
Paper ID #34214

Student Usage of Auto-graded Activities in a Web-based Circuit Analysis
Textbook

Dr. Nikitha Sambamurthy, zyBooks, A Wiley Brand

Nikitha Sambamurthy completed her Ph.D. in engineering education at Purdue University. Nikitha is the
engineering and IT content lead at zyBooks, a Wiley brand that develops interactive, web-native textbooks
for college courses in STEM (science, technology, engineering, and math) disciplines.

Ms. Efthymia Kazakou, zyBooks, A Wiley Brand

Efthymia Kazakou is Sr. Assessments manager at zyBooks, a startup spun-off from UC Riverside and
acquired by Wiley. zyBooks develops interactive, web-native learning materials for STEM courses.
Efthymia oversees the development and maintenance of all zyBooks content resources used for assess-
ment purposes.

Dr. Yasaman Adibi, zyBooks, A Wiley Brand

Yasaman Adibi is an Engineering Content Author at zyBooks. She earned her PhD in Electrical Engi-
neering from the University of Minnesota in 2015, where her research focused on medical imaging using
ultrasound. She also did two years of postdoctoral research at the University of Minnesota and Univer-
sity of Wisconsin at Milwaukee. Prior to joining zyBooks she was a scientific adviser at Wilson Sonsini
Goodrich and Rosati law firm, where she prepared and worked on patent applications in different fields of
technology.

c©American Society for Engineering Education, 2021



SWXdenW XVage Rf aXWR-gUaded acWiYiWieV in a CiUcXiW Anal\ViV We[WbRRk

AbVWUacW

In WhiV SaSeU, Ze anal\]e Whe XVe Rf aXWR-gUaded ciUcXiWV anal\ViV SURblemV, called challenge
acWiYiWieV, b\ RYeU 800 VWXdenWV acURVV 8 cRXUVeV in 4 XniYeUViWieV WR XndeUVWand meWUicV VXch aV:
Whe aYeUage cRmSleWiRn UaWe, Whe aYeUage Wime VSenW Rn each acWiYiW\, and Whe aYeUage nXmbeU Rf
aWWemSWV SeU SURblem leYel. We alVR idenWif\ Whe SeUcenWage Rf VWXdenWV WhaW VWUXggle, and Whe
SeUcenWage Rf VWXdenWV WhaW gaYe XS. FURm RXU anal\ViV Ze¶Ye fRXnd Whe acWiYiWieV aURXnd Whe
WRSicV Rf ma[imXm SRZeU WUanVfeU, nRdal eTXaWiRnV, NRUWRn eTXiYalenWV, and VeUieV and SaUallel
UeViVWRUV WR be Whe haUdeVW dXe WR maWh UeTXiUemenWV and Whe need WR idenWif\ VeUieV and SaUallel
ciUcXiW elemenWV.

InWURdXcWiRn

EngineeUing cRXUVeV haYe incUeaVingl\ been WXUning WR Rnline UeVRXUceV fRU We[WbRRkV and lab
maWeUialV. ThiV WUend haV been eVSeciall\ nRWiceable dXUing Whe COVID-19 Sandemic, aV
XniYeUViWieV haYe needed WR WUanViWiRn beWZeen in-SeUVRn and Rnline claVVeV. AV a UeVXlW,
inVWUXcWRUV haYe SURgUeVViYel\ been XVing Rnline, aXWR-gUaded SURblemV fRU hRmeZRUk.
AXWR-gUaded hRmeZRUk SURblemV haYe VRme benefiWV RYeU WUadiWiRnal hRmeZRUk SURblemV.
TUadiWiRnal hRmeZRUk SURblemV aUe W\Sicall\ cRmSleWed b\ hand, and can Wake Wime fRU
inVWUXcWRUV WR gUade and UeWXUn WR VWXdenWV. In WhaW Wime, a claVV haV W\Sicall\ mRYed Rn WR anRWheU
WRSic. AXWR-gUaded SURblemV can SURYide immediaWe feedback WR VWXdenWV WR allRZ Whem WR
XndeUVWand cRnceSWV Whe\ mighW be VWUXggling ZiWh. AddiWiRnall\, aXWR-gUaded SURblemV ma\ be
able WR be UandRmi]ed, allRZing VWXdenWV WR SUacWice diffeUenW YeUViRnV Rf TXeVWiRnV.

We haYe deYelRSed a nXmbeU Rf aXWR-gUaded SURblemV, called challenge acWiYiWieV, in Whe cRnWe[W
Rf a Zeb-baVed, inWeUacWiYe lineaU ciUcXiW anal\ViV We[WbRRk. Each challenge acWiYiW\ cRnViVWV Rf
WhUee WR fiYe leYelV Rf UandRmi]ed SURblemV, VWaUWing ZiWh UelaWiYel\ baVic cRnceSWXal SURblemV
and SURgUeVVing WR mRUe adYanced TXeVWiRnV. SWXdenWV mXVW anVZeU each TXeVWiRn leYel cRUUecWl\
in RUdeU WR mRYe Rn WR Whe ne[W leYel. If a TXeVWiRn iV anVZeUed incRUUecWl\, Whe VWXdenW iV giYen
immediaWe feedback, and anRWheU TXeVWiRn Rf VimilaU difficXlW\ iV VhRZn.

ThiV SaSeU SURYideV an anal\ViV Rf VWXdenW XVage Rf challenge acWiYiWieV. ThiV SaSeU SUeVenWV an
anal\ViV Rf Whe WRS 4 mRVW difficXlW challenge acWiYiWieV fRU 822 VWXdenWV acURVV 8 cRXUVeV in 4
XniYeUViWieV.



BackgURXnd

LineaU ciUcXiW anal\ViV cRXUVeV haYe incUeaVingl\ been XWili]ing ciUcXiW VimXlaWiRn VRfWZaUe WR
helS VWXdenWV XndeUVWand and WeVW WheiU knRZledge Rf ciUcXiW anal\ViV cRnceSWV. HRZeYeU, VXch
VRfWZaUe haV mRVW RfWen been XVed fRU ciUcXiW anal\ViV labRUaWRU\ cRXUVeV, ZheUe VWXdenWV leaUn WR
deVign, WeVW, and bXild VimSle and cRmSlicaWed ciUcXiWV SRVW-lecWXUe. MRUe UecenWl\, VRfWZaUe WRRlV
haYe been deYelRSed WR VSecificall\ aid VWXdenWV in Whe leaUning Rf ciUcXiW anal\ViV cRnceSWV. ThiV
VecWiRn deVcUibeV RWheUV¶ UeVeaUch Rn deYelRSing and imSlemenWing inWeUacWiYe WRRlV fRU leaUning
ciUcXiW anal\ViV.

SXgaUAid iV an aXWR-gUaded hRmeZRUk V\VWem MaUeSalli eW. al deVigned WR SUeSaUe VWXdenWV fRU
in-claVV e[aminaWiRnV [1]. SWXdenWV RSen XS a MATLAB hRmeZRUk daWa file and UXn Whe SURgUam
WR geneUaWe Wimed hRmeZRUk SURblemV. Each SURblem iV diVSla\ed ZiWh a WimeU cRXnWing dRZn
minXWeV XnWil Whe anVZeU mXVW be SURYided. If a VWXdenW dReV nRW cRmSleWe Whe e[eUciVe in Wime,
Whe SURblem YaniVheV, and VWXdenWV ma\ Ue-WU\ RU VkiS Whe SURblem. CRUUecW anVZeUV allRZ
VWXdenWV WR mRYe Rn WR anRWheU TXeVWiRn, Zhile incRUUecW anVZeUV UeVXlW in a hinW RU a deWailed
VRlXWiRn.

SkURmme eW. al.deYelRSed a VWeS-baVed WXWRUing V\VWem fRU Weaching 15 lineaU ciUcXiW anal\ViV
cRnceSWV [2][3][4]. FRU each cRnceSW, VWXdenWV aUe SUeVenWed ZiWh a UandRml\ geneUaWed,
aXWR-gUaded SURblem WhaW UeTXiUeV anVZeUV in Whe fRUm Rf nXmeUical inSXWV, alShanXmeUic
eTXaWiRnV, mXlWiSle chRice anVZeUV, VkeWcheV Rf Wime-deSendenW ZaYefRUmV, RU ciUcXiW diagUamV.
In a UandRmi]ed, cRnWURlled labRUaWRU\-baVed VWXd\, Whe UeVeaUcheUV fRXnd Whe XVe Rf Whe WXWRUialV
UXVWled in a VignificanW leaUning gain fRU VWXdenWV Zhen cRmSaUed WR ZRUking Rn cRnYenWiRnal
We[WbRRk SURblemV.

ThiV SaSeU aimV WR add WR Whe bRd\ Rf UeVeaUch aURXnd aXWR-geneUaWed, aXWR-gUaded lineaU ciUcXiW
anal\ViV SURblemV, VSecificall\ RneV embedded in Whe cRnWe[W Rf a Zeb-baVed, inWeUacWiYe ciUcXiW
anal\ViV We[WbRRk.

Challenge acWiYiW\ definiWiRn

A challenge acWiYiW\ iV an aXWR-gUaded, aXWR-geneUaWed TXeVWiRn VeW SUeVenWed aW Whe end Rf a
Ueading VXbVecWiRn RU VecWiRn. Challenge acWiYiWieV cRnViVW Rf a minimXm Rf 3 TXeVWiRn leYelV,
SUeVenWed in a cRnViVWenW VeTXence Rf incUeaVing difficXlW\. The difficXlW\ Rf Whe leYel iV
deWeUmined b\ cRnWenW e[SeUWV ZiWh knRZledge Rf cRmmRn VWXdenW VWUXggleV in Whe giYen WRSic.
E[: LeYel 1 ma\ be a VimSle "SlXg-and-chXg" Rf a giYen eTXaWiRn. LeYel 2 ma\ When UeTXiUe
VRme maniSXlaWiRn Rf Whe Vame eTXaWiRn, Zhile LeYel 3 ma\ UeTXiUe VRme WUickieU deUiYaWiRnV.
WiWhin each leYel, Whe TXeVWiRnV aUe UandRml\ geneUaWed, YaU\ing a cRmbinaWiRn Rf Whe nXmeUical
daWa SUeVenWed, ciUcXiW VchemaWicV, and Whe YaUiable VWXdenWV aUe aVked WR VRlYe fRU. SWXdenWV mXVW



VXcceVVfXll\ anVZeU Whe TXeVWiRn aW each leYel befRUe SURceeding WR Whe ne[W higheU leYel. ShRXld
Whe VWXdenW VXbmiW a ZURng anVZeU, an e[SlanaWiRn fRU hRZ WR VRlYe Whe SURblem iV VhRZn, and a
neZ UandRml\-geneUaWed SURblem Rf eTXal difficXlW\ iV SUeVenWed. NR Wime limiW RU UeVWUicWiRn Rn
Whe nXmbeU Rf aWWemSWV e[iVWV fRU challenge acWiYiWieV.

ThiV meWhRd SUeVenWV a "VWUXcWXUed adaSWiYe" aSSURach, VcaffRlding cRnceSWV in an incUemenWal
manneU WR helS VWXdenWV SURgUeVV, and WR allRZ inVWUXcWRUV WR SinSRinW cRnceSWV VWXdenWV ma\
VWUXggle ZiWh. The UandRmi]aWiRn Rf Whe TXeVWiRnV hindeUV VWXdenW abiliW\ WR cRS\ each RWheU, aV
each VWXdenW iV SUeVenWed ZiWh a XniTXe SURblem. The immediaWe feedback SURYided allRZV
VWXdenWV WR immediaWel\ Vee miVWakeV made, Zhich helSV WR inWeUUXSW Whe fRUmaWiRn Rf
miVcRnceSWiRnV.

Challenge acWiYiW\ enYiURnmenW

FigXUe 1 belRZ diVSla\V an e[amSle Rf ZhaW a VWXdenW VeeV Zhen fiUVW encRXnWeUing a challenge
acWiYiW\:
(a). A WiWle deVcUibing Whe challenge aW a high leYel, e[: ³CalcXlaWing cXUUenWV XVing KCL.´
(b). A ³SWaUW´ bXWWRn WhaW VWXdenWV can click Zhen Uead\ WR VWaUW ZRUking Rn Whe fiUVW leYel Rf Whe
challenge acWiYiW\. The VWaUW bXWWRn enableV Whe abiliW\ WR enWeU an anVZeU in Whe inSXW field Rf Whe
SURblem.
(c). A SURblem VWaWemenW aUea, diVSla\ing Whe TXeVWiRn Rf Whe cXUUenW leYel and an inSXW field fRU
Whe VWXdenW WR enWeU an anVZeU.



FigXUe 1. Challenge acWiYiW\ ³CalcXlaWing cXUUenWV XVing KCL´ labeled ZiWh SaUWV: (a). TiWle, (b).
SWaUW bXWWRn, and (c). PURblem VWaWemenW aUea.

USRn clicking VWaUW, VWXdenWV can make an aWWemSW aW Whe SURblem b\ enWeUing an anVZeU and
SUeVVing Whe ³Check bXWWRn.´. If Whe anVZeU iV cRUUecW, an e[SlanaWiRn iV VhRZn. TZR leYel
indicaWRUV aUe filled in WR VhRZ Whe cRmSleWiRn Rf Whe leYel. A ³Ne[W´ bXWWRn aSSeaUV WR SURmSW
Whe VWXdenW WR mRYe WR Whe ne[W leYel. FigXUe 2 demRnVWUaWeV WhiV e[amSle.



FigXUe 2. A challenge acWiYiW\ ZiWh leYel 1 anVZeUed cRUUecWl\. HighlighWed SaUWV: (a). CheYURn
leYel indicaWRU, (b). RecWangle leYel indicaWRU, (c). Check bXWWRn, (d). Ne[W bXWWRn, and (e).
E[SlanaWiRn.

If a VWXdenW geWV Whe anVZeU ZURng, an X iV VhRZn alRng ZiWh an e[SlanaWiRn fRU hRZ WR geW Whe
cRUUecW anVZeU. When a VWXdenW hiWV Whe ³Ne[W´ bXWWRn, anRWheU SURblem Rf a VimilaU difficXlW\ iV
VhRZn. FigXUe 3 demRnVWUaWeV WhiV e[amSle.



FigXUe 3. A challenge acWiYiW\ ZiWh leYel 2 anVZeUed incRUUecWl\. HighlighWed SaUWV: (a). The
incRUUecW anVZeU, (b). The e[SlanaWiRn fRU RbWaining Whe cRUUecW anVZeU.

MeWhRdV

OXU gRal ZaV WR beWWeU XndeUVWand VWXdenW XVage Rf aXWR-gUaded ciUcXiW anal\ViV SURblemV. The
CiUcXiWV NI ]\BRRk ZaV cUeaWed in 2018. Since When, 6668 XVeUV acURVV 185 XniYeUViWieV haYe
XVed Whe ]\BRRk. In JXl\ 2019, Whe CiUcXiWV NI ]\BRRk ZaV XSdaWed WR inclXde a WRWal Rf 52
challenge acWiYiWieV. TR deWeUmine Zhich cRXUVeV and challenge acWiYiWieV WR anal\]e, Ze XVed Whe
fRllRZing cUiWeUia:

1. CRXUVeV VSecificall\ XVing Whe laWeVW YeUViRn Rf Whe ]\BRRk dXUing Whe Fall 2019, SSUing
2020, and Fall 2020 VemeVWeUV RU TXaUWeUV.



2. CRXUVeV cRnWaining a minimXm Rf 75 VWXdenWV. HaYing mRUe VWXdenWV in Whe claVV giYeV a
beWWeU eVWimaWe Rf hRZ Zell Whe aYeUage VWXdenW ZRXld SeUfRUm in Whe cRXUVe fRU an\
giYen \eaU. ThXV, VmalleU cRXUVeV Wend WR haYe mRUe YaUiabiliW\ in VWXdenW SeUfRUmanceV.

3. CRXUVeV ZheUe VWXdenWV cRmSleWed aW leaVW 50% Rf Whe challenge acWiYiWieV in Whe ]\BRRk,
aV WhiV acWiYiW\ cRmSleWiRn UaWe iV a gRRd indicaWRU WhaW VWXdenWV ZeUe aVVigned WheVe
SURblemV.

TheVe cUiWeUia \ielded a WRWal Rf 8 cRXUVeV acURVV 4 XniYeUViWieV ZiWh a WRWal Rf 822 VWXdenWV.

GiYen WheVe 8 cRXUVeV, Ze When deWeUmined Whe challenge acWiYiWieV WR anal\]e b\ idenWif\ing
e[eUciVeV ZiWh mRUe Whan a 70% aYeUage cRmSleWiRn UaWe acURVV Whe cRXUVeV. ThiV cUiWeUiRn
\ielded 15 acWiYiWieV, Zhich Ze naUURZed dRZn b\ cRmSaUing Whe meWUicV defined in Whe ne[W
VecWiRn.

MeWUicV: DefiniWiRnV

GiYen Whe 15 challenge acWiYiWieV, fRU each leYel Rf a challenge acWiYiW\, and Whe challenge acWiYiW\
RYeUall, Ze defined Whe fRllRZing meWUicV:

● CRmSleWiRn UaWe: The SeUcenWage Rf VWXdenWV ZhR cRmSleWed Whe e[eUciVe.
● AYeUage nXmbeU Rf WUieV (XnWil cRUUecW): Of VWXdenWV ZhR cRmSleWed Whe e[eUciVe, Whe VXm

Rf each VWXdenW¶V nXmbeU Rf WUieV XnWil Whe\ anVZeUed Whe TXeVWiRn cRUUecWl\ diYided b\
Whe WRWal nXmbeU Rf VWXdenWV.

● AYeUage Wime VSenW: Of VWXdenWV ZhR cRmSleWed Whe e[eUciVe, Whe VXm Rf each VWXdenW¶V
Wime VSenW in VecRndV diYided b\ Whe WRWal nXmbeU Rf VWXdenWV.

● AYeUage fiUVW Wime ZURng: Of VWXdenWV ZhR ZRUked Rn Whe e[eUciVe, Whe VXm Rf Whe
VWXdenWV ZhR anVZeUed a giYen leYel Rf Whe e[eUciVe ZURng, diYided b\ Whe WRWal nXmbeU
Rf VWXdenWV.

● SWUXggleUV UaWe: ȉhe SeUcenWage Rf VWUXggling VWXdenWV. A VWUXggling VWXdenW iV a VWXdenW
ZhR:

○ SSendV mRUe Whan 15 minXWeV Rn a Vingle leYel Rf Whe e[eUciVe, RU
○ SSendV mRUe Whan 5 minXWeV Rn a Vingle leYel, VSendV mRUe Whan aW leaVW WZice aV

mXch Wime aV Whe WRS 20% VWXdenWV, WUieV mRUe Whan 3 WimeV in a Vingle leYel, and
WUieV aW leaVW WZice aV man\ WimeV aV Whe WRS 20% VWXdenWV in a Vingle leYel.

● GaYe XS UaWe: The SeUcenWage Rf VWXdenWV ZhR gaYe XS Rn WhaW VSecific e[eUciVe. TheVe aUe
VWXdenWV ZhR haYe VRme acWiYiW\ UecRUded in WhaW e[eUciVe, bXW Whe\ neYeU VXcceVVfXll\
cRmSleWed Whe acWiYiW\.

FRU each Rf Whe 15 acWiYiWieV, Ze When cRmSaUed WheVe meWUicV WR deWeUmine hRZ man\ WimeV each
Rf WhRVe 15 acWiYiWieV aSSeaUed ZiWhin Whe WRS 5 Rf Whe meWUic. E[: HRZ man\ WimeV Whe challenge
acWiYiW\ ³Ma[imXm SRZeU WUanVfeU´ ZaV Rne Rf Whe WRS 5 acWiYiWieV ZheUe VWXdenWV VSenW Whe mRVW



Wime (Wime VSenW) fRU each cRXUVe.  FURm WhiV cRmSaUiVRn, 4 cRmmRn challenge acWiYiWieV ZeUe
idenWified.

In WhiV SaSeU, Ze SUeVenW anal\VeV Rf Whe WRS 4 haUdeVW challenge acWiYiWieV cRmmRn acURVV all 8
cRXUVeV. Table 1 VXmmaUi]eV Whe XniYeUViWieV, cRXUVeV, and challenge acWiYiW\ cRmSleWiRn UaWeV.
Each XniTXe XniYeUViW\ iV deVignaWed ZiWh a leWWeU, fRllRZed b\ Whe WeUm Zhen Whe cRXUVe WRRk
Slace: µS¶ fRU VSUing and µF¶ fRU fall.

Table 1. A VXmmaU\ Rf Whe nXmbeU Rf VWXdenWV and cRmSleWiRn UaWeV fRU fRXU challenge acWiYiWieV
acURVV Vi[ cRXUVeV. FRU each cRXUVe, Whe XniYeUViW\ iV deVignaWed b\ a leWWeU. fRllRZed b\ Whe
cRXUVe WeUm: µS¶ fRU VSUing and µF¶ fRU fall.

A
S2020

A
F2020

B
F2019

B
S2020

B
F2020

C
S2020

D
S2020

D
F2020

NXmbeU Rf
VWXdenWV

78 82 122 103 102 118 113 104

Ma[imXm SRZeU
WUanVfeU (%)

75 76 100 92 90 100 0 30

NRUWRn
eTXiYalenWV (%)

77 81 100 95 91 100 9 32

NRdal eTXaWiRnV
(%)

87 84 100 98 90 100 7 45

ETXiYalenW
UeViVWanceV fRU
cRmbinaWiRnV Rf
VeUieV and SaUallel
UeViVWRUV (%)

87 79 100 96 93 100 16 52

DaWa and Anal\ViV

ThiV VecWiRn SURYideV an anal\ViV Rf Whe WRS 4 haUdeVW challenge acWiYiWieV fRU VWXdenWV in Whe 8
cRXUVeV, fURm Whe mRVW challenging WR leaVW challenging. FRU each challenge acWiYiW\, Ze SURYide a
deVcUiSWiRn Rf Whe challenge acWiYiW\, a VXmmaU\ Rf Whe meWUicV acURVV all 8 cRXUVeV, a bUeakdRZn
Rf Whe haUdeVW leYel meWUicV b\ each cRXUVe, and RXU WhRXghWV Rn Zh\ VSecific acWiYiW\ leYelV ZeUe
difficXlW.



Ma[iPXP PRZeU TUaQVfeU

The challenge acWiYiW\ ³Ma[imXm SRZeU WUanVfeU´ cRnViVWV Rf fRXU leYelV and iV deVigned WR helS
VWXdenWV leaUn WR calcXlaWe Whe lRad UeViVWance, TheYenin YRlWage, and SRZeU lRad in a giYen
ciUcXiW. LeYel 1 fRcXVeV Rn finding Whe lRad UeViVWance. LeYel 2 fRcXVeV Rn finding Whe TheYenin
YRlWage. LeYel 3 fRcXVeV Rn finding Whe SRZeU lRad. Finall\, leYel fRXU fRcXVeV Rn finding all
WhUee YalXeV in a Vingle SURblem. FigXUe 4 diVSla\V Whe ³Ma[imXm SRZeU WUanVfeU´ challenge
acWiYiW\.

FigXUe 4. LeYelV 1-4 Rf Whe challenge acWiYiW\ ³Ma[imXm SRZeU WUanVfeU.´

Table 2 diVSla\V Whe nXmbeU Rf WimeV ³Ma[imXm SRZeU WUanVfeU´ ZaV in Whe WRS 5 challenge
acWiYiWieV fRU each meWUic acURVV all 8 cRXUVeV. Table 3 diVSla\V Whe Vame cRmSaUiVRn fRU each Rf
Whe leYelV Rf Whe challenge acWiYiW\.



Table 2.  NXmbeU Rf WimeV challenge acWiYiW\ ³Ma[imXm SRZeU WUanVfeU´ ZaV in Whe WRS 5
challenge acWiYiWieV fRU each meWUic acURVV all 8 cRXUVeV.

MeWUic NXmbeU Rf cRXUVeV ZheUe
meWUic ZaV in WRS 5

FiUVW Wime ZURng UaWe 7

TUieV XnWil cRUUecW 5

Time VSenW (V) 7

SWUXggleUV UaWe 6

GaYe XS UaWe 7

Table 3.  NXmbeU Rf WimeV each leYel Rf ³Ma[imXm SRZeU WUanVfeU´ ZaV in Whe WRS 5 challenge
acWiYiWieV fRU each meWUic acURVV all 8 cRXUVeV. The highlighWed URZ indicaWeV Whe haUdeVW leYel.

Level First time
wrong rate

Tries until
correct

Time spent
(s)

Strugglers
rate

Gave up
rate

1 2 2 0 5 0

2 4 1 0 5 0

3 4 3 1 5 1

4 7 5 7 6 7

LeYel 4 ZaV Whe mRVW challenging, haYing Whe higheVW fiUVW Wime ZURng UaWe, Whe mRVW nXmbeU Rf
WUieV XnWil cRUUecW, Whe lRngeVW Wime VSenW, Whe higheVW VWUXggleUV UaWe, and Whe higheVW UaWe fRU
VWXdenWV giYing XS acURVV all 8 cRXUVeV. Table 4 diVSla\V Whe meWUicV acURVV all 8 cRXUVeV. On
aYeUage, 77% Rf VWXdenWV gRW Whe anVZeU ZURng Rn Whe fiUVW aWWemSW, made an aYeUage Rf 3
aWWemSWV befRUe RbWaining Whe cRUUecW anVZeU, and VSenW an aYeUage Rf 7 minXWeV Rn Whe SURblem.
AcURVV Whe cRXUVeV, 29% Rf VWXdenWV VWUXggled Rn WhiV leYel, ZiWh 6% giYing XS Rn Whe leYel.



Table 4. MeWUicV fRU leYel 4 Rf ³Ma[imXm SRZeU WUanVfeU´ acURVV all 8 cRXUVeV.

FiUVW Wime
ZURng UaWe

TUieV XnWil
cRUUecW

Time VSenW
(V)

SWUXggleUV
UaWe

GaYe XS
UaWe

A S2020 92% 3.73 546.92 48% 4%

A F2020 97% 3.51 467.4 35% 13%

B F2019 96% 4.22 453.78 40% 9%

B S2020 86% 3.32 419.82 26% 1%

B F2020 92% 3.76 449.31 31% 1%

C S2020 60% 2.69 321.31 16% 3%

D S2020 NR acWiYiW\ NR acWiYiW\ NR acWiYiW\ NR acWiYiW\ NR acWiYiW\

D F2020 96% 2.63 353.33 9% 11%

One Rf Whe UeaVRnV Ze belieYe VWXdenWV VWUXggled ZiWh WhiV leYel ZaV Whe failXUe WR UecRgni]e
Zhich UeViVWRUV ZeUe WUXl\ in SaUallel, and Zhich ZeUe in VeUieV. In SUeYiRXV leYelV, a mXch
VimSleU ciUcXiW VchemaWic ZaV SUeVenWed. LeYel 4 SUeVenWV a bUidge, Zhich ma\ be a WUickieU
VchemaWic fRU VWXdenWV WR anal\]e. AddiWiRnall\, SUeYiRXV leYelV UeTXeVWed Rnl\ Rne YaUiable aV an
inSXW. LeYel 4 UeTXiUeV 3 YaUiableV, VR a higheU chance e[iVWV fRU VWXdenWV WR geW Whe enWiUe
SURblem incRUUecW b\ geWWing Rne YaUiable ZURng.

NRUWRQ ETXiYaleQWV

The challenge acWiYiW\ ³NRUWRn eTXiYalenWV´ cRnViVWV Rf fRXU leYelV and iV deVigned WR helS
VWXdenWV leaUn WR calcXlaWe NRUWRn eTXiYalenWV fRU ciUcXiWV b\ calcXlaWing Whe NRUWRn eTXiYalenW
UeViVWance and NRUWRn cXUUenW fRU diffeUenW ciUcXiWV. LeYel 1 fRcXVeV Rn finding Whe NRUWRn
eTXiYalenW UeViVWance fRU a ciUcXiW cRnWaining WZR UeViVWRUV. LeYel 2 fRcXVeV Rn finding Whe NRUWRn
cXUUenW fRU Whe Vame ciUcXiW. LeYel 3 fRcXVeV Rn finding Whe NRUWRn UeViVWance fRU a ciUcXiW
cRnWaining 3 UeViVWRUV.  Finall\, leYel 4 fRcXVeV Rn finding Whe NRUWRn cXUUenW fRU Whe Vame ciUcXiW.
FigXUe 5 diVSla\V Whe ³NRUWRn eTXiYalenWV´ challenge acWiYiW\.



FigXUe 5. LeYelV 1-4 Rf Whe challenge acWiYiW\ ³NRUWRn eTXiYalenWV.´

Table 5 diVSla\V Whe nXmbeU Rf WimeV ³NRUWRn eTXiYalenWV´ ZaV in Whe WRS 5 challenge acWiYiWieV
fRU each meWUic acURVV all 8 cRXUVeV. Table 6 diVSla\V Whe Vame cRmSaUiVRn fRU each Rf Whe leYelV
Rf Whe challenge acWiYiW\.

Table 5. NXmbeU Rf WimeV challenge  ³NRUWRn eTXiYalenWV´ ZaV in Whe WRS 5 challenge acWiYiWieV
fRU each meWUic acURVV all 8 cRXUVeV.

MeWUic NXmbeU Rf cRXUVeV ZheUe
meWUic ZaV in Whe WRS 5

FiUVW Wime ZURng UaWe 6

TUieV XnWil cRUUecW 4

Time VSenW (V) 8

SWUXggleUV UaWe 3

GaYe XS UaWe 4



Table 6.  NXmbeU Rf WimeV each leYel Rf ³NRUWRn eTXiYalenWV´ ZaV in Whe WRS 5 challenge
acWiYiWieV fRU each meWUic acURVV all 8 cRXUVeV. The highlighWed URZ indicaWeV Whe haUdeVW leYel.

Level First time
wrong rate

Tries until
correct

Time spent
(s)

Strugglers
rate

Gave up
rate

1 0 0 0 3 0

2 3 0 0 2 0

3 0 0 0 2 0

4 3 4 8 2 4

LeYel 4 ZaV Whe mRVW challenging, haYing Whe higheVW fiUVW Wime ZURng UaWe, Whe mRVW nXmbeU Rf
WUieV XnWil cRUUecW, Whe lRngeVW Wime VSenW, and Whe higheVW UaWe fRU VWXdenWV giYing XS acURVV all 8
cRXUVeV. Table 7 diVSla\V Whe meWUicV acURVV all 8 cRXUVeV. On aYeUage, 47% Rf VWXdenWV gRW Whe
anVZeU ZURng Rn Whe fiUVW aWWemSW, made an aYeUage Rf 3 aWWemSWV befRUe RbWaining Whe cRUUecW
anVZeU, and VSenW an aYeUage Rf 5 minXWeV Rn Whe SURblem. AcURVV Whe cRXUVeV, 17% Rf VWXdenWV
VWUXggled Rn WhiV leYel, ZiWh 4.5% giYing XS Rn Whe leYel.

Table 7. MeWUicV fRU leYel 4 Rf  ³NRUWRn eTXiYalenWV´ acURVV all 8 cRXUVeV.

FiUVW Wime
ZURng

TUieV XnWil
cRUUecW

Time VSenW
(V)

SWUXggleUV
UaWe

GaYe XS
UaWe

A S2020 0% 1 285.65 0% 0.02%

A F2020 93% 5.69 342.57 34% 12%

B F2019 90% 4.06 352.36 34% 5%

B S2020 0% 1 284.23 0% 0%

B F2020 93% 5.19 320.53 31% 2%

C S2020 0% 1 194.08 0% 0%

D S2020 0% 1 241.12 0% 0%

D F2020 97% 4.09 309.79 34% 15%

One UeaVRn Ze belieYe VWXdenWV mighW VWUXggle Rn leYel 4 iV dXe WR Whe need WR calcXlaWe a
YRlWage, and When XVe Ohm¶V LaZ WR find Whe NRUWRn cXUUenW. In leYel 3, VWXdenWV geW familiaU ZiWh
calcXlaWing Whe eTXiYalenW UeViVWance. LeYel 4 UeTXiUeV nRW Rnl\ WhiV calcXlaWiRn, bXW alVR



calcXlaWing Whe YRlWage acURVV Whe eTXiYalenW UeViVWance. SWXdenWV mXVW When XVe WhiV YRlWage and
Ohm¶V LaZ WR calcXlaWe Whe cXUUenW WhURXgh Whe RWheU UeViVWRU.

AddiWiRnall\, VWXdenWV mighW be cRnfXVed aV WR Zhich UeViVWRUV aUe in VeUieV Rnce Whe YRlWage
VRXUce iV VhRUWed. ThiV ZRXld UeVXlW in Whe ZURng eTXiYalenW UeViVWance WR be calcXlaWed, making
Whe calcXlaWed cXUUenW incRUUecW.

NRdal ETXaWiRQV

The SXUSRVe Rf Whe challenge acWiYiW\ ³NRdal eTXaWiRnV´ iV WR SUacWice Whe YRlWage-nRde meWhRd
fRU a YaUieW\ Rf ciUcXiW cRnfigXUaWiRnV, VWaUWing fURm VimSleU ciUcXiWV ZiWh feZeU eTXaWiRnV and
gURZing in difficXlW\ leYel. PUiRU WR WhiV challenge acWiYiW\, Whe VRlXWiRn SURcedXUe ZaV
inWURdXced, and an e[amSle ZiWh WZR indeSendenW VRXUceV ZaV VRlYed in deWail. The VWXdenWV
haYe alVR SUacWiced Whe meWhRd in a VeUieV Rf TXeVWiRnV UelaWed WR a VimSle ciUcXiW ZiWh Rne
YRlWage VRXUce.

In leYelV 1 WR 3, Whe VWXdenWV aUe aVked WR idenWif\ Whe eTXaWiRnV fRU diffeUenW cXUUenWV (leYel 1 and
leYel 2) and cRme XS ZiWh Whe KiUchRff¶V CXUUenW LaZ eTXaWiRn fRU a VSecific nRde in a WZR
VRXUce ciUcXiW (leYel 3). NR maWhemaWical cRmSXWaWiRnV aUe UeTXiUed fRU an\ Rf WheVe leYelV. LeYel
4 When aVkV VWXdenWV WR calcXlaWe Whe nXmeUical YalXe Rf Whe nRde YRlWage and cXUUenW. FigXUe 6
belRZ VhRZV Whe challenge acWiYiW\ ³NRdal eTXaWiRnV.´

FigXUe 6. LeYelV 1-3 Rf Whe challenge acWiYiW\ ³NRdal eTXaWiRnV.´



Table 8 diVSla\V Whe nXmbeU Rf WimeV ³NRdal eTXaWiRnV´ ZaV in Whe WRS 5 challenge acWiYiWieV fRU
each meWUic acURVV all 8 cRXUVeV. Table 9 diVSla\V Whe Vame cRmSaUiVRn fRU each Rf Whe leYelV Rf
Whe challenge acWiYiW\.

Table 8. NXmbeU Rf WimeV challenge  ³NRdal eTXaWiRnV´ ZaV in Whe WRS 5 challenge acWiYiWieV fRU
each meWUic acURVV all 8 cRXUVeV.

MeWUic NXmbeU Rf cRXUVeV ZheUe
meWUic ZaV in Whe WRS 5

FiUVW Wime ZURng UaWe 0

TUieV XnWil cRUUecW 3

Time VSenW (V) 6

SWUXggleUV UaWe 2

GaYe XS UaWe 5

Table 9.  NXmbeU Rf WimeV each leYel Rf ³NRdal eTXaWiRnV´ ZaV in Whe WRS 5 challenge acWiYiWieV
fRU each meWUic acURVV all 8 cRXUVeV. The highlighWed cellV indicaWe Whe higheVW YalXe fRU each
meWUic.

Level First time
wrong rate

Tries until
correct

Time spent
(s)

Strugglers
rate

Gave up
rate

1 0 0 0 1 1

2 0 0 0 1 0

3 0 0 0 0 3

4 0 3 5 0 1

LeYel 4 ZaV Whe mRVW challenging, haYing Whe mRVW nXmbeU Rf WUieV XnWil cRUUecW, Whe lRngeVW Wime
VSenW, and Whe higheVW UaWe fRU VWXdenWV giYing XS acURVV all 8 cRXUVeV. Table 10 diVSla\V Whe
meWUicV acURVV all 8 cRXUVeV.

The aggUegaWed daWa Rn Wime VSenW Rn YaUiRXV ciUcXiW SURblemV UeYealV an aYeUage Wime beWZeen 3
WR 5 minXWeV fRU VRlYing a W\Sical ciUcXiW SURblem, inclXding all Whe UeTXiUed calcXlaWiRnV.



OXU daWa anal\ViV fURm 8 cRXUVeV VhRZV WhaW VWXdenWV Rn aYeUage VSenW beWZeen 3.6 and 8.1
minXWeV Rn Whe leYel 4 Rf WhiV challenge acWiYiW\. FXUWheUmRUe, in 3 cRXUVeV, Whe majRUiW\ Rf
VWXdenWV WUied WhiV leYel aW leaVW WZice WR geW Whe UighW anVZeU. AlVR, Whe nXmbeU Rf VWUXggling
VWXdenWV iV cRmSaUable WR RWheU leYelV Rf WhiV challenge acWiYiW\.

Table 10. MeWUicV fRU leYel 4 Rf ³NRdal eTXaWiRnV´ acURVV all 8 cRXUVeV.

FiUVW Wime
ZURng UaWe

TUieV XnWil
cRUUecW

Time VSenW
(V)

SWUXggleUV
UaWe

GaYe XS
UaWe

A S2020 0% 1 216.84 2% 0%

B S2020 0% 1 236.16 0% 0%

C S2020 0% 1 231.15 2% 2%

D S2020 0% 1 319.14 0% 0%

B F2019 77% 3.01 471.36 28% 2%

A F2020 86% 3.97 448.19 35% 0.1%

B F2020 67% 2.78 443.73 29% 2%

D F2020 85% 2.76 483.26 28% 7%

TR be VXcceVVfXl in leYel 4, VWXdenWV VhRXld be cRmfRUWable XVing nRdal anal\ViV. TZR TXanWiWieV
aUe calcXlaWed fRU WhiV leYel: Rne YRlWage YalXe and Rne cXUUenW YalXe. The calcXlaWiRn Rf cXUUenW
iV deSendenW Rn Whe YRlWage. TheUefRUe, Whe YRlWage and cXUUenW calcXlaWiRn cannRW be dRne
VeSaUaWel\. One cXUUenW eTXaWiRn haV alUead\ been deUiYed in leYel 1. TheUefRUe, VWXdenWV VhRXld
be familiaU ZiWh Whe cXUUenW eTXaWiRn aW leYel 4.

WhaW VeemV WR be Whe SRinW Rf cRnfXViRn aW WhiV leYel iV Whe UeSlacemenW Rf nXmbeUV fRU YRlWage
and UeViVWRUV, and Whe calcXlaWiRn Rf YRlWage YalXe. One VRXUce Rf eUURU ma\ be Whe XVe Rf WZR
VRXUceV and Whe need WR VXbWUacW YRlWageV, inVWead Rf jXVW XVing Rne YRlWage YalXe in Whe eTXaWiRnV
WR find Whe cRUUecW YRlWage RU cXUUenW YalXe. AlWhRXgh VWXdenWV haYe alUead\ Veen Whe nRdal
eTXaWiRnV and XVed Whem in SUeYiRXV leYelV, WhiV leYel iV WheiU fiUVW aWWemSW WR VRlYe Whe SURblem
and find acWXal nXmeUical YalXeV fRU YRlWage and cXUUenW.

AnRWheU VRXUce Rf eUURU ma\ be Whe UeTXiUemenW fRU URXnding Whe anVZeU WR WZR decimal SlaceV.
Academicall\, VWXdenWV aUe e[SecWed WR haYe maVWeUed URXnding XS Whe nXmbeUV and Whe cRnceSW
Rf VignificanW figXUeV. HRZeYeU, iW iV RbVeUYed WhaW VWXdenWV VWill VWUXggle ZiWh maWh aW WhiV leYel.



ETXiYaleQW UeViVWaQceV fRU cRPbiQaWiRQV Rf VeUieV aQd SaUallel UeViVWRUV

In WhiV challenge acWiYiW\, eTXiYalenW UeViVWanceV fRU YaUiRXV cRmbinaWiRnV Rf VeUieV and SaUallel
UeViVWRUV aUe calcXlaWed in 5 leYelV. All 5 leYelV inclXde bRWh VeUieV and SaUallel UeViVWRUV. The
RYeUall cRmSle[iW\ Rf ciUcXiW and nXmbeU Rf UeViVWRUV incUeaVe ZiWh each leYel. FigXUe 7
demRnVWUaWeV Whe leYelV Rf Whe ³ETXiYalenW UeViVWanceV fRU cRmbinaWiRnV Rf VeUieV and SaUallel
UeViVWRUV´ challenge acWiYiW\.

FigXUe 7. LeYelV 1-5 Rf Whe challenge acWiYiW\ ³ETXiYalenW UeViVWanceV fRU cRmbinaWiRnV Rf VeUieV
and SaUallel UeViVWRUV.´

Table 11 diVSla\V Whe nXmbeU Rf WimeV ³ETXiYalenW UeViVWanceV fRU cRmbinaWiRnV Rf VeUieV and
SaUallel UeViVWRUV´ ZaV in Whe WRS 5 challenge acWiYiWieV fRU each meWUic acURVV all 8 cRXUVeV. Table
12 diVSla\V Whe Vame cRmSaUiVRn fRU each Rf Whe leYelV Rf Whe challenge acWiYiW\.



Table 11. NXmbeU Rf WimeV challenge acWiYiW\ ³ETXiYalenW UeViVWanceV fRU cRmbinaWiRnV Rf VeUieV
and SaUallel UeViVWRUV´ ZaV in Whe WRS 5 challenge acWiYiWieV fRU each meWUic acURVV all 8 cRXUVeV.

MeWUic NXmbeU Rf cRXUVeV ZheUe
meWUic ZaV in Whe WRS 5

FiUVW Wime ZURng UaWe 0

TUieV XnWil cRUUecW 0

Time VSenW (V) 0

% VWUXggleUV 1

GaYe XS % 2

Table 12.  NXmbeU Rf WimeV each leYel Rf ³ETXiYalenW UeViVWanceV fRU cRmbinaWiRnV Rf VeUieV and
SaUallel UeViVWRUV´ ZaV in Whe WRS 5 challenge acWiYiWieV fRU each meWUic acURVV all 8 cRXUVeV.

Level First time
wrong rate

Tries until
correct

Time spent
(s)

Strugglers
rate

Gave up
rate

1 0 0 0 1 0

2 0 0 0 1 0

3 0 0 0 0 1

4 0 0 0 0 0

5 0 0 0 0 1

ThiV challenge acWiYiW\ ZaV eaVieU cRmSaUed WR RWheUV, and nR SaUWicXlaU leYel VWandV RXW WR be
SaUWicXlaUl\ challenging. TZR cRXUVeV had VRme VWXdenWV VWUXggle ZiWh leYelV 1 and 2, and WZR
cRXUVeV had VWXdenWV giYe XS fRU leYelV 3 and 5. LeYel 5 ZaV Whe mRVW cRmSlicaWed, and did haYe
Whe higheVW giYe XS UaWe cRmSaUed WR leYel 3. Table 13 diVSla\V Whe meWUicV acURVV all 8 cRXUVeV
fRU leYel 5.

On aYeUage, 19% Rf VWXdenWV gRW Whe anVZeU ZURng Rn Whe fiUVW aWWemSW, made an aYeUage Rf 2
aWWemSWV befRUe RbWaining Whe cRUUecW anVZeU, and VSenW an aYeUage Rf 3.5 minXWeV Rn Whe
SURblem. AcURVV Whe cRXUVeV, 6% Rf VWXdenWV VWUXggled Rn WhiV leYel, ZiWh 1% giYing XS Rn Whe
leYel.



Table 13. MeWUicV fRU leYel 5 Rf ³ETXiYalenW UeViVWanceV fRU cRmbinaWiRnV Rf VeUieV and SaUallel
UeViVWRUV´ acURVV all 8 cRXUVeV.

FiUVW Wime
ZURng UaWe

TUieV XnWil
cRUUecW Time VSenW (V)

SWUXggleUV
UaWe

GaYe XS
UaWe

A S2020 0% 1 217.41 0% 0%

A F2020 64% 5.53 316.95 17% 5%

B F2019 40% 1.62 221.59 9% 0%

B S2020 0% 1 201.25 0% 0%

B F2020 53% 4.53 253.35 14% 0%

C S2020 0% 1 125.33 0% 0%

D S2020 0% 1 153.55 0% 5%

D F2020 63% 1.87 276.79 9% 12%

LeYel 1 iV Whe fiUVW Wime ZheUe VWXdenWV SUacWice mRUe cRmSlicaWed UeViVWRU cRmbinaWiRnV afWeU
SUacWicing ZiWh VRme VimSleU UeViVWRU cRmbinaWiRnV. One cRmmRn miVWake in WhiV W\Se Rf
SURblem RccXUV Zhile idenWif\ing Whe SaUallel and VeUieV elemenWV. OWheU eUURUV ma\ RccXU dXUing
calcXlaWiRnV VXch aV eUURUV in aUiWhmeWicV like mXlWiSlicaWiRn and diYiViRn.

The 5 leYelV Rf WhiV challenge acWiYiW\ SURYide gRRd SUacWice fRU deWeUmining Whe UeViVWRU
cRmbinaWiRnV. HRZeYeU, aV VhRZn in FigXUe 7, Whe VeUieV RU SaUallel cRmbinaWiRn Rf UeViVWRUV in
all 5 leYelV aUe YiVXall\ diVWingXiVhable. In laWeU VecWiRnV VXch aV TheYenin and NRUWRn eTXiYalenW
ciUcXiWV, VWXdenWV Zill encRXnWeU mRUe cRmSlicaWed ciUcXiWV ZheUe YiVXal idenWificaWiRn Rf elemenW
cRnfigXUaWiRn ma\ nRW be feaVible. DXe WR Whe naWXUe Rf Whe SURblem, adding a VhRUW ciUcXiW RU
RSen ciUcXiW can change Whe  ciUcXiW cRnfigXUaWiRn dUaVWicall\. TheUefRUe, VWXdenWV VhRXld haYe
bXilW a SURSeU fRXndaWiRn fRU VRlYing VXch SURblemV in Whe eaUlieU VecWiRnV.

DiVcXVViRn

CRmSaUing Whe UeVXlWV acURVV all 4 haUdeVW challenge acWiYiWieV, maWh aSSeaUV WR be a SRWenWial
SURblem fRU VWXdenWV in Whe cRXUVe. SWXdenWV haYe VhRZn WR be able WR VXcceVVfXll\ VeW XS
neceVVaU\ eTXaWiRnV (e[: leYelV 1-3 Rf ³Ma[imXm SRZeU WUanVfeU´, ³NRdal eTXaWiRnV´, and
³NRUWRn eTXiYalenWV´), bXW When fail WR calcXlaWe anVZeUV Zhen SUeVenWed ZiWh ciUcXiW YalXeV.

AddiWiRnall\, VWXdenWV ma\ VWUXggle ZiWh idenWif\ing VeUieV and SaUallel ciUcXiW cRmSRnenWV, bRWh
Rf Zhich aUe UeTXiUed WR VXcceVVfXll\ cRmSleWe Whe ³Ma[imXm SRZeU WUanVfeU´ and ³NRUWRn
eTXiYalenWV´ challenge acWiYiWieV. AV a UeVXlW, Ze belieYed Ze mighW Vee VimilaU VWUXggle SaWWeUnV



fRU Whe ³ETXiYalenW UeViVWanceV fRU cRmbinaWiRnV Rf VeUieV and SaUallel UeViVWRUV´ challenge
acWiYiWieV. HRZeYeU, Ze fRXnd WhaW acWiYiW\ WR be Whe eaVieVW, SRVVibl\ dXe WR Whe facW WhaW Whe
cRmSRnenWV ciUcXiW VchemaWicV SUeVenWed aUe eaV\ WR YiVXall\ idenWif\ aV in VeUieV RU SaUallel.

FXWXUe WRUk and CRnclXViRn

ThiV SaSeU anal\]ed Whe XVe Rf UandRmi]ed, VWUXcWXUed, and aXWR-gUaded CiUcXiWV acWiYiWieV b\
RYeU 800 VWXdenWV acURVV 8 cRXUVeV. The meWUicV XVed WR anal\]e Whe difficXlW\ Rf each acWiYiW\
ZeUe Whe aYeUage cRmSleWiRn UaWe, Whe aYeUage Wime VSenW Rn each acWiYiW\, Whe aYeUage nXmbeU Rf
aWWemSWV SeU SURblem leYel, Whe aYeUage WUieV XnWil an anVZeU ZaV cRUUecW, Whe VWUXggleUV UaWe and
Whe UaWe Rf VWXdenWV ZhR gaYe XS Rn WheVe acWiYiWieV. We anal\]ed Whe haUdeVW Rf WhRVe acWiYiWieV,
and deWeUmined Whe WRS 4 mRVW challenging SURblemV aURXnd Whe WRSicV Rf ma[imXm SRZeU
WUanVfeU, NRUWRn eTXiYalenWV, nRdal eTXaWiRnV, and VeUieV and SaUallel UeViVWRUV.

GiYen Whe fRXndaWiRnal naWXUe Rf XndeUVWanding VeUieV and SaUallel elecWUical cRmSRnenWV, fXWXUe
ZRUk inclXdeV incUeaVing Whe nXmbeU Rf VeUieV and SaUallel challenge acWiYiW\ SURblemV WR Vee if
an\ SRViWiYe effecWV RccXU fRU incUeaVing Whe cRmSleWiRn UaWeV fRU SURblemV UeTXiUing VXch
knRZledge. TheVe leYelV ZRXld inclXde mRUe YiVXall\ VXbWle, ³WUickieU´ cRmbinaWiRnV Rf UeViVWRUV.
One idea ZRXld be WR find YRlWage and cXUUenW aW a ceUWain SRUW RU nRde Rf Whe ciUcXiW in RUdeU WR
be able WR idenWif\ Whe eTXiYalenW UeViVWance aW WhaW SRUW.  The SUacWice Rf RbWaining UeViVWance
fURm a VSecific YieZ Rf Whe ciUcXiW aW eaUlieU VecWiRnV Rf Whe cRXUVe can lead WR lRZeU eUURU UaWeV in
mRUe adYanced WRSicV, and can helS VWXdenWV WR fRcXV Rn Whe mRUe adYanced WRSic UaWheU Whan
VWUXggling ZiWh being lRVW in idenWif\ing a VeUieV RU SaUallel cRmbinaWiRn.

RefeUenceV

[1] MaUeSalli, P., Magana, A., Tale\aUkhan, M. R., SambamXUWh\, N., & ClaUk, J. V. (2010,
DecembeU). SXgaUAid 0.2: An Online LeaUning TRRl fRU STEM. In 2010 InWeUnaWiRnal
CRnfeUence Rn CRmSXWaWiRnal InWelligence and SRfWZaUe EngineeUing (SS. 1-6). IEEE.
[2] SkURmme, BUian J., eW al. "InWeUacWiYe WXWRUial V\VWem fRU lineaU ciUcXiW anal\ViV: ImSacW Rn
leaUning and nRYel WXWRUialV." EdXcaWiRnal PV\chRlRg\ 2004 (1998): 2010.
[3] SkURmme, B. J., Ra\eV, P. J., WhiWlaWch, C. D., Wang, Q., BaUUXV, A., QXick, J. M., ... &
FUank, T. S. (2013, OcWRbeU). CRmSXWeU-aided inVWUXcWiRn fRU inWURdXcWRU\ lineaU ciUcXiW anal\ViV.
In 2013 IEEE FURnWieUV in EdXcaWiRn CRnfeUence (FIE) (SS. 314-319). IEEE.
[4] WhiWlaWch, C. D., Wang, Q., & SkURmme, B. (2012). AXWRmaWed SURblem and VRlXWiRn
geneUaWiRn VRfWZaUe fRU cRmSXWeU-aided inVWUXcWiRn in elemenWaU\ lineaU ciUcXiW anal\ViV. In 119Wh
ASEE annXal cRnfeUence and e[SRViWiRn. AmeUican SRcieW\ fRU EngineeUing EdXcaWiRn.


