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Abstract:  Inquiry activities can play many roles in the learning process,
including creating amotivation to learn and providing the opportunity to
discover, exploreapply, and reflect upon newknowledge. Inthe Create-A-

World Activity for the WorldWatcherscientific visualization environment, we
have designed inquiry activities that play each of these roles. This paper presents
the design ofthe Create-A-WorldActivity as acase of technology-supported
inquiry learning

1. Introduction

Technology’s potential to support new formsimfuiry-basedearning has beewidely touted by
science education reformers aed¢hnologyadvocates. To achievbat potential, howevedesigneramust
have a model of inquiry-baséelarning to guide their designand anunderstanding othe ways that the
affordances ofechnologycan be matched tmquiry activities to fosterand support that learning. This
paper presents a model of inquiry-based learning to suppodetiign ofactivities, and anillustrative case
of activity design that was createding that model. Thease isthe Create-A-WorldActivity, which was
designed tocapitalize on theaffordances of WorldWatcher, geographicdata visualization and analysis
environment.

2. A Model of Learning from Inquiry

Research in cognitive science provides compelling evidence for the importance of thkeowégdge
is indexed and organized inlearner'smemory in determinindpis or her ability to draw on itwhen it is
relevant ([Schank 1982], [Kolodner 1993], [Greeno, Collins & Resnick 1997]). To be useful in the future,
new knowledge must be connected appropriately to existing memory striartdresganized in svay that
supports its use. To develop these connections and organization requires a three-step process. The first step
is the recognition by the learner of the need for new knowledge. This recognition occurs in situiagions
one isconfrontedwith a limitation or gap inone’s knowledge, such dhose thatBerlyne describes as
curious [Berlyne 1966], Hiebert et al. describe as problematic [Hiebert, et al. 1996], and Sebailles as
leading to expectation failures [Schah®82]. There ardwo importanteffects ofthis recognition. The
first is thecreation of adesire tolearn inorder to addresthe limitation. Thesecond isthe creation of a
context in memory for integrating new knowledge. The knowledge structurem¢hattivated athe point
that a learner recognizes a problematic situation can provide handles for connecting new knowledge.

The second step in the learning process is the acquisition of new knowledge. This step results in the
construction of new knowledge structures in memory tlaat be linked taexisting knowledge. Thehird
step is refinement, in whicknowledge is reinforced, re-organizeahd connected tother knowledge in
order to support its future use. Whaach ofthese steps is essential fiwvelopingrobustunderstanding,
they do not necessarily take place in an ordémyependentashion in practice.Because understanding is



never developed in discreet independent units, the same activity may &aplpeofthese steps fadifferent
pieces of knowledgsimultaneously. For example, the acquisition of @o@ceptmay lead to the
reorganization of some existing knowledge and the recognition of a need for new knowledge.

In the research describdtere, we have been exploring designs ifiguiry-basedlearning activities
that will lead to the connection and organization of knowledge to support its retmelagbplication in the
future. While inquiry activitiesan provideopportunities for students tearnabout both theractices of
science and science content, this paper focuses primarily on the learsicigneecontent. Wehavebuilt
on the three-step model of learning described above by identifyingthalietearning activitiesanplay in
facilitating each step. These are summarized in [Tab. 1].

Table 1. A 3-step model of inquiry-based learning, with activity design strategies.

Step Strategy Description
Motivate | Create Activities create a demandor knowledye by requiring that learners pply

Demand that knowledge to complete them successfully.

Elicit Activities elicit curiosityby revealirg a problematicgap or limitation in

Curiosity learner’s understanding.

Acquire Discover Activities thatprovide learners with direct ggrience with novephenomeng
can enable them ttiscovemew knowledge.

Receive Activities thatprovide learners with access to sourcekrdwledye through
direct or indirectcommunication allow them taoeceive knowledye from
others.

Refine Explore Activities that enable learners tanvestgate the inplications of their

knowledye and understanits limits support refinementand re-oiganization
of knowledge througkxploration

Apply Activities thatenable learners tase theirknowledge in meanigful ways
help to reinforce and reorganize understanding thrapglication

Reflect Activities thatprovide gportunities for learners to examine thkirowledye
provide the opportunity to refine that knowledge throtgflection

In the design of the Create-A-World activity fdforldWatcher,specific activitiesmplementeach of
these strategies. In the sections that follow, | presenCtbate-A-Worldactivity as acase of design,
highlighting the ways that the activities take advantage of the affordances\WotltVatcherenvironment
to implement these strategies. Spénstations prevent an analysis of the enactment of the activith
students beyond a few informal observations and some examples of student work.

3. WorldWatcher and the Create-A-World Activity

WorldWatcher is acientific visualization environment that displayidded,geographicdata using
color to represent quantitativend categoricalvalues. It wascreatedfollowing the principles oflearner-
centered design [Soloway, Guzdial & H&994] with the goal of supportingquiry-basedearning in the
earthandatmospheric sciencesWorldWatcherwas inspired bythe visualization toolaused byscientific
researchers andasdesigned tdbring the benefits of visualization tiearners [Gordin &Pea 1995]. It
displays data in the form of interactive color maps that usersustomize by adjusting theolorscheme,
magnification,and spatial resolution [Fig. 1]. It also allows usersdeatenew data by performing
arithmetic operations on existirdata or byenteringdatausing aninterface based othe common paint
metaphor. WorldWatcherwas originally designed tosupport global-scalénvestigations inearth and
atmospheric sciences with a data library of 19 variafgie¢éed toclimate, physical geographgnd human
geography. With thaddition of anopendataarchitecturehat allows the importation drbitrary gridded
data at any scale, its range has been greatly increased.
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Figure 1: A WorldWatcher visualization window.

The Create-A-WorldActivity is a sequence oinquiry activities designed toteachadvanced middle
school and high school students about the interachetweenphysical geographgndclimate. Over the
course of the activity, learnecseatetheir own fictitiousworlds by inventing datadescribingtheir worlds’
climate and geographylLearners arénvited to invent any physicajeography they want for theorlds,
but theyare asked tanodelthe climate realisticallypased orscientific principles. In thecourse of the
activity, studentsconduct aninvestigation of theearth’s climateusing WorldWatcher to develop an
understanding otlimate to apply to theiinvented worlds. The activity, asdescribedbelow, takes
approximately 10 hours. The activity hagen piloted intwo one-week workshops conducted at
Northwestern Universityith the author serving as instructor. A total fiifeen ninth and tenth grade
students participated in the pilots.

The stages of the Create-A-World activity are:

Stage 1. Introduction: Thinking about global temperature. Studentsare eachlgiven a
blank map of the world and six crayoasd asked tarawtheir best guess of theverageluly temperature
all around the world in the month of July [Fig. 2]. Thagtold that this activity isntended toget them
thinking about differences in temperature around the world. Students then participate in a group discussion
of their maps, the knowledge they drew on in constructing them, and the questions that the activity raised.
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Figure 2: A student's hand-drawn map of July temperature.

Stage 2. Comparing their conjectures with “the real thing”. Students aretaught how
to use the WorldWatcher paint tool to recreate their paper maps in the form of data visualizations. They are
then taught how to access measured, global temperaturéslfpandthey engage in a series attivities
in which they useéNorldWatcher'svisualizationandanalysis tools in theourse of comparingheir own
maps to themeasuredemperature foduly. By the conclusion of this 45-minutetroductory activity,
students have learned the basics of geographic visualization and data analysis using WorldWatcher.



Stage 3. Laying out aplanet. Students use the paiinterface to creatéhe topography for
their worlds in the form of continent outlines and an elevation data set [Fig. 3]. In our pilot testsrewe
interested to observe that some students chose to create worlds whose layouts are pictorial.
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Elewation and Bathymetry : & measurement of the land's height (elevation)
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oA 50 M

[Ly]

Y
o
=

L LT
LI - e
i

on

m =]

g

o0 5
180w 123 % 20%W 43% u] 43E 90E 135E 130E

Longitude

Rl
100w

Li-0 g L} L mMr I\l

Lrrgesudr
Figure 3: Elevation data for their new worlds created by two groups of students.
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Stage 4. Investigating Earth. In order to create g&emperaturemap for their ownworlds,
studentsconduct unstructurethvestigations of theearth to identifyrelationshipsbetween geography and
temperature. Students use the tools and data in WorldWatcher to look for patterns that indicate relationships
among variables. Following these investigations, they participate in a group discussioffiacfaifsethey
identified. In thecourse ofthe discussion, the instructor challenges studengsdeade evidencéor their
theories and provides causal explanations for the relationships that they have idsntfieds the impacts
on temperature of incoming solar energyrfaceand cloud reflectivity, atmospheric pressure, spectiigat
of land and water, and circulation in the oceans and atmosphere.
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Figure 4: A ground cover (left) and temperature (right) visualization for an invented world.

Stage 5. Modeling climate for the new world.In the final phase of the activistudents
createthe remainingdatafor their world making the assumption that their planet has the same incoming
sunlight and tilt on its axis as earth. Studemrtate ground coveandtemperaturevisualization for their
worlds [Fig. 4]. Creating data for their world generatbguiresthat students return to trdatafor earth in
order to quantify the principlesncovered inthe previous phaseOncethe worlds are completed, students
present their worlds to each other and how they determined the temperatures in different areas.



4. Combining Activities and Affordances to Support Learning

The Create-A-World activities draw on the affordances of WorldWatcher in an integeajeehcehat
employs each of the strategies introduced in [Tab. 1]. In this section, | highlight the use of each strategy in
the activities presented above and describe how WorldWatcher was designed to support these strategies.

Motivate: Create Demand. The overall structure of the Create-A-World Activity dssigned to
create ademandfor knowledge. To successfully desigimeir fictitious worlds, students muskevelop a
functional understanding ofhe relationshipdetween geographgnd climate. WorldWatchersupports the
establishment of this demand through its interface for creating data. The ability to input data by hand is not
a feature of the scientific visualization environments WatldWatcher is modeledn, but wasadded as a
bridge that would help brintgarnersinto the more scientifipractices ofvisualization[Edelson & Gordin
1998]. WorldWatcheruses familiar paint program metaphors fdata creation. Learnersuse the
colorscheme displayed on the window as a color palette and “draw” on visualizatingstheconventional
paintbrush and paintcan tools found in graphics programs.

Motivate: Elicit Curiosity.  The introductorydrawingactivity is designed tcelicit curiosity
about variations in temperatureThis activity is an example of aexercise in articulating prior
conceptions. The articulation of prior conceptions has been described as a valuable technique for identifying
potential misconceptions and for activating existkmpwledgestructures to which neknowledge can be
connectedHunt & Minstrell 1994]. The articulation of prior conceptionan also createcuriosity by
exposing gapsand limits in current knowledge, as ithe temperature drawingctivity. WorldWatcher
support this activity through its data creation tools, as well. The ability to “draw” visualizatiovides a
mechanism for learners to express their initial beliefs about temperature. In thdetiakss reportethat
the drawing activity did, in fact, make them interested in looking at actual July temperatures.

Acquire: Discover. The Create-A-World Activity provides learnersvith the opportunity to
discoverscientific principles through their investigation of tearth’sclimate. WorldWatcherhas many
tools designed tcenable learners to identifglationships among variables. For example, the ability to
change the spatial resolution of data enables learners to look for latitadéHahgitudinal trends[Fig. 5].
Similarly, the ability to magnifyspecific portions of visualizationandselectareaswith specific values
enables learners to focus on areas of interest and to look for correlations among variables [Fig. 6]. Students
in both pilotsidentified relationshipsbetween temperaturand latitude, elevationdeserts,ice, and large
bodies of water through examination of temperature, ground cover, and elevation data sets.

Surface Temperature & July 1987 (F) Surface Temperature & July 1987 (F)
Surface Temperature: The temperature at the surface of the earth. Surface Temperature : The ternperature at the surface of the earth.
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Figure 5. Visualizations with the spatial resolution adjusted to show the existence of a consistent
latitudinal trend in surface temperature (left) and the absence of a longitudinal one (right).

Acquire: Receive. The discussion that follows thstudents’investigations of Eartiprovides an
important opportunity for the instructor to provide the learners w@aittlitionalinformation to supportheir
discoveries. (Italso provides anopportunity forreflection describedbelow). Thesequencing ofthis
communication in the overall activity is a critical element of the design. It takes plac¢henaetivation
has been established and immediately follows an actiésjgned tdfacilitate discovery. The information
conveyed bythe instructor in this discussion istended tofill the gapsand createconnections in the
knowledge constructetthroughdiscoverythrough direct communication. For examplégarners inboth
pilot tests observed that the temperature over large bodigatef is coolethanland duringthe summer,



but the data do not provide them with any way to develop a causal understanding of this observation. In the
course ofthe discussion, the instructexplainedthe influence of specific heand circulation on the
temperatures of these bodies of water. In other designs, this information could haverb&yedthrough

reading and library research activities.

Elevation and Bathymetry & 1987 (fi)
Elevation and Bathyrnetey @ & measuremnent of the land's height (elevation) and the ocean's
depth (bathymetry).
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Figure 6: Magnified images showing the area above 10,000 feet selected on elevation (left) and
temperature (right) visualizations.
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Refine: Explore. In exploration,learnersinvestigate the implications of theinowledge. This
can lead to the refinement khowledgethrough the identification os limits andexceptionsand to the
elaboration oknowledgethrough either specification or generalization. In inquiegrners explore the
implications of their knowledge by looking fevidencethat supports ocontradictsit. This requiresthat
they formulate and evaluate predictions based on toeient knowledge. Ithe Create-A-WorldActivity,
exploration of knowledge takes place during the investigation of earth and the creation of a temperature map
for the new world. WorldWatchersupports exploration through a number of visualizatod analysis
operations. The selection feature illustrated in [Fig. 6] is one of the operations that supperifitaion
of knowledge. WorldWatcher enables the user to select all of the areas in a visualizati@vehatertain
range ofvalues, such as all theeserts in a ground covdataset. So,for example, if thelearnerhas a
predictionthat all deserts are warméhan their surroundingreas, he or shean verifythis prediction by
selecting alldesert areas arttien inspecting theitemperaturedata tosee ifthe correlation holds. Other
features in WorldWatchesupport the specificatioand elaboration ofknowledge byallowing learners to
identify quantitative values for qualitative relationships. For example, inthath, learners identified an
inverse relationshipbetween elevatiorand temperature. Some of themused the analysis tools in
WorldWatcher to sample the average temperature at several ranges of elwdtompute the value that
scientists call lapse rate.

Refine: Apply. The application of knowledge is a critical stage in the refinemenhdérstanding
because it forces a learner to organize his or her knowledge in a wayilthaipport its use. Th€reate-
A-World Activity provides learnersvith the opportunity to apply theknowledge inthe creation of their
fictitious world. Inorder to create temperature profile fotheir new worlds, théearnersmust apply the
principles that they learned through the investigation of earth and ensuing discussion. This application task
requires that learners be able to operationalize tmelerstanding o€limate, becausehey must beable to
generate specific temperaturalues. The task challengédgem to refine their understanding because it
requires them to apply several principles at once. For example, seletéimperature value for a coastal
desertmay require a learner ttakeinto accountits latitude, its proximity to thecean,its high surface
reflectivity, high specific heat,and low elevation. Once again, thedata creation capabilities of
WorldWatcher provide the mechanism that makes this knowledge application task possible.

Refine: Reflect. The Create-A-Worldactivity design includes three discussiotigat provide
learners with the opportunity to refine their understanding through reflection. eabbfollow knowledge
articulation, discovery,and application tasks. The first is the discussion that followsittreductory
temperature drawingctivity, in which learners reflect orthe strategies thewsed inconstructing their
temperature maps, the knowledge that they drevaashithe questions that the activitgised. The second
is the discussion following the investigation @drth temperature, in whicthe learners review their
observationsdefendthem with data,and speculate on their causes. The third is the final discussion, in



which they present the worlds that thiegve created an@xplain how theydeterminedhe temperatures for
them. In each case, the discussion contributes to knowledge refinement byleakiags to examine their
actions and their observations in order to explain and justify them to others.

5. Open Issues

Any design for a set of learning activitiean be viewed athe expression of a theory of learning.

The design othe softwareandactivities describechere embody géheory of technology-supportadquiry

learning. To the extent that this design has been implemented successfully in a wedtshgpthere is
evidence to support the theory. These eaxlyeriences indicatihat the overall structure of thereate-A-

World activity motivates inquiry, that WorldWatcher supports the investigation and creatifatatiat the

activity requires,and that theindividual activities in thesequenceprovide opportunities forlearners to

acquire and refine knowledge. Exploring the theory more carefully calls gogadideal more experience in
implementing and evaluating the design. The issues that still remain to be addressed include: the conditions
that are necessarfor the successful implementation of the design;rthtire of individualdifferences in
motivation and approaches tohe activities,andtheir impacts on learningndthe lasting impact of the
activities onlearners’beliefs, attitudesandunderstandings of sciencententandscience practice.These

issues can only be addressed through implementation on a larger Selbaa S alistic educational settings.
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