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In this paper we aim to bring together 
research in affective computing and 
educational design. We review the literature 
and describe the design of a methodological 
and technical framework for studying 
pedagogical designs that are informed by the 
affective state of learners. The proposed 
framework integrates techniques for affect 
recognition using physiology and text, and 
describes an approach to studying the 
affective dynamics of collaborative activities. 
We aim for this exploratory work to improve 
our understanding of how to best design 
group learning activities, and then to 
communicate these outcomes in the form of 
educational design patterns. 
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<%! ,((0+,+%*9! A-%! .+&0(2! )0(.'.+%()7! 0=! )1,..'='%&!

,))/&,)7!Ii!`abJ!,)&0..!+-%!('(%!$&'5,&7!*,+,!.%+.!IT!

=0&!%,)-!0=!T!./<S%)+.!./<S%)+J!.-0;(!'(!0/&!='&.+!.+/*7!

'.! ,1&%,*7! ,! 200*! '(*'),+'0(! 0=! +-%! $0+%(+',1! =0&!50&%!

)05$1%#!%#$%&'5%(+,1!.%++'(2.9!

! ?+-%&! &%)02('+'0(! .7.+%5.! )05<'(%! 0+-%&!

+7$%.!0=!.'2(,1.!=0&!+-%'&!&%)02('+'0(!'()1/*'(2_!!

•! H,(2/,2%8!/.'(2!=%,+/&%.!=&05!+-%!.$%%)-!0&!/.'(2!

+%#+!+0!.$%%)-!,(*!+-%(!+%#+!)1,..'='),+'0(9&

•! h%-,6'0/&8!/.'(2! =%,+/&%.!./)-!,.!.'++'(2!$0.'+'0(8!

<&%,+-'(2!$,++%&(.!0&!=,)',1!%#$&%..'0(.9&

Patterns in collaboration 
"*/),+'0(,1!*%.'2(!$,++%&(.!*%.)&'<%! &%/.,<1%!

.01/+'0(.! +0! +-%! *%.'2(! 0=! 1%,&('(2! +,.3.! ,(*!

%(6'&0(5%(+.9!"..%(+',1178! ,! *%.'2(!$,++%&(!$&06'*%.! ,!

2%(%&')8! &%/.,<1%! .01/+'0(! +0! ,! &%)/&&'(2! *%.'2(!

$&0<1%5! 0&! .'+/,+'0(9! A-%! 3%7! '.! +0! *%.)&'<%! +-%!

.01/+'0(! '(!,!;,7! +-,+!5,3%.! +-%!.01/+'0(!&%/.,<1%! =0&!

.'5'1,&!$&0<1%5.9!M,++%&(.!*%.)&'<%!=0&)%.9!

:0&!%#,5$1%8! +-%&%! '.! +-%!$,++%&(!=0&! \Group 
nomination4! I$,++%&(! *,*%)J9!A-%!<+$=%)1! ,**&%..%*!

<7! +-'.! $,++%&(! '.! -0;! +0! 2%+! .+/*%(+.! +0! 2%(%&,+%! ,!

(/5<%&!0=!0&'2'(,1! '*%,.!0(!,! +0$')! '(!,!.-0&+!,50/(+!

0=!+'5%9!A-%!"$.*)>*!'.!,(!,)+'6'+7!=0&!*%)'.'0(@5,3'(2!

,&0/(*! ,! )%&+,'(! +0$')! 0&! $&0<1%5! ;'+-0/+! ,! .$%)'=')!

.01/+'0(9! A-%! &%.01/+'0(! '5$1'%.8! (0+! 0(17! )&%,+'(2!

'*%,.!0&!.01/+'0(.8!</+!,1.0!)-00.'(2!+-%!<%.+!'*%,9!A-%!

'*%,.! .-0/1*! <%! *'.+'()+! </+! .+/*%(+.! ,&%! (0+! %#$%)+%*!

+0! %1,<0&,+%! +-%5! /(+'1! ,! 1,+%&! .+,2%9! ",)-! $,++%&(!

'()1/*%.!,!1'.+!0=!'$+")7!0&!)0(.+&,'(+.9!A7$'),1178!+-%.%!

'()1/*%! %1%5%(+.! ./)-! ,.! (/5<%&! 0=! $,&+')'$,(+.8!

*/&,+'0(8!;0&310,*8! %+)9!D%&%! '.!;-%&%! *'.)06%&'%.! 0(!

,==%)+!)0/1*!<%!'()1/*%*!+0!%(-,()%!+-%!%=='),)7!0=!+-%!

$,++%&(9!B!(%;!+7$%!0=!=0&)%!)0/1*!<%!,**%*!+-,+!;0/1*!

'()1/*%! +-%! 2%(%&,1!50+'6,+'0(! 0&!500*! 0=! +-%! 2&0/$9!

(>-1<%)7! 0=! +-%! ,)+'6'+7! =0&! +-'.! $,++%&(! '()1/*%!

.7()-&0(0/.! )0@10),+%*! I=,)%@+0@=,)%J! 0&! 0(1'(%!

.%..'0(.9! L(! +-%! 7$%;*,$.8! +-%! $,++%&(! *%.)&'<%.! +-%!

,)+/,1!,)+'6'+78!'()1/*'(2!=0&)%.8!,.!./)-_!

O9! M0.+'(2! '*%,.8! .'()%! (0! )&'+')'.5! 0&!

%1,<0&,+'0(!'.!,110;%*!'(!+-'.!.+%$8!2&0/$!*7(,5').!,&%!

0=+%(!./$%&6'.%*!<7!,!+/+0&!=0&!<%++%&!&%./1+.9!

Q9! >'.)/..'(2! +-%! '*%,.! +0! 0<+,'(! )1,&'='),+'0(.!

,(*!%6,1/,+'0(9!

T9! L*%,@$&'0&'+'.'(28! %,)-! $,&+')'$,(+! '.! ,.3%*! +0!

,..'2(!,!5,&3!=0&!%,)-!'*%,9!!

V9! L*%,@&%$0&+'(28! &%$0&+'(2! +-%! -'2-%.+! '*%,! +0!

0+-%&!2&0/$.9!&

!

?<+,+%.4.'%#@+-%'7.8$%9+
A-%!='&.+!)-,11%(2%!$0.%*!<7!+-%!.+/*7!0=!,==%)+!'(!

)011,<0&,+'0(! '.! .%++'(2! /$! )0(+&011%*! 7%+! 5%,('(2=/1!

)011,<0&,+'6%!,)+'6'+'%.!'(!;-')-!!*,+,!),(!<%!&%)0&*%*9!

A-'.!'.!*'==')/1+!<%),/.%!0=!,11!+-%!%#$%&'5%(+,1!=,)+0&.!

+-,+! )05%! '(+0! $1,7! NOaP9! :0&! %#,5$1%8! .-0/1*! +-%!

./<S%)+!%1')'+! +-%!.+,+%!0(!)/%!0&!.-0/1*!'+!<%!+&'22%&%*!

<7!,(!%6%(+j!G-0/1*!+-%!%#$%&'5%(+!+,3%!$1,)%!'(!,!1,<!

0&!'(!,!&%,1@;0&1*!.%++'(2j!!

!
:'2/&%!Q_!.)-%5,!0=!&%)0&*'(2!,(*!$&0)%..'(2!,)+'6'+'%.!

E%! 0$+! =0&! '*%(+'=7'(2! ,! .5,11! .%+! 0=!

%50+'0(.8! +-,+!),(!<%! &%)02('C%*! &%1',<17!,(*! +-,+!,&%!

.-0;(! +0! '(=1/%()%! +-%! )011,<0&,+'6%! $&0)%..9! B!



+%(+,+'6%! 1'.+! 0=! +-%.%! ;0/1*! '()1/*%_! \<0&%*0548!

\,(#'%+748! \,(2%&48!,(*!\%#)'+%5%(+49!D%&%!;%!*%.)&'<%!

-0;!;%!;'11! '*%(+'=7! +-%5!;'+-'(!,)+/,1!)011,<0&,+'6%!

,)+'6'+79!!

?#87,$%$2,"-%& 7,2.-%7@! E-'1%! $,&+')'$,+'(2! '(! +-%!

)011,<0&,+'6%! ,)+'6'+78! ./<S%)+.! ;'11! <%! )0((%)+%*! +0!

.%(.0&.! +-,+! &%)0&*! 3%7! $-7.'0102'),1! .'2(,1.! I"FU8!

"^U8! ""U8! GFJ! ,.! +-%7! *'.)/..! ,! +0$')! '(! ,! 2&0/$9!

G/<S%)+.!;'11!;0&3!'(!=&0(+!0=!,!1,$+0$!;'+-!,!;%<),5!

0(! ;-')-! *,+,! ;'11! <%! 1022%*! '()1/*'(2! )-,+! +%#+! 0&!

60')%!,(*!6'*%0!;-%(! +-%!,)+'6'+7!'.! =,)%!+0!=,)%9!L+! '.!

(0+! %#$%)+%*! +-,+! .+/*%(+.! ;'11! /.%! +-'.! &%)0&*'(2!

%K/'$5%(+! '(! &%,1! 1%,&('(2! .'+/,+'0(.8! 0/+.'*%! +-'.!

&%.%,&)-! $&0S%)+9! F-,+! 102.! I0&! 60')%! +0! +%#+!

+&,(.)&'$+'0(.! =0&! =,)%! +0! =,)%! .)%(,&'0.J! ;'11! ,1.0! <%!

+,22%*!=0&!+-%'&!,==%)+'6%!)0(+%(+!;'+-!,(!%5$-,.'.!0(!

'*%(+'=7'(2!.+&0(2!%50+'0(,1!)/%.9!A-%.%!+;0!*,+,!.%+.!

;'11! <%! ,((0+,+%*! ;'+-! "50+'0(^H! I,! ETF! 5,&3/$!

1,(2/,2%J9!A-'.!,((0+,+'0(!=0&5,+!;'11!,1.0!,110;!/.!+0!

'(+%2&,+%! +-%! &%./1+'(2! .7.+%5.! '(+0! L^G! H%,&('(2!

>%.'2(! )05$1',(+! .7.+%5.! NOTP8! ,**'(2! ,==%)+! +0! &%,1@

;0&1*! 1%,&('(2! *%.'2(! $1,+=0&5.9! A-%! &%)0&*'(2.! ,(*!

%#$%&+! ,((0+,+'0(.! ;'11! <%! ./$$0&+%*! ;'+-! '(+%&6'%;.!

,(*! .%1=@,..%..5%(+.8! .'5'1,&! +0! +-%! G%1=! B..%..5%(+!

^,((%K/'(! NOVP! ,(*! 0+-%&! ,$$&0,)-%.! NOXP! /.%*! '(!

%50+'0(!&%.%,&)-9!

4)>*:! E%! ,&%! %#$10&'(2! +%)-('K/%.! +0! )1,..'=7!

.+,+%5%(+.! <,.%*! 0(! +-%'&! ,==%)+'6%! )0(+%(+9! A-%!

=&,5%;0&3! '.! *%.'2(%*! +0! )05<'(%! +-%.,/&/.! ,(*!

)0&$0&,!<,.%*!,$$&0,)-%.9!A-%!E0&*(%+!B==%)+!NOYP!'.!

,! -'%&,&)-'),1! +-%.,/&/.! 0=! ,==%)+'6%! *05,'(! 1,<%1.! '(!

;-')-!,==%)+'6%!)0()%$+.!,&%!,((0+,+%*8!,(*!;'11!<%!,+!

+-%!)0&%!0=!,!+-%.,/&/.!<,.%*!,$$&0,)-!I0+-%&.!'()1/*%!

G+0&5! NO]PJ9! h,.'),117! ,! .+,+%5%(+! )0(+,'('(2!

%50+'0(,117! )-,&2%*! +%&5.! ;0/1*! '(*'),+%! ,! -'2-!

,&0/.,18!,(*!$0..'<17!,!6,1%()%!$0.'+'0(!I'9%9!\L!-,+%!+-%!

;,7! 70/! ;0&34! ;0/1*! +%11! /.! .05%+-'(2! ,<0/+! +-%!

=%%1'(2.!,!$%&.0(!-,.!,<0/+!,!)011,<0&,+0&J9!

A-%! )0&$0&,! <,.%*! ,$$&0,)-! ;'11! <%! <,.%*! 0(!

\.%(+'5%(+! ,(,17.'.4! &%.%,&)-! NOW8! O`P!;-%&%! 0$'('0(.!

;'+-! &%2,&*.! +0! ,(! %(+'+7! ,&%! )1,..'='%*! 0(! ,! .),1%!

.'5'1,&!+0!+-%!6,1%()%!/.%*!'(!%50+'0(!50*%1.!

A-%.%!,((0+,+%*!*,+,.%+.!;'11!<%!/.%*!+0!+&,'(!+;0!

.%+.!0=!)1,..'='%&.8!0(%!=0&!+-%!$-7.'0102'),1!.'2(,1.!,(*!

,(0+-%&!=0&!+-%!+%#+!NQaP9!E%!;'11!)05<'(%!+;0!$,++%&(!

&%)02('+'0(! .+&,+%2'%.8! %,)-! ,'5'(2! ,+! )&%,+'(2! ,(!

,))/&,+%!&%,1@+'5%!)1,..'='%&9!!

E'+-!,! =&,5%;0&3! =0&! '*%(+'=7'(2!,==%)+'6%! .+,+%.8!

;%! ),(! ,(,17.%! ;-%(! +-%'&! )-,(2%.! )0@0))/&! ;'+-!

.'2('='),(+! %6%(+.! */&'(2! ,! )011,<0&,+'0(! ,)+'6'+79!

D,6'(2!&%,1!+'5%!&%)02('+'0(!;'11!,110;!/.!+0!'(+&0*/)%!

'(+%&6%(+'0(.! I'9%9! ,! +/+0&! )05'(2! '(! ,(*! $&06'*'(2! ,!

&%)055%(*,+'0(J! ,(*! '*%(+'=7! '+.! %==%)+.8! <0+-! =&05!

0/+)05%.!,(*!,==%)+'6%!$%&.$%)+'6%.9!

G'()%! +-%! ,'5! '.! +0! </'1*! )1,..'='%&.! +-,+! ),(! <%!

/.%*! +0! /(*%&.+,(*! -0;! $%0$1%! )011,<0&,+%8! -,6'(2!

)1,..'='%&.! +-,+! ,&%! ,))/&,+%! %6%(! '=! 0(17! 0(! ,! =%;!

$%0$1%!,(*!.'+/,+'0(.!'.!50&%!'5$0&+,(+!+-,(!,'5'(2!=0&!

;-,+!-,6%!<%%(!+%&5%*!\/('6%&.,14!)1,..'='%&.9!:0&!%,)-!

0=! +-%! +%)-('K/%.! ;%! ;'11! $&0*/)%! ,! )1,..'='%&! ;'+-!

0$+'5/5! 0==1'(%! ,))/&,)79! A-%.%! )1,..'='%&.! ;'11! +-%(!

<%! .+/*'%*! '(! )05<'(,+'0(! */&'(2! ,)+/,1! )011,<0&,+'6%!

,)+'6'+'%.9!

M,++%&(!&%)02('+'0(!.+&,+%2'%.!./)-!,.!+-0.%!/.%*!+0!

*%+%)+! ./))%..=/1! 1%,&('(2! $&0)%..%.! ;'11! <%! /.%*! +0!

*%+%)+! )05<'(,+'0(.! 0=! ,==%)+'6%! .%K/%()%.! +-,+!

$&0*/)%!.,+'.=,)+0&7!&%./1+.9!B(!'5$0&+,(+!,.$%)+!0=!0/&!

*,+,!+-,+!;%!(%%*!+0!+,3%!'(+0!,))0/(+!'.!+-%!+'5'(2!0=!

%6%(+.8! ,.! *%.)&'<%*! '(! +-%! ,((0+,+%*! "50+'0(^H!

&%)0&*! =0&! +-%! .%..'0(9! E%! ;,(+! +0! %#+&,)+! +-%!

.%K/%()%.! 0=! \,==%)+'6%! %6%(+.4! I+-0.%! +-,+! ;%! ),(!

&%)02('C%! ,/+05,+'),117J! +-,+! )-,&,)+%&'.%! ,! $,&+')/1,&!

.%..'0(9!B!*,+,!5'('(2!+%)-('K/%!;-')-!)0(.'*%&.!+-'.!

+%5$0&,1! ,.$%)+! '.! .%K/%(+',1! $,++%&(! 5'('(2! NQOP9! L+!

='(*.!.%K/%(+',1!$,++%&(.!+-,+!0))/&!'(!,!*,+,.%+!;'+-!,+!

1%,.+!,!5'('5,1!1%6%1!0=!=&%K/%()7!),11%*!./$$0&+9!!

A-%!K/,1'+7!0=!+-%!.%..'0(8!,.!,..%..%*!<7!,!-/5,(!

+/+0&8! ,(*! +-%! ./<S%)+.! +-%5.%16%.8! ;'11! <%! /.%*! +0!

'*%(+'=7! ./))%..=/1! 0(%.! =&05!/(./))%..=/1! 0(%.9!A-'.!

.'*%!0=!+-%!%#$%&'5%(+!'(+&0*/)%.!(%;!)-,11%(2%.8!./)-!

,.! +-%! D,;+-0&(%! %==%)+8! ;-%&%! +-%! <%-,6'0/&! 0=! +%.+!

./<S%)+.! '.! +%5$0&,&'17!,1+%&%*!<%),/.%! +-%7!,&%!,;,&%!

0=! <%'(2! $,&+')'$,(+.! '(! ,! .+/*79! f0&5,117! +-%7! .-0;!

'()&%,.%*!$%&=0&5,()%9!A-'.!;'11!<%!,**&%..%*!/.'(2!,!

)&0..06%&!*%.'2(8!.0!;%!;'11!,'5!,+!-,6'(2!.+/*%(+.!'(!

+-%!.,5%!2&0/$.! '(!0/&! 1,<!%#$%&'5%(+.!,.! +-%7!,&%! '(!

&%,1!)0/&.%.!+-,+!;%!&/(!'(!"(2'(%%&'(2!,(*!"*/),+'0(!

I;-%&%!0/&!./<S%)+.!(0&5,117!)05%!=&05J9!

!

A<+B$"#214)$"4+
E%! -,6%! $&0$0.%*! +0! .+/*7! -0;! %50+'0(.! ,==%)+!

)011,<0&,+'6%! 1%,&('(2! ,)+'6'+'%.9! E%! *%.)&'<%! +-%!

*%.'2(!0=!,! =&,5%;0&3! +-,+!;'11!,110;!/.!+0!.+/*7!,(*!

'(+&0*/)%! ,==%)+'6%! =0&)%.! '(+0! %*/),+'0(,1! *%.'2(!

$,++%&(.9! >%.'2(! $,++%&.! $&06'*%! ,! =0&5,1'.5! =0&!

*%.)&'<'(2! +-%! &%./1+.! 0=! .+/*7'(2! ,==%)+'6%! *7(,5').!

=0&! 1%,&('(2! '(! ,! &%/.,<1%! ;,79! h7! ,(,17.'(2!

)011,<0&,+'6%! .)%(,&'0.! ,(*! '*%(+'=7'(2! $,++%&(.! 0=!

./))%..=/1! .%K/%()%.8!;%!;'11! <%! ,<1%! +0! '5$&06%! 0/&!

/(*%&.+,(*'(2! 0=! -0;! +0! <%++%&! *%.'2(! 2&0/$! 1%,&('(2!

,)+'6'+'%.9!

B)+'6'+7!$,++%&(.! ./)-!,.! \<&,'(.+0&5'(24!0&! \$%%&!

&%6'%;4! *%.)&'<%! +-%! +&,*%0==.! +-,+! ,(! '(.+&/)+0&! 5/.+!

)0(.'*%&! ;-%(! &/(('(2! +-'.! ,)+'6'+79!E%! ;'11! '()1/*%!

,(,17.'.!0=!+-%!,==%)+'6%!=,)+0&.9!!

!



,#9"$82.0*7."(4+
A-%! ,/+-0&! ;0/1*! 1'3%! +0! +-,(3! >0&',(! M%+%&.! =0&!

6,1/,<1%!*'.)/..'0(.9!

!

C<+D.-.%."#.4+
!

NOP! B9! >,5,.'08! A)7"-+*)7B& (++$+@& (1$*,$.3&

C)-7$.3& -./& *#)& D;1-.& E+-,._! D,&$%&!

M%&%((',18!O``X9!

NQP! A9! >&,20(8! L9! B&&0708! h9! M9! E001=8! E9!

h/&1%.0(8! [9! "9! k,1'0/<78! ,(*! D9! "7*2,-'8!

ld'%;'(2! G+/*%(+! B==%)+! ,(*! H%,&('(2!

+-&0/2-!F1,..&005!?<.%&6,+'0(! ,(*!M-7.'),1!

G%(.0&.8l!'(!0.*)%%,2).*&4;+,.2&!87*)178!QaaW9!

NTP! m9!M9!:0&2,.8!F))%,.2&-./&4#,.G,.2@&4#)&C$%)&

$'& H'')"*& ,.& !$",-%& I$2.,*,$._! F,5<&'*2%!

e('6%&.'+7!M&%..8!Qaaa9!

NVP! G9! >Z^%1108! [9! M'),&*8! ,(*! B9! U&,%..%&8!

lA0;,&*! ,(! B==%)+@G%(.'+'6%! B/+0A/+0&8l!

0(((& 0.*)%%,2).*& !87*)173&6019! QQ8! $$9! XT@YO8!

Qaa]9!

NXP! E9!h/&1%.0(!,(*![9!M'),&*8!lU%(*%&@G$%)'=')!

B$$&0,)-%.! +0! >%6%10$'(2! "50+'0(,117!

L(+%11'2%(+! H%,&('(2! F05$,('0(.8l! 0(((&

0.*)%%,2).*&!87*)173&6019!QQ8!$$9!YQ@Y`8!Qaa]9!

NYP! :0&2,.!,(*!M9!m0.%$-8!lB==%)+!,(*!F02('+'0(8l!

?)+7<)"*,6)7&$.&?78"#$%$2,"-%&!",).")3&6019!T8!

$$9!`V@OaO8!QaaW9!

N]P! [9!h%,1%!,(*!F9!M%+%&8!H'')"*&-./&(1$*,$.& ,.&

D;1-.JI$1<;*)+& 0.*)+-"*,$.@& F+$1& 4#)$+8&

*$&H<<%,"-*,$.7!6019!VWYW!G$&'(2%&8!QaaW9!

NWP! [9! >/*,8! M9! D,&+8! ,(*! >9! G+0&38! ?-**)+.&

I%-77,',"-*,$.& KL./& (/,*,$.M_! E'1%7@

L(+%&.)'%()%8!Qaaa9!

N`P! B9!H')-+%(.+%'(8!B9!?%-5%8!G9!k/$.)-')38!,(*!

A9! m!n&2%(.0-(8! lF05$,&'(2! A;0! "50+'0(!
^0*%1.! =0&! >%&'6'(2! B==%)+'6%! G+,+%.! =&05!

M-7.'0102'),1!>,+,8l!'(!H'')"*&-./&(1$*,$.&,.&

D;1-.JI$1<;*)+& 0.*)+-"*,$.8! QaaW8! $$9! TX@

Xa9!

NOaP! [9! E9! M'),&*8! "9! d7C,.8! ,(*! m9! D%,1%78!

lA0;,&*! 5,)-'(%! %50+'0(,1! '(+%11'2%()%_!

,(,17.'.! 0=! ,==%)+'6%! $-7.'0102'),1! .+,+%8l!

?-**)+.& H.-%87,7& -./& N-"#,.)& 0.*)%%,2).")3&

0(((& 4+-.7-"*,$.7& $.3& 6019! QT8! $$9! OO]X@

OO`O8!QaaO9!
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