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1 C u rri cula, as outlined here, re fl e cts the defi n i tion included in the 1996 Na ti o n al Science Ed u ca tion St a n d a rds (p. 111) “C u rri culum is the way content is orga n i zed and emphasized; it includes stru ctu re,
o rga n i za tion, bal a n c e, and pre s e n t a tion of the content in the class ro o m .”  As NC I S LA re s e a rchers stu dy student learn i n g , they concu rre n t ly stu dy how the cu rri culum can be stru ctu red to support desire d
l e a rning outc o m e s .

S i gn i ficant insights about student learn i n g
in science are emerging from a 12-ye a r

research project conducted by high school
t e a c h e rs and re s e a r c h e rs affi l i ated with the
National Center for Impro ving Student
Le a rning and Ac h i e vement in Mat h e m at i c s
and Science. With collaborating teachers,
re s e a r c h e rs have developed new cours e s
based on scientific modeling pri n c i p l e s. Th e

research pro j e c t, Modeling for Understa n d-
ing in Science Education (MUSE), is yi e l d i n g
c h a l l e n ging science curri c u l a1 and insigh t s
about inst ruction and ass e ss m e n t.

Conducted at Wi s c o n s i n’s Monona Gro ve
H i gh School, which serves rural and subur-
ban st u d e n t s, the long-term studies indicat e
w ays science inst ruction can be st re n gt h e n e d
to meet re f o rm goals. 

E vi d e n ce indicates that student understa n d-
ing of challenging science content measura-
bly increases with MUSE-based curri c u l a .
Th ro u gh courses focusing on ast ro n o my,

g e n et i c s, and evo l u t i o n a ry biology, st u-
dents learn to ask astute quest i o n s
about data and to present scientifi c

a rguments to class m ates as they col-
l a b o r at i vely build exp l a n at o ry
m o d e l s. Importa n t l y, st u d e n t
u n d e rstanding appears to

i n c rease because in-depth sci-
e n t i fic inquiry re p l a ces more

t ypical curricula that often re q u i re
students to survey broad swaths of content. 

The learning outcomes sought in MUSE-
based courses reflect the goals set forth in
Be n ch m a rks for Science Li t e ra cy (1993) and the
Na ti o n al Science Ed u ca tion St a n d a rd s ( 1 9 9 5 ) .
Be n ch m a rk s and St a n d a rd s i n d i c ate that st u-
dents should be familiar with key science
c o n cepts and able to apply acquired re a s o n i n g
skills to re a l - world pro b l e m s. In addition,

students should be able to make links acro ss
s c i e n ce conce p t s. The scientific modeling
st r at e gies employed in MUSE are geared to
f a c i l i tate students’ learn i n g, re a s o n i n g, appli-
c ation and linking of conce p t s. Research and
l e a rning outcomes in two 1997 MUSE-based
g e n etics classes are outlined here .

R E S E A RCH FOCUS:

Two MUSE Genetics Classes 

R e s e a r c h e rs Jennifer Ca rtier and Ji m
S t e w a rt, alongside teacher- re s e a r c h e r

Sue Johnson, have collaborated on seve r a l
MUSE research st u d i e s. This issue of in Bri e f
re p o rts on a study of high school st u d e n t s ’
l e a rning genetics during two elective cours e s
tau ght by Johnson during spring and fall
1997. These courses attracted a re p re s e n tat i ve
group of junior and senior st u d e n t s. Impor-
ta n t l y, the re s e a r c h e rs observed how typ i c a l l y
l o we r- a c h i e ving and high e r- a c h i e ving st u-
dents learned to reason, inquire, and pre s e n t
and critique scientific argu m e n t s. They also
we re able to identify class room factors that
enabled teachers and students to more fully
e n gage in scientific inquiry and modeling.
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THE MODELING CLA S S RO O M :

Doing Science to Learn Science

Just as the National Science Education Sta n-
d a rd s a ss e rt “learning science is something that
s tudents do, not something that is done to them”
(1995, p. 20), MUSE-based courses involve stu-
dents in doing science. 

S c i e n t i fic modeling is the ce n t e rp i e ce of
the MUSE project and pro vides st u d e n t s

and teachers a framework for learning about
key concepts and causal pro ce sses implicit in
s c i e n t i fic phenomena. As defined by Ca rt i e r
and colleagu e s, a scientific model is a set of
ideas that describes a natural pro ce ss and can
be used to explain a specific set of phenomena
( Ca rt i e r, Rudolph & Stewart, 1999; Harri s o n
& Tre a gu st, 1998).

In the modeling class room, students collabo-
r at i vely generate data, seek pat t e rns in the
d ata, and then develop scientific models that
e xplain the data and have pre d i c t i ve powe r.
S c i e n ce content and pro ce ss are integr at e d ,
and students learn to develop and justify sci-
e n t i fic models as they do scientific inquiry. In
the MUSE-based genetics class, st u d e n t s
i nve st i gate and develop models to exp l a i n
i n h e ri ta n ce pat t e rns seen in data. 

A S S E S S M E N T:

Formative and Ongoing

A ss e ssment in MUSE is form at i ve —
i n f o rming inst ruction — not only post

hoc, to ass i gn a grade. The teacher uses ta k e -
home exams, sh o rt- a n s wer test s, class discus-
s i o n s, and pre s e n tations — all based on st u-
dents’ modeling work — to gather au t h e n t i c
a ss e ssment mat e rial. On a day- t o - d ay basis,
the teacher pays attention to student thinking
and iterat i vely ass e sses students to gauge their
u n d e rstanding of scientific data and models.
This day- t o - d ay activity informs the teacher’s
i n st ruction decisions, for the class and indi-
vidual st u d e n t s. Using authentic and form a-
t i ve ass e ss m e n t s, the teacher pro vides re gu l a r
feedback to students to re i n f o r ce and dire c t
their learn i n g.

F I N D I N G S : Student Learning 

Evi d e n ce collected acro ss the two 1997
g e n etics classes indicates that dive rse st u-

dents learned and excelled with this type of
i n st ruction. Cited below are fi n d i n gs fro m
Ca rt i e r’s study and comments contributed by
Ca rtier and teacher- researcher Sue Jo h n s o n .

S p e c i fi c a l l y, students in Ca rt i e r’s study we re
able to const ru c t, re vise, and ass e ss their own
s c i e n t i fic models thro u gh collaborat i ve
i n q u i ry and critique. As the students con-
ducted data - d ri ven inquiry using Calley and
Ju n g c k ’s (1997) computer software (Genet i c s
Co n st ruction Kit), they we re challenged to
a ccount for different inheri ta n ce pat t e rns in
hyp ot h etical fruit flies. Th ro u gh collabora-
t i ve inve st i gat i o n s, many students came to a
fuller understanding of the nat u re of science
and scientific modeling (see In - c l a ss Sn a p s h o t,
page 3), as well as a rich understanding of
c l a ssical transmission genet i c s.

I n t e re st i n gl y, re s e a r c h e rs and teachers
i nvo l ved in MUSE note that impro ve m e n t s
in learning and understanding are some-
times most dramatic in students who do not
s c o re as well in "traditional” class e s. Jo h n s o n
comments that students who re ce i ve high
grades in traditional classes might be acc u s-
tomed to writing down a correct answer and
m o ving on to another topic. “Some of these
students can become fru st r ated with scien-
t i fic inquiry because it re q u i res them to be
p e rs i stent in developing a wo r kable model,”
states Johnson. 

In the genetics class, students are challenged
to develop a wo r kable model that exp l a i n s
d ata about inheri ta n ce pat t e rns and is consis-
tent with a range of scientific concepts and
p ro ce ss e s. Similar to scientist s, students ve ry
often propose scientific models that initially
do not fully explain the data and then have to
p e rs i st in working with the data to develop a
s c i e n t i fic model with exp l a n at o ry powe r.
The scientific modeling exp e ri e n ce force s
students to confront their own depth of
u n d e rstanding — or lack there o f .

Ca rtier ass e rts in her study that st u d e n t s ’
u n d e rstanding of scientific inquiry and argu-
m e n tation skills increased as they examined
c o n ceptual consist e n cy bet ween their pro-
posed models and accepted scientific knowl-
edge. Also, scientific modeling pro vided an
avenue for students to st re n gthen their ana-
lytical sk i l l s. These impro vements are impor-
ta n t, because research indicates that while
students might be able to recite definitions of
s c i e n ce concepts when tested, they might not
understand the concepts and their place
within a larger body of science. (Ca rt i e r, 1999;
see also Fre d e rickson, White & Gutwill, 1999)
If inst ruction fails to build understa n d i n g,
students’ analytical skills are likely to re m a i n
u n d e rd e ve l o p e d .

In sum, acro ss the life of the course, st u d e n t s
came to see scientific models as a means by
which they could explain and predict inheri-
ta n ce pat t e rn data. Data collected thro u gh
v a rious ass e ssment exercises also sh o wed that
students’ understanding of the utility of sci-
e n t i fic models grew dramatically acro ss the 9-
week course. Overall, modeling was shown to
s u p p o rt students’ growth in understanding of
g e n etics conce p t s, as well as of scientifi c
i n q u i ry and reasoned argu m e n tation. 

I M P L I CAT I O N S :

Reform of Science Instruction 

C a rt i e r’s research has serious implicat i o n s
for the re f o rm of science inst ruction and

c u rriculum. 

Fi rst, this research confronts the quest i o n :
How can we equip students to think cri t i c a l l y
and to engage in scientific inquiry? Scientifi c
modeling appears to hone the ve ry skills set
f o rth as desirable in the Na ti o n al Science Ed u-
ca tion St a n d a rd s (1996), the Be n ch m a rks for
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b I n s t ru ction emphasize s students’ use of
s c i e ntific mod e l s to understand, illustrate,
and explain key genetics ideas and data.

b St u d e nts fo rm a scientific co m m u n i ty to
learn about, present, and discuss genetics
models with their peers. Students collabo-
ratively gather data, discuss, observe, and
present scientific arguments for critique.

b St u d e nts hone their reasoning ski l l s
through judging their own and other stu-
dents’ explanatory models . Students e valu-
ate models for their fit with data,their pre-
dictive power, and their consistency with
other scientific models or concepts.

b Th e teacher assumes the role of co -
i n q u i re r in the classroom, engaging the
students in scientific inquiry and invigorat-
ing their investigations through questions
and class discussions.

b The teacher co ntinuously assesses stu-
d e nt s’ u n d e r s t a n d i n g to dete rmine the
direction of instruction. Through iterative,
ongoing assessment of individuals and
g ro u p s, the teacher gives students co n-
structive feedback to direct their learning.

F E ATURES OF THE 
Modeling Classroom
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FIGURE 1. Student Understanding of “Scientific” 

Point of View Increased Throughout the Course

Science Li t e ra cy (1993), and the U.S. Ho u s e
Committee on Science monograph Un l o ck i n g
Our Fu tu re:  To w a rd a New Na ti o n al Sc i e n c e
Po l i cy (1998). 

Be n ch m a rk s and St a n d a rd s call for a science
c u rriculum that engages students in intellec-
tually challenging inquiry, similar to that
p u rsued in pro f e ssional disciplines. The sci-
e n ce inst ruction outlined here, which intro-
d u ces students to data - rich inquiry and
e xp l a n at o ry models, enhances st u d e n t s ’
knowledge and reasoning skills — pot e n t i a l l y
to their long-term advanta g e .

Second, Ca rt i e r’s research pro vides decision
m a k e rs and educat o rs insight into way s
school science can be altered to meet re f o rm
g o a l s. For schools to adopt a model-based
a p p roach to science inst ruction, administ r a-
t o rs and teachers will need to rethink the
focus of their science classes and the roles of
t e a c h e rs and students in the class room. Fo r
example, this type of inst ruction compels st u-
dents to take a pro a c t i ve role in their learn-
i n g. “In this class, students learn by doing,
and it st i c k s,” states Johnson, whose st u d e n t s
h ave told her that her class(es) have helped
them to succeed in their college science
c o u rs e s. 

F u rt h e rm o re — and importantly — teachers
wanting to change their inst ru c t i o n a l
a p p roach will need time and appro p ri ate pro-
f e ssional development and support fro m
school administ r at o rs and colleagu e s. Fo r
example, teachers will need time to exp l o re
the modeling approach themselves and to
i n t e gr ate model-based inst ruction into their
c u rricular re p e rt o i re .

Johnson points out one of the challenges her
c o l l e a gues face if they choose to adopt MUSE.

“At fi rst, it is difficult to gi ve up being the
‘knowledge re s e rvo i r,’” says Johnson. “Ho w-
e ve r, it wasn't as difficult as I thought it wo u l d
be. The fi rst one or two times that I tau ght the
g e n etics course I had to watch what I said
when talking to student groups [to avo i d
telling them problem solutions], but after a
while it wasn't a problem at all . . .  I felt so
st ro n gly about what we we re doing, and the
b e n e fits are gre at. Students now exp e ri e n ce
‘aha!’ moments in my class ro o m .”

N E XT STEPS: Supporting Reform 

R e f o rm-minded school administ r at o rs
and teachers are likely to see the benefi t s

of scientific modeling for student learn i n g
and understa n d i n g. Ho we ve r, they are also
under considerable pre ss u re to ass u re that st u-
dents score well on sta n d a rdized test s.
Acc o rding to science education researcher Ji m
S t e w a rt, sta n d a rdized tests often gi ve pri o ri t y

to science content coverage and neglect mod-
eling st r at e gi e s. As leaders and educat o rs 
consider implementing model-based science
c u rricula, they will need to addre ss the ass e ss-
ment challenge. 

In addition, re s e a r c h e rs, educat o rs, and lead-
e rs will want to det e rmine which science con-
tent areas (out of the vast amount of science
students can learn) should be gi ven pri o rity in
student learning — not only at the secondary
l e vel, but at the pri m a ry level as well. Havi n g
a cc u m u l ated several ye a rs’ wo rth of in-class
research re s u l t s, Center re s e a r c h e rs can sh a re
i n s i ghts about K-12 curricular pri o rities and
a ss e ssment with policym a k e rs and educat o rs
i n t e re sted in research-based science educat i o n
re f o rm. Center re s e a r c h e rs continue to wo r k
on several re f o rm - re l ated questions in their
c l a ss room-based re s e a r c h .

For More Information About MUSE

Ea s y- t o - a cce ss research re p o rts re ga rd i n g
MUSE are listed in the re f e re n ce section of this
in Bri e f and are available at the nat i o n a l Ce n-
t e r’s web site at www. wce r. wi s c . e d u / n c i sla. A
web site feat u ring MUSE-based teacher tools
for secondary school genet i c s, ast ro n o my,
and natural selection is under deve l o p m e n t
and should be acce ss ible this wi n t e r. 

R e s e a r c h e rs Jennifer Ca rtier and Jim Stewart
can be reached thro u gh the National Ce n t e r
for Impro ving Student Le a rning and Ac h i e ve-
ment in Mat h e m atics and Science at the Uni-
ve rsity of Wisconsin-Madison, 1025 W. Jo h n-
son St., Madison, WI 53706; (608) 265-6240;
E-mail: ncisl a @ m a i l . s o e m a d i s o n . wi s c . e d u .

Assessments conducted throughout the 9-week genetics course showed that stu-
dents’ conceptions of scientific models became much more sophisticated and

comprehensive as they progressively developed models to explain inheritance patterns
apparent in computer generated fruit fly data.

At the beginning of the course, students defined scientific models as replicas (or pictures)
of ideas. However, this changed dramatically by the end of the course, when most stu-
dents came to a “scientific” view of models. In the scientific view, models are ideas. They
are used to explain and predict data and are necessarily consistent with other established
scientific models. Because modeling is at the core of scientific inquiry and theory devel-
opment, researchers found students’ growth in understanding of scientific modeling
encouraging. The following graph clearly shows the shift in student understanding of sci-
entific models from the beginning to the end of the course.

NOTE: Percentages reflect composite scores on journal assignments, exam questions , and inter-
views, and do not reflect data collected in field notes or classroom discussions. The drop at the end
of the course (from 95% to 91%) in “Models are used to explain or predict data” is not thought to
be statistically significant. Total number of students in the 1997 class featured here is 23.

I N - C LASS SNAPSHOT: Students Gain Understanding of Scientific Modeling
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A B OV E : We got it! St u d e nts ce l e b rate when
their pro posed genetics model accurate l y
p re d i cts eye co l o r.

9 weeks
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S e veral implications arise from Je n n i f e r
Ca rt i e r’s (1998) study of high school st u-

dents using Modeling for Understanding in
S c i e n ce Education (MUSE) in two 1997 genet-
ics class e s. Specifi c a l l y, MUSE re q u i res a re o ri-
e n tation of teacher practice, clari fi c ation of
s c i e n ce learning goals, an emphasis on learn-
ing narro wer (in-depth) sl i ces of content
r ather than broad content coverage, and the
e sta b l i shment of class room norms that sup-
p o rt collaborat i ve inquiry. To support these
c h a n g e s, policym a k e rs will want to consider:

Communication and Support

Te a c h e rs, administ r at o rs, pare n t s, and poli-
cym a k e rs need to communicate about — and
jointly support — the goals for student learn-
ing in science . I d e a l l y, science inst ru c t i o n
goals would st i p u l ate that students learn sci-
e n ce content and scientific pro ce ss as inte-
gr ated practice. MUSE, properly imple-
mented, integr ates content and pro ce ss, and
gi ves students an introduction to re a l - wo r l d
s c i e n t i fic practice. Speaking from exp e ri e n ce ,
s c i e n ce teacher– researcher Sue Johnson indi-
c ates that parents’ support has been a factor in
the succe ss of the MUSE genetics curriculum. 

Classroom Environment

Modeling for understanding in science
re q u i res that students function as a scientifi c
community — collaborat i ve l y. Although
MUSE can be adopted in classes of any size,
smaller classes pro vide teachers more opport u-
nities to engage with students and ass e ss their
l e a rn i n g. 

Professional Development

Te a c h e rs implementing MUSE will re q u i re
time to incorp o r ate modeling st r at e gies into
c l a ss room curricula. Because many teachers
h ave not exp e ri e n ced scientific inquiry or
research during their own education, they wi l l
need exp e ri e n ce in scientific modeling, as we l l

as pro f e ssional support, as they alter their ped-
a g o gical and ass e ssment st r at e gi e s. They migh t
also need to develop more sophist i c ated con-
tent knowledge.

SPECIFIC SUGGESTIONS FOR 
P ROFESSIONAL DEV E LOPMENT 

Cartier and researcher Jim Stewart indicate
that t e a c h e rs are likely to benefit fro m
summer pro grams or long-term invo l ve-
ment with unive rsity science educat i o n
e xp e rt s as they adopt MUSE. One-shot or
one-day professional development programs
will not be adequate to build and support
teachers’ understanding of scientific model-
i n g. Regular contact bet ween educat i o n
researchers and teachers can support teach-
ers’ transition to a scientific modeling class-
room. (Th ro u ghout its 12-year exi st e n ce, 
the MUSE project has forged st ro n g
t e a c h e r– researcher collaborat i o n s. Th e s e
collaborations have yielded new curricula
t h at appro p ri ately integr ate scientifi c
processes with content. The collaborations
have also helped teachers to learn and inte-
grate scientific modeling strategies into their
instructional repertoire.)

Po l i cym a k e rs should consider support i n g
s c h o o l - u n i ve rsity research and pro f e ss i o n a l
d e velopment part n e rsh i p s. Researchers at
local unive rsities are an often unta p p e d
resource for teachers and schools. School-
university partnerships might be one way to
advance both teachers’ professional develop-
ment and broader research in MUSE.

School administrators might consider e n -
c o u r a ging the development of collabora-
t i ve science teacher communities that pro-
vide teachers opportunities to interact with
one another about their use of modeling
strategies and the focus of their school sci-
ence program. Most of the science teachers
at Monona Grove High School, the site of
MUSE research, have developed such a com-
munity over several years. Center research is
in progress regarding the functions of this
teacher community and its administration. 

Technology 

Computer pro grams can ass i st inst ruction i f
t h ey are re l ev a n t. R e s o u r ces used for the
MUSE genetics course include Calley and
Ju n c k ’s (1997) Genetics Co n st ruction Kit – a
computer simulation by which students track
i n h e ri ta n ce pat t e rns in hyp ot h etical orga n-
i s m s. Computer simulation pro grams such as
these can support students’ learning by gi vi n g
students a chance to generate data and test
their pre d i c t i o n s. 

Standardized Te s t s

A l t h o u gh not a focus of the MUSE st u d y,
Ca rtier and Stewart are conce rned that high -
stakes or sta n d a rdized tests might discourage
t e a c h e rs and schools from adopting MUSE.
Acc o rding to Stewart, such tests often fail to
a d e q u ately gauge students’ grasp of both sci-
e n ce content and scientific pro ce ss e s. Nor do
the tests pro vide students opportunities to
d e m o n st r ate their understanding of modeling
st r at e gi e s. 

In addition, model-based inst ruction re q u i re s
t e a c h e rs and students to focus on understa n d-
ing narro wer sl i ces of science content. If sta n-
d a rdized tests gi ve pri o rity to content cove r a g e
and neglect modeling st r at e gi e s, teachers (re a-
sonably) might be less likely to adopt the
MUSE st r at e gy.

In sh o rt, together with educat o rs and ot h e rs,
p o l i cym a k e rs will need to consider the goals of
s c i e n ce inst ruction and the importa n ce of sci-
e n t i fic modeling, and disce rn the implicat i o n s
of these for ass e ss m e n t.

For more inform a ti o n about this stu dy or the
MUSE re s e a rch pro j e ct, contact Jennifer Carti e r
or Jim St e w a rt at the Na ti o n al Center for
Im p roving Student Le a rning and Ach i ev e m e n t
in Ma t h e m a tics and Sc i e n c e, Un i v e r s i ty of Wi s-
c o n s i n - Madison, 1025 W. Johnson St ree t, Ma d i-
son, WI 53706, (608) 265-6240. E-mail:  ncisla @
mail.soemadison.wisc.edu. Web site:  http : / /
w w w. w c e r. w i s c . e d u / n c i s l a .
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T e a c h e rs and school administ r at o rs wi l l
need to consider the following if they

choose to implement Modeling for Under-
standing in Science Education (MUSE) in
their class ro o m s :

Ta s k s

THE T E ACHER WILL NEED TO :

Provide students with an example of a sci-
entific model (e.g., Mendel’s model of sim-
ple dominance in genetics) as a sta rt i n g
point for discussions about scientific con-
cepts and models.

When poss ible, have students o b s e rve n at u r a l
phenomena and collect their own data. Te a c h-
e rs can also pro vide them with rich data set s
and/or utilize technology to generate such data .

Ask students to look for pat t e rn s in data.

Ask groups of 3-4 students to d e velop mod-
e l s that explain the data and predict addi-
tional experimental outcomes.

Engage students in d i s c u ss i o n s of the nature
of scientific models as they develop and
revise models.

Encourage students to j u d g e their models in
terms of their explanatory power, predictive
adequacy, and consistency with other scien-
tific models or concepts.

Engage students in the e xp l o r at i o n of rela-
t i o n ships bet ween different models and
their underlying processes, many of which
students might have learned about in previ-
ous classes.

Provide opportunities for students to c o m-
m u n i c at e their own ideas and c ri t i q u e
those of their peers.

Instruction 

THE T E ACHER WILL NEED TO :

Take on the role of “c o - i n q u i re r” rather
than distributor of information.

Emphasize that students must be a c t i ve
l e a rn e rs as they develop models to account
for scientific phenomena.

Facilitate group discuss i o n s so that they
m i rror those in scientific communities,
enabling students to reach conclusions about
data patterns and to judge the adequacy of
their explanatory models.

Be mindful that students need to learn how
to const ruct and defend s c i e n t i fic argu-
m e n t s. A student might achieve this learn-
ing outcome even if he/she has not devel-
oped the “correct” (currently held) model.

Be aware of the particular needs of indivi d-
ual st u d e n t s. Some students might require
special encouragement to participate in dis-
cussions or need a framework to organize
their learning. For example, a teacher might
encourage students to ask themselves on a
regular basis:  “What am I learning about
g e n etics? About scientific inquiry? Ab o u t
scientific modeling?” 

Assessment 

THE T E ACHER WILL NEED TO :

Regularly p robe students’ understa n d i n g
of the need for consistency between models

and other scientific knowledge and the need
for models to explain and predict data.

Use a ss e ssment as a tool for deve l o p i n g
i n st ru c t i o n based on students’ levels of
understanding.

Employ v a rious forms of authentic ass e ss-
m e n t, such as port f o l i o s, journal ass i gn-
ments, and oral assessments.

Make use of d i f f e rent form at s to assess stu-
dents’ skills and knowledge levels (e.g. ,
short-answer tests, take-home exams, mod-
eling exercises, presentations, and class dis-
cussions).

Learning Environment

THE T E ACHER WILL  NEED TO :

Assure the p hysical space of the classroom is
conducive to collaborative work.

Esta b l i sh class room norms to cre ate an
a c t i ve learning envi ronment and explain
to students that they will be evaluated on
their involvement in the classroom research
community and their work in formulating
and communicating ideas to their peers.

Establish n o rms of reasoned argu m e n ta-
tion such that students must offer support-
ing evi d e n ce for knowledge claims and
demand such evidence from their peers.

For More Information

MUSE genetics curricula (as well as ast ro n o my
and evo l u t i o n a ry biology re s o u r ces) will be
p l a ced on the NC I S LA web site in the Te a c h e r
R e s o u r ces section (http://www. wce r. wi s c . e d u
/ n c i sl a / t e a c h e rs). Reports about the genet i c s
research are now available at the NC I S LA we b
site (Pu b l i c ations section) and can be down-
loaded in PDF form at. (See the Refere n ce sec-
tion of this in Bri e f for re p o rt titles. )

A B OV E : Te a c h e r - Re s e a rcher Sue Jo h n s o n
l ooks on as a high school student co n d u ct s
a DNA ex pe ri m e nt.
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