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The paper presented examines how the 
combination of LEGO bricks and an 
interactive tablet can be designed using 
participatory design with children, to 
create technology that delivers engaging 
feedback for children ages 5-7 years old, 
within an educational context. It presents 
a participatory design workshop that was 
carried out with a group of eight children 
between the ages of 11-13 years. The 
study utilised the research method of 
participatory design (PD), as it provides 
researchers with the opportunity to 
“enhance technology for children by 
designing with children” (Yip et al., 
2013). The overall aim of this study is to 
create a proof of concept prototype 
based on the designs gathered from the 
participatory design workshop with the 
children. A thematic analysis draws out 
themes that emerge from the rich, 
qualitative data. The contribution is an 
educational system, which involves 
digital technology used as feedback to 
undertake LEGO Education’s 4Cs 
constructionist learning using LEGO. 
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AagebWhVg barr
r

:TV ebhaWrbarHeXi bhfrKghWlr

DTfgrfX XfgXe&rTrfghWlrjTfrVbaWhVgXWrUlrKc Xr ,*+/ rRT fbrfXXr9ccXaW kr

9SrTUbhgr[bjrV[ WeXar agXeTVgrj g[rD=?GrUe V fr arTrW gT rfcTVXrVb cTeXWr

j g[r hf a r D=?Gr Ue V fr ar Tr c[lf VT r fcTVX&r TaWr [bjr g[ fr TYYXVgXWr g[X er

Xa T X Xagr ar XTea a r Tg[X Tg VfrUlrVbafgehVg ba fgrcebU X rfb i a (r

r

aW a frYeb rHeXi bhfrKghWlr

AagXeTVg a r j g[r c[lf VT r D=?Gr jTfr YbhaWr gbr UXr beXr Xa T a r g[Tar

agXeTVg a rj g[rg[XrW gT rgTU Xgrj g[ arg[XrVbagXkgrbYrg[ frfghWl(rL[ fr

jTfr bUfXeiXWr g[ebh [r hf a r Tr bWX r bYr Xa T X Xagr Y heXr + r cebcbfXWr Ulr

Go:e XarTaWrLb fr ,**2 (rL[Xr bWX rVbaf fgXWrbYr-rfgT XfrbYrXa T X Xagr -r

cb agrbYrXa T X Xag&rcXe bWrbYrXa T X XagrTaWrW fXa T X Xag(rL[XrfghWlrT fbr

eXiXT XWrTrgbgT rbYr3r WXag Y TU XrTgge UhgXfrbYrXa T X XagrYeb rg[Xr bWX &r

Tfr Tr eXfh gr bYr V[ WeXar agXeTVg a r j g[r Ubg[r c[lf VT r D=?Gr TaWr W gT r

D=?G(rAagXeTVg barj g[rc[lf VT rD=?GreXiXT XWrTgge UhgXfrfhV[rTfr DD ?D ?

TaWr D D ? D 4 A D D C rTfrTr a rUXgjXXarg[XrY efgrgjbrfgT XfrbYr

Xa T X Xag&r j[XeXTfr g[Xr W gT r D=?Gr jTfr fXXar gbr W fXa T Xr g[Xr V[ WeXar

TYgXerTrf[begrcXe bWrbYr agXeTVg ba(rL[XrTgge UhgXfreXiXT XWrTfrTreXfh grbYr

g[ fr f[begr W fXa T X Xagr j g[r g[Xr W gT r D=?Gr jXeXr BECDB D ? D

D 4 ? &rD E4 4 ? rTaWrEC D (r

XXWUTV &rTar9gge UhgXrbYr=a T X Xagr

Xfc gXr g[XfXr Y aW a f&r g[Xr c[lf VT r D=?Gr bYYXeXWr V[ WeXar Tr jTlr gbr

agXeTVgrj g[rg[XrgTf frj g[ arg[XrfghWlrj g[r beXrYeXXWb (r@bjXiXe&rUTfXWr

barg[XrfXVbaWrfgT XrbYrXa T X Xagr cXe bWrbYrXa T X Xag rYeb rg[XrcebcbfXWr

bWX r bYr Xa T X Xag&r g[Xr c[lf VT r D=?Gr WbXfr abgr X UeTVXr g[Xr Tgge UhgXr

YXXWUTV r ar eX TeWfr gbr g[Xr fghWl(r H[lf VT r D=?Gr eXdh eXfr Tr gXTV[Xer Yber

YXXWUTV (r L[ fr ceXfXagfr Tar bccbegha glr Yber g[Xr W gT r gTU Xgr gbr T Xr Tr

Vbage Uhg ba&rgbrUh Wrhcbarg[XrXa T X XagrbYrTrYhgheXrXWhVTg baT rflfgX &r

j[ V[r bYYXefr iTe bhfr jTlfr gbr eXceXfXagr i fhT r aYbe Tg ba(r ber XkT c X&r
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g[XeXr fr cbgXag T r Yber g[Xr W gT r gTU Xgr gbr UXr hfXWr Tfr iXr eXfcbaf iXr

YXXWUTV rberfgTg V&rW T eT Tg VrYXXWUTV (rL[ fr frXfcXV T lrhfXYh rj g[r

[TeWXergbr eTfcrVbaVXcgfrfhV[rTfrg[XrYbbWrV[T a&rj[ V[r frXffXag T lrTUbhgr

XaXe lrgeTafYXer Jb XefrTaWrKVT YX&r+332 (rFbgrba lrVTarg[XrW gT rgTU Xgr

cebi WXr i fhT r YXXWUTV &r Uhgr gr VTar T fbr bYYXer ThW br YXXWUTV (r ber

afgTaVX&rKTaV[XmrXgrT (r ,*++ rW fVbiXeXWrg[TgrpfbhaWrYXXWUTV rcebib XWrTr

jbjr XYYXVgr ar g[Xr V[ WeXa&r j[ V[r XaVbheT XWr g[X r gbr Vbag ahXr hf a r g[Xr

Tcc VTg ba(qrr

r

heXr+(rL[XrcebcbfXWr bWX rbYrXa T X XagrTaWr gfrTgge UhgXfr Go:e Xar

rLb f&r,**2 (r
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JXfXTeV[rIhXfg bar

O g[r g[Xr Y aW a fr Yeb r g[Xr ceXi bhfr fghWlr VbaWhVgXWr ar 3g[r fX XfgXer TaWr

fhccbeg a r bg iTg bar gbr aiXfg TgXr YXXWUTV &r g[Xr eXfXTeV[r dhXfg bar Tfr

Yb bjf4r

r
“How can the combination of LEGO bricks and an interactive tablet be designed 

using participatory design with children, to create technology that delivers engaging 

feedback within an educational context?” 

HebU X rKgTgX Xagrr

L[XrV[ WeXar arYbVhfrYberg[XrWXf arbYrg[ frXWhVTg baT rgXV[ab b lrTeXr Xlr

fgT XrbaXrfghWXagf)r eTWXrbaX)r/'1rlXTefrb W(rFh XebhfrfghW Xfrfhccbegrg[Tgr

VeXTg a rXWhVTg baT rgXV[ab b lrYberV[ WeXarVTarUXrW YY Vh g(r berXkT c X&r

9Ye VTabr Xgr T (r ,**. r YbhaWr baXr V[T Xa Xr aib iXWr ar WXf a a r

aYbe Tg bar gXV[ab b Xfr Yber lbha r V[ WeXa&rp ar gXe fr bYr haWXefgTaW a r

g[Xr WXf ar eXdh eX Xagfr bYr agXeYTVXfr TaWr agXeTVg bar bWT g Xfr gbr fh gr

g[X er gXWr eXTW a r TU g Xfr TaWr bgber f fq(r L[Xr fghWlr j r UXr

VbaWhVgXWr j g[ ar Tar XWhVTg baT r VbagXkg&r Tfr g[ fr fr j[XeXr g[Xr gXV[ab b lr

j r UXr hfXW(r L[Xr g Xr YeT Xr gbr VbaWhVgr g[Xr fghWlr TaWr VeXTgXr g[ fr

gXV[ab b lrj r[TccXarj g[ arTrYbhe' bag[rcXe bW(r9frTWh gf&rjXrTffh Xrber

gelrgbr abjrj[TgrV[ WeXarjTagrUhgrg[XeXrTeXrV[T Xa Xfrg[TgrX Xe Xrj g[r

hfXer XkcXe XaVXr MP r bYr V[ WeXa’fr gXV[ab b l&r cTeg Vh Te lr j g[ ar Tar

XWhVTg baT rVbagXkg(rL[ebh [rg[XrhfXrbYrcTeg V cTgbelrWXf ar H r Xg[bWf&r

gr frcbff U XrYberV[ WeXargbrWXf arfb hg bafrYberTarXWhVTg baT rflfgX (r

ber XkT c X&r ?h[Tr Xgr T (&r ,**. r hfXr Tr kr bYr H r gXV[a dhXfr fhV[r Tfr

WeTj a &r]bheaT rXage XfrTaWrbUfXeiTg bargbrX V grWXf ar WXTfrYeb rlbha r

V[ WeXarT XWrUXgjXXar.'0(rH rcebi WXfreXfXTeV[Xefrj g[rg[Xrbccbegha glrgbr

pXa[TaVXrgXV[ab b lrYberV[ WeXarUlrWXf a a rj g[rV[ WeXaqr Q crXgrT (&r

,*+- (r Aar beWXer gbr Xgr Tr V XTer haWXefgTaW a r bYr [bjr V[ WeXar hfXr

gXV[ab b l&r Xgg a r g[X er achgr Whe a r T r c[TfXfr bYr WXiX bc Xagr (X(r

WXTg ba&r cebgbglc a r TaWr gXfg a r fr XffXag T r eh a&r +333 (r :lr hf a r

V[ WeXarTfreXfXTeV[rcTegaXef&rjXrVTarg[Xar bb rTgrcbff U Xrfb hg bafr agbr
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haWXefgTaW a r [bjr gbr WXiX bcr beXr Xa T a r flfgX fr eh a&r +3335r ,**, (r

eh ar +333 rW fVhffXfrg[Xr cbegTaVXrbYr aib i a rV[ WeXar arg[XrVeXTg bar

bYrg[X erbjargXV[ab b Xf(r berg[ frfghWl&rcTeg V cTgbelrWXf argXV[a dhXfr

j r UXr VbaWhVgXWr j g[ ar g[Xr VbagXkgr bYr Tar XWhVTg baT r Xai eba Xag(r L[Xr

biXeT r T r bYr g[ fr fghWlr fr gbr VeXTgXr Tr cebbYr bYr VbaVXcgr UTfXWr bar g[Xr

WXf afr Tg[XeXWrYeb rg[XrcTeg V cTgbelrWXf arfghWlrj g[rg[XrV[ WeXa(r ber

YhgheXrjbe &rhfTU glrgXfg a rj g[rV[ WeXarVTarUXrVbaWhVgXWrgbrTffXffrg[Xr

flfgX &rgbrgXfgrg[Tgr gr frXa T a r arWX iXe a rTXfg[Xg VrTaWreXfcbaf iXr

YXXWUTV r j g[ ar Tar XWhVTg baT r VbagXkgr j[ Xr XTea a r VbaVXcgfr g[ebh [r

VbafgehVg ba fgrce aV c Xf(rr

L[XrUTV ebhaWrYeb rg[XrceXi bhfrfghWlrTaWrcebU X rfgTgX Xagr[Tfr aYbe XWr

barg[Xri f barbYrTrcebbY'bY'VbaVXcgrcebgbglcXrVb U a a rc[lf VT rD=?GrTaWr

g[Xr W gT r YXXWUTV r Yeb r Tr gTU Xg(r L[XeXYbeX&r Tr Ue XYr eXVTcr bYr D=?Gr

=WhVTg ba’fr.;rTccebTV[r Y heXr, rj rcebi WXrfhccbeg a r aYbe Tg barYber

g[XrhfXrbYrD=?GrUe V fr argXTV[ a rV[ WeXar Tg[X Tg VfrTaWrg[XriT hXfrD=?Gr

=WhVTg barhc[b Wrj g[ arg[X erVhee Vh h (r

D=?Gr=WhVTg ba’fr bher;r9ccebTV[r

D=?Gr=WhVTg ba’frYbher;rTccebTV[rcebi WXfrg[XrVbafgehVg ba fgrYeT Xjbe rg[Tgr

fr Tr h W a r ce aV c Xr bYr XkcXe Xag T r XTea a (r 9r Ue XYr WXfVe cg bar bar

XTV[rp;qrj r iXr beXr af [gr agbr[bjr gr TlrVbage UhgXrgbrTrcebbYrbYr

VbaVXcgrcebgbglcX(r

• L[Xr ?? 4Dr c[TfXr TjT Xafr g[Xr Vhe bf glr bYr g[Xr XTeaXer TaWr

XaVbheT Xfr g[X r gbr TVg iX lr Xa T Xr j g[r XTV[r bg[Xe r TaWr dhXfg bar

g[Xr cebU X r Tgr [TaW(r fVhff bar TaWr eXY XVg bar VTar bVVher UTfXWr bar

g[XrbhgVb XrbYrj[Tgrg[Xlr[TiXr XTeaXWrberW fVbiXeXW(r

• ?D A D rYbVhfXfrbareXY XVg barbYrj[TgrTr XTeaXer[Tfr T aXWrYeb r

g[Xr XTea a r cebVXff(r L[ fr Ve g VT r TffXff Xagr bYr baXfr XTea a r

[X cfrVeXTgXrTarTjTeXaXff&rg[hfrT bj a rg[Xrbccbegha glrgbrXkc beXr

T gXeaTg iXr XTafrbYrW fVbiXe a rfb hg bafrgbrg[XrgTf rTgr[TaW(rrr
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• ?CDBE4D&rbaXrbYrg[XrYbher;fr frXffXag T rgbrg[ frYeT Xjbe &rTfr gr

fr g[Xr ba lr cTegr g[Tgr cebi WXfr A;Lr gXeTVl(r Agr fgTgXf&pO[Xar

XTeaXefrVbafgehVgrTegXYTVgfr arg[Xrjbe W&rg[XlrVbafgehVgr abj XW Xr

arg[X er aWf(rO g[raXjr abj XW Xr XTeaXefrUh Wr beXrfbc[ fg VTgXWr

TegXYTVgf&r l X Wfr lXgr beXr abj XW Xqr DX b&r ,*++ (r O g[r g[ fr ar

aW&r g[XfXr TegXYTVgfr T fbr Vb Xr ar g[Xr Ybe r bYr A;L(r 9 g[bh [r abgr

gTa U Xr arg[XrfT XrjTlrTfrD=?GrUe V f&r gr frfXXarTfrTraXVXffTelr

f rYberg[Xr,+
fgr

VXaghel(rr

• L[Xr ?D ?E rc[TfXrXkgXaWfrbar WXTfrUlrV[ WeXarV[Ta a rberTWW a r

YXTgheXfrgbr bWX frg[Xlr[TiXrUh g(r;[ WeXarVTarg[Xar biXrbagbr beXr

W YY Vh grV[T Xa Xf&r XTW a rg[X rUTV rgbrTraXjrVbaaXVgrc[TfX(r
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r

heXr,(rD=?Gr=WhVTg ba ’fr.;r9ccebTV[r D=?Gr=WhVTg bar,*++ (r

rr

L[Xr;bage Uhg barbYrg[ frL[Xf fr

L[ frfghWlrhfXfrcTeg V cTgbelrWXf argXV[a dhXfr arWXf a a rTarXWhVTg baT r

flfgX &rgbrVeXTgXrTrha dhXr[lUe WrflfgX rg[Tgr aib iXfrW gT rgXV[ab b lr

cebi W a rYXXWUTV rgbrhaWXegT XrD=?Gr=WhVTg ba’fr.;frVbafgehVg i fgr XTea a r

arVb U aTg barj g[rc[lf VT rD=?GrUe V f(r:XaXY gfrbYrfhV[rTrflfgX 4r
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• LXTV[XerVTaabgreXfcbaWrgbrT rV[ WeXarTgrbaVX(rL[XrflfgX r frg[XeXr

Tfr TWW g baT r fhccbegr Yber j[Xar g[Xr gXTV[Xer fr abgr TiT TU Xr j[Xar

aXXWXW(r

• L[Xr flfgX r bYYXefr iTe bhfr jTlfr gbr ceXfXagr i fhT r aYbe Tg ba(r L[ fr

fr XfcXV T lr hfXYh r j g[r [TeWXer gbr eTfcr VbaVXcgf(r =( (r 9UfgeTVgr

VbaVXcgfrfhV[rTfrXaXe lrgeTafYXer Jb XefrTaWrKVT YX&r+332 (r

• JXfcbaf iXrYXXWUTV rYeb rg[Xr agXeYTVX(rL[ fr frhfXYh &rTfrg[XrV[ Wr

j rYXX r arVbageb rbYrg[X erTVg baf(rr

• L[Xr aYbe Tg barceXfXagXWrbarfVeXXarVTarT fbreX aYbeVXrg[XrThW brber

g[Xr aYbe Tg barg[XrgXTV[Xer[TfrfT W(r

• L[Xr flfgX r VTar V[T Xa Xr g[Xr V[ W’fr h g 'fXafbelr TU g Xfr ar

iTe bhfrjTlfr arj[ V[rcTcXerXkXeV fXfrj g[rD=?GrVbh Wrabg(r

• Fh Xebhfr fghW Xfr fhccbegr g[Tgr V[ WeXar XaXeT lr [TiXr Tr cbf g iXr

eXfcbafXrgbrgXV[ab b lrg[ebh [rg[XrdhT glrbYrabiX gl(r

• O r cebi WXr Xa T a &r Yhar gXV[ab b lr Yber XTea a (r pJX X UXe&r Tr

V[ W’frc Tlr frjbe qr 9rKlfgX rYberDXTea a &r,*+. (r

r

L[Xr aXkgr V[TcgXer j r ceXfXagr baXr fV Xag Y Vr cTcXer j g[r g[Xr Yb bj a r

[XTW a 4r crnaorK WX4rHebi W a r gT r XXWUTV rYberAagXeTVg a rj g[r

D=?Gr:e V fr arH[lf VT rKcTVX(r9YgXerg[XrcTcXerj rUXrTrUe XYrfh TelrTaWr
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ABSTRACT 
This paper examines how the combination of LEGO bricks 
and an interactive tablet can be designed using participatory 
design with children, to create technology that delivers 
engaging feedback within an educational context. In a 
participatory design (PD) workshop carried out with a 
group of eight children between the ages of 11-13 years, the 
study utilised the opportunity to “enhance technology for 
children by designing with children” [50]. The overall aim 
of this study was to create a proof-of-concept prototype 
aimed at children ages 5-7 years old, based on the designs 
gathered from the PD workshop. A thematic analysis draws 
out themes that emerge from the rich, qualitative data 
collected. The contribution is a proof-of-concept prototype, 
using digital technology to increase children’s engagement 
with LEGO Education’s 4Cs paper-based constructionist 
learning package using LEGO bricks. 
Author Keywords 
Participatory Design; Engagement; Feedback; LEGO 
Education.  

ACM Classification Keywords 
H.5.m. Information interfaces and presentation (e.g., HCI): 
Miscellaneous. 

INTRODUCTION 
This paper focuses on interaction design of educational 
software, specifically the combination of LEGO bricks and 
an interactive tablet using participatory design with 
children, to create technology that delivers engaging 
feedback within an educational context. The appeal of 
LEGO as a toy and educational tool comes with the ability 
to express ones creativity through a vast selection of themes 
and pieces. The LEGO Group has foundations within 
technology, engineering and education. They have 
developed a hands-on approach to play and learning 
supported by constructionist principles of experiential 
education [25]. Industries such as robotics and engineering 
have adopted LEGO in teaching, for example, introductory 
Java through LEGO Mindstorm models [3] and teaching 
engineering design through LEGO Mindstorms [36]. 
Seymour Papert is known for his work in child 
development and the development of LEGO Mindstorms, 
from which he borrows extensively Piaget’s ideas of 
constructivism and experiential education [4]. He expanded 
on these ideas with the purpose of teaching children with 
computers. The research Papert conducted with children 

convinced him they learned more efficiently if they could 
see a tangible result for their computing efforts [4].  

Children Computer Interaction (CCI) is an area of Human 
Computer Interaction (HCI) involving children’s user 
experience with technology. CCI gives researchers a lens 
from which to test, research and evaluate methods with 
children, in order to attain a clearer understanding of the 
group in focus. It has been stated that a large number of 
methods exist, many of which have specific issues when 
used with children, and all of which have their advantages 
and disadvantages depending on the purpose of the study 
[30]. The workshop described in this paper makes use of 
participatory design (PD) with children, in order to extract 
potential design ideas that can contribute to the proof-of-
concept prototype.  

Digital feedback for interacting with LEGO bricks in 
physical space is under researched within an educational 
context. Computer games and digital platforms such as 
LEGO Digital Designer and LEGO Build exist mostly for 
entertainment. Therefore, the work presented here covers 
new territory with the hopes of stimulating related research 
in the future, with LEGO in the educational domain. 

Related research by Spike [44] shows that physical LEGO 
provides more engagement overall than LEGO used on a 
digital tablet. However, the limitation of manipulating 
physical objects, particularly in completing a task, is the 
lack of information about its movement or previous position 
[27]. The user therefore, cannot assess or reflect on their 
actions. This study attempts to look at the contribution a 
digital tablet can provide, building upon the engagement of 
a potential future educational system, which offers various 
ways to represent visual information. This is achieved 
through PD techniques, where the ideas and themes that 
emerged contributed to the proof-of-concept prototype 
described in this paper. The prototype itself is a step 
forward, creating an educational system that delivers 
engaging feedback for children in an educational context. 
The current LEGO Education curriculum displays their 
instructions on paper. However, it must be considered that a 
static display of instructions cannot provide sufficient 
feedback to a child engaging with an educational system. 
Educational software often lacks effective feedback, 
demonstrating a one-dimensional outcome of either a 
wrong or right answer [16]. He further states that the user 
will benefit more from an explanation of their decisions 
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along with the correct answer. It is argued that the design of 
educational software for children should be grounded in 
constructivist learning theory and should consider the 
findings of research on educational technology and 
educational psychology [33]. In support of children actively 
engaging in educational technology, Schank [39] insists, 
“good educational software is active, not passive. Students 
ought to be doing something, not watching something.” 
Therefore, a proof-of-concept design is offered in this study 
to provide digital feedback for constructivist learning using 
physical LEGO bricks.  
RELATED RESEARCH 
A number of studies relating to children engaging with 
technology [1, 10, 12, 28, 41, 44], provide theoretical 
support and inspiration for the research conducted in this 
paper, which highlights feedback as an area for further 
investigation.  

Attributes of Engagement 
An observation study conducted by Spike [44] looked at 
how children interact with LEGO bricks in a digital space 
compared with using LEGO bricks in a physical space, and 
how this affected their engagement in learning mathematics 
by constructionist problem solving. Interacting with 
physical LEGO was found to be more engaging than 
interacting with the digital tablet within the context of this 
study. This was observed using a model of engagement 
proposed by O’Brien & Toms [32], where they describe 
engagement as a quality of user experience consisting of 
three stages of engagement: point of engagement; period of 
engagement; and disengagement. The model is 
characterised by attributes of challenge, positive affect, 
endurability, aesthetic and sensory appeal, attention, 
feedback, variety/novelty, interactivity, and perceived user 
control falling into any of these categories. This definition 
of the model of engagement is based on past works on 
engagement within HCI.  

The results revealed a total of nine identifiable attributes of 
engagement from the model, as a result of observing 
children interacting with both physical LEGO and digital 
LEGO. Interaction with physical LEGO revealed attributes 
such as attention and motivation to complete a task as a link 
between the first two stages of engagement, whereas the 
digital LEGO was seen to disengage the children after a 
short period of interaction. The attributes revealed as a 
result of this disengagement with the digital LEGO were 
frustration with technology, too much of a challenge and 
usability. Despite these findings, physical LEGO offered 
children a way to interact with more freedom [44].  

Feedback as Engagement 
Feedback is the information communicated to users about 
actions that have occurred and results that have been 
achieved. Feedback may be visual, auditory, or tactile [46]. 
Feedback according to the proposed model of engagement 
is part of a much wider context of engagement, which itself 
is a part of user experience. However, based on the second 

stage of engagement, period of engagement, the physical 
LEGO did not offer the attribute feedback in regards to the 
study. Physical LEGO requires a teacher for feedback. This 
opens up an opportunity for a digital device to make a 
contribution, to build upon the engagement of a future 
educational system, by facilitating various forms of 
feedback. For example, there is potential for the digital 
tablet to be used as live responsive feedback or static, 
diagrammatic feedback. This is especially useful with 
difficult to grasp concepts that are abstract such as the food 
chain, which is essentially about energy transfer [37]. One 
limitation of manipulating physical objects in completing a 
task is the lack of information about their movement or 
previous position [27]. The user therefore, cannot assess or 
reflect on their actions. Digital feedback therefore, can 
make a contribution to this by displaying the position of 
one’s movement. In its application to the real world, this 
would be useful in completing a grouping exercise in 
LEGO Education’s curriculum exercises. The state change 
of adding or subtracting LEGO bricks can be traced, 
thereby providing necessary feedback for the user to 
complete the task. Such features are important to context 
specific software, as it helps maintain engagement over a 
sustained period of time. In addition to optimising certain 
features, studies have indicated that minimising the amount 
of off-task behaviour can help to maintain a child’s 
engagement with educational technology [1, 22, 42]. For 
example, the teacher in the current system would have to 
monitor each individual child/group (depending on the 
scenario), whereas a digital tablet can be used as a 
temporary support, whilst the teacher is helping others.  

Not only can the digital tablet provide visual feedback, but 
it can also offer audio feedback. In the study of Sánchez et 
al. [38], they discovered that “sound feedback provoked a 
wow effect in the children, which encouraged them to 
continue using the application.” Visual and audio feedback 
from a tablet provides multiple ways of presenting feedback 
to the user, and can be used independently or combined. 
However, this must be done with caution, as Alty [2] 
suggests audio feedback presents positive responses for the 
imagination, while text feedback is most useful when 
outlining details and images for demonstrating ideas. There 
are suggested guidelines that state unnecessary imagery can 
hinder the learner, where a basic display of text would 
suffice [7]. The design phase of the educational software 
must consider these feedback mechanisms in order to 
deliver positive learning outcomes.  

Tactile feedback is another form of feedback that can be 
used to notify the user of their actions through vibrations. 
One of the key drawbacks of interacting with LEGO on the 
digital tablet was the engagement attribute of perceived 
user control [44]. This is the desire to feel one is in control 
of the interaction [40]. According to the model of 
engagement [32], perceived user control helps users engage 
with technology. Therefore, combining positive attributes 
of the tablet (feedback) and the physical LEGO bricks 
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(perceived user control) can provide an engaging 
experience for children’s educational technology. 

Children and Technology 
The complex transformation of cognitive capabilities from 
infancy to adulthood is captured in Piaget’s stages of 
development [20], outlining children’s understanding and 
experiences of the world as fundamentally different to 
adults. Children have different needs to adults when 
considering the design of technologies [11]. It has been 
observed that children’s technologies have been designed 
based on adults’ products, which is not suitable for children 
as they have different skills and requirements [21]. It should 
also be noted that children are more exploratory in the use 
of their technology, whereas adults use technology in a 
more task-directed manner [9]. 

LEGO EDUCATION’S FOUR C APPROACH 
The constructionist influence on LEGO Education’s vision 
takes form in the shape of a framework called the four C 
approach. It outlines how a child can experience learning 
with LEGO bricks through the following phases: connect, 
contemplate, construct and continue. This framework 
developed by LEGO Education has strong foundations in 
Constructionism, “which is rooted in the belief that children 
learn best when they experience things firsthand and within 
a meaningful context” [25]. Theorists such as Broström [5] 
note that the influence of Constructivism has helped to 
shape play within preschools. This relationship between 
constructivism and play is reflected in the 21st Century 
skills, outlined in LEGO Education’s four C approach.  

Physical and Digital 
It is claimed that Tangible User Interfaces (TUIs) are more 
natural and intuitive to children because they share 
affordances familiar to their day-to-day experiences [15]. 
There are a number of studies that compare physical 
manipulation and digital manipulation [15, 13, 48]. For 
example, Fitzmaurice, Ishii and Buxton’s pioneering work 
[15] proposes Graspable User Interfaces that allow direct 
control of electronic or virtual objects through physical 
artefacts. They move outside the confines of Graphical User 
Interfaces (GUI) in exploring possibilities of Graspable 
User Interfaces. Fails et al. [13] conducted a comparative 
study with the use of desktop and physical interactive 
environments by preschool-aged children. They found that 
by having children acting out the story, instead of just 
responding to verbal questions, the test results can lead to a 
better understanding of the advantages and disadvantages of 
desktop versus physical interactive environments for young 
children. Their qualitative analysis showed the physical 
environment had several advantages over the desktop 
environment as suggested by a decrease in “I don’t know” 
responses and facilitator prompts, and an increased depth of 
response. Finally, their findings also suggest that 
embedding technology in the physical world, rather than 
simply presenting traditional desktop apps, may be 
beneficial to young children. An experiment conducted by 
Tuddenham, Kirk & Izadi [48] compares multi-touch and 

TUIs for basic interface actions. They found that interface 
control objects in the tangible condition were easiest to 
acquire and, once acquired, were easier/more accurate to 
manipulate. Their qualitative analysis suggested that 
tangibles offer greater adaptability of control and 
specifically highlighted a problem of exit error that can 
undermine fine-grained control in multi-touch interactions. 
Research has suggested that interaction with tangibles 
encourages engagement [34] and collaboration [1]. The 
point of emphasis for Manches & O’Malley [27], assert that 
physical manipulatives (also called tangibles) may support 
learning through cognitive offloading and conceptual 
metaphors. However, Marshall [29] writes that there is 
limited empirical information to support that tangible 
interfaces benefit learning. Conversely, Manches & Price 
[28] assert that manipulatives can aid learning through 
physical actions and Resnick et al. [35] argue that 
constructionist ideas have inspired digital manipulatives, 
allowing children to explore computational, material, and 
structural concepts with supporting tools. 

PARTICIPATORY DESIGN 
When working with children, it is important to select 
appropriate research techniques [12], as the challenges are 
different for each age group [14]. Participatory Design is 
proven to be an effective method for creating technologies 
with children [10, 12, 18]. According to Crosier, Cobb & 
Wilson [8], involving informants early in the concept 
development phase of virtual environments, prove to be 
beneficial as information from various contributors inform 
specific requirements of technology design. However, 
Stanton et al. [45] state that end-users have little impact on 
design decisions of educational software even though they 
may have contributed to the idea generation phase. 
Designing for Younger Children 
In recent times, including children either as informants or 
design partners has proven to be beneficial in eliciting 
qualitative user information, gathering design ideas and 
understanding users [11]. In this study, the children at 
whom the educational technology is aimed are key stage 
one students (5-7 years old). Numerous studies support that 
creating educational technology for children can be 
difficult. For example, Africano et al. [1] found that 
“understanding the design requirements of interfaces and 
interaction modalities to suit their limited reading abilities 
and motor skills” was a challenge. This paper’s PD study 
will be using older children as design informants outside of 
the target group. Piaget’s stages of development guided 
selection of children for this workshop. The formal 
operational stage begins at around age 11 and is the last 
stage of development in Piaget’s theory [20]. At this age, 
children can use abstract reasoning, perform more complex 
calculations, think creatively, group and categorise objects 
in a more complex manner and demonstrate a capacity for 
higher-order reasoning [31]. This is advantageous for the 
workshop as it allows clearer verbal and written 
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communication between the children informants and adult 
researchers. 

THE WORKSHOP 
A participatory design workshop was conducted with 
children aged 11-13 years, to elicit ideas for a LEGO based 
educational system for younger students aged 5-7. This 
took place in a Danish school in Northern Jutland. Eight 
children informants and three adult researchers participated 
in the workshop, which took place over a period of one day. 
Although the target age group for the design is 5-7 years 
old, the older age children were intentionally selected for 
the following reasons. One of the challenges faced with 
using young children in participatory design studies is that 
they find it difficult to work in groups [12]. It was also 
reported that adult researchers found it difficult to get 
children to listen to each other’s ideas. The study also 
revealed that children had difficulty in expressing written 
ideas as well as generating them. In light of these 
limitations, an older age group is more appropriate, as the 
workshop requires idea generation and collaboration to 
create a detailed proof-of-concept prototype. The children 
were selected by the teacher based on their English-
speaking capabilities as well as an interest in taking part in 
the workshop. The four main activities included: a 
questionnaire, an independent drawing activity, a 
collaborative drawing session, and a prototyping activity. 
Each activity was followed by a discussion. Two research 
assistants took part in all activities. The point of using 
participatory design in this workshop was to involve the 
children as informants. Two of the researchers participated 
completely in the activities whilst the third took notes of 
comments made by the children. After an introduction to 
the day, the children were briefed on the activities that were 
to take place. They were told they would be research 
partners in helping researchers design ideas for an 
educational technology to be used in teaching mathematics 
to children aged 5-7 years old. The emphasis was on how 
LEGO could be combined with a digital tablet to deliver 
engaging feedback. 

Methods 
Four techniques were used to generate ideas and drawings 
in the workshop. The first activity was a questionnaire for 
the children, used as a starting point for a group discussion 
on their initial ideas. The second technique was a solo 
drawing session to sketch the ideas they had discussed. The 
third and fourth techniques required the children to be split 
into two groups of four, with an adult researcher in one of 
each. For clarity, the groups will be referred to as Group A 
and Group B. These drawing sessions used Big Idea and 
Bags of Stuff, which are techniques used in participatory 
design studies with children [18, 19, 50]. Yip et al. [50] 
suggest that co-design techniques that are more familiar 
work best with children with little design experience. Big 
Idea encourages children to combine their individual 
drawings and expand on what they originally discussed. 
Bags of Stuff is a low-tech prototyping technique used with 

children to add depth to 2-dimensional drawings and 
potentially open up design alternatives. The combination of 
these third and fourth techniques delivers a qualitatively 
rich, iterative design process and they are designed 
specifically for use with children.  

Questionnaire 
The questionnaire consisted of six questions and was filled 
in on the day of the study by all children. The aim was to 
get an idea of these children’s thoughts on LEGO as a tool 
for learning mathematics. The general consensus was that 
using LEGO to teach mathematics would be fun for young 
children. Their responses indicated that the educational 
element is still important and possible using LEGO bricks. 
As one child said, “Yes it is more fun using LEGO because 
it is more like playing a game than doing math. For 
example, if you compute 1 + 2 you can just add a LEGO 
and count how many LEGOs are there. You can also do it 
with minus”. The questionnaire challenged them with the 
idea of learning with LEGO in physical form, digital form 
and combined. The questions also focused on how could 
this combination deliver engaging feedback to a child 
learning math. One of the written responses described, 
“When it is wrong, it vibrates and the colour is red and it 
makes the sound erhhhh…and when it is right, it’s green 
and the sound is ding…” Already, a visual picture is being 
painted with sound effects of what the feedback should do 
when a particular action is taken. There were also 
suggestions of icon feedback with thumbs up and thumbs 
down gestures, plus tactile feedback. The questionnaire also 
brought up some initial suggestions of knowing if a child 
has got a question right. One child suggested addition of “A 
video that explains how to solve the mathematics problem 
with LEGO, and if they forget it, they can see the video 
again.”  

Individual Drawings 

   
        (a)                 (b) 

Figure 1. Two drawings by children from the individual 
drawing session.  

The individual drawing activity followed the discussion of 
the questionnaire, helping children to visualize their ideas. 
Throughout this activity, a variety of ideas were generated. 
For instance, drawings showed communication through 
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collaboration, e.g., someone describing the LEGO bricks on 
screen, whilst another builds it, and a battleship type setup 
where both children alternate in guessing coordinates of 
LEGO bricks on an interactive table. Figure 1 shows two 
examples from the individual drawing session. Figure 1(a) 
depicts an image of a large screen, which can be used to 
display a live image of what a child is doing with the LEGO 
bricks on the table. The children labelled the drawings to 
indicate what the elements were. Figure 1(b) demonstrates a 
big digital tablet, which allows the child to use the tabletop 
space to perform the tasks with LEGO bricks. These initial 
ideas are missing practical features. For example, both 
drawings in figure 1 do not specify how the LEGO bricks 
are being displayed on the screen. Which is fine in a 
sketching exercise. We can then imagine solutions such as a 
camera device recognising the LEGO bricks placed on the 
table, or the table itself imbedded with sensor technology, 
which in turn is connected to the screen. 

Big Idea 
The Big Idea method is described by Guha et al. [19] as 
mixing all the ideas together to formulate a collective idea. 
This is done by cutting out individual drawings and 
assembling them together guided by the children. A final 
idea is then drawn on one large paper. A discussion took 
place on how individual drawings could be combined. After 
the discussion, the children were put into facilitated groups, 
A and B. Big Idea then allowed the individual ideas to 
evolve into one idea, based on discussion on individual 
drawings.  

 
Figure 2. Big Idea created by Group A, combining LEGO 

bricks on a tabletop with a virtual feedback system.  

Big Idea expands on the “drawing” method with more 
details and elaboration of the design idea. Group A 
designed a tabletop (figure 2) where children can perform 
their tasks with LEGO bricks, expanding the idea of the big 
digital tablet from figure 1(b). It details a way for children 
to perform an array of functions. For example, the top right 
of the figure (2) shows help, video and share icons. It also 
outlines an icon to share homework externally to a digital 
tablet and take a picture of the physical LEGO brick to 

display the task on screen. In relation to the individual 
drawings, it is apparent that the level of detail is higher as 
the discussions began to question certain design decisions. 
The questions posed by the researcher to the children 
informants Big Ideas were: How do we access these icons 
without the need to touch the screen? Can a child 
understand these symbols? Where are the LEGO bricks 
shown in relation to the camera? 
However, in contrast to Group A’s design of working 
collaboratively, Group B’s Big Idea situated around 
independent activity. Their sketch represented a traditional 
classroom layout, where children have their own worktable. 
These tables have screens that separate the students, and 
provide the necessary feedback for them. To further the 
idea of feedback, Group B designed a flow schematic of 
what the educational software does when an answer is 
wrong or right. For example, one of the ideas depicted the 
physical LEGO brick being recognised by the camera, then 
leading to two possible outcomes. The first scenario is if the 
answer is correct. The tablet indicates green and the child 
then moves onto the next question. The second scenario is 
if the answer is incorrect, then the tablet screen turns red 
and the correct answer is displayed along with a video 
explaining how to do the activity correctly. At the end of 
the activity, ideas were discussed with both Group A and B 
together and noted down by the researcher assistant.  

Bags of Stuff 

 
Figure 3. A prototype created by Group B, demonstrating a 

digital tablet with an object recognition camera to detect 
LEGO bricks. 

Bags of Stuff is a low-tech prototyping technique [10] that is 
used to transform the drawings into something tangible. 
The goal of Bags of Stuff is to generate ideas for how the 
child user can interact with the combination of LEGO 
bricks and a tablet. To promote a little more divergent 
thinking in this task, random items were placed with the 
LEGO bricks for each of the two groups, A and B. In 
response, one of the groups used a flashlight (figure 3) to 
indicate whether an answer is correct or not by the colour 
displayed: red if wrong and green if correct. This idea 
originated in the questionnaire stage and developed through 
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the Big Idea technique. Another concept was the ability to 
share solutions with other children and the teacher. Group 
A elaborated on this feature. In the Big Idea activity they 
showed sharing capabilities limited to digital format. With 
further discussion, the Bags of Stuff prototype demonstrates 
an additional sharing capability with other external digital 
tablet devices in the form of a USB (figure 3). 

Another prototype consisted of a small screen that was 
described as an RFID scanner of LEGO brick objects. For 
example, if the scanned objects were correct in an exercise 
on symmetry, it would beep “DING!” and display a green 
light at the top of the device. An incorrect scan would 
create an “ERHHH! Try again” sound with a red light. 

Data Collection 
Each design activity resulted in different outcomes, which 
included drawings, photographs of artefacts, low-fidelity 
prototypes and researcher’s notes. Although not a design 
activity as such, the questionnaire provided data for the 
research team to analyse and later compare to the design 
outcomes. Memos were written during breaks to uncover 
any early emerging themes and then compared with the 
notes of one other researcher after the workshop. 
Analysis of Data 
In order to assess this diversity of qualitative data types, 
exploratory thematic analysis was chosen. Thematic 
analysis allows the researcher to carefully read the data, 
meticulously scanning for key words, trends, themes, or 
ideas in the data that will help outline the analysis, before 
any analysis takes place [17]. The data sets collected, 
consisting of low-tech prototypes, notes, questionnaires, 
memos and drawings where thematically analysed to 
produce design ideas and themes. The data sets were 
important in understanding the co-design partnership with 
children through these ideas and themes. Open coding was 
done on all data and gradually themed accordingly after two 
more coding sessions. Codes developed through similarity 
in design requirements, types of feedback, and ways of 
interacting with the system, in addition to social elements 
such as video, texting, sharing and aesthetic consideration. 
This information was condensed into related themes by 
triangulating all the data sets to check that data supported 
each other. The aim of grouping the data was to reduce the 
number of categories by collapsing those that are similar 
into broader categories [6]. To achieve inter-researcher 
reliability and reduce researcher bias, the adult researchers 
performed independent analysis of the data. Codes and 
themes were then checked against each other and minor 
variations were resolved as a team. 

FINDINGS 
Below are six main themes that emerged from the thematic 
analysis conducted after the workshop. 

1. Combination of tablet and LEGO 
2. Video explaining solution  
3. Icons to show/confirm actions  

4. More fun for children  

5. Tablet is a distraction 
6. Vibration, audio and visual feedback 

The following sections will outline the themes and assess 
how they relate to the model of engagement [32], and how 
they provide engagement for interacting with physical 
LEGO bricks in a physical space. 

Combination of Tablet and LEGO 
The questionnaire codes revealed that the fun element of 
LEGO and a digital tablet could be realised together, in a 
way children could learn mathematics. The children 
throughout the workshop use the words tablet and iPad 
synonymously. When asked about the combination of 
LEGO bricks and an ipad making learning maths fun, they 
responded,  “Yes because then you get to draw something 
on the ipad and then build it in your hand.” and “Maybe, 
yes because kids love LEGO and also ipads, and my little 
brother loves to play LEGO games on his ipad, and he also 
likes real LEGO, so I think it could be really fun together.” 

The discussion after the questionnaire revealed that the 
novelty of the combining a digital tablet and physical 
LEGO bricks would motivate young children to do maths. 
The informants believed it would hold children’s attention 
because it involves more senses in a fun and challenging 
way. The attributes of novelty and motivation appear in the 
model of engagement as positive aspects of technology. 

Video Explaining Solution  
Most of the drawings had a video of the teacher explaining 
the answer. This concern was further coded as a necessity if 
a child is stuck. It reveals that the educational software has 
to “fill in” if the teacher is unable to be there to explain or 
give the correct answer. The discussion with the children 
revealed that being stuck or not, receiving help is important 
to be addressed in the design of educational software. In the 
case of being stuck, according to the model of engagement, 
this can lead to a number of negative effects such as being 
too much of a challenge and result in frustration with 
technology, which are attributes of the model of 
engagement. If a child cannot receive the appropriate 
feedback from the system, then it could result in boredom 
and disengagement from the system. Therefore, it is of 
great importance that feedback is displayed when necessary 
when using educational software. 

Icons to Show/Confirm Actions  
The notion of icons emerged enough times to be coded as 
important. The discussion elaborated on how the children 
would utilize familiar icons within an ideal system. Ideas 
suggested including icons that they could identify with such 
as thumbs up and smiley faces. The model of engagement 
shows that graphics can keep attention and evoke realism 
and that customised views of information are ideal for an 
engaging system. Objects used in day-to-day experiences of 
a child were suggested to be used as part of these engaging 
interfaces in the workshop.  



 7 

More Engaging for Children  
The children informants felt using physical LEGO bricks 
would be more fun than using digital LEGO. The comments 
revealed the “hands on” interaction was a more effective 
means for young children to understand shapes, for 
instance. There was also a sense that younger children 
would become more involved in the subject matter, rather 
than “just tapping a screen”. The model of engagement 
indicates that an engaging system should be fun, enjoyable 
and increase physiological arousal. The children believe 
that designing the educational software like a game, 
combining the positive aspect of the tangibility of LEGO 
bricks with a stimulating interface for feedback, would 
make it more appealing for younger children to learn 
mathematics.  

Problems with Digital LEGO 
All child informants commented in the questionnaire that 
the digital LEGO on a tablet could be a potential distraction 
for young children when learning. Some reported “maybe 
the child will go on another game if there is not a teacher”. 
During the discussion, further elements of concern became 
apparent such as “getting lost” within the software or being 
“stuck”. An interesting finding was that all the children 
agreed on the questionnaire and in the post discussion that 
LEGO in a digital form on a tablet and moved around like 
real LEGO would not be fun for children learning maths. 
Nevertheless, one of the prototypes was a digital only 
design, with focus on audio and visual feedback based on 
direct contact with the screen. Within the model of 
engagement, interruptions and distractions were described 
as external factors that disengage users. The distractions 
can also be related to the usability of the technology. If 
distracting features such as pop-ups or overlapping 
elements on screen disrupt the flow of concentration, then 
the design needs to be re-evaluated.   

Vibration, Audio and Visual Feedback 
Based on the illustrations and comments made by the 
children, visual feedback was the most common form of 
feedback, followed by audio then tactile (vibration). This 
theme helped to prioritise the most important sensory 
elements in the final proof-of-concept prototype. In it, 
visual feedback appeared more highly favourable than 
audio and tactile feedback. However, audio feedback was 
shown to be necessary in each example as supporting 
feedback to the visual elements. The least mentioned, hence 
the least prioritised was tactile feedback, as it only served 
as an additional feature accompanying audio to notify users 
of the software. The model of engagement mentions 
aesthetic and sensory appeal as engaging elements with 
rich interfaces and graphics that keep attention. The 
interface design must be a true representation of the tactile 
interaction with LEGO bricks. The design decisions still 
require further negotiation of when feedback is necessary 
and what type, if at all. For example, would tactile feedback 
be necessary if the input of placing the LEGO bricks is 
already tactile? 

What do these themes mean? 
Based on the thematic analysis conducted, the themes that 
emerged reflect desired attributes for engaging educational 
technology. For example, the discussions in the workshop 
with the child informants placed emphasis on educational 
technology being fun. In terms of the model of engagement, 
the system should keep the child engaged (positive effect), 
be designed with levels of difficulty (challenging), and not 
distracting (disengaging and interruptions). It was also 
discussed that the feedback the child receives must 
encourage (motivate) and be easy to use (usability). The 
threads of experiences within the model of engagement 
emerged as important considerations whilst designing these 
concepts. It deals with the sensual, emotional and 
spatiotemporal aspects of engagement. Sensual threads 
focus on aesthetic appeal and novelty of an engaging 
education system. The children discussed that the feedback 
must have an appealing presentation to maintain interest. 
For example, there were suggestions for the use of primary 
colours and large display text to read. Emotional threads are 
described as having an interest or being motivated to 
complete a task. This came through in some of the designs 
where game challenges and levels were introduced to 
demonstrate progression. For instance, in one of LEGO 
Education’s LearnToLearn mathematics exercises called 
Mirror, mirror, the objective is to create symmetry with 
LEGO bricks. There were multiple suggestions on 
displaying an image and allowing the child to copy it. To 
challenge students further, it was suggested that a partial 
image could be shown and the exact bricks and colours 
would have to be used to finish the image. Spatiotemporal 
refers to becoming situated in the story. There were a few 
comments from child informants regarding this, including 
“I think kids will build with real LEGO because they can 
create their own fantasy”. Their reflection on using real 
LEGO is indicative that a digital system should try to 
achieve a similar effect. 

DESIGN OF PROTOTYPE 
There are multiple ideas stemming from a previous study 
[48] and the participatory design workshop with children 
presented in this paper. This collection of rich information 
was used as inspiration in creating a working prototype for 
young children that combines physical LEGO bricks and a 
digital tablet. The prototype in figure 4 is a reflection of a 
collaborative effort of working with children to create fun, 
educational software that can be used within the classroom.  

  
Figure 4. flip’n’slide: An object sensor inspired design. 
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This prototype is called the flip’n’slide. The name derives 
from the functionality of a standard digital tablet being 
encased within a shell and built to slide out. The case itself 
can be closed like a laptop, onto the work mat surface 
where the child performs all the physical LEGO activities. 
The base of the work mat has weight sensors capable of 
identifying LEGO bricks anywhere on it (figure 4). Both 
the encasing area and base mat have grids that are divided 
into x, y and z-axis, which calculate the dimensions of the 
LEGO bricks. The idea of a work mat and digital tablet 
independent of each other works with limitations of current 
sensor and camera technologies. One of the key design 
problems that emerged within the workshop was the 
inflexibility of the camera to recognise the LEGO bricks. 
Therefore, as a design solution, the physical work area 
relies on the tablet to show the information and the tablet 
coordinates with physical interactions on the work mat. The 
tablet is connected to the sensors via a fixed cable inside the 
shell. The instructions for the flip’n’slide are a step-by-step 
written display with the choice of audio for reinforcing 
information. The ability to have repeated access to 
instructions and solutions were concerns highlighted in the 
workshop by the children informants. The important 
element in focus is feedback and how the system will affect 
children’s interaction. The screen is split into two parts. On 
one side, instructions from the LearnToLearn LEGO 
exercises are displayed and on the other is the work area, 
which the child will receive visual feedback on their 
creations. On the screen is a 3-dimensional rendering of the 
physical construction (figure 5). The arrow keys around the 
button can manipulate this 3D display on an x, y and z-axis, 
so that there is minimal obstruction of onscreen viewing 
whilst building. Flip’n’slide offers audio feedback when a 
brick is placed and removed, indicating to the child that 
their actions are being registered by the system. The sound 
creates a bridge between the physical actions and the digital 
interface. The interactive surface is designed with a grid, 
which does not influence the result of user actions and is 
provided as a guide when building objects. If other objects 
are placed on the grid, they are not registered, due to the 
system’s unique LEGO brick identification algorithm. 

Contribution of Prototype System 
The introduction of such a software system in an 
educational context proposes multiple benefits. Firstly, the 
teacher cannot respond to all children at once during an 
activity. For instance, an exercise on symmetry would 
require the child to have confirmation of the placement of 
bricks. The software can provide the necessary feedback 
ensuring that if the arrangement does not represent 
symmetry, then the interface will provide details on how to 
achieve such. This can come, as suggested in the PD 
workshop, as a video or even text bubbles with hints or 
examples. The digital tablet has an interface that is flexible 
and can represent images in 2D and 3D formats. The 
advantage of this is the ability to display LEGO bricks as a 
true representation in real-time. Responsive feedback from 

the interface allows a more engaging feedback according 
the model of engagement [32]. The engagement allows the 
child to feel in control of their actions. The model of 
engagement describes this as perceived user control, a 
positive attribute of engagement.  

 
Figure 5. A 3D rendered version of flip’n’slide.  

The software system presented can challenge the child’s 
multi-sensory abilities in various ways, in which the current 
paper exercises with LEGO cannot. For example, the paper-
based instruction requires the teacher to dictate to the class. 
There are a few uncertainties that come with this approach. 
Firstly, children may misunderstand what they are being 
told to do, especially if the instructions are dictated only 
once. The case could be, that missed information would 
have to be repeated when the teacher has finished dictating, 
resulting in waiting and uncertainty. The scenario could be 
to ask questions during the dictation. Unfortunately, this 
would mean disrupting the flow of information to other 
children. Secondly, children between five and seven years 
old may not have acquired advanced reading and 
understanding capabilities, if they have to read the paper 
instructions. Again, the waiting time for help with words 
they don’t understand relies on the teacher’s attention. Even 
if they attempt to do the exercise, how do they know that 
they are following the objectives of the tasks correctly? 
Thirdly, paper cannot provide audio-based instructions. 
With the proposed system, the possibility for the child to 
hear the instructions repeatedly makes it easier for them to 
engage with the task. This then allows the teacher to focus 
on other learning outcomes in the lesson. The software 
system proposed is not designed to replace the teacher, but 
to be a reliable stand-in for delivering engaging feedback 
for the children. In a study by Klein, Nir-Gal & Darom 
[24], they reported that preschool children better developed 
their cognitive skills using computers when the educators 
took a mediating role as opposed to when educators had a 
passive role. 

Lastly, the system is there as additional support for when 
the teacher is unavailable at a point in time when a student 
requires help. This support can be seen as a way to become 
independent of the need for a teacher at all times, tying in 
with the 21st Century skills outlined in LEGO Education’s 
four C approach. The opportunity to present visual 
information in various ways adds to the system’s versatility. 
This is especially useful with more abstract concepts. 
Moreover, responsive feedback from the interface is useful, 
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as the child will feel in control of their actions.  The 
information presented on screen can furthermore reinforce 
the audio or the information previously dictated by the 
teacher. It is also argued, that digital representations of 
instructions allow children to view models from different 
perspectives [47]. However, Tseng & Resnick [47] found 
that when children followed paper-based instructions, it was 
difficult because of the inability to view the model from 
multiple perspectives. With the educational benefit of such 
systems, Lepper & Cordova [26] believe that there are 
“significant educational benefits” to be gained from 
computer-based instructional activities, however, with 
careful planning so that they can support learning. The 
designs gathered from the workshop and previous work 
[44] indicate that an interactive tablet can be combined with 
LEGO bricks in such a way as to deliver immediate and 
relevant feedback to children using LEGO Educations 4C’s 
constructionist learning, potentially increasing children’s 
engagement in learning. 

Limitations 
Despite the positive features described by the proof-of- 
concept prototype, how can we be sure that it will provide 
the necessary feedback described in this paper? Would 
measuring feedback be an indication of an improved 
system? How should this feedback be measured? The 
model of engagement has limitations in regards to being 
proposed in the context of user engagement. The model 
itself was designed around an adult target group. Can this 
definition be applied to the user engagement of children 
with educational technology, and importantly, does this 
mean that the themes found in the workshop are not useful? 
If the model were to be used, then appropriate methods and 
evaluations would also have to be used.  

The discussion primarily took place around the digital tablet 
providing feedback, however, with little to no emphasis on 
how the feedback should be presented, with regards to 
LEGO Education’s four C framework. This requires further 
investigation into the display of LEGO instructions in a 
digital format. The children may have also lacked the 
knowledge of other emerging technologies. For example, 
there was no mention of augmented reality, radio frequency 
identification or virtual reality solutions. As a result, 
potential ideas were limited.  

The results are also under scrutiny, as thematic analysis is 
highly interpretive. It requires interpretation from the 
researcher in defining and applying codes to a related text. 
In combination with a participatory design workshop, the 
lens from which the research is based increases the bias. 
Despite these limitations, it is the most commonly used 
method of analysis in qualitative research [17]. Using a 
triangulated analysis method helped to strengthen the core 
themes of the designs. Some of the drawings, discussions 
and comments revealed the difficulty of designing for 
younger children. For example, the 11-year old child 
informants could not grasp certain limitations of younger 

children’s use of technology. As a result, many of the 
concepts revolved around how they used technology.  

CONCLUSION 
Information gathered from the workshop brings to light a 
selection of methods, techniques and a theoretical lens for 
HCI researchers who are interested in developing tangible 
educational software for children. The model of 
engagement provides a useful framework in establishing 
ideas on desirable characteristics of an interface. The 
empirical outcomes are themes derived from a participatory 
design workshop with children and then used to 
conceptualise a proof-of-concept prototype, flip’n’slide. 
The contribution of this study is a proof-of-concept 
prototype, in the form of a digital tablet connected with a 
work mat and embedded sensors, to explore the ways in 
which the combination of digital feedback and physical 
LEGO bricks could increase children’s engagement in 
learning maths using LEGO Education’s 4Cs principles. 

FUTURE RESEARCH 
An investigation into other technologies could bring to light 
more effective means of engagement and feedback for 
educational systems for young children. Possibly future 
educational technologies that are tablet-based can be 
integrated with everyday objects, to be ubiquitous within 
the surroundings of the classroom. Researchers such as Xu 
et al. [49] have already begun these investigations. The 
possibility of applying this research outside the context of 
the classroom could benefit home-schooled children. There 
are a number of studies that support the use of educational 
technology outside the context of the classroom [23, 43] but 
seamlessly integrated into our everyday surroundings. 
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Kh Telr

L[Xr fV Xag Y Vr cTcXer XaWXTibhefr gbr VbiXer Tr ah UXer bYr g[X Xf(r efg l&r gr

bb fr Tgr jbe a r j g[r V[ WeXar Ulr VbaWhVg a r cTeg V cTgbelr WXf ar H r

fghW XfrTaWrg[XraXVXff glrbYrjbe a rj g[rV[ WeXar arfhV[rTr TaaXergbr T ar

bcg T reXfh gf(rL[X Tg VrTaT lf fr frT fbrgbhV[XWrhcbar arg[Xr[TaW a rbYr

fhV[rdhT gTg iXrWTgT(rKXVbaW l&rg[XrcTcXerYbVhfXfrbarYXXWUTV &rTrfcXV Y Vr

Tgge UhgXrbYrXa T X Xag&rj[ V[r arghear frTrcTegrbYrTrUebTWXerUbWlrbYrhfXer

XkcXe XaVX(r L[ fr VT Xr Tfr Tr eXfh gr bYr Y aW a fr Yeb r Tr ceXi bhfr fghWlr

VbaWhVgXWr Ulr g[Xr fT Xr Thg[ber bYr g[ fr cTcXe(r L[ eW l&r g[Xr bWX r bYr

Xa T X Xagr Go:e XarTaWrLb f&r,**2 r[X cfrgbrWXY aXrYXXWUTV r areX Tg bar

gbr gXV[ab b lr TaWr hfXer XkcXe XaVX&r Ulr cebi W a r Tr fh Xfg bar bYr bg[Xer

fhccbeg a rTgge UhgXfrYberVeXTg a rXa T a rgXV[ab b l(rDTfg l&r grT frgbr

hfXrg[XfXrfgehVgheXfrgbrVeXTgXrTrcebbYrbYrVbaVXcgrcebgbglcXrg[TgrWX iXefr

Xa T a rYXXWUTV rj g[ arTarXWhVTg baT rVbagXkg(r

r

L[Xr Yb bj a r V[TcgXefr j r iXr beXr af [gr agbr g[Xr cebVXffXfr bYr [bjr

g[ frcebbYrbYrVbaVXcgrcebgbglcXrVT XrgbrUX&rfgTeg a rj g[rWXgT frbYrg[Xr

TaT lf fr bYr WTgTr Tg[XeXWr Yeb r g[Xr jbe f[bc(r L[Xr D C D ? C C

B 4 CCr V[TcgXer j r WXgT r g[Xr fgXcfr g[Xr Thg[ber gbb r ar Tg[Xe a &r

TaT lf a r TaWr VTgX be f a r g[Xr WTgTr Yeb r g[Xr jbe f[bcr j g[r c[bgb eTc[ Vr

Xi WXaVXrTaWreXfXTeV[Xe’fr X bf(r
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XgT frbYrg[Xr9aT lf frHebVXffr
 
eb r g[Xr aVXcg bar bYr g[Xr WXTr bYr VeXTg a r Tr fh gTU Xr gXV[ab b lr Yber

V[ WeXar gbr XTear Tg[X Tg Vfr ar Tar XWhVTg baT r VbagXkgr X Xe XW&r g[Xr

cebVXffrjTfrWbVh XagXWrYberTVTWX VrchecbfXf&rUhgrT fbrYber lrbjareXVbeWf(r

L[ frfXVg barbhg aXfrg[Xrgbb frTaWrgXV[a dhXfrhfXWrgbrVeXTgXrg[XrcebbY'bY'

VbaVXcgr cebgbglcX&r i a r fb Xr af [gr agbr [bjr Ar TccebTV[XWr g[X Tg Vr

TaT lf f(rL[Xrjbe f[bcrc TarVTarUXrYbhaWr ar9ccXaW kr (r

TgTr?Tg[Xe a rTaWr9aT lf frr

r

r r r
r

r

rrr T r r r rr U r r r r rrr V r

heXr-(r9rge cglV[rW fc Tl a rg[Xrg[X Tg VrTaT lf frcebVXffrbYr

VeXTg a rabgXf&raTeebj a rg[X rWbjar agbrg[X Xf&rg[XarY aT lr

VTgX be f a rg[X rTVVbeW a l(r

r
H VgheXWr ar Y heXr -r fr lr ebb r j[XeXr Ar VbaWhVgXWr g[Xr g[X Tg Vr TaT lf fr

j g[r g[Xr WTgTr Yeb r g[Xr jbe f[bc(r Agr jTfr aXVXffTelr gbr fceXTWr bhgr T r g[Xr

WeTj a f&rc[bgb eTc[f&rVb XagfrXgV&r arbeWXergbr XgrTrUebTWrhaWXefgTaW a r

bYr g[Xr WTgT(r L[Xr Vb bher VbbeW aTg bar c TlXWr Tr [h Xr eb Xr ar be Ta f a r

iTe bhfr cTggXeafr g[Tgr X Xe XWr eX h Te l(r QX bjr 6r gXeTg bar +&r U hXr 6r

gXeTg bar,rTaWreXWr6r gXeTg bar-(rL[XrWTgTrjTfrTffXffXWr beXrg[TarbaVXrgbr
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TWWre bhergbrg[XrY aW a f&raTeebj a rWbjarg[XrVTgX be Xfr agbrVbaf fgXagr

eXbVVhee a rg[X Xf(rL[ frjT rfXeiXWrTfr afc eTg barYberg[XrWXf arbYrg[Xr

cebbY'bY'VbaVXcgrcebgbglcXrVT XWrY crnaorf WXr Y heXr-(rT&rUrTaWrV (r

Ghg a a r Xf arAWXTfr

L[ fr c[TfXr Ue XY lr YbVhfXfr bar g[Xr Xg[bWr bYr WXag Yl a r WXTfr g[Tgr jXeXr

XkgeTVgXWr arg[Xrjbe f[bc&rUlrWXfVe U a rg[X rTaWrg[XrV[ W’fr agXag barj[Xar

WXf a a r g(r L[ fr fr WbaXr g[ebh [r VTgX be f a r g[Xr g[X Xfr WXfVe UXWr

TUbiX (r Aar beWXer gbr VeXTgXr Tr g[X X&r cTggXeafr ar g[Xr WTgTr jXeXr Vb cTeXWr

T ba rj g[rbg[XereXbVVhee a rjbeWfrberVbaVXcg(rr

+( ;baiXeg a reTjrWTgTr agbrVbWXfrr

,( Aa g T rVbW a r gXeTg bar+ r

-( bVhfXWrVbW a r gXeTg bar, r

.( L[XbeXg VT rVbW a r gXeTg bar- r

/( EX brabgXfrYeb rfghWlr

0( ;eXTg barbYrg[X Xfr

1( ;TgX be f a rg[X Xfr

L[XrW fVbiXelrbYrf TergXe frTaWr WXTfrjXeXrabgrg[Xrba lreX TaVXrYberg[Xr

VeXTg bar TaWr VTgX be fTg bar bYr g[X Xf(r L[Xr bWX r bYr Xa T X Xagr Go:e Xar

TaWr Lb f&r ,**2 r [Tfr cebi WXWr g[Xr g[XbeXg VT r Xafr Yber g[Xr Tgge UhgXr ar

YbVhf&rTaWr[X cfrgbrcebi WXrTrWXY a g barYberg[XfXrWXf af(r:lrhf a rg[Xr

bWX rbYrXa T X Xag’frWXY a g barj g[rg[Xrg[X XfrbYrg[Xrjbe f[bc&r grT bjXWr

XrgbrVe g VT lreXY XVgrhcbarg[Xr gTg bafrbYrg[Xr bWX (r

EX bfrr

EX bfrjXeXrje ggXarTUbhgrg[Xr a g T rTaWrYbVhfXWrVbWXfrgbr[X creXVbeWr lr

g[ a a rcebVXffrTUbhgr[bjrTaWrj[XareX XiTagr TaWrabgrfbreX XiTag rg[X Xfr

bVVheeXW&r [bjr g[Xlr V[Ta XW&r TaWr j[Tgr g[X er VbafXdhXaVXfr jXeX(r Aar g[XfXr

X bf&rAr TWXrVb cTe fbafrUXgjXXarWTgT&rVTfXfrTaWrVbWXfr arbeWXergbrY aWr

f Te g Xfr TaWr W YYXeXaVXf&r TaWr eT fXWr dhXfg bafr gbr UXr TafjXeXWr ar g[Xr

WXf ar TVg i g Xf(r HTegfr bYr g[Xr WTgTr g[Tgr TeXr eX XiTagr gbr g[Xr eXfXTeV[r
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dhXfg bar TaWr g[Xr bWX r bYr Xa T X Xagr jXeXr VbWXWr TVVbeW a l(r :X bjr TeXr

XkT c XfrbYr X bfrje ggXarWhe a rg[Xrc[TfXrbYrg[XrfghWl(r

? ? AB 4 CC ? C C C ? C 44EBB

L[Xrf T rXkgeTVgfrUX bjrTeXrgT XarYeb rg[Xr X bfrAr[TWrje ggXarWhe a rTaWr

TYgXerg[XrfghWl&rgbrVbafgTag lrdhXfg bar lrbjarjbe rTaWrbUfXeiTg bafrUX a r

TWX&r TaWr gbr abgXr lr VheeXagr fgTgXr bYr aWr j[ fgr T a r g[XfXr

bUfXeiTg baf(r =iXar j[Xar fVehg a f a r lr bjar WTgTr TaWr WXV f baf&r g[Xr

bUfXeiTg bafr bYr VbhefXr VTar fg r UXr TUX XWr Tfr U TfXW(r @bjXiXe&r g[Xr

eXfXTeV[r Tff fgTagr T fbr eXTWr TaWr TWXr abgXfr bYr [Xer bjar gbr VbaY e r ber

[ [ [grTalrhaV XTerbUfXeiTg bafrAr[TWr Xag baXW(r

“The idea was to have the children complete the questionnaire before I came to the 

school to do the presentation and introduce my ideas and perspective on using 

LEGO and technology to teach mathematics to school children. However, this was 

not the case and the questionnaire was completed in a slot just before the 

introduction. I felt this initial exposure before attending the workshop would get them 

thinking before being bombarded with ideas and activities. The discussion should 

have been used to kick-start the ideas they would have come in to the work shop 

with. Maybe a couple days head start would have help to prepare the children with 

some ideas to start with. However, the improvised questionnaire session did not 

change the outline of the day. A discussion section still took place. 

 
Question 6 – The codes indicate a lot of collaboration, as the ideas were similar. This 

could be because of the set up of the tables or the students’ interpretation of the 

situation to “share ideas”. The ideas that were generated by the students had 

interesting uses of colour, sound to indicate if something was right or wrong. The 

students seem to understand the concept of physical and digital interaction. They 

used the camera as a way to access the digital world.”r

? ? AB 4 CC ? ? C C C ? C 44EBB

“Maria also helped to take notes during the workshop. It will be integrated into my 

own notes. Whilst I was taking the discussion with the students, they were able to 

elaborate more on their ideas that they had expressed in the questionnaire. Lisa, a 

research assistant, also took part in these discussions and activities. An important 

point to note was that a sub-path of cooperative inquiry was practiced throughout the 
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workshop. All the adults took part in the activities, so that the children felt like 

research partners.” 

D ? ? AB 4 CC 4 ?

“For question number 2, everyone answered that digital technology would not be 

useful in helping children to learn mathematics. For example, distraction of other 

digital elements, or physical LEGO seen as better for “fantasy play”. However, the 

discussion suggested was in which technology would be useful. We established that 

the ideas amongst everyone for question number 6 were similar. The discussion 

helped to expand these ideas into other possibilities. For example, using a table with 

a folding screen or collaboration through getting students to build together were other 

suggestions.” 

JXfXTeV[r9ff fgTagrFbgXfr

r r
r T r r r r rrrr rrr U r

heXr.(rLjbrXkT c XrcT XfrbYrabgXfrgT XarUlrg[XreXfXTeV[rTff fgTag(r

L[XrabgXfrWXc VgrTr XaXeT rfXafXrbYrTgg ghWXrgbjTeWfrD=?GrUX a rhfXWrTfrTr

gXTV[ a r gbb r TaWr W gT r YXXWUTV r TaWr T fbr aW i WhT r Vb Xagf(r L[XfXr

abgXfr Vbage UhgXWr gbr g[Xr TaT lf fr bYr g[Xr WXf afr Tfr g[Xlr VTcgheXWr g[Xr
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bc a bafr ar g[Xr b Xagr bYr g[Xr jbe f[bc(r L[Xlr [X cXWr gbr T ar lr WXTfr

j g[bhgr Xr cbf a rbarg[X erg[bh [gf(rIhXfg bafrYeb rg[XrdhXfg baaT eXrVTar

UXrYbhaWr ar9ccXaW kr;(r

O g[r-r gXeTg bafrbYrWTgTrTaT lf frTaWr0rg[X Xf&rg[XrWTgTr[TWrXabh [re bher

gbr UX ar g[Xr aXkgr c[TfX(r L[Xr Yb bj a r V[TcgXer agebWhVXfr TWW g baT r

UTV ebhaWr agbr g[Xr cebbY'bY'VbaVXcgr cebgbglcXr j g[r Tr YbVhfr bar cbff U Xr

gXV[ab b lr T gXeaTg iXf&r gXV[a dhXfr bYr g[X er WXf ar TaWr ceb eT a r

XkT c XfrbYrg[XrY crnaorf WXrceXfXagXWr arg[XrfV Xag Y VrcTcXe(r
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R =N=DGHE=FLSr
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XiX bc Xagr
r
L[XrceXi bhfrV[TcgXerW fVhffXWrg[Xr Xg[bWrbYr[bjrArTaT lfXWrg[XrWTgTrYeb r

g[Xr jbe f[bc(r L[ fr V[TcgXer cebi WXfr Tr gg Xr beXr UTV ebhaWr agbr g[Xr

WXiX bc XagrbYrWXf ar WXTfr afc eXWrYeb rg[Xrjbe f[bc&rgXV[ab b XfrTaWr lr

bjarceb eT a rVTcTU g Xfr T fbrYbhaWr ar9ccXaW kr: (rr

L[XeXrTeXrTrah UXerbYr WXTfrg[TgrVbh WrabgrUXrceXfXagXWr arg[XrfV Xag Y Vr

cTcXer Yber eXTfbafr VbaVXea a r f mXr TaWr eX XiTaVXr gbr g[Xr g[X Xfr

TYbeX Xag baXWr ar g[Xr ceXi bhfr fXVg ba(r @bjXiXe&r Ar YXX r gr aXVXffTelr gbr

WX bafgeTgXrfb XrbYrg[XrVbeXr WXTf&rj[ V[r[X crVbage UhgXrgbrg[XrcebbY'bY'

VbaVXcgr cebgbglcXr ceXfXagXWr ar g[Xr cTcXe(r L[eXXr iXef bafr TeXr f[bjar j g[r

fb XrbYrg[XrgXV[a dhXfrUX[ aWrg[X erWXiX bc Xag&rXkT c XrVbWXrTaWrceb eT f(r

Kb hg barGaXr

L[XrY efgrfb hg bar frVT XWrg[XrD=?GrETg[fr;T r Y heXr/rTaWr0 (r9frg[Xr

aT Xrfh Xfgf&r grhfXfrTrjXUrVT XeTrgbrVTcgheXr iXrYbbgT XrbYr agXeTVg bar

j g[r D=?G(r L[ fr fbYgjTeXr eXVb a fXfr g[Xr D=?Gr Ue V fr TaWr achgfr g[Xr WTgTr

bagbrTrVb chgXe&rj[ V[r arghearW fc Tlfrg[XrTccebce TgXr aYbe Tg barTUbhgr

g[Xr Ue V (r L[ fr Y efgr fb hg bar [Tfr fb Xr cbf g iXr dhT g Xf&r ar g[Tgr gr

iXfreXfcbaf iXrYXXWUTV rgbrg[Xr agXaWXWrhfXef(rL[XrXkT c XfrUX bjr Y heXr

/ rf[bjrD=?GrUe V frVTcgheXWrj g[rTrU hXrbhg aX(r heg[XerWXiX bc Xagrjbh Wr

[TiXrfXXarTWW g baT r aYbe Tg barfhV[rTfrg[XrVb bherbYrg[XrD=?Gr XiXar Yr

TccTeXag &rg[Xrf mXrbYrg[Xrc XVXr ,rUlr.rUe V rTaWrf[TcX(r

r r
heXr/(rL[XrD=?GrETg[fr;T rcebgbglcXrWXf ar'rWXc Vg a rg[XrfXghcrbYr

g[XrjXUVT rTaWrD=?GrUe V frbarTr e WWXWrfheYTVXr j g[bhgrgTU Xg (r
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L[Xr, rf XgV[rbYrg[XrD=?GrETg[fr;T r Y heXr/ r iXfrTr hV[rV XTeXer WXTrbYr

g[Xr bb r TaWr fb Xr TfcXVgfr bYr YhaVg baT gl(r :lr g[ fr fgT Xr ar g[Xr

WXiX bc Xagrc[TfX&rArVbh WrfXXrg[Tgrg[XeXrVbh WrUXrcbgXag T r gTg bafrbYr

g[Xr VT XeTr ar iTe bhfr cbf g baf(r @bjXiXe&r g[Xr YbVhfr Tgr g[ fr cb agr jTfr

cebi W a r XYYXVg iXr W gT r YXXWUTV r TaWr Ar TWXr g[Xr WXV f bar gbr br T[XTWr

j g[rVeXTg a rTrcebbYrbYrVbaVXcgrcebgbglcX(r

4D D 4D ? D B

AarWXiX bc a rg[XrD=?GrETg[fr;T &rbcXarfbheVXrVbWXrjTfrhfXWrTfrTrfgTeg a r

cb ag(r Ar hfXWr VbWXr Yeb r Dh r Xr Jhff f&r Tfr [Xr [Tfr aW lr WXiX bcXWr g[Xr

gX c TgXrYberceb]XVgfr arBTiT&rTrceb eT a r Ta hT XrArT rYT Terj g[(r

ElrhfXrYberg[XrfbYgjTeXr WXag Y XfrTaWrgeTV frg[XrD=?GrUe V fri TrjXUVT r

i WXbr fgeXT r Ulr hf a r g[Xr Vb bher eTa Xr bYr g[Xr D=?Gr Ue V fr g[ebh [r g[Xr

Xebf bar TaWr W Tg bar TaWr Y aW;bagbhefr Xg[bW(r L[Xr dhTag glr bYr @hX&r

KTgheTg barTaWrNT hXr @KN r frhfXWrgbrVbageb rg[Xr T Xrg[eXf[b W(rAarDh r

Xr Jhff for ghgbe T &r [Xr Xkc T afr g[Tgr g[Xr jXUVT r g[Xar VTcgheXfr TaWr

cebVXffXfr g[Xr T Xr Ulr eX bi a r ab fXr ar beWXer gbr YTV gTgXr bU]XVgr

eXVb a g ba(r L[Xr gXV[a dhXfr bYr Xebf bar TaWr W Tg bar TeXr hfXWr gbr WXag Ylr

g[XrbU]XVgfrhf a rg[XrVbagbhefrbUgT aXWrTYgXerg[Xr T XrcebVXff a (r

E ? ED ? ?

L[Xrf XgV[riXef barW YYXefrgbrg[ friXef barUhgrg[Xrce aV c Xr frg[XrfT X(r

Fbg VXr g[Xr g[eXf[b Wr fVeXXafr TeXr c V a r hcr g[Xr f[TcXr TaWr Vb bher bYr g[Xr

D=?GrUe V f(rAgr frdh gXrTVVheTgXrTfrg[XriT hXfrjXeXrTW]hfgXWr arbeWXergbr

YTibherg[XrlX bjrUe V f(rL[ fr frTar cbegTagrYXTgheXrbYrg[XrD=?GrETg[fr

;T r Tfr gr VTar W fc Tlr g[Xr W YYXeXagr f[TcXfr TaWr Vb bhefr gbr g[Xr hfXer bar

fVeXXa(rr
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r
r

r
r

r
heXr0(rL[XrfXghcrbYrg[XrD=?GrETg[fr;T rf[bj a rg[XrjXUVT rhf a r

bU]XVgreXVb a g bargbrW fc TlrD=?GrUe V frbarTr TcgbcrfVeXXa(r

. 4D ? ? ED ? ?

GaXrbYrg[XrYebagrehaa a r WXTfrYeb rg[Xrjbe f[bcr aV hWXWrhf a rTrVT XeTrgbr

VTcgheXrg[Xrc[lf VT r agbrg[XrW gT rjbe W(rL[ frjTfrTccTeXagrg[ebh [rg[Xr

WXf afr Ulr g[Xr V[ WeXar TaWr eXfXTeV[Xefr ar g[Xr jbe f[bc(r @bjXiXe&r hcbar

WXiX bc Xag&rg[XrVT XeTrceXfXagXWrTrah UXerbYr ffhXf(r9arX UXWWXWrVT XeTrbar

Tr gTU Xgr TV fr bU gl(r 9r jXUVT &r [bjXiXe&r fb iXfr g[ fr cebU X (r

FbaXg[X Xff&r gr fr Vh UXefb Xr ar Tr jTlr g[Tgr WbXfr abgr T bjr Tr V XTar

agXeTVg barUlrg[XrhfXe(r berXkT c X&rhfXer agXeTVg barj g[rD=?GrUe V frTeXr

]XbcTeW fXWr Ulr h g c Xr VT XeTr cbf g bafr TaWr cbff U Xr bUfgehVg ba(r L[Xr

fgheW aXffrbYrg[XrfVeXXarTaWrVT XeTr[TfrgbrUXrVbaf WXeXWrgbrXaWheXrhfT XrUlr

f T rV[ WeXa(r9arTWW g baT rVb cbaXagrfhV[rTfrTarXkgXeaT rVT XeTrceXfXagfr

1 
4 

1 

Total: 6 
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Yheg[XerVb c Xk glrgbrg[XrflfgX rj g[rg[XrgTU XgrTaWrfbYgjTeX(rFbaXg[X Xff&r

g[XrD=?GrETg[fr;T rceXfXagfrTrfgeba rVTfXrYberWX iXe a rXYYXVg iXrW gT r

YXXWUTV (r

Kb hg barLjbrr

D=?Gr ETg[fr ;T r gXV[ab b lr VXegT a lr [Tfr g[Xr VTcTU g Xfr ar ceXfXag a r

Vbag ahbhfr YXXWUTV r ar Tr W gT r fcTVX&r g[bh [r abgr j g[bhgr gfr WeTjUTV fr

Tfr[ [ [gXWrTUbiX (rGg[XergXV[ab b lr[TWrgbrUXrVbaf WXeXWr argel a rgbr

TV[ XiXr g[Xr fT Xr ber f Ter eXfh gf(r ber XkT c X&r JTW br eXdhXaVlr

AWXag Y VTg bargXV[ab b lr J A rjTfrVbaf WXeXWrUhgr TV XWr arTrYXjrTeXTf&r

j[ V[rjbh Wrh g TgX lrTYYXVgrg[Xr bT rbYrYXXWUTV (rAarg[ frVTfX&rg[XrD=?Gr

Ue V rjbh WraXXWrgbrVbagT arTarX UXWWXWrgT rfbrg[Tgrg[XrW gT reXTWXerj r

UXrTU XrgbreXVb a fXrg[XrUe V (rL[XfXrfcXV T fXWrUe V frWbrabgr agX eTgXr

j g[rg[XrXk fg a rD=?GrVhee Vh h rc XVXf&rj[ V[rjbh Wr arXYYXVgrXkV hWXrTr

Te Xr cbgXag T r hfXer UTfXr bYr fV[bb f&r j[ V[r VheeXag lr jbe r j g[r beW aTelr

D=?Gr Ue V f(r 9abg[Xer Y Tjr jbh Wr UXr g[Xr X X Xagr bYr fgTV a r g[Xr Ue V f(r

efg l&rg[XrJ A r fr gXWr ar gfrTU glrgbreXTWrjTiXfrYeb rTr gXWr

W fgTaVX(r@bjrjbh Wrg[XrfbYgjTeXr abjrg[TgrTrD=?GrUe V r[TfrUXXarc TVXWrbar

gbcr bYr Tabg[Xer Ue V 7r 9ar T gXeaTgXr fb hg bar Vb Xfr ar g[Xr Ybe r bYr Tr

W YYXeXagrglcXrbYrfXafbe5rbaXrg[TgrA BD rTWWeXffXfrg[Xr ffhXrbYrUe V r

fgTV a r TaWr g[Xr hfXr bYr eX h Ter Ue V f&r TaWr Talr fgTaWTeWr gTU Xgr j g[r Tr

,(*)-(*rMK:rcbeg(r

r
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r
heXr1(r9r, r TlbhgrbYrg[XrY crnaorf WXrD=?GrgXV[ab b l&r

TWWeXff a rg[XrY TjfrbYrg[XrD=?GrETg[fr;T rflfgX (r

L[XrY crnaorf WXrTWWeXffXfrTrah UXerbYr ffhXfrg[Tgrg[XrD=?GrETg[fr;T r

[Tf(r berXkT c X&rY heXr1rcb agfrbhgrg[Tgrg[XeXr frabrVT XeTrgbrbUfgehVgrTr

hfXe’frTVg bafrj[Xarhf a rg[XrWXi VX(rL[XrfV Xag Y VrcTcXergbhV[XfrTr gg Xr

bar g[Xr gXV[ab b lr hfXWr gbr VeXTgXr g[ f&r g[bh [r abgr ar WXcg[(r L[Xr beVXr

KXaf g iXrJXf fgber KJ r frX UXWWXWr arg[XrUTfXrbYrg[XrWXi VXrj[XeXr grVTar

WXgXVgrD=?GrUe V frTaWrWX iXerYXXWUTV rgbrg[XrW gT rgTU Xg(r

L[XrfT XrfgXcfrjXeXrYb bjXWr arVeXTg a rTr- r bV rhcrg[XrY crnaorf WXr

arbeWXergbr XgrTrV XTeXerhaWXefgTaW a rbYr gfrYhaVg baT glrTaWrhfTU gl(r

L[XrgTU XgrVTarUXrf Wr arTaWrbhgrbYrg[XrVTfXr[b W a rTaWrVbaaXVgXWrUlrTr

MK:rVTU Xrgbrg[Xr Tg&rj[XeXrg[Xr KJrfXafbefrTeXrX UXWWXW(rL[Xr WXTrbYrhf a r

ceXffheXr fXafber gXV[ab b lr T bjfr g[Xr flfgX r gbr abjr g[Tgr Tar TWW g baT r

D=?GrUe V r[TfrUXXarc TVXWrbargbcrbYrTarXk fg a rba(r

FbrbUfgehVg ba(r

:TfXWrbarjX [gr

VT Vh Tg baf(r9alr

gTU XgrTaWrD=?Gr

Ue V rVTarUXrhfXW(r
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E ? ED ?

r r
r

r r
heXr2(rHeb eT a r9eWh abrgbrjbe rj g[rTar KJrfXafbe(r

L[Xr T Xfr ar Y heXr 2r f[bjr g[Xr T a r bYr g[Xr Y crnaorf WXr j g[r gjbr

fbYgjTeXr ceb eT f(r L[Xr ce Telr fbYgjTeXr Yber T a r Tr VbaaXVg bar j g[r g[Xr

KJr fXafber fr VT XWr 9eWh ab(r 9ar 9eWh abr UbTeW&r Tr UeXTWUbTeW&r ]h cXer

VTU Xf&r Tr eXf fgbe&r Tr MK:r VbaaXVg bar TaWr Tar KJr fXafber TeXr eXdh eXWr Yber

fXghc(r 9YgXer VbW a &r g[Xr aYbe Tg bar aXXWfr gbr UXr hc bTWXWr gbr g[Xr 9eWh abr

UbTeWr j[XeXr gr VTar UXr W fc TlXWr bar Tr fXe T r ba gbe(r Elr ceb eT a r

VTcTU g XfrfgeXgV[XWrTr bgrYheg[Xer agbrVeXTg a rTar agXeYTVXrgbrW fc Tlr

g[ fr aYbe Tg ba(r L[ fr fr j[XeXr Tr ceb eT r VT XWr HebVXff a r Vb Xfr ar gbr

eXTWr g[Xr fXe T r WTgTr Yeb r 9eWh ab(r HebVXff a r Vb Xfr j g[r Vhfgb ' TWXr 9HAr

UeTe Xfr g[Tgr VTar T bjr baXr gbr hfXr Tr iTe Xglr bYr XW Tr fhV[r Tfr fbhaW&r

T XfrTaWrfVT TU XriXVgber eTc[ Vfr KN? (r
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H A

r r
r

r

r

r

heXr3(r;bWXrfa ccXgfrbYr9eWh abr XYg rTaWrHebVXff a r e [g rhfXWr

gbrVeXTgXrg[XrY crnaorf WXrfbYgjTeX(r

L[Xr 9eWh abr XkT c Xr VbWXr f c lr gT Xfr Tar TaT b hXr achgr eXTW a r Yeb r g[Xr

fXafbe(r Ar VTar g[Xar fXgr g[eXf[b Wr iT hXfr UTfXWr bar g[Xr T bhagr bYr ceXffheXr

Tcc XWr gbr g[Xr YbeVXr fXaf g iXr eXf fgber fXafbe(r O[Xar g[XeXr fr ceXffheXr

Tcc XWr (X(rTrD=?GrUe V &rg[Xarg[XrflfgX r frabg Y XWrTaWrTarbhgchgriT hXr

fr W fc TlXW(r HebVXff a r VTar eXge XiXr iT hXfr Yeb r 9eWh abr ar Tr ah UXer bYr

jTlf(r L[Xr gXV[a dhXr hfXWr ar g[Xr XkT c Xr ce be g fXfr Tar 9eWha br V Tffr

W eXVg lr agbrHebVXff a (rL[ frjTl&rArVTar Xgrg[XrWTgTrW eXVg lrg[ebh [rg[Xr

fXe T r cbegr fX XVgXWr g[ebh [r g[Xr 9eWh ab( fg r Xg[bW(r 9ar agXeYTVXr VTar
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abjr UXr WXiX bcXWr gbr eXceXfXagr g[XfXr iT hXfr i fhT l(r @bjXiXe&r g[ fr

cebgbglcXr j r W fc Tlr Tr ,r W Xaf baT r eXceXfXagTg bar bYr g[Xr D=?Gr Ue V &r

T g[bh [r gr [Tfr UXXar fgTgXWr g[Tgr Yr Tr Y aT r jbe a r iXef bar jXeXr gbr UXr

VeXTgXW&r g[Xr YXXWUTV r jbh Wr UXr W fc TlXWr ar Tr -r W Xaf baT r W gT r

Xai eba Xag(r

. 4D ? ? ED ?

L[ fr iXef bar bYr g[Xr Y crnaor f WXr [Tfr gTg bafr ar g[Xr gXV[ab b l&r

j[ V[r aXXWfr Yheg[Xer WXiX bc Xag(r L[ fr cebgbglcXr jbe fr jX r j[Xar Tr i fhT r

agXeYTVXr fr abgr WXiX bcXW(r Aar fc gXr bYr g[Xr cbff U glr bYr Tar agXeYTVX&r

g[Xr KJr gXV[ab b lr gfX Yr fr gXWr ar cebi W a r aYbe Tg bar TUbhgr g[Xr

D=?Gr Ue V f (r O[Xar ceXffheXr fr Tcc XWr gbr g[Xr beVXr KXaf g iXr JXf fgber

KJ &r g[Xr fXe T r ba gber g[Xr fVeXXar g[Tgr W fc Tlfr gXkgr WTgT r VTar abjr

g[Tgr ceXffheXr [Tfr UXXar Tcc XW(r L[Xr iT hXfr TeXr TW]hfgXWr TVVbeW a r gbr g[Xr

bU]XVg’fr jX [g(r L[Xr cebU X r Xfr ar agXeceXg a r g[ fr aYbe Tg bar gbr Tar

agXeYTVX(r@bjrWbrjXr abjrg[Xrf[TcXrTaWrVb bherbYrg[XrD=?GrUe V rUlrba lr

gfr jX [g7r O g[r g[ fr gTg ba&r g[Xr Xa T a r YXXWUTV r g[Tgr fr eXdh eXWr

Yber g[Xr cebgbglcXr VTaabgr UXr Xg(r L[XeXYbeX&r Yheg[Xer gXV[ab b lr

aiXfg Tg bar freXdh eXW(r

Kb hg barL[eXXr

L[Xr WXTr j g[r g[ fr g[ eWr fb hg bar Uh Wfr hcbar g[Xr WXTr bYr hf a r Tr

Vb U aTg bar bYr fXafbefr gbr VeXTgXr [lUe Wr fbYgjTeX(r Kb hg bar gjbr eXdh eXfr

fXafbefrg[Tgrj rWXgXVgrg[XrbU]XVgr (X(rg[XrD=?GrUe V rTaWrg[XrW Xaf bafr

bYrg[XrD=?GrUe V r arVb U aTg barj g[rg[Xr KJrfXafbef(rL[ frXa[TaVXfrg[Xr

cbff U glr bYr VeXTg a r Tr hV[r beXr Vb c XgXr flfgX r g[Tgr VTar cebi WXr

Xa T a rYXXWUTV (r

r
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r
heXr+*(r9r- reXaWXeXWriXef barbYrg[XrY crnaorf WXrD=?Gr

gXV[ab b lrWXgT a rTr- rW gT rXai eba Xag&reXY XVg a rg[Xrc[lf VT r

jbe W(r

r

Kb hg bar g[eXXr WbXfr abgr [TiXr Tr c[lf VT r cebgbglcXr Uhgr afgXTW&r Tr - r

eXaWXeXWrWeTj a rbYrTrfh XfgXWrgXV[ab b l(rAgrVTarUXrWXfVe UXWrTfrTr[lUe Wr

flfgX &r Vbaf fg a r bYr Tr Vb U aTg bar bYr gXV[ab b Xf(r L[Xr - r eXaWXeXWr

WeTj a r Y heXr+* rW fc TlfrD=?GrUe V frbarg[Xr TgrfheYTVXr arg[Xrc[lf VT r

jbe W&r j[ V[r fr g[Xar geTaf TgXWr agbr g[Xr W gT r jbe W(r L[ fr Xa[TaVXWr

iXef bar bYr g[Xr Y cr naor f WXr fr fX XVgXWr Tfr Tr cbff U Xr fb hg bar

ceXfXagXWr arg[XrcTcXe&rTfr grTggX cgfrgbrVbiXerg[XrVbaVXeafrbhg aXWrUlr

g[Xr ceXi bhfr cebbY'bY'VbaVXcgr cebgbglcXfr TaWr cbegTag l&r gbr TWWeXffr g[Xr

eXfXTeV[rdhXfg ba(r

Kh Telr

L[XeXrjXeXrTrah UXerbYrbg[Xerha Xag baXWrWXf afrVeXTgXWr arg[Xrjbe f[bcrbYr

YXXWUTV rTrV[ WrVTar T arYeb rTrgTU Xgr XTea a r Tg[X Tg Vf(r ber afgTaVX&r

g[Xr WXTrbYrc Tl a r Tg[X Tg VfrUTgg Xf[ crj g[rc[lf VT rTaWrW gT rD=?Gr

T T afgrTrV Tff TgXrberTr beXr aW i WhT rXkcXe XaVXrj g[rjXTeTU XrWXi VXfr

g[TgrVTarfVTarTaWrceb]XVgrD=?GrUe V frbagbrTrfheYTVX(rL[XrY crnaorf WXr

ceXfXagXWr ar g[Xr fV Xag Y Vr cTcXer jTfr WXiX bcXWr Tfr Tr eXfh gr bYr afc eXWr

WXf ar WXTfrYeb rg[Xrjbe f[bcrj g[rV[ WeXa&rgXV[ab b VT reXTfba a rTaWr

h WTaVXrYeb rg[Xr bWX rbYrXa T X Xag(r

r
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fVhff bar

L[XrW fVhff barfXVg barj rUXrhfXWrgbrX TUbeTgXrbarTrVbhc XrbYrcb agfr

Xag baXWrj g[ arg[XrcTcXerg[TgraXXWXWrTWW g baT rV Te Y VTg ba(r

? B B E4D

L[Xr cTcXer biXe bb fr Tar agXeXfg a r TfcXVgr g[Tgr Vbh Wr cbgXag T lr fXXr g[Xr

Y cr naor f WXr cebgbglcXr Tfr iXelr Te XgTU Xr XWhVTg baT r fbYgjTeX(r 9r

Vb c XgXr iXef bar bYr Y coaof WXr VTar bYYXer Tr V[XTcXer T gXeaTg iXr gbr

gTa U XrhfXer agXeYTVXfr LMA &rTfr grWbXfrabgreXdh eXrTr Te Xr aiXfg Xagr

bar fcXV T fXWr Xdh c Xag(r KXafber gXV[ab b lr fr iXelr TYYbeWTU Xr Tgr Tr

Vbafh Xer XiX r g[Xr T XfrbYr lrbjarcheV[TfXfrj g[ arg[ freXcbeg rTaWrg[Xr

TgXe T frhfXWrgbrVeXTgXrg[Xr e WrTeXrT fbrV[XTcrgbrcebWhVX(rL[XrfbYgjTeXr

VTarUXrWbja bTWXWrbagbrTalrgTU XgrVbagT a a rTrMK:rcbegrTaWrc h XWr agbr

g[Xrjbe r TgrYberV[ WeXarV[ WrgbrhfX(rGg[XerYhgheXrYTVgbefrgbrVbaf WXer

TeX4r j[br fr g[Xr XkTVgr gTe Xgr ebhcr gbr Te Xgr g[ fr cebWhVgr gb7r 9eXr g[Xr

fV[bb fr cheV[Tf a r gr ber g[Xr cTeXagf7r 9eXr g[Xr cTeXagfr g[XarpYbeVXWqrgbr

Uhlr g7r

C D B C A 4 CC B

GaXrbYrg[XrhaWXefgTgXWrcb agfrj g[ arg[XrcTcXercTff iX lr Xag bafrg[Xreb Xr

bYrg[XrV[ WeXarWhe a rg[XrWXf arc[TfXrbYrg[Xrceb]XVg(rAgr fr cbegTagrgbr

UTeXr ar aWr [bjr hV[r bYr Tr eb Xr TaWr cTVgr V[ WeXar [TiXr j g[ ar fhV[r

fghW Xf(r L[Xr Ybher eb Xfr V[ WeXar hfhT lr c Tlr ar g[Xr WXiX bc Xagr bYr

gXV[ab b lr VTar UXr VTgX be mXWr Tfr hfXef&r gXfgXef&r aYbe Tagfr TaWr WXf ar

cTegaXefr eh a&r ,**, (r L[Xr ceb]XVg’fr cTcXer TWbcgfr g[Xr V[ WeXar bYr g[Xr

jbe f[bcr ar g[Xr aYbe Tagr eb X&r Tfr g[Xr V[ WeXar TeXr ba lr aib iXWr Tgr

VXegT ar fgT Xfr bYr g[Xr cebVXffr (X(r cebgbglc a r TaWr aYbe a r bar WXf a(r

MfXerTaWrgXfgXereb XfreXdh eXr Xffr aib iX Xag&rj[XeXrg[XrcTeg V cTagr[Tfr

a T r achgr ar g[Xr XTe lr fgT Xfr bYr g[Xr aVXcg bar bYr g[Xr WXT(r L[Xr

aYbe TagrTaWrWXf arcTegaXereb XreXdh eXr beXrTVg iXrcTeg V cTg ba&rj g[r

g[Xr TggXerUX a rg[Xr bfgr aib i a rbYrg[X rT (rL[Xr aYbe Tagreb XrgT Xfr

agbr Vbaf WXeTg bar g[Xr WXTfr Yeb r V[ Wr aYbe Tagf&r [bjXiXe&r g[Xr TWh gr
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eXfXTeV[Xerh g TgX lr T Xfrg[Xr aYbe XWrWXf arWXV f ba(rBhfgrgbreX gXeTgXr

Yeb r g[Xr cTcXe&r KgTagbar Xgr T (&r ,**+ r eX Te r g[TgrXaW'hfXefr [TiXr gg Xr

cTVgr bar WXf ar WXV f bafr bYr XWhVTg baT r fbYgjTeXr XiXar g[bh [r g[Xlr Tlr

[TiXr Vbage UhgXWr gbr g[Xr WXTr XaXeTg bar c[TfX(r L[Xr V[ WeXa’fr aib iX Xagr

j g[ ar g[Xr jbe f[bcr W Wr cTVgr g[Xr Y aT r WXf a(r L[X er XiX r bYr

cTeg V cTg bar jTfr TccTeXagr Whe a r g[Xr XkXeV fXfr TaWr W fVhff ba(r L[Xr

XkcXVgTg bafrbYrj[Tgrg[Xlrjbh Wr XrgbrfXXr arTrflfgX &rWX bafgeTgXWrTar

agXeXfgrTrhfXYh rXWhVTg baT rgbb (rL[XlrjXeXrTU XrgbreX TgXrfb XrbYrg[X er

XkcXe XaVXfrTfrlbha rV[ WeXarTaWrg[ebh [rlbha Xerf U a f&r areXfcbafXrgbr

g[XraXXWrYber[X crUlrfh Xfg a rfgeba Xer agXeYTVXrWXf arj g[rV XTergXkg&r

Vb bhefrTaWr Vbaf(rL[Xrc[lf VT rTccXTeTaVXrbYrg[XrY crnaorf WXrjTfrT fbr

gT Xar Yeb r g[Xr jbe f[bc&r g[bh [r g[Xr eXfXTeV[Xer Yheg[Xer WXiX bcXWr g[Xr

eXTeeTa X XagrbYrg[XrX X XagfrfhV[rTfrg[Xr[bhf a rbYrTrgTU Xgr arTrf[X (r

L[XrUeXTWg[rbYrg[Xr WXTfrT bjXWr Talrcbff U Xr WXTfrgbrUXrWXiX bcXW&rj[ V[r

fr arcTegrWhXrgbrg[Xr XafXrVbbcXeTg barbYrg[XrV[ WeXarTaWrVbage Uhg bar

bYr WXTf(r

;baV hf barr

L[XrchecbfXrbYrg[XrVbaV hf barj g[ arg[XreXcbegrW YYXefrf [g lrgbrg[TgrbYr

g[XrVbaV hf barceXfXagXWr arg[XrcTcXe(rAgrTggX cgfrgbrTWWeXffrg[Xrceb]XVgr

barTrUebTWXer XiX &r i a rTarbiXei Xjrbarg[XreXfXTeV[rdhXfg ba&r bWX rbYr

Xa T X XagrTaWrD=?Gr=WhVTg ba’frYbher;rTccebTV[rTaWrg[XraXkgrfgXcfrgbrchefhXr

g[Xrceb]XVg(r

. C B4 -E CD ?

 
“How can the combination of LEGO bricks and an interactive tablet be designed 

using participatory design with children, to create technology that delivers engaging 

feedback within an educational context?” 

 

L[Xr ceb]XVgr T XWr gbr TWWeXffr g[Xr eXfXTeV[r dhXfg bar g[ebh [r fhccbeg a r

eXfXTeV[r Yeb r Tfgr fX XfgXer TaWr T fbr Yeb r bg[Xer Xk fg a r TgXe T (r

AaiXfg Tg bafr agbr cTeg V cTgbelr WXf ar TaWr gXV[ab b Xfr Yber Tr cebbY'bY'
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VbaVXcgr cebgbglcXr [X cr gbr XfgTU f[r Tr UTfXr Yeb r j[ V[r gbr VbaWhVgr g[Xr

jbe f[bc(rL[XrY aW a frYeb rg[Xrjbe f[bcreXiXT XWrTrah UXerbYrg[X Xf&rj[ V[r

Te hTU lr[X crgbr afc eXrg[Xr WXTfrYberg[Xrfh XfgXWrgXV[ab b lrceXfXagXWr

arg[XrcTcXe(rL[XrfghWlr[TfrVeXTgXWrTarbccbegha glrYberTrcebbY'bY'VbaVXcgr

gbrUXrgXfgXWrj g[ arTarXWhVTg baT rVbagXkg(rL[Xrjbe f[bcrfT c XrjTfrf T r

Uhgr XaXeTgXWrdhT gTg iXrWTgTrgbr afc eXrTrWXf a(r

? ?D

L[Xr bWX rbYrXa T X Xagr arg[ frceb]XVgr frhfXWrgbrWXY aXrXa T X XagrTaWr

g[XrTgge UhgXr arYbVhf&rYXXWUTV (rL[Xr bWX rWXY aXfrYXXWUTV rTfrbaXrbYrg[Xr

XffXag T r Tgge UhgXfr gbr fbYgjTeXr UX a r Xa T a (r Aar g[Xr VTfXr bYr g[ fr

ceb]XVg&rg[XrYXXWUTV r frYeb rTrW gT rgTU Xg&rj[ V[r[Tfrgbrfhccbegrg[Xr

flfgX r j[Xar Tr c[lf VT r agXeTVg bar gT Xfr c TVX(r L[Xr bWX r bYr Xa T X Xag’fr

Tcc VTU glrVb Xfr agbrdhXfg ba&rTfr gr[TfrUXXargT XarbhgrbYr gfrbe aT r

VbagXkgr TaWr Tcc XWr gbr Tr W YYXeXagr Wb T a(r ber afgTaVX&r g[Xr fghWlr g[Tgr

cebcbfXWrg[ fr bWX rhfXWrfX 'fgehVgheXWr agXei XjfrbarTWh gfrj g[r[bjrg[Xlr

hfXr gXV[ab b lr X( (r ba aX'f[bcc a r TaWr T a (r Xfc gXr g[Xr VbageTfgr gbr

j[Tgr g[ fr ceb]XVgr [Tfr TWbcgXWr g[Xr bWX r Ybe&r g[Xr bWX r bYr Xa T X Xagr fr

T fbrfhccbegXWrUlrTrah UXerbYrWXY a g bafrbYrXa T X XagrUlriTe bhfrThg[befr

arbg[XerY X WfrfhV[rTfr;[Tc Ta&r+3315r;f fmXag [T l &r+33*5rCTccX Ta&r

+33/(r L[XeXYbeX&r g[Xr fVbcXr bYr g[Xr WXY a g bar fr abgr ]hfgr gXWr gbr baXr

cTeg Vh TerTeXT(r

B ?4 AD B D D A ? D AAB 4

:TfXWrbarg[XrY crnaorf WXrcebbY'bY'VbaVXcgrcebgbglcXrceXfXagXWr arg[ fr

eXcbeg&rD=?Gr=WhVTg ba’fr.;rTccebTV[rVTarUXrTar aW VTg barbYrj[Xg[Xerg[ fr

flfgX r XXgfr g[Xr Vhee Vh h r eXdh eX Xagf(r L[Xr Yb bj a r fr cbegTagr gbr

[TiXr ar aWrj[XarVbaf WXe a rg[XrhfXrbYrg[XrflfgX rUlrg[XrgTe Xgr ebhc(r

• ?? 4Dr 'r O r g[Xr V[ W’fr Vhe bf glr UXr TjT XaXWr Ulr g[Xr Y crnaor

f WXrcebgbglcX7r

• ?D A D r –r XXWUTV r fhccbegfr eXY XVg bar TaWr g[XeXYbeX&r g[Xr Y cr

naorf WXrjbh WrUXr agXeXfg a rgbrfghWlr arhfX(r
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• ?CDBE4Dr –r Agr fr fh XfgXWr ar ceXi bhfr V[TcgXefr TaWr g[Xr eXfXTeV[r

cTcXe&rg[TgrYXXWUTV rYeb rTrW gT rgTU XgrVTarbYYXeriTe bhfrjTlfrgbr

eXceXfXagr i fhT r TaWr ThW br aYbe Tg ba(r Aar ghea&r g[Xr Y cr naor

f WXrVTarUXrhfXYh r ar[X c a rTrV[ WrgbrVbafgehVgr abj XW XrTUbhgr

g[XrfhU]XVgr TggXer arTr h g W Xaf baT rjTl(r

• ?D ?E r–r:lr abj a rg[XrTafjXer fre [g&r fr grcbff U XrgbrXkgXaWr

WXTfr TaWr Vbag ahXr gbr Tr [ [Xe' XiX r cebU X 7r L[Xr D=?Gr =WhVTg bar

Vhee Vh h r frWXf aXWr arfhV[rTrjTlrg[Tgr grWXfVe UXfrg[XrUh W a r

cebVXffr Tfr p gXeTg iXq(r L[ fr XTafr g[Tgr g[Xr Y cr naor f WXr

f[bh Wr[TiXrg[XrVTcTU glrbYrT bj a rg[XrV[ WeXargbrUh Wrbarj[Tgr

g[Xlr [TiXr ceXi bhf lr XTeag)VeXTgXW&r g[hfr eXghea a r gbr g[Xr VbaaXVgr

c[TfXrgbrXkcTaWrbarg[Tgr abj XW X(r

L[Xr cebU X r ar TWWeXff a r D=?Gr =WhVTg ba’fr .;r TccebTV[r fr g[Tgr g[Xlr TeXr

XWhVTg baT rVbaVXcgf&rj[ V[rTeXrVbiXeXWrUlrg[Xrje ggXarXkXeV fXf(rAarbeWXer

abgr gbr V[Ta Xr ber T gXer g[XfXr T eXTWlr VTeXYh l&r fgehVgheXWr XWhVTg baT r

afgehVg bafr g[ebh [r g[Xr W gT r gTU Xgr eXceXfXagTg ba&r Yheg[Xer

aiXfg Tg bar jbh Wr UXr aXXWXWr agbr Tccebce TgXr TaWr XYYXVg iXr ceXfXagTg bar

TaWrYXXWUTV rbYrg[Xr afgehVg bafrbarTrW gT rgTU Xg(r

HD D AC

L[XrY crnaorf WXr frVheeXag lrabgr arTrcebgbglcXrfgTgXr arj[ V[r grVTar

UXr gXfgXWr j g[r g[Xr gTe Xgr ebhc(r L[Xr T ar TfcXVgfr bYr i fhT &r fbhaWr TaWr

gTVg Xr YXXWUTV r [TiXr UXXar TV[ XiXW&r T UX g&r Tgr Tr iXelr UTf Vr XiX (r Aar

fc gXr bYr g[ f&r g[XfXr YXTgheXfr TeXr abgr agX eTgXWr agbr Tr Vb c XgXr flfgX r

j g[r afgehVg baT r YXXWUTV r Yeb r g[Xr D=?Gr DXTeaLbDXTear Vhee Vh h r j g[r Tr

aXXWrYber beXrgXV[a VT rYbeg ghWXrTaWr[TeWjTeXreXfbheVXf(r

b bj a r g[ fr iXef bar bYr g[Xr Y crnaor f WX&r Tr beXr Vb c XgXr iXef bar

jbh Wr[TiXrg[XrYb bj a 4r

• 9ar agX eTgXWr flfgX r j g[r g[Xr D=?Gr DXTeaLbDXTear Vhee Vh h (r K aVXr

DXTeaLbDXTear fr T XWr Tgr /'1r lXTer b Wr V[ WeXa&r g[Xr flfgX r j r
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ceXfXagrg[XfXrgTf f(r hgheXriXef bafrVTar[bfgrEbeXLbETg[f&rj[ V[r fr

T XWrTgrV[ WeXar0rlXTefrc hf(r

• 9r -r W Xaf baT r eXceXfXagTg bar bYr g[Xr jbe fcTVXr ar g[Xr W gT r

Xai eba Xag(rL[XrVheeXagrjbe a riXef bar frba lr,rW Xaf baT (r

• 9r beXr TXfg[Xg Vr TaWr fTYXer WXf ar (X(r ebhaWXWr XW Xfr TaWr abr

V eVh gelrWTa a rYeb rg[XrWXi VX&rfbYgXer agXe berTfrgbrabgrWT T Xr

g[XrfVeXXarbYrg[XrgTU XgrTaWrTr beXrebUhfgr TgXe T (r

L[XfXr YhgheXr WXiX bc Xagfr VTar fXXr Tr fgXcr agbr VbaWhVg a r gXfgfr j g[r g[Xr

Y crnaorf WX(rL[XrgTe Xgr ebhcraTgheT lrj rUXrV[ WeXarUXgjXXar/'1r

lXTefrb W(r heg[XereXfXTeV[rbarhfTU glrgXfg a rTaWr[Xhe fg Vr h WX aXfr

j g[rV[ WeXarj rUXr aiXfg TgXWr arbeWXergbrgT Xr agbrVbaf WXeTg bafrg[Xr

gTg bafrbYrV[ WeXarj g[ arg[XfXrfXgg a f(rL[XreXfh gfrbYrg[XrgXfg f r

j rT fbreXY XVgrg[XrhfXYh aXffrbYrg[Xr bWX rbYrXa T X XagrTaWrWX bafgeTgXr

gbr fb Xr WX eXX&r j[Xg[Xer g[ fr fh XfgXWr gXV[ab b lr WbXfr WX iXer Xa T a r

YXXWUTV rj g[ arTarXWhVTg baT rVbagXkg(r
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JXY XVg bar

A cebi a rg[XrfghWlr

Mcbar eXY XVg ba&r g[Xr eXfXTeV[r TaWr TaT lf fr Xg[bWfr hfXWr Yber g[ fr ceb]XVgr

VTarUXr cebiXW(r ber afgTaVX&r c X Xag a rThW brTaWri WXbreXVbeW a frYber

eXgebfcXVg iXr TaT lf fr Vbh Wr [TiXr cebi WXWr XiXar e V[Xer WTgTr Yber g[Xr

g[X Tg VrTaT lf f(rL[Xri WXbrWTgTrVbh WrT fbrbcXarhcr agXeXfg a rTaT lf fr

agbrg[XrV[ WeXa’fr WXTg barTaWrg[bh [grcebVXffXfr arWXf a(rr

Agr fr cbff U Xr g[Tgr g[XeXr jXeXr fb Xr Ta hT Xr TaWr Vb ha VTg bar UTee Xefr

UXgjXXar fghWXagr eXfXTeV[Xefr TaWr TWh gr eXfXTeV[Xef(r Ljbr bhgr bYr g[eXXr

eXfXTeV[XefrjXeXraba'aTg iXr Ta f[rfcXT Xef(r@bjXiXe&rg[Xrg[ eWreXfXTeV[Xe&r

j[brjTfrT fbrg[XrabgXrgT Xe&rjTfrTU XrgbrV Te YlrTalr fhaWXefgTaW a frj g[r

afgehVg bafr ber W fVhff bafr TaWr VTgV[r iXeUT r Vb Xagfr Whe a r WXf ar

TVg i g Xf(rL[XeXYbeX&rg[ freXfXTeV[r TlrUXaXY grYeb rUX a reXcXTgXWr arTaWr

=a f['fcXT a rVbagXkg(r= [grfghWXagfrcTeg V cTgXWr arg[ frjbe f[bcrTaWr

TVVbeW a rgbrBTaaXrBh rBXafXar ,*+- &rpTalj[XeXrUXgjXXarf krgbrgjX iXr frTr

bbWr jbe f[bcr f mX(qr @bjXiXe&r g[Xr fghWlr Vbh Wr [TiXr UXaXY ggXWr Yeb r

TWW g baT r jbe f[bcfr bYr Tr f Ter ebhcr f mX&r iXar Tar XkgXaWXWr g Xr

cXe bW&rYberTriTe XglrbYrUebTWXerTaWre V[XerWTgT(r

9ar9e h Xagr9 T afgrLXV[ab b lr ar=WhVTg bar

L[Xrba b a rWXUTgXrbar[bjrgXV[ab b lrTYYXVgfr XTea a rdhXfg bafrg[XrcebbYr

bYrVbaVXcgrcebgbglcXrceXfXagXWr arg[ frcTcXe(rL[XrY crnaorf WXrcebbY'

bY'VbaVXcgrcebgbglcXrceXfXagXW&rYhaWT XagT lrT frgbrYb bjrg[Xr h WX aXfr

TaWr ce aV c Xfr bYr VbafgehVg i fgr XTea a r g[ebh [r D=?Gr =WhVTg ba’fr Ybher ;r

TccebTV[(r@XT Xlr +332 rcb agfrbhgrg[TgrV[ WeXa’frfX XVg iXrTggXag barTeXr

chgr Tgr e f r UlrpX XVgeba Vr fg h Tg baqr (X(r j[Xg[Xer ber abgr jXr UXVb Xr

TjTeXr bYr fXafbelr aYbe Tg bar TaWr VTar YbVhfr bar Tr gTf r j g[bhgr UXVb a r

W fgeTVgXWr :Xalba&r ,*+- (r @bjXiXe&r EVCXam Xr ,*** r ceXfXagfr Tr beXr

UT TaVXWr bhg bb r TaWr UX XiXfr pg[Tgr ar beWXer gbr hg fXr gXV[ab b lr
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gbr [X [gXar g[Xr Xa T X Xagr bYr V[ WeXar hf a r gXV[ab b lr j g[ ar Tar

XWhVTg baT r VbagXkg(r L[ fr ceb]XVgr TVg iX lr Xkc beXWr g[Xr cbff U g Xfr bYr

VheeXagr gXV[ab b Xfr TaWr [bjr g[Xlr Vbh Wr cebi WXr YXXWUTV r j g[ ar g[Xr

XWhVTg baT r Wb T a(r L[Xr eXfXTeV[r jTfr XkgXaWXWr Tfr YTer Tfr cbff U X&r gT a r

agbrVbaf WXeTg bar lrbjarceb eT a rVTcTU g Xfr arg[Xr iXarg XrYeT X(r
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G!:e Xa&r @(D(r TaWr Lb f&r =(?(&r ,**2(r O[Tgr fr hfXer Xa T X Xag7r 9r

VbaVXcghT r YeT Xjbe r Yber WXY a a r hfXer Xa T X Xagr j g[r gXV[ab b l(r
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9ccXaW VXfr
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r
ceb]X gXe(TTh(W )ceb]X gXe)WT)fghWXagg[Xf f)W gT ' X b'Uh W a 'ba'

XTea a Y.3V-T-W'-+*V'.23W'UY.3',XX*,30Xr
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9ccXaW kr:4rObe f[bcr eTj a f&rH[bgb eTc[fr rFbgXfr
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:X bjrTeXrTrfX XVg barbYrWeTj a fr Y heXr+, &rcebgbglcXfrTaWrXkc beTgbelr
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V[ Wr aYbe Tag(rAgrWXc VgfrTrgeTaf g baT rW T eT rbYr[bjrg[XreXfcbafXrbYr

g[XrD=?GrfbYgjTeXrflfgX rjbh WreXfcbaWrgbrTre [grTrjeba rTafjXe(rA T Xr U r
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A T Xr V r WXfVe UXfr gjbr T Xf(r L[Xr gbcr [T Yr f[bjfr Vb TUbeTg bar UXgjXXar

gjbrfghWXagf(rGaXr fr[b W a rTrgTU XgrTaWrg[Xrbg[Xerg[XrD=?GrUe V f(rL[Xr

cXefbar [b W a r g[Xr gTU Xgr fr WXfVe U a r g[Xr D=?Gr T Xr g[Xlr fXXr bar g[Xr

gTU Xgrj[ fgrg[Xrbg[Xer aW i WhT rj g[rg[XrUe V fr frUh W a (rL[XrchecbfXr

bYrg[ fr WXTrVeXTgXfrTarXai eba Xagrj[XeXrg[XeXr frVbafgTagrVb ha VTg bar

g[ebh [r iXeUT r YXXWUTV r TaWr i fhT r YXXWUTV (r A T Xr W r f[bjfr Tr V Tffebb r

fXgg a rbYrTrgXTV[Xerj g[rTrD=?GrgTf rbarg[XrUbTeWrj[XeXrg[XrV[ WeXar hfgr

Vbclrg[XrXkT c X(rA T Xr X r frUTfXWrbarTr TcgbcrWXf arj[XeXrg[XrUe V fr

TeXr c TVXWr bar Tr e Wr flfgX (r L[ fr jTfr baXr bYr g[Xr fgeba Xer WXTfr gT Xar

YbejTeWrTfr grTWWeXffXWrg[XraTgheXrbYri fhT &rThW brTaWrgTVg XrYXXWUTV &r

[bjXiXerj g[rg[XrWeTjUTV rbYrUh W a rD=?GrbUfgehVg a rg[XrfVeXXa(r aT l&r

T Xr Y r fr bYr Tr e r fgTaW a r Ulr Tr gTU Xr hf a r D=?Gr Ue V fr UXf WXr Tr
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c[lf VT r D=?G(r L[Xr WXTr bYr XXc a r g[Xr c[lf VT r Uh W a r gbr g[Xr W gT r

Ta ch Tg ba&r[X crgbr afc eXrg[XrW gT r TgrhfXWr arg[XrY crnaorf WXr

cebbYrbYrVbaVXcgrcebgbglcX(r
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g[XrgTU XrfheYTVXr gfX Y&rUTfXWrbarg[XrUe V r agXeTVg baf(rAgr frTar WXTr
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UXr cebiXWrhcbarTaWrUXrTcc XWrgbrg[XrVbagXkgrbYrg[XrV Tffebb (r

B C A D B A C

r r
rrrrr T r r r r rrr rrr U r

heXr+1(rLjbrcebgbglcXfrWXf aXWrUlrV[ WeXarYeb rg[Xrjbe f[bc(r

r

r
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YXXWUTV (r



 54 

heXfr+1rTaWr+2rTeXrcebgbglcXfrVeXTgXWrbarg[XrWTlrbYrg[Xrjbe f[bc(r9YgXer

g[Xrjbe f[bc&rg[XreXfXTeV[Xe&rUTfXWrbarg[Xr aYbe Tg bar Tg[XeXW&rWXf aXWrTr
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W fc Tlfr aYbe Tg bar TUbhgr g[Xr Ue V r j[Xar g[Xr WXi VXr fr cTffXWr biXer g[Xr

bhgVb X(rL[Xr [gfrU a rTVVbeW a l&rWXcXaW a rbarj[Xg[Xerg[XrTafjXer fr

jeba (rL[XrfVeXXarj r aYbe rg[XrV[ W&rj[Xg[Xerg[XrbhgVb Xrg[XlrfVTaaXWr

arjTfre [grberjeba (rL[XrMK:rVTU Xr frhfXWrgbrc h r agbrTr Te XerfVeXXar

arbeWXergbrW fc Tlrg[Xr aYbe Tg bar ar Te Xer ebhcf(rOXrT fbrg[bh [grTUbhgr

f[Te a rD=?GrbhgVb Xfrg[ebh [rg[XfXr XTaf(r

r
r
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9ccXaW kr;4rIhXfg baaT eXr

	
 

Have you ever tried to make something for other kids to learn with?  

I mean kids much younger than yourself? I can say it is very difficult!  

That’s why I need your help in helping me make a really fun learning kit  

using a computer tablet for children ages 5 - 7. 

 

You guessed it. We are using LEGO to do this! 

Below are just a few questions to think about before we meet to talk about our ideas 

together. There are no wrong answers and it is NOT a test!  

 

And don’t worry, you don’t have to fill up these boxes with your answer. 

 

1. Do you think LEGO can help make learning Mathematics fun for children?  

If you answered yes, what would make it fun?  

If you answered no, why would it not be fun? 

 

 

 

 

 

2. Do you think LEGO drawn on an iPad that could be moved around the screen 

like real LEGO would make it more fun learning mathematics?  

If yes, what would be fun about it? If no, why would it not be fun? 
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3. Do you think using real LEGO bricks and an iPad together would make it 

more fun for children to learn Mathematics?  

If yes, what would make it more fun? If no, why would it not be more fun? 

 

 

 

 

 

4. What is the best way to know if you get a Mathematics problem right? 

 

 

 

 

 

5. What different ways could an iPad be used to show children they have the 

answers right when they are working with LEGO? 

Think about using the touch screen, sound or vibration to show them… 

 

 

 

 

 

 

 

6. Write down or draw your idea of how LEGO can be used together with an 

iPad - for children learning Mathematics. 

 

 

 

 

 

 

7. Now let’s all get together and share our ideas - and think up some more!  
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9ccXaW kr 4rL[XrObe f[bcrH Ta 

r

r
r

r

Lego®	Participatory	Design	Study	
Workshop	Outline	
	

ABSTRACT	

bVh XagTg bar bhg a a r g[Xr cTeg V cTgbelr WXf ar fghWlr g[Tgr j r gT Xr c TVXr

j g[ arKbY XaWT f b Xa(r
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r

r

r

r

L[ frcTeg V cTgbelrWXf ar H rfghWlrfXX frgbr aib iXrV[ WeXarT XWr++'

+-r ar VeXTg a r cebgbglcXfr gbjTeWfr Tar XWhVTg baT r flfgX r Yber V[ WeXar

T XWr /'1(r L[Xr checbfXr fr gbr aib iXr V[ WeXar ar g[Xr WXf ar bYr

XWhVTg baT rflfgX frYberbg[XerV[ WeXa(rH rcebi WXfreXfXTeV[Xefrj g[rg[Xr

bccbegha glr gbr pXa[TaVXr gXV[ab b lr Yber V[ WeXar Ulr WXf a a r j g[r

V[ WeXaqr Q cr Xgr T (&r ,*+- (r Ar T r gbr hfXr g[Xr V[ WeXa’fr WXTfr ar

TWW g bargbrg[XrY aW a frYeb rTrfghWlrVbaWhVgXWr TfgrfX XfgXerj g[ arTar

XWhVTg baT rVbagXkg&rgbrVeXTgXrg[ fr[lUe WrXWhVTg baT rflfgX rg[Tgrj r

UXrhfXWrTfrTrgbb rgbr XTearVbaVXcgfrg[ebh [rVbafgehVg ba fgrce aV c Xf(r

D=?Gr frTrYharTaWr agXeaTg baT lreXVb a fXWrgbb &rYbVhfXWrbarc TlrTaWr

VeXTg i gl(r Agr fr T fbr hfXWr j g[ ar afg ghg bafr Tfr Tar XkcXe Xag T r

XWhVTg baT rgbb rgbrWXiX bcrV[ WeXa’frhaWXefgTaW a rbYrg[Xrjbe WrTebhaWr

g[X r hf a r eXT r YXr cebU X f(r DXTeaLbDXTear fr baXr bYr g[XfXr gbb f&r
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WXf aXWrYber XlrfgT XrbaXrfghWXagfrj[XeXrg[XlrVTarXa T Xrg[XrfhU]XVgr

TggXer g[ebh [r W eXVgr agXeTVg ba(r @bjr VTar g[Xr Vb U aTg bar bYr D=?Gr

Ue V frTaWrTar agXeTVg iXrgTU XgrUXrWXf aXWrhf a rcTeg V cTgbelrWXf ar

j g[r V[ WeXa&r gbr VeXTgXr gXV[ab b lr g[Tgr WX iXefr Xa T a r YXXWUTV r

j g[ arTarXWhVTg baT rVbagXkg7r

r

KV[bb 4rKbY XaWT f b Xar

CXlrfgT XrbaXrgXTV[Xe4rBT bUr9aWXefXar

KghWXagf4r2r

JXfXTeV[rIhXfg ba4r@bjrVTarg[XrVb U aTg barbYrD=?GrUe V frTaWrTar

agXeTVg iXrgTU XgrUXrWXf aXWrhf a rcTeg V cTgbelrWXf arj g[rV[ WeXa&r

gbrVeXTgXrgXV[ab b lrg[TgrWX iXefrXa T a rYXXWUTV rj g[ arTar

XWhVTg baT rVbagXkg7r

=kcXe Xag4rD=?GrHTeg V cTgbelr Xf arKghWlr

Heb]XVgr aT X4r ;b U a a r LXV[ab b Xf4r gT r XXWUTV r Yber AagXeTVg a r

j g[rD=?Gr:e V fr arH[lf VT rKcTVX(r

TgX4rETeV[r+.&r,*+0r

heTg ba4r=kcXe Xagrg Xr2* af)+,* afr

L X4r+*4**T r

r

:e XY a rYbergXTV[Xe4rL[XrV[ WeXarj rfXXraXjrYTVXfrTaWrUXrVhe bhfrTfr

gbr j[Tgr jXr TeXr Wb a r [XeX(r HTeg V cTg bar j r UXr Xag eX lr ib hagTelr

j[XeXrfghWXagfrj rUXrTU Xrgbr XTiXrTarTVg i glrTgrTalrg Xrg[Xlrj f[(r

L[Xrg XfrUX bjrTeXrTccebk TgXrTaWr TlUXr beXrber Xffrg[TarfcXV Y XW(r

r

r

AagebWhVg barr'r+*r afr
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fVhff bar–r+*r afr

LTf r+r–r+*r afr r/r afrW fVhff bar

LTf r,r–r+/r afr r/r afrW fVhff bar

LTf r-r–r,*r afr r/r afrW fVhff bar

HbfgrfXff bar fVhff bar–r/r afr

OeTcrhcrbYrKXff bar–r/r afr

r

'''''''''''''''''''''''''''''''rL[XrKghWlr''''''''''''''''''''''''''''''r

9 4r Lbr hfXr Tr iTe Xglr bYr HTeg V cTgbelr Xf ar gXV[a dhXfr fhV[r Tfr

WeTj a &rcTcXercebgbglc a rTaWrbUfXeiTg bargbrX V grWXf ar WXTfrYeb r

V[ WeXarT XWrUXgjXXar++'+-(r

r

9ccTeTghf4r D=?Gr :e V f&r XTea'gb' XTear Vhee Vh h r XkXeV fXr XkT c Xf&r

geTaf Tgber g[bh [rabgraXVXffTel rTaWrTarXkgeTrcT erbYr[TaWfrYberVebjWr

Vbageb r [bcXYh lrTrgXTV[XerberD fTrKgöegXaUXV Xe (r

EXg[bW4rL[ frfXVg bar aV hWXfrg[Xr T arXkcXe Xag(rL[Xr T arXkcXe Xagr

[Tfrg[XrYb bj a rgTf f4r

r

+( L XW4r +*r ahgXf(r AagebWhVXr lfX Yr j g[r Tr HbjXeHb agr

ceXfXagTg barj[ V[rj r aV hWX4r

T( DX brTaWr=WhVTg bar–r lrceb]XVg&rj[lrArT r[XeX(r

U( L[XrY aW a frYeb rg[XrXkcXe XagrVbaWhVgXWr TfgrfX XfgXe(r

V( L[XrgTf frbYrj[Tgrg[XrV[ WeXarj rUXrWb a rTaWrj[b rg[Xlr

j rUXrWb a r grYbe(r

r

rK aVXrg[ fr frTrf T rYbVhfr ebhc&r grj rUXriXelr aYbe T rTaWr

aib i a (r

r
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,( L XW4r+*r'r+/r ahgXf(rKgTegrj g[rTr Te Xr ebhcrW fVhff barj g[r

T r fghWXagfr UXYbeXr fc gg a r agbr f T Xer ebhcf(r L[Xr f T Xer

ebhcr ah UXefr j r UXr fcXV Y XWr UTfXWr bar g[Xr gTf (r L[ fr

W fVhff bar j r UXr hfXWr gbr T r dhXfg bafr Tgr g[Xr V[ WeXar TUbhgr

hf a rD=?GrTaWrW gT rD=?Gr arTarXWhVTg baT rVbagXkg(r

r

Ar j r hfXr g[Xr dhXfg baaT eXr Tfr Tr fgTeg a r cb ag(r L[Xr V[ WeXar

j rUXrTf XWrTUbhgrg[Xr WXTfrg[XlrVT Xrhcrj g[(rIhXfg bar0rj[XeXr

g[Xlr jXeXr Tf XWr gbr WeTjr ber je gXr Wbjar [bjr D=?Gr VTar UXr Vb U aXWr

j g[rTar HTWrjbh WrUXr bbWrgbr Xgrg[XrUT reb a (r

r

L[Xar TYgXe&r g[Xr Y efgr TVg i glr j r fgTegr Yeb r g[Xr dhXfg bar

pDXg’frg[ a rhcrfb Xr beXr WXTf qr

HTeg V cTgbelr Xf arLXV[a dhXf4r

:T frbYrKghYYrTaWr: rAWXTr–rHebgbglcXr

Kg V lrabgXfr–r;e g dhXr

O[ gXrUbTeWrW fVhff bafr–rJXY XVgr

r

-( L XW4r+*r ahgXf(rL[XrY efgrH rTVg i glr frTar aW i WhT rWeTj a r

fXff ba(r L[Xr fghWXagf&r gXTV[Xer TaWr eXfXTeV[Xer j r UXr iXar

Tccebk TgX lr +*r ahgXfr gbr XaXeTgXr fb Xr WXTf(r =EH@9KAKr LGr

D9:=Dr J9OAF?Kr –r T Xfr gr XTf Xer Yber cbfgr TaT lf f (r 9YgXe&r jXr

j rchgrg[Xr aW i WhT rWeTj a frhcrbarTrUbTeWrTaWreXY XVgrbarg[Xr

flfgX r WXTf(rK aVXrjXrTeXrTrf T r ebhc&rg[ frcTegrVTarUXrWbaXr

arTrK;JMErYbe Tgrj[XeXrjXrTeXrfgTaW a rTebhaWrg[XrUbTeWrj g[rg[Xr

WXTf(rr

r
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9abg[XereXfXTeV[Xer frgT a rabgXfrbercbff U lrhf a rfg V lrabgXfr

gbr c TVXr bar g[Xr WeTj a f(r L[ fr j r T fbr [X cr j g[r Xkc T a a r

haV XTer TUX frberX TUbeTgXrbar WXTf(rL a rTebhaWr+*r ahgXf(r

r

.( L XW4r+/r ahgXf(rL[XrfXVbaWrcTeg V cTgbelrWXf ar H rTVg i gl(r

L[Xr V[ WeXar j r eX T ar Tfr baXr ebhcr j[XeXr g[Xr U r WXTr

gXV[a dhX5r Tr cTcXer cebgbglc a r gXV[a dhXr j r UXr hfXW(r 9r Te Xr

cTcXer frfXgr arg[Xr WW XrbYrg[XrY bbe(r=TV[rV[ WrVbage UhgXfr

WeTj a fr gbr g[ fr f[XXgr bYr cTcXe(r ;b TUbeTg bar fr XaVbheT XW(r Ar

T rT fbrWeTj a rT ba rj g[rg[XrgXTV[XerTaWreXfXTeV[rTff fgTag(rAr

T rgT a rg[ebh [rg[Xr XlrTgge UhgXrg[TgrArT r aiXfg Tg a r (X(r

YXXWUTV (r=( (r[bjrjbh WrTrV[ Wr abjr Yrj[Tgrg[Xlr[TWrWbaXrj g[r

g[Xr DX br Ue V r fr VbeeXVg7r 9eXr Vb bhefr cbegTagr gbr aW VTgXr

XTa a 7r=gV(r

r

9YgXer g[ fr TVg i gl&r jXr j r [Ta r g[ fr bar g[Xr jT r TaWr Xkc T ar

j[Tgrg[Xr WXTfr XTarTaWr[bjrg[Xlrjbh WrVbage UhgXrgbrTarXWhVTg bar

flfgX r g[Tgr WX iXefr Xa T a r YXXWUTV (r =iXar bb r Tgr Vb U a a r

T rg[Xr WXTfrgb Xg[Xe(r9reXfXTeV[rTff fgTagrj rgT XrabgXfrbarTr

Te XrcTcXerUXf WXrg[Xr WXTf(rL[ frfXVg barf[bh WrgT XrTebhaWr+*r

ahgXfrberfb(r

r

/( L XW4rJbh [ lr,*r ahgXf(r9YgXe&rArj r agebWhVXrg[XrgXV[a dhXr

VT XWrUT frbYrfghYY(rL[ fr frj[XeXrV[ WeXarVb TUbeTgXrgbrUh Wr

Trf a Xr WXT(rArj rfc grg[Xr ebhcr agbr,&rg[XeXYbeX&r,r ebhcfr

bYr-rV[ WeXarXTV[(rL[ frgXV[a dhXreXdh eXfr bj'gXV[rcebgbglc a (r

L[Xr TgXe T frj rUXrTegfrTaWrVeTYgrfhcc Xf(rA cbegTag l&rg[XeXr

j rUXrDX brUe V frYberg[XrV[ WeXargbr[X cri fhT fXr[bjrg[Xlr

VTarUXrhfXWrj g[rg[XrflfgX rg[XlrTeXrcebgbglc a (r

r
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Arj rfgbcrg[XrTVg i glrTaWr XgrXTV[r ebhcrgbrceXfXagrg[X er WXTr

ar Yebagr bYr g[Xr bg[Xer ebhc(r 9 T a&r Tr eXfXTeV[r Tff fgTagr j r

eXVbeWr g[Xr WXTfr bar Te Xr j[ gXr cTcXe(r 9abg[Xer /r –r +*r ahgXfr

j r UXr hfXWr gbr je gXr Wbjar bar fg V lr abgXfr g[Xr Xf&r W f Xfr

TaWr WXf ar WXTf&r j[ V[r TeXr be Ta fXWr TVVbeW a l(r L[ fr fr

[TccXa a rdh gXrWlaT VT l&rfbrg[XrfghWXagfrVTar brhcrTalrg X(r

r

HbfgrfXff barW fVhff ba4r9YgXerg[XrTVg i g Xfr[TiXrUXXarVb c XgXW&rg[XeXr

j rUXrTrf[begrYbVhfr ebhcrW fVhff barj g[rg[XrV[ WeXa(rGaXrbYrg[Xr

eXfXTeV[rTff fgTagfrj rUXrgT a rabgXfrbarY aT rg[bh [gf(rr

r

OeTcr hcr KXff ba4r L[ fr j r UXr Tr Ue XYr W fVhff bar fXff bar j g[r g[Xr

gXTV[Xe f rTaWreXfXTeV[rTff fgTagfrbYr[bjrg[XrfXff barjXagrTaWrj[Tgrj r

[TccXarj g[rg[XreXfh gf(rL[Ta rg[XrfV[bb rTaWrgXTV[XefrYberg[X erg Xr

TaWrj rUXr argbhV[rj[Xarg[XrpeXfh gfqr[TiXrUXXarcebVXffXW(rArj r

TeeTa XrTrg[Ta rlbhr YgrYberUbg[rfghWXagfrTaWrgXTV[XefrT[XTWrbYrg Xr

X( (rVbhcbaf&rDX brUe V f&rfg V XefrberfjXXgf(r

r

'''''''''''''''''''''''''''''r=aWrbYrKghWlr'''''''''''''''''''''''''''''r

r

=kgeTrAaYbe Tg ba4rr

p:baWXWr Xf ar fr f Ter gbr ;bbcXeTg iXr Aadh el&r XkVXcgr g[Tgr WXf ar

cTegaXefr jbe r j g[r eXfXTeV[Xefr Yber f[begXer cXe bWfr bYr g Xr TaWr g[Xr

WXf arceb]XVgfrTeXrWbaXr arfV[bb fr afgXTWrbYrTr TUrXai eba Xag(rL[ fr

frWbaXrUXVThfXrg[XrT bhagrbYrg XrTaWreXfbheVXfreXdh eXWrYberTrYh '

lXTer bYr WXf ar cTegaXe a r TeXr bYgXar bhgf WXr g[Xr XTafr bYr WXf ar

eXfXTeV[Xef(r GaXr c[ bfbc[ VT r W YYXeXaVXr bYr :baWXWr Xf ar Yeb r

;bbcXeTg iXr Aadh elr fr g[Tgr T r cTeg V cTagfr TeXr T fbr g[bh [gr bYr Tfr

XTeaXefr arTWW g bargbrUX a rWXf aXef(qr–r OT f[&r,*+- (r
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