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Scaling Effective Learning Strategies: Retrieval
Practice and Long-Term Knowledge Retention in
MOOCs

Dan Davis', René F. Kizilcec 2, Claudia Hauff 3, Geert-Jan Houben #

Abstract

Large-scale online learning environments such as MOOCs provide an opportunity to evaluate the efficacy of
learning strategies in an informal learning context with a diverse learner population. Here, we evaluate the extent to
which retrieval practice — recognized as one of the most effective learning strategies — facilitates long-term
knowledge retention (and thus learning outcomes) among MOOC learners using an instructional intervention. We
observed no effect on learning outcomes and high levels of treatment non-compliance. In addition, we conducted a
series of exploratory studies into long-term recall of knowledge acquired in MOOCs. Surprisingly, both passing and
non-passing learners scored similarly on a knowledge post-test, retaining approximately two-thirds of what they
learned over the long term.

Notes for Practice

e Wedeveloped and tested a system that prompts students with previous questions to encourage retrieval
practice in a MOOC.

e Retrieval practice showed no effect on learning outcomes or engagement.

e Learners who passed the course scored similarly on a knowledge post-test as did learners who didn’t
pass.

e Both passing and non-passing learners retained approximately two-thirds of the knowledge from the
course after a two-week testing delay.
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1. Introduction
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Improve your memory! o
As we have seen in the previous question, a simple but effective way y the upward is Stoke's law. For this we vl do the

following assumptions:
- The low-density body is the magma bubble and has the shape of a sphere.

- The high density body s the surrounding rock and, although difficult to imagine, behaves as a fluid which is displaced by the upward moving magma bubble.

Ganbeoic

Stoke's law:

v=deZaguR

Use the following values:
Py = density of the magma bubble = 1500 kg/m"3
py = density of the surrounding rock = 2300 kg/m"3
R = radius of the magma bubble = 100m
1= viscosity of the body surrounding the bubble = 5x10A18 kg/(m sec)
9 = gravity constant = 10 m/secr2
Select your response below
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Learning Strategy

R Bookmark this page

Boosting Your Memory
- '_ You will encounter a great deal of new, exciting information throughout this course. In order to ensure that this information

. " transforms into knowledge in your own memory, it is important that you practice effective learning strategies.

We would like to highlight one strategy in particular that has been found to be effective in boosting people’s learning and
memory: Memory Retrieval.

Memory Retrieval is simple: the more you access a memory, the stronger it becomes and the more likely you are to remember
itin the long term.

Example

In the days and weeks after you have completed a quiz assessment, go back and try answering the questions again! By revisiting the questions and re-
retrieving the knowledge, this acts as a fantastic exercise for your brain—making the memories and knowledge stronger and longer-lasting. The longer a
memory goes without being re-activated, the more likely it to be forgotten!

Image Credit: http://www.publicdomainpictures.net/

STAFF DEBUG INFO

Figure 5:H(411$3, ;)I', K1(0)1081)1'3112, )70, 412, )=+ )I("I'311814%) ) )41, /11 (2312, %0811 5 11<1-18208+) 413, 5 1", 170(2"21!
0O'1//12811616,0.101'0*18(+0, %'*) 1:!
|

#7010, 6! P>15%18" )80 1 1156, 11) (&1, )11, "31015%1$™, )I*. 71011, 1(771(01) 15> (0-$U1'31 ) %610°21+) 70" EOdK! " . 71!
B31$1I5%1$", )$I015%:011'31H1(0) 100", 220+ ("L1(IS, 4™, )I() -11) 10311 ()$ 5 10:1=3"11015%:0) 416 , 0111//, 0'1'3 ) 1(1$*) 4+ 1124+2<!
0187, )81 5 11)24%6-1-1"3*$15%1$" )" 711", 13+, 3 1/,00(12, B7(0*S,)1&1" 5 11)1'311" ; ,:Im81)!'3, %43 P>15%18'™, )$! 5 10116, $'!
2,66,)%)1Z1,$2:1)21a0"315$1) , "1'3112($11(20, 38! (HIP\\>S:!

B31!/,+, 1 )AFSIOIA(G7A!, /1O 1L(S. 4188 3O) Ibh!, /)2, 0012°101$7, )$1SKIGU"+7+1123 , *21I5%1$™, ) 1)1 21, $2*1) 21 all

|

Qlgg——re ) (HI501S™ Y1 71813 I(018%77 ,0'1-18.. '311-al7+("/ , 06 RO L ($H . RAI(--1-I", BECHL:Id)'3$17 (710 5 11/, 2%$1 A28 1+ 1, ) IP>1()-lodI5H1$™, )$I(S!
'3,$11(011"3116,$'12, 66, ) I5%1$™, )1 . 7181 '3UP\\>I¥) | ; 34231 ; 11-17+, . 1-1#CHL:!

ISSN 1929-7750 (online). The Journal of Learning Analytics works under a Creative Commons License, Attribution - NonCommercial-NoDerivs 3.0 Unported

(CC BY-NC-ND 3.0)

I



!

' JOURNAL OF LEARNING/ANABTICSIE i 8 SELAR
Di*+, - 018243+ _#, 456/0-146899+85, 4, 4*-# = 2049/23¢ _ [014241/; 149% ,456/0-T¢ _ 33 - +<4tB8=_29,6# , B4#0+#*8+-25>-1754 ; 20/<4#
,456/0-1 , [004945>408¢ C41 2523-D4# 0144 6/0820/+5¢ +{t 24 *26230/>% = 2; = 24 ;4549204 ,# 20t 24 , 4=014+{# "E4F - £25,46899+85, 4, # *-#
;2% %0+ />H9+>FO0C /3340144 - 2 - 24 - +<4f,+ .5 .29, 7494 = 2/54 . 14944/04/64+94 - +<4#8=_ 29, Gt
|

B3L/, #, 3 ¥)AISI()ILA(BTHL!, /(1= Ebh12, 0012'10157 , )SLIO( LK) WG 102 (1) T 1515 Y1) 121, $2:1) 21 al!
|

HB==+64125{42001 1 82F4+>>8994 , £20¢2¢, A=0L+#" EHF/3+ = 4049640+ = H114468982>4401 2010434264 , #45+8 ; 114549 ; ~Hi+024TK . <4+
092<434019+8 ; 1H0146>A50498+ 30145 200 1H+O144+014986/ , ABML/68/685+ 501 462 A4+ 01 A4ANAO> 64T 4>28644/589423/0-#6+85 , . 2<46
045, H0+1002<4323+5 ; {11 48%+85 , 20/46825 , #5+0¢ , 194>03-#010+8 ; L1481 2001426¢ , 4=/>04, B) 668 = 4H0144/5 , />204 , #=201 . 2-#25 , 1014
- [<ASH01/>F546646¢25 , #<A3+>/0/46% O+ . § = 25-464>+5 6, +A6H/II2FALG-+QKILA464/6 = />4 JK - 2<A0+#942>1H11 44+*BA9<20+9-+54014¢
+0149¢6/ , 44+3#0144 2901G¢

|

B31$1!" 5 ,I$(67+1I70, & 16$I(01101701$1) " (**81!, /1"31I$1"T, /15%1$™ , )$I-1+#48101-*) ECHLIF) '3 ("1'31.170, 6 7'1'31H1(0) 101",

6('316("2(+.1$6% (LI, %2, 611, /1(I$"%(*, )& (S1-1,)14*81)12:02% 68" () 213:!

4. Study Design
d)1"3*$1$12", )91 5 11-1820%611"311-1$*4) 1 ()-12, ) 1A', /1, %011 S 702 (+1$%- . :!

4.1. Participants

#I',(, M9e 1XHL(0) 10811)0, #1-)IUPN\\>IZ1, $2+1) 21UB31Im(0'31() - $IC1$, %0218 , 0121, $2+1) 21kl 5 3+231 5 (8!, //101-1
)I3LL-al7+('/,06181" 3 11) el P (L HIINIO) -1 1QIKI . LI?NY:IB3112, %0$112, )$*$'$! , /IbQH12'%0118*-1,$! () ! 1 2N140(~1-15%H!
518", )$I=116 )% (+.!-1106*)1-12e 11, /1'3, 11 2NISH%1$™, )$!", 1&11$%* (&+11/, 0I94$1! 5 *315>(0-SIEG%H*A$" 17170, &+16$! 5 1011
1A24-1-18, I'3("11(2315>(0-12, %+-18110)$ 5 101-19)-171) 1)+ . k312211 5 101! P>1() -11! 5 101l0d!5%1$™ , )$:!

R($1-1,)1$1+/0017 ,0'1-1-16 ,40(73"21%)/, 06 (**, ) IE(8(+(&+11/, 01291 1QN1+1(0) 108Kdleb !, 17(0%2¢7()'$! 3 101! 5 , B1)I()-1"31!
61-*()1(41!5 ($1IN:IB3"$12, %0$11-01 ; H1(0)1081/0, B1(! 5 *-1100) 41!, /11-%2("*, ) (+1&(2<40, %) -$I I X131+ (" 1($'1 (13*431$23, ,
7+, 6NN ()1 %588, 2 (1[$! - 140119 X ! (| R(231+, 0[$! -140118! IX! (! P ($"10[$! ~140119! ) -'eh! ('H3]:! T1(0) 108! ; 1011), !
70,8%1-13*31() .1)21) *811&1. , ) -11(0)*) 4112, %0$11210%/+2 ("1, 017 (0'*2*7 () A1) '3 LIS - .

=11-1/)11"311$"%- . 1$(6 7+11($"3LI28IXNIL)0, #1-H1(0) 108! 5 3, 11)"101-1"3112, %0SLICHL(S'L, ) 20U I XI($$+4) 1-1", I'3112, )0, 4
2,)-** )IO-blel',I'31'01("61)"12,) -, ):IB3110() -, 61($$4) 61)"! ; ($1&($1-1,)11(231+1(0) 10[$!) %6 10°2! 1-ald T 'E6 , %t !
,710("*, )K:!

=112, #12'1-1($'0CH/1-1$(B7+11/, 013117, $'02, 50$11$%081 .1 () -1<) , 3 +1-41101°1) ™, )ISHHI: =11$1) "1 () 1) 8% (**, )ILG (4", !
(1231410 108! 53,1 ("167'1-1(170,8416! 5 *'3%)1"3LI#CHLIS. $'16! D1)*)112, 67+1'1-1"311$%081. 9 )1 Y:YN!01$7, )$110("1! D!
()-1"3117bJ1+1(0) 108! 3 **31"3113*431$"1/) (H4A0(-1§1)1"3112, )10, 412, ) -+ )| DI1+181)12, 67+1'1-1"311$%081 .9 (IN:eh101$7 , )$1!
0('1:!

4.2. Procedure

B3*$1$ -1 7 ($1-18*4) 1-1 (§!(100) -, BHWL-12, )"0, H1-1"0*(+1p7, )11)0, #4)41¥)1Z1, $2+1)21ad+1(0) 108! 5 10110() -, B+. 1 ($$°4) 1-!
UYL 12,) =R )81, 013150, )1, /13112, %S LU!
|

q  *201,231420-5152061 414188, )! , )1 1//12"8118"%- .1 3(&*'$! 5 (3! (=-1-1",1"311 5 11<+.1%)'0, %2, )1$12"*, )11 B3L!41$$,)!
1A7H(*)1-1"3LI&L) /481, N01'0F18(+170(2" 211 () -1, /1101-1 ) IA(B T+LL, /13, 31, 1(77+ . ¥ IET*4%0LIDK:!

q  7,/+18/011420-5152061#CHL! 5 ($!(--1-1","3112, %0$1!", 1-1+81015%WIS%1$™, )$1/0, 617($'! 5 11<$:1B3LIS(61! 5 11<+. !
+188,)1,)18%- . 13(&'$1 ($1)1'3112,)"0,412, )=+ )1 5 (8170, 8*-1-1", 131+71+1(0) 10$1%) - 108" () -1"3L118 (1!, /1"311", , +:1d)!
(=% ,)I)/,06 (%, )!(&,%'13, 3 1#CHL! 5 ,0<81()-1"3("101$7, )$191",1"3115>(0-1-,1),"12,%)"1", 5 (0-$1+1(0) 108[!/) (+
40(-18! 5 (3170, 8*-1-:1B3115>(0-§! ; 1011-1#8101-181/, 0111(23!, /' 3LIX 112, %0SLH12"%0118*-1, $IE/0, 6! 5 11<$11"QKI(20, 39!
311 $AI2, %0SL! 5 11<§:14H18™  )ICI'3LI&, ™, 61, /11(23112°%0118*-1, 17(4111) (&+1-1+1(0) 108!",10121*811 (1)1 5 15>(0-!,)!
~16()-1(/10"3LF) (4 )11, I<117170(2%2%) 4!
|

B, 1($$18913, 313 1+#141(0)108101" () 1-1"31%01<) , 5 +1-411/0, 61'3112, %0819 5 11$1)"1(17,$'62, %0SLISKOBL. 1", 1 (1$"0(C"*/*1-1$(6 741!
L IHL(0)1088) 3112, HOSTIE(SIT018* , U4t . 1-1/*) 1-KI" 5 , 15 11<$1(/" 103112, H0$113(~11) -1-:IB3LISH08L. 12, )' (*) 1-1(0() -, BI$1412 !
LT I($$18$6.1)"15%18™, )$1/0, 61Z1,$2+1)21a: TL(0) L0$I) '31I0L(G1) 12, ) =+, (==, ) (++. 1012181 11*43" 15918, )$I(&, %'!
"3TOIATL041) 211 ; * 31 CHL: =1118 (" 1-1"311018%+'$!, /1"3%$17,$'62, %0$1! ($$18$61) "1 5 #3101$712'1" , 1-+//101) 21$1&1" ; 11)1'31!
'2,12,3,081)1,)40'1061<) , 5 +1-41101"1)",):!

NIB311$%- . 1 5 ($17016014%$"101-1("13" 78I, $/:* VX7 . 13!

ISSN 1929-7750 (online). The Journal of Learning Analytics works under a Creative Commons License, Attribution - NonCommercial-NoDerivs 3.0 Unported
(CC BY-NC-ND 3.0)

¢



JOURNAL OF LEARNING/ANAEVTICSE s SELAR

. rFFQ4

4.3. Measures

B,12,67(01"311&13(8*, %0!, /H1(0)1081)1"3112, )0, 41O -FOL('G1) 12, )=, )80 5 112, )$-101-1"311/ , ++, 5 *)41¥)12, %0$11181) '$l!
gl 950431 ,+-/IE(1$2,01181"  11)131(0)-12JJK!
gl *2:,;/1428<y/15201E8+) (0. ¥)-*2(", 0017 ($81) , 67 (SSK!
gl >,%0811(218*+19l!
Egee1,1)M10(2%, )SIETH( AT (USL9/($'B/ , 0 5 (0-8101 5 ¥)-SIS20%8K!
"L rIISHEESS*, )SIE) G &L0!, /IS8 G SS, )$012, 0012 ) 1$%K!
"IS2U8S, )1/, 04617, 88!
"L JU0CH,)!, HELF) 12, %S
gl #CHLI¥)'10(2",)$!
"JRCE )T, (H5>(0-1(771(0()2L!
"ICI$7,)$1I8%&648*, )SIE 5 312, 0012") 138!
"I 5>(0-14)"10(2", )$IE01$7, ) -912+, $11 5 *) -, 3 K!
=11($, 12, #12'1-1"311/ , #, 3 ) 41-( (F)!'3117,$'02, %0$11$%081 . 1
I =2;1/2+81) 1501342, /&1 3 11)1323JhiK!
"L T1(0)101) 1), )SIELAS!", 12, 6741111, ON0AS" (%-+'K!
“LHOY, 011-%2(, ) 181+E3*431$"1-140111 (23181 !
B311"3ULLI (U (&8 70°)1-17)1 &, -1 DL (140(-1012, 408112, 671, )il (-1 7, $ELA(B! 5152, 01t DISI0BL! (8 70°6 0.
L2, GLIS(0F(8ISI)! U018 %=1/, 00311/, ++, 3 ¥)AI01(S, )SU 2K! (1+1(0) 208! /) (+140(-11$1"311 18" (B(*+(&+11¥)-*2(", 01, /1" 31*0I
710/, 06 ()21 3112, %S 10681, /310133, 08 10616 (5'10. 1, /3G (‘L0 (RO - IKI'3117, $'EIA(BI5%1S2 , 016 L(SHOLS13,
- 161 (0) 108101 () 1-1"311<) , 5 +1-411" 3 15 11<$I(/ 101" 3L11) -1, /1"3112, 040$ L.

5. Results

B3*$I512", )1701$1) '$1018%+'$1/0, B1'3L/*8LIS1'S!, /1() (+.$18! 5 112, ) ~%2" 1-UIPKIL$ 6 (**) AI3L2(US(1//12'1, /' 310L'0*18 (+170(2 21!
#)'1081)", )IEC 2K IKIIA(6%)*) 413, 5 1+1(0)1081) ' 10(2'1-! 5 *3I#CHLIEC K 1K)l eKI1AT+,09)41-16 , 40(73*218(0*("**, ) 1) "311%$1!
IHCHLIECrekiIXKI 6, -1+)413, 5 111(0)10I<) , 5 +1-41118,4818! () -1-12(.$! , 810G LIEC rXK3! () -91bKI%) - 103" () -*)41+1(0) 103!
1A710°1) 211 5 #3I#CHLI0, 61 (15%( (*811()4+LI%$*) 41$%081 . 10187, )$1$IEC k!

|

950+31  N=+;;50.1 MNAIB5-/2!  HNAEE:50  AI92,:81 758/50! | 758/1151J1  )*+,-;!
C,2:<! DE! IC,+-/1 II"+1/1 FOl/,+41520;! G:H85;;520;! MN=2;1;1 %2z /1| )*+,=;1 | G//0!
>,)'0,# bIXI WIh! YR Qb eX:NN! mIIQk  X3XNG! "l "l

BOL('61)'! ble! WiYh!  IINK! ib:Ye! eJ:YY! M e3XJ6!| leBIs! N:N?!

D21/6ILHG6(0. 15 (7572817, 0" 3116 1() 18 (1!, /I 3LIGL(SHILSIFS 1-IF)IL 12", YIX:el/, 01() (+. $181%) 28%—") A1 (+H1(0) 108!
)18, "312,) -4 )$1 3 3, 1+, 441-1("WL(S'T, ) LIS1$%F, ) ¥) "3LI7+("/ , 06:1B311-+//101) 218!, &$1081-181" 5 11)1°3112, )"0, +
O-"0L('61)"140, %7$1(0L1) , 18" (H$2(+ . 1$4) /2 () !

5.1. Effect of Encouraging Retrieval Practice

B3114, (#,/1"31100) -, GHIL-1ATL0°6 1) 1*$1" , 1186 ("11"3112($ (+11//12"1 , /101'0-18(H 70(2"*2LEC K 2K:IR .12, 67(0)41+1 (0) 1081%)!
'3112,)'0,41()-""01("61) 140, %7$0! 1 1120116 ('LI'3LI1//12, /1) 2, %0(416.1) "', 1) A(411)01'0*18(+170(2'*21! 5 # 3I#CHL!  *'3!
'311/,++, $*)A17018014*$'101-12, ) /06 (*, 0. 1) (+. $1$:1B(&+112170, 8*-1$1$% 6.6 (0. 18" #6281/, 0141 (0) 10$1¥) 1'311" 5 , 1IA710*6 1) (¢!

2,)- YRS3, $¥)41),184)/2()" -*//101) 2181 &1' 5 11)12,)-*"*, )0 (22,0-*)41 ", 1"1$'$! , /1 15%(+ , 0 4*81)1 70, 7,0, )8! O -!
FOS<(0=(+$I'1$'SIE(+1=4513:00K1S , 3 181016.() . HL(0) 1081 3 3,13 10111)2, KO(4L-1-*T) , "TL)A(ALIF) 101018 (+70(2213 ; 323!
$I(/,060,/M01('61)'T), )82, 67+ 2LIL7124+2(+ .91, /'31b1ek1(0) 1081($$4) 1-1", I'31101 ("6 1) '8!, )+. 123 11%)"10(2'1-1 (" H1($"!
)21 #31(15> (0-1E%1:912, 67#+1-1 3 #3I'31I01("61) 'K:i , 0I'3*$101($, ), 0-101", 118™6 (11"3111//12'1, /101018 (+70(2 211 $14/9)
S 118,10 (¢ W13LIATI0G 1) 1(SI)11) 2, H0(4161) '1-18+4) 1 %1!", '3LISE (HS(B T:LI$HLI() -, 512, 67+()2110("1913, ; 18109
S 1 (-I$'1-1, %01 () (. *21 (770, (231 L71242(+ .9 3 11() (+.WLI"311AT10°6. 1) 1 (31 )11) 2, %O(4161) 1-1$+4) 1&1. , ) -11$6 () 4!
(810(411"01("61) 11//12'$01 () -1 5 11-,1), "1(77+.1"3LI 7016014 101-1$( G 7+11 TA2:0$*, )1 20 10 (1&12(%$1!"31.. 12, e-1%) (810" 1) "+.
&+(3"3112(%$(+1+)/101) 21!

B3L70°6(0.!,%'2, 611G L(SH0LIS!"311/) (412, UOSLIA0(~19! 5 3+231-1"106*) 181210 /*2 (" L1 L+4*&H+" IE'3117($$) 41"301$3, +-1§!
QINKIB(&LI112,) (*)$I$%6 6 (0.1 (*$'+281/, 0140(-11 () -1220%/+2(**, )1, W'2, B181%)1"3112, )0, +140, %71 () -1"311"01 ("6 1) 140, %79
,810(#1O-1$17(0(" 1+.1/, 0001 ("61)"12, BT+1081)-1), )02, BT+108:1110$'9! 11186 (11"311%)'1) 0" , 0*01 ("1 1//12" EdBBKY! ; 32313
'311-4//101)211%)1 (810(41! ,%'2, 61$1&1" 5 11)1'311°01('61)'1 ()-12,)'0,+ 40, %781 =11/4)-1'3("1"311dBBI*$! ) , "1$4)*/2() "1/, 0!
210742, ) IE+, 41, -=$10("*, 1E1ud: 1209IDHEIUd: 11J91=1613:ebNKII A1) 41 (1) , YAL0, 140(-11E+ , ANCIELT: 2XedDIE 2:YoI=1e1: 1Y IKd!
O-"3112,) )%, U$I40(- 11" $LH/IEF0$< (0= (+'$1Q" ;-1 E1:D L 1I=IE1 XX IK:!

ISSN 1929-7750 (online). The Journal of Learning Analytics works under a Creative Commons License, Attribution - NonCommercial-NoDerivs 3.0 Unported
(CC BY-NC-ND 3.0)
1P



!
! JOURNAL OF LEARNING/ANAEYV:TICST™ — SLAR
O1A"! 3 11%$1I O1)$ 06 1) (+18(0*(&+1! (770, (231E" 5 , 0%" (411 +1($'1$5%(01$K! *, 1 1$™6 ("11"3111//12'1 , /101°0¥18 (+ 70(2*21!/ , 0!
'3,$10 53, 1US1-1¥IEX 101 (14, 2(+1(810(41101("6.1) "11//12'%! , 01 THBmII#) 40469116 81) $ G Co&*)N 2N 1QK: i, 01(18*) (0. 1) $'0%6 1) "!
9L%2,61IN9(0)-12,67+()21%) -*2(, 0129 ; 112() 12, 67%'11'311=(+-11$"6 (", 0!
!

087 () B *+, 96" () $ -+
% () B, %O S+

1'#

|

B3LTHBMIS!) , "184)*/+2()'1/, 012202, ) IETVIE! J:INYIIDIE! J:Y 1 edl=1 1 J:eN2KSI41 ) 41 (1) , )AWL0, 140(~ LIET™V'£1J: 2QJ0ID!
T12:220=1E13: 1QNKI ) -1"3112, ) )%, U140 (- 11§ 1+/IETVHE!™ 3: JQQUIDIE!™ J:YY 9I=11J:eNXK:!

) (.00 5112,)-%2"1 (1710870, ", 2,41 () (+. 90 5372312, )$-1081 ,)+.1'3,$11+1(0) 108! 5 3,12, 67+1'1-1'31170,",2, 41/, 0131401
(+,2("1-101(61) =116 ("11'311 710670, , 2, +11//12' ($1"311-+//101) 211¥) 1 (810(41! ,%'2, 6181&1" 5 11)1"01("61)"12, 67+10!
(-12,)'0,412, 671080 5 3+23141"3111) 0112, )"0, 40, %718 1-18*4):1=11/+) -1+ (0411-*//101) 21$1*) " 106! , /1210"/+2("* , ) IE+ , A\ C!
TI2:NXIDIE1Q:QQI =11 J:JI KN AL )41 (1), YAWL0, 140(~11E+, ANCIE! 1:JINDIEIN: IXU =11 J:J3 269 () -1"3112, ) )%, 61 40(~11+'$14/!
EFOUS<(B=(+'$1Q" sm-t! N 191=W13:332K:1S , 5 181001"311720670,", 2, 1) (+. $181=, 181) , "1 *1+- 12 (U (1186 (“181-%11", I$1+/681412" )1
8 (S0 17 (0" 2%+ (081 5 112, 67(0111810. , ) 1¥)1'3112, )10, +140, 71 5 #31'3, $113*43+ 16, *8("1-11(0) 108! ; 3,12, 67+.1)I'31I01 ("61) "
40,%7:10) /(2001 ("61)"12, 67+() 2118180, )4+ 12, 001+("1-! 5 *310121%8+) 41 (13*4310140(~ LIEL 71 (06 ) [$19!£13:0Q8I=1v1J: I 2K

Table 2. Course Outcomes in the Control and Treatment Group

*20-51520! G:H; /1 D! D20>K/,2!C,+-/! =+;3;50.1""+1/! C,+-/1#:+015/;!
>,)'0,+ Hiil bIX! e?h! Yh! WJ9LJ9Ix!
B01("'61)"! #Hiil ble! exh! Nh! wJ9LJ9 !
B01("'61)"! >, 67+10! 21! NQh! exh! w912 19INXx!
B01("'61)"! 0,)02, 67+10! X1?! leh! J:1h! #J91J91Jx!

D21/6!>, 67+108!(011+1(0) 108! ; 3,12, 67+1-1; *'31"311*)"1081)"*, )0) , )62, 67+108! (01!'3, $1! ; 3,1*4) ,01-1'311*)"'1081) ™+, ) !
I

Q) (==**,)1", 116 ()41 1//12'$18($1-1, )1"311/%) (+12, HOS1140(-191"311 7008014*8°0(" )1 (48, 1$7124/+181 (1) %6 &10! , /170, 21883
+18141 () (+. $1$1EC I IK: 61 7(02%+ (08! 5 113.7, "31$HIL-1"3("1+1(0) 108! £ 3,10121*811"31I"0L("61)"! 5 , ht—1 1ABH&H"1¥) 201 ($1-! $14/8
014%:+(",0.1&13(8*, %0I¥)1"1069! , /12KI018*$+"+) 417018, 4812, %0$112, ) '1) 180231 (SH12°%0118*-1, $9! IKI$L+/36 , ) ¥, 0F) A& 12312<¥) 4]
31017108, ) (4170, 401881 7(419! () -1 e 41) 10(+. 1 7208$™) 4L+, )4101%)1"311 2, %0$L: 0,1 18*-1) 211 )1 $%77,0') , /1"3113. 7, *31$H1-!
813(8*,%01 ; (51/,%) -8 13101) ' 10681, /1" 311dBBIEF0%S< (4= (++'$10'68 (+%15v! J:QYAI=88 (%131 J:X2K1) , 01) ' 106§, /1" 311 T#Bm!
EIDA8 (+%1$v1J: 1YUI=68 (#h18s1d:e IK:1T , 2068*) 41, YH1(0) 1081 '3LI01("61)"140, %79l 5 11(+$, 13. 7, "31$HL-"3 ("1 (0) 208! 5 3, I("'167"!
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5.2. Navigational Behaviour Following Retrieval Cues
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5.3. Engagement with Retrieval Cues
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5.1.1 Demographic Analysis
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'311(810(411) )02, 67+101%81, )+ . 1el! 108!, +-9 (18" ($"2(H. 1$4)/<2() 1=+//101) 21781 3:3JeN " NIK %) (491 5 LHIA(6¥) 1!
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5.3.1. Question-level Analysis
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'31170,7,0%, )1, /64) ,01-9%)2, 0012'01() -12, 001210187, )$1$DI() -I'3L1&, ", 61 5 , 183, 5 I'3('L, /1), )67 ($6*)4H1(0) 108:! r1$™, )S!
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31170, &:168(+', 41'310:1=31) 1016 , 8) 4I'311¥)$" () 2181, /14) , 01-15>(0-$1() -/ , 2%$1) 41, )+.1, )I(" 16 7'1-170, &+16$1E0*4363 () - !
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5.3.2. First Question Response

B,!1A7+,01!"'311701-*2"8117, ; 10!, /I (1+1(0) 10[$!23,*21!",11¥ 3101 ("' 167!, 01*4) , 011"3115>(0-$9! ; 1) TAT ) (+-W1-11(231+1(0) 10[$!
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,851081-1&.12,)$*-10) 41311512, )-12,)$12%"+81101$7, ) $1!DH1(0) 108! ; 3,!()$ ; 101-I'31*0/*0$"1" 5 , 12, )$12%"*81!5> (0-$12,0012"+. !
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5.3.3. Response Duration
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6. Discussion
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