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Abstract: While supportivefeatures thatddress the needs sfudentsand teachers are
critical for the success of educational software, they are only the firstatepd adoption
and effectiveuse ofsoftware in theclassroom. As learning technologigsin increasing
use inclassrooms, designeraust pay closeattention tothe pedagogicablnd logistical
issues that teachers face during their enactment. This paper traces thehistsign of the
WorldWatcher visualization software from a learner-centered to céassroom-centered
framework, addressing the challenges that teacHaced during enactmentand the
affordances we have designed to facilitate teacher use.

Introduction

While supportivefeaturesthat addresghe needs ofstudentsandteachers areritical for the success of
educational software, they are only the first dtmpard adoptionand effective use ofsoftware inthe classroom.
Sensitivity to the local context in which tiseftware is usedneans lookingoeyondthe explicitaffordances of
software tools to the subtle ways that these todflsenceandbecome a part of classroom practices. ottmer
words, acontext-sensitivapproach to educational software desmust considernot only thegeneral design
features which facilitate understanding and us¢hefsoftwareput also the roles, motivationand expectations
that students and teachers bring to classroom activities.

This is a story of the design evolution of an open-ended educational softbwhend how our attention
has shifted over the years as we have sought to support its use in classrooms. The story traces our design history
in terms of theaudiences wédave targeted. Having begun withstudent-focusedoncerns, our attention has
shifted to teacherandthe challenges theface when implementingambitious, technology-enhanced curricula.
This emphasis takes as its maimallengeqa) the need to understarttie issues thakachersface in enacting
technology-enhanced curricudad (b) the design of classroomesourcegboth within and aroundthe software)
that address the contextual issues that govern the enactment of such curricula.

Theoretical background

The increasing use of robust multimedia technologies in classrooms has brought aeaittemned
sensitivity on the part ofoftware designers tthe needs oflearners. In particular, Eearner-centered design
perspectivgSoloway, et al., 1994] calls attention to the tasks #tatlentsengagein, the tools they use to
perform such tasksandthe context in which learning takes place. donsideringthese issuesdesigners
incorporate cognitivesupports into thesoftwarewhich helplearnersaccomplish tasks thatould otherwise be
beyondtheir capabilities. Drawing on the traditions of constructiviand distributed intelligence, learner-
centereddesign seeks to makexplicit the processes involved imboth knowledge constructionand in the
interactions thabccur between individual learneasdtools in their environmenfBrown, Collins & Holum,
1991; Salomon, Perkins & Globerson, 1991]. Once tpeseessesre madeexplicit, designers caattempt to
support them through learner-centered scaffolds.

But while learner-centered design provides a valuable framework for dedlmgnany of the important
issues ofeducational softwarelesign, focusing on thaeeds oflearners isnot sufficientfor the success of



classroom technologies. #ducational software is to facilitate teansition to new styles of activity and
interaction in classrooms, as tlarrent generation ofeform-oriented educational softwaeespires, software
designers must also acknowledge the roles that teachers play, the contexts in which theyaodénatdesign

of curricular materials that support teacher understanding. In recent work, researchers have begun to explore what
it means to conduaiassroom-centered desifdmith & Reiser, 1998; Loh adl., 1998]. Aclassroom-centered

design framework appreciates the prevalent culture of classrooms and resists the temptation to computerize all the
supports that normally contribute to classroom learning. In partideachersplay a pivotal role in the
implementation of curricula which should not be ignored indesign of learningools. Classrooms aldmave
established work patterns, social rolasdcultures of communication. While these varydifferent contexts,

they nonetheleswarrantclose examination bgoftware designerwho seek toincorporate computerizetbols

within existing classroom environments.

There are a variety ofays to helpteachers achievihe learning objectives they set for their students.
Of particular interest is the role that curricular materials can play in teacher leandiimgtructionalreform [c.f.
Ball & Cohen, 1996]. Curricular materials, whiclcan includeactivities, backgroundcontent, forms of
assessment, and teacher guides, if done properly, constitute a rich opportutgsidoers taccommunicate with
teachers. Unfortunately, designers of traditional curricular materials often fail tintak&ccountthe roles that
teachers play in the implementation of curricular innovations and the teacher’s need to learn in the process.

This problem is particularly acute in the desigrrefbrm-based educationsbftware (which we classify
as a type of “curricular material,” albeit one that is relatively new to schoufExethe need tosupportteacher
learning is vital to thesuccess of thennovation. Furthermorayhereinnovative software becomes part of
curricular change, we recogniiee need toconsider curriculaissues of the sort outlinegbove alongside the
more traditional issues afoftware design. To ensutieeir relevancethe curricular materials we haveesigned
are the products of teacher-researcher collaboratiodsarethus heavilyinfluenced bythe concernghat teachers
have during enactment. Our collaborative process has aimed not amtyeasethe fit of such materials to the
subject matter and methodological interests of practicing teathdrs, has also sought tencoverandaddress
some the major obstacles that teachers face during enactment.

In the following two sections, we willdescribethe design history of the WorldWatcher data
visualization tool, payingparticularattention to our progressive shift frostudent-focused tdeacher-focused
design issues, where both parties are conceived as learners. We do not claim that one approach is more important
than the other, butather we se¢he latter as having grown naturally out of foemer asWorldWatchercame
underincreasing classroomse. As our discussion willeveal, teacher-focusedoncernsboth include and go
beyond the student-focused design issues.

Design for learners

In response to recentlls forscience curriculdhat activelyengage learners in inquigctivities, we
have beerengaged in research @oftwarethat supportsopen-endedscienceinvestigations bylearners. The
specific focus othis work hasbeen on scientifiocvisualization ofgeographic datawith the goal ofcreating
visualizationand analysis tools thatre accessible taniddle andhigh school students. Previously, giving
studentsaccess tahis type ofdatameant either giving them scientistgiols or presenting them witpre-
rendered visualizations. Scientists’ tools are generally unwesidyack the support thdearners requireyhile
pre-renderedmages do not givéearnersthe opportunity toexperienceghe construction of visualizations or to
work with the data in its numerical form. The goal of eaftware design effohas been tareate ascientific
visualization tool for geographic data that is accessible to a middle and high school audience but retives the
for analyzing data and customizing its display of the tools used by scientists.

When we begathis effort, werecognizedthe significantchallenge oftaking a technology that was
createdfor use by expertandconverting it into a tooffor learners[Gordin & Pea, 1995]. Imadaptingthis
technology for learners, wiecusedour attention orcreating “supportive” interfaces f@ccessing, interpreting,
and conducting analyses of daaad oncollecting learner-appropriatdatalibraries lEdeIson & Gordin1998 in
press]. Theproduct ofthis research isthe WorldWatchervisualization software, which enabledearners to
customize the display of geographically situatiath,view multiple variables in parallelgenerateanimations,
and perform a variety arithmetic and statistical operations on data [Fig. 1].

[1] WorldWatcher for the Macintosh is available at http://www.worldwatcher.nwu.edu
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Figure 1. WorldWatcher visualization window.

Given the challenges of designing a complex data visualization tool appropriate for learners, most of our
early research andesignemanatedrom close work with students.However, asWorldWatcherbegan to see
increasing classroommse, weencountered aew set ofdesign challenges. Whileur initial experiences
demonstrated that software and interface design problems can be outright impediments to the aadiast@of
software inclassroomsgven after desigimssues in thesoftwarewere resolved teachertill faced numerous
challenges in usinVorldWatcher intheir classrooms. Supportingarnerswas one thing. Buteachersmust
also dealwith an entirelydifferentlevel of curricularissues. Thus, wéurnedour attention to supporting the
teacher’s role in enacting WorldWatcher-supported curricula.

Design for teachers

It is important torecognizethat teachers aréhemselves potentidéarnersithus theycan benefifrom
the learner-centered design scaffolds mentioned in the previous section. It is also clear, howekakitigatof
teachers as users includes a much broader set of issues. Understanding how to use the tadiffeyemtidiom
knowing how tateachwith the tool. As we began to work witkachers tamplementWorldWatcher-supported
activities in classrooms, we encountered several key challenges to successful enactriesitsettion wewill
discuss the issuegachers encountered teaching withWorldWatcher anchow we sought tcaddressthese
challenges.

Helping Teachers to Envision Classroom Use

While WorldWatcherwas specificallydesignedwith teachersandstudents in mind, it is nonetheless a
complex tool. Its complexitpccursnot only in thefact that it is apowerful computer-base@chnology, but
also in that it provides access to new types of data previously unavailable in classtoiiaby, teacherdace
both technical and conceptual challenges to operating the software. On one hand, intrautoctalycan lead
users through the basic steps of using WorldWatcher, but knowing how taafeisualizations says nothing
of how teachers learn taise such representations tasls for classroom learning. Gettingachers started,
therefore, requires attention not only to technical obstacles, but also tortfelarissues thatarise when they
considerhow the tool will impact their instruction. In otherords, weneed tohelp teachersenvision how
WorldWatcher might be put to effective use in the classroom.

Envisioning how WorldWatcher might be used in the classroom has several dimenBsageberanust
be able to integrate theol into theirregularplanningandteaching processes. &mder to dothis, theymust
know more than just how to use the tool proficiently. They must lads® an understanding ofpes of



instruction the tool call$or (its curricular affordanceswhat types of tasks it supports, how doganize and
motivate student work around it, and what learning objectives it seNiesved from a slightly differentangle,
teacherswho decide touse WorldWatchermust come to understandthe tool within their existingdomain
knowledge, beliefabout teachingand repertoire ofinstructional methods. In shorfor teachers tofeel
comfortableusing the tool with their students, they must first di#e to envisionust what thesoftware is
about. The question is, hogan wesupportteachers athey learnhow to teachwith WorldWatcher? We feel
that one good way for teachers to learn its value is through curricular examples.

Our first step in thisdirection was to provide sample activities whictserve asboth introductory
tutorials forteachersandadaptablenodels for classroormse. Teacherdave access tactivities rangingfrom
brief sampleexerciseswhich showcasesoftware features to in-dep#xamples that illustrate subject matter,
domain conceptsand possible pedagogicalstrategies. The activities weesigned include step-by-step
instructions forusing WorldWatcher,explanations of théeatures usedand graphical imageghat guide users
through the investigation [Fig. 2]. By engaging in these activities prior to classroom enattasrdarget a
sense of what classroom useVgbrldWatcherentails, includingpedagogicalstrategies, instructional methods,
andcontent issues that migl#ccompanyclassroom use ofVorldWatcher. Furthermore, theyan use these
activities as inspiration for their own activity designs, or modify the existing examples accordingadtithear
needs of their students. Wecognizethe difficulty in designing samplakat will appeal to teachers idiverse
contexts, and that successful enactment with WorldWatcher might take a variety of forms. The irpportant
is that the sample activitiggovide astarting point from whicheachers cabegin tounderstandhe types of
learning the software can stimulate and as well as how it might be used effectively in the classroom. We do not
propose todictate the manner in whicheachersuse WorldWatcher;rather, we aim to helpeachersdevelop
competencywith the tool such that they might lable to integrate itnto their existingarray ofinstructional
practices.

Our currentwork with teachershasrevealedthe powerthat sample investigations, whéailored to a
teacher’s specific subject matter background, have in hetpauiers to understatidle communicativgpower of
datavisualizations. There issomethingdramaticabout seeing alearpatternemergefrom complexdata. The
following statement from a history teacher illustrates how he camederstandhe affordances othe tool over
time:

Thefirst time | opened up WorldWatcher on my ownd sawthe low life expectancy in
Africa and then went to per capita GDP— theras somethingdramatic about seeing it for
the first time. I’'m notsure | had @ense going into this that thisasthe kind ofthing |

was getting into. That emerged throughout the experiences. There were lots of surprises.

This example hints at some ways in which sample activiteesupply teachersvith opportunities toexplore
the tool and get afeel for its curricular affordances— totake it for aspin, so to speak. Theprovide
opportunities to interact with the software in a manner that will help themnderstandvhat it can do for their
classes. The extent to which sumtperiences armeaningful, furthermorewill be determined byhow much
they resonate with teachers’ existing knowledge and experiences. The challengewfent researchhen, is
to find ways to engage teachers in experiences that appeal to what they already know and encouragjeitftem to
in new ways about what they might be able to accomplish in their classrooms with the help of WorldWatcher.

Task Management in the Computer Classroom

Managing technology-supported classroonvestigations is logistically difficult. Student-driven
classroom work presents a variety of challenges for teachers, inchagikngnanagement, providirigdividual
guidance to several students simultaneously, and coordinating students who work at different paces. These issues
are compoundedhen computergreinvolved. Frequent technicamishapsand other byproducts of complex
technologies often distract students and teachers frormuthieular objectives. Inaddition, newmedia carhave
an impact on the way that classroom activite@® conducted. Supporting student investigations in
WorldWatcher, for example, involves a host of classroom management challenges for teachers, pastienéarly
studentsare working simultaneously orifferent computers. Furthermore, traditional means of classroom
management such as worksheets do not lend themselves to computer-supported investigations, where most of the
activity happens on-screen.

Addressingthe needs of teacherwho useWorldWatcher, thereforanvolves more than just helping
them to learn about ways teachwith the tool. While sample activitigwovide teacherandstudents with a
means by which to engage in activities with WorldWatcher, the teachers we workestillvitacedchallenges in
actually implementing such activities with their students. In particular, the ptgtar-basedample activities



we provided initially were an inadequate medium for desigaimisupportingextendedstudent activitywith the
software. A significant drawback to paper-based materials is that they are not dynamic— it is diffinahage
and crossreferencethe multiple documentsand resourceghat may contribute to a given activityTeachers
reported that they had difficulty providingecessangupport for students, having fwovide conceptuajuidance
and technical support to many students at the same tiMieen studentencounteredifficulties, they often did
not knowwhere to findhelp in the software.Thus, ourdesign challenge was farovide a medium in which
activities could be dynamically linked to supporting mategdtechnical assistance. To support the problem
of task management, waeveloped alocument format for creating “notebookles thatcanmix text, pictures,
andvideo aswell as links tospecific visualizationsand other notebookwindows [Fig. 2]. The aim of the
WorldWatchernotebook is to facilitate activities with thé&orldWatchertool by bringing togethemultiple
resources within an integrated, linkable document format.

The value of notebooks for classroom management is that they taliohers taauthor activityguides
that can lead a student through an activity and provide links to all the resources that will be necessary to complete
the activity, including relevant datasepspceduralinstructions, textual prompts wonsiderkey issuesand on-
demandhelp documents. By providinlinks to relevant datasetg)otebookwindows eliminatethe need for
students to navigate througiorldWatcher'sextensivedatabase. Byntegratingon-screeninstructions with
visual examples, notebookindows provide ameans for students tengage in self-guided@ctivities. In
particular, teacher-authored instructions can call students’ attention to relevant information or pattermstin the
By providing students with on-demand help, furthermore, tremdnot rely on theteacher ashe solesource of
technical help. Thus, activity notebookprovide teachersvith a variety of supports in classroom task
management.
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Figure 2: Sample activity in a WorldWatcher notebook window.

The sample activities that wevedesigned arelistributed asotebook documentsBecausethey are
electronic documents, teachers can edit or adapt them to their own needs. A drawback with tisatigofised
materials is that they are hard to edit, tlemsouraging teachers to adelpem “as-is.” It is our intent that the
activities weprovide actmore as inspiration foleacherghan ascannedactivities, thoughteachers do have the
option of using our activities verbatim. Also, since notebook windows are editable at any time, theyuseah be
as multimedia worksheets where students type in their own responses to question prompts or insert pictures of—
or links to— datasets they generate. In this way, notebook windows can pieadtiersvith assessablescords
of student work. Thus, the notebowkndow provideshoth astraightforwardmeans to support student activity
and a simple way for teachers to custom tailor activities to the needs of their students.

Overcoming Conceptual Challenges

A serious problem with many traditionatrricular materials is that they fail taddressteachers as
learners [Ball & Cohen, 1996]. The use of technology-supported inquiry pedagogies in gadéngrldWatcher
in particular poseseveral challenges fdeachersand opportunities forteacherlearning. First,teachingwith



WorldWatcher often means contending with a host of complex and unanticipated content issues arising from rich,
real-worlddatasets. The extent to whitdachers arable todealwith these issuesan dependgreatly on the

depth oftheir subject matteknowledgeand ontheir ability to representsuch knowledge in teachable ways
[Grossman, 1990; Shulman, 1986]. Thteacherswith richer domain knowledge @xtensiveexperienceawith

data analysis are likely to have deeper “pedagogical content knowletiiei theycandraw upon whenguiding

students thouglopen-endedscientific inquiries. Teacherswho lack richunderstandings ofthe domainneed

support in addressing conceptual issues that surpass their content expertise.

Second, to facilitaténquiry-basedearning supported byeal-world datasets teachersist not only be
familiar with the content at hand, but they must be effective managers of student-driven inquiry tasksany~or
teachers, the investigation of complex datasets— particularly through the medium of visualizejwasents a
novel instructional approach. For example, real-life datasets are messy and often yield complex questions that are
beyond the comprehension of students and teachMaost teacherdack the expertise of domaspecialists, and
thus are often unprepared to deal with many ofutenticipatedporoceduralobstacles thaarise wherusing real-
world data. Ifinvestigations of complexiata arenot properly supported, studentd teachers can easily
encounter road blocks that caudsestrationand quickly derail classroom inquiries.Teachers thereforalso need
support in exploring instructional strategies and methods of classroom organization that support such tasks.

Third, teachers must also possess a “big picture” view of the investigation, understanding how the given
task fits in with the overalturriculargoals. The ability ofeachers to understamtid communicate short and
long term learning goals, to manage both short term and ongoing tasks simultarewlistsituate classroom
activities within alarger instructional context facilitates both curriculum planniagd student engagement.
Therefore, teachers need support in integrating data-investigations within longer-term curricular frameworks, such
as projects or other types of curricular units.

To facilitate anunderstanding ohow to teachwith WorldWatcher, we have augmentedr sample
student activitiesvith educativesupplementsntendedfor teachers. Thessupplementsauthored asotebook
documents, are designed to support teachers’ content knowledge and pedagogical understaedlirag @svide
supports for likely procedural and conceptual obstacles. The notebook facilijldvesd us to desigdynamic
teacher guides, linked to the sample activities themselvesprhate task overviewspackgroundnformation,
explanations of the conceptual challenges in the gaaivity, andlinks to relevanthelp documentation. For
example, a WorldWatcher teacher guddsigned aroundample set of activities exploring tigeeenhouseffect
begins with a menu providingdirect links to background readings ahe subject (whichare also in notebook
documentformat), as well an individuallyailored teachesupportdocument foreachactivity. Each support
document provides a detailed explanation of the procedure, providing discussions of pestikgraund content
and highlighting conceptually difficultpoints and potential studenfitfalls. Furthermore, thesdocuments
provide support for technically difficult areas of the activity through links to spqmifitons of WorldWatcher's
help documentation.Finally, thesedocuments providénks to backgroundnformation on particuladatasets,
references to outside sources of information, and links to other related activities.

Open Questions: Software and the context of teaching

Focusing on the logistical and conceptual challertgasteacherdace inimplementingWorldWatcher-
supported curricula has called our attention to a host of issues that stem from the paetitngg in which the
software is used in a way that our earlier student-focused perspectivetdidn designing for students, our goal
was tocreate learner-centered scaffotiat madethe explorationand analysis of complexgeographicdatasets
possible for young learners. In designing for teachers, we aimed not only to siggaafrthe tool, but also to
supportteachingwith the tool. Thus, our work witkeacherdhas beeraimed atarticulatingand supporting the
tacit andexplicit challengeghat arise duringthe enactment oVorldWatcher-supportedurricula. Emphasizing
the pivotal role that teachers play in enacting classroom technologies swirldg/atcher— andinding ways
to support thissnactment— hagmisedour awareness othe importance ofinderstandingnot just theneeds of
individual users, but also the context of software use.

We have come to viewurricular activities as one very important medium through whieachers,
students, and classroom tools interact. Thus, we foausedour design efforts on creating curricular materials
that facilitate this interactioand onsupportingteachersability to adapt andedesignsuch materials (e.g., the
editablenotebookinterface). But therearestill areas wehaveyet to explore. Accounting for the complexities
that comprise the context of teaching is truly a dauntasl. Given the significant variations thatcur
between contexts, it seems impossibleptedictall the differentways thatteachersmight approach aool like
WorldWatcher. But the goal should not be tonfront explicitly all thechallenges teachers faceRather, it
should be to understand those challenges well enough such thahvemgage teachers in @xploration of new



instructionalpracticesand provide them with the opportunitieand support to think such issues through for
themselves. By focusing on the role toatricular materialscanplay in teacherlearning, we should aim to
provide a bridge betweethe novelaffordances of WorldWatcher aritle types ofpracticeswith which most
teachers are already familiar.

Accomplishing this task requires an acute sensitivity to the context of enactment. Desigsetsaw
upon a richunderstanding ofhe differentways thatteachersmay choose tainderstand anénvision thetool.
They must understand how teachers in different settings think abopédiagogicabffordances othe tool; they
must have a sense dhe differenttypes of taskdeacherswill find useful; they mustunderstandhe different
learning objectives that teachers seek to achieve; they must be aware of the different methodologies and classroom
management techniques that will facilitate its use in the classroom; and they navsarbeofthe diversegoals,
objectives, and motivations that teachers and students have when investigating data. The answeissioethese
lie in studies of the ways th#é#achers desigand enact projectsvith WorldWatcher andhe development of
multiple enactment models around which designers can better consider the needs of teachers.
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