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Making Authentic Science Accessble to Students
Abstraa
Authentic adivities are important in promoting inquiry due to the natural problem solving
context they provide with high degrees of complexity. This gudy dedt with designing effedive
inqury tasks through transforming content, scientific thinking, and resources feaured in
scientists' authentic pradices. This gudy investigated how fifty-nine inner-city sixth grade
students performed in red-time forecasting situations invalving fronts and presaure systems.
Forecasts were evaluated in terms of prediction agreement, meteorologica entity consideration,
explanation type, and scientific knowledge use because these four categories refleded inquiry
fedures emphasized in the forecasting task. Results show red world situations that closely
mapped orto students’ content understandings, rather than thase with naturall y-occurring
complex patterns, helped students perform inquiry. Key ideas discussed in this paper include the
importance of using authentic situationsto develop rich understandings abou scientific
knowledge and the design of tasks that prepare studentsto participate in social pradices valued

by the science mmmunity.
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Introduction

Even though science has been an important part of seandary schod curriculasincethe
turn of the 20th century (DeBoer 199)), it is dill controversia how schod science shoud be
taught to deliver the essence of scienceto students. Scienceis a human endeavour striving
towards a better way of explaining scientific phenomenathrough experimenta and theoreticd
investigations (Kuhn 1970. The vehicle that advances ienceis ientific inquiry, which
invalves bath in-depth understandings of scientific knowledge and rigorous appli cations of
scientific thinking processes. Current science alucaion reform documents (NRC 1996, 200D
prioriti se scientific inquiry as away to tead and lean abou sciencein k-12 clasgooms.

A lot of effort has recantly been devoted to finding ways to promote scientific inquiry in
clasgooms (Krgjcik et a.1998,White and Frederiksen 1998 Edelson et al. 1999,Songer et al.
2002, particularly within authentic leaning situations. Brown, Colli ns, and Duguid (1989
describe authentic adivities as the ‘ ordinary pradices of the alture’ where their ‘meanings and
purposes are socially constructed through negotiations among present and past members' (p. 34.
Traditional leaning situations that utili ze ledures and demonstrations rarely chall enge students
to pradice particular adivities of the alture of the science @mmunity such as asking questions,
planning and conducting investigations, drawing conclusions, revising theories, and
communicaing results. Often, red world scienceis not accessble to students becaise authentic
adivities that are interesting to students are too open-ended and require content knowledge and
scientific thinking students do nd have the suppatsto redi ze (Edelson 1998. How can we
design inquiry learning that both emulates inquiry in sciencedisciplines andisaccessbleto
students?

Design and development of authentic science adivities involve the transformation o

complex and ambiguous content, scientific thinking skill s, and resources that suppat scientific
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investigations. Because of the complexity of the transformation, many researchers have
prioritised a seleded part of the transformation such as the development of scientific thinking
skill sin the inquiry cycle (White and Frederiksen 1998, the seledion o knowledge for study
(Linnand Songer 1991), the technd ogy resources needed (Edelson et al. 1999 or the benefits
idedly present in authentic learning situations (CTGV 1992. Despite the complexity, the
transformation of content knowledge, inqury skill s, and resources shoud occur in concert.

In this gudy, an authentic sciencetask was creaed through simultaneous transformation
of content, scientific thinking, and resources for sixth grade students. The purpose of this dudy is
to investigate what kinds of authentic situations are beneficial towards dudents' knowledge-rich
inqury. Results of this gudy indicate students’ performances on the development of knowledge
andinquiry depend uponthe complexity of authentic situations. From the situated leaning
perspedive, this paper deds with the importance of using authentic situations to developrich
understandings abou scientific knowledge and hav to design sciencetasks that prepare students
to participate in social pradices valued by the science mmmunity.

Related Reseach
Situated leaning provides a theoretica foundation to implement scientific inquiry in

science dasgooms. Lave and Wenger (1997]) define leaning as:

becoming able to be involved in new adivities, to perform new tasks and functions, to master new
understandings. Activiti es, tasks, functions, and understandings do not exist in isolation; they are part of
broader systems of relations in which they have meaning, these systems of relations arise out of and are
reproduced and developed within social communiti es, which are in part systems of relations among
persons. (p. 53)

What isimportant in situated leaning isto understand interrel ationships among leaners,
adivity, and world that are defined in a ommunity of pradice Lave and Wenger (1997 identify
that ‘a community of pradiceisanintrinsic condtionfor the existence of knowledge, na least

becaise it provides the interpretive suppat necessary for making sense of its heritage’ (p. 98.



Authentic Science 5

Since knowledge is defined in a specific community of practice, knowledge taught in the school

setting may not reveal its profound meaning. Brown et al. (1989) point out that:

Too often the practices of contemporary schooling deny students the chance to engage in the relevant
domain culture, because that culture is not in evidence. Although students are shown the tools of many
academic cultures in the course of a school career, the pervasive cultures that they observe, in which they
participate, and which some enter quite effectively are the cultures of school lifeitself. (p. 34)

From the situated |earning perspective, the following sections illustrate the importance of
inquiry learning in science education, the role of authentic activitiesin inquiry learning, and
transformation of scientific inquiry for students.

Importance of Inquiry Learning in Science Education

Inquiry approaches stem from an ideathat science teaching and learning should reflect
how scientific knowledge is constructed. Scientific knowledge should not be considered as self-
evident facts or mere empirical verifications becauseit is continuously revised and reorganized
through theoretical and empirical investigations (Kuhn 1970). To conduct scientific
investigations, scientists areinvolved in awide range of activities: reviewing what is already
known, planning, making observations, hypothesizing, experimenting, collecting and analysing
data, proposing explanations, and communicating results to name a few. However, describing
scientific inquiry neither as a series of four or five step processes nor a general thinking skill is
an accurate portrait of scientific inquiry (Millar and Driver 1987). There is no one way of
carrying out scientific inquiry across scientific disciplines because each science community
accepts specific ways to carry out inquiry in its own discipline (NRC 2000).

Since scientific knowledge and thinking are intertwined in science, curriculum
devel opers are sometimes faced with a difficult challenge; whether to prioritise content or
thinking skills (DeBoer 1991). Some educators think these two goals are competing rather than
complementary (Edelson 2001). Programs that prioritise content focus on teaching science as a

body of organized knowledge. Programs that prioritise thinking skills focus on devel oping
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scientific modes of thought such as the scientific method, criti cd thinking, refledive thinking,
and problem solving.

Both approacdhes have been criti cized from science, teading, and learning perspedives.
From the science perspedive, neither content nor thinking skill s depict science & it happens.
Schwab (19632 criti cizes content approacdhes by arguing that students ‘ are shown conclusions of
enqury asif they were cetain ar nealy certain fads. Further students rarely seethese
conclusions as other than isolated, independent “fads’. Their coherence and aganization-the
defining marks of scientific knowledge-are underemphasized ar omitted’ (p. 31). Mill ar and
Driver (1987 disagreewith thinking skill s approaches becaise too much attentionis given to the
inductive or empiricd nature of science From the teading perspedive, teaders have difficulty
teading students to transfer what they lean, either knowledge or thinking skill s, to ather
applicable situations (Bransford and Schwartz 1999. From the leaning perspedive, bah
approades often davnplay the importance of the knowledge aquiring context so that a aiticd
examination d how various context feaures influence knowledge or skill development becmes
unrecessry (Perkins and Salomon 1989,Greeno 1998.

Role of Authentic Activitiesin Inqury Leaning

The ideaof fostering inqury in science elucaionis hardly new. Bybee(2000 and ahers
findthe origin of theidea & ealy as Dewey (for example, Dewey 1938. Schwab (1962
advocaes the use of scientific inquiry as a pedagogicd strategy to achieve inquiring science
clasgooms that offer ‘not only the darificaion d inculcaion d abody of knowledge but the
encouragement and guidance of a processof discovery onthe part of student’ (p.66). The
National Science Educaion Standards (NRC 1996 make it clea that scientific inquiry shoud
not be interpreted as only one way of doing science such as hands-on experimentation a reading

abou science Rather, scientific inquiry is defined as ‘ diverse ways in which scientists dudy the
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natural world and propose explanations based onthe evidence derived from their work’ (p.23. In
addition, ‘inqury isastep beyond“science a aprocess’ in which students learn skill s, such as
observation, inference, and experimentation. The new vision includes the processes of science
and requires that students combine processes and scientific knowledge & they use scientific
reasoning and criti cad thinking to develop their understanding of science (NRC 1996, p. 10h

It is apparent that distinctions shoud be made between scientific inquiry scientists pursue
in their profesgons and scientific inquiry students can pusue in their classooms. These
differencesinclude: (1) the inquirer’s knowledge, experience attitude, and scientific thinking
and (2) the inquiry context (Bransford et al. 200Q. In addition, students’ inquiry is more
constrained in terms of time and resources (Edelson et al. 1999. Unlike scientists' inquiry,
students’ inquiry requires alot of guidance The concept of scaffolding is firmly based on
Vygotsky’s Zone of Proxima Development that refers to the gap between the adual level the
student can develop withou assstance and the potential |evel the student can read with
assstancefrom more knowledgeabl e others (Vygotsky 1978. Scafolding for multi-step inquiry
tasks need to addressnoviceinquirers lack of subjed matter knowledge, sophisticaed strategies,
and self-monitoring skill s (Bransford et al. 1989,Chi et al. 1989,Clement 1991,Lewisand Linn
1994). Scafolding by more knowledgeable others can be acompli shed through many diff erent
means. Some examples of scaffolding include redprocd teading (Palincsar and Brown 1989,
modeling (Krgjcik et al. 2000, prompting (Davis and Linn 2000, self-assessment (Barron et al.
1998, andrefledive assessnent (White and Frederiksen 200Q. Studies demonstrate that these
various kinds of scaffolding medanismsimprove students' conceptual understanding (White
and Frederiksen 199§, reading comprehension (Palincsar and Brown 19849, and knavledge

integration (Davis and Linn 2000.
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The situated cognition theory suggests that retention and applicaion o knowledge
depend uponthe cntext in which knowvledge is aaquired. In the cae of scientific inquiry,
students need to be invalved in the aulture where scientific inquiry is possble. Traditional
pradicesin science dasgooms such as ledures, demonstrations, and cookbooklab experiments
rarely suppat a adlture of inquiry and dten instead promote the aulture of schoding. Authentic
tasks are believed to suppat the allture of sciencein clasgooms. Even though thereis gill no
consensus onwhat constitutes authentic sciencetasks and hawv to creae them, authentic adivities
are defined as ‘ordinary pradices of the ailture’ (Brown et al. 1989, p. 3%tor what students face
in the red world (NRC 1996. The former definition promotes the aloption o scientists
pradices by helping students lean attitudes, tods, techniques, and social interadions held by
scientists (Edelson et a. 1999. The latter definition promotes the use of everyday problemsin
order to draw students enthusiasm and develop attitudes for lifelong leaning (Linn and
Muilenburg 1996.

There ae several ways to add authenticity to sciencetasks. First, authenticity is
addressed by using red world problems sientists face(Edelson et al. 1999. For example, The
Scientistsin Action Series developed by the Cognition and Techndogy Group (CTGV) at
Vanderbilt consist of several adivitiesthat utili ze red world problems sich asa chemicd spill
by an owverturned tanker on the highway and the rescue of bald eagles in the wild. After watching
video episodes, students answer questions smilar to what professonals address(Goldman et al.
1996. CTGV emphasizes video as ‘anchors' to stimulate students' enthusiasm and generate
multi ple oppartuniti es to study complex problems (CTGV 1992. Second, authenticity is
obtained through students’ solutions of problems from their own lives. Problems are pursued in
students' own projeds (Blumenfeld et al. 1991 Krajcik et a. 1998 or are presented to students

by the aurriculum (Barronet a. 199§. Third, authenticity is obtained by linking students and
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scientists through data sharing, critiquing and dred communicaion (Peal1994. In the Kids as
Global Scientists projed, students interad with professonal quality-data and imagery and
analyse live events through dred communicaionwith scientists (Songer 1998. Fourth,
authenticity is added when sciencetasks addresswhat scientists do to ready common
understandings including argumentation (Bell and Linn 2000, presentation, and communicaion
(Scardamalia and Bereiter 19917). Socially constructed uncerstandings abou scientific knowledge
among students can happen in communiti es formed inside the dasgoom (Brown et al. 1993 or
aaossclasgooms (Scardamalia and Bereiter 1994,Bell and Linn 2000.

Transformation d Scientific Inquiry for Students

To crede authentic tasks for students, the deli berate transformation d content
knowledge, scientific thinking skill s, and resources is necessary. Some key findings from studies
that investigated these transformations are & foll ows:

Transforming content knowledge

As ientists develop more powerful and parsimonious theories that explain awider range
of phenomena, the body of scientific knowledge essentia to them shifts. Because the
fundamental knowledge underlying such theories becomes complex and extensive, more
powerful and parsimonious theories are often abstrad and hard for studentsto lean. Linnand
Songer (1997 examined whether more dstrad moleaular-kinetic models are better for eighth
grade students to lean abou hea and temperature concepts than hea transfer models. Even
though moleaular-kinetic model s explain thermodynamic phenomena more predsely, hea
transfer models that map dredly to red world problems are more powerful models for students
explanation d natural world situations (Linnand Muilenburg 1996. Thus, it isimportant to nae
that students can benefit from using models of phenomenathat map to familiar contexts even

though abstrad models are more widely accepted in the science @mmunity.
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Transforming scientific thinking skill s

Despite the disagreement with defining scientific inquiry as a series of processes (Mill ar
and Driver 1987), sincethe 196G ®vera adivity sequences have been proposed to simplify and
generali ze the scientific inquiry process(Karplus 1977). In ore good example, White (1993
propased a sequence of inquiry adivities consisting of prediction, experimentation,
formali zation, and generali zation to fadlit ate students' construction d a set of conceptual
models through scientific modelli ng. White and Frederiksen (1998 later refined this quence
towards an inquiry cycle that consists of question, predict, experiment, model, and apply, in
order to emphasize the modelli ng asped of scientific inquiry within computer-generated
microworlds. To increase students awarenessof theinquiry cycle, White alded arefledive
asessnent comporent that encourages sudents to reflea ontheir performance a the end o eat
cycle. Thisinquiry cycle goproach with refledion led degper conceptua understandings about
force and motion than what had been achieved before (White and Frederiksen 1999.

Transforming resources

Authentic learning necesgtates the use of todls and resources to enable students to form
guestions, plan and perform investigations, and communicae results. As part of scientific inquiry
it isimportant to experiencethe dhanging nature of science (Schwab 1963. Traditional textbook
based resources rarely suppat thiskind d inquiry because students tend to percave what is
written in the textbooks as unchanging truths. Recently, telecommunication techndogies are
increasingly used to offer students rich and upto-date resources needed for open-ended
investigations. These todls help students model (Spitulnik et a. 1999, visuali ze data (Edelson et
al. 1999, colled and analyse data (Mokros and Tinker 1987,Nadchmias and Linn 1987,
communicae ideas (Scadamalia and Bereiter 1994), and evaluate relevant information (Bell and

Linn 2000. Design principles for these tecdhndogicd todls ded spedficdly with learning
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objedives based oncurrent leaning shortcomings. However, most research concludes that these
resources are not used optimally due to students and teaders’ ladk of knowledge and
experiences.

What is Necessary?

Taking the pasition d situated leaning leals to the adoption d somewhat compli cated
authentic adivities for students' inquiry. The question kkecomes how to transform scientists
inqury to students’ inquiry successully and what kinds of impadsit will creae for leaning.
Greeno (1997 discusses this complexity when he raises the question d ‘ which combinations and
sequences of leaning adivities will prepare students best for the kinds of participationin social
pradices that we value most and contribute most productively to the development of students
identities asleaners? (p. 9. Although the National Science Education Standards encourage
content-rich inquiry learning and thinking in authentic contexts, the nature in which feaures of
the authentic contexts sroud be transformed to suppat inquiry thinking is gill far from
understood. Since aithentic adivities are by definition urique to ead sciencediscipline, an
investigation leading to greaer charaderization d the role of authentic adivities will need to
begin in the disciplinary context. Therefore, this gudy investigated what charaderistics of
authentic situations contribute to the development of knowledge-rich inquiry. Findingsin this
reseach will give vauableinsights on hav to foster knowledge-rich inquiry for students through
very compli cated and chall enging authentic science problems.

Method

In this edionthe Kids as Global Scientists curriculum, subjeds, forecasting task, and

data wlledionand analysis are described in detail .

Kids as Global Scientists Curriculum
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Kids as Global Scientists (KGS) is an eight-week, inquiry-based weaher curriculum for
midde schod students (Songer 1996. Some parts of what meteorologists do are transformed
into inquiry tasksin the KGS curriculum such as coll eding locd data, comparing weaher data
from geographicdly different regions, interpreting red-time weaher maps and images, and
making forecasts. KGS consists of inquiry tasks that (Songer et al. 2002:

» foster degp fundamental knowledge and a strong conceptual framework.
» build onand foster natural problem solving abiliti es.

» work diredly with students' own idess, beliefs, and conceptions.

» provide dfedive guidance and modelli ng for students’ own queries.

In incorporating inquiry in the KGS curriculum, five essential feaures of clasgoom
inqury (NRC 2000, p. 2bwere adopted. These five feaures are:

» Leaner engagesin scientificdly oriented questions.

» Leaner gives priority to evidencein respondng to questions.

* Leaner formulates explanations from evidence

» Leaner conreds explanations to scientific knowledge.
e Leaner communicaes and justifies explanations.

Eadh curricular adivity engages sudentsin scientificdly oriented questions initiated by
the aurriculum aswell as gudents. In ead adivity students coll ed evidenceto explain their
resporses to scientific questions. Students have oppatunities to evaluate dternative explanations
from students and meteorologists acossthe US. KGS provides two techndogicd toadls for
students to utili ze resourcesinside and ouside the dassoom: the World Wide Web message
board for an organized orline ommunicaion and the KGS CD-ROM, as siown in figure 1, for
an accessto red-time weaher data and imagery used by professonal scientists.

Since 1992KGS has been off ered throughout the US. Teaders register their classeson
the projed website (http://www.onesky.umich.edu) to receve arriculum materials, accessto
online resources, and teater suppat. During eight weeks in February and March ead yea,

students coll aboratively learn abou weaher with students and scientists (Songer 1999. In KGS
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2000, 13 065ndividuals from 230schodsin 35states participated. Unli ke other smilar
tedhndogy-rich science programs that target a small number of well-suppated, privil eged
schods, KGS has been adopted in lessidedi stic settings. For instance, the KGS 2000statistics

indicated 40% of 230schods were locaed in urban settings.

Insert figure 1 about here

Forecasting Task

Thered-time forecasting task was a aulminating adivity in the KGS curriculum. The
task was posted onthe online message board duing the last four weeks of the KGS curriculum
and was open to the entire KGS schods. Thistask satisfied two authentic adivity criteria
described in the National Science Educaion Standards: simulating the alture of what scientists
do (Ahrens 1994 and providing problem solving adivities that are accesbleto studentsin their
daily lives (Ault 1994). To model and suppat the prediction-making task, a weaher spedali st
provided a dail y content insight on the focus city on the message board during the forecasting
period. Designing the red-time forecasting task involved the transformation d content
knowledge, scientific thinking skill s, and resources from meteorologists' f orecasting pradices
towards a useful authentic learning task for students.

Transforming content knowledge

The purpose of the forecasting task isto develop rich understandings abou weaher
systemsin red-world weaher situations. Throughou the forecasting period target citi es were
changed every threedays, which all owed students to see danges during the passage of weaher
systemsincluding cold, warm, stationary and acduded fronts and high and low presaure systems.
Figure 2 shows an example of forecasting questions posted onMarch 22, 2000for Denver, CO.

Instead of making their own forecasts on any meteorologicd entity, students were guided to
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make predictions on minimum and maximum temperatures, cloud condtion, gedpitation, and
wind dredionin amultiple choiceformat. These four meteorologicd entities were chosen
because they tend to change drasticdly during the passage of weaher systems. Students
explained their predictions sparately for temperature, cloud,and wind in the open-ended format.
Making scientificdly soundforecasts requires dudents to consider locd weaher
condtions aswell as neaby weaher systems. If weaher systems are the dominant influenceon
wedher outcomes, the results are somewhat predictable. However, in most cases weaher
systems interad with several other influencesincluding geography such aslarge bodes of water,

high mountains, and deserts, resulting in more inexad estimations of changes over time.

Insert figure 2 about here

Transforming scientific thinking

Table 1 listshow five esentia feaures of clasgoom inquiry were transformed for the
meteorologists’ red-time forecasting task and which inquiry feaures were assessed in this gudy.
In transforming inquiry for forecasting, two inqury feaures were enphasized: the formulation

of explanations from evidence and the cnredion d explanations to scientific knowledge.

Insert table 1 about here

Transforming resources: KGS message board and CD-ROM

The web-based KGS message board system all owed participation o the weaher
spedali st and students from diff erent locaions. Each day a dty was sleded from the weaher
spedalist’s choices and annourced onthe KGS message board. The forecasting cycle took three
days to complete. On thefirst day studentsin small groupslogged orto the KGS message board

to view the forecasting questions. They explored various resources including the KGS CD-ROM
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and aher weaher-related web sites to answer the questions. Students' predictions of temperature
change, cloud condtion,andwind dredionwere posted and justified. At the end d the second
day adua datawere @lleded and pasted onthe message board. The weaher spedalist also
posted explanations of the previous day’ s weaher situation. On the third day students compared
their predictions with the adual data and the spedalist’s explanation.

The KGS CD-ROM shown in figure 1 was used to enable students to explore red-time
wedher data, maps, and images effedively. Weaher maps and images the user choases are
shown in the display area a the centre. If the user locaes a dty, the aurrent information onthat
city appeasin the right data wlumn. The user can view the datain metric or American unts.
Five base map choices are infrared and visual satellit e images, humidity, temperature, and wind
chill. A base map covers the entire display area Overlay map choices are presaure, predpitation,
winds, and fronts. These maps can be displayed as many as the user applies and can be overlaid
onabase map. The user also can draw and erase with the aliting todls on the weaher map.

Many feduresin the KGS CD-ROM were designed to acoommodate what meteorology
novices would need to olserve red-time weaher effedively. Lowe swork (1988, 1993, 1996
on the diff erences between professonal weaher forecasters and undergraduates in the agnitive
processng of weaher maps articulates major considerations made in the development of the
KGS CD-ROM. Lowe (1996 identified that undergraduates generally had dfficultiesin
visualizing weaher systems beyondthe weaher map and in estimating the change of weaher
patterns over time. On the KGS CD-ROM the magnifier allows gudentsto view weaher maps
over aspedfic regionaswell as over an entire ntinent. In addition, students can view till
images of current weaher and animated images of weaher over a24 hou or 4 day period. Lowe
(1996 aso foundthat, due to the ladk of knowledge in meteorology, undergraduates focused on

external visuo-spartial aspeds of weaher maps withou understanding meteorologicd
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relationships. On the KGS CD-ROM, two or more weather maps can be overlapped to alow
students to test the rel ationships between weather elements. Lowe (1988) recommended explicit
visual cues to foster making connections between information on the weather maps and personal
experiences. On the KGS CD-ROM, the clothing of the bunny, the weather outside the window,
and the thermometer facilitate the connections between everyday experiences and scientifically
visualized information.

Subjects

The forecasting data were collected on the KGS message board from distant locations as
well as from local classrooms. During the four weeks of the forecasting period 251 forecasts
from 20 schools in eight states were collected. The schools consisted of five elementary schools,
ten middle schoals, three high schools, and two home schools. The total number of forecasting
posts from each school varied, ranging from one post to ninety-six posts. This variation occurred
because the KGS curriculum did not specify how many times students needed to forecast online.
For this study, the forecasts from one focus school were selected for detailed analysis. This local
school was selected because it was necessary to collect detailed observations on the classroom
practices associated with forecasting as well as the forecasts in order to have a comprehensive
understanding of the data.

The local school was located in an urban school district where 95% of the students are
African American and 70% are on free or reduced lunch. This school has been involved with
various technology-rich projects mainly because of the enthusiasm of Ms. Adams, a technology
teacher. KGS has been implemented by various science teachersin this school since 1997. Ms.
Adams and Ms. Truman partnered for the teaching of technology-rich science. Ms. Truman had

been teaching middle school science for more than 13 years and had one year of teaching
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experience with KGS prior to this study. Ms. Adams helped Ms. Truman when the KGS classes
took place in the computer lab.

Data Collection

The implementation of the real-time forecasting task was discussed with Ms. Truman and
Ms. Adams. They agreed to an idea that forecasting would be a good opportunity for students to
apply the knowledge they obtained about weather. They implemented the forecasting task three
times, providing current forecasts for the cities of Dallas, Buffalo, and Denver in the US. Prior to
thistask, students learned about meteorological entities and weather systems through hands-on
experiments, KGS CD-ROM investigations, and message board communications. During the
forecasting task, Ms. Adams and Ms. Truman gave students several questions to ponder for the
exploration of weather maps. Two students were paired to explore weather maps on the KGS
CD-ROM but made separate forecasts. Three weather situations students forecasted were shown

in figure 3.

Insert figure 3 about here

In summary, three forecasting situations provided different challenges to students. On
March 14 in Dallas, TX, alocally developed low pressure system occurred without
accompanying fronts. This quickly became a problem to students who were familiar with cold
and warm fronts attached to the low pressure system, not the one without them. Thislow
pressure system was caused by the heating of alarge body of water in the Gulf of Mexico, not by
the meeting of the cold air and the warm air. March 16 featured a cold front passing over
Buffalo, NY, that exactly followed atextbook example (Ahrens, 1994). On March 23 the
weather for Denver, CO, was more complicating than the previous two days because, without a

dominant weather system, high and low pressure systems around Denver moved unexpectedly.
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Eventually, the high presaure system nea the Rocky Mourtains aff eded Denver’ s weaher. As
the high presaure system moved from the high mourtains to Denver, the ar heaed up
adiabaticdly. Among the threeforecasting situations, the weaher spedali st indicated that
Buffalo was the eaiest case and Denver was the most difficult case becaise of the influence of
locd geography onthe weaher outcomes. Heredter, threeforecasting situations will be referred
to their city name.
Data Analysis

Thisreseach investigated how the mmplexity of authentic red-time weaher situations
affeded students' development of knowledge andinquiry. As shown in table 1, the development
of knowledge andinquiry was asessd in students’ explanations for temperature, cloud
condtion,andwind dredionin terms of meteorologica entity consideration, explanation type,
and scientific knowledge use. In addition, prediction agreement with adtual data was assessed
based onstudents’ resporses to four multiple doice predictions on minimum and maximum

temperatures, cloud condtion,andwind dredion.

Insert table 2 about here

Prediction agreement

Students’ predictions on minimum and maximum temperatures, cloud condition, and
wind dredionwere scored by comparing them with adua weaher data & siown in table 2(a).
For ead weaher element, ore point was given if students' prediction agreed with adual data. A
total prediction agreement score on a particular day was cdculated by combining the scores of
four weaher elements, ranging from zero to four points. ANOVA'’ s were performed to compare

total prediction agreement scores aaossthreeforecast situations.
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Meteorologicd entity consideration

This coding category looked at how many meteorologicd entiti es were incorporated into
students’ explanations. This dedsion was based onLowe's gudy (1996 that, compared to non
experts, professonal weaher forecasters provided rich explanations about weaher phenomena
becaise they were ale to consider more meteorologicd entities. Lowe (1996) defined
meteorologicd entiti es as constituents of the weaher map such as temperature, presaure,
humidity, wind, and fronts. Each day’ s total number of meteorologica entities was cdculated by
combining the scores for the number of meteorologicd entiti es presented in temperature, cloud,
and wind explanations. A higher score meant more meteorologicd entiti es were incorporated
into explanations. ANOVA’s were performed to compare the total number of meteorologicd
entiti es gudents considered in their explanations for the threeforecasting situations.

Explanation type

Depending on the reasoning students provided, their explanations were cdegorized as
persistent, locd, and systemic as adapted from Ahrens (1994). ‘ Persistent’ explanations assume
that future weaher is the same a current weaher. ‘Locd’ explanations use locd measurements
of meteorologicd entities such as temperature, pressure and wind. ‘ Systemic’ explanations
include weaher systems. Systemic explanations were considered to be the strongest because
wedher systems are the dominant influence on weaher outcomes. The intercorder reli ability was
0.95.

Scientific knowledge use

Students explanations were aoded onascde of zero to two based onthe cnsistency and
sophisticaion d scientific knowledge. Zero pants were assgned if students (1) restated their
answers to multi ple dhoice-based predictions, (2) cited current weaher withou mentioning why

this projedion was possble, or (3) did na use any weaher concepts. One point was assgned if
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students used the relationships between weaher el ements and/or weaher systems but their
explanations were incompl ete or inconsistent. Two pants were given if students used
relationships between weaher elements and/or weaher systems appropriately, and their
explanations were onsistent and scientificaly elaborated. To cdculate atota scientific
knowledge score for eat day, threeknowledge scores for temperature, cloud,and wind
explanations were combined for a posgble score of six. The intercorder reli ability was 0.90.
ANOVA’swere performed to compare the total knowledge scores acossthreeforecast
situations.
Results

In this edion, two mgjor findings are described: (1) how students’ performances on
prediction agreanent, meteorologicd entity consideration, explanation type, and scientific
knowledge use depended uponweaher situations sudents faced, and (2) how students applied
their knowledge to forecasting. Results of data analyses are presented by ead coding category
with examples of student work.

Prediction Agreament

Figure 4(a) shows how well students’ predictions agreed with the acual weaher data.
Students' predictions were most acairate in the Buffalo case (M =2.11,SD =1.13 compared to
the Denver case (M = 1.13,SD = 0.92 andthe Dallas case (M = 1.42,SD = 0.91). This pattern
was gatisticdly significant, F (0.05, 3 = 15.1, p< 0.001.This tendency agreed with the weaher
spedalist’ s forecasting difficulty rating as explained ealier. Forecasting difficulty depended
upon haw closely adual weaher foll owed typicd weaher patterns caused by the dominant
wedher system. Similarly, Ahrens (1994 indicates that cold fronts in the Northern Hemisphere

during the winter, like the one in the Buffalo case, are most predictable. In the other two cases,
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locd geographies sich as alarge body of water in the Gulf of Mexico and the Rocky Mourtains
contributed to the unusual weaher system behaviours that made forecasting more difficult.

Meteorologicd Entity Consideration

One of the diff erences between professonal meteorologists and novceleanersis
experts’ ability to processmany meteorologicd entiti es towards more acarate forecasts. As
shown in figure 4(b), the arerage number of meteorologicd entiti es considered in ead forecast
was highest in the Buffalo case, (M = 3.83,SD = 1.89 and lowest in the Dall as case (M = 2.81,
SD = 1.49 with the Denver case in the middle (M = 3.54,SD = 1.78. This differencewas
statisticdly significant, F (0.05, 3 = 5.4, p< 0.01.The largest diff erences occurred between
Dall as and Buffalo cases as confirmed by the Tukey’ s past hoc test, p< 0.01.These diff erences
occurred becaise more students incorporated weaher systems information into their
explanations in the Buffalo case to explain the naticeale mld front. Results also indicate that
students considered more antities with time and experience Significant diff erences existed in the
number of meteorologicd entitiesin explanations between Dall as and Denver cases, p< 0.05.In
general, consideration d more meteorologicd entities resulted in stronger scientific
explanations. However, mere ansideration d more meteorologicd entities did na always result
in scientific explanations and acarate prediction as shown in the foll owing examples from

student temperature predictions for Dall as:

Student A: There will be ald air. It is going to move to Dall as becaise the mverage of the doudsis going
to affed the temperature. The wind is medium so it [the maximum temperature] may be mld and the
temperature & night [the minimum temperature] will be mal also.

Student B: The maximum temperature is [going to be] higher. The reason | think it’s going to be hot [is]
because the warm air massis coming from the south [the Gulf of Mexico].

Student A’ s explanation includes more meteorologicd entities, e.g. cold air, clouds, and winds,
than Student B’s explanation, e.g. warm air, bu Student A’s explanationis sientificaly

incomplete because she did na elaborate how cloud coverage dfeded temperatures. As aresult,
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Student A’s explanation was <ored high in the meteorologicd entity consideration category and
low in the scientific knowledge use cdegory while Student B’ s explanation was scored in the
oppasite way. Scientificdly productive forecasting requires gudents to consider sali ent
meteorologicd entiti es that would aff ed the next day’ s weaher instead of every meteorologicd

entity the weaher map provides.

Insert figure 4 about here

Explanation Type

Figure 5 shows the dasdficationresult of students’ explanations for temperature, cloud,
andwind predictions. In the Dall as case, system-based forecasts were rare for all citiesincluding
temperatures (14 %), clouds (5 %), and winds (3 %). The propation d system-based forecasts
increased for temperature in the next two forecasting days (64 % for Buffalo and 42% for
Denver). System-based cloudand wind explanations also increased bu not as much as g/stem-
based temperature explanations.

Explanation type was related to what type of meteorologicd entities dudents considered
in explaining their predictions. When students considered orly a meteorologicd entity that was
going to be predicted, i.e. temperature for temperature prediction, it was unlikely that making
more forecasts would improve their ability to consider changes caused by the weaher system.
For example, a student predicted maximum temperature would be steady ‘because today is 35
degrees F and the temperature wil | not change’. For wind prediction ‘tomorrow will be NW
becaise today is NW'. Figure 5 shows that persistent forecasts li ke these were ammmon for cloud
andwind predictions regardlessof weaher situations. Thisindicaed that students had dfficulty
understanding how clouds and winds influence predictionsin ared world context. Other

students off ered explanations that were based orly onlocd signs. This type of explanations was
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different from the system-based explanations becaise it often fail ed to recognize the
relationships between locd signs that took dacewithin the weaher system.

Forecasting experts recognize that weaher operates as a system. Unlike experts, students
did na often consider weaher systems except the ald front system in forecasting. Students did
not easily conred an ideathat presaure systems are strongly related to temperature change, wind
diredion, and cloudformation. From which diredionwinds blow can determine temperature. In
Dall as, the Southwest winds brought warm air from the Gulf of Mexico resulting high
temperatures. The distribution d high and low presaure systems can indicate the wind dredion
becaise winds blow from the high presaure centre and towards the low presaure cantre. Cloud
formationis associated with rising air above low presaure systems and cloud dsspationis
asciated with sinking air abowve high presaure systems. Students often cite ‘ Low presaure brings
bad weaher and high presaure brings fair weaher’ withou knowing this relationship between
cloudformation and presaure systems.

Scientific Knowledge Use

Figure 4(c) shows that the level of scientific knowledge expres=d in students
explanations was highest in the Buffalo case (M = 2.27,SD = 1.73), lowest in the Dall as case (M
=1.27,SD = 1.06), andin the middle in the Denver case (M = 1.76,SD = 1.19. This difference
was datisticaly significant, F(0.05, 9 = 14.75, p< 0.001.Tukey’s post hoc test shows
significance between the Dall as and the Buffalo cases, p < 0.001.Scientific knowledgein
students’ explanations appeaed to improve & they repeaed forecasting becaise, even though

the Denver case was more difficult than the Dall as case.

Insert figure 5 about here
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Among students' explanations, several general patterns that demonstrate good and week
uses of evidencewere observed. Four are discussed here.

Weaher systems

The goal of teading weaher systems was to show how meteorologicd entiti es interad
within a system. When weather systems guch as high and low presaure céls or cold fronts were
addressed for the purpose of forecasting in the aurricula, students would use these systems to
predict temperature, cloud,and wind petterns. However, students did na equally incorporate
various weaher systems into their forecasting. Cold front systems were used more often by

students to explain temperature, cloudand wind predictions than ather systems:

Student C: Minimum and maximum temperatures will be much lower than today because the cld air is
pushing clouds away so it will be mld becaise there ae no cloudsto kegp Buffalo warm.

Student D: It will be partly cloudy becaise the @ld front is pushing clouds. The high pressure aedes
winds that blow away clouds.

Student E: The wind diredion will be Northwest because it isthe mld wind coming behind the ald front
and the oold front which just passed throughBuffalo, NY.

Some students considered presaure distribution to estimate wind dredion such as ‘thewindis
going from ahigh presaure’ or ‘the wind is going toward the low presaure’ . However, most
students rarely considered presaure to determine wind dredion. Many students conreded wind
diredion with the movement of the ald front.

Rel ationships between meteorologicd entiti es

Some students used rel ationships between meteorologicd entities to predict upcoming
wedher. The following example ill ustrates the cwnsideration d arelationship between cloud

coverage and temperature:

Student F: The minimum temperature will be steady becaise the doudsin the sky are keeping it warm so it
will stay the same dl night because the douds keep it warm at night just like our blankets and the douds
are moving.
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One of the mmmon mistakes was relating high (low) temperature to high (low) presaure
such as ‘the douds will kegp themselves warm which will move the pressure go higher’ and |
think the temperature will go upalittl e bit because of the presaure will go up. The relationship
between temperature and resaure in weaher systemsis not the same & the relationship between
temperature and presaure in thermal physics. As a ontainer half fill ed with water is heded, the
presaure of the container increases due to the increased movement of gaseous moleaules. In the
atmosphere asthe heaed air rises, its density deaeases, resulting in lower presaure. Another
misconceptionis the relationship between low (or high) temperature and cloudformation such as
‘I think it will be partly cloudy because the temperature is going to be low and when the
temperature islow sometimes the douds come out’. The consideration d dew point or humidity
provides more relevant evidencefor cloudformation.

Weaher system movement

Students in general had dfficulty estimating changes in the movement and strength of
wedher systems. Some students made forecasts assuming that all weaher systemswould stay in
the same places for the next day. Other students thought weaher systems always moved from
west to east. This overgenerali zation accurred because of the general movement of weaher
systems due to the prevaili ng westerlies in the midd e latitude. As aresult, some students thought

winds always blew from west to east:

Student G | think the wind is coming from west. The reason why isthat the wind is blowingin arounded or
boxed path basicdly. The wind goes around and now it is blowing from the west. The wind is pushing from
the west because it blows in a drcle path. The winds are blowing around in a drcle dl around the eath.

Geographicd feaures

Students rarely incorporated geographicd influences into their forecasts. Perhaps dudents
did na consider geography because they were not familiar with its influence on weaher. Large

bodes of water affed weaher due to the supgy of humid air. Mountains are important because
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they can forcethe ar to go up a down depending upontheir slope. Rising (sinking) air is related
to codling (heding) of the ar, resulting in cloudformation (disspation). No students considered
mourtains to forecast the weaher of Denver, while severa students mentioned the influence of

the Gulf of Mexico onthe weaher of Dall as.

Student H: The temperature will be higher because the water from the Gulf of Mexico is carrying moisture
and the water evaporated and makes clouds and more and more douds keeps the eath warm.

Discusson

National Science Educdion Standards (NRC 1996 put a strong emphasis on scientific
inqury for k-12 science dassooms because of the enphasis onrich understandings of scientific
knowledge beyond simplistic definitions. Scientific inquiry presented in scientists’ authentic
pradices can be used for students’ inquiry if the situationis transformed so that it is accessble
and relevant to students' lives. For thisreseach, ared-time forecasting task was devel oped
through the simultaneous transformation d content knowledge, scientific thinking skill s, and
resources and implemented in sixth grade urban middle schod classooms. This gudy
investigated whether students’ development of knowledge andinquiry differed dueto the
scientific complexity involved in authentic forecasting situations. Results show that the scientific
complexity of forecasting situations influenced students explanations for their predictions as
well astheir forecasting acarracy. When forecasting situations closely matched their content
understandings abou weaher systems, students were better able to use scientific knowledge and
evidencein their explanations. In addition, results show students did na aways gporntaneously
apply knowledge @ou wedaher systems to forecasting. Students applied the @ld front system
better than the high and low presaure systems because they aayuired the cold front system
through a aurricular adivity where they explored hav weaher patterns change & the ld front

system moves over aregion. Students more adively exercised their understandings abou
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wedher systems for forecasting temperatures than clouds or winds. Students’ forecasting
difficulti es resulted from both their misconceptions about rel ationships among meteorologicd
entiti es and red-world weaher situations compli cated by locd geography.

While National Standards and pdicy documents advocate the use of authentic contexts
for problem solving and scientific experimentation, this study shows that nat all authentic
situations are gopropriate for the development of students' understandings of scientific
knowledge. The foll owing sedion otli nes threeguidelines for the development and
transformation o science adivities that utili ze authentic contexts for student inquiry.

1. Red world situations must map closely to students' content understandings and curricular
adivities.

2. Authentic sciencetasks sroud be devel oped through the simultaneous transformation o
content knowledge, scientific thinking and resources.

3. Students need spedfic guidancefor the use of transformed products towards inquiry
leaning goals.

Red World Situations Must Map Closdly to Students' Content Understandings and Curricular

Activities

Red world situations are inherently complex even for professonal scientists because they
areill -defined and contain so many uncontroll able variables that influence outcomes. As aresult,
some authentic red world situations canna be used effedively for students. Red world
situations that closely match simple patternsin the knowledge students passessprovide abetter
oppatunity for the gplication d students’ developing knowledge. When red world situations
distantly resemble the way knowledge is previously presented to students, they are likely to

experiencedifficulty applying their knowledge and dten resort to nonscientific reasoning.
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A red-time forecasting adivity in this sudy was creded for students 9 that they could
predict future weaher using current weaher information. Results of this dudy demonstrate that
wedher situations $roud be caefully seleded to enable studentsto pradiceinqury abou
wedher systems. The Buffalo case served as a perfed example for students to apply the wld
front concept because the wld front feaured in this case behaved exadly as experienced ealier
by students. However, Dall as and Denver cases were much more difficult becaise students
needed to incorporate understanding of locd geography towards predicted outcomes.

Authentic Science Tasks Shoud Be Developed through the Simultaneous Transformation o

Content Knowledge, Scientific Thinking and Resources

Developing scientific knowledge through scientific inquiry can have agnitive,
motivational, and epistemologicd benefits because of * the relational interdependency of agent
and world, adivity, meaning, cognition, leaning, and knawing' (Lave and Wenger 1991, p. 50.
The development of scientific knowledge distinct from contexts of useislong thought to be a
problem of traditional scienceinstruction. To creaeinquiry tasks for students based on
scientists' pradices, transformation o content knowledge, scientific thinking, and resourcesis
necessary due to the fundamental diff erences between scientists and students in their domain
spedfic knowledge, sophisticated strategies, and resources (Kuhn 1989. In addition, this
transformation readsto occur in concert to suppat curricular leaning goals effedively. A good
way to achieve thisresult isto employ atean of spedalistsin areas of science, educaion, and
tecdhndogy in developing curricular adiviti es.

One example of transformed resources isthe KGS CD-ROM. The red-time forecasting
task asked students to make 24-hour forecasts on temperature, cloud condtion, and wind
diredionin a dty. These meteorologicd entities were chosen because their changes were

strongly asociated with the passage of weaher systems. With the KGS CD-ROM students could
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explore threemeteorologicd entities in red-time, 24-hour animation, and 4 day animation
formats. Red-time weaher maps onthe KGS CD-ROM all owed students to evaluate arrent
wedaher condtions for any city. Animated weaher maps and images were useful for students to
estimate how fast weaher systems move and haw their strength changes over time. Moreover, to
enable students to examine danges in these threemeteorologicd entiti es, the KGS CD-ROM
also provided fronts and pressure maps. The transformation and presentation d spedfic content
in spedfic formats conreded to student inquiry adiviti esill ustrates the importance of resource
transformation that is aligned with learning goals. Withou the spedfic transformation d content
and resources in the KGS CD-ROM, student inquiry through forecasting would na be possble.

Students Nedad Spedfic Guidancefor the Use of Transformed Products Towards Inquiry

Leaning Goals

Developing scientific understandings through authentic inquiry is chall enging becaise
students do nd often passessthe badkground knavledge or thinking skill s to reducethe
complexity of the authentic inquiry situations. In the KGS curriculum, several suppats were
present to guide students appropriately. Relevant weaher badkground knaevledge was provided
through bah the weaher map presentation and weather spedali sts. Feaures onthe KGS CD-
ROM interfaceorganized the presentation d weaher maps and images, e.g. only certain maps
could be overlaid on dhers, to guide students towards salient weaher feaures (Songer and
Samson 2000. On the web-based KGS message board, weaher spedalists provided daily
wedher updates and explained certain weaher patterns outcomes. Experts weaher knowledge
also reduced the burden that might be imposed onteaders all owing easier guidance of students
thinking.

This dudy also demonstrates that in two of the threeforecasting cases the transformation

of content knowledge, scientific thinking and resourcesinto ared-time forecasting task did na
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result in asimple aithentic eaning experiencefor al students. Whil e the arrent curricular
suppats gedficdly reduced some of the unnecessary complexity so that students could more
easily focus on salient problem feaures, they did na provide dl of the necessary information
such asinformation onlocd geography.
Conclusion

Unlike traditional laboratory tasks which are often used to foster inquiry, authentic
inqury tasks provide oppatunities for students to experience knowledge devel opment in actual
contexts of use. As gudents often lack much o the necessary background knavledge andinquiry
skill srequired to buld succesgul explanationsin these mntexts, educators need to carefully
organize the resources, content and adiviti es into transformed products that make inquiry
accessble. This gudy provided a cae for the transformation d resources, content and thinking
into ascience ativity that cgpitali zes on authentic contexts and data towards knowledge-rich
inquiry understandings. Authentic adivities are important in promoting inquiry because they can
provide oppatunities for studentsto develop ‘identiti es as capable and resporsible leaners
(Greeno 1997, p. B bu they sometimes provide unnecessary complexity. Simultaneous
transformations can reducethe cmmplexity of red world contexts towards the learning benefits

avail able with authentic science
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Table 1. Inqury in the KGS Forecasting Task
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Essntial fedures of classoom

Forecasting task organization

Forecasting coding

inqury from table 2-5 (NRC, acording to inqury feaures caegories
2000, p. 2%
* Leaner engagesin *  What will tomorrow’s Not assessd.

scientificdly oriented
questions.

Leaner gives priority to
evidencein respondng to
questions.

Leaner formulates

explanations from evidence

Leaner conreds
explanations to scientific
knowledge.

Leaner communicaes and
justifies explanations.

wedher belikein
(city name)?

Leaner is guided what to
forecast through a series of
sub-questions.

(Seetable 2)

Leaner usesthe KGS CD-
ROM and aher red-time
web resources to explore
wedaher situations around
the aty. (Seefigure 1)

Leaner explains how
temperature, cloud
condition,andwind
diredion change with
evidence

Leaner’s explanation
refleds the level of
understanding abou
his/her knowledge on
wedaher systems.

Leaner compares hisher
explanations with ather
students’ explanations and
wedaher expert’s.

Leaner compares hisher
forecast results with acual
data.

(Question provided for
leaner).

Not assessd.
(Students guided to collea
evidence).

* (Meteorologicd entity
consideration) How
many meteorologicd
evidences do students
consider?

* (Explanationtype)
What kind d reasoning
students provide from
the evidence?

* (Scientific knowledge
use) How consistent
and sophisticaed are
students forecastsin
conjunctionwith
scientific knowledge?

(Prediction agreanent)
How well do students’
forecasts match what
adually happened?




Table 2. Coding Scheme

(a) Actual Datato Code Prediction Agreement
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Date Max. Temp* Min. Temp* Cloud Condition ~ Wind Direction**
March15 Higher (+8.1 F) Steady (+1.1F)  Mostly cloudy E (SE-NE)
March 17 Lower (-22.0F) Lower (-5.0 F) Partly cloudy NW (N-W)
March23 Higher (+18.0F) Higher (+8.0F) Partly cloudy NW (N-W)

Note. * The valuesin the parentheses were the actual temperature differences between the day
students forecasted and the following day.
** We allowed +/- 45 degrees from the actual wind direction for a correct response.

(b) Evidence into Explanation

Coding Criteria Examples

Categories

Meteorological Count the number of meteorological (for cloud prediction)

Entity entities cited in the explanation suchas  Because of the front and the
Consideration temperature, pressure, wind, temperatures around Buffalo and the

precipitation, cloud, humidity, fronts,
pressure systems, air mass, etc.

Explanation .
Type

Persistent: The reasoning presented
in the explanation was based on a
consistency between current weather
and future weather.

Local: The reasoning was based on
predicted relationships between
measurement-based entities without
referring to the weather system.

Systemic: The reasoning was based
on the behaviours of the weather
elements within the weather system.

temperatures today, and | chose
partly cloudy because scattered
clouds are moving north of Buffalo
coming from the south.

(Three meteorological entitiesin
this explanation)

Persistent: Tomorrow the wind will
blow from southeast because the
wind is coming from southeast
today.

Local: It will bealot lower than
today because you can see al of the
cold winds coming from the east.

Systemic: it isgoing to bealot
lower from today because the cold
front is moving out from Buffalo.




(c) Scientific Knowledge Use
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Score Criteria

Examples

0 .
1 .
2 .

Students restated their prediction.
Students cited the aurrent weaher
withou mentioning why this
projedionwould be passhble.
Students did na use wedher.

Students used the relationships
between weaher elements and/or
wedher systems but their
explanations were somewhat
incomplete or inconsistent.

Students used the relationships
between weaher elements and/or
wedher systems appropriately, and
their explanations were consistent
and scientificaly elaborated.

| think Dallas, TX, will have adlight
steady change for maximum.

Tomorrow will be partly cloudy becaise it
isnot that cloudy in Denver [right now].

| saw it from the computer.

Min and max temperatures will be higher
because the old fronts and winds are
coming from the northwest.

It isgoing to be wlder because of the low
presaure system is close by Denver and it
will be alot lower.

| think the maximum temperature will go
down becaiseif the douds day for along
period d time, it’s going to block the sun
that hedsit up.
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Figure 1. KGS CD-ROM
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Figure 2. Forecasting Questions on March 22

Hi KGSers, Today isthe last day to forecast tomorrow's weaher in Denver, CO. After more than
24 hous of light snow that just ended yesterday afternoon, doyou think people in Denver will
enjoy awarm and sunny weaher? What kind o weaher system is coming to Denver? Isit fast
enough to get there in time for your forecasting? Remember you make your own forecast for the
wedher in Denver at 3:00 PM, MST.

Question 1 We think tomorrow's maximum temperature for this city will be
* Alot lower than today: -10 F (-5 C) or more change
* Moderately lower than today: -3to -9 F (-2 to -4 C) change
» Steady or slight change: -2to 2F (-1 to 1C) change
* Moderately higher than today: 3to 9F (2to 4C) change
e Aot higher than today: 10 F (5 C) or more change

Question 2 We think tomorrow's minimum temperature for this city will be

» Alot lower than today: -10 F (-5 C) or more change

* Moderately lower than today: -3to -9 F (-2 to -4 C) change
» Steady or slight change: -2to 2F (-1 to 1C) change

* Moderately higher than today: 3to 9F (2to 4C) change

* Aot higher than today: 10 F (5 C) or more change

Reasons for our prediction onQuestion 1& 2 are

Questions 3: We think the weaher in this city tomorrow around 300 PM will be
* Sunry (0-10% cloud coverage)
» partly cloudy (20-50 % cloud coverage)
* mostly cloudy (50-90 % cloud coverage)
» overcast without predpitation
* overcast with rain
» overcast with snow

Reasons for our prediction onQuestion 3are

Question 4 We think that, around 300 PM, the wind will blow from
North  Northeasst East Southeast
South  Southwest West  Northwest Nowind

Reasons for our prediction onQuestion 4are



Figure 3. Three Days of Forecasting
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Weather situation when students Major weather system Knowledge for
forecasted forecasting
03/14/2000, Dallas, TX On 03/14 a storm system was * Low pressure
fuelled by the large amount of the system that
warm and moist air from the Gulf does not
of Mexico. As this system moved accompany
to Louisianaon 03/15, clouds fronts
gradually decreased toward the e Cloud
afternoon. coverage
e Geographical
Actual dataon 03/15 influence of
e Max. temp.: moderately higher the Gulf of
e Min. temp.: steady Mexico
e Cloud: mostly cloudy
e Wind direction: east
On 03/17 as the cold front had o Coldfront
passed, the temperature dropped « High
significantly. The high pressure pressure
cell behind the cold front caused system
north-westerly wind and clear
skies.
Actual dataon 03/17
* Max. temp: alot lower
* Min. temp: moderately lower
e Cloud: partly cloudy
e Wind direction: northwest
On 03/23 the high pressure near e High
Denver caused winds to blow pressure
from W-NW. Due to the high system
mountains these windsweredown « Cloud
slope winds, which made the coverage
moving air heat up adiabatically. Geographical
Around the high pressure the influence of
cloud cover was not extensive. the Rocky
Mountains

Actual dataon 03/23

* Max. temp.: alot higher

e Min. temp.: moderately higher
o Cloud: partly cloudy

* Wind direction: northwest




Authentic Science

Figure 4. Forecasting Patterns by Weather System

Average

Average Number

Average

(a) Prediction Agreement

4
3 |
2.11
o ’142/‘\’
14 1.13
0
Dallas Buffalo Denver
Low Pressure Cold Front High Pressure
(n=59) (n=59) (n=59)
(b) Meteorological Entity Consideration
5
3.83
4 |
2.81 3.54
3 |
2 |
1 .
0
Dallas Buffalo Denver
Low Pressure Cold Front High Pressure
(n=59) (n=59) (n=59)
(c) Scientific Knowledge Use
4
3 2.27
§ 1.27
2 1.76
1 |
0
Dallas Buffalo Denver
Low Pressure Cold Front High Pressure

(n=59) (n=59) (n=59)



Figure 5. Explanation Type by Weather System
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