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NG 558 + 9t ATUAE Mgos S Hatd fong a3t
e walt gde ATk BRI At AAZ Aok
%, oltl4, 2014). Ful BRuE @l FAVAAE olw@ 5
R EWE WY 2TE AR S olmE 549 FA % ws
252 44390y SFYNA e 4ot drka AFANRAN B
A gonz, @4 wAWY e B4, $584, FAEA 52 3¢

st RaH o

= = Z\%]
484 & Aok A4 FATE AAA] AT R AAe wep A
HAd=A &Qlst7] #18](Odom et al., 2005), A9 AS ASs7] g
A A xeo] AAE &G = F U o] e /i ATEAAES
Tgete] ddst a3 7|E AASH] 98l (Higgins et al, 2019), wE}
A o] &8HT

‘e}5 - (learning difficulties)’ > 7] Z &<l g5 A3 oAH &=
Hol 89S 9% F71H4 Aol agHE AR 54 dAES 7
2] Z1th(van Kraayenoord & Elkins, 2004). o}7]dl& d4&5= 3 2 A
MA Ao, sk w7, 7Egel e wal B Al AE 5 B o
A== Qe dAS] @Fe st AHE Kol oldA Sl stgAEo] 2F
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A, oleltht, 2017). = ol Aol 3 s @&, o
587 5 o] ¥ w&A Wy Y B4 AAAA TAH
el g e 7E Adan 1o AAF FAS AFE oot AdE A
ol Tth(3] 5%, 2016). AAw Aolo] Wg Ave Al Agel Erjrt
HE AL Ao, Aol A EEa 3 A 2TE fela
= od hgete] H7% ahm, sadelsl e Asde Ay Aol o

ek HrF el o w Qs Al el EIEA Fa AFFAI R
deive 5 AV v AHRET(ESH, ooty 2017).

W etel 51 OECD(2003)7F AlA & S ulso] H Qg ofFof o
3 Aok HEE shgade guE ‘5SS uS 4
st ol =&o] ¥tk OECD 7 AAd wEw ‘543
2 A A E(students with special educational needs) & A 7}
y#at=d, AT ‘Fol(Disabilities), BEF9 ‘Z/ojH %
(Difficulties)’, C¥ ¢ ‘&g (Disadvantages) 7} LA o]t} ®HA ‘“Foj
(Disabilities)’e] WMol & o] 7hsst AA7| T He=
AT Abgro] EItE L o] 59 WFF LE FE O
gk oo 7Qlet= AR o AXItH(Robson, 2005). Th&o 2 ‘wtgt/
o] & & (Difficulties)'e] WFdd&= dF UL AAA o] =& hF7dof7t
A= Abdel EIEH=H, o5 nEA 8= F=
g 1 Aszbgol A BAgk FAe 7]QlstE Ao
2005), °o]&2] oj¥=o] 9
ARMA, T= AA B
2017a). mkA = o % ‘& (Disadvantages)'= T2 A3 A4, +344 &
ool Zwo| A el F& olgls golow o3l Bzl
59 w2 a7F 7193t Erh(Robson, 2005). ol#d A WMFE
of BiFe Y usA ofwY A" ddel izt Ut
(Robson, 2005).
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ool thgk AFSl A RS wkgsto] AAA, QA A o HE] AFS] A A
A AENA HEAQ olfE S A odEles A NES xEE
= A # o] 9 vHOECD/European Communities, 2009). Tl &o] o] &)
o] S53t wsH 28 fdste] FUEAQ w3 A o] ATHu=
Aol AAZ =Hojok & Axote A7 HLW A (resource-based

L
approach)ol &3 = o] (Robson, 2005), theFst ggatet st Eo] sk
A 4E& 7hsA gtk OECDE] #R/AAE Ha7A oy =7t we} &

Mol R WF W B Folsh o F 9T, Wk
=
=

Wb S REE A
Bgos TFeta QHEFE, oldtht, 2017, ekl A5 A
Fo| ol (Disabilities)’ el AZgel, Fzgel, A=l A,

&, BT ‘et/of 8= (Difficulties)
A -5, g5z dEE AoR B olE EFugdA &
Dl YA A A, 2017a). 20208 71 BT @ Eo] AU wi=
A -85 ol shFadel] A w1226 o2 HA ﬂ—/[:
SO4A F AA = vE&ES oF 3. = do|tH(alS
2020). ol EFuS AYE v AA g4 T B HFl dfdHe 73
/] & (emotional  disturbance)¥ 5 A sF5 ol (specific  learning
disabilities) A1 2] H]-&o] 2017\ 7] 43.7%°l E3sl= Hl =0l Hls] &
3] e Fxo|]th(U. S. Department of Education, 2019).

2 AFdA gFE a2 ds AW g4 g OECD /A
of wa} BEF<l ‘ek/o] 8 (Difficulties)’ o sl Aoz B 5 9l

Apa A3 gel, A, EEA A

=

oo Z gl Awd S8 wEdte] Srusidel gHA:
Fou} A7 el olelwow A SRmEH a7k A oo )
Pol Bad SHPA, A4F 5o FAL TRV TR B AT
L A AT FolAW JE £ ARG 4, ZANAS HA =
@ EEol Akt Aol Ash B WEE ofsEd: % & n
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3] AAYTF(Jung et al, 2018). ‘dlo]¥ 7]¥ulS(data-based

instruction, DBI)'& o]#3t n4 HZo =R, o] ‘WUt HolHE
gdgate] 97, 8, B gl g MY A3t 2 FAHS= A7
WS AAsts AAE dWer Ao rkNCIL, 2013). °l& &}
TAE Aee FH FA i veES YEdE g AFH dHolHE &
g3l wgH A4S = wWHolt(Fuchs, Fuchs, & Stecker, 2010).
tl o] B 7] gkl =

"¢ o] E] 7] ut 7l 8 g} (data—based
individualization) (NCII, 2013), ‘dlo]g7|dF Z 233 47 (data-based
program  modification)(Deno &  Mirkin, 1977), ‘“23d% w4
(experimental teaching) (Casey et al., 1983) 5o 2% &EdtU},

AayAdTel mE doly 7|t /g v dAE
2 333 (Jung et al, 2018; Lembke et al., 2018). ‘(1)8HA) <] ,_XH ]

A oFE GRls], @F71AA s Ex Algv], QdRe SV

OH
13

% Al (evidence-based intervention)& FA3tA A& 3st7], (43t 214
S WM ZUHHE7], G)usd 4 28 oAFE AdA4str] 98
dol Bl 719 oA A4 A (data-based decision rules)S &-83}7], (6)3
Aol FAA Rl gl gk A THES FHetaL, 7l 7 xsk
WA WEkE Thshr], (NAAEE EYHYSHH HolHE viEg o= 1l
T4 FAY adE Hrtstrl, @old s dAAEs Tl Y HRE
G4 wj7hA] whEsty’7E Aot olE adoe R i#detH [19 I
113 2o w4 2 AstE AAsta Ader] AaiA e A9
AA=E F71Hoz RUEHED Ay 7| st e dolelo] 7%= A
o] & 7¥t}H(Jung et al, 2018).
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| A 2: MIIHY 28 29 |
| EHH 3: YR ﬁ%‘?IgE—T—E o e |
[ THAl 4: CBMS M%a.i'—’.“—?ljﬁ.?_' THE = |
S5 mh 5 stiel 23 271
SREe ?ilu’iéﬁ'il' S obs =n
[ == 7: oA 62 ?I"é'ﬂﬂlli"rﬁl BE 5 HA |
| cHA 8: ‘F_F!II 4-7 gk= |
[Z27 T -1] dlo]g 7|¥tni4=2] d =} (Lembke et al., 2018)

e
2=
of dntug AAeA stg B Ps LS A dSAA AA el A
AAE 4% JtH(Fuchs, Fuchs, & Compton, 2012; Dennis &
Gratton-Fisher, 2020). "= SA7|¥rzA A4 (American Institutes
for Research Center on Response to Intervention)oll 4 A A% RTI &
do] w=Zw, RTIE=  AwW(screening), U=9 I (multi-level
instruction), X A% %7 (progress monitoring), Ul°]El7|¥ oA A A
(data-based decision-making)®] 4l 7}#] 842 FAE o] dlo]g 7|kl
FoF WS o] kS & 4 JtH(Oslund, Elleman, & Wallace, 2020).
g S 9gk oy 7|Rkage] EaAdL ofg dAgolA] A
208 Huxo ¢ka1(Stecker, Fuchs, & Fuchs, 2005; Fuchs, Fuchs,

>

& Hamlett, 1989; Poch, McMaster, & Lembke, 2020), H| ¢+ sFA 2 o}
et WAMER st g wedgs At 4 2 HJriste v =
o] &= FoE AAET. Aol WEW WAIES HeolH7|vtusE &
W oS FAA wg AYS M, i 284S U AREHA st
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dow, stASoA Agtsta BHo dAAQ] 58 Ves AAE 3

At B ¥ (Capizzi & Fuchs, 2005; Fuchs, Deno, & Mirkin, 1984).
2) dlo]E 7| Rkal o] FARA w7

19759 BE #ojolx S 93 w9 (Education for All Handicapped
Children Act, PL 94-142)0] A A ol wle} EFnlSEofo A g9} H
7F7F A2 Aol o F3E A, sl st S (Individualized Education
Programs, IEP)°l 3ol djsh
H3ltt old EFuAlES wed TS H7E sk flske] Al
H gAY Xd=E AHHom EUHAYE a7l AdHDeno &
Mirkin, 1977). o]o| t&fo] wzhel] 7|23 H7Fe] F-A4 e gk A
ol AAHHA ABAd 54 2D Griet wg o) AAV FxH A
(Fuchs, Deno, & Mirkin, 1984).

olglgt 37 FHoA wHEA ol A A Al H7t AJAEIQl ‘Hlo] ¥ 7|4k

A= Grh AAE 2NN ES A=

o

o
N

g2  FA(data-based program modification)(Deno & Mirkin,
1977) 7Wdol sttt HolE 7|y 22 a8 8L
A @] F3 Al 7] EEel digh e X
AL, AR7E 7—‘1@ HEkek B7F A s obd AlgSA A A A
= HAARSE A% Thol=gdlel] fdAete] SAe e Skglon, £
tolHE &8st d ol TAAS Ve AAsATE AdA 54
Z] o] t}(Fuchs, Deno, & Mirkin, 1984).

st 1980 N H-H = vl vy &8~ 3 Y (Minneapolis Public
Schools, MPS)E TH o= gl B A=l 9o FF3td f
T A AR WS4 AEA S Wee Aol B2 AHS Adua
A A% 7] A A tH(Marston et al,, 2003). dEZ e gaAtAaA whHo

2 I FAHeR = AsHAE AYs @A, vgold st

3k vhFe w8 e St Eol gk Hot
e statE e Ay AlZE AR HTF

l:l:
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o] AT (H-E Y, 1998, Marston et al., 2003). ol H|Yo|EZEZ 2~ ¥

st (MPS)ol A& sk dol W AEFolS 93 1S3 gALZAS] o
P

o ot

2 vk o 2 A8 4 2 9 (problem solving model, PSM)S A Q+&}$] a1,
o= wmYyo]Zg~ ®d(Minneapolis model)o]lgtal E87]% 3ttt &
3 U AET W59 9Y 3] (Minnesota State Board of Education)ol]l 4] &

ARA2EE S A4 A48 A3 7lsol thgh Al Uy o s A
Sgtel wet 1992 9€FE = PYdEY A~ FHIT(MPS)A A o]
A A< (data-based decision making approach)
2 AFgE 5 A H A (Marston et al., 2003).
wA AR Do = A AL Agel oEPqd dT4 V=S dolA
gk st e wkg-E uigom AAA PFrtE AAS =
Hokel S 3 el glo] #713<¢l WatE 3 7tE v (Marston
et al., 2003). AN ZARAANAN= FAES &

o3|
=1 H =
stz fls dlolgel 71kdk AAA dars &8okar, dnkehg ol A F-E
s

EL
Al, A A= ZEUEYE 2 A4 234 H7E <
o] whg’o g @ oksl 4= ¢JtH(Marston et al, 2003). 53]
d (curriculum-based measurement, CBM)o¢]g}t= tjetr% 3 7pHk

A4t A HAbel vls) oS Wizt f8% BRE Aeety

o, BANAAA] AAL Agol Yo AUHL 5L AHAEY

AN
0N

ojgl 5 wAAEDANM = wget FI7F DI AAE ol Fol wb

& 5] 31 (‘teach—test-teach-test’), ©|& T3] o] tjst Aol nHES- 9

dztsle] st HA A% 37 (least restrictive environment)S A &

g 4= ot (Marston et al, 2003; Jenkins, Deno, & Mirkin, 1979). =%}

g2~ FHITUMPS)O EAMARDS ‘HA FAS gdo=

o 9 s A oy
2

A 2), AR TA

ol

dutstgol Mo TAEA 1), tehEA

w oA Wkl tiR VM S dee B
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o F 7HAF 28dn. 7w A= stlEe] T AwE
22l o] 12 st ¢a, o] T B ¢l d ¢ e €Y FE 7
3ok W7 A7 AAAE dw dAivie] gde] AbAl i o
E A e AEAR qAE e ARS FE 2EAA 3R T =5
v 5508 ¢, O 3 A0l B i @ rh VEHn o
A3 CBM ¢17] #HArbs #53F ¢Vl AFAA R =2 dds woly,
durste ¢l7] sl ud BRI Ax=2 oA (Nese et al, 2011;
Wayman et al., 2007). ©b5F W17F 2971 HAARS] A A71+34d HAF

of "l o %2 #AS Wolst=d, Aol wEw Wk A7l AA
A= ol 7l R ogleoldl sl e AF=
] Gl

o
= s
HS Yedle ARz 1285d F dth(Kendeoy,

27 e 24 v 9ol va o ojeed, ok 27

4
o) 5 o] Fo] Waste] BFH E4L A

< 2002; Romig, Therrien, & Lloyd,
2017). CBM 227] #ALe] A% F2 &2 Aee do] e &4 n
271 7 AHword/sentence copying), ©o] Hbolzr7] HAHword dictation),
ad-wo] A AH(picture word), A+ AAE o]okr] F AM(story prompt)

52 B3 27 4E2 FAST, ABHL YA 27] Y 57

7l Au(AAE, 2019b). AAREA I gefehdl, & dA "o

o}
(Words Written, WW), #HxZ nf=24 2
v/}_]\‘

o] 4=(Words Spelled
Correctly, WSC), d&H o=z uHlZ/ o] 4= (Correct Word
Sequences, CWS), &4 o072 vl2 7 2 o] FoA 58 £A5 A9

3l o] 4 (Correct Minus Incorrect Word Sequences, CIWS) So] ¢
T 2 Ao A FZ ALEHo] ¢t (Romig, Therrien, & Lloyd, 2017).
sl7lol A et w7 A = CBM 227] AAF BEgF dxbAel 227 58 F5
S A =etE v = HolHE AlFdtia Al A EtH(Deno, 1985).

CBM <t A= 28 Axe &2 Al & 248 F= 784
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GAS SASk=H, ol dutstd 38 g o] e AFHEL A
2 dHA A B ot ol 1T T F8 v FAdE= A3
AR P AT RIEATHIAT, AT, HEd, 2006). A W
= dAFNA = F2 FAA)] 9 WEel dig 4P 5 sEe 3
7Hmastery measurement) 2102 AAFHA =Ho] o] Fojx =4,
ol FAAQ FY W&ol g ol A=E Fste] o]F uF A g
of AFACE BT F v Aol AR @A weSg 9
&S "o ¢itgld 3 58S s = Rt e AR Jdo(E
AF, AT, AFY, 2006). WbH CBM 58 ALY A5, sdHAE
AZat7] e dubA oz AW SHA e 7|28t AAbe] xFE &
A 78 2 T8EE st s8%o vdste] 4 9 TA=E=

5) tlolE7]nt ojAA A

JolE ol 7] %3t ElF et uwS3 QA4
dlo]E 7|9k 2] A2 A (data-based decision

(slope method), Hlo|E]¥SE HFH

A=
d= ok 3o dubxow

making) 7|2

o
flo
~
o
~
oL
hin)

3
(points below method/data point method), <97]5 Y (criterion
mastery) 2] Al 7FA 7} A A E 22 tH(Ardoin et al., 2013).

7171 WY A5 A9 4ds Uel= 54 (trend line)s &
&otal, HlolHEJIE WHO B¢ ZHE Ao AEHHQ HoHERIE
o] s &85t Aol HEA(goal line)¥ W} (Jung et al,
2018). FAIAL] 71717 HEA ol ®E "ol AY, 5 M5y dAF
Al HlolHERIEVE B84 off2 Wold Ay wAlE uTA F4ES

A e dE5H dolHERJIET B3 9l 9
% 9 (Jugn et al, 2018). =1 7] %38t
F99A &&= CBM =719 7Ix38571% T3 7 A (BASA)
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A7k HEA bR Wolx
Ak Al A olgel A%AN Hat BRA A Je W 2L
HagoH(f s, 2000; 2006; 2009). McMaster £](2020)A1+= 4l
W ARE 7197 e Feham A A A 5] 94
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S AAIgE Jung 9](2018)¢] Al A = 8
28d W wAst g A3, 40 o
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HS HrbeteE  dolelx(word recognition)d 9} 7] %A (reading
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A ek HAR o] FojA QAL 4 FT|deH S oA 34 HAL
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2 7] #HAHrapid automatized naming test, RAN)S. & =A 3t} o
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Hol %
At Axpo] oA E3lo] o] JFA A A3 EAREAIHIHOo
o7k ol HA A Fdrh. EA7] Akl oAM= 7 g a3
7] A F7F Folelx] Folo] o]=A] ¥t o1t (Gage & Lewis, 2014),
H] % &-H] & (percentage of nonoverlapping data, PND), 7lA& =}o]
(improvement rate difference, IRD), Tau-U S©°] ©“Ad A A2
37 AFE HEA AREE o gkt

FH GARPAA AT ollF FARAE AN FHY R
WOAE, A, TR 5O AGH Bl gz Al At

(Brossart et al., 2006; Van den Noortgate & Onghena, 2003a). 221}
ol T FHA oA oAy GALAA AT He] T vt o]yt
= Aol A A A Wang, Cui, & Parrila, 2011). ©]2]3F = of A
TEYS T3 AL AU A AT wEREA A o] ® sk
FEw= 2ot (Jenson et al, 2007; Van den Noorgate &
Onghena, 2007). Van den Noortgate & Onghena (2003a, 2003b; 2007)

H A A TN FAEAE FHE YElL T3, vlust
7] 91k W or tgFEYo] Adeval Btk ol AR UE H:

o3
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MaE 5 9ltks ol YrHWang, Cui, & Parrila, 2011)., 3 t}=
2 wEHEA S SAA Y gt A4S wel= o]y 1F AU A
2 18T 4+ 93(Van den Noorgate & Onghena, 2007), tha 7+ =4
A I B SAH FI7F BE delx: A& Jbsetval HaEd
(Raudenbush & Bryk, 2002). &3 PND 5 H| RS2 H¥Hol 3AES B
kst b vy 7 438](2016), WA S, Al 7](2008)8] Aol A+ EE
35l &3} Ao](standard mean difference, SMD)2] 242 WS 37

Abgato] A mEREA S @I B o

B AFAE BERYS Bl FARIAT Y] WS UA
S, FARoRE e A2 Ak A, AW A7 7123
S75(817), 27], 23] ABHE F5A5 dolHE 2Ysdrt. )
W AT FHuse] e AWSE PAHA 1 I AN
@ A% adz o doly FES A% AFY =

B7F A=, ol
212l GetData Graph Digitizer(2013)2 A}g3lo] 1gZ2HE A4
F=oth GAd A A wEEA ol 2 EZ Heoly F=
3 AFEH T2 19 GetData Graph Digitizerd A3 =, BHEE
Gl =2 Aow IAHJAHAIN A, B3R, 2018).

E4), ¥ Ao+ Van den Noortgate & Onghena (2003a; 2003b;
2007)o A1 A A 83 Wang, Cui, & Parrila (2011), Wang, Parrila, & Cui

ox o

(2013), Heyvaert et al. (2012) sl &&3 WHS &8st HolHE
xwststa gariE ALEdn. ol YT E Awsd A= W
et § 712 AR F gy A 1Y @A gs vaste] &
H327)E AsetE Aotk FAFoRE RE HolHE E3E M
&= Agelr] fsto] 74 Agre FEWE ARGl T 2Ad A T
e R Fd AgE oM H NxA% A 7S FAF AstE 19
Ao m YU tgoe® A7t RES AgoA vz 11
T Has WFATh ole VxR dA Hds 022 =AY
o2 IRy A A FAEI dek A &olstAl atr] fgol
ok ool gk WHE Fa A" FA FeA e BESATE F5WA



7
= A5 F9) ok stH(Wang, Cui, & Parrila, 2011).
AA, o] HLM &4 Z2I1fS &&ate] thFuEtA s
A, AA Ear] 2 adar]e] oldAds AvESY dd A o
T HEHEA A= E AT AR gE AFRARE £
B ATt Ao mE SAZAE Edete AAA TFE2E 7R

wtebA Al o] FHQI(AT-Fof Ab)ell, Zi)lo]l Aol WA= = A

s
S
(1)[_14

QL
=

=

TEE AYaL, olfg ARE EA487] 98 oB¥or 3FE HTE
g8 &3t 3ol HAE3H(Van den Noortgate et al., 2013). L#L}
B ATt BAudad ATe £7h F R0 357 2AL A
Alet7] el = FEskAl Fodth mebA 1A )3 27F (AT Fo A o
2 TR 27T gSHEREAS AAEsla, ol 8 AgFeA 1
a7 o)AAdS dAHete ¥ls "AskAh

FHHow B AT Al g3 7E NAE Al

=2
N
ul
[-‘O
-
ﬂ?‘i
oo £

(IRD) AlF=% Aitste] FS5 (<5 3>)0 % AAstAT. ol @
& ATy 23] AdEs AW g a9 =2v] Aase] &8
017] o Ht} EF3 AL F7] Y&oltt IRDE A 7ol Aol
ER)AA 7124 F2el A 2] MAA&EIR)S M ZolE ou| gttt FA|
%1{}‘31]/\14 MAdEe ‘Ul Ee HEY =AY 1 ol ) /
(AA dele " FVE AL r A e M &S (A
TR =AY 22 BEE HY )/ (AA dHely " #)E ALkd
Uh(Parker, Vannest, & Brown, 2009; A&Y, =3, o]&2, 2016).

o
e

IRDE (- DolA (+1)9] HYE 7FA =4, ﬁ“‘i— Axe] ozl 05 o] st
< ‘27 FAY §ls, 05 ~ 0.7 Alol+= A g3, 07 ~ 075 Aol
= ‘w2 2, 075 ol ‘mi¥ %% g2 A @k (Parker,
Vannest, & Brown, 2009). d7%ojztnttte] 554& gste], A+
S9 = IRD Bk AsbetA 23, AFF A IRD ¢S AlLtste]
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Abstract

A Single-Subject
Meta—-Analysis of the Effects of
Data-Based Instruction for
Students with Learning

Difficulties in Korea

Seohyeon Choi
Major in Special Education
Department of Education

The Graduate School

Seoul National University

In general school classrooms, there are students who have severe
difficulties in acquiring and using basic learning skills for wvarious
reasons. These students include those with learning disabilities,

dyslexia, emotional and behavioral problems, below—-average or
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borderline intelligence, multicultural backgrounds, environmental
deficits, and insufficient educational opportunities. ‘Learning
difficulties’ is an umbrella term for heterogeneous learners who
require additional support due to the significant underachievement and
difficulties in the basic academic areas (i.e., reading, writing, and
mathematics). It is quite difficult to clearly distinguish these
subgroups in the educational field. Among students with learning
difficulties, some are identified as having special educational needs
and can receive support. However, others, which is a large number,
are just left in the classroom without being provided with adequate
support to resolve their difficulties.

There has been increasing concern that difficulties of these
students should be recognized as ’'special educational needs’ as well
and appropriate interventions should be provided prior to diagnosis,
identification, and classification. In Korea, as social interest in diverse
students with learning difficulties has gradually increased, some
legal-institutional foundations and support systems has been
established and improved. Nevertheless, the number of students with
learning difficulties in general classrooms i1s increasing and many of
them are reported to be left in blind spots of education.

Data-based instruction (DBI) is an educational approach that is
suggested as effective to enhance achievements of struggling learners,
particularly for those who did not respond to intensive intervention in
usual ways. DBI is defined as a series of successive and systematic
procedures in which students’ data are used to determine instructional
changes. In DBI, teachers monitor and measure the progress of each
student frequently while providing research-based interventions.
Whether instructional changes are required, when and how it should

be done are determined based on the collected data. For progress
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monitoring, curriculum-based measurement (CBM) is used. DBI can
be applied in a multi-tiered systems of support for academic and
behavioral intervention.

If a specific intervention or instructional strategy is to be actively
implemented in educational practices, it must be proved that it is an
evidence-based practice. To determine whether the specific
intervention can be considered as an evidence-based practice, both
the quality of individual studies in terms of research design and
method and the overall effectiveness of the intervention from different
study results should be examined. In Korea, although research on
DBI has been steadily conducted especially since the development of
the Basic Academic Skills Assessment (BASA), there is a lack of
study that tries to identify the level of evidence-based practice of
DBI research. Therefore, this study aims to synthesize the DBI
research so far in Korea by analyzing the effectiveness of DBI for
school-aged students with learning difficulties via meta-analysis and
evaluating the quality of the research.

In this study, a total of 32 single-subject design studies were used.
Group experimental or quasi—group design studies, which were only
six were briefly reviewed. The single-subject design studies were
analyzed based on two specific methods. First, a qualitative analysis
was conducted using the quality indicators suggested by Horner et al.
(2005). Second, meta—analysis was conducted to quantitatively
synthesize the effects of DBI on school-aged students with learning
difficulties. Data standardization and effect size calculation were based
on the method suggested by Van den Noortgate & Onghena (2003a;
2003b;  2007). Then, a two-level multilevel meta-analysis was
implemented using the HLM program. In this way, the mean effect

size was calculated at the level of study participants. Then, the
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heterogeneity between the effect sizes and some predictor variables
affecting the heterogeneity were examined.

The main results of this study are as follows. First, it was
identified that research on DBI for students with learning difficulties
have been conducted constantly in Korea since 2000s. However, a
significant number of studies did not report information sufficiently
regarding the specific standards and procedures used for instructional
change and data-based decision making. Second, the results of the
qualitative analysis showed that the overall quality of DBI research
was sufficient. Nevertheless, it was found that some aspects such as
description of interventionist, comparability of interventionists across
conditions, fidelity of intervention, manipulation of independent
variable, and reliability of data collection were not reported explicitly,
which can lower the reliability of the study results. Third, as the
result of multi-level meta—analysis, the mean effect size of DBI was
1.34 and statistically significant. Fourth, there was significant variance
across participants in effect sizes. The results from the conditional
model showed that exceptionality type, the number of sessions, and
the length of each session were significantly accountable for the
variability of effect sizes. Fifth, while the provision of support for
teachers has been constantly reported to increase the effect of DBI,
there were only few studies that included teacher support in Korea.
Based on these findings, implications and study limitations were

discussed.

keywords : Data-based instruction (DBI), Learning difficulties,
Quality indicators, Meta—analysis, Evidence-based practice
Student Numbpber : 2019-29606
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Summary

1. Introduction

In general school classrooms, there are groups of students who
have severe difficulties in acquiring and using basic learning skills.
These are very diverse and heterogeneous groups, and may be
affected by a variety of factors, including learning disabilities,
dyslexia, emotional or behavioral problems, below-average or
borderline intelligence, multicultural backgrounds, environmental
deficits, and insufficient educational opportunities. The term ‘learning
difficulties’ refers to the large group of students who exhibit severe
problems with learning and need extra assistance with schooling (van
Kraayenoord & Elkins, 2004). This generic term reflects the
willingness to provide proper intervention and educational services to
diverse students with or without internal causes, who exhibit severe
difficulties in basic academic areas. It is also related to the OECD
model of students with “special educational needs”, which
encompasses disability, difficulties and social disadvantage (OECD,
2003; Robson, 2005). In this comprehensive and resource-based
approach, heterogeneous groups of students can be inclusively
involved (Robson, 2005), and they can be served before referral to
special education eligibility.

Data-based instruction (DBI) is suggested as an effective approach
to enhance academic outcomes of students with severe learning
difficulties. DBI, which is also called ‘data-based instruction’ (Fuchs,
Fuchs, & Stecker, 2010), ‘data-based individualization’ (NCII, 2013),
‘data-based program modification’ (Deno & Mirkin, 1977), or

‘experimental teaching’ (Casey et al., 1988), is defined as a series of
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successive and systematic procedures in reading, mathematics, or
behavior where students’ data of achievement are used to determine
when and how to intensify and modify interventions (National Center
on Intensive Intervention, 2013). To be specific, the procedures of DBI
involve the following steps: (a) identifying a student’s current level of
performance, (b) establishing a long-term academic goal, (c)
implementing quality evidence-based intervention with fidelity while
monitoring one’s progress frequently, (d) using data-based decision
rules in order to determine whether instructional changes would be
needed, (e) establishing a tentative hypothesis about the student’s
specific needs and implementing changes in instruction based on the
previous hypotheses, (f) evaluating the effectiveness of the
instructional changes based on progress monitoring data, and (g)
repeating these procedures until the student achieves the academic
goal (Jung et al., 2018; Lembke et al., 2018). It can be implemented
either as part of special education services for students with
disabilities or as part of multi-tiered systems in general education
such as an approach of Responsiveness—to-Intervention (RTI) (Fuchs,
Fuchs, & Compton, 2012; NCII, 2013). A strong evidence base
supports the efficacy of DBI for students with learning difficulties
(Stecker, Fuchs, & Fuchs, 2005, Fuchs, Fuchs, & Hamlett, 1989; Poch,
McMaster, & Lembke, 2020). Moreover, DBI has positive influence on
teachers’ instructional planning, leading them to make more specific
plans, to make instructional adaptations more frequently, and to
identify the targeted skills more appropriately (Capizzi & Fuchs, 2005;
Fuchs, Deno, & Mirkin, 1984).

It is important to use a reliable measurement that is sensitive to
the struggling students’ growth over a short period of time in order

to make ongoing decision in DBI (Jung et al., 2018). In this purpose,
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curriculum-based measurement (CBM) is used to decide whether to
raise the goal of instruction, keep instruction as-is, or change
instruction (McMaster et al., 2020). CBM, which was first developed
by Stanley Deno and his colleagues at the University of Minnesota,
is a standardized measurement for assessing students’ academic
competence and progress in the basic academic domains (Deno, 1985).
It is inexpensive and efficient to implement and has high adequacy in
terms of wvalidity and reliability (Romig, Therrien, & Lloyd, 2017).
Moreover, as a ‘general outcome measure, the scores of CBM are
considered to represent an individual's generalized level of the
corresponding domain (Deno et al., 2001).

In Korea, the concept of DBI was introduced and has been applied
for teaching school-aged students with learning difficulties, especially
since 2000 when the Korean CBM was developed as the name of
Basic Academic Skills Assessment (BASA) (Kim, 2000; Espin et al.,
2012). According to Yeo, Hong, & Son (2014) who reviewed the trend
of CBM research in Korea from 1999 to 2014, BASA was found to
be the most widely used CBM tool in Korea. So far, BASA has been
developed in eight basic academic areas: reading, writing,
mathematics, math word problems, vocabulary, reading comprehension,
early mathematics, and early literacy. Since BASA includes a number
of equivalent tests, it can be conducted at regular basis for progress
monitoring in the process of DBI. For data-based decision rules, it
recommends using the data-point method (i.e., to make instructional
change when more than 4 successive scores below or more than 3
successive scores above the target line) and the slope-based method
(i.e., to compare the slope of the progress line with the slope of the
target line).

In educational practice, general and special teachers are required to
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use Interventions which were scientifically proven. In the field of
special education, there have been constant efforts to identify and
implement evidence-based practices (Baron, 2004). In order to
examine Wwhether the specific intervention and the studies that
implemented it have some scientific evidence, it 1s first necessary to
evaluate the quality of the individual studies in terms of study design
and method (Odom et al., 2005). For evaluating the quality of studies
in special education field, the quality indicators (QIs) for four types of
research methodologies (i.e., group experimental, correlational, single
subject, and qualitative designs) were developed by the task force
team at the Council for Exceptional Children’s (CEC) (Odom et al.,
2005). Specifically, Gersten et al. (2005) identified QIs for group
experimental and quasi—-experimental studies, and Horner et al. (2005)
identified QIs for single-subject designs. Second, it should be proved
in a number of studies that the effectiveness of the intervention is
considerably large. In this purpose, meta—analysis i1s widely used to
statistically synthesize the results from more than two separate
studies (Higgins et al., 2019).

In the present study, it aims to analyze the overall effectiveness of
DBI for school-aged students with learning difficulties and the quality
of research in Korea. The present study attempts to collect and
synthesize only single-subject design studies. Specifically, it examines
the quality of the studies using the QIs suggested by Horner et al.
(2005). In addition, it synthesizes the effectiveness of those
interventions via meta—analysis and identifies the potential variables
to explain the variances of the effect sizes. As of now in Korea,
there is a lack of research that specifically synthesizes the
effectiveness of DBI. Although Yeo, Hong, & Son (2014) synthesized

CBM research in Korea, their research questions were focused on
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CBM and the aspects of technical adequacy. Moreover, it was not a
meta—analytic review but a narrative one. Another literature review
conducted by Jung (2018) was focused on the theme of DBI, but only
international studies were included. Therefore, the present study poses
the following research questions:
R@1: What are the characteristics and quality of studies on
DBI implemented for students with learning difficulties?
R&2: What is the average effect of DBI on basic academic
skills for students with learning difficulties?
R®3: To what extent have participant-, intervention-,
DBI-related variables influence on the effectiveness of DBI for

students with learning difficulties?

2. Methods

2.1. Search Procedure

A comprehensive literature search was conducted using the Korean
electronic databases RISS (Research Information Sharing Service) and
KISS (Korean studies Information Service System), and Nurimedia
DBpia in order to retrieve studies written in Korean. Since the
number of research on DBI for students with learning difficulties was
not large, no restriction was set regarding dates of publication. For
this search, keywords for students with learning difficulties (“learning
difficulties”, “learning disabilities”, “at-risk”, “low achievement”, and
“underachievement”), keywords for basic academic skills (“basic
academic”, “basic learning”, “reading”, “writing”, and “math”),
keywords related to DBI (“data-based instruction”, “evidence-based

instruction”, “data-based individualization”, and “curriculum-based
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measurement”), and keywords for BASA (“Basic Academic Skills
Assessment”, and “BASA”) were used in various combinations, and
Korean terms were used for the search. Furthermore, reference lists
both from prior syntheses and the included studies were reviewed to
encompass any possible studies to be analyzed. By including the
keywords for BASA, it reduced the likelihood to miss the studies that
did not use the term “DBI” explicitly but were grounded on DBI
using BASA. This database search vyielded 422 studies after
duplicates removed. From these, a total of 390 studies were excluded
from the final analyses based on the following inclusion and exclusion

criteria.
2.2. Inclusion and Exclusion Criteria

Among the preselected studies, only studies which met all the
following criteria and had full text accessible were included in the
analysis. First, studies with students with learning difficulties as
participants were included. Terms such as “students with/at-risk of
learning disabilities”, “struggling learners”, “low achievers”, and
“under—achievers” were considered to fall within the category of
students with learning difficulties. Studies for participants with
intellectual disabilities were included in this study. Second,
participants were school-aged children from six to eighteen. Third,
studies that implemented intervention on basic academic skills
(reading, writing, and math) and had dependent variables for those
skills were included. There was no restriction in the type of
intervention as long as basic academic skills were set as dependent
variables. In several studies of which aims were beyond to determine
the effectiveness of intervention (e.g., latent class analysis of

struggling learners, examination of the applicability of RTI approach,
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or screening of students with learning disabilities), they were
accepted when they had implemented the procedures of DBI on basic
academic skills. Fourth, studies that conducted intervention following
the principal rules of DBI (.e., frequent progress monitoring and the
use of data for ongoing instructional decision making) were included.
Fifth, only the studies that used BASA as CBM tools were included
for the analysis, which i1s the standardized and most frequently used
monitoring tool and has high technical adequacy. Other researcher-
and teacher—generated CBM were excluded, as they had been pointed
out to have a lack of evidence of validity and reliability (Jung et al.,
2018; Yeo, Hong, & Son, 2014). Sixth, studies of single-subject
designs providing enough quantitative statistics to calculate effect
sizes were accepted. Figure 1 summarizes these procedures of

literature selection according to the PRISMA 4-phase flow diagram.

—_—
c
8
3 Records identified through Additional records identified
!5 data base searching through other sources
[ (N =576) (N=5)
=
l &
Records after duplicates removed
=] (N =422)
=
=
:
&2 v
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(N =422)
L Records excluded
r 1N =194}
£ :
= Full-text articles Full-text articles excluded,
‘& assessed for eligibility with reasons (N = 196}
i) (N =228)
- out of scope (N=84}
- not using BASA far
progress monitoring (N=37)
- no intervention (N=28)
v - for development or analysis
= of assessment tools (N=14)
o Studies included in - dupfications (N=11)
o analysis - out of age range or
- students with ASD (M=10)
Lo (N=132) - irrelevant outcomes {N=7}
g - {quasi-} group experimental
e design {N=6)
- insufficient statistics (M=1}
L

Figure 1. PRISMA flowchart for data collection
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2.3. Coding Procedures

2.3.1. Coding System for Quality Indicators

QIs suggested by Horner et al. (2005) were used to examine each
study. However, it has been pointed out in the previous studies that
these QIs have strict criteria and that evaluating in a dichotomous
way is quite difficult (Jitendra, Burgess, & Gajria, 2011, Ahn & Lee,
2020; Lee et al, 2015). Thus, while the present study is primarily
based on the QIs of Horner et al. (2005), it evaluated the quality
level of each indicator in a continuum using the 3-point Likert scale.
For QI rating, it referred to the rubric suggested by Chard et al.
(2009) which was based on 4-point Likert scale. The individual study
was interpreted as having a sufficient quality level when the average
1s above 2 points in each area.

For the inter-rater reliability of the qualitative analysis, a doctoral
student majoring in special education who had understanding of QIs
of Horner et al. (2005) participated in the analysis. Two from
single-subject design studies were randomly selected. For those
studies, we rated together on a 3-point Likert scale, ensuring that we
had the same understanding of the concept and evaluation standard.
After that, the author of the study conducted the analysis of QIs for
32 studies first. Then, the doctoral student reviewed the whole
analysis results and identified the items that were rated differently.
For the inconsistent items, we conducted an additional review and
reached to the consensus through sufficient discussion. The reliability
between two coders was 99.6%, which was calculated by dividing the
number of consistent results by the sum of the number of both

consistent and inconsistent results and multiplying it by 100.
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2.3.2. Coding System for Meta-Analysis

A coding system for meta—analysis was developed by examining

the prior coding systems designed for meta—analytic review on DBI
(Filderman et al., 2018; Jung et al., 2018; Stecker, Fuchs, & Fuchs,
2005) as well as research on DBI concepts (NCII, 2013; Stecker,
Fuchs, & Fuchs, 2005; Jung, Shin, & McMaster, 2016; Jung, 2018).

The coding system for meta—analysis is presented in Table 1.

Table 1. Coding system for meta—analysis

Definition of Descriptors

General Characteristics

Year of publication

the publication year of study (2005~ 2020)

Type of publication

the type of publication, recorded as (1) journal
article (2) dissertation

Participants

Grade level

the grade level, recorded as (1) elementary
school (2) middle school (3) high school

Sample size

the number of participants

Gender

the number of male and female participants

Exceptionality type

the disability or difficulties participants have,
recorded as (1) with or at risk of learning
disability (2) low achievement (3)
under—achievement (4) intellectual disability (5)

other

Intervention

Topic of intervention

the main topic of intervention within academic
domains

(e.g., intervention on math using play activities)

Instructional the types of instructional approaches
approaches (e.g., direct instruction)
Setting the type of instructional setting, recorded as (1)

general classroom (2) special education classroom

(3) special school (4) private center (e.g.,
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treatment center, hospital) (5) other (6) NA

Number of sessions

the total number of sessions

Length of each session

the length of each session (minutes)

Group size

the number of group members for instruction,
recorded as (1) one-on-one (2) small (2-3) (3)
medium (4-6) (4) NA

Interventionist

who provided the intervention, recorded as (1)
researcher (2) teacher (3) undergraduate or
graduate students (4) other (5) NA

Basic academic areas

the targeted basic academic domains (.e.,
dependent variable), recorded as (1) reading (2)
writing (3) math (4) other

DBI

Type of CBM task

the type of CBM tasks (i.e., BASA)
(e.g., reading fluency, early literacy, writing,

early math, math)

Measurement frequency

the frequency of measurement with CBM for
progress monitoring, recorded as (1) every
session (2) every 2~3 sessions (3) every 4

sessions (4) other

Administrator of CBM

who administered CBM, recorded as (1) DBI
instructor (2) other (3) NA

Data-based decision

rule

the type of decision rule for instructional
adaptation based on data from
progress—monitoring, recorded as (1) slope-based
rule (2) point-based rule (3) criterion mastery (4)
other (5) NA

Instructional adaptation

the type of instructional adaptation, recorded as
(1) quantitative changes (e.g., group size, time)
(2) qualitative changes (e.g., instructional
strategies, arrangement of environmental
variables, type of feedback) (3) combination (4)
NA

For the reliability of coding, the doctoral student who had

research experiences using meta—analysis was participated in coding
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for the meta—analysis as well. The author specifically explained the
coding system and the coding method. Afterwards, three studies were
randomly selected and coded by the two coders together. Then, the
doctoral student reviewed the results that were firstly coded by the
author, checking for the disagreed items. The two coders went
through the process of additional review and sufficient discussion
regarding the inconsistent items, resulting in consensus at the end.
Through these procedures, the reliability of coding for meta—analysis

was calculated as 98.86%.
2.4. Effect Size Calculations and Statistical Analyses

For 32 single-subject studies, the effect size calculation was
conducted through the following procedures. First, the data points of
each dependent variable were coded. When the study only contains
the figures for outcome measures, a computer software program
GetData Graph Digitizer (2013) was used to extract graphed data.
Regarding the use of this computer program, it was reported to have
high reliability and validity for extracting graphed data (Shin & Jung,
2018). Second, the standardized data points and the effect sizes were
calculated using the method which had been suggested by Van den
Noortgate & Onghena (2003a; 2003b; 2007) and used in Wang, Cui, &
Parrila (2011), Wang, Parrila, & Cui (2013), and Heyvaert et al.
(2012). To be specific, in order to transform raw scores into
standardized scores, the raw scores of the data points were
subtracted from the mean scores of the data points within the
baseline and intervention phases and then divided by the standardized
deviation of the data points from the phases combined (Wang, Cui, &
Parrila, 2011). Then, the standardized mean score of the baseline

phase was subtracted from each standardized score, which was to
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adjust the mean of the baseline to 0. In this way, the standardized
score of the intervention phase could be considered as the treatment
effect. However, it should be noted that the standardized effect size
calculated in this way cannot be directly compared to those calculated
from group experimental design studies due to the difference in
calculation method (Wang, Cui, & Parrila, 2011).

To synthesize the effect sizes calculated from single-subject
studies, multi-level meta—-analysis via hierarchical linear modeling was
implemented. Meta—-analysis has been increasingly being applied to
single-subject design in order to empirically synthesize the results
(Kratochwill & Levin, 2014). There is no consensus yet about what
1s the best statistical method or effect size indices when synthesizing
the results from single-subject design studies (Gage & Lewis, 2014).
However, it was pointed out that synthesis of results from
single-subject studies tends to depend on visual analysis (Brossart et
al., 2006; Van den Noorgate & Onghena, 2003a), which was probably
subjective and difficult to compare the effectiveness across different
studies (Wang, Cui & Parrila, 2011). On the other hand,
meta—-analysis using hierarchical linear modeling is another promising
approach (Jenson et al., 2007, Van den Noorgate & Onghena, 2007). It
can consider the issue of autocorrelation even when the number of
measurements 1is relatively small and when the frequency of
measurements is different across study participants (Van den
Noorgate & Onghena, 2007; Raudenbush & Bryk, 2002).

Statistical analyses were computed with HLM software program
version 6 (Raudenbush et al.,, 2004). To be specific, the overall effect
size and the heterogeneity of effect sizes between study participants
were examined. In single-subject studies, each study includes

different study participants, and each participant includes time series
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measurements, which represents the three-level model (Van den
Noortgate et al., 2013). However, in the present study, the total
number of single-subject studies was not enough to conduct a
3-level analysis. Thus, a 2-level meta—analysis was conducted. Level
1 represents the time series data points, and level 2 represents the

participants of individual studies (see the following):

Level-1 Model: ;= (PHASE) +¢; e~ M0,07)

Level-2 Model: #1; = By T+ Y1 Y MO,z : )

The two levels represent the hierarchical structure of outcome
variables (level 1) and study participants (level 2). Level-1 model
shows a regression equation for the outcome variable. In the model,

the outcome variable, I;_:', represents the standardized score of the

data point for occasion 7 and participant j; T1; represents the effect
size that equals the standardized difference of means between the
intervention and baseline; PHASE is a dichotomous variable that
represents the phase of each data point (i.e., 0 indicates that the data

point is from the baseline phase and 1 indicates that the data point is

from the intervention phase); € reflects a random error term. Level-2

model suggests that the effect size of its corresponding participant,
T, equals the mean effect size across all participants () plus a

residual ("1). Furthermore, an additional analysis was conducted
corresponding to each basic academic domain of the outcome
variables (i.e., reading, writing, and math).

After analyzing the mean effect sizes across study participants
with the above unconditional model, several variables related to

participants, intervention, and DBI were added to the model as
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predictors in order to examine their impacts on the effectiveness.
These predictors were added respectively, which was to avoid the
potential risk of multicollinearity (Heyvaert et al., 2012). An instance

of the conditional model is as the following.

Level-1 Model: ¥; =7 ;(PHASE) +¢; e;; ~ N0, o)

|
al

o I |

Level-2 Model: #1; =81y + 8, (GRADE) +ry; 1y~ N0,z

Additionally, there were several things considered in data analysis.
First, when the intervention consisted of more than one phase, data
from the very first intervention phase was coded to minimize the
potential effect of confusing variables or time. In cases of the studies
that implemented intervention in RTI approach, the first tier was
coded as baseline, and the second or third tier intervention was coded
as Intervention phase for the analysis. Second, the scores on negative
measures were reverse—coded. Third, multiple effect sizes from the
same study or the same participant were avoided because of their
dependence (Hedges, Tipton, & Johnson, 2010). Thus, when there
were multiple measurements regarding the same construct, the
representative one was adopted or the mean score was calculated
when using the same scale. In contrast, when dependent variables
were corresponding to different academic domains (e.g., reading
fluency and computational skills), multiple effect sizes were calculated

independently.

3. Results

3.1. Characteristics of the Studies
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A total of 32 single-subject studies were selected for analysis. A

total of 119 effect sizes from 1,601 data points and 100 participants

were identified, which is summarized in Table 2.

Table 2. Number of participants and effect sizes

Number of participants

Number of effect

Study .
(m,f) sizes
Shim & Park (2015) 3 (0,3) 6
Shim & Park (2015) 3 (1,2) 3
Cho (2008) 3 (3,0 6
Choi (2008) 1 (0,1) 1
You (2016) 3 (2,1) 3
Kim (2017) 3 (3,0 3
Lee & Lee (2019) 3 (1,2) 3
Kwon & Kang (2007) 3 (3,0) 3
Yu (2010) 3 3
Han (2014) 3 (1,2) 3
Park & Lee (2015) 3 (1,2) 6
Lee (2015) 3 (3,0) 3
Kwon (2015) 3 (2,1) 3
Shin & Kang (2018) 3 (2,1) 9
Rim, Bon,, & Y1 2 (1,1) P
Kim (2011) 6 6
Ko & Song (2019) 1 (0,1) 1
Kim, 1o 5 122 2 (1,1) p
Lee (2015) 3 (3,0) 3
Kim & Lee (2015) 3 (2,1) 3
Gil (2015) 3 (3,0 3
Seul (2005) 3 (21) 3
Kim et al. (2018) 5 (3,2) 5
Hwang (2012) 5 (2,3) 5
Ahn (2018) 4 (2,2) 8
Choi (2006) 4 (3,1) 4
Jung & Lee (2009) 4 (2,2) 4
Song & Kim (2020) 3 (1,2) 3
Kim (2015) 3 (2,1) 3
An (2012) 3 (3,0 3
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Jeong (2015) 3 (2,1) 3
Kim et al. (2020) 3 (2,1) 3
Total 100 119

Table 3 to Table 6 presents the characteristics of 32 single-subject

studies in terms of general -characteristics, participants—related

characteristics, intervention-related characteristics, and DBI-related

characteristics.

Table 3. General characteristics of the studies

Category N %
Year of publication
2005-2009 6 18.8
2010-2014 8 25.0
2015-2020 18 56.3
Type of publication
Journal 14 43.8
Dissertation 18 56.3
Study design
Multiple baseline 12 375
AB 5 15.6
ABA 3 94
ABAB 1 3.1
Alternating treatment 1 3.1
Other 10 31.3
Total 32 100
Table 4. Participant-related characteristics of the studies
Category N %
Grade level
Elementary LQW (1-3) 19 59.4
High (4-6) 7 21.9 87.6
school Low + High 2 6.3
Middle school 3 94
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High school 1 3.1
Exceptionality type
With or at risk of learning
C 9 28.1
disability
Low achievement 2 6.3
Under achievement 14 43.8
Intellectual disability 5 15.6
Other 2 6.3
School type
General classroom 20 62.5
Special education classroom 6 18.8
Special school 1 3.1
Mixed 3 94
Other 2 6.3
Total 32 100
Table 5. Intervention-related characteristics of the studies
Category N %
Number of sessions
10-19 23 71.9
20-29 7 21.9
Above 30 2 6.3
Number of sessions per week
1 5 15.6
2 25 78.1
3 2 6.3
Length of each session
15-30 mins 2 6.3
31-45 mins 23 71.9
46-60 mins 6 18.8
NA 1 3.1
Duration
4-9 wks 22 68.8
10-14 wks 9 28.1
15-19 wks 1 3.1
Group size
One-on-one 23 71.9
Small (2-3) 3 9.4
Medium (4-6) 2 6.3
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Mixed (One-on-one + group) 2 6.3
NA 2 6.3
Interventionist
Researcher 24 75.0
Graduate students 2 6.3
Researcher + Volunteer 1 3.1
Peer 1 3.1
NA 4 12.5
Instructional setting
General classroom 16 50.0
Special education classroom 3 94
Special school 1 3.1
Private center 1 3.1
Other 5 15.6
NA 6 18.8
Basic academic domain (DV)
Early literacy 1 3.1
. Reading fluency 7 219
Readi Fluency + comprehension 7 219
ng Early literacy + Fluency ) 31
+ comprehension '
Writing 6 18.8
Early math 1 3.1
Math = clation 7 21.9
Reading + Writing 2 6.3
Total 32 100
Table 6. DBI-related characteristics of the studies
Category N %
Type of CBM task (BASA)
Early literacy 1 3.1
Reading fluency 16 50.0
Fluency + Comprehension 1 3.1
Writing 6 18.8
Early math 1 3.1
Math 7 21.9
Measurement frequency (monitoring)
Every session 20 62.5
Every 2-3 sessions 9 28.1
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Every 4 sessions 2 6.3

Flexible 1 3.1
Administrator of CBM
Interventionist 24 75.0
Other 2 6.3
NA 6 18.8
Data-based decision rules
Slope 1 3.1
Mastery criterion 6 18.8
Slope + Data point 7 219
Slope + Mastery 1 3.1
Percentile 3 94
Other 1 3.1
NA 13 40.6
Instructional change
Quantitative 1 3.1
Qualitative 6 18.8
Quantitative + Qualitative 3 94
NA 22 68.8
Total 32 100

3.2. Analysis of Quality Indicators

Table 7 presents the results of QI ratings for single—-subject design
studies. It was interpreted as having a sufficient quality level when
the indicators were rated 2 or more. Rubric suggested by Chard et al

(2009) was referred for specific rating.

Table 7. QIs applied to single-subject design studies

Number of studies
1 2 3

Dimensions Specific indicators (unsatisf (partially (satisfied M
ied) satisfied) )
o participants characteristics
Participants
) (e.g., age, gender, 0 4 28 2.88
/setting

disability, diagnosis)
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process for selecting

o 1 5 26 2.78
participants
information about
interventionists or
teachers and 21 7 4 1.47
comparability across
conditions
critical features of the
] ) 9 17 6 1.91
physical setting
description of DV 0 1 31 2.97
measurement process 0 0 32 3.00
measurement validity and
o 0 4 28 2.88
Dependent description
variable measurement frequency 0 3 29 2.91
data collected on
reliability (e.g., IOA=80%; 22 0 10 1.63
Kappa=60%)
Independent descnptpn of. I\% 0 8 24 2.75
] IV manipulation 14 7 11 1.91
variable fidelity of implementation 22 1 9 159
DV measurement 3 11 18 2.47
i d ipti f baseli
Baseline escription .O‘ aseline 12 16 4 175
condition
design demonstrates
) 0 0 32 3.00
experimental effect
. design controls for
Experimental
common threats to
control/Inter ) .
o internal validity (e.g., 12 7 13 2.03
nal validity L .
elimination of rival
hypotheses)
patterns of results 0 0 32 3.00
replication of effects
External ..
o across participants, 2 11 19 2.53
validity ) ]
settings, or materials
social importance of DV 0 0 32 3.00
Social social importance of
validity magnitude of change in 0 12 20 2.63

DV
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practicality and cost
effectiveness of 22 5 5 1.47

implementation of IV

typical nature of
. ) 16 15 1 1.53
implementation of IV

3.3. Results from Two-Level Meta-Analysis

3.3.1. Results from the Unconditional Model: Mean Effect Size

and Heterogeneity

The results from the unconditional model are displayed in Table &.
The mean of the effect sizes across all participants was 1.34. It was
significantly different from zero, suggesting that DBI was effective in

improving basic academic skills of participating school-aged students

with learning difficulties. Additionally, the r statistic accompanying
these variance components indicated that there was significant
variability between the effect sizes among 100 participants in their
effect sizes, suggesting the need to identify the possible predictors.
Figure 2 visually shows 119 effect sizes from 100 participants and
the variability between those effect sizes. In Figure 2, 0 and 1 on the
x—-axis represent the baseline and intervention phase respectively; the
y-axis represents the standardized data points of outcome variables;
and the slope of each line indicates the standardized effect size of
each dependent variable. The figure also indicates that the effect

sizes across participants were varying in a wide range.

Table 8. Results from the unconditional model

Fixed effect Coefficient SE t df p-Value
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Slope (.3“;. ) 1.341 0.078 17.224%*x 99 <0.001
Variance -
Random effect SD T df p-Value
component
Slope ("1 ) 0.722 0.522 907.154**x 99 <0.001
Level-1 error
0.852 0.725
term (%)

#p<05 *#p<.0l **+p<001

standardized achievement

phase

Figure 2. Effect sizes across participants

3.3.2. Mean Effect Size for Each Basic Academic Domain

Additionally, mean effect size for each basic academic domain

(reading, writing, and math) was calculated. Phonological recognition,

word recognition, reading fluency, and reading comprehension skills

were included as outcome variables in reading. The studies included

In writing were measuring the qualitative and quantitative scores, and
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the studies included in math were assessing early mathematics skills
(e.g., number recognition, counting) and computational skills. The
results of the unconditional model for each area are shown in Table
9. For reading, 916 data points from 60 participants were included in
the analysis, accounting for the largest proportion. 586 data points
from 24 study participants were identified in writing, and 275 data
points from 22 participants were identified in math. The mean effect
sizes for domains of reading, writing, and math, were 1.432, 1.520,
and 1.091 respectively, and they were all significantly different from
zero. Furthermore, in writing and math, there were significant

variability across participants in effect sizes.

Table 9. Results from the unconditional model for reading, writing,

and math
Reading
Fixed effect Coefficient SE t df p-Value
Slope (.:'3’L;. ) 1.432 0.090 15.939%#* 59 <0.001
Random Variance -

SD T df p-Value
effect component
Slope ("1 ) 0.633 0.400 429.965 59 >0.500
Level-1 error

0.833 0.694
term (&)
Writing
Fixed effect Coefficient SE t df p-Value
Slope (.3“;. ) 1.520 0.165 9.188#3%x* 23 <0.001
Random Variance -

SD ' drf p-Value
effect component
Slope (1) 0.782 0.611 370.814%#%x* 23 <0.001
Level-1 error

0.802 0.643
term (%)
Math
Fixed effect Coefficient SE t df p-Value
Slope (SL;. ) 1.091 0.188 5.815%%* 21 <0.001
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Random Variance -

SD T df p-Value
effect component
Slope ("1 ) 0.823 0.678 208.508#x* 21 <0.001
Level-1 error

0.847 0.718

term (&)

#p< 05 *#p<.01 **+p<.001

3.3.3. Results from the Conditional Model:

Predictors

Impact of the

Several variables related to participants, intervention, and DBI were
added respectively to the two-level model as predictors in order to
examine their impacts on the variability of effectiveness. Each
variable was dichotomously coded for the analysis. For the missing

data, the list-wise deletion was used. Table 10 shows the coding

systems for the Level-2 predictors.

Table 10. Coding system for the Level-2 predictors

Coding

Predictors 0

1

Participant-related wvariables

Grade level Elementary school

Middle or high school

with or at risk of

learning disability

Without or not at risk

of learning disability

With low or

Exceptionality type .
under-achievement

Without low or

under—-achievement

With intellectual
disability

Without intellectual
disability

Gender Male

Female

School type General classroom

Other than general

classroom

Intervention-related variables

Number of sessions 19 sessions or less

More than 19 sessions

Number of sessions I
per week

2-3
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Length of each

i 45 minutes or less More than 45 minutes
session
Duration 9 weeks or less More than 9 weeks
Group size One-on-one Group

DBI-related variables
Measurement
. Every 2 or more

frequency for Every session .

o sessions
monitoring
Data-based decision Including slope—based Without including
rule rule slope—-based rule
Instructional . .

) Specified Not specified

adaptation

Table 11 shows the results from the HLM model that included the
characteristics related to participants as Level-2 predictors. The
results indicated that the presence of intellectual disability
significantly accounted for the variance in effect sizes (B = 0532, p =
0.019). To be specific, the effect size was 1.304 for students with
intellectual disabilities, whereas the effect size was 1.836 for those
with learning difficulties without intellectual disabilities (i.e., with or
at risk of learning disabilities, low or under-achievement, etc.).
However, the effect sizes did not vary as a function of the other
variables. It can be interpreted that the effectiveness of DBI was
significant regardless of the grade level, classification of learning
disabilities, classification of low or under—achievement, gender, and

school type.

Table 11. Results of the conditional model with participant-related

variables as predictors

Fixed effect Coefficient SE t df p-Value

Grade level 0.043 0.161 0.267 79 0.790

Exceptio Learning disability -0.237 0201 -1.1&4 79 0.240

nality Low or -0.034 0.177  -0.195 79 0.846
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under-achievement

type Intellectual
C . 0.532 0.222  2.394x 79 0.019
disability
Gender 0.352 0.177 1.988 79 0.050
School type 0.312 0.184 1.694 79 0.094

#p< 05 *#p<.01 **+p<.001

Table 12 shows the results from the model that included the
intervention-related variables as Level-2 predictors. The number of
sessions and the length of each session were the only predictors that
significantly accounted for the variability in effect sizes across
participants. Specifically, while the effect size was 1.552 when the
intervention was provided less than 19 sessions, it was 0.984 when
the intervention was continued for a longer period. In addition,
whereas the effect size was 1.281 when the time per session was
less than 45 minutes, it was 1.889 when each session was longer
than 45 minutes. It was found that the effect sizes did not
significantly vary as a function of the number of sessions per week,

duration, and group size.

Table 12. Results of the conditional model with intervention-related
variables as predictors

Fixed effect Coefficient SE t df p-Value
Number of sessions -0.568 0.189 =3.001 % 79 0.004
Number of sessions

-0.222 0.225 -0.989 79 0.325

per week
Length of each

i 0.608 0.212 2.870%« 79 0.005
session
Duration -0.193 0.189 -1.019 79 0.311
Group size 0.006 0.217 0.026 79 0.979

#p< 05 *#p<01 **+p<001

Table 13 presents the results from the model including DBI-related
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variables as predictors. The coefficients of the variables were not
significant, which indicated that the variation of the effect sizes
among participants was not explained by the variables related to the
features of DBI. It can be interpreted that the effect of intervention
based on DBI was significant regardless of the specific variables
related to DBI. However, it should be noted that the information

about DBI process was not sufficient in many studies.

Table 13. Results of the conditional model with DBI-related variables

as predictors

Fixed effect Coefficient SE t df p-Value

Measurement frequency

o -0.164 0.185  -0.886 79 0.378
for monitoring

Data-based decision
i -0.356 0.207 -1.714 79 0.090
rule

Instructional adaptation -0.301 0.194  -1.547 79 0.126
#p< 05 ##p< 0l **+p< 001

4. Discussion

The purpose of this study was to identify the effectiveness of DBI
for school-aged students with learning difficulties in Korea.
Furthermore, the overall quality of the research that implemented
data-based instruction for those students was determined in the
study. The overall findings with respect to the research questions and

directions for future research and practice were discussed below.

4.1. Research Trends on DBI

It was identified that research on DBI for students with learning

difficulties have been conducted constantly in Korea since 2000s. It
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indicates that there has been a continuous need to support diverse
students with learning difficulties and ongoing efforts to apply DBI
for those students. The review of the studies revealed that most of
the studies were conducted for elementary school students in general
classroom. Reading fluency was set as the outcome variable with the
highest ratio. It is consistent with the previous findings that more
than 80% of students with learning disabilities have difficulties in
reading (Kim et al, 2017) and that reading fluency is a highly
reliable indicator of the overall reading abilities, encompassing several
linguistic skills in it (Abbott et al., 2012; Fuchs et al., 2001, Katzir et
al.,, 2006). As for the characteristics of intervention, the results reveal
that the most studies consisted of a total of 10 to 19 sessions, twice
a week, and 31 to 45 minutes per session. Regarding characteristics
of DBI, CBM for reading fluency was most frequently used, and
students’ progress was measured every session in the most studies.
Additionally, the slope-based method and the point-based method
were mostly used together, and instructional adaption was mostly
conducted in qualitative aspects.

Despite these efforts to implement DBI in research and practice, it
was 1dentified that many studies did not report sufficient information
about the principles or procedures of DBI in a systematic way. For
instance, about half of the studies did not provide specific information
on Instructional change and data—based decision rules. Stecker, Fuchs,
& TFuchs (2005) revealed that the frequency and quality of
instructional changes have significant impact on the students’
achievement. It not only Dbenefits the students with learning
difficulties but also teachers teaching them. For instance, in the study
of McMaster et al. (2020), teachers who conducted DBI made

instructional adaptions more frequently In more various aspects,
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specifically based on convincing data rather than their intuition. Thus,
future research and practice are needed to follow the procedures of
DBI more systematically and to present the related information

sufficiently.
4.2. Quality of Research on DBI

The overall quality of the studies was quite high. To be specific,
14 out of 22 Qis in single-subject design were rated as 2 points or
more. Moreover, except for two, all studies scored an average of 2
points or higher. It indicates that research on DBI for school-aged
student with learning difficulties have a sufficient quality in terms of
research design and method. However, there were a few indicators
scored below 2, which can be considered systematic weaknesses
across studies. Specifically, in the future research, indicators regarding
description of interventionist, comparability of interventionists across
conditions, fidelity of intervention, manipulation of independent
variable, and reliability of data collection are especially needed to be

reported explicitly for the more reliable results.
4.3. Effectiveness of DBI

The effectiveness of DBI for school-aged students with learning
difficulties was found to be quite high. The mean effect size from
single-subject design studies was 1.34 and statistically significant.
Although it cannot be directly compared with the effect sizes
extracted from the meta—analysis of group design studies, it reveals
that DBI 1is quite effective to improve basic academic skills of
students with learning difficulties. It was suggested that students
with learning difficulties tend to acquire and develop their learning

skills at a slower pace than their peers (Bast & Reitsma, 1998;
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Francis, 1992). It was also reported that for those students,
intensifying intervention in a generic way 1S sometimes not enough to
increase their achievement (Fuchs & Fuchs, 2015, NCII, 2013).
Considering these previous findings, the result of the present study
indicates that DBI is highly effective and suitable for those students.
In addition, the use of CBM in DBI for assessing their achievement
and growth seems to account for this large effectiveness. Shin et al.
(2004) indicated that CBM tools can measure the ability and growth
of students with learning difficulties in a more sensitive way. For
instance, CBM 1in reading measures the reading abilities with texts
that are equivalent and comparatively easy-to-read across different
grades (Deno et al., 2001). Thus, the large effectiveness of DBI can
be explained by the use of adequate measure for students with
learning difficulties, and it should be noted that it is not only difficult
but also unfair sometimes to check the progress of struggling
learners with the identical measure used for those without learning

difficulties.
4.4, Variability across Participants in Effect Sizes

The analysis of single-subject design studies revealed that there
was significant variance across participants 1n effect sizes. The
results from the conditional model showed that exceptionality type,
the number of sessions, and the length of each session were
significantly accountable for the variability of effect sizes.

Regarding the difference according to the presence of intellectual
disabilities, the cognitive characteristics of students with intellectual
disabilities seem to be associated to the comparatively lower effect
size. In the present study, the number of participants with intellectual

disabilities was 14, and the number of effect sizes was 17 in total.
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The average of their IQ was 55.9, which i1s within the range of mild
intellectual disability. The previous findings suggested that students
with mild intellectual disabilities have educational needs distinguished
from other students because of their cognitive features (Sabornie et
al.,, 2005, Kirk et al.,, 2011). However, since the number of effect sizes
was relatively small, it would require careful interpretation.
Furthermore, it should be rather emphasized that the effectiveness of
DBI for students with intellectual disabilities was significant as well
and still was quite high (ES = 1.304). It means that DBI is quite
effective and applicable for students with intellectual abilities as well
as students without disabilities. Snyder & Ayres (2020) suggested
that widely used measurement for basic academic skills such as the
Woodcock Reading Mastery Test (WRMT; Woodcock, 2011) and
Comprehensive Test of Phonological Processing (CTOPP-2; Wagner
et al, 2013) are not suitable for those students due to its difficulty
and unfamiliarity. In contrast, the general outcome measures such as
CBM are regarded as more appropriate to evaluate the reading level
and progress of students with intellectual disabilities (Wallace, Ticha,
& Gustafson, 2008). Moreover, CBM 1is also recommended when
making Individualized Education Plan (IEP) goals for students with
intellectual disabilities 1in the areas of reading, writing, and
mathematics (Mattatall, 2011). Thus, consistent with the previous
findings, the results of the present study indicate that DBI and CBM
can be applied for teaching students with intellectual disabilities.

Next, regarding the variance resulted from the number of sessions
and the length of each session, more research is needed in the future.
There are some inconsistent findings related to what is the most
effective duration and length of sessions for DBI. For example,

McMaster et al. (2020), where conducted DBI in writing for 20
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weeks, recommended that teachers conduct interventions at least three
times a week, 20~30 minutes per session. In the study of Bresina &
McMaster (2020), the total number of weeks of DBI was found to
significantly predict the improvement of students’ progress. Therefore,
further research on the optimal duration of intervention and time per

session in DBI is needed.
4.5. Need of Teacher Support for DBI in Korea

When implementing DBI, the provision of support for teachers has
been constantly suggested as the variable that significantly increases
its effectiveness (Jung et al., 2018; McMaster et al., 2020). However,
there were very few research that provided teacher support. In the
study of Choi & Kwon (2009), it was revealed that many teachers in
Korea were struggling with difficulties due to the lack of knowledge
and information about instructional adaptations (Choi & Kwon, 2009).
Therefore, it is required to provide understandable information and
constant support for special and general teachers for implementing
DBI. For instance, What Works Clearninghouse (WWC) platform from
the U.S. Department of Education, which allows teachers to search,
compare, and evaluate DBI for each basic academic area, and National
Center on Intensive Intervention (NCII), which provides a tool chart

and a checklist for monitoring progress and changing instruction,
could be referred (Shin, 2019).

4.6. Study Limitations

Findings of the present study should be interpreted in light of the
following limitations. First, although the studies which met the
selection criteria were included in the analysis, sufficient information

related to DBI such as data-based decision rules and instructional
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changes were missing in many of them. Thus, there was a limit to
analyze the impact of the probable predictors on variance in the effect
sizes. Future study is needed to include more detailed information
about DBI process, and there i1s need to analyze and compare the
moderating effect of diverse variables. Second, two-level
meta—analysis instead of three-level meta-analysis was implemented
to synthesize the effect from single-subject design studies. It is
recommended to conduct three-level meta-analysis of single-subject
studies when there are more studies accumulated. Third, for
calculating and synthesizing the effect sizes from single-subject
design studies, the statistical method suggested by Van den
Noortgate & Onghena (2003a; 2003b; 2007) and applied by Wang, Cui,
& Parrila (2011), Wang, Parilla, & Cui (2013), and Heyvaert et al
(2012) was used. However, since there is no consensus yet for
synthesizing the results of single-subject studies, it is necessary to
calculate and compare the effect sizes calculated from various
statistical methods. Fourth, in this study, only studies which used
BASA as CBM tools were included for the analysis. It was because
BASA was the standardized CBM widely used in basic academic
areas in Korea. However, there is need that more various CBM tools
with high validity and reliability should be developed and standardized
in Korea. Then, future study i1s needed to synthesize the effectiveness
and quality of DBI research using various CBM tools. Fifth, the mean
effect size of DBI for each basic academic area was identified, but
the difference in effectiveness depending on the specific focus of
intervention or strategies was not analyzed in this study. Therefore,
in the future study, the difference in effect sizes of DBI as function
of specific instructional methods or contents should be examined.

Sixth, in the present study, the QIs of Horner et al. (2005) were used
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to evaluate the quality of individual studies. However, there is still
need to examine the quality of the studies based on various criteria,
especially beyond the aspects of research designs or methods. For
example, Shin (2019) argued that the criteria suggested by Fuchs et
al. (2017) and NCII, which reflect perspectives of teachers, should be

considered when evaluating the quality of DBI.
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