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Design and Development of Curriculum Units and

Professional Development

The SimCalc research team conducted two experiments to test whether a combination of

professional development and SimCalc-based curriculum materials could be used by a wide

variety of teachers to support their students’ learning of conceptually complex mathematics. The

experiments were conducted with about 150 seventh- and eighth-grade teachers from across the

state of Texas. This technical report describes the content of the units, their features, the training

that accompanied the units and issues in its development.

Unit Content

Two curriculum units were designed for these
experiments, one for seventh-graders and one for
eighth-graders. Each of the curriculum units addresses
Texas state standards and also includes topics that were
more challenging than those in the standards. Managing
the Soccer Team addresses seventh-grade standards
on rate and proportionality and includes multi-
rate functions and the meaning of slope. Designing
Cell Phone Games targets eighth-grade standards for
linear function and introduces average rate through
further exploration of multi-rate functions. A detailed
description of each unit—the storyline, the activities,
the main mathematical ideas, and the learning goals—is

appended. What follows is a more compact description.

Both units follow a similar progression. Each begins
with simple analyses of motion at a constant speed,
and follows a learning progression that culminates in
the more complex topics. Moving from qualitative
to quantitative analyses, the unit develops graphical,
tabular and symbolic forms of linear functions. In
the seventh grade units, the functions are directly
proportional, so that each point represents the same
rate of change. In the eighth grade units, proportional
and non-proportional functions are distinguished. Each

of these topics is found in the Texas state standards.
The progression then continues in each unit to address
multi-rate functions—piecewise linear functions. The
eighth grade unit continues on to explore average rate.
Each of these topics is developed in contexts that can
be represented in the SimCalc MathWorlds® “world”
window, a place where motion or growth can be shown
with characters and other representations of real-
world phenomena. Motion and non-motion contexts
are important in both units: both to help students
generalize across contexts and to provide another

opportunity to learn complex content.

A tour through Managing the Soccer Team will illustrate

one of the progressions in some detail:

Early in the soccer team unit, students observe
a simple line graph and a simulation of a soccer
player running along a straight line (Exhibit 1).
The graph and simulation are linked so that as the
runner moves forward, the graph of that motion
builds. In the graph window, the x-axis represents
time and the y-axis represents distance traveled. At
first, students just identify the starting and ending
time of the runner, correlating the runner’s position
in the world window and the graph window. A

series of questions in the student workbook guides
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of motion (Exhibit 2). Students express the relationship
between time and distance first in a graph, then in a
table, then in words, and finally in an equation. Both
table and language representations of motion enable
students to write the equation of the line. Through
more activities, students develop facility in connecting

representations and translating from one to another.

students from this initial interpretation of the
graph to the understanding that the entire line
represents the speed of the runner, the ratio of

distance to time.

In the middle of the unit, Run, Jace, Run introduces

symbolic algebraic notation to represent the same type

Exhibit 1. Activity from Early in the Unit

A Race Day

To improve their speed, the soccer
team spent a few practices

running dashes at the track.
MathWorlds can simulate some of these
dashes and make graphs of them.

Carefully watch the simulations and graphs to answer the questions.
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Back to the Office is an activity that parallels Run,
Jace, Run: it presents the same content in a non-
motion context. Students solve problems involving,
for example, best buys on soccer cones and setting
ticket prices for the team’s games. Back to the Office re-
introduces content in a non-motion context, allowing
students to generalize but also to learn what they may
have missed the first time around. There are a number

of these activities throughout the unit.

Exhibit 2. Activity Midway through the Soccer Unit

On the Road consists of a series of stories about the
troubled history of the team’s trips from its hometown
to Dallas. In each trip, a bus and a van traveled between
the two cities, stopping, slowing and speeding up—and
sometimes turning around and going the other way.
The activity allows students to build correspondences
between multi-rate, piecewise linear graphs and verbal
descriptions of motion. Slope is dealt with qualitatively.
This activity is where the unit starts to move beyond
state standards for seventh grade. But the unit’s
storyline and contexts remain familiar, as does the core

concept of rate.

Run, Jace, Run

o)

1. Open the file runjacel.mw. Watch the simulation and graph of Jace's
100-meter dash.

a. Use the graph to answer: How many seconds has Jace run

Seconds | Meters

when he has gone 25 meters? How many seconds has he
run when he has gone 50 meters?

b. Now fill in the first two rows of the table.

run 100 meters? How long to run 200 meters?

2. Let's assume that Jace can keep running at the same speed for quite a while.

€. Predict: If Jace keeps going at the same speed (rate), how long will it take him to

d. Use the graph to check your prediction by stretching th
the x-axis. Were you right? If not, why not?

€. Fill in the third and fourth rows of the table.
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Unit Features

In addition to detailing the mathematics learning
progression, the unit designers used a set of features to

support teachers and students in their use of the unit.

Both the teacher notes and the student materials
were designed to be helpful to teachers in planning
and implementing each unit. Teachers who might
never open their teacher notes could instead use the
student workbook as a kind of default guide or lesson
plan. Important questions for the class to consider are
written into the student book—in fact, every important
question that the developers could think of was treated
this way. On the other hand, the workbook is not a

prescriptive script—teachers were free to write their

Exhibit 3. Activity from Second Half of Unit

own lesson plans, augmenting or highlighting different
parts of the student workbook. A third option was to
use the teachers’ notes to adapt premade day-by-day
lesson plans. These plans provided extra questions to
ask students, and included sample student responses.
A suggested pacing chart helped teachers plan for how
to complete the unit in whatever amount of time they
might have—with the recommended time being 10
days.

Other features of the units were designed to help
students directly. SimCalc MathWorlds® software
allows animated versions of objects and people in
motion in contexts. The theme of each unit provides
continuity across these contexts and the storyline

provides detail that the software could not capture.

_Three years ago

4. Three years ago, the trip was not
so smooth, Here is the graph of the
bus’ and the van's travel on that

trip.

a. What did the van do after
traveling for one and a half
hours?

‘This is the first time students see a
negative slope in this unit.
Elicit ing: It went | s; it

started back toward Abilene. It went
from 100 miles out to 0 miles (start
point) over a 1.5 hr segment.

interpretation of “went back.”

Depending on your class, you can calculate the negative slope and talk about velocity
versus speed. Velocity is speed with direction. You can also simply leave this with the |

b. What happened here? Tell the story of this trip.

Encourage creativity, step through the si

to check corr

€. Use onroad4.smw to verify your prediction and story.

5. Think about the mathematics you did with the soccer players’ dashes and the
mathematics you did with the bus and van trips. Write a sentence or two explain|
similarities and differences between the two situations and the mathematics you

each.

Different:
# Rates of same moving object

In common:
4 Graphs of distance vs. time
% Slope shows speed

In the next activity, students will model stories of bus and van trips with graphs. If
think they may need help with this, you can do one with them first.
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Realistic numbers are used so that students could
check speeds, prices and other rates against their
knowledge of how expensive uniforms are or how fast
people run. The text uses simple sentence structure
and consistent vocabulary, never going beyond a fifth-
grade reading level, in order to accommodate those
with low-level reading skills and those just learning
to read English in making sense of the context and
the math. To help guide and organize students’ work,
the workbook uses graphical conventions to indicate
various kinds of activities and content. For example,
definitions appeared inside boxes on the page, as did
other critical content information. The amount of
white space left after a question indicated the type and
length of an expected answer. Simple graphics served as
implicit indices for the activities. Even the fact that the
workbook contained all the student activities physically
bound together provided another organizational aid
to students. The workbooks contained as much color
as the budget would allow, appealing to media-savvy
students who are used to plentiful use of color.

Professional Development

The seventh-grade and eighth-grade experiments used
two different professional development (PD) models.
The first was designed to best ensure that the researchers’
and developers’ intentions were reflected in the PD and
therefore reached teachers. The second was designed
to be better aligned with professional development
practices in Texas. The workshops offered in the PD
were less than a week long, about as much as could
be expected from teachers for training in teaching a

replacement unit.

For Managing the Soccer Team, the goals of the 5 days

of training were to

* Provide teachers with a mental image of the unit as a

whole, as well as direct experience with most activities.

* Improve teachers’ content knowledge, both in terms
of the mathematics in the unit—going deeper—
and the mathematics that might come after the

unit—going farther.

* Allow teachers to develop comfort with the software

* Model teaching strategies consistent with a SimCalc

approach.

e Show how the unit fit in with local customs and

addressed state standards.

The workshop had three parts. In the first part, a well-
known local expert in math professional development
led the teachers in transitioning from a view of
proportionality as a/b = c/d—a relationship among four
numbers—to a broader view of proportionality as a
linear function of the form y = kx—relating an infinite
number of pairs of numbers. This understanding was
key to considering rate and proportionality in the
SimCalc context, where functions are the primary object
of study. Additionally, this transition was advocated by
influential state education groups; materials similar to
theirs were used in the workshops. For the next two
days, a member of the SRI team led teachers through
the Managing the Soccer Team unit, using their
workbooks and the software. The leader modeled a small
set of SimCalc strategies such as “predict, check, explain,”
in which teachers were encouraged to predict what would
happen in SimCalc MathWorlds® simulations before
running them and then explain the differences between
what they predicted and what actually happened. To
boost teachers’ comfort with the software, the leader gave
demonstrations and encouraged teachers to play with the
software, as well as use it in the unit activities. In the third
part of the workshop, teachers used additional activities
and the software to explore calculus concepts, learning
about the relationship between graphs of velocity and
speed. Teachers learned this more advanced mathematics
core to SimCalc, both so that they could understand where
the mathematics in the soccer unit could lead and so that
they could experience new content, in the same way that
Managing the Soccer Team is likely to be for their students.

The eighth grade experiment used a two-tiered system
of training—a “train the trainers” approach. The same
pair of professional developers led a 2-day training
for local professional development experts, who then

delivered a 3-day training session for teachers in the
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regions of Texas that they served. These local experts
were provided with curriculum, teacher notes and
presentation slides. They were asked to do a training
much like that described for the second two parts of the
seventh-grade study.

Balancing Constraints

Every curriculum is designed within constraints—
which might be about the people, the resources or the
politics in a given situation. Designing the Scaling Up
SimCalc units was no different—but with the added
constraint of the experimental setting in which the

materials were used.

Designing for the experiment and for other constraints
was a balancing act. The units, of course, needed to
well represent the SimCalc approach to teaching
and learning—that is what the experiments were
designed to test. Typically, SimCalc is used to help
young students, middle through high school, learn
the fundamental ideas of calculus by providing real-
life interpretations for differentiation and integration
(hence the same SimCalc). But these topics were more
advanced that those in the middle school mathematics
standards in Texas, where the experiments took place.
The teachers, administrators and policymakers associated
with the experiment wanted to ensure that materials
used by thousands of students would address the most
important topics in their standards. Finding a balance
between typical SimCalc topics and state standards-
based content resulted in the content described in this
report. By inching past the standards, with multi-rate
functions, we managed to stay within the comfort zone
of local education leaders as well as many teachers, while

still pushing into the “precalculus” territory of SimCalc.

Another part of the experimental design was recruiting
a wide variety of teachers in terms of background,
experience, pedagogical style, and mathematics
knowledge. In designing the teacher supports described,
this wide variety was considered. The materials needed

to meet the needs of teachers who struggled with

the math, without over-constraining teachers with
advanced content knowledge. The teachers with
advanced content knowledge, though, might be still
developing pedagogical skills, and so both the skillful
questioner and the teacher struggling to keep order in
class needed to be supported. Finally, other work had
revealed that many of today’s teachers do little written
planning before delivering their lessons. So the training
included time and structure to help teachers do that
planning, an important part of teaching particularly for

novice teachers.

Pedagogy is often embedded in curriculum and made
explicit during training. Traditionally, SimCalc materials
presented fairly complex and open-ended problem
situations in which students could gradually develop
mathematical insights. This was not the commonly
endorsed pedagogy at the time, and not many teachers
would have had exposure to such methods. So the
experiments units were more highly structured than
customary SimCalc materials, and the PD leaders did not

push teachers to adopt wholly new practices.

Conclusion

This report described several aspects of the curriculum
and professional development used in two scaling
up experiments. Paper materials and software served
to guide students in an exploration of real-world
contexts and associated mathematics representations,
focusing on rate, proportionality, and linear function.
Developers of the unit took into account not only the
mathematics that could be learned using a SimCalc
approach, but also state standards that were essential
to address. Teachers were supported in their classroom
use of the materials through a set of teacher notes and
professional development that focused on teachers
mathematics learning and effective implementation
of the unit. The developers took into consideration
then-current state standards and assessments in their
curriculum and PD design.

Technical Report 07 | June 2010



‘uoljelnp pue spaads
JuaJaylp Jo saysep Jo saul| Buowe
sdiysuone|al ay} aiojdxa sjuspnis

(sewn
aAnead ‘syuiod pus ‘ewl *6°8) "uonew.oUl
oINS uaAIb ‘(ajel Jueisuod e je yoea) sjoalqo

Buinow omy 1o} sydeub asuejsip/awin melq

‘sydelb aoue)sip/awiy Ul ‘uopow
J9)sey uasaldal (1adasys ‘Ajjewdoyur) sadojs

Js)ealb ey Buipuelsiepun aAljeyjenb e aAeH °

‘awi} uaAIb e je s}08[qo usamaq aouelsIp
ay} aulwialep ‘(yoes Ajuo ajel a|buis) sjoalqo

OM] JO UoioW 8y} Jo ydelb souelsip/awll) & USAIS) *

‘ydeub e ul suleped aquosaq -

*SPJOM Ul Paqlosep Jo siequinu
pue sydelb Aq psjueseidal se ‘souejsip pue

‘aw} ‘peads Buowe sdiysuoneal puejsiepun

‘spaads
J9)se} uasaudal saul| Jodaslg

‘sesealoul
poads oy} ‘sesealoap awi O Junowe

8y} Se ‘JUejSUOD S| BOUE)SIP J
suny aonoeld .

:(aA0ge suolUBAUOD
ay) buimojjoy) paads juejsuod e
Je uopow ul s3o9(qo jo sydeib jo4

Xe|\ uey] Jeysed «

senoldw| e|loges] « z

"sainjealo

pue s108[qo J8yjo pue sieuunl
10 paads ayij-leas 8y} Jnoge
uoNBWLIOJUI pUll OS|e SIUSpNIS

‘poads siaheld anoidwi

0} paubisap sunu aulj-jybiesys
‘saysep Bupjew siahe|d awn

0] SI )SE] 1S4} Y] "UMO} SOAe9|
AisnouaysAw Jebeuew juaiind ay)
uaym siebeuew wes) Areijodwa)
se pajulodde aie syuepnis

aul Aioig

"IX8)U00 ol108ds Ul wayj Joj Buiuesw

uanlb pue ‘ydeub au ‘sixe-A ‘sixe-x ay} Ajuap] -

‘aul| 8y} uo juiod
Aue wouly Jo)e| pue sjuiodpus ay} wouy Bunenojed
Aq ‘@ouejsip 0 pue awi 0 ye Buipe)s ‘sjel

JueISUO0D e e Buinow 108[qo ue jo psads ay) puld

(03 91gB B9 ||IM SlUBpPN]S)
s|eog

"8oue)sIp
pue awn bunejas aul 8y} uo juiod
Aue wolj punoy aq ued paads ay}

pue ‘aouejsip ‘sixe-A ayj ‘awi
syuasaidal A|jeaidA} sixe-x ayy ‘eue|d
9]BUIpPJ00D 8y} Ul paads Juejsuod e
Je uonow ul s308(qo jo ydeib e u|

189ND OJu| «
Aeq aoey Jayjouy «
Aeq aoey Vv «

wea| 19900
ay) Buibeuepy « 1

seapl |eoljewsayjew
SaljIAOY uossaT

wea] 182003 ay) buibeue|y "Ly 9|geL

sower) auoyJ [[9D SuruSiso(J pue Wed] I9300§ Y1 SuISeur|A 91 Ul JUIIUO0)) I\

Vv xipuaddy

© 2010 SRI International — Design and Development of Curriculum Units and Professional Development

10



‘diysuonejas jeuoniodolid swes ay) Bunuasaidal

“SIX8JU0D so|qe) pue ‘suoienba ‘sydeib Ajuep|
uonjow uey} atow ui Aldde Asyy “(1x0U09
‘J8||4ea pajussaid seapl sy} uopjowuou ‘eyasosip Buisn) uonenbs uaalb e Aq
sozj|esouab osje siy | "SeIAloe pajuasaidal g p|Nod ey} uolen)is e 8quasaq ‘¢

J311JEd 8y} Ul SE SUolouUNy pue
Ayjeuoniodoud jo seapl swes
oy} dojanap 0} ‘ejdwexa 1o}
‘SWIOJIUN pUB SBUOD J8220S "SUWN|09 8|ge} UMOP pUE SS0JI0e
BuiAng jnoge swajqoid sasn Buiuoseas spoyiaw pijena Jo AloleA e Ag a|qe} e 'sjoa(qo pue
UOSS9| SIY| "00] ‘SaljIAloe p|al} ul saLiua a939|dwod ‘(diysuonelal jleuoiodoud) Aauouw }o 1xa1u00 ayj ul padojanap
-JJo sapnjoul wes} ay} buibeuep sa|qeleA omy Buijejas ajel jueysuod e buiwnssy 9Ie Z UOSS9| Ul SBe Seapl swes ay| 90140 BU} IV Moeq « ¥

‘so|gereA oM} 8y}
sojejal Jeyy uonenbas ue a)um 0} 8|qe) 8yl 8sN g

-

‘sa|qeleA
oM} yym uonenba ue se passaldxa
Qg UED pue adUuejsIp B 0} awWl} Yyoes
saje|al jey) ajel e s| paads MON
ydeub e jo juiodpus ay} 1e asueisip
pue awy 8y} Buisn pajenojes aq
pinoo paads ‘suosss| snoinaid uj

‘awl} Aue je aoue)sip

Qy} puly 0} pasn aq UED jey} pue

paads juejsuod ay} Jo uolejuasaldal

e os|e s jey} uonenba ue a)lum o}

a|qissod si 11 ‘ydelb ayy Jo ajge) ayy

wou4 ‘aul| 8y} jo ssaudas)s/paads

‘diysuone|al jeuoniodoud swes ay) buijuasaidal JUBJSUOD 8y} 8je|ndjed 0} pasn 8q ued
sa|qe) pue ‘suolyenba ‘sydesb Ayjuep) ‘¢ ydeub aul| pajeroosse ayj uo juiod

A1ang "paads ay) a1endjeos o0} pasn
90 UeD 9|qe) B} Ul MOJ yoeT] 'SMo.
oM} Ul slaquinu 8y} uaAlb punoy aq

"90UB)SIP O} aWi}
sajejal jey) uonenba ue alm 0} 8|ge) 8y} asN g

"'SUWIN|0D 8|ge) UMOP pue SSoJoe ueo a|ge)} 8y} Ul Saljud ‘sawi} pue
. ‘ palisinay
sydesb pue ‘suonenba Buluoseas spoyyow pijea jo Alalen e Aq a|qe} saoue)sip paje|al Bunuasaidal a)qe} _ _ _
‘s9|ge} ajun pue a1ojdxa o} aoue)sIp/owi e ul saljus ayajdwod ‘(diysuoneal pue ydelb e pue paads juejsuod Ny "eoer uny -
pasn si Buiuunl sjuapnis auQ Jleuoipodoud) paads jueisuod e Bulunssy °| e je Buirow 108[qo ue uaai9 uny ‘eoepr ‘uny [

(o1 8|ge 2q ||IM Sjuspn)s) seapl |esnewsylew

aul| Alo1g SallIAOY uosseT

(panunuon) wea] 482208 ay) buibeuey “ LYy 9|geL

11

Technical Report 07 | June 2010



8)el |WEeS 8y} Je pJemyorq uay) pue piemio} Buios) .

awl} Jo Junowe awes
2y} Jo} ajel Jamo|s e je Buiob uay) ‘ajel suo Bulos) «

awil} O Junowe awes
ay} 4oy ajel Jajse} e e Buiob uayy ‘ejes suo Bulos) «

s Buipuels «

.10} sadeys ydeub |eo1dA) aziubooay

‘sydelb Jeaui| ayeynw |eoidAy
urepad Jybis uo, 1aidisyul 0} uies|
sjuapnys sdjay os|e }| ‘SeAljelieu
pue sydelb jo uoljeulplood ay}
pue suonow ajel-s|diinw pue
-a16urs Buipnjoul ‘s}xa8juod uonow
ul 9onjoe4d sapinold Ajanoe siy g

JUSJU0D SOljeWaYIBW MBU ON

uono\ pue sydeis) . /

‘|Ins Buipueys
Buo| moy sajeoipul aull adojs Q 8y} Jo yibus| ay] .

‘s Buipuels sueaw adojs ( «
"yoeq Bulob suesw adojs aAnebay «

‘sduy asay) Bunuasaidal
sydesb yojew jey) saliols ajeald
pue alojdxa Sjuapnis "UBA e pue

sng e yjoq yum uaxe} ale sduj ‘ydesb
ay] ‘sdiysuoidweyo aels ay} ajealo ‘Auo)s uani "ydelb yoea yum pajeloosse
0] sduy Bupjew jo Aioisiy peq A101s [Bnix81u0d aAIb {sajel alow JO OM) UM
Aisnous)sAw e sey wes) ay | s108[qo Buinow Bunuasaidal sydesb 1aidisu) -

‘peaye buirow sueaw ado|s aARISOd «

—

:suoiejaldiaiul /SUOIOBUU0D BSBUY) S)BN ‘2

IIns Buipuess si 108(qo ayy
aw Jo pouad ay) saAlb Juswbas
auj| adojs 0 8y} Jo yibus ay] «

‘Buinow jou si J08[qo pajussaidal
8y} ‘0 sl 8dojs ay) UBYAA «

(‘uonoaup
annebau ay} ul) piemyoeq Buinow
syuesaidal adojs anneboaN

(‘uonoauip aanisod ay} ul) peaye
Buinow sjuasaidal adojs aAISOd «

(eouejsip se A

‘awl} Se SIXe-X Yjm) spaads juaiayip
1e Buinow 108[go ue yuasaidal

ued sado|s jualayip je sjuawbas
aul| paj|uu0d yim sydelis

sdu] peoy .
peoy ayj uQ - 9

"aul| & uo syuiod om} Aue ussmiaq

“Jallies Ajjewlojul aiow paiojdxe
diysuonelas ay} jo uonduosap [eoLBWNU B Se

s1de@ou0d ay) Joy Aiejngeoon
|eonewsayiew aAIB 0} Jno-awi

soljewsayjew aind e si AlAioe siy | "8]_J Jun JO UoNIuULep 8SN pue puejsiepun |

(01 91gB 29 ||IM SlUBpPN]S)

aul Aiois S|eoo)

adojs puejsiapun 2dojs 0} 8jel Jun }0vUU0) “Z

‘ydelb aul| e 0}

pajejal se unJ/asil uo paseq sa|bueL)

Bunealo Aq si adojs a1e|nojes 0y
Aem [euopipel} v ‘suonejuasaidal
pue s}xajuod snoinaid ay} 0}
pajosuu00 8q ued adojs pue
‘9]el Jiun ‘ejel Jo suoluLep 8y

seapl [eoljewayiew

ajey pue ado|S « ]

SaNIANOY uossaT

(penunuon) wes] 189203g 8y Buibeuely "Ly a|qeL

© 2010 SRI International — Design and Development of Curriculum Units and Professional Development

12



om
pinom saweb ay} moy ubisap 0}
yjew asn sjuapnjs ay] ‘ssauisng
ay} anoidwi 0} Yjew asn 0}
saweo) Jeygxa) wuy ubisep suoyd
[199 8y} }e pally ale sjuapnig

"gjenooe aiow si ey} ydelb e yym sul| e se pazijespl,

109[qo ue jo uonow 8y} jo ydelb sy} atedwo) ¢

‘(jane] Buluuibaq) ydelb ayy
uo juiod Aue wouy pue ydelb ayj jo sjulodpus ayy

WoJ—8oUB)SIp puUB 8w} Wolj peads ajenoje) -z

"aul| e se pejuasaldal uonow jey) jo ydeib soue)sip
/Wiy e UsAIB S[@ARl} I Wi} yonw Moy Joj pue
‘poads s) ‘sanow 108[qo Ue Jey souelsip a8y puld “|

(01 91gB 2q ||IM SjUSpN]s)

‘(poads ul sabueyd

INOYNM) uoljow pazijeap| Juasaidal
ueo saul ‘ydeib aouejsip/owny

B U0 pajussaidas 8q UED UONHOI

awes) auoyd
[1®8D 18414 INQ -
sng |ooyos
MOJ|SA 8U} ‘LBA «
ubisaq pue
sawen) auoyd |89 «

saweo
1B)SX3] Je BUBOAA «

aul| \Cogm SBJINOY uossaT
sawes) auoyd ||90 buiubisaq gy 8|qeL
"X BUO 10}
196 noA A Auew moy sj|a} ajel Jun y
‘Ajleuonodoud Asea
A pue x sapiiuenb ay} ey} Aes ued
oM uay} ‘X yoea 1o} anjea A ajbuis e
ypm ‘sanipuenb Buikien yuasaidal x
‘wiNN2LLIND 8y} ul s3daouod asay) Ayuapl pue A pue Jaquinu [eal e S| ) alaym Bupeads
0} Ayijeuoipodoud pue ajes Jlun Jo suoIuydp 8y} 8sn Xy = A e|nwJoy} B 8)lum ued noA | Alleonewsyie|y « ol
's@0104o qol dn Buning -
Jawwns Bupjew ul senss| Jejiwis
Buioey aie oym syuapnis Jaylo OdIN (UONIA
asiApe uay) Aay) 1saq si 891040 MO UQ Je4 MOH -
yolym apiosp Aayy Jeyy ‘Asejes jo OdIN 1NOqY |1V -
$9210Yd 0M} UM ‘qol sy} pasayo "Jal|Jea paonpo.jul s)daouod
90IAPY QOf Jowwng «
aJe Aayy jeyy Jebeuew wusjul asn Buinjos wa|qoid pue sesiolex]
SE ||JoM 0S BUop 9ABY SJUBPNIS 's)deou0d sojjewayjew mau oN  suonejobaN Alees. -8

aul| Aioig

(03 8|qE 8] ||IM SjUBPN)S)
s|eoo

SOIAIOY

uossoT

(panunuon) wea| 182208 ay) buibeue|y “ LY 9|9eL

13

Technical Report 07 | June 2010



‘uonjow jnoge aweb e ul painjesy
Bop e sI jey; Jejoeieyo aweb

‘uoliow jnoge salols yojew jeyy sydeib

ajeal) "sydelb yons yojew jey} seuols aeal)

‘uoijow ou
pue uonow piemyoeq ‘spasds Isjse) pue Jomo|s

‘plemyoeq Buinow juasaidal
(edojs annebau jo uoisiaA jewiojul)
pJemumop pajue|s aJe Jey} saul

s Buipuels
wesaldal saul| (0 odojs [ewlojul) 1814

‘ydeub e yons yojew
0} Wi} JoA0 103(qo ue Jo uoijow
ay) urejdxa 0} AI0}S e ||9) UBD NOA

'spaads juaiayip e Buinow j09(qo ue

e 10} sAaulinol ajeald syuspnis 1e uonow pJemioy Juasaidai jeyy sydelb ayeal) - juasaidas ued sydesb juswbasnnyy  Asulnor s.e|lopusp) « o]
‘suonenba pue ‘sa|qe)
‘sydelb Buowe aje|suel) ued auQ
‘suonenba ayum sn djay ueo sajqe|
'sj09(qo ayy
10 juiod Buiuels ay} si g pue paads
sjyuasaidal Ajjensn y ‘@oueysip si A
pue awi sI X J| "SJUBISU0D ale g pue
"994Y} ||e SSOJOE UOoIjeuWLIoUl JUSIDINS U0
) pue sa|geleA ale X pue A alaym
paseq sydeib pue ‘suonenbs ‘sajqe) ay8|dwo) * ‘suoiouny Jeaul] BURLM 10§ WO}
sawes) Jayag «
suojjisod 018z-uou juaiayip Je Jels jey) sjoalqo uowwod e si g + Xy = A uonenba ay |
-SJI010BIYD OIY) Buinow 1o} q + Xy = A wioy 8y} jo suonenbs SlAA -so|qe} ae se ‘(A|jewol Jayjouy 0} dUQ
yum asoy} Buipnjoul ‘ssweb suoyd *(0 uonisod AJuo pasn piom) suonouny juasaldal suonenb3
||92 Ul s18joeIBYD JO UOIIOW By} ‘0 awiy) uibuo paxiy e wodj Buiuels syoslqo 0] pasn uolejuasaldal [eonjewayiew yum siajoereyd
|0J}U09 O} suofenba asn syjuspnig Buinow 1oy xy = A wioy 8y} Jo suonenba SlAA JO WJo} Jayjoue ale suojenby Buljjonuo) « €
'sydelb Buisn sawiy pus
pue ‘uejs ‘spaads jnoge swajqoid piom jaidiayu |
‘paads pue ado|s
|EeWJOUl UBBM]B(J UOI}DBUUOD 8U) puelsiapun * "speads Jojsey Jussaidal
saul| Jadeays ‘ydelb swiyuonisod
‘ydeub ay} Buibueyo Aq asemyos ay ui s30alqo & 10+ "s108(qo Buinow Jo seoe(d
10 paads ay} abueyd 0} abpajmouy| yjew asn - Buiels pue ‘spaads ‘suonisod
‘aweb Ajjel ‘syuiod pua pue ‘(adojs a1edwod Ued Sjuspn}s Yolym sydel
peoJ e Buiubisap ul sied jo spaads JO UOISIBA |ewlojul) SSau-Ajuels, ‘ajel yun wou} ‘uonow jo suonejuasaidal yum siajoereyd
8y} [0u09 o} sydeub asn sjuspnis —uydeuJb e ul spoyjew a|diynw Buisn paads pui |eonjewayjew aq ued sydeis) Buijjosuo) . z

aul| Aioig

(01 91gB 3q ||IM SjuUSpN]s)
s|eoo

seapl [eonEWaYjew
urely

(panunuo)) sswen) auoyd |99 Bulubisaq "zv a|9eL

SelIANOY

uossa

© 2010 SRI International — Design and Development of Curriculum Units and Professional Development

14



‘pPapnpoul

ale }JoMm |edljewaylewuou pue
|eonewsayew yjoq ‘uonisod e
10} Way) saiijenb syeem g jsed
8y} ul suop aAey Aay} Yiom a8y}

"SPJOM Ul passaldxe suoienyis Wwody
J0 suonenba 1o sydelb Buisn suoizenbs jeuoiiodoid

‘leuonodoud-uou osje aie Jeaul|

Jou 8Je Jey} suopouny ||y ‘[euontodoud
-uou s| diysuonelal Jeaul| 8y} usyy

‘0 0} =JOU SI g USUAA 0 = g dJaym
sdiysuoinejas Jseaul| ate sdiysuone|as
jeuoiodoud ‘aiojel8y] ‘G + Xy = A

se passaldxa aq ued sdiysuole|al
Jeaul| ‘xy = A se passaidxs aq

awi] |In4 Bulo
:SOWe) JBISX3] .
|leuon-isodoid-uoN
pue |euoiodold
:sdiysuoneey

Aym Jejgxa] 0y ulejdxa syuapnig -uou pue |euojuodold usamiaq ysinbunsiq ued sdiysuonejal jeuouodoid Jeaur « ol
‘awll} sWes ay} je aoe|d swes ayj 0}
‘sajel abelane aje|nojed Jo ajewnss o} sydelb asn ¢
109[qo ayy 106 [Im Jey} ajel ajbuls e si
‘abesane Jjay) Bupnenojes a)el abelane ay) uay} Sojel [eIanss e
Ul S8}eJ SNOLEA IO} W} JO SJUNOWE JUBIBYIP IO} Buljeael; si 10a[qo ue yi ‘s|dwexs Jo4 wooayounT fEISXeL
Junodoe 0] pue ‘sajel Buissiw ‘sojel abelone Buiy) owes U3 WO Swis|qold «
LIOM JE WOOJOUN| 8L} puly o}—sajel abeiane Buinjoaul swia|qoid BA|0S g ou ysiidwoooe pnom )1 ‘pebelene BuiAjoS wajgold «
Ul UOIJESISAUOD pue pJeod unajing -obelane Jiay} aq 0} sajel 8y} Jo} Ul pUE}S, p|Nod pajeanay ajey
ay} wouy swa|qoid aA|0S sjuspnis puB S8}el USOM]ISQ UOI}OSUUOD Sy} puelsiapun | Jey) ajel ajbuls sy} si ajes abeiany abelany Jo s}2109G . 6
‘sajel Jualayip om} e Buinow si jeyy 109lqo
ue se awli} aules ay} Je aoe|d awes ay} 0} 109lgo ue
s1eb jey) ajel o|buls e Juasaidal 0} suonenbs asn ‘g
‘sajel ‘aoe|d awes ayj uj swi}
‘Jjom e Aq usies Buiag wouy pooH juaiayip omj je Buinow si Jey 108[qo ue se awiy awes ay} je }9aw Asay} uayj julodpus
Buipry pay deay 0} A1y sieke|d awes ay) e aoe|d awes ay) 0} J09[qo ue s}ab awes ay} aAey sydeib uonow Jisyy pooH Buipry
yoiym ui sweb e azAjeue syjuspnis 1ey] ajel a|buls e jo suonoipald aaneyenb ayep “| 11 ‘9A0W sI8joRIBYD MOY Ja)jew ON POy puUeB JIOAA « 8
‘suonenba ui siy} op pue .
10 BpIS Jayjld Uo aq ued s303(qo jey}
-aUILIB1EM BU) MOJO] sajel aAllebau yym uonow plemyoeq juasaiday 'z Juiod BUILE}S POUSP € SI ) 810UM Aoojep qel) «
pue aAoqe aAow sgesd yoiym ul - 'sbuiaes jo sajes Buisealosp usay) pue Buiseaioul ‘anljebau aq ued uolIsod "uonow MOUY| 0}
asweb e u| sqeud |osuo o0} sydesb ‘uonowl Jo sajel Buiseasoap uayy pue Buisealoul pJemyoeq ajedlpul sajel anebaN sydeus) :Bunjeads
pue suonenba asn syjuspnig ‘a|dwexa Jo} ‘moys jey sydeib yoeys - ‘uonoalIp yum paads si Aj0ojaA Ajjeonewsayie|y . /
sydeu yuewbesninw Buisn 1o1paid g "JUNO22E. YUEq B Ul ABUOW SE Yons ‘awl}
"@oue|eq yseo s}l ‘uoienyis JOAO UOB[NWINJOE JO SPUIY J8YJ0 MOYS
puejsiapun Jejgxa] djay sjuspnis Asuowyaw e uj sydelb yuswbasnnw jaidiayu] “| 0} pasn aq ued syde.b Juswbasnni siane ASUo| . 9

aul| Aioig

(03 3|qe 3q ||Im syuspN)s)

seapl |eanewsyjew

(panunuon) sswex) auoyd |19 bBulubisaq "V a|9el

SOIANDY

uossaT

15

Technical Report 07 | June 2010



Sponsor: The National Science Foundation, Grant REC - 0437861
Prime Grantee: SRI International. Center for Technology in Learning

Subgrantees: Virginia Polytechnic Institute and State University; University of Massachusetts, Dartmouth;
The University of Texas at Austin; and The Charles A. Dana Center at The University of Texas at Austin

mVirgmiaTECh u UMass Dartmouth

SRI International

Center for Technology in Learning
333 Ravenswood Avenue

Menlo Park, CA 94025-3493
650.859.2000

www.ctl.sri.com
www.math.sri.com




