions below:
1) How to integrate a science learning emviment featuring model progression into a real
learning context?

2) What is the learning efficacy of the mogebgression for students’ conceptual
understanding in science?
3) Does the peer feedback promote studerdadefing progression in the WiMVT lessons?
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1. The Design Rationale of WiMVT System

The learning efficacy of the model-based ingun science education has been
demonstrated in many studies (Schwarz & Gwekwegf@7). Its generic learning pattern
can be summarized as question, hypothesis, phagstigation, model, and conclusion (Bell,
et al., 2009). The pattern serves as the guideherform of WIMVT inquiry cycle.
Additionally, informed by the principle of POE (Fiet-Observe-Explain) adopted in
science class in some Singapore schools (White &s@uae, 1992), we propose a phase
called Pre-model (to explicate students’ initiadad) with the corresponding phase: Model
(to explicate students’ post ideas) in the inqulilye design guides students to present their
predictions of the science phenomena before inyasdn, and then to verify their
predictions through investigation, thus ultimatétyproving their understanding of the
science phenomena. Hence, the main purpose of elinigesnodel progression by
including Pre-model and Model into guided inquisytd help students elicit and expose
their prior knowledge through pre-models and tdetate their models in Model phase
after a series of activities. Afterward studenfsieetheir understanding and seek validation
them in the Reflect and Apply phrases. Finally,emiged model-based inquiry cycle
incorporating eight phases is created: Contexteialiguestion & Hypothesize (Q&H),
Pre-model, Plan, Investigate, Model, Reflect, apglx (WiIMVT inquiry cycle).

WIMVT is a complicated system, so we employ a dtaid approach: the Rapid
Application Development (RAD) for the system deymient in consideration of the
research condition. The development process cansfsfive short development cycles
which mostly involve: desigr> discussion— adopted features developmentliscussion
& usability test— redesign. At each stage, consultants and coll&trsrdrom different
research including science education, computemtdolyy, and educational technology
areas are invited to give feedback and commentb@uesign of the system. Subsequent
revisions are made based on the feedback. Durewyhiole process, to verify the validity of
the system at each stage, usability testing is wtted to collect data for revising and
improving the design and development. Up to datehawve finished several usability tests
and two pilot studies. The existing WiMVT systens lieen revised and improved based on
the usability report and feedback from trial impétation in the pilot school.

2. The Introduction of the WIMVT System

The WIMVT system operates via the Internet anddseasible through a general web
browser. Figure 1shows the work flow of the systena pedagogical scenarldve number
tags (A-D) corresponds to the four operational pdaces of the system, see discussion
below.

A. Establishing the project: the authoring tooltlre teacher module supporting the
design of the projett1) Present brief project description, learninggotives, and tasks for
Home; 2) Edit content accompanying various typeififrmation (e.g. videos, images,
simulations) for Contextualize; 3) Design questibmsQ&H, and assign tasks for Plan,
Pre-model and Model, Reflect, and Apply. 4) Ins@rhulations together with guided
guestions into the Investigate tab where studengsreaquired to do certain virtual
experiments. Finally, the teacher configures tbdestits’ groups in the Group Management
section and assigns the projects to the students.

! The teacher module consists of six sections: Myiler My Subjects, Project Management, SolutioesiBw,
Simulation Library, My Mailbox. The section of feot Management provides an authoring tool forhieas to design
and edit the instructional content.
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Figure 1. The work flow of WiMVT system

B. Logging onto account: the student module cosggsrifour functional components:
My profile, My project, Group Management and Makbdhe general information of the
assigned project can be retrieved in My Projedi@eafter the students log into the system
with their accounts and passwords.

C. Conducting inquiry activities: The typical wodurface in student module is
illustrated in Figure 2. It is split into four pameshared workspace which holds the textual
information or tools associated with each phasgustof group members (online students’
username is visible at all times), name list ofugronembers, and a chat box.
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Figure2. The interface of students’ work sess

The process of WIMVT inquiry can be brieflgscribed as below: After accessing the
“Home” tab, the students are guided to engage serees of learning activities: students
formalize their hypothesis of the questions in Q&keate pre-models of scientific concepts
they will learn based on their prior knowledge wherPre-Model; design the plan in the
Plan and then collect and discuss the data in tigagts. Additionally, they can also engage
in the manipulation of several simulations to ddual experiments, as well as answer the
guided questions. They are then asked to reviseghemodels through peer review and
discussion in Model, and to reflect upon artefédemg built when getting into the Reflect
phase.

D. Reviewing and commenting on artefacts: The Headhereby can access the
artefacts and interactions generated by students wavigating in Solutions Review, and
comment on each student or each group’s hypothglses investigation report, pre-models
and models, reflective content, as well as thespoases in Apply if any. Thus, the system
supports both formative and summative assessments.

3. Model Progression in the WiMVT System
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The model progression is a way to present modelsidreasing complexity gradually
through expanding the number of components orawel$ of relations among variables of
models (Swaak, et al., 1998; Mulder,et al., 20Ak)indicated earlier, the design elements
of the system support model progression. Spedyica sketch tool serves as a
drawing-based modeling tool is designed to asemtdbility students’ creation of the
models both Pre-model and Model (Lerner, 2007). gamed to the drawing-based tool, the
qualitative modeling tool and quantitative modelingols in Model provide more
opportunities for students to construct high lesakntific models. In the system, when
students define objects and establish relationsdeat variables of a qualitative model, the
modeling functions were mainly executed as an ibl@ssimulation engine for processing
relationships which are specified in the form:Alfincreases, B increases’ (Avouris, et al.,
2005). In the quantitative modeling scenario, telatrons are established via precise
mathematical forms involving variables. In this wayodeling thereby can be progressive
because the students can start from simple (nowmsels to complex (expert) models
using the sketch tool. Otherwise, they can worknfrmore qualitative modeling without
defining formulas and then get into the stage ofenguantitative modeling when figuring
out the formulas finally. Moreover, synchronouslabration in Pre-model and Model is
facilitated via the shared workspace and a chattow. It means that students can
co-construct a model in real-time, and then modifig elaborate it through online peer
discussion.

4. Research Design and Methods
4.1 Participants

In this study, 46 students from two classes wendaenly selected from a junior secondary
school in Singapore. A female physics teacher @itlyear teaching experience conducted
the class. She had participated in a series ofegaesearcher working sessions of WiMVT
project, and thus had some good understandingeafytstem. The computer facilities in the
school were excellent, and each student owned sedl & Macbook for daily lessons in the
various subjects.

4.2 The design of WIMVT lessons

The WIMVT lessons were co-designed by WiMVT teaaiesce teachers and collaborators.
The classes studied “Current Electricity and D.@c@t”. The topic was divided into 8
50-minute lessons, in which four lessons were ipo@ted by the system. Table 1
summarizes the lesson flow and relevant information

The students drew a model of a circuit neededutoa quiz show for 3 teams of
participants, and to point out the direction of therent flow as well in lesson 1. The teacher
reviewed the pre-models and identified the majoscmmceptions amongst the students.
Students’ initial ideas of simple circuits thenthar explored and elicited in lesson 2
through doing hands-on experiments of connectirsgipée circuits. During lesson 3 and 4,
the students interacted with three levels of PhigTukations, as well as answered guided
guestions individually. After obtaining new undarsding through investigation, they were
guided to Model phase to elaborate initial modetswth in lesson 1, and to reflect on their
conceptual changes in Reflect. In this pilot stutlg, qualitative and quantitative modeling
tools are not incorporated into the system. Thdesits mainly worked with the sketch tool
to create models. They were encouraged to providmeo peer feedback for models
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creation and elaboration within the group membd3efore class time, the students were
asked to log onto WiIMVT at home to sufficiently féiarize themselves with the system.
The teachers integrated the instructional contetite system and managed the grouping of
the students. As 23 students in each class wergedivnto 8 groups with heterogeneous,
they mainly worked in triads (one group worked yads each class).

4.3 Data source and data analysis

The study aimed to examine the pedagogical valuaaxfel progression of the system in
students’ science learning, as well as the impageer feedback on students’ modeling
performance. We used software to capture the scaeémities with the intention of
validating data analysis. Videotaped recordingshef teacher and students’ interactions
were used to identify patterns of change for tridagon purposes. One audio recorder was
directed at each of 8 groups in both of classeerAidll sessions, we interviewed the teacher
and 16 students using a semi-structured intervietopol for approximate 20 minutes. In
data analysis, all videotapes and audios weredridnesl to examine students’ performance
in WIMVT activities. The students’ peer feedbackngrated in chatting log during the
modeling process was also saved, identified ans¢rébed. It was used to investigate the
relation between students’ model quality and thmeer feedback. The results were
subsequently verified by cross-referencing colléctata.

5. Results
5.1 The progression of the models’ quality

We used the quality of models as the indicator demluating students’ modeling
performance. Based on the literature review, wesdli@d the quality of models into three
levels: 1) High Quality Models (HQMs) are the modgdresentations reflecting appropriate
descriptions of science conceptions that involvenponents with basic properties, and
depicting interactions between variables of comptse2) Medium Quality Models
(MQMs) are the model representing partially aceudsscriptions of scientific conceptions,
in which some of appropriate components of modedsiracluded in the models. 3) Low
Quality Models (LQMs) refer to the model represéntes which contain inaccurate
descriptions of all models components, they arallysat the level of the scribble drawing
(Grosslight, et al., 1991). In this study, we colézl a total of 11 models in Pre-model phase
and 14 models in Model phase. The outcomes of vatation of students’ models in
Pre-model and Model phases are depicted in Tdble 1

Table 1. The number of different modelshie Pre-model and Model phases

Quality of models Pre-model stage Model stage
LQM 1 0
5(without current direction) 6 (without current direction)
MQM 3(inaccurate current direction) | 1 (inaccurate current direction)
1( short circuit) 3 (broken circuit with current directions)
HQM 1 4

Overall, the quality of students’ pre-models anodels were at the level of MQMs,
around 82% and 71% respectively. Specifically, 46f0models in Pre-model phase
presented right representations with componenisills, switches and batteries, but failed

2 As the models were the products of groups’ wdrk, iumber of models equals the number of groups.
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to define the current flow direction, while thegatecreased to 42% in Model phase. In

comparison with the 3 groups who drew the incorcectent flow direction, only one group

exhibited the same mistake in Model phase. In Maihelse, 3 groups defined the right
components of models although they drew the cunmerhe broken circuit, while the
models of 4 groups achieved the level of HQMs. €hewdings indicated students’ better
performance as reflected by the better quality oflels generated in the Model phase. The
increase in HQMs further demonstrated studentsgnass in the understanding of core
concepts and modeling skills. The students’ respoogs the process of understanding the
circuit in the Reflect phase demonstrated theigpssions as well:

»  Students A: | used to think that short circuits\agey complicated, but they are not. In
addition, | thought that parallel circuits havefelient current for each bulb. But now, |
think that for parallel circuits, the bulbs have game brightness as the same amount
of current is being flowed through it. Only, whemetswitch is closed, then the
electrons can starts flowing. Bulbs in series gisciave lower brightness than bulbs in
parallel connection.

»  Student B: | feel that our design is correct as in parallel connection of the bulbs
with a switch connected to it. Closing one switcitl sause its corresponding light
bulb to light up.

5.2 The correlation of models quality and peer beaxk

Online peer feedback is particularly advantagedus,to the possibility of a less stressful
and intimidating working environment from the lawkface-to-face interaction, which may
promote students to be adventurous and be morévetv¢Guardado & Shi, 2007). In the
study, students were encouraged to build, revisé elaborate their models through
receiving peer feedback from their team members ioathe Pre-Model and Model phases.
The peer feedback coding instrument was develo@s@d on the principles of good
feedback theory and practice (Nicol & Macfarlaneli 2006). It consisted of five
categories: A. task-oriented (clarifies the taslecsirities), B. knowledge-oriented
(provides necessary information on how to solveoblem), C. strategy-oriented (provides
strategic plans to derive answers in the best wBy)assessment-oriented (provides
constructive comments on the work produced) feddbamd E. affection-oriented
(provides comments with intentions to improve mations). Here are some examples of
the peer feedback from the transcription of thealisse of a group doing the modeling,
with their coding:

» Category A +Category B: you press undo and drawtiiée.

» Category B: Just put more batteries to make itqtetenagnet) stronger.

e Category C: Let us first draw and then think it.

e  Category D: Actually it is possible. But maybe newste batteries.

 Category E + Category D: Nice drawing. | will draive line.

In the data analysis, the Pearson coefficient eamsputed to assess the relationship
between model scores and the students’ peer feledbags, we scored 25 models from the
range of 0 -100 according to the components of isoaled its relations. The LQM score
was less than 60, the MQM score was between 6@8@nahd the HQM score was between
80 and 100. We calculated the quantity of peerlfaeki that happened at each group, as
well as the number of each type of peer feedbakk.résults indicated that there appeared
to be an upward trend, namely, as the amount af feeelback increases, the higher the
scores of the models drawn. The statistical amalygh the Pearsonts=0.972,p=0 (at the
level of 0.01) reflected a strong positive corrielas between students’ model scores and the

679



guantity of feedback. Table 2 presents the resgecbrrelation for the five categories of

peer feedback and the model scores.

Table 2. The correlations betweeargeedback and models’ score

Measure A: Task B: KnowledgeC:Strategy D:AssessmentE:Affection
Pearson Correlations 0.839°C 0.280 0.574 0.941C -0.739
Sig.(2-tailed) .000 .158 .253 .000 .261

N (Model) 25 25 25 25 25

[(TICorrelation is significant at the 0.01 level (ded)

The findings suggested that category A, B, C, Dewmositively correlated with the
model scores. Significant correlation existed betweategory D and model scones).941,
p =.000. Thus, the higher the quantity of categoryhe,higher the models’ scores, or vice
versa. There was also significant correlation betweategory A and the model scores
(r=0.839,p=000). As for knowledge and strategy-oriented peedbacks, the correlations
(r=0.28,p = .158;r=0.574,p=.253 for both measures with the model scores are not
significant and they are weakly correlated. Thisuldoimply that knowledge and
strategy-oriented feedbacks may be less relatethiegcscoring of the model. Also, the
correlation between affection-oriented peer feekllzan scores is negativg?) = -.739,p
= .261. We would like to explore these further utufe empirical studies. Thus, when
students are working with the modeling tool in tleystem, it is suggested
assessment-oriented peer feedback and task-oridatstback be provided by team
members or otherwise, using words like:
* Please don't forget that the switch is one of thpdts.
» There appears to be a problem in that part, do youad if you check it again?
* | think the two objects that you linked up mayramirect.

5.3 Voices of the teacher and students

The teacher and students expressed an overalliveosittitude toward the WiMVT
implementation in the science class. The teachérahaetter understanding of the lessons
which could be designed to leverage on the affardsifior WiMVT inquiry. She concluded
that 1) lesson plans should be adopted for begitfit WiMVT inquiry and the instruction
should optimize the core features of the systenT;H®) explicit inquiry mode was a good
scaffold to guide students’ learning activities;3udents were suggested to do individual
modeling in the Pre-model phase, because they iffadedt initial ideas; 4) In the Model
phase, students were encouraged to converge taaiaderstanding whereby they could
present in one consensus model through the cofootise way. The students agreed on
that the WIMVT learning activities were more intsfiag and engaging compared what they
had used previously. They pointed out that the sgralip’s collaboration provided more
opportunities to do tasks in the system, and thetspnized collaboration could help them
finish the task faster. The modeling process diegithin the system could make drawing
more convenient and less time consuming. They thiougat they enhanced their
understanding of electrical circuits bring taughttihe lesson through the comparison of
pre-models and models, as well as a reflectiongt@msoncretize the thinking process.

Conclusions

This pilot study on design and implementation oMNIT lessons addresses the research
guestion on how to design the WIMVT lessons, amdrdsults demonstrated that WiMVT
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exhibited some value in aiding students’ conceptuwadlerstanding. Specifically, the
students’ model progression can be achieved throingh design elements of the
combination of Pre-model and Model phrases in tlogiiry. The preliminary finding that
the quantity of peer feedback varies with the qualf the models can help inform the
design of collaboration into such an environmeiie $tudents are particularly encouraged
to heed assessment-oriented feedback in the codi® activities. The teacher and
students’ voices suggested that more engagemends maere appropriate instructional
support such as guiding students’ collaboratioaffetding students’ modeling process. In
summary, we provide an illustration of the WIMVT ssgm that supports flexible
collaborative students’ model-based inquiry. Weidweld that the inquiry with WiMVT
will create unique educational opportunities fardgints’ science learning. In the future
work, the investigation of students’ conceptual ensthnding, collaborative skills, inquiry
skills and reflective thinking skills will be theaim avenues we will pursue with longer-term
and larger scale use of the WIMVT system.
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