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Abstract

I investigated effects of slide styles on students' learning behavior in a mathematics class in the
university. Whether it's a face-to-face class or an online, in most classes, slides are used instead of the
chalk-and-blackboard. Studies have suggested negative impacts of slides on students' learning.
However, using slides is not inherently bad. Rather, the style of current slides forces students to
behave in a way that appears to contribute to negative outcomes of learning. My particular interest is
on the easiness of note-taking. In lectures using slides, students may have difficulty taking notes. But
students can improve the easiness of note-taking by changing the way slides are prepared. The way
that meets human's behavioral and cognitive nature. We humans could not concentrate on things all
the time, but often our concentration flickers. I propose teachers to adopt the other style than the
standard usage of presentation software. By the standard usage, I mean slides where topics change
between pages. I call this standard style of slides the page-based slides. Here I propose a new style,
the board-based slides, where contents of slides move like a flow. The board-based slides could be
regarded as the enhancement of the blackboard. Enhancement by the power of digital technology.
Students' behaviors were collected for the standard style of slides, i.e. the page-based slides, and the
board-based ones through the students' reports on on-demand videos. I compared these two styles of
slides with respect to pausing, rewinding, viewing speeds, and easiness of note-taking. As a result,
the board-based slides were found to be superior to the page-based. Also, I explained how to make

the board-based slides with standard presentation software.

F—U—FR: 274 ROIEVF, FLEBrT—vary 7 =T, B #E,
= hD L)X ETE R PowerPoint, lecture, blackboard, note-taking

TR TR BARE SV AT A TFFL ; Department of Electrical and Electronic Systems, School
of Engineering, Ibaraki University



KR FEFEERMRE  NPEENRE Fom (2023)

»

B 1 ETF2BORRDAA—, TERENMEFS L ETE2ANEZ, (REZEL-FEH
HEIREFEMTES, COLT 2 BEREZ, TO2LWEFRHLTELEZOA, ZZTW
5ETAHD R—FKR) THSB,

1. [EZC&HIC

FT, ZZTWIARTA NIREEMOH LD LR THHIND AT A Rafed, WimfE¥ET
FRTDATA RIZbbBAA, AU TARERADAT A K, HDEWIEIA T~ REMHITEDT-
ODATA R, ZOENUTHEHAIRETH 5,

ZZTHE, ET2EBEORK (K1) OFRET CENVEMORREEDERf 272 AT A4 ROHIE
FEFERT 5, UTICRRS [R— R OR54 RThb, ZOEOEIL. HEH & L
TOHEMEERGET 22 L ThD, AMEDOBIRE LTE, A7 FORRLTILE /) —F LR
T UTRET D,

BT (BRI BT 2 B BH03) . ABDEED (858 120& LW, I99& ) &iF, 97, £
LEST, Ehbs L, 20D, sEEHEROLTIENHDH, IV EHITHDL, HDHN
X, EP LTV AN ZF, FERENEERICONVTEZTWS I BT, FEREICHEATLEN,
MER L2 Rk 223 H 5, BROSLILEDRA > ME, HFRNVEWHE., R85 E
STWNWHIETHD, ZOXI7 IRELE] &, —MDOARTA RIFFRT2V, —fOATA K&
X, =T b BEEEOU Y D LD AT A RTHDH, LLFIChRD [~—=U8 o
ATA4 RThL,

FOANEMET VINDEEZTANDLT DENRAT 4 TINEBIRDTND W) s, X
HOELTOAM BB LOHE) ZEDLRW, b, AMOFOL 7 Fu V7 2dRT 5 2



KW« Zi Bz 5| AL AT A FOIEY 7

EBENZE VO RFET RV, Tl A, THIRrT (FEET/ - e btd2 L) OANIDRERS
AL T % (Mueller and Oppenheimer, 2014) ,

I T A AREDPAEAT DRI BEE AW RETEMERICH 572 L9 Th D, 2020 4
IS, A TA CEREDPHT DR R0 RPEFOFHEEILEZBEONT, Ty T—vary
T R EHAWEZAT A RIZBIT LT, RO TIIRENARNILLEEBEZLTWDLHED, R0 HTATA
NEFIH Lig 7o &b s,

1.1 REREICERT, R574 FREEIDENT, ZHRLEOBEELEL. LML

ZIT MERELD AT A FEREDBRSNLTWIFEEZEZL TR, Ziud, LT L
B THD,

AT A REREITHREREL D AN/ NE W [BhiLm ]
l ro
HEMEA T A4 NREZER
L unt
2T A MEEIE ) — MR IS [ R]
| smaEormto R
274 Fpar’— (PDF) #Rdfid 5
Lyse
ZalAEL  — FOTFREBE T 20 EGA [ b 2]

TR A TA AREDOTOORREE (LT 1,2021) IZH, AT A RIZHEANCEAATRELH D,
W, ZHTEWDEA Iy, WREDOES EHEDROEIIE, LT LB LRV EEZLND
NHThHDH, AT7A ROAL—ZFMMTDHATA FMREICOWNT, Tl ER L HEZHENT 5
L RODEHIT D,

2T A R — FERG 2 THELeH D B2
| zorw
g A E AR A AN S

l Lo T

RE~OEPENMETTD (HDWE, EPLARSTH, BTREE LB

1.2 254 FRXOAORAEE. RS54 FOREFAE
TITIE AT A FREOADAIE Z TR L TWHIEE NS SO0 T 5, FE KEOKX



KR FEFEERMRE RPEETMR F oo (2023)

FABLOKRERAEZNRE Uiz, IWEREL AT A NREEZXH LR THD (NHLFEa—
A BT —H 454 BN EED) (Savoyetal., 2009), 72— M XAUE, FAEFRERELD
b AT A RREEMATE, . ZEIZORTIRATEROMFERIT, WEREDOHTNAT A Fiv
m@oto%@%uw%f%otoﬁu\%ﬁ@kis 4 AR ERIGE LTt Ch D (BB
. AT —2 714, ERZE) (Kim,2018), 1 HHZOFIET A MERE, A7 A Fa v —fid
MNOFETHEELTZ, T A FOHlisIL 15 8 Th o7z, B2 LOFEEI D 9.58 T - =Dkt
L., BeffHV1E581 S THoTo, VT, A VORFL2EAZMNGE LEETHD SR
7!5 BHihT—H2 173 4. EDEE)  (Ledn and Garcia-Martinez, 2021), A7 A4 RO a v —4fls &

FEHEEET D O TH D,

BB, WMEREL AT A MREDHBENRIZET 2 48 OWIFED A Z 534 (Baker et al,, 2018) T
I, ENENDFRIZOWT, RUT 4 TIRFERERTT 4 TIofERDEHI N TS, £ 2 TlX
BoAPERI O RITITER LT ek 2 Th D,

EZAT, DOARATA R LLFCERD [N=UH) AT A R) DO THEWDIT TR
WV, MERAERH D, SHE 2FEICOE L TH DL, 0o TWDADRNEOHRE T HT2HD
B (XA T 1O L. BB ARGD LB TDOHB] (XA 72 OFH) Th
bo —KDATA NI, ZA 71 OFBITIERNTND N, XA 72 OFBINTIER 72N EFE 2 T
W5,

1.3 254 FEROFLLWARK IFR—FE) 0RE

=L O RREZH LT WAT A REMBHBETENL, /—FE2 LV RBLFESETED
FIRZIEN UTRELEMT D2 0N ARe L 70 d, ZOMFETIE, [RX—Y ] X=X LT 52T A
RBHf [_=R) & TR— R (B ~OFEZIAL] 2= L L, TUVXNVEEH L TR E
JEE L2 AT A REHM [R— R 2542, [R— KR Cik, /— F2RE 000 Eny T

<. BEOWwHN (XA b=V =) O—BERIMRIZASCT WV EHIFFIND, OWTIE, BEOA Y E
— UMb 0 RF RN EE LOTVRENFEBL I N D Z ERMIF SN D, 0 TR — R
N/ —habbZ L& (note-taking) & BFIMEDE WG TH L0 E 9 D EMRGET 5,

2. R=URLEKR—FE, ZLTEEYR

DT THRIET 2 [R=UA AT 4 RE TR—= R 254 RIZHOWTHAT S, Mz T,
FN—‘MJ&FT R OFICALET D PEREWR) ICOVWTHEH L Tk (M2), |
DBl AT A RIZEHEDATA RThHD, 7V?/T~°5/77%@?77V%F%%PT¢5
FiEEWSTHWNWWEAS S, GEDOEITE L BITX—UNOVBEDLL LA T ThD, [HBEEWY)
F&~V@Jx§4P%oﬁﬁf\x&n~w¢é&4ﬁf%éoKE%mewm~v@&ao
TWVWWEAD (E: FLBrT—3 a2 OHP=F—_—+ ~y N+ Fa V=7 == b TV 7RI
. ZZTWIIBREYRERWDT 7V =y 7 Bdbolz, 7272 L, CFHRY OB XYRITIEA, OHP ¥ — K& kD
U MCEEBHZ DB, BIEO Y — FERD ELPITKRO > — FERELHETH D, Thbb, BEDOY— %



KW Zi B2 5| SR AT A ROIED 7

N—
WebA—yBY
OAO O@D
dQD
ABCD ~ABED
v o
- = o« OAD
BNOAB R REP S
hE<(FZ HEL(FT

2 A4 FORBEHRX CDO0H), IR—UF | [EEYR | R—FR, IR—DF) 3@
BEDORTA R, R=UYYBAR—IXTILEYT—2 a3 VD, [EEWER) (TXREMICER
—COMENGEWN, ELIORETE, IR—DF | ZEEL. XA—UHOERIEEZR DM A -
TRLfz BWENBEETRA TVSEE, IREQMAIFRALGVEEEZRRE L TLVS, [KR—F
B FIOmXTRETHAHATH S, IRRLEFHRNS., RUOE, BEICES. AR THET
B0IF TR=DUR ) & THR—FE| THD,

RO L, RO — R FICRE T, GOEFIEEZ MR T 5T 7 =y 7 Thoto), [AR— R 13, KR#EE
Wi o TnAHZ DB ETF2BOERERE, TVXNEERH L THBELIA A=V Th 5D, B
TIE, BEWETOKEBE LIZ 0N 5 2 SI3TERY, BEFON/ A ARETH S &\ ) LTk
RThD,

ST, EF2BOBRIITKROFER DD, | HOBRPEE ST, ZNEHT Z Lke<,
ETFEZANEZ, TOBRICHLOWNEEZRETHZENTES, TRICL - T, ZaAkiE, Fiwn
WEPETLTWLHETYH, ZORMOKREFLZRT 220 eE2s (M 1), €% 6 BRI,
ZNURT1EETH-STH, AT F1IKEY LZDOERBE E->TW5B, [R— N %, §58EN
XU 22 5 E T, R IINTCAENR— RITE £ D, FBIRR SNTNED, A X afi/h L,
BEHILT, R—FICED, SaHoPTRA LY, —FICEE—EN LB TH, A— N ECE#R
WEES TVDMBEEITIBNO ZENTE D,

3. WELAE
FREEIX 2021 4L (5F0 3 4RFE) #RHAC, T80 1 AR MmN ICBasE L7 3 (A 5 BAE D isAE
4y) ORENTER LT, MEORRITIF L T4 Thotz, £15ED 9 HO 1 B THREEAZITR >



KR FEFEERMRE RPEETMR F oo (2023)

Too TRX=UR & TAR—=FRB) OATA RERW, §ERET 42 FR1IER L, YouTube (27 v 7’1
—FNL7, Fl—0OBFICHEDE, o< FUHEMT, [R—=U) & TR— R 2 O R T A
REHIELZ, BEECHWEETADE ST 16 320 0 Th o7z, ZilkEs T X A2 7 N—T
W2, RIRRCHEBEL CTH B oTo, ZalEIlid, AMCL-oTETARRRD Z L ORMMEX T, 15
WO KREE 2T OWMVAMATH DL LIFEFoT, TREBYORFEL L TER L, TENL
YouTube BT A %R LA T4 L RETHoT, it EIZIFT—EEND /— 2 D5 X 9124
BLTCWDD, BEEOENIFFHIC—/ — FE2 Lonb L&A L OEE LT, FAEES, —FRHEIE,
%%EL&EKovti?ﬁmu%hf\%&%éﬁﬁmmﬁﬁbkoﬁ%bﬁﬁ%/~b%&@

FELTHLLo%IC, HIECT ACET27 v — MM Lz, 728, SZaBdll T v 7 KITE
DU TOHNIZATA REA T Lo THERDNEZDELRNE S ICEME LT, T7hbb, 77
— NEMBICEE 2R Lz BT, ERIHIE Lo A TOETHICH, HERIIT /&
ATXBHEHITLT,

N E S

@ﬁ%%@ﬁ%%r# EZLDIZ, 220DRT A REAT (IR=VH ) & [R— ) 2R
R TE 2 leie ¢ 5, HIEITENE LTIk, E5 40 —EkEe, BERELER, £ LT/ —F
DEVRLTIIIEAT D, RIZ, 2 DOETHXA TRZHAIED X ) ICZ T AN LNZNITD
WC, BHFRAE S &I 5,

41 XS54 F2 A4 TEBHETE. ZL T, /—bDEYPTE

FBEZAEH L7e T S ADFERIC KT T ZRET A7, Y 3 TR L= e DB % 5
Brefg e Lic, =) © 75 24 L 7esiw/EiT 68 4, £ LC IAR— M) © 75413624 T
ol

£, BT AR O—RHE IR LB E R LEBOS M AT TR (¥3), 222, &
LooEEG, FRNCEROTEIX LR oT2, EF A2 AV 28%IEM L, — s ka1
LEZRLEEOWT S, TAR— R O Fdvdbiaun,

WIZ, BRETAEFAEL D60 ) — FDE DT IO TOEEL T (M4), 22508
THEATEMT DL, [HR— R OFNR, 7 —EREVTNWEE L DZRER S -T2, &
LT, [R—=FRB OFR, 7 — FBREDIZWER L D MER Do,

REAIC, HEEOBRICER L7 BAERE OS2 R~T (” 5), [R— R CEMERENRIRS
“EIENRKEVONHEETH D,

4.2 @7 o7— rOERTHREKY

ZORETIE, KEPERT HFHRORET 7 — MIIMZ T, ERORERIC, B BEICEE
REMEEZAALTE Lo TWWe, Fo, MEEERICEIT 57 v — M b B G2 3% T 7=,
ZHHHBRERICIE, [R— R ARV, — R e o0 BRIIZIR T 5 b o
R Tgpotz, Ted, TAR— N ICEERRFiilIE e o7z,



KW Zi B2 5| SR AT A ROIED 7

10 T 10 T
9t 9
8 8
7 g 7
g 6 % 6
@ 5 ® S
# 40 w4
| 3 #0 3
2} 2
1 1
0 1 1 § 1 1
R—VB  R-RE R—-Y®  R-RE
254 REALT 254 R9A4T
(a) —MpfE - [E5K (b) BXR LA

3 RF4 K24 TRIDOBREETEIDEN, (a) —FFLEH. b) BERLEH, FOITH
DFEE. PRIEEE 1 WG, L TE IS, OIFEIFRKBEEF/METHD, BH.
EERLEHO K- FE] [ZOVTIE, ARIEEE 1 WHEHEA—HL TS,

50%

40%

30%

e

20%

10%

0% - -
& L E bl £ E L
b VRS 5 ht ]
iz 25 5 5 ®
{ e L T El
o »E 3 Lk »
2 2\ DB 2 2>
i T Z Z 7= Z -
%3 7 i3

4 RSAR2L4TI2EB, /—FDEYPTEDEL, TR—FE] OFAMN, /— W
EYPTLY,

O &3 (0.756550F) O FRHEHEL(1.0f) M w(1.256500 k)

~=® (1% 46%

R— P 73%

5 ZEEINBRLE-BEEREDHST (RS54 K24 75l), YouTube TEIRTTRELBAE
HEZ0.25EFUNATHD, (R—D8 | CTREEFBALEZEEIL 1%, [FR—FE) TIX 04T
Hot=,



KR FEFEERMRE RPEETMR F oo (2023)

5. F&&H

[(AR—=A ) L TR— RBL OFEWIZOWNWT, LR b2 E LD, VT, [R—F

W) 2T A4 ROLERRIHER L2 — oW TR 5, %I, SH%ORBEOAFEMEIZ OV T~

5.1 oMo 1z2 &, TDES
> BT AO—RHEILRBZR LEZD R TLHHT, [R— R OFMEATND,
BEER AEIEA VT~V MRETho LD, —FHEILRLEERLATE, L22L, bLH
UTNEA DRETHTR D, —FHELERLEZRLNTERY, DFD, UTNVZ A LFRE
ThoTh, AT7A ROARTEORT IAR— RN OFREATHNDENZD,
[R—FH] OFB, 7 —EREDRTUN,
BE A74 K% (PDF RHEIRT) BiftT 5 2 & DNZAEOTFENFE LR T I 5 & OtEh
M5 (Kim,2018; Ledn and Garcia-Martinez, 2021), & idW\z, [R—=IH| X514 R %‘:ﬂqb\f_
BETIL, 274 FEBIETITZHWAEDR /) — Mo & HRERICIIERE 5, —J, T
— PFIJJ ATA ROEFERDL, HRD, /— M FEEROREDFEINEREE D,
Ry OFFR, ©F A HEHERE CHRIET 28E8 03 m, [_—U8 ) Tk, misiE
‘fé%ﬂ/a\ﬁn%i 2o
BR A7~ FEM T, ZAENSEHOHW T, B4 2MRELRA LY 1TEKkT 5
“GUFLERE L0 RBETHD, TAR— N 12T UL, A>T~ BRI T, 23¥%E
i DEXRLY AL TH T~ M ZRTH b2 D FREMENEE 5,
R [ _=UR) ER (REER) THhoHOICK L, [HA— M) 380 @ER) <h
LENHHMTHL ETRIND, T7205, BIRZIEEEE CHIET 208 L-< 5D
ERBRIC, TAR— R HEERE CHIET 200 Lo W EeEX bND, Filo—FHE
IEEFHRCEER LEEE GOETEZLDH L, A= N OFR, FEOMRIUIEDE THEET
& TV D ATHEMED I,
KENENGS 2 FRORIET »r— ML D &, —EBDOZHLEL, ZOREDHERCT A
MRERLTVWERE TV, ERETATORST S ZM O EMIZL o728 b b 67 K
2% (26 4) OEEEN, AHFEETEEMIZE L LTV,
B ZOREDHERE T AT, BEEFEBROEIOH (1 [EOH), [R=I8) ZHE L, £
@{’ﬂ@@ IAR—= PR THIELTe, ZOREOHERET ANRRLSLTVE . BARICA BT
WTERLIZHENR 2RI TH D, P b, R—F] OFRET AL, ZafkIcE -
THIZH Th o7z L b s,

5.2 TAR—FH] X541 FhlEY—
ATA RHECIE, LBy T—va vy 7 he 2T Ly hOFEET T AN,
Alal, AZ7A4 REHEICHW =7 L8 T —2 a7 M Apple Keynote T 5, 73, Microsoft

PowerPoint T% [AR— KNl 274 REHIECE 5, (EHT 288X, A7 RO TPy a
. (BmEY) 0 B2 %) Th Db, Keynote TlE MagicMove (v v 7 A—7) ., PowerPoint Tl
Morph () LTINS, ZOMREZHOIUL, 7TF A MO %, 15608 S oofi/h St



KW« Zi Bz 5| AL AT A FOIEY 7

VIR SET 0 A, FRIRERIZEB T 5, "B, AT FRNDT =A—v 3 U TiERWZ
LIEEDZ L, T=A—=2a T [R—FN] 254 R&{EDZ ERAREIEA, KREIZFHN
DD, BN 10 55 D WIEZE R EOFRIR N5,

[R— R AT 4 ROKWEIZEN T, FEZIIMNATIE R, L, oo 7+ FED E,
L/ DA NI 4 2 b DO BNFEBEPE N E OFER IS X T D (Diemand-Yauman et al.,
2011), ZOZEEE#RL T, ZORETIE, »RTEY [FEEXT, R—F 271 FEHIFEL
T& /e, ARIO, TR=UR ) % TR— R BGRETH, FESEZMW, (E: 220, kOB
ELBME LAY, ZOBMTLNT 4o N CHEERBAMBAT 21T 5 2 L, T L > THEEDEREE L0
e, RSN TR=UH) 254 RO, BT W TR— R 254 REY HFEENE O TR L,
ZORMNCEZ D=0, BRIBRGENABE TH D, TOEKT, SEOKRGEE, 274 RORRLTEL ) — RO
LT SICIRE SR TH B,)

5.3 BZ

SEIOMFETIL, ZiEDOFE~OTHER/NRICIA D Z e 2 E#R LTz, DF0 . FEHYRIC
ZEOHRWHPFTO, ARLTERnN0 0T STz, R & OBEATTIE, R 722 #6H
DT, 2F0, /—hDEVRTIE, AT A REMR L TOZGED LT IO, Sk
I EENRBAND b, FEOREHRET 2MENH 5725 D,

L EIORBATEN T — Z 13, A0 TFBAREICL LSV TIE L, 2, EEER LI
LV EHEOREOLENLEMT 5 Z L 2B N0 ThH D, D ABOERR S, I TE 2 5l
THZLEARRTH D, Lo, AEIEH ETHEREMROMEEL LT, RABORIKR 72547
TRITz, Sth, FREBENTODAEICHT 2 FER EMAGDEIUE, L0 Vo % 9 BEZAA TR
MNETHZENFAREEAY, bhAA, KAKROHEHBITHNAERER TE AT LEESL, HD
WHIEATE B34 0I1E, BEEDY—L & LTITEENTH S,

St
ARWFZED—ERIE 2021 F-FER IR FHE UGES R (e EE - RN S0 DBk &5 1T
bivE Lz,

5| FSCRK

Baker, J.P., Goodboy, A.K., Bowman, N.D., Wright, A.A. (2018) Does teaching with PowerPoint increase students'
learning? A meta-analysis, Computers & Education, 126, 376-387.

Diemand-Yauman, C., Oppenheimer, D. M., Vaughan, E. B. (2011) Fortune favors the bold (and the Italicized):
effects of disfluency on educational outcomes. Cognition, 118(1), 111-115.

Mueller, P. A. and Oppenheimer, D. M. (2014) The pen is mightier than the keyboard: Advantages of longhand over
laptop note taking, Psychological Science, 25, 1159—-1168.

Savoy, A., Proctor, R.-W., Salvendy, G. (2009) Information retention from PowerPoint and traditional lectures,



KR FEFEERMRE RPEETMR F oo (2023)

Computers & Education, 52(4), 858-867. https://doi.org/10.1016/j.compedu.2008.12.005.

Kim, H. (2018) Impact of slide-based lectures on undergraduate students’ learning: Mixed effects of accessibility to
slides, differences in note-taking, and memory term, Computers & FEducation, 123, 13-25.
https://doi.org/10.1016/j.compedu.2018.04.004.

Leodn, S.P., Garcia-Martinez, 1. (2021) Impact of the provision of PowerPoint slides on learning, Computers &
Education, 173, p.104283. https://doi.org/10.1016/j.compedu.2021.104283.

V71, D.(2021) T/v—s3— R Zoom FHEAM—A 2 T A B ZNRINSHET D014 K] HFo4L





