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NN 2 A construct map for Matter strand from LBC.

#1n Wilson, 2005

LBC idudratsvasunuiinnizduiisgiunaaudriauysal nangasuaz

PN AN v @ 2 o a a o o A & A A
SzllllllszllluwﬂL%a’]uvla@u’]vlﬂl"ﬁﬂsallﬂq&lﬂﬂsz@]llﬂifyfy’]@iuazﬁz@]llllmm@]ﬂﬂﬁﬂq LAy
&

o { o A < = & a o A o a & o '
miai’mLLNuﬁﬂ’nmuuwgﬁu uuﬂﬁamsmauuﬂgﬁuaumﬂ DINNACLNAVBUDINITU


http://www.amazon.com/Mark-Wilson/e/B0034PD3NY/ref=dp_byline_cont_book_1

Lmu‘ﬁ'ma:ﬁuﬁwgm fo MInaunsasrunszuInmMInannatslumInawesasie
mzmumimmﬁnwﬁamia%mUIﬂiqaﬁ"ﬂalﬁﬂ°u;§5u@Tamm']mhﬂmﬁamaamﬂ%uwuﬁ
NITFUlEI U ai”'mswzm'ﬁu,uuaaumuﬁqm%a'jwzﬁﬂﬂqg@mJLmuaaumw 1)
‘n@maol%swﬂmim&hifuﬂﬁmj@]ammuaaumuﬁﬂunémﬁasm mMyilanzikataya
INDATIIFOUIINASWERN LU AN UFEAARBINUANAI 19T 8IS TLEA IR LNUA
nmzauiigIunialal (Wilson, 2005)

383 qUAT (2557) "L@Tﬂm';ﬁam’mﬁwﬁmumaaLmuﬁmazé'uﬁmgmfh 1L
Lquﬁ@ﬁLLﬂiﬁmmmuaﬂvl,@i”ﬁaizéi'uqmmww%ai:@”ummLﬁwaaqmé’ﬂwm:ﬁa
ANEINITANZRINTIA I@mzi’@"l,ﬁmm’]mauifaﬁ’]mwaa;jL%‘ﬂuLfiaQL%'yuﬁ
ANUENNNTOALANANITTH ﬁazﬁnd’ummmmmﬁl,mﬂ@mﬁ'u@mmﬁzymmmmm
vasfiFenliluunuiansduiivgu dasvasiSouderihudanguliassiuummiani:
AWiB3 U LﬁaLLamiz@TvmmmmsnmeaaﬁﬂL?yuﬁﬂﬁaumq}amaLLazﬁmw
wdefia wnuinnzduiivgmialdihmusadudunuaesluaannufensislings
SFmsATalaulumsssnuuumsiasaudsliaennsasnulasiaievesasmnlsnnazes
Lﬂum&mqwﬁﬁa%é’ﬂmsﬁﬁmﬂTaa (Brown & Wilson, 2011) %aluﬁ%qﬁu@%mmwﬁu
\ilawn (content expert) ifugﬂlﬁmmﬁm”tyslumwaﬁw%uuzmnaaummmaL%aLftam
2896107 (content validation) lunszuaunssranIesiioda LL@iI}EL%&I’J%’WQJ’ﬁ’]uL&a%’]ﬁ
dnazlailzdemydmlasiainsmoluvesdans (construct expert) unumaulng
maa@%mmwﬁaLﬂumimmaauﬁﬂwmwawauLm@LLazaaﬁﬂixﬂauimaa%ﬁwawﬁLuJi

D

v

a 1 & ] 1 a v v
nazdnImyIaieInig g Geldiisiwadansiuduanugndasvadlasiaianialuieg

%

dulsiinaw] LT rgduiianiiansmaugaandadraddadiniuny
'Y & a A a d9w a @ ' ' A wae A a
Tandmdrasmalfiuiefendainmatmduudnav linnuiagwiefitsdanuda
{ o o ' v o v X & o o
Musaaisnuduladnels fadnugnainduaniuanaulansiumelusesds
= A . > = v A A a o a =
wdsuazdiannumanzganiold MIETUNUINEEUABIN NIBUNRNAULINTING B
sanIndszyndltluniundia g ldeganiieens lasawizatebanunsdsiuaans
MIANBURBINNTITNTIRVRIANLATN (performance) KIBAMVFINITD (ability) NHNLTEIN
v 'V & Y] a [ A wa a & [
ldsumswamninnug nizuaunmifaussrinszd fidds g wifieduaulassaiiives
nangaInMaioud amfinniSoulasuaaunangasinzindudionannisiugiui
Tuganu lianuamunInuasinwan g Nneadasnurannmsnugiuiaduszauiugiu
v A4 o a v a o & o o & a a v A X
e WatiniFeuldiTouiilem ndudousnniuuaziion s ouiiRaduanusmaninuas

o ' = o o o X ° o o a o {
NNWSAN §) ﬂ%zﬁﬂjquﬁﬁﬂsﬁusﬁaquﬂmu 7]']1'1/‘\aﬂl‘l’m:ﬁ([(ﬂﬂfii&l"ﬁq@]mﬂ\‘]ﬂ'maﬂﬁmzﬁ

=

LA mﬁaaﬁ’umiﬁwfﬁﬂ AW LLa:ms%'uf Wunsazavatnddatiiasseal Lﬁaaﬁugjim"'u

FUTDWLRZWAUIRIDLU R UL IANLGAAN ﬂmwuazmﬁufm DIBNLIUBLGARZA


http://www.amazon.com/Mark-Wilson/e/B0034PD3NY/ref=dp_byline_cont_book_1

lagaydunnnninzauiizgiu vasarudilassaiiinielusanuuuiive
A o a o \ o Y = o o & aAn A
anlpsaududsndainiageazviinyia analifianududeududuwdsuuudaden
- . [ L 2 ' A aa - . {
(unidimensional) #3au19 AR AT TandNINNIINAINE (multidimensional) LNWA
mzanispuesdsnvasdusnunnenufanddeaindndnguiuug nelensou
wwdannejniieates vldidrlaldfaganesnoinudiuddainyia unuinng
v A n:id v v d' e c.i L [ A dl o nl n:i v a 1 v
sullsundsasiaswnangdaewngnuaindsnisineanuianassmsdssfivindss
o % 1 \ & a4 v & A @ ' & =
Hlavsasaduegnels ssddszneuniioadosuudozlnislesudszasdisznauivovive

MIUseiing sha"huazqmé'ﬂum:m ANUAANNFUN TN WAL 1S

4.2 MIATNIRHRNNITERRBFIN

mssdauauinizdufisgndunsaounuiuldadulueanuda
nIolutaadulndinguf e wualassaironiolu seumauazdussonsvas
qmé’nwmzumﬁaﬂa@n&mqwﬁﬁlﬁmﬂTaa Waldfoudal fians uazlfafunonis
@1auauawaoﬁfm?yuﬁﬁUaﬁaoﬁuqmé’ﬂwmzfu A3fnT quA3 (2557, 33) lénanda
panmyddalunsasunuiiaouls  desfanumanzanzesiiwiuszaulsunm
Qmﬁ'ﬂwmzﬁ'a:ﬁaaaaamﬁ”aaﬁ'umHﬁﬁaaa@ﬂéx”aaﬁ'uma:é’uﬁugmua:ﬁiammﬁ@%u"l,ﬁ
939 ARANMIFNRIUNANNERLABUMNILLITZA U AN BT farnudulylafsnson
ITABUADI LA ATINNUARZITALQ AAN AT Tasasgswnafianainasldsuanszau
auansu windfwukesfnllazildldasaunadioinsnn 9 lismusniiaas
mmmmmmaaﬁfﬂL’%‘ﬂuvlﬁgﬂﬁadl,muﬁ'} windswnszausniwlyfanamsswnan
aaiazldsuasdanuazidsaanni Lwiﬂgﬁvl,ajmmimaﬁ”ﬁaiﬂﬁmmﬁmzé}ﬂﬁﬁnL'%'alu
PaUAnaI I ATINULAREIzaL 6 %alummi‘”ﬁﬂm@a@ﬁLLﬂﬁfuLﬁuLLmim"’uqmé’nwmz
‘ﬁ%ammmmsm:"l,ai"l,@i”gﬂﬁwu@%u Qﬁﬁ‘i’ﬂﬁlzvla\immiqu@hLmuwauﬁuuﬂm@iauﬁu
vL@TE]EiNQﬂ@TENLLZJ%ﬂ’] ﬁLﬁ'mﬂiamLmﬁ@ﬁmmsmquwﬁaaﬁudw AN BTV
wnSawin 9 wazagasiszaula pndagrimIaaluaadaulsanudilafisaiuns
AMULATANIAI mssanuuulassareludi dasaulsanudiloutsaaniin 4 seau 3
maumm?wﬁumnszﬁmﬁwﬁq@ fa ludnla vlﬂauﬁaszé‘ugoqﬂ da W lawseunud
faTunanYg Lﬁimﬁ'umwwmmJaaﬁfﬂL%ﬂulmwiaz*s:@”umumauLLmﬁmﬁﬂggaau

. ¥ o
ARUATW AILRAI NN 3



A A A A

UN UN

UN UN

9] —_ U

1% v 1

PU PU PU

Tw 18 L

NU U NU

v v v v

UN 111la (Understanding) U L‘ﬁﬂiﬁlvlliaugirﬁ(lncomplete Understanding)

PU wihlaunsan (Partial Understanding) NU laiihla (Non-Understanding)

MW 3 AL AR DI FBLLSTEaUAN U aLA mn"’umi@muazmsmi

A a o 6 aa
Ny [_INNT E;Tllﬂi, 2557

msa%”ﬂaLquﬁma:ﬁuﬁ@mfm:awﬁLﬁumaﬁﬁﬁ”’;@ﬂmﬂg&ﬁn (LA
ﬁdmweiaLﬁawaaﬂ%mmmsﬁqmé’ﬂwm:aﬂnl@ashwﬁaﬁ]’mi:@”uﬁaﬂ GRERGE
AIUEN) FITAUNIN (INATENULY) v\%amaaf-azmeﬁanm,ﬂﬁwuﬂmmﬂqmé’nwm:
‘v\ﬁaLﬂuﬁﬂqmﬁ'nwmwﬁaﬁﬁ'miaa TV NRINAT vﬂaaaé’mﬂuﬁmw@ﬁﬂg
FANIDAMUA TuL0d LﬁaLLamﬁwaum@mammﬁ'ﬂwmfzﬁ sula uwiiduassiiazdnany
HIUANGAIAU Lo LL@imaum@maaqmé’nwmzﬁﬂgﬁaamﬁmﬂu RTTIRE SRR R IE (TPt
AoLftosfiuiase maaﬂmé'ﬂummmﬁ?u mumauﬁumoﬁagjﬁ@mm IINHIQNAT AN
Anualdiduvevivavesnmylidnied quansuzdaoneoldnsavumifanns] u
uaadsinu duvasduannegnimualiiduaveveinmidquansuzaold
NIDULWIAONT B LTUALIN

LLﬂuﬁé'ﬂluﬂwsa'%“ﬂaLquﬁm’szé‘uﬁwgm FIUE VDI FUATILTAININTT
liflguansuzniafquansuludIanmlas mﬂﬁ?uﬂ?mmmaaqma”nmmzﬁaul%z
Aoy 9 Wnduldanfosnunseaduasedouaniio ﬂﬂiﬁﬂtlkﬂ”ﬂi:rm:ﬁaﬁﬂ%mmmﬂ
wdvoantduizaueny e]ﬁaamﬂﬁaaﬁ'mm”ummmmmLLNwaaﬁfﬂL?ﬂuLLazgﬂLLuumi
ADURLDIADTORANN AstugITaadUsznouEn 2 FIuAFURRER UUNWIAUATI AD @
UITN U AEInURaa T89S (description of response) WAZFILIINNY LAEINL
AMNFINITOVRIRNLILU (description of respondent) ﬁﬂ;ﬁﬂﬁﬁﬂﬁ]ﬁﬂ%ﬁ%ﬁ%”]df@

AN INAIDLNAININ 4



More
Validity | ralid

Fully Valid FV
Entire conclusion follows from assumptions

Partially Valid PV
Part of conclusion follows from assumptions;
rest of conclusion not warranted

Invalid v
Conclusion is incorrect based upon assumptions
No Link NL
Assumptions as stated do not force a conclusion
Less
Valid
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Response

Category Code Description Example Responses

Fully valid FV Entire conclusion follows from “Since blocks with mass 2 g and 3 g both sank, a
assumptions block with mass 4 g will sink and you can't tell

whether a block with mass 1 g will sink or float.”

Partially valid PV Part of conclusion follows from “Since blocks with mass 2 g and 3 g both sank, a
assumptions; rest of conclusion block with mass 4 g will sink and a block with
not warranted mass 1 g will floar.”

Invalid v Conclusion is incorrect based “Since blocks with mass 2 g and 3 g both sank, a
upon assumptions block with mass 4 g will float.”

No link NL Assumptions as stated do not “Since blocks with mass both sank, a block with
force a conclusion mass 4 g will sink.”
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Direction of

increasing “X".
.
Respondents Responses to tasks

Task response indicates highest
level of “X™.
Respondents with high
e

Task response indicates higher

level of “X™.
Respondents with mid-
range “X".
Task response indicates lower
i level of “X™.
Respondents with low evel of “X
X",
Task response indicates lowest
_ . X level of “X™.
Direction of
decreasing “X".
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Level Description
Student is able to put the motions of the Earth and Moon into a complete description
< of motion in the Solar System which explains:

gqu oi_a de * the day/night‘ cycle ) _ ) o
= ¢ the phases of the Moon (including the illumination of the Moon by the Sun)
* the seasons
Student is able to coordinate apparent and actual motion of objects in the sky. Student
knows that
¢ the Earth is both orbiting the Sun and rotating on its axis
* the Earth orbits the Sun once per year
* the Earth rotates on its axis once per day, causing the day/night cycle and the
appearance that the Sun moves across the sky
4 * the Moon orbits the Earth once every 28 days, producing the phases of the
5" grade Moon

COMMON ERROR: Seasons are caused by the changing distance between the Earth

and Sun.

COMMON ERROR: The phases of the Moon are caused by a shadow of the planets,
the Sun, or the Earth falling on the Moon.
Student knows that:
* the Earth orbits the Sun
* the Moon orbits the Earth
* the Earth rotates on its axis
3 However, student has not put this knowledge together with an understanding of
apparent motion to form explanations and may not recognize that the Earth 1s both
rotating and orbiting simultaneously.
COMMON ERROR: It gets dark at night because the Earth goes around the Sun once
aday.
Student recognizes that:
*  the Sun appears to move across the sky every day
e the observable shape of the Moon changes every 28 days
Student may believe that the Sun moves around the Earth.
COMMON ERROR: All motion in the sky is due to the Earth spinning on
1ts axis.

COMMON ERROR: The Sun travels around the Earth.

COMMON ERROR: It gets dark at night because the Sun goes around the Earth once
aday.

COMMON ERROR: The Earth is the center of the universe.

Student does not recognize the systematic nature of the appearance of objects in the

sky. Students may not recognize that the Earth is spherical.

COMMON ERROR: It gets dark at night because something (e.g.. clouds, the

1 atmosphere, “darkness”) covers the Sun.

COMMON ERROR: The phases of the Moon are caused by clouds covering the
Moon.

COMMON ERROR: The Sun goes below the Earth at night.

0 No evidence or off-track

[§*]
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7. 9IWINNYIVDY

MNMIANWIVDI Brigge & Wilson (2003) SMMTLLUWINHMINGMINANFAT
a 6 o ™ ™ =} oq: o = v . .
ANUNFRATAIATUL NS UUTWITUAN A UAWILATINTT The Science Education for
Public Understanding Program : SETUP ﬁmsﬁ]”@ﬁﬁmmrml,m:aﬁ”ﬂaamﬁgmﬁé’m@
FAIWINNIN Qﬂﬁmﬂ%ﬁ‘uﬁfm?ﬂumjmﬁasha 541  auluTwiSawingiaiaaslay Ly

o o o P~ @ o a = aa
wUUHNRALRTMTIANARNNEVBINNLSH Lo ﬂﬂﬂsﬂizgn@ﬂmLLuaﬂ@Iumamwmﬂuwvgw
(a multidimensional measurement model) lasfnuaulsnaziliiiannutlale
NIANBIINYNAIRaS Usznaudiy 4 U6 laun J&n1IeanLUULASNIIRURAL

(designing and conducting investigation = DCI) ﬁﬁmimnaau%ﬁﬂgﬁu (examining



evidence and tradeoffs = ET) faanudlanlunat (understanding concepts = UC) wae

a

P!

suiiegn udfnseanuuuuszns§usoy (designing and conducting  Investigation

DCI) @9M N 13

ﬁﬁmsﬁamﬁagamﬁﬂmma@{ (communicating scientific information
=)

csl) lasls

Fnsdanaunuinzduiiegiu wwuuenidlassn@aag19n1383IUHUANIIS

Designing Investigation: Selecting and Recording Organizing Data: Analyzing and Interpreting Data:
Procedures:

Score | Response states problem and Response reflects recognition and | Response accurately records and | Response accurately summarizes
general approach for the recording of relevant procedures logically displays data. data; detects patterns and trends;
investigation. performed completely, accurately, and draws valid conclusions based

and safely. on the data used.

4 Accomplishes Level 3 AND goes | Accomplishes Level 3 AND goes | Accomplishes Level 3 AND goes | Accomplishes Level 3 AND goes
beyond in significant way, e.g. beyond in significant way, e.g. beyond in significant way, e.g. beyond in significant way. e.g.
describing limitations of approach | identifying alternative procedures to | innovation in the organization or explaining unexpected results,
or design, or describing relevant effectively carry out test. display of data. judging the value of investigation,
controls and variables. suggesting additional relevance

investigation, etc.

3 Includes complete statement of the | Reflects choice and recording of Logically reflects complete and Analyzes and interprets data
problem and/or design which appropriate procedures completely [ accurate data; minor errors in data | correctly and completely;
demonstrates complete and accurately. may exist. conclusion is compatible with data
understanding of the problem and analysis.
the design.

2 Incompletely states a problem or the | Reflects appropriate choice; some | Reports data logically and may Notes patterns or trends but does so
design of an experiment. steps are not fully described OR are | contain minor errors BUT records | incompletely.

omitted. are incomplete.

1 States incorrect problem that Indicates incorrect or inappropriate | Reports data BUT records are Altempts an interpretation, but ideas
demonstrates lack of understanding | choice and/or recording of illogical and/or contain major errors | are illogical OR show a lack of
of problem or design of procedures. in the data. understanding.
investigation.

0 Does not include problem or design | Missing, illegible, or no record of | Missing, illegible, or no record of | Missing, illegible, or no analysis or
of investigation. relevant procedures. data included. interpretation of data included.

X Student had no opportunity to respond.

MW 13 uwnamzauiivgumalinzuwsludfnisesnuuuuaznsfuies
7131 Brigge & Wilson, 2003
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Tasauniiduuy Between — item dimensionality lasfl 1 78 70 1 qmansmz lasluiea

MIIILAIAN 14

NN 14 Immwgﬁ&mu Between — item dimensionality
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mufudeyadiodoseundanwmsiilu Between — items mutimensionality e
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a AN o A A A ) v A o eda

aw Inmsudannununsazunui laadrsudaiiainoanuanudiladalunainiain
TuTaw 1w Wlwnatiiian (conceptual  depth) laussenganemepadlsngn1Tninig
Inendnaas (scientific  phenomenon) ﬁﬁi:@ﬁﬂ’;’majuﬁﬂi@ElLLlidelu 6 32aU (level)
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Level Description of Person Description of Response
The phenomenon is seen as
B an emergent property of a A, and A, happen. Over time,
5 T system, made up of they interact and evolve, until
interacting components. The | eventually B happens.
Emergent & A system evolves over time, Meanwhile, A, and A,
R - eventually producing the continue to happen.
observed effect.
The phenomenon is seen as
A 1 an effect produced by
4 B multiple causal elements. All | A, and A, cause B when they
Multiple are necessary; if one is both happen at the same time.
A, removed the effect is not
- produced.

The phenomenon is seen as
3 an effect produced by a single o

A B | P )y A SINZIC | A causes B, and this is how.
Justified causal element. Justification
or a mechanism is necessary.

The phenomenon is seen as
an effect produced by a single

2 S
- A 4." B | causal element. Justification | A causes B.
Elemental or a mechanism is not
necessary.
The phenomenon is seen as i
1 PO Ry B happens because that’s the
B an instantiation of reality. No o e
Acausal cause is necessary. a e
The phenomenon is 2 :
0 219 P . I can’t explain why B
B 2! surprising. No explanation i
Absent happens.

seems possible.

nMw 15 szaugmnwaadlasiaivesnluri@fiBain (conceptual depth)

Ydllm Brown, 2005
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A
More

Specificity | Specificity

Exact EX

Explicitly describing the exact value of properties

Inexact IE

Implying the exact value of properties

Vague VA

Describing the magnitude of properties

Indeterminate ID
Stating properties without magnitude

Less
Specificity

\4

MW 20 @98 UNRNAMIEERABIIUTAANANIZINZAY
nndraauiiduldldvasgiSon

ﬁim Brown et al. 2010

@Taazhdﬁmamjaa;EL’%‘ﬂuﬁQm”@"Li“aa@ﬂﬁaaﬁ'mzé'uﬁ’]@1aumwimaa%ﬁwmﬁﬁ
AMULANITLANTR (specificity)  ANNTTALVBIANNLANITIANZIRa e 1 §32AUAN

LAWIZLANZININ I DENI AN 9

£ 1 ) tﬂl < £ a =l £33 aa
@134 9 (ﬂ’)ﬂEl’]x‘iﬂ’](ﬂﬂﬂ“ﬂLl]%vl,l]vl,ﬂ"lla\‘l%ﬂﬁﬂ%(ﬂ’miﬂﬁdﬁ‘ﬁdmE]GﬁJ@Iﬂ’)’]&lLQW’]ZLﬁ]']%N

Specificity Outcome Space

Response
Category Code Description Example Responses
Exact EX Explicitly describing the exact value “It will sink if the density is greater than

of properties 1.0 g/mL”
Inexact IE Implying the exact value of properties “It will sink if the density is greater than 1.”
Vague VA Describing the magnitude of properties “It will sink if the density is large.”
Indeterminate ID Stating properties without magnitude “It will sink because of density.”

ﬁlm Brown et al. 2010
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