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Abstract: In this paper, we discuss issues relating to what we‘taak-structured curricula.” In
contrast to traditional content-structured curricula, a task-structured curriculomgaisizedaround
goals, problems, and questions that cut across multiple areas of traditional content. Ourefecus,
is on two specific issues. First, we workecidate differencebetweenthe content'covered” in
task-structured and content-structured curricula. Secon@ddressvhat we call the bootstrapping
problem: Howcan we expect students veork on problemsandissues that cuacrossmultiple
disciplines, if we have not already providémm with a solidoundation in these disciplines? We
make ourpoints bydescribing a curriculundeveloped bythe Global Warming Projectand by
presenting empirical results of clinical interviewe®nductedwith studentsengaged inthis
curriculum.
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Introduction

Many of the recent innovations in K-12 science instruction share the common goatbeddingclassroom
learning within rich contexts that students find both intellectually and socially meaningful. Though cumiodéds
vary greatly, many efforts tachievethis goalshare animportant feature: Rathethan beingorganized around a
traditional disciplinary structure, thesarriculaare organized around task. Thisapproachhas beergiven many
namesandhas taken many forms; theselude “anchored” or“problem-based’instruction, (Barron etal., 1998;
Williams, 1992) “project-based” instruction, (Krajcik, Czerniak, & Berger, 1999) “learning by design,” (&8@dl;
Sherin, diSessa, & Hammer, 1993), and “goal-based scenéBiosank, Fano, Bell, & Jona, 1993/1994). In all of
these approachethe curriculum is notlesigned as aystematic progression through a list tadditional content
topics. Instead the structure of the curriculum jfgovided byproblems, goals, or issues that @adrossmultiple
traditional areas of content. We call curricula that are organized around problems, goals, andslsstresturedas
opposed to traditionalontent-structured;urricula.

In abandoning the content-structured approach, we should be aware that we are progi@simagia change,
and setting out on somewhat uncertain ground. There are at least two important inter-related issues td-astsider.
by its nature, aask-structured curriculunwill address adifferent slice of content than angontent-structured
curriculum. Thus, we must carefully consider whether the specific changes in what is adairedssilable. Second,
even if we are happy with what a specific task-structure curriculum might, in prinatesssthere are significant
reasons to be skepticdlat anyparticular task-structured curriculumill be successful in achievings learning
goals. How can we expect students to work on probkmdsssues that cuacrossmultiple disciplines if wehave
not already provided them with a solid foundation in these disciplines? Whisadlecondissue the “bootstrapping”
problem.

In this paper, we address each of these two issues. In the first two parts of the paper, weeluoittate
differences between the content covered in task-structured and content-structured dtinstublae describetwo key
differences in the way that task-structueed traditional content-structured curricuiegalwith content. Then, in the
section that follows, we illustrate thesédferencesusing atask-structured curriculunthat we have developed.
Finally, in the last section of this paper, we address the bootstrapping problem. In particular, desarilesome
preliminary results of our efforts to empiricaltyack the development of disciplinargontentunderstanding by
students in a task-structured curriculum.



The nature of content in a task-structured curriculum

In the case of content-structured curricula, it is comparatively eaagstwerthe question: What content is
taught by thiscurriculum?This question is relativelygasy to answer because a content-structouedculum is
organized as @rogression through content; yeanthus “see” the content just by looking at theeading ofeach
portion of the curriculum materials. In contrast, it is somewhat rdifieult to see what istaught in atask-
structuredcurriculum. The taskandits sub-components may nebrrespond, inany obvious way, tdraditional
elements of subject matter.

For illustration, consider problem-based medical instrugiarows & Tamblyn, 1980; Williams, 1992).
In this innovativeapproach, the learning takpkce inthe context ofmedical problems. Studentare given the
medical history of a patient, including a list of symptorsdthey investigate the potentiahuses othe patient’s
complaints. In thecourse of thesevestigations, they typicallgonductand shareresearchthat cutsacrossseveral
traditional content areagor example, they mightave to learn dittle anatomy, some biochemistry, etc. This is
generally true of task-structured curricula; the content understaretjoged tosolve a meaningful tastends to cut
across traditional areas of content.

Another important issue fotask-structured curricula ishe question of'depth.” In a task-structured
curriculum, the task not only dictates what content must be covered, it also dictates the manner—or adpth—in
the various portions of disciplinary contemust beunderstood bystudents. Consider, again, the example of
problem-based medicaistruction,andsuppose that particular medicaproblemrequiresstudents taunderstand a
case in which a patient appears to hswiferedsignificant bloodloss. For thiscase, studentsight need toknow
about some aspects of the cardiovascular system in great detail, such as hemodynamics and the propdwiad of the
as a pump. In contrast, they might omiged acursory understanding aitherrelatedtopics, such as howexactly,
the muscles in the heart allow it to exhibit its particular pump-like properties.

This picture contrasts strongly with what one finds in a content-structured curriculurooieat-structure
curriculum, we attempt to build up content in a manner that we believe reflects the a priori structure of a discipline.
Furthermore, we attempt taddress acontentarea to acertain, uniform, depth. In contrast, intask-structured
curriculum, the depth to which various portions of a discipline are covered is much more idiosyncratic. Some issues
will be covered in great depth while, in other places, students will learn just enough to “get by.”

For these reasons, the selection of a task is the cuiécidion inthe design of task-structured curricula.
The decision must align the motivatigmovided bythe task with theparticular contenbreadth andlepthgoals of
the designers. Different approaches to task-structured curriculum design use different strategies fortaskectng
designing learning activitiegroundthose tasks. For examplgroject-based science designed around a “driving
guestion”that studentsesearch. Anchorehstruction isdesigned around eealistic “macrocontext”which poses a
problem that students must solve. Goal-based scermouile learnersvith a role to play in a simulatestenario
and a goal to achieve within that scenario.

The Global Warming Project

In this paper, we present the Global Warming Project as an examplasK-structurecturriculum. The
Global Warming Project is an 8-10 week middle school science unit created by the Center for Learning Technologies
in Urban Schools at Northwestern University in collaboration with the Chicago Public Schools. In this section, we
describe the task that structures the GWP, how thatai@gnizes content ithe GWP,andhow it determined the
depth of content understanding that the GWP requires.

The Task

In the GWP, studentadoptthe role of scientificadvisors toheads ofstate for bothdeveloping and
industrialized nations. The students are asked to prepare scientific briefings fdedldesgrespective countries that
will help them to prepare a policy for responding to the threat of global climate change. This tasteotadwith
three goals in mind: (1) Engage students, (2) create a need for students to master specific learning aiogg8yes,
provide anopportunity for students to apply their namderstandingThe topic of global warming waselected
because ibffered anopportunity toaddresseveralimportant contenstandards irthe Earthand physicalsciences,



because it is a matter of current scientific controversy, and because its significant social imphcagagsging to
students. However, with such significant social implications, there was a risk that students would focus too much on
the socialandpolicy issuesratherthan the scienceTherefore,the role of scientificadvisorwas chosen over a
number of alternatives, such as international treaty negotia¢oguse it focusestudents moralirectly on the
scientific issues, whiletill taking advantage ofhe social issues tprovide motivation and context. The task of
advising a non-scientist policymaker requires that the students understand the scientific content, be able to apply it in
order to generate policy recommendations for a specific head of state, and to be able to communicate it effectively.

The task in the GWPRreates alemandfor understanding ofontent that is typically taugtgeparately in
biology, chemistry, physicsandEarth science&ourses. Thestpicsinclude: radiative energy transfegeflectivity,
andabsorption; respiration, photosynthesis, decompositindthe carbon cycle;and Earth’s energy balance, the
hydrological cycle, and the greenhouse effect. To understaqmbtlrtial causesand mitigation strategie$or global
warming, students must understand the transfer of energy as it passes into, #mdogh,of the Earth-atmosphere
system. They must understand the factors that determine how much solar energy is refled¢teéd bpakeand how
much is absorbed bythe Earth’ssurfaceand atmosphere. They must alsmderstandhe role thatatmospheric
“greenhouse’gases play in trapping the resultant heat within Hagth-atmosphersystem. Finally, theymust
understand the natural and anthropogenic processes that cause greenhouse gases to ihto emdteeimovedrom
the atmosphere. It is easy $eethat this selection of contearoundthe threat of global warminkgads to a very
different slice of content than would be found in any traditional disciplinary curriculum.

How the task organizes content

The organization of the global warming curriculum reflects both the nature of thandtie nature of the
phenomenon of global warming. The high-level organization of the curriculudetesmined bythe scientific
advisingtask. The students musteparebriefings on threequestions,How could wetell if Earth weregetting
warmer? What might becausing globalwarming? What are the predicted implications of global warming for
individual countriesand what solutionstrategiesshould theypursue?These three questions represte primary
sequence ofhe curriculum. Toanswerthe first question, students investigate the challenges to measuring climate
change(i.e. distinguishingbetween naturadnd“unnatural” variations). Toanswerthe secondquestion, theystudy
the processeghat regulate climate on Earthnd the impact of human activities on them. &oswerthe third
guestion, they investigate scientists’ predictions for global clirdaéageand explore strategies fareducingglobal
warming and its impacts. Withineach ofthose major organizationalnits, the content isorganized by the
phenomenainderinvestigation. For example, in their investigations of climate regulationsé¢haencing of the
learning activitiesreflectsthe flow of energythrough theEarth-atmosphersystem. Thissequencebegins with
investigations of incoming solar enerdpllowed by reflectivity and absorption, then thgreenhouseeffect and
anthropogenic emissions of greenhouse gases.

Choices about depth

In the design of the GWP, the task determined both the selection of cantkthe depth of understanding
that wasrequired. Students mustunderstandthe content well enough to successfully complete their task of
explaining to a policymaker how human activities may be contributing to global clehategeandrecommending
strategies for responding to the threat of global warmingnttigiht reduceits magnitude oimpact. In thecase of
some content, this goal required students to develop a detailed understanding of scientific phenomenaasesther
a superficial understanding was sufficient.

For example, human activities have altered Earth’s surface and its reflectivity of incomingneotpr—the
degree to which it reflects rather than absorbs the energy that the Earth receives from the sun in tHigfdrni of
understand the impact of changesréfiectivity, we decidedthat it wasnecessary fostudents taunderstand dittle
about light; they needed tanderstandhat light carriesenergy, that it must beitherabsorbed or reflectedhen it
reaches Earth’s surface, that lighter colors reflect and darker colors absorlighiprand that absorbedight causes
the Earth to warm. For the purposes of the GWP, we felt that this simgéstandingvas sufficientandthat a
more detailed understanding light, energy,andheat was nonecessary fothe task. Similarly, welecidedthat it
was important that students know how photosynthesis, respiratidcombustion of fossil fuelsfluencecarbon
dioxide levels in the atmosphere, because these processes are affected by human activities. Orhdinel, otreedid
not feel it was necessary for studentautmerstanchow greenhouse gases absari emit long-wave radiation at a



molecular level. It is important to point out that these decisions about depth were made in the conséatidairds-
baseddesign process. Howeverhere standardsan befrustratingly vague about what level &howledge they
require, the specific task provided us with concrete goals to guide the curriculum design process.

Empirical investigation

In this last part of this paper, we turn to the bootstrapping problendegsibedabove, for students to
engage in the task that underlies the GWP curriculum, they need a broad background inB=matese. sanuch is
required,the GWPneeded tamake choices about whbackground it wouldattempt to provideandhow deeply it
would go in various places. These choices essentially divide the required background knmtdettgee categories:
(1) Knowledgeand capabilities that we presume that studemils possess prior to entry2) knowledgethat we
assume they will “pick up,” and (3) knowledge that is directly addressed, in some manner, by the curriculum.

Each of these categories can present a target for empirical studies of learning in a task-structured curriculum.
We can ask: Do students, in fact, possess the knowledge and capabilities that we presumed upon entry? Do they pick
up what we hoped they would pick up? Do they learn what we attempted to address explicitly?

Here, wewill say a little about oumexperience inattempting toanswerthese questions for the Global
Warming project. Our primary purposere isnot to evaluatethe Global Warming curriculunand wewill not
attempt toprovide definitive answers tthese questions. Rather, our gb&fre is togive afeel for the type of
analysis that is involved. Furthermore, we focus on the first two questions sincartékbgeones thaare most
interesting from the point-of-view of making comparisons to a content-structured curriculum.

In order toanswerthe above questions, weave been designing clinical interviews to ¢gmnductedwith
students at various points during the Global Warming curriculundai®,our interviewresearchas beerfocused
around one specifiportion of the Global Warming curriculum. This portion of the curriculum wasarge part,
designed to help students understand how the amount of incoming solar energy varies asuvosEdhefthe Earth
and why it varies in this manner. In brief, the main point is that light from the sun sfiflezsnt places on the
Earth at different angles. Where tight strikes moreandirectly, the intensity is lesgefer to Figure 1). Note that
understanding the argument outlined in Figure 1 is dependent on a significant amoackgobund knowledge. For
example, it is helpful to have some understanding of the structure of the Earth-Sun (&gstetime Earth is a big
ball that moves in a circle around the Sun, which is also a big ball). In addition, it is also necessarysthderie
havesomeunderstanding ofhe nature ofight. The understanding othe Earth-Sun system is something that the
curriculum presumes students will have upon entry. Uiderstanding ofthe nature ofight is something wéope
they will have or pick up as the unit proceeds.

Less direct

gSunlight

More direct
Figure 1. Sunlight striking the Earth.

The interviewswere designed tget at issues of this sort; veskedquestionsdesigned tcelicit students’
models of the Earth-Sun system. For example, one such question asked students to explain thengdedsgns
particular, it iswarmer inthe summerand colder inthe winter. We alscasked questions to get astudents’
understanding of the nature of light. Some of these questions asked students to imagine a simple sitddton in
there is someone holding a light bulb in an otherwise dark, large room.

So, did the students entering our curriculdrave a sufficient model athe Earth-Sun systemDid they
know that the Earth, which is a sphere, trawtsundthe Sun, which is also sphere? Irthis case, there iseally
not that much to tell; this assumptipnoved to bdargely unproblematic. All of the students this age group



knew that the Earth and Sun were spheres, as we would expect from prior research in this area (VodBiadet; &
1992). Not all students were as clear about the nature of the Earth’s motion; some seemed not to knoeattiat the
rotates on its axiandrevolvesaroundthe sun.However, itturns out that this is not essentiaowledge for the
Global Warming curriculum.

However, the nature of students’ understanding of light was more interastinvgriable. Asstated above,
one set of questions asked students to imagine a simple situation inthdriehs someone holdinglight bulb in
an otherwise dark, large room. The students were asked to imagine, first, that the person holding tretamalings
relatively close to a walhndthat the light shines on the wall. Then thewre told to imagine that theerson
gradually walks away from the all. Finally, the interviewer would ask: “Himeswhat yousee onthe wall change
as | walk backwards from the wall?” The GWP curriculum wesignedwith the implicit assumption thattudents
understoodight asradiatingout from acentral source, covering larger areawith less intensity thegreater the
distancefrom the light source. In fact, most studemtdenaskedthe moving light bulb questiomesponded in a
mannerthat is consistent with this model, that is, fagherthe bulb isawayfrom the wall, the more théght
spreads out and the dimmer it appears. Howes@ne studentdid respond inmore surprising ways. For example,
one student, Dedra, said that there would be an illumireted onthe wall, andthat thiswould get smalleras the
light bulb moved away from the wall (Figure 2). Here is an excerpt from her response:

How does what you see on the wall change, as | walk backwards from the wall?
Like, the reflection gets smaller? ... gets smaller when you move back.

... there’s like a circle on the wall that you see?

Yeah.

And how does that circle change, it gets-

It gets smaller until it's gone.

o= 0=

When asked why the circle on the wall gets smaller Dedra responded:

D: Because you're moving further away from the wall.
I:  Uh-huh.
D: And the light only shines like in an amount of space.

We believe that Dedra, like some other students, is answering these questions as if she is applying what we call the
“sphere of illumination” model. In this model, there is no sense in which the light travels from the light bulb to the
wall. Instead, when the light is turned on, it instantaneously creates an illumanesedf fixedsize aroundit; there

is a sphere of lightiroundthe bulb.Understandinghe model inthis way canhelp us tounderstandfor example,

why Dedra says that “light only shines like in an amourgpzfce.” It caralso help us tanderstandvhy she says

that the illuminated area on the wall will get smaller. As the bulb moves away from the wall, the intersection of the
spherewith the wall is a smalleandsmaller circle. Figure 2 showsdnawingthat Dedra made tallustrate this

situation.

Figure 2. Dedra's pre-interview drawing showing the reduction in size of the illuminated wall area
as the light is moved away from the wall.



One ofDedra’slater answers islso verytelling. As part of the interview, thstudentswvere askedbout
what happens at the instant tlight bulb is turnedon. In particular, theywere asked ifthe wall is illuminated
immediately or if there would be a short delay. The majority of studesp®ndedhat there would be a very short
delay corresponding to the time it takes for the light to travel from the bulb to the wall. But students rdesoning
a sphere of illumination model said that the wall would be illuminated immediately.

I: ... At the instant that the bulb comes doesthe light appear orthe wall rightaway? Or istherelike a
little delay from when the bulb lights up until when the light's on the wall?

D: ... it comes directly on the wall.

I:  So it should be right at that instant.

D: Hm-mm. ... It would come right away- the reflection would come right on the wall.

The existence ofhis alternative model casts doubt @ome of the assumptions built into tfdobal
Warming curriculum. What happens to students that possess an alternative model of this sort@ridetiséanding
of light sufficient to support the learning that must go on indiiculum?Will they “pick up” a moreuseful
model of light?

To answertthese questions, weanlook at the results of an interview witbedrafollowing a series of
activities in which students investigate the influence of angieadenceand color on light absorption. Iithis
follow-up interview, we asked a series of questions weresimilar to those in thearlierinterview. Whenasked
what would happen when the bulb is moved away from the wall, Dedra responded that the illuanézatedid get
bigger rather than smaller, and that the intensity would decrease (Figure 3):

D: Like the reflection on the lamp gets bigger. And the farther you go away the dimenkght gets on the
wall.

D: Cause they're further from the wall. They don't hit the wall at the same adfieey, um,they're not as
strong.

I: ... why are they not as strong?

D: Because it's further away from the wall. And it hits it at an angle.

In fact, throughout the follow-up interview, Dedra answered questions as if she was applying a model Iighthich
travels outward from a source, decreasing in intensity.

O 2
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Figure 3. Dedra's post-test drawing showing an expanding area of illumination as the light is moved away
from the wall.

Some care is needed in interpreting observations of this sort. It is not necessesily tosay that,before
the summer cours®edra “had’one modelnd, afterthe course, sheadthe other. Theange ofpossibilities is



much more complicated. For example, both models may, in some sense, have been constructi doiengew.
Furthermore, it is possible that both ways of reasomiage accessible tdedraprior to the course. It mightave
beenthat, with just a littleprodding,Dedracould havereasonedibout light with a moreppropriate modeleven
before the course.

However, at the least, these observations suggest some shift iDdupatendsto reasorabout light. In
addition, it suggests that the presumptions built into ¢hericulum concerning whahust beaddresse@xplicitly
might be reasonable. Either Dedra learned to thinkgbf as something that travedsitwardfrom a source, or she
was always capable of thinking of light this way, given a little prodding. In either case, it wascessary for the
curriculum to explicitly teach Dedra about the nature of light.

We can also look at hoWedra fared inthe curriculum; in particular, weanlook ather understanding of
climate, andespecially the role of incoming solar energy. The reshdt® werealso encouraging. For example,
during the post-interview, Dedra was asked why it is generally warmer in Florida than it is in Measkasponses
were largely as we would have hoped:

D: Probably cause Alaska doesn't get direct sun rays like Florida does.

Of course, a single, brief case study of this sort is far short of what is necesgaigidtethe assumptions
built into a curriculum. Much more is needed, and our work will continue. Our goal ipaberhas onlybeen to
illustrate the type of analysendempirical work that we believe i®quired in order taunderstandinghe learning
that occurs in task-structured curricula.

Conclusion

Task-structured curricula embody differergsumptiongsoncerningthe selection, organizatioand required
depth of content. In this paper, wdescribedour current attempts tounderstand andexplore one ofthese
assumptions—thatather than requiring the broad foundational understandinthat traditional content-structured
curricula try to build, task-structured curricula can develop understanding atawispecificneeds ofthe task, using
the requirements of the task to determine the depth of understanding required for any particular portion of the content.
While our early efforts are encouraging, as the examsented herdemonstrates, a gredeal more researchwill
be required to explore this assumption and the others that are implicit in the task-structured curriculum approach.
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