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BJD! E3*,%&,%&(&-,9-.$&@$-(7%$&,)&
*(%&0"&-"90$9%I &

BKD! 6"9),01&@>&(0>&:,%7(.&
-*(9(-)$9,%),-&B$L1LM&-"."9D&

BCD! 6)()$%&EN&#"&0")&?0"=I &
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BKD! 6)()$%&)*()&(0&"7)%,#$&%"79-$&

B$L1LM&8(9$0)&"9&)$(-*$9D&)".#&
)*$+&
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BJD&EN)&.""?%&.,?$&(&F".,:,(0&
5.(1I &
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2"0 Q
$;(+8.$%&
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,)I &
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&

&&
!
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Types of Reasoning Responses 

!
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Preliminary Codes in NVivo and the Codebook 
!

!
NoteN!̂'!:-*)/'! :/)6.)*!5/)&"7"06/+!:-*)' !"0!Pk"3-F!.()+!6&'-!O/-.)![-.."0X'!.-! *)':/"%) !-/!
*)8"0)!.() 7 !60*!)@./6:.)*!)@675&)'!8/-7!.()!./60':/"5. '!.-!"&&$'./6.)!/)6'-0"0X!'./6.)X")'N!



!DE!

Temporary Combined Codebook.!^8.)/!)6:(!:-*)/! "0*)5)0*)0.&+!:/)6.)*!.()"/!5/)&"7"06/+!
:-*)'F!.()!&)6*!:-*)/!/)./")3)*!.()!5/) J:-*)!067)'F!*)8"0"."-0'F!60*!'.$*)0.!:-$0.!60*!:-75"&)*!
.()!"08-/76."-0!"0!6!m.)75-/6/+!:-7%"0)*!:-*)%--Zn!.-!86:"&".6.)!/):-0:"&"6."-0!"0!.()!*)%/")8!
7))."0XN!?)8-/)!.()!*)%/")8!7))."0XF!.()!&)6*!:-*)/!6&"X0)*!'"7"&6/!5/)J:-*)'!"0!.()!.)75-/6/+!
:-7%"0)*!:-*)%--Z!.6%!O".("0!.()!:-*)%--Z!R,))!Q"X$/)!B!8-/!60!"&&$'./6."-0!-8!.("'!5/-:)''UN!
^&"X0"0X!5/)J:-*)'!X$"*)*!.()!:-03)/'6."-0!-0!'"7"&6/".")'!-/!*"88)/)0:)'!%).O))0!)6/&+!:-*) !
".)/6."-0'N!e()0!-0)!:-*)/!*"'."0X$"'()*!8"0) JX/6"0!:-*)'!8/-7!.()!*6.6!60*!.()!-.()/!$')*!
:-6/')/!:-*)'F!.()!&6..)/d'!%"X J"*)6!:-*)'!:-$&*!-8.)0!)0:-756''!7$&."5&)F!'5):"8":!5/) J:-*)' N!

?27@1'!A!
!
Process for Compiling Preliminary Jottings and Codes 

!
NoteN!Y&&$'./6.)*!5/-:)''!-8!:-75"&"0X!.() !.O-!5/)&"7"06/+!:-*)%--Z'!"0.- !6!'"0X&)!*-:$7)0.!8-/!
*)%/")8!7))."0X'!O".(!/-$X(!6&"X07)0.!%).O))0!')56/6.)!%$.!'"7"&6/!:-*)' N!!
!
!
!
Coder Debrief and Codebook ComparisonB!G()!.)67!/)&")*!$5-0 !m*"6&-X":6&!"0.)/'$%[):."3".+nF!6!
5/-:)''!"0!O(":( !.()!.O-!:-*)/'! )0X6X)*!60!"0.)0'"3)!*"':$''"-0!.-!6:(")3)!:-0')0'$'!-0!:-*)'!
R?/"0Z7600!;!\36&)F!ICDBh!=6//+!).!6&NF!ICCBh!,60*)&-O'Z"!;!?6//-'-F!ICCAUN!G()')!*)%/")8!
7))."0X'!O)/)!()&* !.- !)0'$/)!.()!V$6&".+!-8!:-*"0X!60*!:-7)!.-!6X/))7)0.!O".(!:-77-0!:-*)'!
-0!)6:( !5/-.-:-&!".)7N!K-*)/'!:-756/)*!Pk"3-!8"&)'F! :-*)' F!60*!*)8"0"."-0'F!*)3)&-5"0X!8"06&!
:-*)!067)'!60*!'$%'.60."3)!*)8"0"."-0'!%)8-/)!:-0:&$*"0X!)6:(!7))."0XN!!

G(/-$X(!.()!7))."0XF! :-*)/'!/)3"')*! : -*)! 067)' !60*!.()!.)@.!:65.$/)*!"0!.()"/!"0*"3"*$6&!Pk"3-!
8"&)'!6'!8"&)!/):-0:"&"6."-0N!e()0!/)3"'"0X! :-*)' F!*)8"0"."-0'!O)/)![-"0.&+!*).)/7"0)*!60*!
)@675&)'!O)/)!&-:6.)*!"0!./60':/"5.!*6.6!.-!"&&$'./6.)!.()!()6/. !-8!.()! -3)/6&&!.()7) ' !.(6.!:-*)'!
O)/)!.-!/)5/)')0. N!Q$/.()/F!*"':$''"-0!-8!"0.)/:-00):."-0!%).O))0!'$%:-75-0)0.'!)7)/X)*F!
O(":(!&)*!.-!:-03)/'6."-0 ' !6%-$.!O(":(!'Z"&&'!7"X(.!%)!"0.)//)&6.)*!60*!/)V$"/)!6**"."-06&!
606&+'"'!:-0:)/0"0X !.() !X"3)0!'$%:-75-0)0.N!,))!Q"X$/)!a!8-/!.()!:(60X)'!.-! :-*)! 067)'!8/-7!
"0*"3"*$6&!5/)J:-*"0X! .-!8"06&!:-*)' N!

!



!DB!

?27@1'!C!
!
Revision Process of Preliminary to Final Codes 

!

!
 
NoteN!K-756/"'-0!8/-7!5/) J:-*)'! .-!/):-0:"&)* F!8"06&!:-*)'! "0!.()!:-*)%--Z!60*!Pk"3-!0-*)!
'./$:.$/)!.(6.! 6/)!./60'8)//)*!.-!.()! 8"06&!:-*)%--Z!O".(!*)8"0"."-0'N!
!
!
!
Finalization of Codebook. ^.!.()!)0*!-8 !)6:(! 7))."0XF!.()!&)6*!:-*)/!/):-/*)*!8"06&! :-*)! 067)'F!
*)8"0"."-0'F!)@675&)'!8/-7!.()!*6.6F!60*!60+!)@:&$'"-0!:/".)/"6!"0!.()!8"06&!:-*)%--ZN!,.$*)0.!
:-$0.'!%+!:-*)! O)/)!/)3"')* F!60*!.()!)@675&)'!-8!'.$*)0.!.6&Z!60*!X)'.$/)!O)/)!"0:&$*)*N!G()!
&)6*!:-*)/d' !Pk"3-!8"&)!O6' !$5*6.)*!O".(!.()!0)O!:-*)'!60*!$5 &-6*)*!.-!?>H!6'!6!/):-0:"&)*!
8"&)N!G()')!:-*)'F!O)/)!$')*!.-!5/-3"*)!6!'-$/:)!-8!)3"*)0:)!8-/!.()!(+5-.()'"])*!:-0:)5."-0'!
60*!7"':-0:)5."-0' !"0!'.$*)0.'d !/)6'-0"0XF!6'!6'Z)*!"0!/)')6/:(!V$)'."-0'!_ND!60*!_NIN!G()!:-*)'!
6&'-!"08-/7)*!-$/!$0*)/'.60*"0X!-8! "0.)/:-00):.)*0)''!%).O))0! '.$*)0.'d !'./6.)X") ' !60*!
/)6'-0"0X!O".(!)6:(!'$%:-75-0)0.! -8!.()!,W!<# F!O(":(!76+!"0*":6.)!"0.)/:-00):."-0'!-8!\,^'!
O".(!.()"/!/)'5-0')'N !!
!
!
!
!
!
!



!Da!

?27@1'!D!
!
Finalized Codebook for One Sample Code 
!

!
!
Note. Q"06&!:-*)%--Z!8-/!'$%:-75-0)0.!,WN?NBN:NF!"0:&$*"0X!:-*)! 067)'F!*)':/"5."-0'F!.)@.!
)@675&)'!8/-7!'.$*)0.!./60':/"5.'!O".(!0-0 J3)/%6&!*)':/"5."-0'F!)@:&$'"-0!:/".)/"6!-/!0-0J
)@675&)'F!60*!.()!.-.6&!'.$*)0.!:-$0.!O".(!8$/.()/!*)&"0)6."-0!%+!X/6*)!&)3)&!
!
!

2, .'3#.*%4*#-,*5'/3)#/#)6,*7"/38.,. *

Y0!.("'!'):."-0F!O)!*)':/"%)!.()!/)'$&.'!%+!/)')6/:(!V$)'."-0F!"0:&$*"0X!6''-:"6.)*!'$% JV$)'."-0'N!
G()!/)'$&.'!-8!.("'!V$6&".6."3)!606&+'"'!6**/)''!:("&*/)0d'!:-0:)5."-0'!-8!.()!:-0.)0.F!"0:&$*"0X!
7"':-0:)5."-0'!60*!)//-/' F!60*!"0.)/:-00):."-0'!-8! \ 0-O&)*X)F!, Z"&&'F!60*!^ %"&".")'!R\,^'U !O".(!
60*!6:/-''!.()!:-X0"."3)!"0.)/3")O!5/-.-:-&!".)7'N !

*8) BC)7,%#"+.&,%5 ))

RQ 3.1  

e)!)@67"0)*!.()!/)6'-0"0X!.(6.!'.$*)0.'!$')*!.(/-$X(!V $6&".6."3)!606&+')'!6'!-0)!'-$/:)!-8!
)3"*)0:)!.-!"08-/7!.()!:-0:)5.$6&"]6."-0!-8!.()!(+5-.()'"])*! <#N!S"3)0!.() !:-*)/'d !Z0-O&)*X)!
-8!:("&*!*)3)&-57)0.F!)*$:6."-06&!5)*6X-X+F!/):)0.!./)0*'!"0! .)6:("0X!5/6:.":)F!60*!:-0.)0.!
'.60*6/*' F!O)!)@./65-&6.)*!.()!)7)/X)0.!.()7)'!"0.-! 5/-X/)''"3)&+!'-5("'.":6.)*!:-0:)5."-0'!-8!
0):)''6/+!\,^' N!=)/)"0!O)!*)':/"%)!/)6'-0"0X!56..)/0'!6'!6!'.60*6&-0)!'-$/:) !-8!*6.6F!0-.!+).!
"08-/7)*!%+!-/!/):-0:"&)*!O".(!:-//):.0)''!*6.6N !G()')!56..)/0'!60*!-.()/!/)'$&.'!6/)!'+0.()'"])*!
"0!.()!?$&&).)*!,$776 /")'!8-$0*!"0!^55)0*"@!4 N!

Subcomponent Synthesized Descriptions.!2'"0X!6!.O-J'.)5 !5/-:)' 'F!.()!&)6*!:-*)/!:/)6.)*!
'+0.()'"])*!*)':/"5."-0'!-8!'.$*)0.!6:."-0'! .(6.!6&"X0)*!O".(!"0:/)6'"0X&+!:-75&)@!O6+'!-8!
.("0Z"0X!6%-$.!.()!X"3)0!:-0'./$:.N!G()!8"/'.!'.)5! O6'!60!"0*)5)0*)0.!*/68.!-8!6@"6&!:-*)'!%6')*!
-0!:-*)%--Z!*)':/"5."-0' N!G()!'):-0*!'.)5!"03-&3)*!6!.)67!/)3")OF!-/!7)7%)/ J:():Z!8-/!
"0.)/5/).6."3)!:-03)/X)0:)!R,6&*6s6F!ICDaUF!.-!)0'$/)!6::$/6.)!:65.$/)!-8!.()!606&+'"'!-$.:-7)'N!
G()!:-*)/'!/)6*!)6:(!'$%:-7 5-0)0.F!.()!)&)7)0.'!.(6.!36/")*F!.()!:-*)%--Z!:-*)'F!'+0.()'"])*!



!DA!

*)':/"5."-0'F!60*!"08)//)*!'.$*)0.!7"':-0:)5."-0'!60*!)//-/'N!G-X).()/F!.()+!:/)6.)*!8"06&!
'.6.)7)0.'! O(":( !"0:&$*)*!.()!)&)7)0.'!.(6.!36/")*!O()0!5-''"%&) F!.-!'./)67&"0)!&6.)/!".)/6."-0'!
-8!.()! G<S' N!!

Q"X$/)!c!*).6"&'!.()!5/-:)''!-8!:/)6."0X!6@"6&!:-*)'!8/-7!.()!-/"X"06&!:-*)'!60*!'+0.() '"] "0X!
.(-')!*)':/"5."-0'N!Q"X$/)!i !'(-O'! .()! elements that vary 8-/!.()!:-75-'"."-0!60*!*):-75-'"."-0!
:-/)!:-0:)5.F!60*!(-O!.()+!7655)*!-0.-!6!'"0X&)! '$%:-75-0)0.!6'!.()+ !O)/)!"0:-/5-/6.)*!"0.-!
'+0.()'"])*!* ) ':/"5."-0'N!G()')! 5/-:)'')'! :-03)/X) * !"0!.()!?$&&).)*!, $776/")'F!6&&!-8!O(":(!:60!
%)!8-$0*!"0!̂55)0*"@!4 N!

?27@1'!E!

Process for Creating Synthesized Descriptions from Codes 

!

Note.!K-*)'!8/-7!.()!-/" X"06&!:-*)%--Z!O)/)!/)8"0)*!.-!6@"6&!:-*)'!O()0!./60'8)//)*!.-!?$&&).)*!
, $776/")' !R,))!^55)0*"@!4UF!.()0!8$/.()/!"0.)/5/).)*!"0!'+0.()'"])*!*)':/"5."-0'!-8! '.$*)0. !
5)/8-/760:)N!

!

,-7)!'Z"&&'!)3-&3)*!&"0)6/&+!6&-0X!6!(+5-.()'"])*! *)3)&-57)0.6&!5/-X/)''"-0 F!O("&)!-.()/' !
'))7"0X&+!*)3)&-5)* !0-0J&"0)6/&+N!,-7) !56..)/0'!.(6.!)7)/X)* !O)/)!0-.!*)3)&-57)0.6&!60*!
"0*":6.)* !)//-/'!"0!'.$*)0.!.("0Z"0X!-/!7"':-0:)5."-0'!.(6.!/)V$"/)*!6:6*)7":!8))*%6:Z!.-!
86:"&".6.)!'.$*)0.!X/-O.( h!.()')!"0.)/5/).6."-0' !6/)!*).6"&)*!"0!.()!8"0*"0X'!8-/!/)')6/:(!V$)'."-0!
_NIN!96:(!'+0.()'"])*!'.6.)7)0.!"0!.()!5/-X/)''"-0!-8!:-//):.!.("0Z"0X!6&"X0)*!O".(!.()!
:-*)%--Zd' !8"06&!:-*)'F!"08-/7)*!.()!'.6.)7)0.F!60*!'$55-/.)*!.()!-/*)/"0X!-/!:-0:$//)0.!'Z"&&!
*)3)&-57)0.F!O(":(!:60!%)!'))0!"0!Q"X$/)!cN!

Elements That Vary and Microprogressions of skill. Y0!6**"."-0!.-!'$%:-75-0)0.!*)'"X06."-0'!-8!
*)3)&-57)0.6&!655/-5/"6.)0)''F!O)!"*)0."8")*!)&)7)0.'!.(6.!36/+!6:/-''!.(-')!/60X)'!.(6.!:-$&*!
%)!655&")*!"0!7$&."5&)!'$%:-75-0)0.'!8-/!)6:(!G<SN!K-/)!:-0:)5.'!"0!.()! e ".("0!>%[):.'!G<S!



!Dc!

'(6/)*!-0)!76./"@!-8!)&)7)0.'F!60*!.(-')!"0!.()! ?).O))0! >%[):.'!G<S!'(6/)*!60-.()/N!G()')!
)&)7)0.'!O)/)!"0:-/5-/6.)*!"0.-!".)7'!6'!.()+!O)/)!*)'"X0)* !%$.!/)76"0)*!6'!6!')56/6.)!
/)5/)')0.6."-0 !*$/"0X!.()!5/-.-:-&! *)3)&-57)0.N!,))!.()!,W!KY!#/-.-:-&!4)3)&-57)0.!G):(0":6&!
W)5-/.!8-/!*).6"&'!-0!/)./-'5):."3)!*):"'"-0'!RG):(N!W)5N!P-N!ICJCAUF!60*!Q"X$/)!i !-8!.()!e".("0!
>%[):.'!)&)7)0.'!.(6.!36/+ !6'!7655)*!-0.-!6!'$%:-75-0)0. N!

?27@1'!F!
!
Elements that vary mapped to a Within Objects subcomponent 
 

!
Note. S/))0!O-/*'!"0!'$%:-75-0)0.!'Z"&&'!*)'"X06.)!.()!)&)7)0.'!.(6.!36/")*!%+!X/6*)!&)3)&!60*!
*)3)&-57)0.6&!655/-5/"6.)0)''!*)'"X06."-0'N!
!
!
!
e()0! O)!:-7%"0)*!.()!)&)7)0.'!.(6.!36/")*!"0.-!.()!'+0.()'"])*!'$776/+!'.6.)7)0.'!-8!'.$*)0.!
'Z"&&'!.(/-$X(!6@"6&!:-*"0XF!O)!0-.":)*!6!./)0*!.(6.!'.$*)0.'!5/-X/)'')*!"0!'-5("'.":6."-0!-8!\,^'!
60*!6&-0X!'-7)!)&)7)0.'!.(6.!36/+N!e) !*)3)&-5)*!')3)/6&!7":/-5/-X/)''"- 0' !-8!'.$*)0.'d !\,^'!
.(6.!:$&7"06.)*!"0!'$::)''8$&!:-75&)." -0!-8!.()!.6'Z!6''-:"6.)*!O".(!6!X"3)0!'$%:-75-0)0.N!^!
'5):"8":!7":/-5/-X/)''"-0!"'!'(-O0!5":.-/"6&&+!"0!Q"X$/)!DCF!O".(!&)3)&'!-8!'Z"&&!*)':/" %)*N!Y0!.("'!
)@675&)F!.-!'$::)''8$&&+!:-75&).)!6!:-75& )@!'(65)F!'.$*)0.'!0))*)*!.-!)75&-+!:-75-'"."-0!
'./6.)X")'!.(6.!6&'-!/)&")*!$5-0!Z0-O&)*X)!-8!'(65)!6../"%$.)'!60*!./60'8-/76."-0'N!2'"0X!\,^'!
)&":".)*!"0!)6/&")/!.6'Z'F!'.$*)0.'!O(-!'$::)''8$&&+!:-75-')*!5$]]&)'!*)7-0'./6.)*!6*360:)*!
:-0:)5."-0!-8!'(65)!: -75-'"."-0!.(/-$X(!$."&"]"0X!"0.)/:-00):.)*!'Z"&&'N!
!
Y0!'-7)!"0'.60:)'F!O)!*)'"X0)*!.()!7":/-5/-X/)''"-0!8/-7!.()!*6.6F!O()/)6'!"0!-.()/!"0'.60:)'!
O)!36&"*6.)*!.()!6&/)6*+!)@"'."0X!7":/-5/-X/)''"-0'!8/-7!.()!)&)7)0.'!.(6.!36/+N!Q"X$/)!DD!
8$/.()/!"&&$'./6.)'!.()!"0:-/5-/6."-0!-8!.()!)&)7)0.'!.(6.!36/+!O".(!.()!'-5("'.":6."-0!"0!'.$*)0.'d!
/)6'-0"0X!*)7-0'./6."-0!8-/!'$%:-75-0)0.!,WN^N_N%!RI4UF!'(65)!:-75-'"."-0N!!

!
!



!Di!

?27@1'!$G!
!
Performance level descriptions in the shape composition task 
!

Performance Level Associated Student Response Patterns Student Work Samples 
Independent Full 
Composition 

• Composes the full puzzle accurately on their own 

 
Full Composition 
with Scaffolding 

• Attempts puzzle independently  
• Composes the full puzzle accurately after scaffolding 

questions were posed 

 

          
Partial 
Composition 

• Creates a figure similar in overall shape to the intended 
composite figure, but may: 
• Fit shapes together with one another and neglect how 

they fit with the outline 
• leave out pieces that do not fill remaining empty 

spaces 
• when posed with scaffolding prompts, does not 

attempt to de/compose or shapes from current 
structure 

   

Emerging 
Composition 

• Demonstrates “fill” or “fit” only strategies by either 
• Aligning shapes to the figure outline to fill the space 
• Joining edges or vertices of individual pieces with one 

another 
• Accurately places shapes to create a larger composite 

figure when individual shape outlines are included 
 

!
!
?27@1'!$$!
!
Skill Microprogression Including Elements that Vary 

!



!IC!

Two- and Three-Dimensional Subcomponents. ,$%:-75-0)0.'!8/-7!.()!e".("0!>%[):.'!G<S!
:-0.6"0)*!.O- J!-/!.(/)) J*"7)0'"-06&!'(65)'!60*!8"X$/)'!60*!O)/)!-/"X"06&&+!:-0:)5.$6&"])*!6'!
'"0X&)!'$%:-75-0)0.'!'5600"0X!*"7)0'"-0'N!Q-/!"0'.60:)F!,WN^NDN6!6'Z)*!'.$*)0.'!.-!'-/.!'(65)'!
60*!8"X$/)'!/)X6/*&)''!-8!*"7)0'"-06&".+F!%$.!,WN^NDN%F!:F!60*!*!/)V$)'.!.(6.!'.$*)0.'!/):-X0"])F!
067)F!60*!"*)0."8+!.()!6../"%$.)'!-8!.O-J*"7)0'"-06&!'(65)'!60*!.(/)) J*"7)0'"-06&!8"X$/)'N!e()0!
5/-.-:-&'!O)/)!*)3)&-5)*!8-/!.()!:-X0"."3)!"0.)/3")O'F!')56/6.)!".)7'!%+!*"7)0'"-0!O)/)! :/)6.)*!
.-!6'')''!.()!'Z"&&'!R'))!.()!,W!KY!#/-.-:-&!4)3)&-57)0.!GW!8-/!7-/)!"08-/76."-0h!G):(N! W)5N!
P-N!ICJCAUN!G(/-$X(!-5)0!:-*"0XF!O)!8-$0*!.(6.!'-7)!56..)/0'!-8!'.$*)0.!/)'5-0')!O)/)!'"7"&6/!
/)X6/*&)''!-8!*"7)0'"-06&".+F!%$.!-.()/'!O)/)!')56/6.)!%).O))0!.O-J!60*!.(/)) J*"7)0'"-0'!R,))!
Q"X$/)!DI!8-/!)@675&)!:-*)'F!"0:&$*"0X!-3)/&655"0X!'./6.)X")'UN!G("'!"08-/76."-0!O6'!:/".":6&!.-!
.()!O6+'!"0!O(":(!.()!G<S'!O"&&!%)!O/"..)0!60*!(-O!/)3"'"-0'!O"&&!-::$/!*$/"0X!/):-0:"&"6."-0N!
!
?27@1'!$4!
!
Codes for Student Strategies Within and Between Dimensions 
 

 
Note.!,.$*)0.'!$')*!'-7)! m/)6&!&"8)n!.-!)@5&6"0!.()"/!.("0Z"0X!"0!%-.(!.O-J!60*!.(/)) J*"7)0'"-06&!
5/-.-:-&!".)7'F!%$.!m./60'8-/76."-0 n!-0!.O- J*"7)0'"-06&!".)7'!-0&+F!60*!m*)':/"%)!86:)' n!-0!
.(/)) J*"7)0'"-06&!-0&+N!
 
 
 
RQ 3.2  
!
e()0! 606&+]"0X!56..)/0'!-8!)6:(! '$%:-75-0)0.'d !&"0)6/!*)3)&-57)0. F!-/! .()!'Z"&&!
7":/-5/-X/)''"-0' F!O)!)7%)**)*! .()! )&)7)0.'!.(6.!36/")* !O()0!5-''"%&)!60*!')56/6.)*!:-*)'!
.(6.!/)5/)')0.)*!7"':-0:)5."-0'!60*g-/!)//-/'!76*)!%+!'.$*)0.'N! 9//-/'!"0!.("0Z"0X!.(6.!
/)5/)')0.)*!&)''!'-5("'.":6."-0!"0!'.$*)0.!/)6'-0"0X!)3"*)0:)*!56..)/0'!$5-0!O(":(!)*$:6.-/'!
:-$&*!*)3)&-5!':688-&*"0X!8-/!&)6/0"0XN!Y0!:-0./6'.F!7"':-0:)5."-0'!5/-3"*)*!6!*"/):.!56.(!.-!
"0.)/3)0."-0!.-!:-//):.!.(-')!:-0:)5."-0'N! ^' !60!)@675&)F!.("'!'):."-0!/)5-/. ' !.()! 7"':-0:)5."-0'!



!ID!

60*!)//-/'!'))0!-0!.()!5)/8-/760:)!.6'Z!6''-:"6.)*!O".(!.()!:-75&) @!'(65)!:-75-'"."-0 r
,WN̂N_N%N!RI4Ur *).6"&)*!"0!Q"X$/)!D_!60*!^55)0*"@!4 N!
!
Student Misconceptions or Errors.!Q-/!.(-')!:-*)'!.(6.!*"*!0-.! /)5/)')0.!*)3)&-57)0.6&!'.)5'!"0!
6!7":/-5/-X/)''"-0! 8-/!.() !X"3)0!'$%:-75-0)0. !'Z"&&F!O)!606&+])*!'.$*)0.!./60':/"5.'!.-!8"0*!
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Appendix A – Phase 1 Codebook & Literature 

Codes Definition Example Non-Example 
Procedural 
Fluency 

Demonstrating the ability to carry 
out an appropriate sequence of 
actions to solve problems, quickly 
and effectively. Procedural 
fluency is shown through a student 
constructing their response with 
meaning. 

Correct Procedural Fluency: Student can 
compose a 2D puzzle.  
 
Incorrect Procedural Thinking: Student 
uses a guess and check method of 
placing and rearranging shapes, 
inefficiently and without deliberate 
procedural action. 

 

Conceptual 
Understanding 

Utilizing mathematical concepts in 
a generalizable way and 
representing mathematical 
situations flexibly in different 
ways. Conceptual understandings 
answer how are mathematical 
concepts are used in novel 
situations. 

Correct Conceptual Thinking: Student 
can use transformations (i.e., reflection, 
rotation, translation) to compose new 
shapes or figures.    
 
Incorrect Conceptual Thinking: Student 
builds figures unaligned with tasks and 
is unable to explain via words and/or 
gestures their thinking during 
construction. 

 

Strategic 
Competence: 

The ability to maneuver between 
different strategies to solve 
complex problems. Strategic 
competence is shown through 
student products, including novel 
problem solutions and 
mathematical models. 

Correct Strategic Competence: Student 
can build use their spatial knowledge to 
develop a map of the room.  
 
Incorrect Strategic Thinking: Student 
draws the view of the room from their 
current perspective. 

 

Adaptive 
Reasoning: 

Implies use of some logical 
thinking to generalize or disprove 
a response as a student logically 
reasons about the relationships 
among concepts and situations. 
Adaptive reasoning often stems 

Correct Adaptive Reasoning: Student 
can identify a shape as a hexagon, even 
though it may be irregular because it 
still has six sides (student is not 
distracted by the sides not being equal). 
Student is generalizing that all six-sided 
shapes are hexagons.  
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from careful consideration of 
alternatives. 

 
Incorrect Adaptive Reasoning: Student 
counts the sides of a shape to determine 
its name, but because the shape 
(hexagon) is irregular, the student states 
that this is not a hexagon because it is 
irregular/doesn’t fit the student’s current 
definition. 

Language We will be looking for correct 
Mathematical (Spatial, Numerical, 
Geometric) language. 

Correct Spatial Language: To the 
right/left of an object. Behind/Above the 
Barn etc. 
 
Incorrect Spatial Language: Here, There 
etc. 

 

No 
Explanation 

Instead of providing any 
reasoning, student explicitly 
denied to provide reasoning or 
admitted that he/she does not 
know to reason. 

1. I do not know.  
2. Student shrugs.  
3. My teacher/parent told me.  

1. So farmer can get it 
when pig is ready. 

Tangential Instead of providing any 
reasoning, student talked about 
non-mathematical reasoning or 
irrelevant topics BUT student did 
not explicitly denied to provide 
reasoning. 

1. So farmer can get it when pig is 
ready. 
2. It looks like a Bolivian flag 

1. This looks like the 
roof tops/Mountain. 
2. I do not know. 

 
 
Additional literature review 
 Coder 1 Coder 2 
Conceptual Understanding/ Reasoning/ 
Thinking 

¥! Hiebert and Lefevre (1986) defined 
conceptual knowledge as a “knowledge that 
is rich in relationships. It can be thought of 
as a connected web of knowledge, a 
network in which the linking relationships 
are as prominent as the discrete pieces of 
information” (pp. 3-4).  

¥! !"#$%#&'()*+"*'',$*#-"&%*.+&/"#-0+1,&%"
($"*#2)0,&"#+&*,"*%1"/(*.+&"#$%#&'(/".3"
#$%/(,)#(0%4"5&*%0%4"0%"(-&"#$%(&6("$7"
'-3/0#*+"/0()*(0$%/"*%1"*++$8/"
5*(-&5*(0#* +"*./(,*#(0$%/"($"&5&,4&"
7,$5"&5'0,0#*+"&6'&,0&%#&9"!"/(,$%4"
#$%#&'()*+"7,*5&8$,:"*+/$"',$;01&/"
*%#-$,0%4"7$,"/:0++"*#2)0/0(0$%9"<:0++/"#*%"
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¥! Conceptual understanding refers to an 
integrated and functional grasp 
of mathematical ideas. Students with 
conceptual understanding know more than 
isolated facts and methods. They understand 
why a mathematical idea is important and 
the kinds of contexts in which is it useful. 
They have organized their knowledge into a 
coherent whole, which enables them to 
learn new ideas by connecting those ideas 
to what they already know   

o! A significant indicator of conceptual 
understanding is being able to 
represent mathematical situations in 
different ways and knowing how 
different representations can be useful for 
different purposes.  

§! (The Strands of Mathematical Proficiency 
_ Adding it Up: Helping Children Learn 
Mathematics).  

¥! Use of a conceptual reasoning strategy 
implies an inherent understanding of 
numbers and their relationships (Crawford 
2018)  

.&"*#2)0,&1"0%"8*3/"(-*("5*:&"/&%/&"($"
#-0+1,&%"*%1"0%"8*3/"(-*(",&/)+("0%"5$,&"
&77&#(0;&"+&*,%0%49"!"/(,$%4"&5'-*/0/"$%"
5*(-&5*(0#*+"#$%#&'(/"*%1"
)%1&,/(*%10%4/"*+/$"/)''$,(/"(-&"
1&;&+$'5&%("$7"',$.+&5"/$+;0%49"=>?@AB"
CDEDB"'9"CFG"

¥! H&"1&70%&"#$%#&'()*+":%$8+&14&"*/"
05'+0#0("$,"&6'+0#0(")%1&,/(*%10%4"$7"(-&"
',0%#0'+&/"(-*("4$;&,%"*"1$5*0%"*%1"$7"
(-&"0%(&,,&+*(0$%/".&(8&&%")%0(/"$7"
:%$8+&14&"0%"*"1$5*0%9"@-0/":%$8+&14&"
0/"7+&60.+&"*%1"%$("(0&1"($"/'&#070#"',$.+&5"
(3'&/"*%1"0/"(-&,&7$,&"4&%&,*+0I*.+&9"
J),(-&,5$,&B"0("5*3"$,"5*3"%$(".&"
;&,.*+0I*.+&9"=K0((+&LM$-%/$%B"<0&4+&,B"N"
!+0.*+0B"OPPCB"''9"QRSLQRFG"

¥! ?$%#&'()*+")%1&,/(*%10%4"0/",&#$4%0I0%4"
*%1")%1&,/(*%10%4"(-&"#$,&")%1&,+30%4"
01&*/"$7"*"/).T&#("/)#-"*/"(-&"
,&+*(0$%/-0'/"*%1",&*/$%/"(-*(")%1&,+0&"
(-&"5*(-"',$.+&5/"0%"*"#&,(*0%"*,&*9"U("0/"
:%$8+&14&"(-*("0/"4&%&,*+0I&1"($"*"
/'&#070#"*,&*"*%1")%1&,+30%4"#$,&"
',0%#0'*+/"*%1"1$&/"%$("%&#&//*,0+3",&7&,"
($"*"/'&#070#"/&("$7"',$.+&5/9"@-)/B"
#$%#&'()*+":%$8+&14&"#*%".&"05'+0#0("$,"
&6'+0#0("*%1"*''+0&1"7+&60.+39"=V),%/"&("*+9B"
OPCWB"'9"WOG"
 

Sparks Definition: Conceptual understanding is 
utilizing the mathematical concepts in a 
generalizable way. How are mathematical 
concept used in novel situations?  
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Example: Student can use transformations (i.e., 
reflection, rotation, translation) to compose 
new shapes or figures.   

Procedural Understanding/ Thinking/ Fluency ¥! According to Bergqvist (2005, 2006), 
algorithmic reasoning is based exclusively 
on applying a procedure or a memorized 
response.  

¥! Hiebert and Lefevre (1986) 
defined Procedural knowledge as a 
“Knowledge consists of rules or procedures 
for solving mathematical problems. It is 
also a familiarity with the individual 
symbols system and with the syntactic 
conventions for acceptable configurations 
of symbols.  

¥! Procedural fluency refers to knowledge of 
procedures, knowledge of when and how to 
use them appropriately, and skill in 
performing them flexibly, accurately, and 
efficiently.  

o! Connected with procedural fluency is 
knowledge of ways to estimate the result of 
a procedure.  

§! (The Strands of Mathematical Proficiency _ 
Adding it Up: Helping Children Learn 
Mathematics)  

§! H&"1&70%&"',$#&1),*+":%$8+&14&"*/"(-&"
*.0+0(3"($"&6&#)(&"*#(0$%"/&2)&%#&/"($"
/$+;&"',$.+&5/9"@-0/"(3'&"$7":%$8+&14&"0/"
(0&1"($"/'&#070#"',$.+&5"(3'&/"*%1"
(-&,&7$,&"0/"%$(&"801&+3"4&%&,*+0I*.+&9"@$"
*//&//"',$#&1),*+":%$8+&14&",&/&*,#-&,/"
(3'0#*++3")/&",$)(0%&"(*/:/B"/)#-"*/"
#$)%(0%4"*",$8"$7"$.T&#(/"$,"/$+;0%4"
/(*%1*,1"*,0(-5&(0#"#$5')(*(0$%/9"
=K0((+&LM$-%/$%B"<0&4+&,B"N"!+0.*+0B"OPPCB"'9"
QRSG"

§! X,$#&1),*+"7+)&%#3"0/"(-&":%$8+&14&"$7"
,)+&/B"/35.$+/B"*%1"/&2)&%#&"$7"/(&'/"
,&2)0,&1"($"#$5'+&(&"5*(-"',$.+&5/B"*%1"
0/"1&5$%/(,*(&1".3"/()1&%(/"($"2)0#:+3"
,&(,0&;0%4"#$,,&#("*%/8&,/"*%1Y$,"
',$70#0&%(+3"#$5'+&(0%4"(-&"*+4$,0(-5"($"
#$5')(&"5*(-&5*(0#*+"$'&,*(0$%/9"
=V),%/"&("*+9B"OPCWB"'9"WOG"
 

Sparks Definition: Procedural fluency is the 
ability to carry out a sequence of actions to 
solve problems, quickly and effectively.  
 
Example: Student can compose a 2D puzzle 

Strategic Competence ¥! Strategic competence refers to the ability to 
formulate mathematical problems, represent 
them, and solve them.  

§! (The Strands of Mathematical Proficiency _ 
Adding it Up: Helping Children Learn 
Mathematics)  

¥! Reasoning Strategies: It can also be 
Conceptual Strategy or Procedural 
Strategy   

§! <(,*(&40#"#$5'&(&%#&",&7&,/"($"(-&"
#*'*.0+0(3"$7"/()1&%(/"($"/$+;&"5)+(0L/(&'B"
%$%L,$)(0%&"',$.+&5/"*%1"($"&6(&%1"(-0/"
($"(-&"7$,5)+*(0$%"*%1"(*#:+0%4"$7"
',$.+&5/"7,$5"(-& ",&*+"8$,+19"@-&"
!"#$%&'("(-*("/()1&%(/"5*3"',$1)#&"5*3"
(-&,&7$,&".&"1&/04%*(&1"*/"',$.+&5"
/$+)(0$%/"*%1"5*(-&5*(0#*+"5$1&+/9"
=<8*%B"OPCRB"'9"CWG9""
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o! Partial Strategy, Unfounded Strategy, 
and No Response/Reasoning Strategy  

§! (Crawford et al., 2018)  

§! <(,*(&40#"#$5'&(&%#&"7$,"(&*#-&,/"
0%#+)1&/"(-&"*.0+0(3"($"=*G"7$,5)+*(&B"
,&',&/&%(B"*%1"/$+;&"',$.+&5/Z"=.G"5$1&+"
5*(-&5*(0#*+"01&*/Z"*%1"=#G"1&5$%/(,*(&"
,&',&/&%(*(0$%*+"7+)&%#3B"(-*("0/B"(-&"
*.0+0(3"($"(,*%/+*(&"*%1"#$%%&#("80(-0%"
*%1"*5$%4"5)+(0'+&",&',&/&%(*(0$%/"80(-"
*##),*#3B"&770#0&%#3B"*%1"7+&60.0+0(39"=<)-"N"
<&/-*03&,B"OPCRB"'9"FEG"
 

Sparks Definition: Strategic competence refer 
to the ability maneuver between different 
strategies to solve complex problems.  
 
Example: Student can build use their spatial 
knowledge to develop a map of the room.  

Adaptive Reasoning ¥! Adaptive reasoning refers to the capacity to 
think logically about the relationships among 
concepts and situations. Such reasoning is 
correct and valid, stems from careful 
consideration of alternatives, and includes 
knowledge of !"#$%"$&'(%)*+$%!,$-".-/'()".(.  

§! (The Strands of Mathematical Proficiency _ 
Adding it Up: Helping Children Learn 
Mathematics)  

¥! 0$(,,$1234%)5,$6,3(".).7$3.2$8".-,4%'3/$
9%:3%,7+$;3$-3%,7":+$"*$6,3(".).7$
9%:3%,7),(<$$;8:3#*":2$,%$3/=$>?@A< 

¥! !1*'(0;&",&*/$%0%4"0/"+$$/&+3"1&70%&1"*/"
(-&"#*'*#0(3"7$,"+$40#*+"(-0%:0%4"*%1"(-&"
*.0+0(3"($",&*/$%"*%1"T)/(073"8-3"/$+)(0$%/"
*,&"*'',$',0*(&"80(-0%"(-&"#$%(&6("$7"
',$.+&5/9"@-*("*,&"+*,4&"0%"/#$'&9"=[/(+&,B"
OPCCB"'9"CFG9""

¥! ?-0+1,&%")/&"*1*'(0;&",&*/$%0%4"8-&%"
(-&3".,0%4"($4&(-&,"7*#(/B"',$#&1),&/B"
#$%#&'(/B"*%1"/$+)(0$%"5&(-$1/"($"5*:&"
/&%/&"$7"*"5*(-&5*(0#*+"',$.+&59"@-&3"
.&40%"($",&*/$%"0%"(-0/"8*3"8-&%"(-&3"
70%1"&6*5'+&/"(-*("/*(0/73"4&%&,*+0I*(0$%/"
*%1"10/',$;&"#$%T&#(),&/"(-,$)4-"
#$)%(&,"&6*5'+&/9"=\&,.&,("&("*+9B"OPCWB"'9"
ODG"

 
Sparks Definition: Adaptive reasoning implies 
that use of some logical thinking to generalize 
or disprove.  
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Example: Student can identify a shape as a 
hexagon, even though it may be irregular 
because it still has six sides (student is not 
distracted by the sides not being equal). 
Student is generalizing that all six sided shapes 
are hexagons.  
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Appendix C – Reliability Data for a priori coding 
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Appendix D – Bulleted Summaries 

A bulleted style summary was created with axial codes of student reasoning and synthesized descriptions as related to the skill. This summary also 
included student misconceptions and errors that were discovered through the cognitive interview qualitative analysis to be considered for learning 
progression reconciliation and later assessment item writing. See Figure X for visual example, with details explained below for each field. 

 
Naming Conventions. All naming conventions for the core concept name and number were included for continuity across documents, with an 

added field for a short description of the subcomponent. In this example, the subcomponent descriptor became “sorting”. 
 
Original subcomponent Statement and Elements That Vary. The subcomponent statement of student actions was included from the detailed 

learning progression descriptions, including the target grade band and developmental level. All elements that varied within the subcomponent based 
on hypothesized developmental appropriateness were included, delineated by grade band and level for further granularity in description. 

 
 Open Coding Themes. Synthesized themes captured in open coding were detailed with refined names. Some direct student examples were 
included if necessary to illustrate what students had done as reasoning. These codes served as the axial codes that aligned with all other steps in the 
bullet summaries. 

 Subcomponent Synthesized Description. In two steps, the lead coder first created synthesized descriptions of student actions that aligned with 
increasingly complex or mature ways of thinking about the given construct. Some skills evolved more linearly in progressions while others may 
develop simultaneously, while still others were not developmental in nature and were errors in student thinking or misconceptions that required 
academic feedback to facilitate student growth. For each synthesized statement, final codes from the codebook were aligned and included to inform 
the statement and support the ordering or concurrent skill development. 

 Student Misconceptions or Errors. For those codes that did not represent developmental steps in a microprogression of the subcomponent, 
coders analyzed student transcripts to find misconceptions or errors in thinking. These were characterized by individual or common examples from 
transcripts and were further detailed in the descriptors of each. They often aligned with the levels of thinking that were listed in the synthesized 
descriptions, which could be later used by practitioners to facilitate academic feedback or scaffolded practice. 
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Learning Progression SR: Spatial Reasoning 
Within Objects  

  

ORIGINAL 
SUBCOMPONENT 

STATEMENT  
& ELEMENTS THAT 

VARY 

AXIAL CODES 
INITIAL SYNTHESIZED 

DESCRIPTIONS 
SYNTHESIZED DESCRIPTIONS 

Questions/Rationale for 
changes  

SUBCOMPONENT 
MISCONCEPTIONS (M) or 

STUDENT ERROR (E) 

S
ha

pe
 

Sort similar two -
dimensional shapes  
and three -
dimensional figures  
regardless of size, 
orientation, and 
dimensionality. [KF -
KB] 
 
Elements that 
varied:     
Shapes:   
-Circles, squares, 
triangles, and 
rectangles (regular 
or irregular when 
applicable) [KF -KB] 
-Regular or irregular 
hexagons, rhombus,  
[KT-2F] 
-Regular or irre gular 
quadrilaterals [2B -2T] 
 
Figures:  
-Cubes, cones, 
cylinders, spheres, 
pyramids, prisms, 
trapezoids [KT -2F] 

(a) Match shapes: Students 
matched shapes, without 
naming them, to create 
groups - ÒLooked like that 
oneÓ or ÒThis one is the 
same as the otherÓ  [8 (3, 2, 
3) 
 
(b) Identify 2D shapes: Used 
formal or informal shape 
names to define groups, 
(e.g., diamond for rhombus) 
- Used 2D shape name, such 
as a rectangle, to explain 
grouping [12 (4, 4, 4)]  
 
(c) Apply 2D shape name to 
3D solid: Categorized 3D 
solids with 2D shapes, but 
applied the name of a 
single faceÕs 2D shape to 
the 3D solid as a whole - 
Triangular prism called 
triangle due to triangular -
shaped face [10 (3, 4, 3)]  
 
(d) Recognize 
Dimensionality: Attended to 
2D versus 3D explicitly.  
Reasoned abo ut sorting on 
the basis that a solid is 3D 
and a shape is 2D [1 (0, 0, 
1)]  
 
(e) Compare mathematical 
or non -mathematical visible 
attributes: Compared color 
or size of shapes, grouped 
blue shapes together based 
on color, or compared 
shapes using words such as 
ÒbigÓ, ÒlittleÓ, or ÒmiddleÓ 
*All students who used size 
used at least one other 
theme* [8 (3, 2, 3)]  

i.a. The student sorts shapes as 
two -dimensional versus three -
dimensional.  
 
i.b. The student sorts two -
dimensional shapes into 
groups by matching a sha pe 
to one or more others with the 
same or similar attributes                                            
 
ii. The student is able to sort 
similar two - and three -
dimensional shapes regardless 
of size, orientation, and 
dimensionality.                                

Elements that vary not 
included:  
i. Given a collection of 
shapes and figures, the  
student sorts two -dimensional 
shapes into groups by 
matching a shape to one or 
more others with the same or 
similar attributes   (a and e)  
 
ii.a. Given a collection of  
shapes and figures, the 
student sorts similar two -
dimensional shapes and 
three -dimensional figures 
regardless of size, orientation, 
and dimensionality (e.g., 
places circle with cylinder). 
(b and c)  
 
ii.b. Given a collection of 
shapes and figures, the 
student sorts shapes as two -
dimensional versus three -
dimensional figures (d)  

-Do we want ii.b to be a 
goal? If so, is that a 
separate sub component? It 
is currently listed as a 
strategy and misconception  
 
-How does that support 
spatial reasoning, and could 
this show area vs volume?  
 
-Rationale: In the 
correctness data we looked 
at all three of these 
statements. The qual data 
showed that 1 second 
grader was able to 
distinguish between 2D and 
3D.  
 
-Concern: If teachers 
present 2D and 3D items 
together, will they 
understand that 
dimensionality is NOT the 
goal if we take it out. Is the 
"regardless of 
dimensionality" clear 
enough  
 
-After this item we start 
asking questions on 2D and 
3D separately, so they can 
do that if they don't do ii.b  
  

(1) Sorts based on 
dimensionality without 
naming and as deepest 
level of grouping (code: 
d)  
 
(2) Groups shapes on 
commonality rather than 
sorting based on 
attribute (code: a)  
 
 
(3) Attends to color 
(non -mathematical 
attribute) when sorting 
rather than focusing on 
a mathem atical 
attribute. (code: e)  
 
(4) Sorts based on size, or 
reason using size 
comparatives within 
groups (code: e)   
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Given the name of 
a t wo -dimensional 
shape  or t hree -
dimensional !figure , 
recognize the 
!shape or figure.  
 
Elements that 
varied:     
Shapes:   
-Circles, squares, 
triangles, and 
rectangles (regular 
or irregular when 
applicable) [KF -KB] 
-Regular or irregular 
hexagons, rhombus,  
[KT-2F] 
-Regular or irregular 
quadrilaterals [2B -2T] 
 
Figures:  
-Cubes, cones, 
cylinder s, spheres, 
pyramids, prisms, 
trapezoids [KT -2F] 

(2D.a) Real life: compared 
shape to a real life object, 
or common image exterior 
to the item - Compared a 
triangle to a roof or slide [1 
(0. 1, 0)]  
 
(2D.b) Transform shapes to 
enable recognition: 
Oriented sh ape to familiar 
mental image of what that 
shape is - Turned the mat if 
a triangle was not 
equilateral with a horizonal 
base [2 (1, 0, 1)]  
 
(2D.c) Use attributes: gave 
number of vertices or sides 
to describe why a shape is 
that shape - Triangles have 
three sides [7 (1, 2, 4)]  
 
(2D.d) Lack of attributes: 
Matched shapes without 
specifying reasons, and 
recognition lacked 
automaticity (is this a 
misconception or error?) - 
Triangles have points, they 
were the same, ItÕs not 
round [9 (3, 4, 2)]  

2D.i. Given a two -d imensional 
!shape name, the student 
recognizes shapes without 
mathematical reasoning 
(2D.a, 2D.d)  
 
2D.ii.a Given a two -
dimensional !shape name, the 
student recognizes !shapes 
based on mathematical 
processes (2D.b)  
 
2D.ii.b Given a two -
dimensional !shape name, the 
student recognizes !shapes 
based on mathematical 
reasoning (2D.c)  

Elements that vary not 
included:  
2D.i.a Given a two -
dimensional !shape name, 
the student recognizes 
shapes (2D.a, 2D.d)  
 
2D.i.b Given a two -
d imensional !shape name, 
the student recognizes 
!shapes including those that 
are not in a familiar 
orientation (e.g., an 
equilateral triangle with the 
point down, or the square at 
a 45 degree angle) (2D.b)  
 
2D.ii. Given a two -
dimensional !shape name, 
the st udent recognizes 
!shapes and describes them 
using mathematical 
attributes (e.g., sides and 
vertices) (2D.c)  

-Our current categories 
focus on the reasoning - 
how do we embed the 
elements that vary? Is this 
appropriate for 
within/shapes?  

(1) Transforms shape  to 
orient with current 
mental image of that 
shape (does not 
recognize regardless of 
orientation) (code: 2D.b)  
 
(2) Lacks automaticity in 
shape recognition 
(code: 2D.d)  

(3D.a) Real life: compared 
shape to a real life object, 
or common image exterior 
to the item - Compared a 
cylinder to a wheel and a 
cube to a house [6 (1, 2, 3)]  
 
(3D.b) Exterior forces for 
function: described what an 
exterior force could do 
to/with the shape, such as 
stacking, rolling, or building 
[4 (1, 1, 2)]  
 
(3D.c) Lack o f dimension: 
named the 2D shape of a 
face or applied 2D shape 
name to 3D solid based on 
the shape of the face or 
holistic shape - cylinder as 
circle, cone as triangle [8 (2, 
4, 2)]  

3D.i.a Given a three -
dimensional !shape name, the 
student recognizes shapes 
without using mathematical 
reasoning (3D.a, 2D.e)  
 
3D.i.b Given a three -
dimensional shape name, the 
student recognizes shapes 
using extrinsic and/or intrinsic 
physical function of the shape 
(2D.b)  
 
3D.ii. Given a two -dimensional 
!shape name, the student 
recognizes !shapes based on 
mathematical reasoning 
(2D.c, 2D.d)  

Elements that vary not 
included:  
3D.i. Given t he name of  
three -dimensional !figure, the 
student recognizes figures  
(3D.a, 3D.e)  
 
3D.ii. Given the name of 
three -dimensional !figure, the 
student recognizes figures  
and describes them using 
defining attributes (3D.d,)  

-Is real life a developmental 
strategy or a 
misconception?  

(a) Does not yet 
recognize dimensionality 
(code: 3D.c)  
 
(b) Applies 2D shape 
name to 3D figures 
(code 3D.c)  
 
(c) Lacks attribute use to 
describe why a 3D figure 
has a certain name 
(e.g., it's not round, it has 
points) (code 3d.e)  
 
(d) Uses extrinsic forces 
to describe intrinsic 
characteristics of the 
figure (code 3D.b)  
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(3D.d) Use attributes: gave 
number of faces, edges, or 
vertices to describ e why a 
shape is that shape - two 
flat sides (cylinder), like a 
triangle and has four sides 
(pyramid)  
[6 (3, 1, 2)]  
 
(3D.e) Lack of attributes: 
Matched shapes without 
specifying reasons, and 
recognition lacked 
automaticity (is this a 
misconception or error ?) - 
Triangles have points, they 
were the same, ItÕs not 
round  

SR.A.1.c. Name two -
dimensional shapes 
and three -
dimensional figures. 
[KT-2F] 
 
SR.A.1.d. Classify 
!two -dimensional 
shapes  and three -
dimensional !figures 
and describe their 
defining attributes. 
[1B-2T] 
 
Elements that 
varied:     
Shapes:  
-Circles, squares, 
triangles, and 
rectangles (regular 
or irregular when 
applicable) [KF -KB] 
-Regular or irregular 
hexagons, rhombus,  
[KT-2F] 
-Regular or irregular 
quadrilaterals [2B -2T] 

(a) Use attributes: gave 
number of vertices or sides 
to describe why a shape is 
that shape - Triangles have 
three sides [5 (1, 2, 2)]  
 
(b) Lack of attributes: 
Matched shapes without 
specifying reasons, and 
rec ognition lacked 
automaticity - Triangles 
have points, they were the 
same, ItÕs not round [7 (4, 1, 
2)]  
 
(c) Transforms shape first to 
make a visual match for the 
current mental image of 
what that shape "should" 
look like [1 (1, 0, 0)]  

i.a. Student names two -
dimensional shapes without 
specific reasoning stated, 
based on matching physically 
or to a mental image (b)  
 
i.b. Student transforms the 
shape (e.g., turning the paper) 
to make it match their current 
mental image of what that 
shape is (c)  
 
ii. Student uses mathematical 
attributes to name and 
describe a shape based on its 
defining attributes (a)  

Elements that vary not 
included:  
i. Given a two -dimensional 
shape, student names the 
shape (b)  
 
ii. Given a two -dimensional 
shape, student names and 
descri bes a shape based on 
its defining attributes (a)  

- A.1.d was the reasoning 
question for A.1.c, so they 
were bundled together.  

(a) Relies on non -
defining attributes to 
classify (code: b)  
 
(b) Uses size or scale to 
classify (misaligned from 
subcomponent) (co de: 
b)  
 
(c) Applies incorrect 
names to shapes (error 
only)  
 
(d) Transforms the shape 
to make it match their 
current mental image 
(e.g. turns the paper 
with a triangle to a 
typical orientation) 
(code: c)  

SR.A.1.c. Name two -
dimensional shapes 
and three -
dimensional figures.  
[KT-2F] 
 
SR.A.1.d. Classify 

a) Real life: compared 
shape to a real life object, 
or common image exterior 
to the item - Compared a 
cylinder to a wheel and a 
cube to a house [5 (2, 2, 1)]  
 

i. Student matches shapes 
without providing 
mathematical reasoning or 
focuses on what exterior 
forces could do when acting 
upon ob jects without naming 
and providing classification 

Elements that vary not 
included:  
I. Given a three -dimensional 
figure, student names the  
figure  (a, b, e)  
 
ii. Given a three -dimensional 

'- A.1.d was the reasoning 
question for A.1.c, so they 
were bundled together.  

(a ) Applies 2D shape 
name to 3D solids (code: 
c)  
 
(b) Uses extrinsic forces 
to describe intrinsic 
characteristics of the 
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!two -dimensional 
shapes and three -
dimensional !figures  
and describe their 
defining attributes. 
[1B-2T] 
 
Elements that 
varied:     
Figures:  
-Cubes, cones, 
cylin ders, spheres, 
pyramids, prisms, 
trapezoids [KT -2F]  

(b) Exterior forces for 
function: described what an 
exterior force could do 
to/with the shape, such as 
stacking, rolling, or building 
[5 (4, 0, 1)]  
 
(c) 2D attributes: Applies 2D 
shape names holistically to 
3D solid and/or Uses 2D 
shape name to describe 
one or more faces of the 
solid [5 (1, 2, 2)]  
 
(d) 3D attributes: Gives a 
count of the faces, edges or 
vertices of the solid, 
regardless of correctness or 
formal/informal language, 
or explicitly states that the 
solid is three -dimensional [4 
(1, 0, 3)]  
 
(e) Lack of attributes: 
matched shapes without 
specifying reasons, and 
recognition lacked 
automaticity Triangles have 
points, they were the same, 
ItÕs not round [12 (5, 3, 4)]  

details (b, e)  
 
ii. Student names the 3D 
shape by the name of a single 
face (e.g., circle for cylinder) 
or holistic shape (e.g., triangle 
for cone) (c)  
 
iii. Student names a shape and 
defines its attributes  through 
use of a real life example (a)  
 
iv. Student names 3D shapes 
and/or identifies the shape as 
three -dimensional, using 
attributes of the solid to classify 
it (d)  

figure, student  identifies the 
figure as three -dimensional, 
states its name, and 
describes it using defining 
attributes (d)  

figure (code: b)  
 
(c) Does not express 
attributes for three -
dimensional figures 
(code: e)  
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Within Objects  - Transformation  

  

ORIGINAL ESS & 
ITEMS THAT VARY 

AXIAL CODES INITIAL SYNTHESIZED 
DESCRIPTIONS 

SYNTHESIZED DESCRIPTIONS Questions/Rationale for 
changes  

SUBCOMPONENT 
MISCONCEPTIONS (M) or 

STUDENT ERROR (E) 

T
ra

ns
fo

rm
at

io
n

 

Recognize a two -
dimensional shape 
that has 
been !translated . 
[KF-1F] 
 
Elements that 
varied:  
Translation  
-Horizontal, vertical, 
and diagonal 
translations ! [KF-KB] 
 
verb changed to 
demonstrate in 
leveled statements  

(a) Real life: described real 
life objects to explain 
similarity/ difference 
between shapes [4 (2, 2, 0)]  
 
(b) Action: demonstrated a 
translation using cut out [5 (0, 
4, 10} 
 
(c) Other transformation: 
described a transformation 
other than a translation [4 (1, 
2, 1)]  
 
(d) Translation: explicitly 
descri bed a translation or 
slide [3 (1, 1, 1)]  
 
(e) Visual comparison: used 
visual matching or 
discrimination to describe 
similarity or difference  
between the shapes [23 (7, 
11, 5)]  
 
*higher counts due to MCQs  

i. Student explains similarity or 
difference betwee n shapes 
through comparison to real life 
objects or through visual 
comparison or discrimination 
between the shapes (a, e)  
 
ii.a. Student acts out a 
translation with real objects, 
but does not explain via words 
or representational gesture (b)  
ii.b. Student describes 
transformations other than 
translations, using formal or 
informal language, to state 
the similarity or difference 
between the shapes (c)  
 
iii. Student explicitly states use 
of ta slide or translation,  using 
formal or informal language or 
uses explanatory gestures, to 
indicate the transformation 
shown is a translation.  

*Elements that varied not 
included  
i. When asked to 
demonstrate a translation, 
student acts out a translation 
with real objects (b)  
 
ii. When asked to 
demonstrate a translation, 
student explicitly states use of 
ta slide or translation,  using 
formal or informal language 
or uses explanatory gestures, 
to indicate the 
transformation shown is a 
translation. (d)  

-Concerned about 50/50 
chance to respond 
"correctly" due to original 
ESS; no cutouts were given 
during the incorrect 
translations  
 
-Is it appropriate to change 
the verb to demonstrate an 
understanding of a 
translation?  
 
- We did not include code 
(a) because it was just how 
children were comparing:K4  
i. When shown two shapes 
that d o or do not '(W1) 
Shape'!H9 a transformation, 
student explains similarity or 
difference between shapes 
through comparison to real 
life objects or through visual 
comparison or 
discrimination between the 
shapes (a, e) [students 
stated that the shapes 
looked like an L or a T; this 
was only stating "looks like"]  

(a)  relies on visual 
comparison to 
determine similarity or 
difference between the 
shapes, including size, 
rather than on the 
transformation to put the 
shape in the second 
position on the mat 
(code e)  
 
(b) applies alternative 
transformation to explain 
the translation or non -
translation (code c)   

Recognize a two -
dimensional shape 
that has been 
!rotated .!! [KF-2T] 
 
Elements that 
varied:  
Rotation     
-Rotations of less 
than 45 degrees 
[KF-KB] 
-Rotations o f more 
than 45 degrees 
[KT-2T] 
 
verb changed to 
demonstrate in 
leveled statements  

(a) Real life: described real 
life objects to explain 
similarity/ difference 
between shapes [7 (3, 4, 0)]  
 
(b) Action - Rotation: 
demonstrated a rotation 
using cut out [14 (3, 7, 4)]  
 
(c) Action - Other 
transformation: 
demonstrated one or more 
transformations other than 
rotation using a cut out [2 (0, 
0, 2)]  
 
(d) Other transformation: 
described one or more 
transformations other than a 
rotation [5 (2, 0, 3)]  

i. Student explains similarity or 
diff erence between shapes 
through comparison to real life 
objects or through visual 
comparison or discrimination 
between the shapes (a, f)  
 
ii. Student acts out other 
transformation(s) to show the 
difference3 between the 
shapes (c)  
 
iii.a. Student acts out a 
rotation with real objects, but 
does not explain via words or 
representational gesture (b)  
iii.b. Student describes 
transformation(s) other than 
rotations, using formal or 
informal language, to state 

*Elements that varied not 
included  
i. When asked to 
demonstrate a rotation, 
student acts  out a rotation 
with real objects (b)  
 
ii. When asked to 
demonstrate a rotation, 
student explicitly states use of 
a turn or rotation, using 
formal or informal language 
or explanatory gestures, to 
indicate the transformation 
shown is a rotation (e)  

-Concern ed about 50/50 
chance to respond 
"correctly" due to original 
ESS; no cutouts were given 
during the incorrect 
translations  
 
-Is it appropriate to change 
the verb to demonstrate an 
understanding of a 
translation?  

(a) Applies alternative 
transformations verb ally 
or through action to 
explain the rotation or 
non -rotation (code: c, d)  
 
(b) Does not recognize a 
shape as actually 
different rather than 
rotated (e.g., a shape L 
versus T would not be 
recognized as different) 
(code: f)  
 
(c) Explains multiple 
transform ations rather 
than a single when 
reasoning through the 
recognition (code: d)  
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(e) Rotation: ex plicitly 
described a rotation or turn 
[15 (0, 11, 4)]  
 
(f) Visual comparison: used 
visual matching or 
discrimination to describe 
similarity or difference  
between the shapes [24 (11, 
7, 6)]  
 
*higher counts due to MCQs  

the similarity or difference 
between the shapes (d)  
 
iii. Student explicitly states use 
of a turn or rotation, using 
formal or informal language or 
explanatory gestures, to 
indicate the transformation 
shown is a rotation (e)  

Recognize a two -
dimensional shape 
that has been 
!reflected .![KT-2T] 
 
Elements that 
varied:  
Reflection     
-Reflections across 
a vertical or 
horizontal axis !  [KT-
1B] 
-Reflection s across 
a diagonal axis !  
[1T-2T] 
 
verb changed to 
demonstrate in 
leveled statements  

(a) Action - Reflection: 
demonstrated reflection 
using cut out [6 (2, 1, 3)]  
 
(b) Action - Other 
transformation: 
demonstrated one or more 
transformations that 
included at  least one 
transformation that was not 
a reflection [12 (2 , 8, 2)]  
 
(c) Other transformation: 
described one or more 
transformations other than 
reflection [10 (1, 6, 3)]  
 
(d) Reflection: explicitly 
described a reflection or flip 
[5 (1, 2, 2)]  
 
(e) Visual c omparison: used 
visual matching or 
discrimination to describe 
similarity or difference 
between the shapes [26 (10, 
7, 9)]  
 
*higher counts due to MCQs  

i. Student explains similarity or 
difference between shapes by 
making a visual comparison of 
the shapes, i ncluding their 
orientation, without explaining 
the motion required to make 
the change between the 
shapes !  
 
ii. Student acts out other 
transformation(s) to show the 
difference between the 
shapes (b)  
 
iii.a. Student acts out a 
reflection with real objects, but 
does not explain via words or 
representational gesture (a)  
iii.b. Student describes 
transformation(s) other than 
reflections, using formal or 
informal language, to state 
the similarity or difference 
between the shapes (c)  

*Elements that varied not 
included  
i. When asked to 
demonstrate a reflection, 
student acts out a reflection 
with real objects, but does 
not explain via words or 
representational gesture (a)  
 
ii. When asked to 
demonstrate a reflection, 
student explicitly states use of 
a turn or refl ection, using 
formal or informal language 
or explanatory gestures, to 
indicate the transformation 
shown is a reflection (d)  

-Concerned about 50/50 
chance to respond 
"correctly" due to original 
ESS; no cutouts were given 
during the incorrect 
translations  
 
-Is it appropriate to change 
the verb to demonstrate an 
understanding of a 
translation?  

(a) Uses shape 
orientation rather than 
transformations to 
describe differences 
between shapes; (code: 
b, e)  
 
(b) Describes reflection 
across a diagonal axis as 
a rotati on, translation, or 
combination of the two; 
(code: b, c)  
 
(c) Recognizes internal 
lines of symmetry or 
reflection but not 
external lines of 
reflection (code: d)  

Recognize  three -
dimensional !  
figures ! that have 
been !rotated. ! [1B-
2T] 
 
Elements that 
vari ed:    
Figures:  
-Cubes, cones, 
cylinders, spheres, 

(F.a) Size or visual 
comparison: used 
comparison of figure  sizes or 
other visual discrimination, 
including color and figure 
name, to describe similarity 
or difference  
 
(F.b) Attributes: counted 
faces, edges, or other 
defining attributes when 

i. Student explains similarity or 
differ ence between shapes by 
making a visual comparison of 
the shapes, including size, 
color or shape name 
(Shape.a)  
 
ii. Student compares shape 
attributes to determine if a 
shape has undergone a 
rotation or is a different shape 

*Elements that varied not 
included  
i. When asked to 
demonstrate a rotation of a 
three -dimensional figure, 
student compares attributes 
to determine if a figure  has 
undergone a rotation or is a 
d ifferent figure than the first 
(F.b) 
 

-Is there a difference 
between a three -
dim ensional rotation and 
reflection in standard 
geometrical figures? Code 
shape.d: students stated 
that the result was a "flip", 
but could they have just 
rotated around a different 
axis? With geometric 
shapes, it is not evident  

(a) Attends to non -
mathematical attributes 
of the shape to describe 
similarity or difference 
(e.g., color) (code: F.a)  
 
(b) Attends to non -
defining attributes to 
describe similarity or 
difference (e.g., size, 
defining attributes) 
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pyramids, prisms, 
trapezoids [KT -2F] 
 
Rotation:  
-Rotations of less 
than 45 degrees 
[KF-KB] 
-Rotations of more 
than 45 degrees 
[KT-2T] 

comparing  
 
(F.c) Inferred rotation: used 
informal language and/or 
gestur e to indicate an 
understanding of rotation 
without explicit explanation  
 
(F.d) Flip: Said "flip" to 
describe the change 
between figures  
 
(F.e) Rotation: explicitly 
stated rotate/turn or used 
representational gesture  

than the first (Shape.b)  
 
iii. Student expresses the 
leading edge of 
understanding about 3D 
rotation through non -specific 
and/or informal language 
and/or gesture (Shape.c)  
 
iv. Student recognizes the 
rotation and describes the 
change using rotate, turn, or 
flip to describe the difference,  
with or without a 
representational gesture 
(Shape.d, Shape.e)  

ii. When asked to 
demonstrate the rotation of a 
figure, student expresses the 
leading edge of 
understanding about three -
dimensional rotation through 
non -specific and/or informal 
language and/or gesture 
(F.c) 
 
iv. When asked to 
demonstrate the rotation of a 
figure, student recognizes the 
rotation and describes the 
change using rotate, turn, or 
flip to describe the 
difference, with or without a 
representational gesture (F.d, 
F.e) 

 
-Request consultant support  
 
-This item tended toward 
figure recognition, as a 
rotate or flip - did we need 
a different way to assess 
this? 
 
-Page 11 gives some 
specificity around why this is 
rotate only for three -
dimensional: 
https://smu.app.box.com/fil
e/675093043904  
 
-By only using g eometric 
shapes, we confused the 
statement; perhaps use only 
real life objects?  

(code: F.a)  
 
(c) Uses language to 
indicate alternate 
transformations (code: 
F.c, F.d) 

(CF.a) Size or visual 
comparison: used 
comparison of shap e sizes or 
other visual discrimination, 
including color and shape 
name, to describe similarity 
or difference  
 
(CF.b) Sleep: stated that one 
figure is laying down to sleep 
or being lazy  
 
(CF.c) Action: demonstrates 
a rotation around any axis, 
with or witho ut a verbal 
description  
 
(CF.d) Inferred rotation: used 
informal language and/or 
gesture to indicate an 
understanding of rotation 
without explicit explanation  
 
(CF.e) Flip: Said "flip", turn, or 
rotate  to describe the 
change between shapes or 
used represe ntational 
gesture  
 
(CF.f) Structural change: 
verbally or physically 
manipulated a figure to 
state what change needed 

i.a. Student explains similarity 
or difference between the 
figures by making a visual 
comparison of the figures 
(Figure.a)  
i.b. Student compares 3D 
orientation of the figures to 
one another, stating that one 
is laying down to sleep or 
standing (Figure.b)  
 
ii. Student expresses the 
leading edge of 
understanding about 3D 
rotation through non -specific 
and/or informal language 
and/or gesture (Figure.d)  
 
iii. Student acts out a rotation 
with a third figure to confirm or 
deny the second figure as a 
rotation of the first (Figure.c)  
 
iv.a.. Student recognizes the 
rotation and describes the 
change us ing rotate, turn, or 
flip to describe the difference, 
with or without a 
representational gesture 
(Figure.e)  
iv.b. Student describes and/or 
physically manipulates a 
structure to demonstrate a 

*Elements that varied not 
included  
i. When asked to 
demonstrate a rotation of a 
three -dimensional composite 
figure, student compares 
visually to determine if a 
composite figure has 
undergone a rotation or is a 
different figure than the first 
(CF.b)  
 
ii. When asked to 
demonstrate the rotation of a 
composite figure, student 
expresses the leading edge 
of understanding about  
three -dimensional rotation 
through non -specific and/or 
informal language and/or 
gesture (CF.c)  
 
iv. When asked to 
demonstrate the rota tion of a 
composite figure, student 
recognizes the rotation and 
describes the change using 
rotate, turn, or flip to describe 
the difference, with or 
without a representational 
gesture (CF.d, CF.e)  

  (a) Applies alternate 
transformations to 
describe the change 
between the figure 
(code: CF.a)  
 
(b) Uses connection to 
real life to explain 
directionality of figure 
(e.g., stating that figures 
are sleeping, lazy, or 
watching TV) (code: 
CF.b)  
 
(c) Restructures figures 
non -congruently with 
the stimulus or describ es 
changes that would not 
accurately iterate the 
initial figure (CF.f)  
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to be made to show a 
rotation of the stimulus 
shape.  

rotation from the stimulus 
figure to the response figure 
(Figure. f) 

Recognize the 
three -dimensional ! 
result of folding a 
two -dimensional 
shape. ! 
 [2F-2T] 

(F.a) Angle: explains 
response based on the angle 
of the fold in comparison to 
the dotted line on  the 
stimulus and/or the outline of 
the shape [4 (1, 1, 2)]  
 
(F.b) Area: explains response 
based on the area of the 
shape pre - and post -fold [3 
(0, 1, 2)]  
 
(F.c) Corners & Edges: 
references where a corner or 
edge of the pre -fold shape 
falls on the post -fold shape 
[3 (0. 2. 1)]  
 
(F.d) Situational: relates the 
response to the situational 
story told (e.g., the dogs are 
playing together) [2 (1, 1, 0)]  

i. Student uses a situational 
explanation without 
mathematical reasoning when 
recognizing the result of a 
shape  folded (F.d)  
 
ii.a. Student attends to the 
angle of the resultant fold 
compared to the outline of 
the shape and response 
option with the dotted line on 
the original (F.a)  
 
ii.b. Student attends to the 
area of the shape pre - and 
post -fold to determine the 
correct response shape (F.b)  
 
ii.c. Student uses corners 
and/or edges of the original 
and/ or response shape to 
describe why one response 
option is correct (F.c)  

*Elements that varied not 
included  
i. When asked to recognize 
the result of a fold, student 
de scribes the angle of the 
fold compared to the outline 
of the shape  (F.a)  
 
i.b. When asked to recognize 
the result of a fold, student 
describes the area of the 
shape pre - and post -fold  
(F.b) 
 
i.c. When asked to recognize 
the result of a fold, student 
desc ribes corners and/or 
edges of the pre - and post -
fold shape  (F.c)  

-For fold only, we asked 
students to determine what 
it looks like after a fold  
 
-Curious if this is indeed a 
three -dimensional 
representation; notes from 
LP development research: 
Folding ab ilities appear 
around the age of 5 and 
improve as students age. 
(Harris, Newcombe, Hirsh -
Pasek, 2013) 
https://smu.app.box.com/fil
e/263456953999  

a) Uses non -
mathematical rationale 
for selected response 
(e.g., the situation, dogs 
playing - could be due to 
item writing) (code F.d.)  
 
(b) Attends to features 
of responses that do not 
accurately show a fold 
(e.g., colors)  

(F&P.a) One hole: reasoned 
that a single punch made 
only one hole, despite folded 
paper [4 (2, 1, 1)]  
 
(F&P.b) Spacing: focused on 
the spa cing between holes 
or holes and edges on 
response options [5 (2, 2, 1)]  
 
(F&P.c) Punch position: 
focuses on the location of 
the punch on the folded 
paper (e.g., middle, top, 
etc.) [8 (1, 4, 3)]  
 
(F&P.d) Two hole: reasoned 
that a single punch  would 
make tw o [8 (0, 4, 4)]  

i. Student uses a situational 
explanation without 
mathematical reasoning when 
recognizing the result of a 
shape folded (F.d)  
 
ii.a. Student attends to the 
angle of the resultant fold 
compared to the outline of 
the shape and response 
option with the dotted line on 
the original (F.a)  
 
ii.b. Student attends to the 
area of the shape pre - and 
post -fold to determine the 
correct response shape (F.b)  
 
ii.c. Student uses corners 
and/or edges of the original 
and/ or response shape to 
describe why one response 
option is correct (F.c)  

Ask for consultant support 
because the codes are really 
related to assessment item, 
not the skill construct  
 
  

-This was originally one item 
assessed two different ways; 
one wound up being the 
inverse of one another  
 
-In this second task for the 
subcomponent, we asked 
what the folded paper 
would look like when 
unfolded to a single layer  

(a) Lacks recognition 
that a fold results in a 
double layer of paper 
and in turn two holes for 
each one punch;  
 
(b) Attributes punch 
posit ion exclusively to its 
position on the folded 
paper, not accounting 
for reversing the fold 
(F&P.a) 
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Within Objects  Ð Composition & Decomposition  
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ORIGINAL ESS & ITEMS 
THAT VARY 

AXIAL CODES INITIAL SYNTHESIZED 
DESCRIPTIONS 

SYNTHESIZED DESCRIPTIONS Questions/Rationale for 
changes  

SUBCOMPONENT 
MISCONCEPTIONS (M) or 

STUDENT ERROR (E) 
Recognize the result of 
mentally translating  
two -dimensional 
shapes or three -
dimensional figures 
together. [KF -1F] 
 
Elements that varied:  
Translations  
-Horizontal, vertical, 
and diagonal 
translations ! [KF-KB] 

(2D.a) Corresponding 
shapes: compared 
corresponding parts of 
stimulus and response 
shapes [5 (2, 1, 2)]  
 
(2D.b) Orientation 
comparison: compared 
the orientation of the 
entire or parts of the 
response shape to the 
stimulus shape [11 (3, 3, 
5)]  
 
(2D.c) Size comparison: 
compared stimulus and 
response shapes on size 
or length [8 (4, 2, 2)]  
 
(2D.d) Visual comparison: 
did not specify 
transformation or 
mathematical 
comparison between the 
shapes [5 (1, 3, 1)]  

2D.i. Student provides non -
specific rationale when 
recognizing the result based 
on an inferred visual 
comparison, often using 
language of Òthe sam eÓ 
(2D.d)  
 
2D.ii. Student compares the 
orientation or size of 
corresponding parts between 
the stimulus and response 
(2D.a, 2D.b, 2D.c)  

*Elements that varied not 
included  
2D.i. Student recognizes the 
result of translating two two -
dimensional shapes together 
(2D.d)  
 
2D.ii. Student recognizes the 
result of translating two two -
dimensional shapes together 
and reasons by comparing 
orientation or size of 
corresponding parts (2D.a, 
2D.b, 2D.c)  

-Size comparison may have 
not really been a code, but 
instead th e result of the item.  
 
-The item did not assess the 
elements that vary; it was a 
horizontal translation only.  

(a) Lack of visual 
discrimination based on 
corresponding part sizes 
(code: 2D.c)  
 
(b) Selects non -
congruent parts of 
corresponding shapes 
when mak ing 
comparison (Code: 
2D.a)  

(3D.a) Corresponding 
parts: compared 
corresponding parts of 
stimulus and response 
figures [10 (5, 1, 4)]  
 
(3D.b) Orientation 
comparison: described 
differences between the 
stimulus and response 
figures using directionality 
of parts or the whole 
response figure [10 (2, 3, 
5)]  
 
(3D.c) Looks like: 
compared figure to a real 
life or exterior to the 
protocol item object [5 (1, 
2, 2)]  
 
(3D.d) Visual comparison: 
did not specify 

3D.i. Student uses a visual 
comparison only between the 
stimulus and response figures 
without specifying 
mathematical comparisons 
(3D.d)  
 
3D.ii. Student compares 
figures, either before or after 
the translation, to real life 
objects (3D.c)  
 
3D.iii.a. Student compares 
corresponding parts of the 
stimulus and response to 
recognize the result (3D.a)  
3D.ii.b. Student compares the 
orientation of parts of the 
stimulus and response to 
recognize responses that do 
not reflect the translations 
(3D.b)  

*Elements that varied not 
included  
3D.i. Student recognizes the 
result of translating two three -
dimensional figures together 
(3D.d)  
 
3D.ii. Student recogn izes the 
result of translating two three -
dimensional figures together 
and reasons by comparing 
orientation of corresponding 
parts (3D.a, 3D.b)  

-The item did not assess the 
elements that vary; it was a 
horizontal translation only.  

(a) Does not recognize 
whe n one part is in a 
different orientation 
between the stimulus 
and response (code: 
3D.b)  
 
(b) Corresponds parts 
incorrectly or regardless 
of orientation (Code: 
3D.a)  
 
(c) Identifies the 
response based on one 
solid being Òthe same Ó 
when the other is not 
(Cod e: 3D.c)  
 
(d) Attends to what a 
figure looks like or a real 
life comparison rather 
than focusing on the 
true result (code 3D.c)  
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transformation or 
mathematical 
comparison between the 
shap es [4 (1, 2, 1)]  

Compose a two -
dimensional 
composite shape or a 
three -dimensional 
composite figure  using 
transformations  (i.e., 
translations, r eflections, 
rotations, and 
combinations of 
these). [KF-2T] 
 
Elements that varied:     
Two-dimensional 
composite shape:  
-Outline of all shapes 
are shown [KF -KB] 
-Shapes may share 
one side but not all 
outlines are shown [KT -
1F] 
-Shapes may share 
more than on e side 
but not all outlines are 
shown [1B -2T] 
 
Translations  
-Horizontal, vertical, 
and diagonal 
translations ! [KF-KB] 
 
Rotations  
-Rotations of less than 
45¡ [KF-KB]; Rotations 
of more than 45¡ [KT -
2T] 
 
Reflections  
-Reflections across a 
vertical or horizontal 
axis [KT-1B]; Reflections 
across a diagonal axis 
[1T-2T] 
 
 
Three-dimensional 
composite figure:  
-All shapes can be 
seen [KF-1F] 
-There may be internal 

(2D.a.i) Correct with no 
scaffolding: composed 
puzzle with no prompt 
from the interviewer  
 
(2D.a.ii) Correct with 
scaffolding: composed 
puzzle with a verbal or 
gestural prompt from the 
interviewer  
 
(2D.b): Lack of 
composition: attempted 
to fit all puzzle p ieces in 
outline, but unable to 
complete due to 
composition/ 
decomposition error  
 
(2D.c): Outline function: 
arranged pieces using the 
outline to fit pieces or fill 
the outline  
 
*Did not include numbers 
because counts varied by 
item complexity  

2D.i. Given t he outline of a 
composite figure and shapes, 
student uses individual shapes 
trying to fill the outline (2D.c)  
 
2D.ii.a. Student fits pieces 
together with one another 
when filling the outline (2D.c)  
2D.ii.b. Student fits pieces with 
one another to fill the outline, 
but is unsuccessful due to 
composition error (2D.b)  
 
2D.iii. Student composes 
puzzle accurately when given 
a prompt to attend to an 
individual shape or portion of 
the outline (2D.a.ii.)  
 
2D.iv. Student composes 
puzzle accurately 
independently (2D. a.i)  

*Elements that varied not 
included (transformations)  
i. When given a puzzle outline 
with all shapes shown, 
student composes a two 
dimensional composite figure 
using transformations (2D.a.i 
& 2D.a.ii)  
 
ii. When given a puzzle 
outline with no internal shape 
outlines, student composes a 
two -dimensional composite 
figure using transformations 
(2D.a.i & 2D.a.ii)  
 
iii. When given a puzzle 
outline with no internal shape 
outlines, student composes a 
two -dimensional composite 
figure with shapes that 
require decomposition to 
correctly complete the 
puzzle (2D.a.i & 2D.a.ii)  

-There is a large 
developmental gap 
between puzzles 1 and 2 in 
comparison to the gap 
between puzzle 2 and 3; 
could there be an 
Intermediary between 
puzzle 1 and puzzle 2 or do 
the puzz les need revision? 
We found a floor effect.  
 
-We wrote a 
microprogression in an AERA 
proposal that creates levels 
of completeness within each 
puzzle level: 
https://smu.app.box.com/fol
der/118097522901  
 
-H7 aligns with the 
codebook and ideas that 
informed t he 
microprogression; I7 aligns 
with the puzzle types  

(a) Lacks automaticity 
of 
composition/decomposi
tion of individual shapes, 
such that a hexagon is 
composed of two 
trapezoids or a rhombus 
is composed of two 
triangles (code 2D.b)  
 
(b) Focuses only on the  
way in which shapes fit 
together, neglecting 
how they fit with the 
outline to fill the 
composite (code 2D.c)  
 
(c) Focuses only on the 
way in which shapes fit 
with the outline, not with 
one another, to fill the 
composite (code:2D.c)  

(3D.a.i): Correct w ith no 
scaffolding: composed 
puzzle with no prompt 
from the interviewer  
 
(3D.a.ii): Correct with 
scaffolding: composed 
puzzle with a verbal or 
gestural prompt from the 
interviewer  
 
(3D.b): Lack of base level 
construction/alignment: 
Level 1 composition in 
response figure did not 
match stimulus  
 
(3D.c): Lack of vertical 
congruence: Response 
figure built with more 
vertical levels than 
stimulus 

3D.i. Students constructs a 
figure taller or shorter than the 
stimulus figure (3D.c)  
 
3D.ii. Student constructs a 
figure with base level 
misaligned to the stimulus that 
may or may not be attached 
(3D.b, 3D.d)  
 
3D.iii. Student accurately 
constructs three -dimensional 
composite with scaffolding 
prompts (3D.a.ii) *this did not 
occur in sample  
 
3D.iv. Student accurately 
constructs three -dimensional 
composite with no prompting 
(3D.a.i.)  

*Elements that varied not 
included (transformations)  
i. Given a stimulus figure with 
all figures visible, student  
constructs a three -
dimensional composite figure 
(3D.a)  
 
ii. Given a stimulus figure with 
internal spaces or blocks that 
canÕt be seen, student 
constructs a three -
dimensional composite figure 
(3D.a)   

-Should we consider 
revisiting TOSA or request 
support from consultants to 
make better sense of levels?  
 
-Item writing: (3D.d): 
Detached: Response 
contained more than one 
figure - the figure could  be 
made in different ways  

(b) Aligns base as a 
mirror im age to stimulus 
base (code: 3D.b, 3D.d)  
 
3D.i. Students constructs 
a figure taller or shorter 
than the stimulus figure 
(code: 3D.c)  
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spaces or blocks that 
canÕt be seen but that 
are necessary to the 
structural integrity [1B -
2T] 

 
(3D.d): Detached: 
Response contained 
more than one figure  
 
*Did not include numbers 
because counts varied by 
item com plexity  

Compose a two -
dimensional 
composite shape  or a 
three -dimensional 
composite figure  in 
more than one way 
(e.g., a hexagon ca n 
be composed of two 
trapezoids or six 
triangles).  
 
Elements that varied:     
Two-dimensional 
composite figure  
-Outline of all shapes 
are shown [KF -KB] 
-Shapes may share 
one side but not all 
outlines are shown [KT -
1F] 
-Shapes may share 
more than one side 
but not all outlines are 
shown [1B -2T] 
 
Three-dimensional 
composite figure  
-All shapes can be 
seen [KF-1F] 
-There may be internal 
spaces or blocks that 
canÕt be seen but that 
are necessary to the 
structural integrity [1B -
2T] 

(2D.a) Single shape 
repeater within: used 
single shape type to 
compose hexagon [6 (0, 
1, 5)]  
 
(2D.b) Single image 
repeater between: used 
same shape combination 
to compose multiple 
hexagons  [4 (3, 1, 0)]  
 
(2D.c) All unique 
compositions: composed 
three unique hexagons [4 
(1, 3, 0)]  

2D.i. student composes 
composite shape using a 
single shape type and repeats 
the image between 
composites (2D.a)  
 
2D.ii. Student composes 
composite shape using 
multiple shape types and 
repeats the image between 
composites (2D.b)  
 
2D.iii. Student comb ines single 
shape composites and same 
image between composites 
(2D.a, 2D.b)  
 
2D.iv. Student composes all 
unique composite figures 
(2D.c)  

*Elements that varied not 
included (transformations)  
2D.i. Given a collection of 
shapes that can be 
composed into a giv en 
shape in multiple ways, 
student composes multiple 
identical composite shapes 
using a single shape type 
(2D.a)  
 
2D.ii. Given a collection of 
shapes that can be 
composed into a given 
shape in multiple ways, 
student composes multiple 
identical composite sh apes 
using different shape types 
(2D.b)  
 
2D.iii. Given a collection of 
shapes that can be 
composed into a given 
shape in multiple ways, 
student composes multiple 
composite shapes (2D.c)  

-Multiple students 
demonstrated a lack of 
positional language 
understa nding when 
requesting to build the 
shapes Òon Ó the purple 
hexagon; this may have 
compromised some student 
responses. 
 
-Could this not be assessed 
through the same item as 
A.3.b.; why is this after A.3.b?  

(a) Lines up shapes 
around the shape 
designated to c ompose 
(no code - error?)  

(3D.a) Base height: Lack 
of attention to the height 
of level 1 between 
stimulus and responses [2 
(1, 0, 1)]  
 
(3D.B) Base split: 
Composition of two 2x2s 
as one 4x2 not 
recognized in response [2 
(0, 2, 0)]  
 
(3D.c) All unique 
compositions: composed 
three unique figures [7 (2, 
1, 4)]  

3D.i. Student composes single 
iteration using two blocks of 
direct proportion to the 
stimulus (3D.a, 3D.b)  
 
3D.ii.a. Student composes 
iteration with direct width 
relation of the base to the 
stimulus, recognizing that 
height of the 4x2 matters 
(3D.a)  
3D.ii.b. Student composes 
iterations with direct height 
relation to the stimulus, 
recognizing that two 2x2 
Duplo blocks is the same as 
one 4x2 (3D.b)  
 

*Elements that varied not 
included (transformations)  
3D.i. Given a collection of 
figures that can be 
composed in to a composite 
figure in multiple ways, 
student composes multiple 
identical  composite figures 
using a single figure type  
 
3.D.ii. Given a collection of 
figures that can be 
composed into a composite 
figure in multiple ways, 
student composes multiple 
ident ical composite figures 
using different figure types  
 

-Codes based on picture 
evidence only and are 
potentiall y misconceptions  
 
-Would TOSA help to 
understand levels in 
construction?  

(a) Constructs 
composite figures that 
do not replicate a 
stimulus figure (no code 
- error?)  
 
(b) Requires blocks of 
correct aerial view 
dimensions (e.g., 4x2) to 
build composite figur es 
(Code 3D.a)  
 
(c) Requires blocks of 
correct height 
dimension to build 
composite figures (e.g., 
tall) (code: 3D.b)  
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3D.iii. Student composes three 
unique composit e figures, 
utilizing composition to equate 
for base height and width with 
the stimulus through use of 
base height and split 
compositions (3D.c)  

3D.iii. Given a collection of 
figures that can be 
composed into a composite 
figure in multiple ways,, 
student composes multiple 
composite figures  

Find embedded 
figures within larger 
figures  
 
Elements that varied:     
Embedded Figures  
-The larger figure is a 
whole shape (e.g., 
rectangle) without any 
other line segments 
crossing through the 
shape [KT-1F] 
-The larger figure is a 
figure made up of line 
segments (e.g., 
triangle) with the 
possibility of other line 
segments crossing 
through the figure. [1B -
2F] 
-The larger figure is a 
line segment group 
(e.g., lines formed as 
an ÒLÓ) with the 
possibility of other line 
segments crossing 
through the figure [2B -
2T] 

(a) Matching: visually 
compared and matched 
parts of the embedded 
shape to the stimulus 
(included size, shape, and 
inferred vi sual matching) 
[20 (5, 7, 8)]  
 
(b) Attention to attributes: 
described or used the 
sides and/or vertices of 
the stimulus to explain the 
embedded shape [6 (2, 2, 
2)]  
 
(c) Orientation of 
embedded shape: used 
language related to 
orientation on the page 
when re asoning about 
which lines to trace [10 (1, 
4, 7)]  

i. Student locates figure based 
on visual match of lines, 
sometimes stating the shape 
name or size (a)  
 
ii. Student locates figure 
through attention to shape 
attributes of stimulus found in 
response figure (b)  
 
 c) Student uses positional or 
orientation related language 
to describe their process for 
determining which lines make 
the embedded feature  

i. Given a shape with a single 
embedded shape and no 
connecting line segments  
student finds the shape  
 
ii. Given a shape with an 
embedded shape with 
connecting line segments, 
student finds the shape  
 
iii. Given an irregular shape 
with an embedded shape 
and connecting line 
segments, student finds the 
shape and identifies 
additional line segments  

-Classification accuracy 
could be compromised in 
this analysis due to item 
writing and presentation; no 
students responded 
incorrectly to the entry level 
question  
 
-If the element that varies is 
the embedded figure, we 
have no data on task 1 - no 
child was presented it.  
 
-these were without photo 
evidence, revised based on 
elements that vary and 
currently sound more task 
oriented without the 
reasoning embedded from 
the codes.  
 
ÐBased on Task 2, students 
traced as expected. On Task 
3, several t raced all lines  

(a) Only recognizes the 
embedded shape 
holistically when in 
familiar orientation 
(code b, c)  
 
(b) Attends to 
intersecting lines 
through the shape (level 
ii or iii only)  
 
(c) Only recognizes 
closed figures as 
embedded shapes (iii)  

Recognize the two -
dimensional cross 
section created by 
cutting a three -
dimensional shape into 
two parts.  
 
Elements that varied:    
Cross sections  
-Congruent cross -
sections [KT-1F] 
-Incongruent cross -
sections [1B -2T] 

(a) Congruent with base: 
referenced the  shape of 
a base as the cross 
section (correct when 
congruent) [10 (3, 4, 3)]  
 
(b) Cross section:  
(b.i) Independent: used a 
cutting action to describe 
reasoning for the 
response shape [3 (0, 1, 
2)]  
(b.ii) With scaffold: used a 
cutting action to describe 
reasoning for the 
response shape [3 (0, 1, 
2)]  
 

i. Student recognizes that a 
cross-section parallel to a 
base of a three -dimensional 
figure will be the same shape 
as that base (a)  
 
ii.a. Student lacks specificity in 
reasoning about incongruent 
cross-section recognition 
whe n provided a visual 
scaffold. (c)  
ii.b. Student uses a cutting 
action or verbalization to 
describe recognition of a cross 
section when provided a 
visual scaffold (b)  
 
iii.a. Student lacks specificity in 

i. Recognizes the two -
dimensional result of a cross 
section slice when congruent 
to a base (e.g., horizontal 
across cylinder to create 
circle) (a)  
 
ii. Recognizes the two -
dimensional result of a cross 
section slice when 
incongruent with a base 
(e.g., diagonal across cone 
to create oval) (b)  

is it an expectation that 
students can do this without 
a visual scaffold, or does 
that skill represent an 
addition al level  

(a) Names the resultant 
cross-section as the 
given three -dimensional 
figure (code: b)  
 
(b) Gestures or 
describes the cutting 
action but does not 
accurately identify the 
shape formed by the 
cut (code c)  
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(c) Lack of specificity:  
(c.i) Independent: unable 
to verbalize 
mathematical or logical 
reasoning [2 (2, 0, 0]  
(c.ii) With scaffold: unable 
to verbalize 
mathematical or logical 
reasoning [1 (0, 1, 0]  
 
*used wi th and without 
visual scaffold  

reasoning about incongruent 
cross-section recognition  (c)  
iii.b. Student uses a cutting 
action or verbalization to 
describe recognition of a cross 
section (b)  

Decompose a two -
dimensional 
composite shape  in  
such  a  way  that  the  
parts  can  be  used to 
create another given 
composite shape . 
 
Elements that varied:  
Two-dimensional 
composite shape  
-Outline of all shapes 
are shown [KF -KB] 
-Shapes may share 
one side but not all 
outlines are s hown [KT-
1F] 
-Shapes may share 
more than one side 
but not all outlines are 
shown [1B -2T] 
 
*Change 
subcomponent to 
Òdecompose into new 
composite shape Ó 

(a) Fill: used shapes 
individually within the 
outline to fill the puzzle  
 
(b) Fit: relied on fitting 
shap es together make 
the puzzle, treating each 
shape individually  
 
(c) Build a picture: put 
shapes together to create 
a situational context or 
picture [1 (0, 0, 1)]  
 
(d) Decompose shape: 
decomposed one or 
more shapes into smaller 
shapes to use the same 
shapes from one picture 
to create another puzzle 
[4 (1, 2, 1)]  

i. Given one composite figure, 
students place shapes inside 
the outline of a second 
composition (a)  
 
ii.a. Given one composite 
figure, students fit shapes 
together inside the outline of a 
second compo sition, but do 
not fill it (b)  
 
ii.b. Given one composite 
figure, students create a 
situation to justify the 
placement of shapes in the 
second composition (c)  
 
iii. Given a whole shape 
composed of two smaller 
shapes as part of a composite 
figure, students decompose 
the whole shape to fit given 
shapes into a new figure (d)  
 
i. Given a composite figure, 
student decomposes and uses 
shapes to compose a second 
figure with all outlines 
provided using transformations  

*Elements that varied not 
included  
ii. Given a composite figure, 
student decomposes and 
uses shapes to compose a 
second figure without internal 
outlines using transformations  

-Because this protocol item 
was marked as 1T -2T, we 
only designed the task to 
meet the upper level of the 
elements that varied, 
therefore we do not have 
evidence of lower levels - 
the i statements are 
hypothesized based on 
previous composition  
 
*this is a direct continuation 
of 3B; critical aspect was the 
decomposition (e.g., if the 
child did not decompose a 
hexagon into two trapez oids 
and use them to compose 
the new puzzle as separate 
shapes)  
 
-Students were not able to 
Òtrade Ó in decomposition - 
we gave the two trapezoids 
as a hexagon, thus allowing 
the decomposition inherent 
to the protocol item.  
 
-Our codes fit the 
misconception s, not 
necessarily the levels.  

(a) Attempts to fit 
shapes onto the puzzle 
when building it through 
trial and error (code a, 
b)  
 
(b) Switches shapes 
when asked to 
decompose that did 
not accurately reflect a 
decomposition of the 
given shape (code d)  
 
(c) Do es not break 
whole shapes into two 
smaller shapes/ does 
not decompose (code 
d)  
 
(d) Decomposes, but 
does not use 
decomposed shapes to 
create second 
composite shape (code 
a)  
 
(e) Relies on contextual 
situation when 
composing second 
figure over 
mathematical  
reasoning (code c)  

Compose a two -
dimensional 
composite shape  and 
iterate it to compose 
another composite 
shape.  
 
Elements that varied:  
Two-dimensional 

(a) Fit: relied on fitting 
shapes together to make 
the puzzle, treating each 
shape individually [11 (1, 
5, 5)]  
 
(b) Composite shape: 
described t he shape 
made by composition of 

i.a. Students fit individual 
shapes together to fill the 
puzzle, transforming individual 
shapes as necessary (a, c)  
 
i.b. Students fit individual 
shapes together to fill the initial 
puzzle and recognize those 
pieces as a composite shape 

i. When asked to compose a 
composite figure, student fits 
individual shapes together to 
fill the initial puzz le (b)  
 
ii. When asked to iterate a 
composite figure, student  
iterates the composite to fill 
the puzzle, transforming the 

-Because this protocol item 
was marked as 2B -2T, we 
only designed the task to 
meet the upper level of t he 
elements that varied,  

(a) Does not recognize 
that the initial 
composition should be 
iterated to create the 
second composite 
shape (code a)  
 
(b) Transformed 
individual puzzle pieces 
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composite shape  
-Outline of all shapes 
are shown [KF -KB] 
-Shapes may share 
one side but not all 
outlines are shown [KT -
1F] 
-Shapes may share 
more than one side 
but not all outlines are 
shown [1B -2T] 
 
 
 
 
 
 
 
  

puzzle pieces 
(parallelogram)  
 
(c) Other transformation: 
described use of 
transformations when 
completing the puzzle [6 
(0, 2, 4)]  
 
(d) Iteration: copied and 
described use of iteration 
to complete the puzzle [8 
(2, 1, 5)]  

(b)  
 
ii. Students cre ate a 
composite shape by fitting 
pieces together and then 
iterate the composite to fill the 
puzzle, transforming the 
composite as necessary (c, d)  

composite as necessary (c, 
d)  

to fill the puzzle rather 
than iterate composites 
(code a)  
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Learning Progression SR: Spatial Reasoning  
Between Objects  Ð Spatial Language  

S
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ORIGINAL ESS & ITEMS 
THAT VARY 

AXIAL CODES INITIAL SYNTHESIZED 
DESCRIPTIONS 

SYNTHESIZED DESCRIPTIONS Questions/Rationale for 
changes  

SUBCOMPONENT 
MISCONCEPTIONS (M) or 

STUDENT ERROR (E) 
Identify an objectÕs 
spatial position in 
relation to other 
objects. [KF -1F] 

(a) paper as reference: 
used the paper rather than 
objects on the paper to 
determine sticker 
placement and replicated 
[3 (1, 1, 1)]  
 
(b) image directionality 
reference: recognized 
"top" of paper based on 
the directionality of 
objects, but not 
placement in relation to 
the objects themselves [4 
(1, 1, 2)]  
 
(c) correct placement: 
aligned with image 
directionality and object 
reference in sticker 
placement position [9 (4, 3, 
2)]  
 
(d) spatial language: 
described sticker location 
using positional language 
related to other objects [9 
(3, 5, 1)]  
 
(e) no spatial language: 
used non -position specific 
language [11 (5, 3, 3)]  
 
(f) mapping: language 
related to travel or a route 
to the sticker [3 (2, 1, 0)]  

i. Student uses alternate 
reference, such as the paper 
as a whole or partial 
alignment via directionality of 
other objects, when 
identifying the placement of 
an object, and l acks 
specificity in positional 
descriptions (a, b, e)  
 
ii.a. Student uses other 
objects as reference when 
identifying the position of a 
given object, and describes 
using positional language (c, 
d)  
 
ii.b. Student uses other 
objects as reference when 
identif ying position of a given 
object, and may use a 
connection to mapping as 
directions from one object  to 
another (d, f)  

i.a. Student uses other objects 
as reference when identifying 
the position of a given object, 
and describes using positional 
language (c, d ) 
 
i.b. Student uses other objects 
as reference when identifying 
position of a given object, and 
may use a connection to 
mapping as directions from 
one object  to another (d, f)  

  (a) Uses placement 
without relation to other 
objects (e.g., in CI item if 
assessor put it at the 
bottom right corner of 
the page, child also put 
on right corner of the 
page, and didn't use 
objects as support) 
(code: a, b)  
 
(b) States directionality 
of obj ects as top and 
bottom, but not left to 
right (code: b)  
 
(c) Does use positional 
language and instead 
uses words like here or 
there (code: e)  

Place an object when 
given positional 
language .! [KF-1F] 
 
Elements that varied:  
Positional Language  
-Under, up, down, 
beside, between, in 
front of, behind, over, 
near, far, around, 
across, toward [KF -KB] 
-All of the previous 

(a) alternate spatial 
language: used positional 
words not included in 
protocol langua ge to 
reason about placement 
[3 (0, 1, 2)]  
 
(b) protocol spatial 
language: used positional 
words stated by the 
interviewer to describe 
placement [6 (1, 2, 3)]  

i. Student uses non -descript 
positional language an d may 
tell a story to describe the 
placement to describe 
placement (d, e)  
 
 
 
ii. Student describes 
placement of an object 
using either a limited or 
expanded set of specific 

i.a. When given positional 
language and multiple 
objects, student places an 
object, reasoning about 
placement through context or 
using non -positional language 
(e.g., here, there) (d, e)  
 
i.b. When given positional 
language and multiple 
objects, student places a n 
object, reasoning about 

-This skill code in particular 
pulls in reasoning as part of 
the progression rather than 
focusing solely on the 
subcomponent.  
 
-There were 9 students who 
did not use spatial 
language to describe 
object placement for one 
or more objects - given the 
subcomponent, this should 

(a) Places an object 
because there is "space" 
within the scene code: 
c, e)  
 
(b) Confuses right and 
left (code: b)  
 
(c) Demonstrates lack of 
receptive  language 
through placement 
(e.g., child does not 
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terms + left and right 
[KT-1B] 
 
ADD IN OTHER 
LANGUAGE: ON 

 
(c) other objects: reasoned 
about placement of other 
objects on the mat, with or 
without spatial  language [3 
(0, 2, 1)]  
 
(d) situational: told a story 
about the farm [2 (1, 1, 0)]  
 
(e) no positional language: 
spatial language and 
position of objects was 
unclear after reasoning 
response [9 (5, 2, 2)]  

positional language about 
the given object or other 
objects present (a, b, c)  

placement using provided 
positional language (b)  
 
ii. When given positional 
language and multiple 
objects, student places an 
object, reasoning about 
placement using alternate 
positional language that was 
not given (a)  

not be an M/E.  
 
-This functions much like 
A.1.c&d in that the 
reasoning question for B5b 
taps into B5c - it makes 
sense to double -barrel this 
content into reasoning into 
reasoning.  
 
-Make B5bi about placing 
an object, B5bii is about 
the descrip tion? How 
could we get to a child's 
reasoning of placement 
without  asking them a 
question related to B5c?  

place object in the 
given positional 
language spot) (code: 
b, e)  

Describe an objectÕs 
location in relation to 
other objects using 
positional language . 
[KF-1B] 
 
Elements that varied:  
Positional Language  
Under, up, down, 
beside, between, in 
front of, behind, over, 
near, far, around, 
across, toward [KF -KB] 
All of the previous 
terms + left and right 
[KT-1B] 

(a) directions with spatial 
language: described 
traveling using positional 
language [8 (4, 1, 3)]  
 
(b) static spatial language: 
described location of 
object as a static scene, 
no travel [2 (1, 1, 0)]  
 
(c) situational: told a story 
about the farm [3 (2, 0, 1)]  

i. Student tells a story lacking 
specific positional language 
that would rely on visual cues 
in add ition to verbal or 
written description of 
location (c)  
 
ii. Student provides a specific 
location in relation to one or 
more objects in the scene, 
either using static cues or 
describing how to travel to 
the given location (a, b)  

i.a. When asked to describe 
the location of an object in 
relation to others, the student 
states the location using 
positional language with 
contextual reference (e.g., 
directions to the chicken, 
G2_319: "he'd... go around... or 
inside the barn then come out 
and he would see the 
chick en") (a)  
 
i.b. When asked to describe 
the location of an object in 
relation to others, the student 
states the static location using 
positional language (e.g., 
specifically where the object is 
located, G1_270: He's at the 
right of the barn") (b)  

-Does the interconnection 
with mapping (e.g., travel 
with positional language) 
matter for this 
subcomponent? Or does it 
just point to interrelation 
that needs to be further 
explored?  
 
-The protocol item pushed 
toward directions rather 
than a static locatio n of 
the chicken - this 
introduced skills not 
necessitated by the 
subcomponent  

(a) Tells a story without 
using spatial language 
(e.g., when you walk 
over here, the chicken 
will stay there) (code: c)  
 
(b) Uses positional 
language incorrectly 
and describes an 
alternate location 
(code: a, b)  
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Between Objects  Ð Understanding Maps & Models  

U
nd

er
st

an
di

ng
 M

od
el

s 
an

d 
M

ap
s

 

ORIGINAL ESS & ITEMS 
THAT VARY 

AXIAL CODES INITIAL SYNTHESIZED 
DESCRIPTIONS 

SYNTHESIZED DESCRIPTIONS Questions/Rationale for 
changes  

SUBCOMPONENT 
MISCONCEPTIONS (M) or 

STUDENT ERROR (E) 
Recognize a three -
dimensional 
representation (e.g., 
model) of a three -
dimensional space. 
[KF-KB] 

(a) scale: focuses on 
model scale or difference 
in size [10 (5, 3, 2)]  
 
(b) correspondence: uses 
one to one 
correspondence to 
compare models [6 (2, 2, 
2)]  

i. Student recognizes models 
as representative of a space, 
or not, based on the size of 
the model or objects it 
contains as same or different 
(a)  
 
 
 
ii. Student demonst rates one 
to one correspondence of 
objects and the space to 
correspond models as same 
or different (b)  

Hold for consultant support - 
did we assess this 
subcomponent?  

-These codes are based on 
two dioramas that are not 
larger than oneself.  
 
-There is a protocol issue 
found as a third code in 
the codebook (e.g., the 
rat in the smaller diorama 
was made of paper, the 
Lego man had missing 
legs)  
 
-Literature: 
https://smu.app.box.com/f
ile/256009713364  

(a) Assigns size as a 
characteristic of the 
model that make s one 
different from another 
and does not connect 
the smaller model as 
representative  
 
(b) Focuses on physical 
differences between the 
space and its model  
 
(c) Lacks receptive 
language knowledge 
necessary for 
understanding 
"represents"  

Scale distances an d 
figures based on the 
size of the 
representation (e.g., 
place an object on a 
line based on the 
relative placement of 
an object on a smaller 
line).  [KF-1B] 

(a) compares to smaller 
stimulus: references the 
small scale stimulus to 
describe the placement of 
an object as the same on 
the larger scale response 
[11 (4, 5, 2)]  
 
(b) positional language:  
(b.1.) middle: uses 
positional language to 
describe the midpoint 
between two objects [9 (2, 
3, 4)]  
(b.2.) other: uses positional 
language to describe a 
location oth er than the 
midpoint between two 
objects [2 (1, 1, 0)]  
 
(c) distance: uses 
language related to 
distance or spacing 
between objects (e.g., 
closer, further) [16 (6, 4, 6)]   

i.a. student references 
smaller stimulus when placing 
an object on a larger scale 
response prompt without 
using positional or spatial 
language to describe the 
location (a) (this became a 
misconception)  
 
i.b. Student attends to space 
available for placement of 
an object on the response 
prompt, and may reference 
the smaller stimulus when 
cho osing or describing 
placement location (a, d) 
(this is the same 
misconception)  
 
ii.a. student recognizes the 
midpoint between two items 
and replicates the 
placement, calling the 
placement "middle" (a, b.1.)  
 
ii.b. Student recognizes 
differential distances when 
an object is located in an 
alternate position from the 
midpoint between two items 
and uses positional language 

i. Student scales distances and 
figures by re cognizing the 
midpoint between two items 
and replicates the placement 
(a, b.i, c, d)  
 
ii. Student scales distances 
and figures by recognizing 
differential distances when an 
object is closer or further from 
given objects and replicates 
the placement (a, b.2 , c)  

-Are there other ways to 
assess this: The original 
statement without the 
(e.g.), did not provide end 
points; could this be done 
with just one static point 
(e.g., a boy and a ball) 
with one response choice 
scaled accurately; would 
this also assess the same 
skill, or somehow assess the 
subcomponent differently?  
 
-This is about a skill; do we 
need to put in language 
about positional language, 
distance, and space? We 
have evidence that 
children's use of each, but 
are unsure if our focus is on 
the skill or reasoning in this 
summary.  

(a) Uses space without 
relative distance through 
scaling (code: c)  
 
(b) Positional language 
and distance language 
misaligned (e.g., if the 
object is closer or further 
from another object, it is 
also not in the middle) 
(code: b)  
 
(c) Not comparing two 
distances or figures 
when describing scaling 
(error only)  
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other than "middle" or calls 
the location further from or 
closer to another object (a, 
b.2, c)  

Recognize a two -
dimensional 
representation (e.g., 
model or map) of a 
three -dimensional 
space. [KF -1B] 

(a) compares response to 
stimulus: direct comparison 
of response map to the 
scene, either static or 
describing changes [10 (3, 
3, 4)]  
 
(b) distance: uses 
language related to 
distance or spacing 
between objects (e.g., 
closer, further) [7 (3, 2, 2)]  
 
(c) physical change 
description: describes 
changes needed to  
create an alternate map 
[8 (2, 3, 3)]  
 
(d) same: recognizes a 
map as representing the 
space but unable to state 
why [3 (1, 2, 0)]  

i. student selects a map 
without stating reasoning why 
it represents the space (d)  
 
ii.a. student compares the 
stimulus to th e response when 
selecting the representative 
map, and describes what 
would need to move to 
create an alternate map (a, 
c)  
ii.b. student uses language 
about the distance or 
spacing between objects in 
the space when selecting 
the map (b)  

i. Student identifie s a two -
dimensional representation of 
a three -dimensional space 
without stating reasoning why 
it is representative (d)  
 
ii. Student describes a two -
dimensional representation of 
a three -dimensional space 
using distance or comparison 
(a, b)  
 
iii. Student id entifies and 
describes what would need to 
move in the three -dimensional 
space to create a given two -
dimensional representation of 
a three -dimensional space  (c)  

-The reasoning question 
required expressive 
language, which led to 
codes a &b, but that is not 
the subcomponent; code 
c was elicited through a 
second reasoning question 
and not necessary for the 
skill  
 
-iii goes beyond the 
original subcomponent - is 
this developmentally 
appropriate? (e.g., do we 
need to analyze qual 
codebook data with 
correctness d ata to 
confirm that students who 
described did so correctly - 
if it was not correct, it was 
likely developmentally 
inappropriate)  

(a) Selects a map 
without stating reasoning 
why it represents the 
space (code: d)  

Creates a map to 
represent a three -
dimensional space, 
larger than oneself, 
such as a classroom. 
[KB-2F] 

(a) Map drawing skills:  
(a.1.) pre -mapping: 
includes items as floating 
without clear locations in 
the map [4 (4, 0, 0)]  
(a.2.) side view: draws 
items in model using a side 
rather th an aerial view 
without  correspondence 
to locations on the map [3 
(1, 2, 0)]  
(a.3.) Partial aerial: 
demonstrates an aerial 
view for freestanding 
objects, but draws items 
from the wall as extending 
into the room [9 (1, 3, 5)]  
 
(b) Reasoning:  
(b.1) positiona l language: 
uses positional language 
(e.g., on, by, at) to 
describe placement of 
items on the map [2 (2, 0, 
0)]  
(b.2) Object orientation: 

i. Using pre -mapping skills, 
student reasons about object 
placement with positional 
language or space around 
individual items (a.1; b.1., 
b.3.)  
 
ii. Using a side view of the 
model for mapping, the 
student reasons space in the 
map or in the model to 
explain object placement 
(a.2.; b.3.)  
 
iii. Using partial aerial 
mapping skills, the student 
reasons about object 
placement using a 
combination of map to 
model correspondence with 
spacing between objects 
and positional language and 
object orientation of 
individual objects (a.3.; b.1, 
b.2, b.3, b.4)  

i. Student demonstrat es pre -
mapping skills when creating a 
map to represent a 3D space, 
such as a classroom (e.g., 
items floating without a clear 
location) (a.1)  
 
ii. Student demonstrates the 
use of a side view when 
creating a map to represent a 
3D space, such as a classroom 
(a.2)  
 
iii. Student demonstrates 
partial aerial map drawing 
skills when creating a map to 
represent a 3D space, such as 
a classroom (e.g., some, not 
all, objects drawn in static 
location) (a.3.)  

-Aerial map drawing skill 
not included because we 
had no stude nts 
demonstrate the skill  
 
-Items were on the floor 
and walls in the diorama. 
This may have impacted 
students' ability to draw the 
map using an aerial view; 
what is developmentally 
appropriate for students to 
map?  
 
-H7 embeds the reasoning, 
where -as I7 do es not; what 
is our goal?  
 
-Original skill statement is 
about larger than oneself, 
this is not something we 
could do in our assessment 
setting and we used 
diorama. Our new 
descriptions match the 
diorama.  

*(a) Representation of a 
2D object from a vertical 
surface (e.g., door, 
board on wall) as 
extending from the wall 
onto middle of map *this 
may be an item 
problem, not a 
misconception* (code: 
a)  
 
*(b) objects not 
"grounded" in a location 
for pre -mapping skills 
observed (code a.1, b.iii)  
 
*(c) side view of ob jects 
as seen from on level in 
environment (code: a.2)  
 
*If we leave the i, ii, iii 
statements in column I, 
these are NOT M/E  
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reasons about the 
direction objects are 
facing either on the map 
or in the model [3 (1, 1, 1)]  
(b.3) Space: attended t o 
space available or not 
within the model or map [8 
(5, 1, 2)]  
(b.4) Map to model: 
corresponded map to the 
model via verbal, action, 
or gestural reasoning 
(included making "the 
same") [9 (4, 1, 4)]  

Use a map to find 
locations of objects, 
including oneÕs own 
location.   [KT -2T] 

(a) Space: attended to 
space available or not 
within the model or map [1 
(0, 0, 1)]  
 
(b) Map to model: 
corresponded map to the 
model via verbal, action, 
or gestural reasoning 
(included making "the 
same") [11 (6, 2, 3)]  

i.a. Student demonstrates use 
of spatial reasoning about 
the distance between 
objects when placing "self" 
on map. (a)  
 
 
 
i.b. Student states or gestures 
direct relation between 
objects on map with those in 
corresponding model when 
placing "self" on map. (b)  

Hold for consultant support - 
did we assess this 
subcomponent?  

-The item we g ave 
students required that they 
locate an object in a 3D 
space and mark it on a 
self-created map; the task 
did not address or assess 
the subcomponent  

(a) Relates individual 
characteristics of Lego 
person as different from 
self (code: b)  
 
(b) Places self o n top of 
table rather than beside 
it (spatial language 
understanding or 
representation error)  

Identify the grid 
reference system 
coordinates of an 
object on a grid. [1B -
2T] 

(a) no coordinates: uses 
positional language in 
comparison to the visual 
field or outline rather than 
using grid locations [2 (1, 1, 
0)]  
 
(b) counts: counts squares 
or axes labels to explain an 
object's location [4 (1, 1, 
2)]  
 
(c) coordinates: attends to 
the coordinate system 
labels on the axes when 
verbally or gesturally 
reaso ning [7 (3, 2, 2)]  
 
(d) traces: uses fingers to 
trace from the object to 
the axes, without 
prompting [5 (3, 1, 1)]  
(d.1) traces when 
prompted [3 (1, 2, 0)]  

i. student describes the 
location of an object without 
attending to the grid 
coordinates, using posi tional 
language in relation to the 
field (a)  
 
ii. Student counts squares or 
labels from the or origin (b)  
 
iii. student attends to and 
uses the coordinate grid 
system and its labels when 
naming the location, tracing 
fingers to the location, 
and/or counting  to describe 
the space (b, c, d(d.1.))  

Hold for consultant support  -The reasoning pulled in 
strategies for HOW they 
knew all codes; the 
subcomponent was 
originally identify and we 
questioned them to 
explain and make the 
reasoning visible through 
expressive language, but 
that is not the 
subcomponent;  
 
-H9 is pulling the reasoning, 
whereas the 
subcomponent did not ask 
for reasoning in F9 - which 
is the better/more 
appropriate way to order 
this? 

(a) Counts grid squares 
from alternate edges 
rather than the ma rked 
origin (misconception 
around how a 
coordinate system 
works) (code: b, c)  
 
(b) Attends to a single 
axis only (e.g., either x or 
y axis) (code: c)  

Describe and follow 
routes on maps. [1T -2T] 

(a)Route drawing:  
(a.1) Straight path [1 (1, 0, 

i. student describes a route of 
their cho osing, with or 

i. When given a map showing 
a route, student replicates and 

-Replicating the route is 
one skill, describing the 

(a) Does not attend 
to/understand the grid 
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0)]  
(a.2) Stairstep [3 (2, 0, 1)]  
(a.3) Pre -route replicator [5 
(1, 2, 2)]  
(a.4) Route replicator [7 (2, 
3, 2)]  
 
(b) Reasoning:  
 (b.1) context: puts 
traversing a route into a 
story to explain using real 
life comparison [3 (2, 0, 1)]  
(b.2) traces: traces along 
route with finger as 
additional action -based 
reasoning [13 (4, 5, 4)]  
(b.3) positional language 
directions: describes 
navigating the route using 
spatial language [6 (3, 1, 
2)]  
(b.4) compares response 
to stimulus: direct 
co mparison of response 
map to the scene, either 
static or describing 
changes [6 (1, 3, 2)]  
(b.5) compass: uses 
cardinal directions to 
explain the route, with or 
without reference to the 
printed compass [2 (0, 1, 
1)]   

without attention to the grid 
system, within the context of 
a story (a.1, a.2, a.3, b.1)  
 
ii. When provided a map 
showing a route, student 
replicates and describes the 
route, and uses verbal and/or 
action oriented reasoning 
when explaining t he path 
(a.2, a.3, b.2, b.3)  
 
iii.Student replicates a 
stimulus route on a response 
map and uses verbal and/or 
action reasoning when 
explaining the path (a.4, b.2, 
b.3, b.4)  
iii.b. student uses all above 
reasoning and includes 
cardinal directions (b.5)  

describes a route within the 
context of a story (a.1, a.2, 
a.3, b.1)  
 
ii.a. When given a map 
showing a route, student 
replicates and describes the 
route using positional 
language (a.2, a.3, a.4, b.3)  
ii.b. When given a map 
showing a route, student 
replicates and describes the 
route referencing back to the 
given map and tracing the 
route (a.2, a.3, a.4, b.2, b.4)  
 
iii.. When given a map 
showing a route, student 
replicates and describes the 
route using cardinal directions 
(a. 4, b.5)  

route is another, and 
reasoning is a third; this 
became a triple -barreled 
reasoning response that 
assessed the 
subcomponent but added 
additional  
 
- Tracing might be a 
descr iption of students' 
reasoning through non -
verbal expression; does this 
align with gesture or 
action?  

system upon which the 
route is drawn (code: 
a.1)  
 
(b) Does not replicate 
the route given (code: 
a.2., a. 3)  

Identify the location of 
an object on a grid 
when given map 
coordinates.   [2B -2T] 

(a) traces: uses fingers to 
trace from the object to 
the axes, without 
prompting [6 (2, 2, 2)]  
 
(b) counts: coun ts squares 
or axes labels to explain an 
object's location [3 (0, 1, 
2)]  
 
(c) coordinates:  
(c.1) single axis only [5 (3, 
2, 0)]  
(c.2) use of full coordinate 
system: attends to the 
coordinate system labels 
on the axes when verbally 
or gesturally reasoning [1 0 
(2, 3, 5)]  
  

i. student counts squares on 
the grid separately from 
reading the cartesian 
coordinates (b)  
 
ii.a. student traces from axes 
to the location without 
specifically and/or correctly 
identifying the location using 
the coordinate system (a)  
 
iii. student uses the 
coordinate system, naming a 
letter and number from the x 
and y axes, and may pair this 
label with tracing and/or 
counting (a, b, c.2)  

i. When given map 
coordinates in a grid 
coordinate system, student 
identifies the map coordinate 
location . (a, c.2)  

-Codes a and c2 are two 
different strategies we did 
not feel the necessity to 
parse apart; all others are 
just errors.. 

(a) Uses coordinate 
system incorrectly, 
including not starting 
from the origin or 
creating diagonals as 
references (code: c)  
 
(b) Only references a 
single axis when 
identifying locations and 
reasoning about said 
location (code: c.1)  
 
(c) Identifies a location 
by counting squares (b)  
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Between Objects  Ð Perspective Taking  
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ORIGINAL ESS & 
ITEMS THAT VARY 

AXIAL CODES INITIAL SYNTHESIZED 
DESCRIPTIONS 

SYNTHESIZED DESCRIPTIONS Questions/Rationale for 
changes  

SUBCOMPONENT 
MISCONCEPTIONS (M) or 

STUDENT ERROR (E) 
Recognize the view 
from one's own 
perspective. [KF -KB] 

(a) context: described 
relations of objects based on 
the way they were "facing" or 
what they were "looking at" 
[6 (3, 2, 1)]  
 
(b) positional language: 
described where objects 
were in relation to one 
another [6 (0, 3, 3)]  
 
(c) static: focused on only 
the scene or the image in 
reasoning [11 (5 , 3, 3)]  
 
(d) correspondence: 
compared the image to the 
scene when describing 
positions [5 (2, 2, 1)]  
 
(e) Distance/space: focus of 
distance between objects or 
space around objects [2 (0, 
1, 1)]  

i.a. students used contextual 
clues of the scene and/or 
paire d images to recognize 
and compare their current 
view (a)  
i.b. students used positional 
language related to an 
image or the scene apart 
from the other (b, c)  
i.c. students described the 
distance between objects in 
the scene and/or images (e)  
 
ii. student co rresponds the 
scene and selected image, 
potentially using context 
and/or distance/ space (a, 
d. e)  

i.a. When asked to recognize 
the view from their own 
perspective, student uses 
contextual clues of the scene 
and/or paired images to 
recognize and compare their 
current view (a)  
 
i.b. When asked to recognize 
the view from their own 
perspective, student uses 
positional language related to 
an image or the scene apart 
from the other (b, c)  
 
i.c. When asked to recognize 
the view from their own 
perspectiv e, student describes 
the distance between objects 
in the scene and/or images 
(e)  

-May need to consider 
comparing codes across 
items when checking for 
interconnections as these 
are not unique  
 
-Is correspondence an 
inferred skill through the 
selection?  

(a) Lacks positional 
language or any other 
specificity about why an 
image is correct in 
description (code: b)  
 
(b) Does not locate own 
perspective in an image 
(code: c, d, e)  
 
(c) Provides no evidence 
of correspondence 
between scene and 
image in reasoning 
response (code: d)  

Understand that 
changes in 
perspective 
changes the view. 
[KF-KB] 

(a) external perspective: 
recognizes the perspective 
as from the alternate 
location, without 
embodiment [5 (0, 3, 2)]  
 
(b) adapted internal 
perspective: uses positions of 
ob jects in the scene to 
describe the difference 
between current 
perspective, as though 
taking that alternate 
perspective [3 (1, 1, 1)]  

i. When asked to take an 
alternate perspective from 
their own, student reasons 
about the similarities and 
differences witho ut taking on 
the position of the alternate 
location (e.g., student 
identifies that the photo was 
being taken from an 
alternate location, but 
doesn't talk about the 
features of the scene) (a)  
 
ii. When asked to take an 
alternate perspective from 
their own, student mentally 
assumes  that alternate 
perspective and reasons 
about how objects might 
look differently or their 
location in the image might 
change, based on the 
alternate perspective (b)  

i. When asked to take an 
alternate perspective from 
their own, stu dent reasons 
about the similarities and 
differences without taking on 
the position of the alternate 
location (e.g., student 
identifies that the photo was 
being taken from an alternate 
location, but doesn't talk 
about the features of the 
scene) (a)  
 
ii. When asked to take an 
alternate perspective from 
their own, student mentally 
assumes  that alternate 
perspective and reasons 
about how objects might look 
differently or their location in 
the image might change, 
based on the alternate 
perspective (b)  

-The reasoning for this 
question demonstrates 
another double -barrel 
reasoning=content for 7b 
to 7d; the reasoning 
question for b was the 
content for d.  

(a) states that the 
perspective is the same 
due to inability to 
dissociate from current 
perspective (error on ly) 

Describe relative 
spatial positions of 

(a) alignment comparisons: 
references the differences 

i. student draws lines in the air 
to demonstrate relative 

i. When reasoning about 
relative spatial positions of 

-Protocol issue: there was 
a "grid" on the carpet in 

(a) Compares distance of 
objects to self instead of 
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objects from 
different 
perspectives (e.g., 
"the chair would be 
closest to me if I 
stood over there"). 
[KB-1B] 

between the alignment of 
objects as distance me asures 
(e.g.,  "If I make a line right 
here [traces finger pointing 
from the ball towards the 
box], like imagination line, it 
won't connect") [5 (1, 2, 2)]  
 
(b) imaginary lines: draws 
lines from objects to the 
alternate perspective in the 
air [8 (4, 2, 2)]  
 
(c) distance:  
(c.1)uses spatial distance 
language (e.g., closer, 
further) when reasoning [7 (3, 
3, 1)]  
(c.2) counts imaginary or real 
references to compare 
distance [2 (0, 0, 2)]  

distances from t he alternate 
perspective (b)  
i.a. student performs actions 
above and uses spatial 
distance language to 
describe the relative position 
(c.1)  
i.b. student performs actions 
and/or language above and 
counts references on floor 
(c.2)  
 
ii. student compares the 
a lignment of objects to the 
alternate perspective, and 
may use imaginary lines and 
spatial language (a) (b & c)  

objects from different 
perspectives, student draws 
lines in the air to demonstrate 
distance s from the alternate 
perspective (b)  
 
ii.a. When reasoning about 
relative spatial positions of 
objects from different 
perspectives, student draws 
lines in the air to demonstrate 
distances from the alternate 
perspective and uses spatial  
language to describ e the 
relative position (c.1)  
 
iii. When reasoning about 
relative spatial positions of 
objects from different 
perspectives, student infers 
alignment and may use or 
draw imaginary lines and 
spatial language to describe 
how objects are related to 
one another  spatially (a, b & 
c)  

one site; children used 
squares to count 
distances with rather than 
estimating distance 
differences; do we need 
to design and account 
for this random issue from 
which we found 
inte resting data? The grid 
system connects to B.6.f 
and B.7.e. (e.g., student 
performs actions and/or 
language above and 
counts references on 
floor)  
 
-Is it a misconception or 
protocol problem that 
children did not take on 
the perspective of the 
stuffed anima l?  

other perspective (error 
only)  
 
(b) Attempts to create 
measurement system to 
quantify the relative 
distance (code: C2)  

Recognize views 
from different 
perspectives (e.g., 
identifies what 
photo could be 
taken from a 
specific viewpoint of 
a concrete or 
pictorial 
representation of a 
three -dimensional 
space or object). 
[KT-2T] 

(a) context: described 
relations of objects based on 
the way they were "facing" or 
what they were "looking at "  
 
(b) positio nal language: 
described where objects 
were in relation to one 
another  
 
(c) static: focused on only 
the scene or the image in 
reasoning  
 
(d) correspondence: 
compared the image to the 
scene when describing 
positions  

i.a. students used contextual 
clues of the  scene and/or 
paired images to recognize 
and compare their current 
view (a)  
i.b. students used positional 
language related to an 
image or the scene apart 
from the other (b, c)  
i.c. students described the 
distance between objects in 
the scene and/or images (c)  
 
ii. student corresponds the 
scene and selected image, 
potentially using context 
and/or positional language 
(a, c)  

i.a. When asked to recognize 
the view from a perspective 
other than their own, student 
uses contextual clues of the 
scene and/or paired i mages 
to recognize and compare 
the proposed view (a)  
 
i.b. When asked to recognize 
the view from a perspective 
other than their own, student 
uses positional language 
related to an image or the 
scene apart from the other (b, 
c)  
 
i.c. When asked to recognize  
the view from a perspective 
other than their own, student 
describes the distance 
between objects in the scene 
and/or images (e)  

-Codes for 7d replicated 
the findings from 7a, even 
though they were from 
different perspectives. 
B.7.a code e was not 
replicat ed as no students 
explicitly talked about 
distance or space.  
 
-7d had an (e.g.), but 7a 
did not - for consistency, 
either both or neither do.  

(a) Recognizes view as 
different, but unable to 
identify differences 
(code: b, c)  
 
(b) Uses images only 
without re ference to 
scene when selecting 
alternate view (code: d)  

Construct a three -
dimensional object 
or space given at 
least two images of 

(a) Image/view  
(a.1) no image/no view: 
created scene without 
information from views  
(a.2) one view: noted use of 

i. student composes scene 
with given objects without 
referenci ng images, but may 
use positional or spatial 
language to describe 

i. When given three images 
from the top, side, and front of 
a three -dimensional space, 
student accurately constructs 
a scene by indicating use of 

-The Lego mat had 
dots/knobs that students 
counted when 
determining space, which 
ties to a grid reference 

(a) Believed each view 
was a different space 
rather than multiple 
perspectives (expressed 
desire to build three 
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top, front, or side 
views. [1T-2T] 

only one image to inform 
construction  
(a.3) two views: noted use of 
two images to inform 
construction  
(a.4) three views: used all 
three images to inform 
construction of the space  
 
(b) Positional language: 
described where objects 
were in relation to one 
another  
 
(c) correspondence: 
compared the image(s) to 
the scene when describing   
 
(d) distance/space: used 
spatial language to 
compare distances between 
objects  

placements (a.1, b, d)  
 
ii. Student uses a single view 
to inform and reason about 
composition, and may use 
positional, correspondence, 
or spatial language to 
describe placements (a.2, b, 
c, d)  
 
III.a. Student uses two or three 
views to inform and reason 
about composition, and may 
use positional, 
correspondence, or spatial 
language to describe 
placements (a.3, a.4, b, c, d)  
iii.b. Student uses third view 
when introduced to review 
and revise co mposition (a.4)  

all three views (a.4, c)  
 
ii. When given two images 
from the top, side, and/or front 
of a thre e-dimensional space, 
student accurately constructs 
a scene (code: a.3, c)  

system - 6f and 
accidental 7c  
 
-What would happen if 
we put all of the 
const ruction items in a 
different place versus the 
recognizing items?  
 
-There were 2 tasks with 
different levels of 
difficulty, 2 versus 3 views 
as necessary; how does 
this impact our levels?  
 
-Codes b and d related 
to expressive language, 
not the subcomponent.  
 
Most of W3 was 
composing rather than 
recognizing  
-How does B7e 
correspond with W3, 
comp/decomp?  

scenes) (code: a)  
 
(b) Used a single or no 
images in the 
construction, indicating a 
misconception about 
viewpoints showing the 
same object (code: a)  

 


