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Abstract

The current study used the Learning Hierarchy/irestonal Hierarchy (LH/IH) to predict
intervention effectiveness based on the readints sKistudents who are developing
reading fluency. Pre-intervention reading accui@uoy rate were assessed for 49 second
and third grade participants who then participatea brief experimental analysis (BEA)
to determine whether each participant respondettbes acquisition or a proficiency
intervention package. Analyses indicate signifidzeeline differences between students
who responded to each intervention package. Moreaceuracy and rate have a positive
correlation with proficiency intervention effectivess and a negative correlation with
acquisition intervention effectiveness. Predictivedels and potential accuracy and rate

cut scores for making intervention decisions wése mvestigated.



Table of Contents

ACKNOWIEAGEMENTS ... e e e e e eseeee s s e e e e e e e eaaeeeeees i
[DZ=T o [ o= 1[0 o [ OO PPRTPP PP ii
ADSITACT ...ttt e e e e e e e iii
LISt OFf TADIES ..ot e e viii
S o ) T [ X
(@4 aF=T o) (=3 gl AN 01 1o Yo [ 11 £ o IS 1.
EE LU0 T =[S {0 ] [0 [0 )Y 1
Reading and SChool OULCOMES. ......uuuuuiiccmmmmcc e eeeeaae s 1
Students with Reading DIffiCUItIES. .........cceeeeeeiiiiiiie e 3
Response to Intervention (RTI). ....... e e e e e eannnennees 5
Statement of the ProbIem ..........ooo e 7
PUIPOSE Of the STUAY ...cevvvviiiiiiiie e et e e e e e e e e e e e e e e e e e e e e e nnneeeeeannnnnes 9
RESEAICH QUESTIONS .. ... it et e e e e e et e e e e e e e e st eeeeeeennessaaeeeeeeens 11
A NOte abOUL “FIUBNCY ... ..ot r e e e e e e 11
Chapter Il Literature REVIEW ..........ocvviviiiiiiiiiiiiiiiee e e e eeeeeee e e 13
Models of Reading DeVvelOpMENL .............. o eeeerrrrrmnniniraeeeeeeeeeeeeereeesereeennee. 13
Interactive Models of Reading. ........cccooeeeeeeeiiiiiiiiiiiie e 14
Chall's Model of Reading Development ..........cccevveiiiiiiiiiiiiieee e eeeeeeeeeeeeiaaees 17
Reading Instruction in the ClaSSIO0M .......ccceceeuiiiiiiiiiiiei e eeeeeeeeeeeeeeeenaaaeeees 19
ReadiNg FIUBNCY ... 22



Empirical MEaSUIrEMENT ..........ccoiiiiiieeeeeeeeeee et e e e e e e e e e e e e e e e eeesaeeenneeenne 25

Reading FIuencCy INtEIVENTIONS ..............oommmmmreeeeeennnnieseeeeeeeeeeeeeeeeeeeesessrnnnnnnennnnes 26
Contingent ReIiNfOrCEMENT ..........oovviiiiieeeeee e ee e e e 27
Repeated ReadiNg .......coovvviiiiiiiiii e s s e e e e e e e e e e e e e e eeeeeeseennneeeeeannnns 28
Listening PasSage PreVIEW..........uuuuuiiceeeeiieiiiise s s e e e e e e e e e e eeeeeeeeesseennneennne 31
EITOr COIMECHION ...ttt e e e 33

Targeting Reading INtErVENTIONS..............cummmmeeeeeeeeeeeeareeereeeeerrinnnn e 35
Curriculum-Based MeasUremMeNt ............ueuveeeriiiiiiieeee e 36
Curriculum-Based ASSESSMENT .........cuiiiiimemrenreeeeeeeirreee e e e s snrree e 37

Brief Experimental ANAlYSIS..........uuuiiiiiiei e een e e n e 38
2 AN o 0o =To [ =1 40
[ g o] To= VI 1 T 11 0o 1 45
EXtended analySES........cooviiiiiiiiiiii e ————————— 46

Learning Hierarchy/Instructional Hierarchy ...ceee......ccccoeeiiiiiiiiiieeiiieceeeeee, 47

[ (STST =T 1 B (1 [ | 52

(@ aF=T o] (= gl |1 1Y/ Y g o o £ 58

T (o o = g USRS 58

IMBEEITAIS ....eeeeee ettt e e e e e e e e a e 59
ReadiNg PASSAYES .....ceveieeeeiiiiieiieeeeeeee s s e e e e e e e e e e e e e e e e eea e ———————————————— 59

IMEBASUIES ...t mmmmmms e e e e e e ra e e e e e e e e s e e e e e enarraaae 59

GENETAl PrOCEAUIES ......eoiiiiiiiiiiiie e emcmmee ettt e e ees 62

TRV =T o (o] I = Tt = Vo [ P 64



Modeling-error correction intervention Package. ..cc.....ooeeeeeeeeevvveeeeviiiiiiinnnn. 65

Repeated reading-reward intervention PACKagE . «.oeeeeeeeeereiieeiriiiiinninennns 65
Brief Experimental AnalysisS Phase ..........cccceeeiiiiiiiiiiii e 66
DAta ANAIYSES ....ovviiiiiiiiii i et et ettt e e e e e e e e e et e e e e eee e e e et araaaa————_ 67

Group ClasSIfiICALION .......ueeeieiie e ettt e e e e e e e e e e e e e e eeeeeeeeeeeeeenne 67

(€T (o T0] oI oTo] g g1 o =T £ 1S 68

(@ gF=T o (= g AV A =TT U ] L 73
RESEAICH QUESTIONS .. ... it ettt e e e e e et e e e e e e e eata e e e eeeeenessaaeeeeeeens 73
Preliminary ANGIYSES .......ccooiiiieeeieeeeimmmmmm e e e eeeeeeeeeeeeeeaareaasa s s e e e e e aeeaaaaaaaaaeeaaeeeeees 73

[T C=T0 [UT=T Lo} PSP 74

Neither Intervention effeCctiveneSss groUp ... e eeerrerrrmniiiiieeeeeeeeeeeseeeeeesrssinnnes 77
Research Question 1: Group DIfferenCes ....oceeeeeeriiiviiiiiiiiiiie e, 78

Research Question 2: Relationship Between Basklgssures and Intervention
EffECHIVENESS ...ttt 79

Research Question 3 and 4: Predicting Interveriidectiveness from Baseline

IMEBASUIES ...ttt mmmmmm et e e e e e rr e e e e e e e e s e e e e e anaaraaae 80
Single Variable MOdEIS............coooiiiiiii e e e e e aee e e 80
Multivariable MOEIS.............oooiiiiiiim e 85

EXploratory Cut SCOre ANAIYSES ...........ce e e e e et ettt e e e e e e e e e e e anaaaaeaaaes 90
ROGC CUINVES ...t 91
FUrther CUt SCOIre aNalYSES .........uuuu.. s e e e e e eeeeeeeeeeeeeeaesaran e e e seeneesaaeeeeas 94

RESUILS SYNTNESIS ... e e e e e e e e ee e e e e e e e aeeeaenes 95

Vi



(@ aF=T o (=] gV A I 1ot U 1= [ a7
Research Question 1: Group DIfferenCes ....ecceeeeeviiiviiiiiiiiiiie e, 97
Neither Intervention effeCctiveneSsS groUp ... e eeereerrrmririieeseeeeeeeereeeeeeesrssinnnns 99
Research Question 2: Relationship between BasElaasures and Intervention
EffECHIVENESS ...t 100

Research Questions 3 and 4: Predicting Interverdftectiveness from Baseline

IMEBASUIES ...t rnmmm e e s e e e e e 101
Rate versus Normalized rate ..............vieeeeccc i 101
Multivariable MOElS ............oviiiiiie e 102
Single variable Models............oooeeiiiiie e —— 103

EXPIOratory ANAIYSES .......cccovvviiiieiieismmmmmn e e eeeeeeeeeeaeasanaas s e e s aaeeaeaeaseseeeeneeeeeeennnnes 104

Potential Theoretical IMPlICALIONS ..........comeeerenniiiiiiee e e e e e e e ————————— 106

Practical IMPlICAtIONS. ..........ovvviiiiiii e e e e e e e e e e e e e e e e e eeeeeeeneeeeesnnnnnes 108

LIMITALIONS ..o ettt e e e s s e e e e s e e e e e 111

CONCIUSIONS ...ttt eemme et e et e e e e e et e e e s s me e e e s s e e e e e e ans 113

RETEIBINCES. ... e e 114
Y o] o= T [Tt 127

Appendix A: CONSENT TOMN.......coovviiiiieet o e e e e e e e e e e e e e e e e s 127

Appendix B: ASSENT FOIM ......ccoiiiiiiiieeeeemme e e 130

Appendix C: Baseline phase inStructions ..........cccoeeeiieeiiiiiv e 131

Appendix D: BEA phase — Modeling-error correctiostructions ...............ccccee..... 132

Appendix E: BEA phase — Repeated reading-rewatduicions ................cceeeeeee.. 133

Vii



List of Tables
Table 1Learning HIerarChy..........ccoooiiiiiiiiece e 49
Table 2Effectiveness Group CharateriStiCS.......coouvvvieieiiiiiiiieiei e 77

Table 3Mean Difference Comparisons using Bonferroni Post-Hests and Associated

Table 4Point Bi-serial Correlations Between Interventiofidetiveness Status and
Median Baseling RALE...........oooiiiiiiiiiiec e 80
Table 5Pseduo Rand Chi Squareyf) Values for the Single Variable Logistic
Regression Models Predicting Intervention Effectess................cccccceeeeeeeennn. 81
Table 6Percentage of Cases Correctly Classified and HosamdrLemeshow Test Chi
Square Results with p-value for the Single Varidlugistic Regression Models
Predicting Intervention EffeCtiVENeSS...........ceiiiiiiiiiiiieiiiieeeeeeeeeeeeeeeii 82
Table 7Predictor Variable Odds Ratios and 95% Confidemtervals from the Single
Variable Logistic Regression Models Predicting taention Effectiveness.... 84
Table 8Pseudo Rand Chi Squareyf) Values from the Multivariable Logistic
Regression Models Predicting Intervention Effectess................cccccceeeeeeeennn. 86
Table 9Percentage of Cases Correctly Classified and HosamdrLemeshow Test Chi
Square Results with p-value from the Multivariabdgyistic Regression Models
Predicting Intervention EffeCtiVeNessS........cccooovieeiiiiiiiiieee 87
Table 10Predictor Variable Odds Ratios and 95% Confidendervals from the

Multivariable Logistic Regression Models Predictimgervention Effectivene89

viii



Table 11Logistic Models and Cut Scores when Probabilitypifor the Single Variable

Models of Intervention EffeCtiVENESS.........oon v, 91

Table 12Cut Scores, Associated Optimal Sensitivity, Sp#gitand Probability Values

for the Single Variable Models of Intervention Effeeness..................ccc.....



List of Figures
Figure 1.Points exceeding the median (PEM) graph of bripkemental analysis
(BEA) data for partiCipant L. ............uuuuemmmmrereeniiiaiaaeeeeeeeeeseeeeessssnnnnnnnnnannes 75
Figure 2. Points exceeding the median (PEM) graph of Exgferimental analysis
(BEA) data for participant 59. ...........uuuimmmreiiiiieieiiiienss e e e e aeeeee 75
Figure 3.Points exceeding the median (PEM) graph of bripkemental analysis
(BEA) data for partiCipant 16. .............uumeeeeieeieeeeiiiiiiiiiiseeeeeeeeeeeeeeeeeeeeeens 76
Figure 4.ROC graph of single variable models predicting M-Btervention
EIfECHIVENESS ... 92
Figure 5.ROC graph of single variable models predicting RiRiervention

B R IV NS . ..o 93



Chapter I: Introduction
Rationale for Study

Reading is one of the most critical skills thatd&mts learn in school because it is
a precursor to future academic success and a pgreeaclulthood (Gerber, 1997). The
opportunity to advance in our society is directiglandirectly related to an individual's
reading ability. The results of the 2003 NationakAssment of Adult Literacy (Kutner,
Greenberg, Jin, Boyle, Hsu & Dunleavy, 2007) shotwd in the United States reading
proficiency scores were highly correlated with tlienber of years of schooling
completed and household income. Individuals whideeaty was rated at the higher
levels were more likely to be employed full timegni in professional occupations and
have higher average weekly salaries. Adults wittelolevels of literacy, on the other
hand, were much more likely to have not compleigti bchool, to work in the service
industry, to be out of the labor force or have ne=e public assistance. Furthermore,
adults serving time in prison had lower averagéireascores than equivalent groups in
the general population (Greenberg, Dunleavy, & Kut2007). Overall, higher levels of
reading proficiency are related to more positivecomes in American society.

Reading and School Outcomed/Vhile reading ability level influences an
individual's opportunity to succeed professionatiyadulthood, the differences between
successful readers and struggling readers alsccinspedents during grade school. When
a child enters school, factors such as Englishdagg development and vocabulary,
exposure to literacy concepts, and socioeconorataspredict initial reading

achievement (Snow, Burns & Griffin, 1998). Withanttervention, students’ relative



reading achievement often remains stable overdhed$ years (Wadsworth, Fulker &
DeFries, 1999). In fact, the gap between struggieaglers and their more skilled peers is
likely to grow larger as differences in proficienayd motivation affect the number of
words read and, thus, the rate of skill growth ii8téch, 1986; Wagner & Stanovich,
1996).

Poor readers are at greater risk to struggle acad#éynoverall as reading
becomes an increasingly important element of ic§tyo across content areas (Lerner,
2003). Perhaps as a result of the increasing Evehallenge, 23.5% of students
diagnosed with a learning disability, the majoofywhom have reading problems, drop
out of school in comparison to 8% of the generghtschool population (U.S.
Department of Education, National Center for Ediocetl Statistics, 2011).

Behaviorally and emotionally these students are létgly to struggle more than
their average achieving peers. Students with loe&ding achievement are less engaged
during instruction and have higher reported leeélisattention and delinquent behavior
(Wasson, Beare & Wasson, 1990; Arnold et al., 200bg¢se students also typically have
poorer social skills, experience greater peer tigiecand are more likely to exhibit
antisocial behaviors (Kavale & Forness, 1996; Tmmasski, Moffitt, Caspi, Taylor &
Maughan, 2006). While the link between these negatsk factors and reading
achievement is correlational, reading interventioage also been found to have a
positive impact on social outcomes (Waznek, Vaugtim, & Cavanaugh, 2006;

Castillo, Porter, Curtis & Batsche, 2005).



Despite the consistent findings regarding the henef strong reading skills, the
American public school system has been plaguedwydvels of reading achievement
and a relatively high prevalence rate of readirsgldilities. Results from the 2011
National Assessment of Educational Progress (NA&dH¢ated that 67% of fourth
graders and 66% of eighth graders fail to achieadetlevel proficiency in reading
(Aud, Hussar, Johnson, Kena, Roth et al., 2012thEtmore, recent statistics show that
5% of youth ages 3 to 21 attending public schoetgive special education services
under the category of Specific Learning Disab#it{&).S. Department of Education,
National Center for Educational Statistics, 201id as many as 80% of these students
have a primary deficit in the area of reading (Ma&tDakin, 2007). By the time a
reading deficit is large enough to warrant speethlcation services, most frequently at
age 9, or about third grade (Data Accountability€g 2012), it is often very difficult to
remediate and few of these students exit specialaobn (U.S. Department of
Education, Office of Special Education and Rehttilie Services, Office of Special
Education Programs, 2011).

Students with Reading Difficulties.The causes of reading difficulties have
generally been classified into two broad categoegperientia) or deficits that are the
result of environmental factors, such as lack qiosxire to experiences that build school
readiness skills, poor reading instruction, and-smgioeconomic status; and,
constitutiona) or deficits that originate within the individu&ypically attributed to
genetic and/or cognitive differences. In additithe constitutional category is typically

further broken down into individuals who have agfielearning disability in the area of



reading and those who have generally low cogngkills (e.g., intelligence, language
abilities) and thus, poorer overall academic actmesnt.

The low reading performance of this latter grouperocalled “garden-variety
poor readers” or “low achievers”, is not unexpealed to their overall low intellectual
abilities. However, individuals with a specific filtulty in reading also called dyslexia or
learning disability, struggle to learn to read despverage to above average cognitive
skills (Stanovich, 1988). Although these distinoBare somewhat artificial given the
reciprocal influence of both constitutional and ieowmental factors on reading
achievement (Clay, 1987; Stanovich, 1986) and rekeadicating few differences
between low achievers and those with an identsecific reading deficit (e.g.,
Ysseldyke, Algozzine, Shinn, & McGue, 1982; Fletceeal., 1994; Fuchs, Fuchs,
Mathes, Lipsey, & Roberts, 2001), they often gwedacators’ understanding of and
response to reading difficulties.

The 2004 federal reauthorization of special edoodggislation known as the
Individuals with Disabilities Education Improvemeidt (IDEIA 2004) guarantees
students with a specific learning disability (SLiDyeading or other academic areas, the
right to receive special education services to eskltheir learning needs. A majority of
students with a SLD have been identified by the@mee of a significant achievement-
ability discrepancy based on scores from standaddizhievement and cognitive
assessments (Reschly & Hosp, 2004). The presertbesafiscrepancy is believed to be
indicative of a qualitative difference between st with a SLD and garden variety

poor readers (Rutter & Yule, 1975). This identifioa model has been used since the



passage of the first comprehensive federal spediatation legislation, the Education of
All Handicapped Children Act of 1975, but it hasn criticism for being inaccurate,
arbitrary, unfair, and for delaying interventiondamot improving outcomes for students
(for reviews, see Kavale, 2001,Gresham, 2001, arcti$; Mock, Morgan, & Young,
2003).

While distinguishing between students who have B 8hd those who struggle
for other reasons has been considered essenti@défermining who receives additional
instruction, there is a growing educational moventemprovide reading interventions to
all struggling readers at earlier ages. In themisal study, Vellutino and colleagues
(1996) found that a majority of students with lavitinl reading achievement, regardless
of cause, moved into or even above the averagenahgn given intensive remediation.
This paper helped advance the movement towardg iegglvention and the response to
intervention (RTI) model as a way to both aid aduler range of struggling readers and
to identify those students who have a more diffitmremediate learning difficulties
(Fuchs & Fuchs, 1998; Gresham et al., 2005).

Response to Intervention (RTI).Response to intervention (RTI; Jimerson,
Burns, & VanDerHeyden, 2007; Fuchs, Mock, Morgany@éung, 2003) is a process of
providing increasingly more intensive supplementasgruction to students whose
achievement is below that of their peers and syatieally monitoring their progress
acquiring academic skills. It is a prevention-faatisystem based on the three tiered
public health model where, as a first step, allishis are provided with high quality

instruction. Those who do not show expected gromith the generally effective



standard instruction (“nonresponders”) receive nmargeted, evidence-based
interventions, typically conceptualized as smatiugr instruction. Students who continue
to show little growth in response to the first legkremediation receive a
comprehensive, individualized evaluation and motensive interventions.

RTI offers a number of advantages over traditiganattice (for reviews of issues
that still need to be addressed regarding RTIVeemhn & Fuchs, 2003; Reschly, 2005;
Gersten & Dimino, 2006), notably it does not requhrat the cause of a student’s reading
difficulty be determined or diagnosed; instead, staglent who struggles is provided
early intervention before deficits become so gtieat they are difficult to remediate. As
a result, a large number of students benefit thndbg early detection and remediation of
reading problems. Best results are obtained bygaikito account both the research
literature on methods that have demonstrated eféawtss and the needs of the
individual student in order to promote skill growth

Critical to the process of selecting an appropriatiervention is consideration of
assessment data that indicate the student’s cuooempetencies and deficits.
Instructionally relevant data are derived from nueas that are direct, idiographic,
repeated, and ecologically sensitive (Fuchs & Fut886). Two key assessment
frameworks that meet these criteria and have bedocneasingly more prevalent in the
schools (Shapiro, Angello, & Eckert, 2004) are muium-based measurement (CBM)
and curriculum-based assessment (CBA). As the nanmayg, these strategies involve
measuring students’ performance on classroom raaterorder to monitor their growth

over time (CBM; Deno, 1985) and determine the appate level of difficulty and



objectives area for effective instruction (CBA; &ing & Thompson, 1985). While these
methods allow educators to decide what contergdoht and provide a means for
evaluating intervention effectiveness over timeytho not aid in determininigowto
teach an individual child, which is a key aspecthaf problem-solving process (Griffiths,
VanDerHeyden, Parson & Burns, 2006).
Statement of the Problem

Suggestions of common reasons students fail (Vdit, Martens, & Dool, 1997;
Duhon, Noell, Witt, Freeland, Dufrene, & Gilbertse®04) and procedures for testing
different interventions components (e.g., briefexpental analysis; Daly, Martens,
Dool & Hintze, 1998; Daly, Martens, Hamler, Dool,Ekert, 1999; Jones &
Wickstrom, 2002) can help guide intervention setectbut there is not currently an
objective, evidence-based way to determine beforkize type of intervention to which
an individual student is most likely to respondirgeable to predict intervention
effectiveness from a student’s current performamoeld allow problem-solving teams
to efficiently remediate academic deficits by maceurately targeting interventions to
the student’s needs. Students could be providedtah®d intervention quickly and its
effectiveness could be evaluated more closely tines. Skill development could also be
monitored to determine when a change in instruasomarranted. In addition, such a
guideline would allow a smaller set of relevanementions to attempt during an
individual evaluation such as a brief experimeatalysis.

A theory of how reading skills develop helps pravitie framework to guide

identification of appropriate interventions. Tharing hierarchy/instructional hierarchy



(LH/IH) proposed by Haring and Eaton (1978) prosgideuseful guideline of how skills
develop and also which instructional componentsraatehed to effective instruction at
each level of skill development. Details will beepented in the literature review chapter,
but basically the LH describes skill developmenpamyressing through the four stages
that progressively focus on acquisition, proficigngeneralization and adaptation. The
matched IH presents instructional components thgtef growth at each stage.

Haring and Eaton (1978) suggested that a stuéemdins at the acquisition stage
from the time they are first introduced to the Iskiitil he can perform it with between
90% to 100% accuracy; at which point the studenteado the proficiency stage, where
the focus shifts to fostering speed, above andixtwocuracy. The authors found this to
be true for grade-level fluent reading and nealtlpther academic skills (Haring &
Eaton, 1978), but they do not provide a specifimuaacy cutoff or range below which a
student would be in the acquisition stage and aldieh he would be in the proficiency
stage. However, given the above definition of tbguésition stage, it seems possible to
use a student’s reading accuracy to determine whéthis in the acquisition or the
proficiency stage in the area of reading fluendye Student’s accurate reading rate (i.e.,
words read correctly per minute) may provide add#i information since rate is the
most relevant measure at the proficiency stagey(h&ntz, & Boyer, 1996). If the
student’s placement in the learning hierarchy cd@dscertained, then using the
instructional hierarchy, it would be possible taklithe student’'s performance to

instructional components that foster learning. Thiushould be possible to predict which



types of reading fluency interventions are mostliiko be effective based on student’s
oral reading accuracy and rate.
Purpose of the Study

This study will evaluate the characteristics @&loeading demonstrated by
students for whom either acquisition or proficiemegding fluency interventions are
found to be most effective through a brief experitabanalysis. Based on the IH/LH
model, students’ reading accuracy (i.e., percentdgeords read correctly) and,
potentially their rate (i.e., number of words readrectly per minute), should indicate at
which stage of the IH a student is performing dngtwhich types of interventions are
most likely to be effective. Thus, the purposehid study is to determine whether there
are differences in baseline accuracy and ratetfimests for whom the different
intervention packages are most effective. If, gzeeted, differences are found, then a
further aim is to determine how accuracy and/ce sgores can be used to best predict
intervention effectiveness.

In this study, reading fluency interventions viaé examined because grade-level
fluency is a key subskill in the development ofdieg (Chall, 1996) and one for which
many evidence-based interventions exist (Natiomgtitute of Child Health and Human
Development, 2000). One intervention package uséde current study consists of
listening passage preview (Daly & Martens, 1994) phrase drill error correction
(O’Shea, Munson, & O’Shea, 1984), which correspunithe modeling and feedback
components needed at the acquisition stage. Tlodigeand reinforcement components

needed at the proficiency stage will be represeintedh intervention package that



combines repeated reading (Rashotte & Torgensé&s) Ehd contingent reward for
rapid reading (Lovitt, Eaton, Kirkwood, & Peland&g71).

During the first phase of this study, students'diiag accuracy and rate will be
measured by having them orally read grade-levedguges unaided. Then a brief
experimental analysis will be performed to deteemarhich intervention package has the
most positive impact on oral reading rates. Thirthg baseline levels of accuracy and
rate for students for whom the modeling-error ottiom (M-EC) intervention was most
effective and those for whom the repeated readimgard (RR-R) intervention was most
effective will then be compared. It is expected tacuracy and rate will be significantly
different for the two groups and further that ithwie possible to predict to which group a
student belongs based on these measures.

The major premise of this study is that readingriicy intervention effectiveness
can be determined from the easily obtained measdinesding accuracy and rate based
on the hypothesized links made through the IH/Lpe&Hically, by testing intervention
components from the IH and determining which is nefiective through BEA, it is
possible to determine at which stage of the LHudestt is performing. Pre-intervention
differences in reading accuracy and rate betweegtbups of students can then be
evaluated to determine whether group membershigharglintervention effectiveness
can be predicted based on these measures. Bastatiog and Eaton’s (1978) statement
that the acquisition stage lasts until the studehteves between 90% to 100% accuracy,
at which point she can be seen as transitionirtigeigroficiency stage, accuracy is

expected to be a primary factor in differentiatimigether students respond better to the
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M-EC intervention or the RR-R intervention. Howevaccurate reading rate will likely
contribute additional information that is helpfol fdetermining intervention
effectiveness.

Research Questions

The following questions guide this study:

1. What are the differences in baseline accuracy,aiatienormalized rate among
students for whom only the modeling-error corret{ip-EC) intervention was
effective, those for whom only the repeated readewgard (RR-R) intervention
was effective and those for whom neither or bothevedfective?

2. What is the relationship between intervention difeness status and baseline
accuracy, rate and normalized rate?

3. How well does students’ baseline accuracy andaat®rmalized rate predict M-
EC effectiveness status?

4. How well does students’ baseline accuracy andaat®rmalized rate predict
RR-R effectiveness status?

In addition, the following exploratory questiondiviie asked:

What cut score or range of scores for accuradg, cat a combination of these
measures provides sufficient specificity and serigitto predict whether a student will
benefit from the M-EC intervention or the RR-R imvention?

A Note about “Fluency”
Before continuing, it is important to know that twerd “fluency” is used by

educational researchers to describe a varietyffeirdnt phenomena in learning and
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reading. Fluency is frequently used to refer tcarmprea of reading development (i.e.,
reading fluency), b) the speed at which a studecurately executes a skill (e.g., number
words read correctly per minute on CBM probes), ahthe second phase of the LH/IH
(i.e., the fluency/proficiency phase). For claritythis paper, the area of reading (a) will
be referred to as “reading fluency”, the accuratk speed (b) will be called “rate”, and
the stage of the LH (c) will be called “proficiericfFurthermore, most of the time only
the word “rate” will be used, but unless stateceothse, this refers to “rate atcurate

reading” (i.e., words read correctly per minute).
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Chapter IlI: Literature Review

Reading is one of the most essential skills stigdelarn at school, making it an
indicator of educational attainment and key foclmstruction. When students struggle
to learn to read, educators must use evidence-laisedentions developed with
consideration of current empirical understandingetoediate deficits. The domain of
reading development is complex, but a conceptaahéwork of learning can illuminate
principles that can be generalized to foster dgaraknt across skill areas.

The purpose of the current chapter is to reviesctlrrent literature on reading
development and instruction, focusing on the afgaaring fluency. The comprehensive
research base on fluency presented, includingteféeemterventions and outcome
measures make it a clear choice for investigatiegvalidity of a framework that guides
intervention selection for struggling readers. Melh for targeting interventions to
individual students’ needs will be reviewed, withemphasis on the brief experimental
analysis (BEA) procedure. Finally, Haring and E&df@978) learning
hierarchyl/instructional hierarchy (LH/IH) is theetbretical scaffold for the current study.
Models of Reading Development

The federal research group, Literacy Informatiod @@mmunication System
defines reading as:

A complex system of deriving meaning from printttrequires all of the

following:

e the skills and knowledge to understand how phoneorespeech sounds,

are connected to print;
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e the ability to decode unfamiliar words;

e the ability to read fluently;

e sufficient background information and vocabularydster reading
comprehension;

e the development of appropriate active strategie®tstruct meaning
from print;

¢ the development and maintenance of a motivatiordd. (Literacy
Information and Communication Systems, n.d., ReseBefinitions,
para. 2)

Similarly, in their review of the instructional e=srch, the National Reading Panel
(National Institute of Child Health and Human Deymhent, 2000) considered reading in
terms of the five subskill areas of phonemic awassnphonics, reading fluency,
comprehension and vocabulary. These multifacetéditiens illustrate the varied skills
that must interact to produce proficient readingctskill is dependent upon different
cognitive processes working together to transka¢enords on the page to a meaningful
message understood by the individual (Adams, 2004).

Interactive Models of Reading.Although there is not one comprehensive theory
that explains how proficient reading occurs, currandels of reading typically describe
an interactive cognitive process that involves dmittom-up (i.e., from page to brain)
and top-down (i.e., from brain to page) processihigformation (Rumelhart, 2004). The
key characteristic of such connectionist, or patalistributed processing models, is the

simultaneous processing of different aspects oirthet, which is facilitated by
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reciprocal connections and coordination betweerptbeessing components (Rumelhart,
1989). Hypothetical processors of the multiple Is\a# reading information (e.g., letter,
word, meaning, context, connections to backgrourmedge) consider relevant
information from the text and then pass hypothesesit the possible identity of the text
to all other processors and through this reciprodalmation sharing, the best
interpretation is created (Adams, 2004). The edficly of the connections between the
processors is the result of the sum of all previeasling experiences and learning.

Rumelhart (2004) describes a model in which a feagitraction device derives
information from the visual image of letters andrdgon the page and sends it to a
pattern synthesizer, which uses orthographic, &xgyntactic and semantic knowledge
to make sense of the text. In this model, bottonmégrmation about the letters and
spelling patterns on the page is simultaneouslggesed with higher level hypotheses
about the likely identity of the word or phrasedxh®n structural and syntactical
knowledge of the language and the meaning comewhich it is found. The
combination of these hypotheses from the multiplels results in the most probable
interpretation of the text for the reader.

Adams (1990; 2004) synthesized the findings of nraaging research studies in
developing the four processors model of reading¢chvtiescribes the process used by
skilled readers. In this connectionist model, i serves as input to an orthographic
processor, which attempts to recognize letterdlisggpatterns, and words. The majority
of processing occurs letter by letter, but spelpattern probabilities, learned from the

accumulation of previous reading in the languageooicern, facilitate letter
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identification. As letters are recognized, thisomhation is passed to the meaning
processor, which determines which “meaning eleniesuld be activated. Information
about meaning is also automatically passed batihetorthographic processor to aid in
word recognition. The reciprocally connected phogadal processor further facilitates
both the orthographic and the meaning processonshgforming the text into speech
sounds and employing the individual's knowledgsmdken language to hasten word and
meaning identification. This process also allowssitidividual to identify words he has
not seen written, but has heard spoken. The redadéivation sent between these three
processors promotes automatic word recognition #wug, increases the speed with
which text can be processed. The auditory “imageated by the phonological processor
also enhances comprehension because a greater moimiaeds and their temporal

order can be retained in auditory memory than laygugisual memory alone (Dornbush
& Basow, 1970).

While all of this is occurring, the fourth, contgxibcessor monitors the overall
“context” of the passage (e.g., what the passagbast, where it is being read, activating
relevant prior knowledge, etc.). A reciprocal coctien with the meaning processor
allows for a constant monitoring of the passagdecdanwhile also aiding in the selection
of the appropriate “meaning elements.” Thus, fekiled reader, once text begins to be
identified by the orthographic processor, activafiows throughout the system as all
four processors work together to identify and ustierd the message of the text. The
coordination and collaboration of this system rpuieed for effective and efficient

reading and can best be cultivated through readstguction and experience. While
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Adams’ and Rumelhart’'s models describe the prookskilled reading, best practices in
reading instruction can best be addressed by uiadeliag how students develop this
level of proficiency.

Chall's Model of Reading DevelopmentChall (1996) presented a well regarded
model that divides reading development into siges$a Reading is qualitatively different
at each stage as the skills and abilities of thesidual, as well as the goals of reading,
change over time. In the early stages, the focos ihe medium, or learning the
mechanics of accurately and efficiently decoding.t8ubsequently, the focus shifts to
the message or understanding and gaining knowledgetext. This distinction has also
been described as “learning to read” (Stages @d12aversus “reading to learn” (Stages
3, 4 and 5). As a result, texts for students ineitudier stages should contain more high
frequency words and simple sentence structure asid boncepts that are likely to be
familiar to the child; while texts for studentstiag later stages become increasingly more
complex in writing style and content (Indrisano &all, 1995).

Reading development in this model is conceptudlegeconsisting of stages, but
there is overlap between adjacent stages andticarssoccur over time. Stage 0,
described as “prereading” (birth to about age $& time when children gain the
foundational knowledge they will need to benefinfr formal reading instruction. During
this stage, children learn the basic conventiongading (e.g., that print conveys
language and stories, the physical characteristitesxt and books, and how to interact
with them), that words can be broken down into $enalounds (i.e., phonemic

awareness), that symbols can convey meaning, aasvigdarning to identify letters by
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name. In Stage 1, known as “initial reading” (kirgrten through the beginning of
second grade), students learn letter-sound comegmaes and concentrate on sounding
out words. By the end of this stage, children Haaened to decode text and can identify
some common words by sight. The focus of Stagedffrmation and fluency” (grades
two and three), is on “ungluing from print”, or neasing decoding automaticity and
prosody when reading. This increased fluency allthvesreader to allocate more
cognitive resources to comprehension, instead ofl veentification (LaBerge &
Samuels, 1974). During this stage, reading fluastlge focus of development and
should be the focus of instruction.

Stage 3, called “reading for learning the newa@gs four through eight) is the
first in which the aim of reading shifts to incremgthe student’s knowledge. Given
students’ level of cognitive development and reatnexperience gaining novel
information from print, the texts read during tetage are clear and contain a
straightforward presentation of facts, written frarsingle, authoritative perspective. As
students enter high school and Stage 4 (“multie/points”), the texts become more
technically complex and in depth, as varied podfitgiew are presented. Students are
expected to critically evaluate information souraad integrate multiple perspectives to
achieve a thorough understanding of a topic (Kuh®t&hl, 2003). The fifth and most
advanced stage of reading ability, “constructiod estonstruction,” typically develops
in college, when the student has developed expartia content area and can become a

critical reader of texts on the topic. During thiage, when an individual reads about a

18



known subject, he is able to analysis, synthesizgjadge detailed material to construct
and contribute to his unique understanding of dipeéct

In relation to Adams’ (2004) four processor modet, alphabetics-based Stage 1
of Chall's (1996) model, may be seen as the timemthere is a focus on training the
links between the orthographic and phonologicatessors, with some more limited
involvement from the meaning and context procesSdmough Stage 2, these
processors, particularly the meaning processogrbeanore interlinked and the entire
system becomes more efficient to enable automatrd wecognition and fluent reading.
Stages 3 and above seem to involve the developofidimeé context processor to acquire
knowledge from what it read and to link to the @mtknowledge areas of the brain. At
the same time, associations between all processatsue to strengthen and become
more complex as new vocabulary and sentence stesctne encountered. Consideration
of these two models together provides insight mbat happens as a child learns to read
and suggests subskills on which to focus instractind remediation.
Reading Instruction in the Classroom

A brief overview of general trends in reading instron provides a context in
which to understand how knowledge about reading@ldgwnent has been translated into
specific teaching strategies. Over the last haifury, the field of reading instruction has
been dominated by a struggle between two broadjrguphilosophies about what is the
best way to teach children to read. Through th&’E9dode-based instruction, often
called “phonics,” was the primary mode of readingtiuction implemented in American

schools (Chall, 1996). This philosophy supportsube of direct instruction of skills such
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as phonological awareness, letter-sound correspordeand blending to foster the
decoding of text. The goal of instruction is toghstudents learn the association between
reading stimuli (e.g., letters, words) and theprapriate matched response (e.g., letter
sounds, phonological representation of the worisgrefore, the focus of instruction,
particularly early in reading development, is onlding automaticity of code-based, or
bottom-up, processes so that cognitive resouraededreed for comprehension
(LaBerge & Samuels, 1974). Key instructional sias used in the skill-based approach
are modeling, demonstration, prompting cueing, lieel, reinforcement, and drill.

In contrast, reading instruction in the 1980s 4880s was largely dominated by
the whole-language philosophy, which suggestsdhigdren build on their oral language
abilities and learn to read through exposure iteeacy-rich environment (Goodman,
1987). Specifically, the model hypothesizes thatlezs’ desire to construct meaning
from text as well as their syntactic and semamiavkledge allowed them to efficiently
“guess” words in the text (Goodman, 1967). Thughia model, building top-down
processes through authentic interactions withdaeximportant to creating skilled
reading and little direct instruction of strategiesecessary. The whole-language
philosophy falls generally within the constructivégproach to education, which asserts
that learners create understanding through th@emences in combination with their
previous knowledge (Kamii, 1991).

Over the last 10 years, the pendulum has swungtba@rds a greater support of
code-based instruction (Pressley, 2006). Reviewleoliterature indicate that whole

language strategies increase students’ knowledgerdfand reading concepts, which is
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particularly important in kindergarten, during fvereading stage of development (Stahl
& Miller, 1989; Pressley, 2006). However, they ldadmaller increases on key reading
indicators for students at-risk for reading diffig,)including those from low
socioeconomic status backgrounds (Jeynes & Li26I00) and those with lower initial
phonological processing skills (Foorman, Francistdher, Schatschneider, & Mehta
1998; Ball, 1993). Explicit instruction in code-ledsstrategies ensures that students from
a variety of backgrounds efficiently learn the fantental skills of “initial reading,”
including phonemic awareness, letter-sound cormesdgaces, and word recognition,
which are essential for developing skilled readi@gall, 1996; Stahl & Miller, 1989;
Velluntino, 1991; Pressley & Rankin, 1994). Manylvkeown individuals and groups
who have researched reading instruction have ateeabalanced literacy approach
that incorporates the strengths of both philosaptoemeet the needs of the greatest
number of students (e.g., Snow, Burns, Griffin,&99ational Institute of Child Health
and Human Development, 2000; Pressley, 2006).

Investigation of evidence-based instructional styes has also led to a focus on
distinguishing between the different componentskilfed reading. Most notably, the
National Reading Panel (National Institute of Childalth and Human Development,
2000) identified five key subskill areas that hgwided research and understanding. The
focus of reading development can be seen as psiggethrough the first four domains
of phonemic awareness, phonics, reading fluencycantprehension with vocabulary

development occurring throughout. Reading fluesgyarhaps the skill area that has
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received the greatest amount of attention ovepést decade (Cassidy & Cassidy, 2009)
and is the focus of the current study.
Reading Fluency

Historically, reading fluency has largely been ¢oeked and has not been the
focus of classroom instruction (Dowhower, 1991 ;iblal Institute of Child Health and
Human Development, 2000). This neglect was likeg/esult of the notion that reading
fluency is merely rapid decoding (Shinn, Good, ksaut, Tilly, & Collins, 1992) and that
it is solely a quality of oral reading and, thust relevant to the classroom goal of silent
reading comprehension (Pikulski & Chard, 2005). ldeer, the theory of automatic
information processing in reading (LaBerge & Sammu#d74) brought increased
attention to reading fluency by positing a linkJeén the speed and automaticity of
word recognition and the individual’s ability toroprehend the text. More recently, the
National Reading Panel designated fluency as omlegeqgbillars of reading instruction and
concluded that it could be developed through mafigrent instructional procedures
(National Institute of Child Health and Human Dexymhent, 2000; examples presented
below).

Definitions of reading fluency typically incorpoeathe three observable
components of reading accuracy, speed and prosadn(& Stahl, 2003). Thus, a fluent
reader is one who reads words correctly, whilegugjppropriate speed and intonation
(National Institute of Child Health and Human Deymhent, 2000). Fluency
development is key during Chall’s (1996) Stage 2mvbhildren are “ungluing from

print,” strengthening their decoding skills so tlway rapidly recognize words and
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quickly move through the text. In this way, writtext is transformed into a form much
like spoken language that can be processed maceeetty (Adams, 1990) and
attentional resources are shifted to higher levet@sses that foster comprehension.

Researchers have consistently demonstrated aveosiirrelation between
reading fluency and comprehension (Pinnell, PikuMkxson, Campbell, Gough, &
Beatty, 1995; Deno, Mirkin, & Chiang, 1982; PikulgkChard, 2005). Two sets of
theories consider different aspects of fluencyxglan why this relationship might exist.
The first perspective is defined by the theorieawtbmaticity (LaBerge & Samuels,
1974) and the verbal efficiency (Perfetti, 1985)ttBmodels focus on the accuracy and
speed aspects of reading fluency and considenthence of faster word recognition on
comprehension. According to these theories, aviddial has a limited amount of
attention, processing, and memory resources totdégaeading and when decoding is
slow and laborious, a majority of these resourcesacused on applying symbol-sound
correspondences and identifying individual wordsisTeaves few cognitive resources to
focus on the meaning of the text being read. A®dieg and word recognition becomes
more automatic and efficient, processing resouaced$reed up to concentrate on
constructing meaning.

Another perspective is that reading comprehensqositively affected by the
improved expression and phrasing that comes wimfi reading. Prosody is a general
linguistic term that describes the rhythmic andaldeatures of spoken language
(Dowhower, 1991), including stress on the differgyitables or words, intonation (i.e.,

the rise and fall of pitch), and duration of pauaed words (Schreiber, 1991). These
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suprasegmental features convey information ab@uplinase structure and focus the
listener’s attention on key features of the sergekli¢ritten text does not contain such
prosodic information and thus, individuals must os@phological, syntactic, and
semantic cues in the text to identify phrasal b@uied (Schreiber, 1991; Young &
Bowers, 1995). Readers can then use these cuegHheotaxt to apply prosodic features
to their oral reading of a passage, often calledirey with expression by educators,
which further enhances their understanding (Dowhip®@91). These cues also appear to
be activated during silent reading to foster corhpnsion at the word, phrase, and
sentence levels (Ashby, 2006). Ascertaining thegddrorganization and syntactic
structure provides a greater level of understandinghat is being read, above and
beyond identifying the meaning of individual wor@snnell et al., 1995). Thus, prosodic
information helps the student parse the text iatgdr units and provides clues about
meaning that facilitate the process of constructinderstanding of the passage.

While both of these perspectives consider theiogiahip between fluent reading
and understanding of the text, neither is cleautinether increased fluency leads to
greater comprehension or whether it is a produahpfoved comprehension. Studies
have shown mixed findings (Kuhn & Stahl, 2003) #rnid likely that for most of
development the relationship is reciprocal, witkeficy and comprehension fostering
each other (Stecker, Roser, & Martinez, 1998; Jenkruchs, van den Broek, Espin, &
Deno, 2003).

Beyond comprehension, fluency is also correlateti pioficiency of a range of

different sublexical and lexical reading skille(j.phonemic awareness, decoding, and
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sight word recognition), as well as higher levelqasses (i.e., vocabulary, passage
context, and metacognition) indicating its intetetiness with multiple skills. In fact,
research into the theoretical underpinnings of $kil has found that reading fluency is
multidimensional and “involves every process angkkill involved in reading” (Wolf &
Katzir-Cohen, 2001, p. 220). This conclusion issistent with connectionist models
such as the four processors model (Adams, 2004¢hvalescribe reading as a complex
process that involves reciprocal input from diffegrsystems. Thus, fluency can be seen
as both an indicator of the functioning of the @llereading system and an essential,
independent feature of skilled reading that ac@ramterface between the medium-
focused, sublexical skills of reading (e.g., phoiteawvareness, alphabetic principle,
decoding, sight word recognition) and the messagedb skills involved in
comprehension (Hudson, Pullen, Lane, & Torgense@92Kuhn & Stahl, 2003).

Empirical Measurement. Empirical definitions of reading fluency typicaldus
on reading accuracy and rate (Dowhower, 1991; 8mmel991; National Institute of
Child Health and Human Development, 2000), ignothgthird observable component,
prosody, as well as the simultaneous developmectmprehension (Samuels, 2007).
This neglect appears to be the result of the difffycof quantifying prosody and
comprehension quickly, particularly in comparisomtords read correctly and rate (see
Daane et al., 2005 for a prosody scale used a®ptre National Assessment of
Educational Progress). Moreover, the proliferabbnesearch on and growing support
for reading curriculum-based measurement (CBM; &kginn, 1989; Fuchs, 2004;

Wayman, Wallace, Wiley, Ticha, & Espin, 2007), whigses words read correctly per
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minute as the key outcome measure of readingglilits further cemented the link
between fluency and the accuracy and rate of eealing.

Some researchers, including Samuels (2007), betimmsody and simultaneous
comprehension are essential features of readiegdluthat differentiate truly fluent
readers who understand what they read from thosermédrely bark at print. Certainly all
of reading fluency cannot be boiled down to pukebrd accuracy and rate; however
these features are arguably key components okting fluency subskill and important
indicators of the overall system’s efficiency, whiacludes prosody and comprehension.
The current research will consider only readingueacy and rate, acknowledging that
this is a relevant, yet limited perspective of thenplex phenomenon of reading fluency.
The key outcome variables of this study are peeggnof words read accurately
(accuracy) and the number of words read corre@tyninute. In acknowledgement that
prosody and comprehension are not being considgredatter measure will be called
accurate reading rate and not fluency, as is dftertase in the research literature.
Reading Fluency Interventions

Given a comprehensive definition of reading flueringerventions that support a
variety of different reading subskills are liketyhave a positive impact on fluency (Wolf
& Katzir-Cohen, 2001, Hudson, Pullen, Lane, & Targen, 2009). However,
interventions targeted specifically to promote regdluency typically foster the
accuracy and speed of word recognition in cont#tat follows is a description of four

key types of effective reading fluency intervensdhat will be used in the current study.
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Contingent Reinforcement.Since Edward Throndike and B.F. Skinner, the
forefathers of behaviorism first studied it, opéreonditioning has been used to modify
the behavior of various organisms, including humdihe key principal of this type of
conditioning is that a behavior is maintained amélated depending on the
environmental consequences elicited by the behaRiginforcers are consequences that
increase the frequency of a behavior, while pungiisiare consequences that decrease
the frequency of the behavior. A reward is an itbat is believed to reinforce behavior
based on its assumed desirability. It may be ailtdengem, such as a toy or piece of
candy, a desired activity, such as time playing@igames or lunch with the teacher, or
removal of an undesirable condition, such as bgimgnded. The relative desirability
and thus motivating quality of a reward can beeased by allowing the individual to
choice from a menu of options (Kern et al., 1998).

Typical procedures for using contingent reinforcatr(er contingent reward)
with reading fluency involve setting a specificatjfor performance (e.g., read 70 words
correctly per minute, read 10% more words corrgodilyminute than baseline) and if the
student achieves the goal, he is given accessaward. Contingent reinforcement is not
a method of instruction, but the opportunity toesincentives increases student
motivation to accurately perform the behavior aficern. The desired behavior may be
learning an academic stimulus-response contingéngy being able to correctly read
sight words) or increasing the presentation rai@ pfeviously acquired, but infrequently
performed skill (e.g., demonstrating a rapid rdtaazurate reading). Thus, with respect

to increasing reading fluency, contingent reinfoneat by itself works best for students
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who have mastered decoding and have relativelyratsbut slow, automatic word
recognition (Haring & Eaton, 1978).

Overwhelmingly, studies have found positive effdotsincorporating incentives
into the teaching of reading skills (Staats, Minkmley, Wolf & Brooks, 1964;
Billingsley, 1977) including sight word acquisitigpeVries & Feldman, 1983), reading
rate (Lovitt, Eaton, Kirkwood, & Pelander 1971)dareading comprehension (Allyon &
Roberts, 1974). Further, focusing a student’s &itirron increasing the speed of his
reading, as occurs by offering a reward for aclmig\a rate goal, does not have a negative
effect on his comprehension of what is read (Reb&Emith, 1980; Hudson et al.,
2009). Adding a reward component to modeling arattre also improves the
effectiveness of these instructional methods foraasing reading fluency (Noell et al.,
1998). Moreover, generalization of fluency gair@ran instructed passage to a novel
one is improved by offering a reward (Daly, BonifigIMattson, Persampieri, &
Foreman-Yates, 2005). In sum, contingent reinfoex@nor reward is a simple, yet
powerful instructional component that can be useidiprove a student’s reading
fluency.

Repeated ReadingOne of the most widely studied methods for impngvi
reading fluency is repeated reading (RR). The hasicedure involves having the
student read the same piece of connected textpiautimes to build fluency (Samuels,
1979). Variations include: whether the student sdhé passage a fixed number of times
(often 3 or 4; Moyer, 1982; Rashotte & Torgens&85) or until a particular rate criteria

is obtained (Samuels, 1979); having the studett oeally or silently (Rose, 1984);
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cueing the student to focus on speed or comprete&'Shea, Sindelar, & O’Shea,
1985); and, providing feedback, sometimes througbplgng, on reading speed or errors
(Meyer & Felton, 1999). The basic RR procedurealan be enhanced by adding
instructional components such as pre-reading iostn, error correction, and modeling
while the student reads (i.e., choral or prosodylirgg; Schreiber, 1980) or before (Rose,
1984). This latter type of previewing has evolvetbian independent intervention called
listening passage preview, which is described below

The RR procedure was first presented in the etutliterature by Samuels
(1979) as a way to foster automatic word recogmiind comprehension. Through
repetition of the passage, the relationship betvieenvritten letters and words and their
phonological equivalents can be strengthened,treguh stronger stimulus control.
Furthermore, the repetitions produce an increasieeiispeed of accurate reading and
reveal metalinguistic features such as prosodysgnthx (Schreiber, 1980; Moyer,
1982). The rapid availability of these features tten work together to foster
comprehension of the passage. Thus, when word méemgbecomes automatic an
individual’s limited cognitive resources can be o@d to understanding the text, instead
of expending processing effort on decoding (LaB&dgamuels, 1974).

Reviews of the RR literature demonstrate thatitiiexvention promotes many
positive outcomes for normally developing studeasswell as those with learning
disabilities and adult learners (Therrien, 2004. lias been shown to produce gains in
reading speed and accurate rate on individual gassand promote reading fluency more

generally, the primary goals of this method. Inthista-analysis, Therrien (2004) found
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that RR had a moderate-large impact on readingoathe practiced text (Cohends
mean effect size = 0.83) and that rate improvemgeneralized to novel passages to a
moderate extentl(= 0.50). Generalization of rate gains are a lessistent finding in

RR studies and appear more likely when there isneldd implementation of RR or when
there is a high percentage of content overlapemitiacticed and unpracticed passages
(Rashotte & Torgensen, 1985; Ardoin, McCall, & Kiilk, 2007).

Consistent with the noted link between fluency eachprehension, studies have
generally found an increase in comprehension séonesponse to RR (Dowhower,
1987; O’Shea, Sindelar, & O’'Shea, 1985). In consigdethe research base as a whole,
Therrien (2004) found that, while smaller thanetfect on rate, RR also has a positive
impact on reading comprehension. Not surprisinijlg,average effect size for practiced
passages is largett € 0.75) than the average generalized effect tenoassages(=
0.25). It is interesting to note that the majoafycomprehension gains occur after three
readings (Therrien, 2004), so an RR procedure stingiof three repetitions appears to
be the most efficient option for promoting undemnsiiag.

Many authors note that the RR may increase stnuggéaders’ motivation to
read because they are able to have more succagsfalctions with reading and enjoy
the repetitive nature of this technique (Choms®7 8 Samuels, 1979; Moyer, 1982;
Rashotte & Torgensen, 1985). The improved percemioeading and the increased time
spent reading provided by RR may also combat sdrtteemegative outcomes for
struggling readers predicted by the Matthew’s ¢ft8tanovich, 1986; Kuhn & Stahl,

2003).
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Listening Passage PreviewOften linked with RR, listening passage preview
(LPP; Daly & Martens, 1994) provides additionaltrastional support by having the text
modeled to the student before she is asked toiteadmetimes called assisted reading
(Dowhower, 1987) or listening while reading (Rakind990), during this intervention
the student follows along silently, as indicatedslaeeping his finger under the text,
while listening to a fluent reading of the passagee student then reads the text orally
one or more times to practice her reading. In iteealture, fluent models have been
provided by audio recordings (e.g., Dowhower, 198#)It instructors (e.g., Rose, 1984),
and peer tutors (e.g., Eldredge, 1990).

When the student reads silently along with the rmske is able to connect an
accurate reading of the passage with the worde@pdge. Some have hypothesized that
modeling fluent reading provides the student witfuale of the rate the passage should
be read (e.g., Cunningham, 1979), but varying #éibe of the model does not result in
differences in the student’s subsequent readirgg madicating that speed of reading is
not the key feature attended to by the studennf&ki Adamson, Woodward, Jackson,
Atchison, & Mims, 1993). Instead, when studentehsto reading rates that are only
somewhat faster than their current rate (Schrell®#80, in Meyer & Felton, 1999), they
exhibit improved word accuracy, suggesting that eliod primes the orthographic and
phonological processors by providing the child ppartunity to reinforce the connection
between the visual form of the words and the copsmnunciation (Skinner, Logan,
Robinson, & Robinson, 1997). Further, it seemdyikieat hearing the words being read

cues the child’s brain/neurological pathways to enguickly come up with the correct
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words when they have the opportunity to read tresage on their own (Forbach,
Stanners, & Hochhaus, 1974).

LPP has been the subject of less independentrobsaad is often grouped into
reviews of RR (e.g., National Institute of Childaikn and Human Development, 2000;
Therrien, 2004). Comparisons between the two prnaescthave been mixed. While some
studies have found higher accurate reading ratdsHB (Rose, 1984; Rose & Sherry,
1984; Daly & Martens, 1994), others have found igaificant differences in the gains
(Rasinski, 1990; Dowhower, 1987). This lack of bust finding in terms of an increased
reading rate with LPP may be because this procddaters increased accuracy instead
of explicitly addressing rate. As a result, anyngaiwords read correctly per minute is
due more to a greater number of accurate wordsrtttae words read per minute
(Skinner et al., 1997). Moreover, LPP seems to Heteer results with struggling readers
than normally developing students (Dowhower, 198Hn & Stahl, 2003). Students
with reading deficits may benefit more from the dxagis on accuracy provided by LPP
than peers who already have well developed decadmategies and are working on
increasing their reading rate.

Students’ comprehension for a given passage ineseafter it is presented using
LPP at a level that is consistent with RR (Dowhqwé&87; Kuhn & Stahl, 2003). Some
of this improvement may be the result of improvetaem reading prosody and the
student’s ability to parse text into meaningful gges (Schreiber, 1980; Kuhn & Stahl,
2003). Further, during the passage preview studmEmtsoncentrate on understanding the

text since they are using fewer cognitive resoutcetecode (Hale, Skinner, Winn,
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Oliver, & Allin, 2005). There has been relativeitglé study of LPP’s influence on
generalized comprehension, but the effect appedre smalld = .10; Therrien, 2004).

Error Correction. In this intervention, the student is given correefeedback
by a tutor about word pronunciation errors or omoiss he makes during oral reading.
The aim of this method is to improve a student&lneg accuracy by providing
instruction on the words that he fails to read ectty. Once again, multiple variations of
this method have been described in the literaioene alternatives include: whether the
tutor says the correct word (i.e., word supplypmvides cues to help the student figure
out the word (i.e., phonic analysis; for compars®see Rose, McEntire, & Dowdy,
1982); providing the correct word during readingmediately after the error, and/or
reviewing and practicing the words after the studempletes the passage (see Singh,
Winton, & Singh, 1985; O’Shea, Munson, & O’'Shea84p whether the student re-reads
the word, the phrase or the sentence in whichrttoe word is embedded for repeated
practice (see Singh, 1990; O’'Shea et al., 1984);the number of times the student must
repeat the corrected text (typically 1-3 times; ®®hea et al., 1984; Singh & Singh,
1986).

Like LPP, the focus of error correction is on imyng students’ accuracy
through the provision of a model of correct proriation. Error correction is more
individualized and efficient because it identiftese specific words that the student
cannot read automatically and helps him learn toect his errors. Moreover, in drill
techniques, such as phrase drill (O’'Shea et a4}l $tudents must repeat the corrected

word or phrase in which it is embedded multiplegsnwhich allows the orthographic
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and phonological processors to strengthen thegaktip between the visual
representation of the word and the correct respaithén the context of the passage.
Drill can also be seen as a type of overcorredtian may establish a negative
reinforcement contingency that encourages the atzuesponse the next time the word
is encountered because the student finds therejpdititions somewhat aversive and
wants to avoid them (Begeny, Daly, & Valleley, 2D06

Goodman (1973) has expressed concern that wordysuygere the tutor
provides the correct pronunciation immediatelyratite student makes the error, has a
negative effect on reading comprehension becadseuses that student’s effort on
accuracy and the corrections disrupt the studattiéntion to the content of what is being
read. Allington (1983) also states that this methmay cause students to become overly
reliant on external correction, preventing thenmfri@arning to self-monitor. In fact,
error correction has been found to have a poséifect on both accurate rate and
comprehension, perhaps because the student isodbleus processing resources on
understanding the text instead of decoding (Pamc& oy, 1988). Also, providing
feedback on every error the student makes lealigter accuracy and better
comprehension than correction only for errors #ifgct meaning, which is
recommended by whole word advocates, like Goodméren students read with higher
accuracy they are better able to monitor the camfwhat they are reading and are more
likely to self-correct (Leslie & Osol, 1978; Singhal., 1985). So, in addition to
accuracy, external correction may also have aigesiffect on self-monitoring and self-

correction; however more research on this topresded.
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Error correction procedures have been shown teauwgpthe oral reading
outcomes of students with learning disabilitieg.(ePany & McCoy, 1988) and mental
retardation (e.g., Singh et al., 1985), as webtagr struggling readers (e.g., Jones &
Wickstrom, 2000). While a comprehensive reviewrobecorrection has not been
conducted, one consistent finding is that drill @adticularly drill practice within a
segment of the text, leads to superior readingracguhan individual word supply alone
(O’Shea et al., 1984; Jenkins, Larson, & Fleisth®B83). There have been mixed findings
regarding the relative effectiveness of phonetangsting (e.g., providing the first sound)
versus word supply techniques and immediate vetslayed feedback (Barbetta,
Heward, & Bradley, 1993; Singh & Singh, 1985; BataeHeward, Bradley, & Miller,
1994). The contradictory findings may be a restififferences in the studies’
participants’ learning histories and disability gl@ses and the context of the error
correction. While phonetic prompting may be morefukto students still learning to
decode, providing the correct pronunciation ofvtmle word is a more efficient method
for those who struggle more with fluency. Furthibe preferable drill method provides
immediate feedback when the student makes an éubalso provides delayed practice.
Given all these factors, the phrase drill technjquigich includes immediate word supply
and drill of short segments of the text (O’'Shealgt1984) is one of the more effective
and efficient form of error correction for studebtslding reading fluency.

Targeting Reading Interventions
While many interventions show general effectivenfes improving students’

reading skills, they are most successful when thaich the individual needs of the
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student (Daly, Lentz, & Boyer, 1996). Fuchs andisu@ 986) proposed that
instructionally relevant data are derived from nueas that are direct, idiographic,
repeated, and ecologically sensitive. Two key a&sBeat frameworks that meet these
criteria and are becoming increasingly more prewdlethe schools (Shapiro, Angello,
& Eckert, 2004) are curriculum-based measuremeBMCand curriculum-based
assessment (CBA).

Curriculum-Based Measurement.Perhaps the most popular and well-studied
method of instructional decision-making is CBM ([0et985; Fuchs, 2004). The
purpose of CBM is to obtain relevant informatiormaba student’s academic abilities by
systematically measuring her responses on curricodgerials. Most often outcome
measures are in the form of a rate, or number wécbresponses over a given time
period, such as the number of words read correettyninute that is used to evaluate
reading fluency. These simple measures have bega fio be an indicator of overall
ability in the skill area of concern, with a pauiiarly strong research base in the area of
reading achievement (Fuchs, Fuchs, Hosp, & JenRD®]; Reschly, Busch, Betts,
Deno, & Long, 2009). CBM data are also sensitiveitange, allowing for repeated
measures and the ability to monitor an individuaksl growth over time (Deno,
Marston & Tindal, 1985-1986; Deno, 2002). Moreoveis possible to determine
whether progress is being made in response tait&in or if curricular changes are
necessary.

A student’s CBM performance can also be comparedrtorm group to

determine whether she is performing at the expdetesl. To aid such instructional
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decision-making, Hasbrouck and Tindal (2006) havaliphed an extensive set of
national normative data on students’ oral readingnicy rates. Their paper provides the
average words read correctly per minute for vargergentile ranks at the fall, winter,
and spring benchmarks for students in grades L¢fiwr@. Educators can compare a
student’s performance to these national norms atuate her relative standing compared
to grade level peers and determine whether additiotervention is necessary.

CBM is a monitoring tool that can be used to deteemvhether an individual
student needs remedial help and to evaluate tlheessiof a chosen intervention.
However, additional strategies are needed to matehventions to an individual
student’s needs.

Curriculum-Based AssessmentOne dimension of instruction that can easily be
individualized is the curricular material that iepented. Curriculum-based assessment
(CBA; Gickling & Thompson, 1985) involves havingetbtudent attempt academic tasks
that vary based on their level of difficulty or timstructional objectives they address in
order to determine the appropriate content foruasion. Based on Vygotsky’s zone of
proximal development, Betts (1946) hypothesized fitvaevery skill there is an optimal
level of task difficulty that promotes learning kmo as the instructional level. If the task
contains too much new material, it will be at thestration level and too difficult for the
individual to make growth. Conversely, a task atititdependent level contains a large
percentage of known material and while it is easyttie individual to complete, little

new learning occurs.
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Gickling and Thompson (1985) hypothesized the utstonal level for reading
connected text was that on which the student detraias 93% to 97% accuracy, while
for drill tasks, such as sight word recognitiorglpg, or math facts a 70% to 85% rate
of accuracy was necessary. Thus, by testing amstisdeccuracy at different levels of
difficulty (e.g., grade levels) it is possible tetdrmine that at which one an optimal level
of skill learning will occur. Research has demaetst that both CBA and CBM result in
reliable data that lead to improved student legiiBurns, Tucker, Frame, Foley, &
Hauser, 2000; Burns, 2007; Fuchs, Fuchs, Hamle@/linnery, 1991; Marston, 1989).

While these curriculum-based methods allow evalsatmdecide what content to
teach and provide a means for evaluating interoargifectiveness, other methods must
be used to determirf@wto best teach an individual child. The brief expental
analysis (BEA) procedure allows educators to testfffectiveness of different
interventions in order to determine how to bestltean individual student.

Brief Experimental Analysis

Empirical evaluation of a student’s response téed#t interventions can be used
to individualize instruction. Brief experimentalaysis (BEA) is a technique devised to
help identify intervention components that increassamprove desired academic
behaviors (Daly, Martens, Dool & Hintze, 1998; Dal§artens, Hamler, Dool, & Eckert,
1999; Jones & Wickstrom, 2002). The basic philosogliding BEA is that by using a
single-subject, alternating treatment design, aresystematically test a student’s
performance under different intervention conditicdemparisons can then be made

across conditions to determine which interventeadk to the greatest increase in
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accurate academic responding over a non-interuebtseline level. This testing of
alternatives can occur over a short period of tsmen effective intervention can be
implemented quickly once a need has been identified

BEA is derived from the methods of functional aisédya behavior analysis
technique that is used to experimentally test hHygses about the antecedents and
consequences that evoke and maintain certain baisg@one, 1997). McComas,
Wacker, Cooper, Asmus, Richman, and Stoner (199@)pteted the first study of BEA
that examined how different intervention conditiafifected academic behaviors. Using
a multielement design, the researchers compareeffibet of individual and combined
instructional strategies on individual studentgreot spelling and reading
comprehension. For each student, the researchard fine intervention or a
combination of interventions that increased aceuagademic responding.

Additional research has expanded BEA as a modelddressing academic
performance problems (Daly, Witt, Martens & Dod9¥; Jones & Wickstrom,
2002).While the BEA framework can be used to eualir@terventions across a range of
academic areas, the majority of the research hars d@nducted using oral reading
fluency (Daly et al., 1999; Eckert, Ardoin, Daly,Martens, 2002; Noell, Freeland, Witt
& Gansle, 2001). Recent extensions of BEA incluglgliaation to math instruction
(Carson & Eckert, 2003) and using it to select appate reading interventions for
parent tutoring (Gortmaker, Daly, McCurdy, Persamipi& Hergenrader, 2007), small
groups of students (Bonfiglio, Daly, PersampieriA&dersen, 2006), and English

language learners (Mallory, Gilbertson & MaxfieRf)07).
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BEA procedures A number of procedural variations of BEA are prease the
literature (e.g., Daly et al., 1998; Eckert, ArddDuisey, & Scarola, 2000; Gortmaker et
al., 2007; Noell et al., 2001). Most vary in theywthe tested treatments are combined
and ordered (Daly, Andersen, Gortmaker, & Turnef6), the number of times an
intervention is tested, and whether a no treatr(tsageline) condition (e.g., Daly et al.,
1999) or the treatment that produced the lowestahtesponding (e.g., Jones &
Wickstrom, 2002) is reapplied to confirm the effeehess of the “best” treatment.
However, the essential features of a single-subjecttielement treatment design that
includes a reversal remain consistent across them.

The BEA procedure can be broken down into threeskeps: 1) collecting pre-
intervention baseline data, 2) testing the studeneSponse to different interventions, and
3) confirming the intervention effectiveness (tyadlg through a no intervention-
intervention reversal). This entire process caddee in a single session or over multiple
sessions, depending on the extensiveness of the B&#ever, typically each session
lasts between 15 to 20 minutes (Daly et al., 2@02) a limited number of intervention
conditions should be administered during a singlsi®n in order to reduce the effect of
fatigue on the student’s performance (Daly et1#199).

When reading fluency is the focus of the BEA, a banof short reading
passages from the reading level in which the stuidesurrently being instructed must be
selected before the experimental procedure be@ieseric, grade-leveled progress
monitoring probes (e.g., those from AIMSweb [EdFation, 2005] or DIBELS progress

monitoring systems [Good & Kaminski, 2002]) arecad®metimes used.
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The first step in conducting a BEA is collectingpntervention baseline data on
the outcome of concern. This may be done by githegstudent a single probe for
efficiency or multiple probes to help control fbletimpact of measurement error on a
single passage.CBM provides an ideal measurementhiat can be used for BEA,
particularly oral reading rate and accuracy foreatng reading fluency. During the
first, baseline condition the examiner asks thé&ddioi read one or more passages aloud
and records his oral reading rates from the firisiute (i.e., the number of words read
correctly per minute [WCPM] and the number of esrper minute).

In the second step of the experimental procefeyelnt treatments are attempted
to determine which one leads to the greatest isereaacademic responding (i.e.,
WCPM) over baseline levels. There is no prescritngmber or list of interventions that
should be attempted, but some frequently includeednnaddressing fluency concerns are
those described above, including: contingent rewlaoditt, Eaton, Kirkwood, &
Pelander, 1971), repeated reading (Rashotte & $orgel 985; Rose, 1984), listening
passage preview (Daly & Martens, 1994), phraséetribr correction (O’'Shea, Munson,
& O’Shea, 1984), and easier material (Daly, Martéqbner, & Massie, 1996). The
particular treatments selected for testing by atgraner will vary based on the
perceived needs of the student and the schoolitabl@resources. While interventions
may be tested individually, they can also be comito create more comprehensive
treatment packages that may have stronger effadtsféen more closely resemble

classroom instruction (Daly et al., 2006).
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It is typically recommended that the attemptedrirgations be sequenced
hierarchically from least intensive (e.g., proviglia contingent reward) to most intensive
(e.g., combined treatments or those that inclugiiag) the curriculum for the individual
student) by adding components to the treatmentgupeckn each successive condition
(e.g., Daly et al., 1999; 2002; VanAuken, Chafos)dzradley, & Martens, 2002).
Another option is to start with the most comprelensreatment package and dismantle
it by removing intervention components across tneait conditions (Daly, Persampieri,
McCurdy, & Gortmaker, 2005). The goal of orderingerventions hierarchically is to
select the most simple intervention that improvesdamic responding (Daly et al., 1999;
Daly et al., 2006; Harding et al., 1994). Practicat is assumed that interventions that
require less adult assistance are preferable betheg are easier to implement and, thus,
more likely to be carried out in the classroom (Detl al., 1999). Additionally, children
benefit from less intensive interventions thatetifbnly minimally from the desired
academic behavior (e.g., independent reading) barsdide assumption that the more
similar the treatment condition is to the actualimmment, the more likely benefits will
generalize (Daly et al., 2006).

During the intervention testing phase of BEA, eaeltment is applied to a
single, novel passage. The effectiveness of tleviahtion is usually assessed based on
the student’s reading rate during his final readifhthe instructional passage (i.e., after
the intervention has been applied). After a treatrh@s been attempted, the WCPM and
errors on the passage are recorded, typicallygirmphic format, and compared to

baseline performance to examine the impact ofritervention on fluency.
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Administration of subsequent interventions contgugtil one intervention causes a
meaningful improvement in reading fluency over tiasdevels.

There is no objective rule that states how largedifference in fluency rate
between the intervention condition and the basaloralition must be for the treatment to
be considered effective. Noell and associates (R0€4 the standard of a 20% increase
over baseline to establish effectiveness. Howeverpportional criterion may not be
appropriate for all students. In particular, a stutdvho is only slightly below the norm
may not make up this difference, particularly isirgle performance. A raw number
criterion such as an improvement of 20 WCPM may alst be useful because a
student’s baseline reading level affects the amotigtowth that can be expected under
optimal conditions. For example, while a 20 WCPNhga possible for children reading
at a relatively high level (e.g., 75 WCPM), it wdude an unreasonable expectation for
children beginning at a low level (e.g., 25 WCPMilYet al., 1999). To empirically
address this issue, Burns and Wagner (2008) usttanalytic procedures to investigate
the percent of growth and number of WCPM over lasgiresent for effective
intervention conditions within published BEA stusli@hey found an average growth of
73% and an average increase in fluency of 30.19 W@mRd suggested that these values
might serve as criteria for determining an effeiintervention. However, these values
are averages that may not be appropriate for emdiyidual student as a result of the
concerns discussed above. Thus, to avoid thesesisBaly and colleagues (1998)
defined an effective intervention as one that cdtaeclearly visible difference in

performance relative to baseline and other treatmm@mditions” (p. 211). While
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somewhat vague and subjective, this rule may Hecmuft for making judgments of
efficacy until more objective criteria, perhaps eegent upon the student’s baseline
fluency rates, are devised.

Once an apparently effective treatment conditias lbeen identified based on
achieving the selected criteria, the final phasthefBEA is conducted to finalize the
intervention selection. A mini-reversal or retegtwof the intervention’s impact confirms
that the observed improvement is due to the intéirwe and not to the relative difficulty
of the passage or measurement error, conditionshwdre more likely when a single
passage is used to judge efficacy. The mini-reVemssists of administering a
baseline/no intervention condition followed by aadministration of the intervention that
led to the largest gain on novel passages. A &pbic of results (i.e., a return to a lower
accurate rate during the baseline condition anichéas level of increase when the
intervention is re-administered) demonstrates tthaintervention reliably improves
performance. If a reversal does not replicatenital findings (i.e., the intervention does
not result in a replicable increase in rate), thérer interventions are administered until
another demonstrates a significant increase ineawadresponding, at which point
another mini-reversal is conducted. The treatmentition that causes a notable increase
in academic responding during both the initial agistration and the mini-reversal is
considered effective for the individual studenin@® & Wickstrom, 2002). This
intervention is then selected for long-term appiaato address the student’s learning
needs, while being continually monitored to ensifectiveness (Wilber & Cushman,

2006).

44



In sum, through the BEA procedure an effectivejiiadialized intervention
strategy is identified by determining which treatrheondition leads to the greatest,
replicable increase in reading fluency over baselate. BEA has been the subject of
much recent research within the field of educatipsgchology and the following
section describes key conclusions drawn from #&search.

Empirical findings. The research literature consistently supportsitieeof BEA
as an effective and efficient method for identity@ppropriate fluency interventions for
individual students. Multiple studies have foundttthrough BEA it was possible to
identify at least one intervention that improveddiag fluency to such an extent that it
was considered effective for all students testemly([Bt al., 1998, 1999; Eckert et al.,
2000, 2002; Fontanni-Axelrod, 2006; Noell et a002; Jones & Wickstrom, 2002;
Wagner, McComas, Bollman & Holton, 2006; Wilber &ghman, 2006). While such
results are promising, it may not always be posdibldetermine the optimal treatment
for all individuals using BEA (Daly et al., 1999 such cases, BEA can help rule out
ineffective treatments (Daly et al., 1999), bueatended analysis of potential treatments
may be warranted to help discriminate the mostéffe intervention for the student
(Daly et al., 2002).

Another consistent finding is that interventioneetiveness varies between
individuals with the same apparent fluency prob(@aly et al., 1998, 1999; Eckert et
al., 2000, 2002; Fontanni-Axelrod, 2006; Noell ket 2001; Jones & Wickstrom, 2002).
In other words, different interventions resultedhie greatest improvement in fluency for

different children dependent on their individuadtimictional needs. Furthermore, it is not
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always the case that more intensive interventiead to greater increases in fluency or
even the maintenance of gains seen during lesssinteconditions.

Extended analysesln order to determine how well the findings of ba@alyses
correspond to those of more typical, long-term expental procedures, their results
have been compared to those of extended analyisetings generally confirm the
intervention selected through BEA. Despite theafsanly a few data points in decision
making, the effects of the best treatments selactety BEA are stable over time as
indicated by treatment fluency averages consisténgher than baseline averages in the
extended analysis (Daly et al., 2002; Fontanni-£oal2006; Jones & Wickstrom,
2002). Moreover, extended analysis confirms thesif@ation of interventions as either
effective or ineffective 83% of the time (Noellat, 2001). However, the difference in
reading fluency scores between the most and |&astige intervention conditions
diminished over an extended implementation (VanAugieal., 2002), indicating that
while BEA may be a good predictor of initial relaieffectiveness, it is less predictive
over time. As a student’s skill level improves da¢he implementation of the effective
intervention, it would be expected that their instronal needs would change and the
selected intervention would no longer improve aocaideesponding. Thus, BEA may
need to be re-administered after a period of tionetestablish the most appropriate
intervention (VanAuken et al., 2002). Overall, thelings of BEA tend to match those of
more extended analyses and offer treatment uiilitirat they contribute to beneficial

treatment outcomes (Hayes, Nelson, & Jarrett, 1987)
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Learning Hierarchy/Instructional Hierarchy

The learning hierarchyl/instructional hierarchy (lt/Haring & Eaton, 1978)
framework presents a four stage learning sequemtenatched interventions that foster
progression through each stage. Initially nameddhming hierarchy by the original
authors and called an instructional hierarchy lbgrleesearchers (e.g., Daly, Lentz, &
Boyer, 1996) | will use the term “LH/IH” in ordeo tacknowledge the two components of
this framework. BEA researchers often use the LH{#-h basis to select interventions to
be tested (Daly et al., 1997, 1998; Jones & Wickstr2002; Wilber & Cushman, 2006)
and the assumed link between these two hierarehtbee focus of the current study.

The LH/IH falls broadly within the behaviorist ppective of learning and guides
instructional efforts with the goal of promotingnstilus control (e.g., linking
letters/written words with their phonological repeatation) and skill generalization
(Ardoin & Daly, 2007). This framework proposes tttad learning of any skill progresses
through four increasingly complex stages of develept (earning hierarchy and that
different instructional methods foster developmegrgach stagenstructional
hierarchy).

The learning hierarchy was described by Haring EBaiwn (1978) after
considering how students learn different acadekiltssThe first stageacquisition lasts
from the time the individual first attempts thelkuntil he learns how to perform it with
relatively high accuracy. It was hypothesized 8G#o to 100% accuracy was necessary
before the student began transitioning intofthency building/proficiencgtage. During

this second stage, referred to in this paper a%ttodiciency stage,” the individual
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practices the behavior until he can accuratelygoeriit at the speed needed to effectively
use it. Finally, in thgyeneralizationrandapplication/adaptatiorphases the individual
learns to produce the skill in different contextsl anodify it to solve problems in novel
situations, respectively.

As depicted in Table 1, matched to the four stagelse learning hierarchy are
different instructional methods which are hypothedito provide the type of practice
necessary to support the advancement of learniagcht stage; this heuristic is known as
the instructional hierarchy (IH; Daly, Lentz, & Bery 1996). For example, students in the
acquisition stage are learning how to correctlyfqren a skill and thus benefit most from
explicit instructional techniques, such as dematistn and modeling. Thus, listening
passage preview (Daly & Martens, 1994), which imesldemonstration of fluent reading
and error correction techniques such as phradg@iBhea et al., 1984) are interventions
that are beneficial to students at the acquisgtage in demonstrating reading fluency.

Students at the proficiency stage, on the othed heem perform the skill with
adequate accuracy, but need repeated practiceearidrcement to be able to obtain a
rate of fluency that allows them to use the skilaimeaningful way. Multiple exposures
inherent within instructional techniques such geeded reading (Rashotte & Torgensen,
1985) and reinforcement provided by reward fordapading (Lovitt, Eaton, Kirkwood,
& Pelander, 1971) or performance feedback (Eckarhn & Ardoin, 2006) help foster
growth within the proficiency stage.

Students in the generalization and adaptation ghasebest served by being

asked to use the skill in diverse contexts so taaylearn when to apply the skill and

48



how to use it more broadly. Generalization and tategm can be supported by giving
students multiple opportunities to read passagtsavinigh level of content or word
overlap (Ardoin, Eckert & Cole, 2008).

Table 1

Learning Hierarchy (Figure 2-1 from Haring and Eatal978)

Level Emphasis Strategies
Acquisition accuracy of response Hemonstration
2. models
3. cues

4. routine drill

Fluency or speed 1. repeated novel drills
Proficiency 2. reinforcement
Generalization  novel stimulus 1. discrimination training

2. differentiation training
Adaption adapted response 1. problem solving

2. simulations

Daly, Lentz, and Boyer (1996) consider the typeaaatdemic responding that are
most relevant for measuring progress at the difteseages of the IH/LH. Accuracy (i.e.,
the percentage of responses that are correc® isetyp outcome at the acquisition stage,
while accurate rate (i.e., the number of accurespaonses performed during a given time

period) is important at the proficiency stage. Galization or “displaying a recently
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acquired behavior either in multiple settings othia appropriate context in which the
individual is expected to demonstrate the behaibgdly et al., 1996, p. 375) is
important in the third stage of the IH. Adaptiontioé learned skill in novel situations is
the desired outcome during the final stage, bistiitore difficult to measure and has not
been widely studied.

Daly and colleagues (1996) also demonstrate tleatr&éatment components
provided in the IH show the greatest effectiverfesgmproving reading skills when the
appropriate form of academic responding is useahasutcome measure. For example,
self-monitoring, which includes a modeling compararggested for the acquisition
stage, improved sight word accuracy, but the aolditif contingent reinforcement (a
proficiency stage strategy) provided no additidmexefit to accuracy (Lalli & Shapiro,
1990). However, reinforcement increases oral repdites (Lovitt et al., 1971), which is
consistent with what would be predicted by the HH#hodel since reinforcement is a
proficiency intervention component and rate isrttegched form of academic responding
during this stage. Thus, in addition to providinguade of skill development and
suggesting treatment components that foster graittach of the stages, the LH/IH
implies the relevant forms of academic respondirag should be used to evaluate
intervention effectiveness at each stage.

The LH/IH model provides a useful framework forntié/ing effective
intervention components based on individual studeetds and implies relevant forms of
academic responding for each stage of the lealmargrchy. Students’ pre-intervention

level of accuracy and accurate rate indicate the tf intervention that is most likely to
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be successful. Consistent with contentions of tH4H., individuals with lower accuracy
and rate scores demonstrate improvement in respgomsere intensive, acquisition
interventions, while those with high accuracy, lowt rate scores respond best to
proficiency interventions (Chafouleas, Martens, Bah Weinstein, & Gardner, 2004;
Burns, Codding, Boice, & Lukito, 2010). Further cerstudents’ reading accuracy was
improved using an acquisition stage interventibeytdemonstrated a greater increase in
reading rate in response to a proficiency inteneentParker & Burns, in press).These
applications of the LH/IH to predict interventiofiextiveness were found in the areas of
reading (Chafouleas et al., 2004; Parker & Bummgress) and math (Burns et al., 2010),
supporting the validity of a skill-by-treatmenteénaction.

There have been some efforts to integrate the Liiflélan instructional decision
making approach (Daly, Chafouleas, & Skinner, 2@&mns, Christ, Boice, &
Szadokierski, 2009), but there is currently limigdpirical evidence regarding
identification of the LH stage at which a studenturrently performing. Haring and
Eaton (1978) suggest that students remain at tpgisatton stage until they perform a
skill with 90% or greater accuracy, at which tirhe primary focus of learning shifts to
the proficiency stage. The lower bound of the ingional level for reading (i.e., 93%;
Gickling & Thompson, 1985) has also been suggessesth accuracy cut score for
differentiating performance at the acquisition osficiency stages (Burns et al., 2009;
Parker & Burns, in press). Alternatively, Daly, @taeas and Skinner (2005) have

proposed subjectively evaluating whether a stutisrds to struggle more with accurate
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performance or rate of accurate performance aop#neir instructional decision-
making framework.
Present Study

While BEA is an effective method for selectingantentions that improve
academic responding, it would be useful for prawtérs to have a guideline that would
predict intervention effectiveness without requirtesting. Evidence of a skill-by-
treatment effect (Burns, Codding, Boice, & Lukig®10; Chafouleas, Martens, Dobson,
Weinstein, & Gardner, 2004) indicates that the lEH¢buld provide a useful framework
selecting a matched intervention based on a stisdeuntrent skill performance.

By taking advantage of the assumed links betwestnuctional strategies and the
stages of the LH, it is possible to use BEA techagto deduce where a student falls in
the learning sequence for the particular skill.t8sting interventions that include
strategies on the IH and determining which is nedigictive, the LH stage at which a
student is currently performing can be inferredn§ideration of baseline characteristics
of groups of students that are identified as perfog at the acquisition or proficiency
stages of development based on their intervengepanse can be used to evaluate the
validity of the LH as a description of reading fhoy growth. The links between the LH
and IH would also be confirmed by developmentdkdénces between the two groups of
students. Moreover, indicators of stage membershifd be used to provide guidance on
intervention selection for struggling students.

The goal of the current research is to consider $ioments’ accuracy and

accurate rate when reading grade-level passagasséb whether they are in the
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acquisition or the proficiency stage for oral reapgiluency. Accuracy and rate are two of
the key features of fluent readers and these mesiswe used to effectively evaluate
performance with in the CBA and CBM frameworks éimeugh the BEA procedure.
Moreover, these forms of academic responding akedl to the acquisition and
proficiency stages of the LH and are likely to bédicators of a student’s place within the
LH/IH. However, given the focus of this study omloreading accuracy and rate, the
implications are limited to these two observabkiees of reading fluency and not
necessarily to other components such as prosodg@ngrehension.

In this study, a student’s baseline levels of negdiccuracy and accurate rate are
obtained, followed by implementation of the BEA gedure to evaluate his response to
two intervention packages. One package combinesirgy passage preview and phrase
drill, which include modeling and error correctifM-EC), respectively, instructional
strategies linked with the acquisition stage ofldaning hierarchy. The other
intervention package is composed of repeated rgadid reward (RR-R), which include
the repeated drill practice and reinforcement stjias that are best suited for students in
the proficiency stage of the instructional hiergrch

Students are categorized based on which of thertteovention packages was
found to be most effective and average baselineracg and rate measures of each of
these groups of students are compared. In addiErguse students are from different
grade levels and tested at different times of & yrate data will be turned into a

normalized rate measure. In this case, studensglin@ rate was transformed into z-
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scores that represented how a student’s performaongared to the normative
expectations for grade level and time of year (Hastk & Tindal, 2006).

The research questions guiding this study are:

1. What are the differences in baseline accuracy,aiatienormalized rate among
students for whom only the modeling-error corraetiip-EC) intervention was
effective, those for whom only the repeated readewgard (RR-R) intervention
was effective and those for whom neither or bothevedfective?

2. What is the relationship between intervention difeness status and baseline
accuracy, rate and normalized rate?

3. How well does students’ baseline accuracy andaat®rmalized rate predict M-
EC effectiveness status?

4. How well does students’ baseline accuracy andaat®rmalized rate predict
RR-R effectiveness status?

In addition, the following exploratory questiondivbie asked:

What cut score or range of scores for accuradg, ca a combination of these
measures provides sufficient specificity and serisitto predict whether a student will
benefit from the M-EC intervention or the RR-R imvention?

Based on the theoretical foundations of the LHiHd the relevant empirical
findings presented above, the following resultseaqgected for each of the research
guestions:

1. Itis hypothesized that baseline accuracy percentcrurate rate and

normalized rate averages will be significantly eliint between the two groups.
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Specifically, all will be higher for students whespond better to RR-R intervention
because they are in the more advanced proficigiage sFurther, there will likely be a
greater difference in the accuracy percentagettinate measures based on Haring and
Eaton’s emphasis on accuracy as an indicator @rpss from the acquisition to the
proficiency stage.

In addition it is hypothesized that students whaxdbshow a differential
response to either intervention will fall into ooietwo categories. They may show a
similar response to both interventions and havelbesaccuracy and rate scores between
the other groups indicating that they are transitig from the acquisition stage to the
proficiency stage. Alternatively, they may showlditresponse to either intervention and
baseline scores that are well below those of therdivo groups indicating that they are
still developing more basic reading skills suchphlenics.

2. Itis hypothesized that as baseline accuracy,aiatienormalized rate increase,
the likelihood of responding better to the RR-Reimention will increase because
students are more likely to be further along onlélaening hierarchy. It is unclear
whether both factors together or one individuallf laest account for individual
variability in intervention effectiveness, althoutyjie theoretical framework of the LH/IH
indicates that accuracy should be the best prediatoe it is the measure aligned with
progress in the acquisition stage. On the othedhaccurate rate may provide a better
measure since it includes information both aboaueary and speed of performance,

important factors at both the acquisition and mieficy stages.
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The normalized rate data are predicted to haveager relationship with
effectiveness data than the raw rate data becastsglent’s intervention needs are
hypothesized to be based on how discrepant thelyaregrade-level expectations.
Furthermore, this normalized data controls forgtelents being tested from different
grade levels and at different times of the yeatdia which likely impact accurate
reading rate.

3. lItis hypothesized that accuracy alone will be tidvgoredictor of intervention
effectiveness for students for whom the M-EC intation was effective than rate or
normalized rate. Daly and colleagues (1996) staedccuracy is the form of academic
responding best matched to the acquisition stagehich modeling and error correction
interventions are believed to be the most effective

4. Similarly, it is hypothesized that accurate raté e a better predictor of
intervention effectiveness for students for whom RR-R intervention was effective
based on it being the form of academic respondiatgihed to progress during the
proficiency stage.

Once again, it is expected that normalized ratg Ineaa superior predictor of the
RR-R intervention effectiveness than raw rate datzuse it takes into account
measurement factors that influence reading ratemiay not indicate a student’s learning
process.

Furthermore, it is hypothesized that students wlamguracy is above or near
90% will be more likely to respond to RR-R than NI-Based on Haring and Eaton’s

original description of the LH/IH (1978). The acaay cut score may also be closer to
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93% needed to achieve the instructional level adireg (Gickling & Thompson, 1985) as
noted by Parker & Burns (in press). It is uncle&ether accurate rate will add unique
information to the prediction of which type of inkention students will respond to best,
but it may, based on its link to understanding igrehcy stage development (Daly et al.,

1996) .
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Chapter Ill: Methods

Participants

The participants in this study were 23 second3hthird grade students (32 male
and 23 female) who were nominated by their teach®gruggling readers. The students’
reading skills were confirmed by assessing oralirgpperformance on the first five
passages used in the study. Students who had amreakeline rate above thé"50
percentile for their grade level and time of ydaged on the expectations reported by
Hasbrouck & Tindal, 2006) were eliminated from #tedy. Further, students who read
below 11 WRC/min (16 percentile, Fall second grade; Hasbrouck & Tinga06) on
three of the first five grade level passages wkse @iminated from the study because
they were likely developing a more foundationallgkihonemic awareness, phonics,
etc.). Additional qualifications for participatiavere that the students were native
English speakers and were not receiving speciatatn services for moderate-severe
developmental cognitive delay, autism, or a viglisability due to the possible impact of
these conditions on oral reading fluency. Four sdagrade students (two male and two
female) and two third grade students (both malewemoved from the participant pool
because their baseline reading scores were abevfipercentile and no students were
eliminated due to scores below thé"H@rcentile. In total 49 students participatechie t
full study and only their data were included in lggas.

The participants were enrolled in two public sdristricts in the urban and
suburban areas of a large mid-western city. Stugaricipants came from three

elementary schools and two elementary summer sgiogtams. It should be noted that
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two of the second graders participated during timerser before they started second
grade (although one of these was eliminated froatyaes) and three participated during
the summer after their second grade year. Alsa, dbthe 3 graders participated in the
summer after their third grade year.
Materials

Reading passagesA total of 10 similar second and 10 similar thiqghde reading
passages were needed for the study. Grade levsgeswere selected because there
were expected to be challenging for the studerddeave room for growth in both
accuracy and rate. At the initial stage of passaggection, 13 passages were randomly
drawn from the each of the grade level sets of ANB (EdFormation, 2005) oral
reading fluency monitoring probes. To reduce theabdity in reading results due
passage difficulty, the 10 passages with the muostas readability scores were kept.
Specifically, the lexile scores (Stenner, BurdiSknford, & Burdick, 2007) for each
passage in the grade level sets were convertedantoalized z-scores and those three
passages with the most discrepant scores (i.ethtbe passages with the highest
absolute z-scores) were eliminated. Therefore et@rsd and 10 third grade passages
with similar readability levels of were used inglsitudy.
Measures

Two key variables measured in this study wate, the number of words read
correctly per minute during oral reading fluencgessments, aratcuracy the
percentage of words read correctly of those attechguring oral reading. Rate and

accuracy data were collected during the baselimsbf this study and students’ median
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rate and accuracy on the 10 baseline passageswesiglered the baseline levels of these
variables used in the group analyses examiningethearch questions. Baseline median
scores rather than means were used because matlies are traditionally used to
evaluate CBM oral reading fluency data given thaytlimit the impact of extreme

values on the average (Shinn, 1989).

Rate and accuracy were recorded as students asadges aloud. The examiner
followed along on a separate copy of the passagjeg & stopwatch to track the duration
of reading, and marked down errors and the lastiwead at the end of one minute.
Following Shinn’s (1989) recommendations for curhien-based measurement (CBM),
a word was considered correct if it was pronouracEmirately within 3 seconds.
Mispronunciations, omissions, and substitutionsenmsidered errors. Rate was
calculated by determining the total number of wartsd correctly (WRC) in one minute,
while accuracy was calculated by dividing the nundfecorrect words by the total
number of words attempted in one minute. Whilernatter reliability was not collected in
the current study, previous reviews of this metimaiicated high agreement (above .80)
between different scorers of rate and accuracyndwral reading (Burns, Tucker, Frame,
Foley, & Hauser, 2000; Goffreda & DiPerna, 2010).

Baseline data were collected from second and triede students at different times
of the school year. Due to the typical growth iowate reading rate over these years, the
expectations for students’ rate performance vategknding on the grade level and time
of year the data were collected. For example, Wsill&VRC is at the 0percentile for

fall of second grade, is it just above th& p@rcentile in spring of third grade
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(Hasbrouck and Tindal, 2006).

In order to account for the rate differences dwee, group analyses were also
completed using normalized rate data, where stgtleaseline median rates were
transformed to z-scores describing their discrepémmen grade level and time of year
expectations. The median and standard deviatioesgresented by Hasbrouck and
Tindal (2006) were used to evaluate students’iveatanding. Specifically, the median
words read correct for the matched grade and tingyear was subtracted from the
student’s rate score and the result was dividethbéygorresponding standard deviation.
Z-score computations are typically computed usimgmvalues, but in the present
analysis large sample medians (i.e" $@rcentile) were used. Evaluation of the reported
rates at different percentile values indicated thatsamples presented by Hasbrouck and
Tindal (2006) were close to normally distributedl @hus the means would be similar to
the median values presented.

It should be noted that average median and stdrtiariation scores were used to
calculate z-scores for students tested betweers tohgear provided (e.g., a winter-
spring mean was used for students tested in Ma#d69, students whose data were
collected in the summer after they completed tlaelgmere compared to sprinlf ar 3¢
grade norms since there is typically little growtrer summer vacations (Cooper, Nye,
Charlton, Lindsay, & Greathouse, 1996). Finally tme student tested in the summer
before she begaf@grade was compared to fall"2jrade norms. Because baseline
accuracy was a percentage of words read corréctigs not impacted by time of year in

the same way and thus was not normalized for aeslys
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General Procedures

Participants were solicited by asking teachersetal home informational letters
and consent forms (Appendix A) with students that the qualifications. Those students
whose parents provided consent were considerdatiéastudy, but they were required to
read and sign assent forms (Appendix B) before tirene enrolled in the study.

The study’s design was composed of two partg; tine single-subject evaluation
of intervention package effectiveness, followedabyanalysis of differences between
students who responded best to one or the othawarition package. The single-subject
evaluation was further broken down into the bagetiata collection phase, followed by
the brief experimental analysis (BEA) phase. Ireothiords, participants initially read all
10 grade level passages to establish baselinengeeatie and accuracy. Then a BEA was
completed with each student to determine to whitdrvention they responded best and
thus into which group they should be categorizéaialfy, group analyses of the students’
baseline data were completed.

Students met with an experimenter five times @a2rto 3 week span. The first two
sessions (baseline phase) typically occurred dardiit days during one week and the
last three sessions (BEA phase) occurred on diftetays of the following week.
Occasionally, due to availability restrictions bétstudents or the experimenter, some
sessions occurred on the same day (with a brela&timeen) or there was a more
extended time between sessions. However, the mtaesive BEA intervention sessions
never occurred on the same day and there were feaver than 2 days between the

baseline and BEA phases.
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Data were collected by the primary investigatat achool psychology graduate
students conducting a reading intervention progatione of the elementary schools. All
interactions between the experimenters and paaticigp students occurred at a table in a
quite area within the school, typically an emptgmg the school’s library, or in a quiet
hallway. Sessions lasted between 5 and 35 minatksvare scheduled at a time that
reduced disruption to classroom instruction. Th& tiwo baseline sessions typically
lasted about 10 minutes each, while the last tBEe& sessions usually lasted between 5
and 30 minutes, depending on whether it was anvieiéion session or a shorter reversal
session.

During the first two baseline sessions of the gtstudents were administered the
passages from their respective grade level, whachideen randomly ordered and divided
into two sets of five. The student was asked td esch passage aloud for 1 minute
while the experimenter followed along on a sepacaf®y of the passage, marking down
errors and the last word read after 1 minute ireotd calculate rate and accuracy.
Because learning was not the goal during this pltheeexperimenter did not correct
errors or omissions, but told the student to “gbwhen he hesitated for 3 seconds. More
detailed instructions for baseline sessions cafoted in Appendix C.

The eight passages on which the student’s readieg were the most similar were
used in the BEA phase of the study. Similarity weasluated by transforming each
individual student’s baseline rate data into statidad z-scores and eliminating the two
passages with the largest absolute z-scores. Futtleeeight selected passages were rank

ordered by rate and assigned in an alternatingdiagh the two instructional conditions
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(three passages each) and the reversal condiionp@ssages). Rank ordering the
passages helped control for and minimized the effienitial passage difficulty for an
individual student on outcomes during the BEA phafshe study. In addition, because
all passages used during the BEA phase of the $tadyeen read during the baseline
phase of the study, the repetition was believetaige a similar impact on reading rate
and accuracy across passages.

Intervention Packages

The two intervention packages implemented durdegBEA phase of this study
were created using the Learning Hierarchy/Instamati Hierarchy (LH/IH; Haring &
Eaton, 1978) to identify instructional componenttched to the acquisition and
proficiency stages of learning reading fluency f@#nces in responsiveness to the two
packages were assumed to indicate at which stagelant was functioning.

Apart from the different intervention componerbtse packages were designed to be
as similar as possible to eliminate the effecttbeofactors on the outcome. Specifically,
in each condition, the student was exposed to dlssgge three times (either modeled by
the examiner or read by the student), with rata daasured during the third reading.
Additionally, the first two exposures were longee.( the entire passage read by the
examiner or the student allowed to read for 90 séspand included more words that
typically read during the first minute of the fimalading in order to present the student
with words she might encounter if she read thegges$aster on the final reading. This
limited the impact of unknown or novel words on fimal outcome rate and accuracy

data.
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Modeling-error correction intervention package. The modeling-error correction
(M-EC) intervention package was composed of listgmassage preview (Daly &
Martens, 1994) and the phrase drill error correctimcedure (O’Shea, Munson, &
O’Shea, 1984). The modeling provided during thespge preview and the immediate
feedback included in the error correction procedumged to improve the student’s
reading accuracy, which is the focus of the actjarsistage of the LH.

The M-EC intervention procedure began with theeexpenter modeling fluent
reading of the entire passage by reading it alobitevthe student followed along on
another copy. The student was then asked to regpadsage aloud and when she
incorrectly read or omitted a word or hesitated¥@econds, she was corrected. The
examiner corrected the student by immediatelyriglhier the correct pronunciation of the
word, having her repeat it once and then contieaeing. When the student had read the
passage for 90 seconds she was asked to stopxpéeneenter then pointed out the
error words and the three to five word phraseshiciwvthey were embedded and had the
student repeat each once and three times, resplgctiv

The student was then asked to read the passawa @irhe, while the examiner
recorded rate. Errors were not corrected duringptist-intervention final reading of the
passage and instead the student was told to “gdvore detailed instructions for this
intervention package can be found in Appendix D.

Repeated reading-reward intervention package.The second intervention
package was composed of repeated reading (Raghdttegensen, 1985) and contingent

reward for rapid reading (Lovitt, Eaton, Kirkwoagi Pelander, 1971). These
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interventions included the instructional componearitgractice (through multiple
readings) and reinforcement that aim to increaading rate (without explicitly
addressing accuracy), which is important duringpittgiciency stage of learning.

The repeated reading-reward (RR-R) interventiatkpge began by having the
student read the passage aloud twice for 90 sec@mt® the time criterion was met the
first time, the examiner stopped the student asttusted him to start at the beginning
again. Contrary to what is often the case in tipeaged reading procedure, no feedback
on accuracy was given, so if the student misreadrd she was not corrected and the
examiner responded to hesitations of 3 secondsllygt the student to “go on.” Error
correction was not in order to focus the intervemidn increasing rate, the goal of the
proficiency stage, and not building accuracy.

After the second 90 second reading, the examh@ared the student three tangible
items (i.e., a pencil, a sticker, and a packetuf nacks) and asked him to pick which
one he liked best and would like to try to earne Bxaminer then told the student that if
he read the passage faster than the first timetedad it that day (i.e., met the
examiner’s goal of reading 20% more words correctigne minute than read in the first
minute of the first 90 second reading), he woulchd¢he reward. The examiner recorded
the student’s rate in the first minute of the shitdethird reading of the passage. If the
student successfully met the 20% goal, then hegives the selected tangible reward.
More detailed instructions for this interventiorckage can be found in Appendix E.
Brief Experimental Analysis Phase

A brief experimental analysis (BEA) that tested tivo fluency intervention
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packages was conducted with each student over ¢sbs=gons. During the first two
sessions, each intervention was tested on thrézetit reading passages. The
interventions were administered in an alternatahion (i.e., session 1: ABA; session 2:
BAB) and the intervention that was attempted fivas randomly determined across
participants. During each intervention trial, tiedent’s rate was recorded for the first
minute of the student’s last reading of the passiage after the intervention had been
implemented).

After these two sessions, the effectiveness oirttegvention packages was
evaluated based on the average gain in rate ogenddian baseline level. The
intervention that produced the greatest mediangaite was tested again during the
subsequent reversal session to confirm the effeagiss of this intervention. During the
third BEA session, a baseline, no-intervention agesondition was given where the
student was asked to read a passage a singledimieniinute with no error correction
and correct rate was recorded. This was followedrbgdministration of the selected,
most effective intervention package to the finadgame.

Data Analyses

Group classification. Students were classified into one of three irgetion
effectiveness groups (i.e., those for whom the Muii€rvention package had the
greatest impact on rate, those for whom the RRt&vention package had the greatest
impact on rate, and those for whom neither wagdhfitially effective) based on the
results of the BEA. The effectiveness of the intetion packages was evaluated using

the single-subject analysis technique called péacgnof points exceeding the median
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(PEM; Ma, 2006). Similar to percentage of nonoygrlag data (PND; Scruggs,
Mastropieri, & Casto, 1987), PEM indicated the patage of rate data points obtained
using the “better” intervention package (i.e., twéh the higher median rate during the
BEA) that were greater than the median rate obtkwvith the other package. This
method is preferable to PND because the impactitbyiog data points was moderated
by using the median as an indicator of the lesscéffe intervention’s effectiveness
instead of its highest outcome data point.

If the interventions were equally effective, thbe odds that a data point would be
above the median would be at a chance level; thesyould expect a PEM of 50% if
there was no difference in effectiveness betweenwio intervention packages. If more
than half of the “better” intervention package’salpoints fell above the median of the
other intervention, then that intervention was dateed to be the most effective and the
student was classified into the corresponding &ffeness group. This intervention was
considered the one that best met the student’'se@ading fluency needs and suggested at
which phase of the learning hierarchy he was fonatg. However, if 50% or fewer data
points were above the median, indicating a highwrhof overlap, then the student was
classified into the third, Neither Intervention &ftiveness group (see Figures 1, 2, and 3
in the Results chapter).

Group comparisons. The main focus of the data analyses was to examine
differences in the baseline median accuracy amdmaiasures, as well as the normalized
rate measures for students categorized into tlee fihtervention effectiveness groups. To

address the first research question considerirgett#ferences, three one-way analyses
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of variance (ANOVASs) were conducted to evaluaterttean differences in baseline rate,
accuracy, and normalized rate for students inhheetintervention effectiveness groups.
Due to the multiple comparisons, a Bonferroni ccied alphad = .05/3 = .017) was
used to evaluate the significance of the resultb@three ANOVAs.

Additionally, the effect size of the baseline meas on predicting intervention
effectiveness group membership was calculated wBgquaredyf). This simple
measure indicates the percentage of variance iautoeme data (i.e., group
membership) accounted for by the predictor variéibde, baseline measures) by dividing
the treatment sum of squares by the total sumudres. It should be noted that eta-
squared is considered a biased estimator, tendiimglate the effect size of a sample
(Howell, 2002). However, it may be used to constitierrelative effect of different
predictors on the same set of data. Finally, Baoferpost hoc tests also using a .017
alpha level were used to evaluate the three pae-wbmparisons of means within each
significant ANOVA.

The second research question regarding the sktrefghe relationship between
baseline rate, accuracy, and normalized rate andftactiveness status of each
intervention group was addressed by finding poksdnial correlations. Specifically,
each intervention effectiveness group’s data wererted into a dichotomous variables
where 1 indicated belonging to the group (i.e.,ithervention was effective or neither
intervention was effective for the third group) ahahdicated that the individual did not
belong to the group. The dichotomous data for @ft¢he three groups were correlated

with the baselines measures yielding a total afr@etations (i.e., three intervention
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effectiveness groups by three baseline measures).

The third and fourth research questions regardowg well intervention
effectiveness can be predicted by baseline accunadyate were addressed by fitting
logistical regression models to the data. Logistiegression models were selected
instead of linear models since the resulting eiffectess data were dichotomous. In
considering the third question, accuracy and radependently and then together were
used to predict the success or failure of the Muii€rvention for all students. In
addition, normalized rate data alone and in contlwnavith accuracy were used to
predict the effectiveness of the M-EC interventidncuracy, rate, and normalized rate
were also used to predict the success or failutkeoRR-R intervention to address the
fourth research question.

In linear regression models, tRe statistic can be used to indicate the percentfge o
variability in an outcome measure accounted fothgyindependent variable(s) in a
model. Logistic regression does not yield an edansstatistic for evaluating variability
accounted for by the model, but psetistatistics have been developed by Cox and
Snell (1989) and Nagelkerke (1991). Hosmer and Isliow (2000) stated that such
pseudd?’ values are difficult to interpret within a logistiegression model, but can be
used to compare predictive improvement in modesititlude the same data. Similarly,
an omnibus chi-squarg?j test of the model indicates improvement in itsdictive value
over a null, constant-only model.

The model's goodness of fit to the data can begMaluated by comparing

observed outcomes to predicted outcomes. As a lmasaator, the overall percentage of
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the cases correctly classified by the model whénmobability cut point is used was
calculated. A .5 probability cut score was selettedause this is the point at which the
intervention is more likely to be effective tharifective, based on the model.

In addition, Hosmer and Lemeshow (1980) propostestathat compares the
observed results to those predicted by the modehwine data are divided into deciles. In
this test the null hypothesis is that the modelames the data, o> .05 indicates that
the model fits well. Therefore, overall percentafieases correctly classified by the
models and results of the Hosmer and Lemeshowvirst evaluated, in addition to the
pseudd?’ values and chi-square statistics, in order to ammfhe logistical regression
models and determine how to best predict intereergifectiveness.

For each variable included within a logisticalnesgion model, an odds ratio
derived from the model coefficient was computednder to understand how changes in
the predictor variable impacted the odds that dividual responds best to the given
intervention. Odds ratio values greater than 1caidid that the chances than an
intervention was effective increased with gainthie predictor value. Odds ratios less
than 1 indicated that the odds declined with ineesan the predictor variable.

The single variable logistic regression modelsensdso considered in more detall
in order to address the exploratory question atfmitdentifying baseline data cut scores
for predicting intervention effectiveness. A cubseis useful in practice for predicting
which intervention a student is more likely to res@ to without conducting a more
intensive evaluation, such as a BEA. Specificdlg, rate, accuracy, or normalized rate

cut scores were derived by finding the point onrtiaglel at which the chances that an
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intervention was effective was greater than thercha that is it ineffective (i.e., the point
at which the probability is .5).

Receiver operating characteristic (ROC) curvesxve¢so used to evaluate the
quality of prediction obtained by the single-vateamodels. ROC curves graph the
relationship between sensitivity (rate of true pes) and specificity (rate of true
negative) at different points in the model. Sewsitiis the proportion of students who
responded to the intervention that were corrediintified by the model as likely to
respond. Conversely, specificity is the proportdstudents who did not respond to the
intervention who were correctly identified as rikely to respond.

The area under each of the curves is also anatadiof overall accuracy of the
model and the further it is from .5 (chance lewl)l the closer it is to 1, the better it
differentiates students for whom the interventimeffective from those for whom it is
not. It has been suggested that ROC curves pronate meaningful results when
calculated using at least 100 observations, witbrafiore in each of the effective and
non-effective groups (Metz, 1978). There were @ilydata points in the current model,
so the results presented are tentative and sheutdfsidered cautiously.

Because ROC curves graph a model’'s sensitivityspedificity when predicting
intervention effectiveness at different baselinkigs, it is possible to find the point in the
model that optimizes these characteristic. Thusl@nnative cut score can that
maximizes sensitivity and specificity in determigiimtervention effectiveness was also

established.
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Chapter IV: Results
Research Questions
The research questions that guided the curredy stere as follows:

1. What are the differences in baseline accuracy,aiatenormalized rate among
students for whom only the modeling-error corraetiip-EC) intervention was
effective, those for whom only the repeated readewgard (RR-R) intervention
was effective and those for whom neither or bothevedfective?

2. What is the relationship between intervention difeness status and baseline
accuracy, rate and normalized rate?

3. How well does students’ baseline accuracy andaat®rmalized rate predict M-
EC effectiveness status?

4. How well does students’ baseline accuracy andaat®rmalized rate predict
RR-R effectiveness status?

In addition, the following exploratory questiondiviie asked:

What cut score or range of scores for accuradg, ca a combination of these
measures provides sufficient specificity and sersitto predict whether a student will
benefit from the M-EC intervention or the RR-R mvention?

Preliminary Analyses

The median baseline measures of rate (words @a€lctly per minute) and
accuracy (percentage of words read correctly) adtwes 10 baseline passages for each of
the participants were used as the key predictoabigs in the data analyses. The median

rate for the 49 participants across the grade $enaglged from 9.5 to 99 words read
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correctly per minute (WRC), with a mean of 45.3 e&(SD = 29.6). Median accuracy
scores ranged from 50% to 99%, with a mean of 7{3= 14.8%). The normalized
rate z-scores ranged from -1.6 to -0.13, with amwda0.8 (SD = 0.41).

Statistical analyses generally assume that treesdanhples are normally distributed,
which can be assessed by examining the skewnedaiaiodis statistics. A data set is
considered normally distributed if the skewness lamtbsis have an absolute value less
than twice the standard error for the statisticwidlh, 2002). The standard error for
skewness in these baseline samples was .34 as@divmess for median rate (0.54),
median accuracy (-0.409), and normalized rate @&l within the normal range. The
standard error for kurtosis was .67 and kurtosssescfor all three baseline data sets fell
within two standard errors (-1.13, -1.11, and -1&3pectively). These results indicate
that the three baseline data sets, rate, accumadynormalized rate can be considered
normally distributed.

The correlation of accuracy with rate and nornealizate across the 49 participants
was significantr = .86 and = .75 p <.05), respectively. These high correlations were
not surprising because rate was the numeratord¢aletging the accuracy percentage. It
also indicates that there is a high degree of réduooy in these variables, which
impacted their ability to independently predictighility in intervention effectiveness as
noted in the following analyses.

Frequency.The points exceeding the median (PEM) techniqdeated that the
modeling-error correction intervention (M-EC) wassheffective for 21 students, the

repeated reading-reward intervention (RR-R) wast mfbsctive for 24 students, and
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neither intervention was differentially effectiver ffour students. Figure 1 presen

graph for a participant for whom 100% of the effextntervention’s (RI-R) data points

fell above the above the median of the less effectitervention, while Figure 2 graph:

participant for whom 75% of the effective intervients (M-EC) data points fell abo\

the other’'s median. Finally, Figure 3 presentsagplyrfor a participant vo was assigned

to the Neither Intervention effectiveness groupaose only 50% of the more effecti

intervention’s data points fell above the othersdian. The characteristics of the th

effectiveness groups including their average legélsaselin median rate and accura

and normalied rate are presented in Tab.
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Table 2

Effectiveness Group Characteristics

Gender Grade Median Median Normalized
Group n (% female) (% second) rate accuracy rate
M(SD?® M (SDP M (SD)°
M-EC 21 524 57.1 23.4(13.8) 69 (11.1) -1.04 (0.32)
RR-R 24 333 16.7 63.3(27.1) 89.1(11.7) -0.61 (0.38)
Neither 4 50 50 53.1(33.6) 81.6(11.3) -0.57 (.45
Total 49 429 38.8 45.3(29.6)  79.9 (14.8) -0.79 (0.41)

Note.M-EC = modeling-error correction; RR-R = repeatedding-reward

3Words read correctly per minufe2 words read correctl§.Z-score.

Neither Intervention effectiveness groupFour students demonstrated similar
levels of rate improvement in response to bothrvetetion packages and based on the
PEM analyses were categorized in the Neither letargn effectiveness group. It was
noted that all students in this group demonstratgatovement in their reading rates over
baseline in response to the interventions, buheeintervention was found to be
differentially effective.

While the average rate and accuracy measurekdd¥either Intervention
effectiveness group fell between those of the MaB@ RR-R effectiveness groups, an
examination of the individual student data indidadéversity within this group. Two of

the students had median baseline rates of 22 ame@&¥s read correctly per minute
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(WRC) while the other two had rates of 75 and 88BC. Additionally, the students
with the lower rates had accuracy scores of 70%/7&xP%6, while the two higher readers
had accuracies of 96.5% and 97.2%. Looking moreetyoat the BEA results, the M-EC
intervention was selected as the better intervantigplemented during the reversal for
three of the students, but for all four studenésréversal did not confirm the
effectiveness of the selected intervention. Findlg students were from both grade
levels (three in second and one in third gradelicating that grade level did not predict
membership in this group.
Research Question 1: Group Differences

Differences in baseline rate, accuracy, and naz@@dlrate between students who
fell into the three intervention effectiveness grewere evaluated using one-way
analyses of variance (ANOVAs) and Bonferroni past-tests of all pair-wise
comparisons. One-way ANOVAs found significant diéieces across the effectiveness
groups for baseline rat&[R, 46] = 17.3p <.017), accuracyH[2, 46] = 17.47p < .017),
and normalized raté=[2, 46] = 8.9,p < .017). The effect sizes for the ratg € 0.429)
and accuracynf = 0.432) measures fell in the moderate range, estigwy that about 43%
of the variance in effectiveness group memberslap accounted for by variance in these
baseline measures. In contrast, there was a smeligive effect:f® = 0.279) for the
variance in normalized rate predicting group mersibigr It should be reiterated that this
measure of effect size should be considered calyi@s it tends to be biased, but does
allow comparisons of relative effects across theesdata set.

Given the significant results, Bonferroni post-hests were used to evaluate the
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Table 3

Mean Difference Comparisons using Bonferroni Pogt-Hlests and Associated p-values

Baseline rafe Baseline accuray Normalized raté
RR-R - M-EC 39.91(< .001)* 20.1 p<.001)* 0.43 p<.001)*
RR-R — Neither 10.1 (1.00) 7.5 (.692) -0.45 (1.00)
M-EC — Neither -29.8 (.064) -12.6 (.144) -0.48 7p5

Note.M-EC = modeling-error correction; RR-R = repeateading-reward
aWords read correctly per minufe2 words read correctl§.Z-score.

* p<.017 (Bonferroni corrected alpha)

three pair-wise comparisons of means for each ANOMZK all three sets of baseline
data, there were significant differences=(.017) between the means of the M-EC and
RR-R effectiveness groups. Specifically, rate, emcyiand normalized rate were
significantly higher for students in the RR-R grabpn the M-EC group. However, the
mean differences between the Neither Interventftattveness group and both the M-
EC and RR-R intervention groups were not signifiare Table 3). The largevalues
noted in some of the Neither Intervention effeatiees comparisons are due to the small
number of participant(= 4) in this group and the relatively large spreathe data
within this group.

Research Question 2: Relationship Between BaseliMeasures and Intervention
Effectiveness

Point bi-serial correlations between baseline messsand the dichotomous
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Table 4
Point Bi-serial Correlations Between Interventiofidetiveness Stattiand Median

Baseline Measures Rate (N = 49)

Effectiveness group Baseline rate Baseline accuracyNormalized rate
M-EC -.65** -.64 ** -.53 **
RR-R .6 ** .6 ** A43*
Neither .08 .04 .16

Note.M-EC = modeling-error correction; RR-R = repeatedding-reward
& Where each participant was classified with athefy were in the particular
effectiveness group and a 0 if they were not ingifiectiveness group.

* p< .05, *p<.001

effectiveness data were calculated to consideretlagionship between these variables.
The results presented in Table 4 indicate thakthare significant relationships between
baseline rate, accuracy, and normalized rate dedtefeness of the two intervention
packages. Specifically, as raw rate, accuracy anchalized rate increased, the chances
that the RR-R intervention was effective increasdule the chances that the M-EC
intervention was effective decreased. There wassagnificant correlation between
baseline measures and membership in the Neithewbnition Effectiveness group.
Research Question 3 and 4: Predicting Interventioffectiveness from Baseline
Measures

Single Variable Models.Logistic regression was used to consider how vee¥l
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baseline rate and normalized rate data and accpradycted the effectiveness of each of
the intervention packages. As a first step, singlgable models were tested that included
rate, accuracy and normalized rate independentbyedict whether or not each of the
intervention packages was effective. Table 5 prssiie pseud® values and omnibus

chi-square test values for these models predidfisiegC and RR-R effectiveness.

Table 5
Pseudo Rand Chi Squarexf) Values for the Single Variable Logistic Regressio

Models Predicting Intervention Effectiveness (N9 4

Cox and Snell Nagelkerke

pseudd?? pseudd?? Model y?
Models
M-EC
Rate only 42 .56 26.57 **
Accuracy only .38 51 23.20 **
Normalized rate only 27 .36 15.19 **
RR-R
Rate only .34 45 20.12 **
Accuracy only .36 48 21.75 **
Normalized rate only .18 24 9.85*

Note.M-EC = modeling-error correction; RR-R = repeateading-reward

* p< .05, *p<.001
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Table 6
Percentage of Cases Correctly Classified and HosamdrLemeshow Test Chi Square
Results with p-value for the Single Variable Ldgi&egression Models Predicting

Intervention Effectiveness (N = 49)

Percentage of cases Hosmer and Lemeshow test

correctly classified v*(p)?
Models
M-EC
Rate only 83.7 3.91 (.79)
Accuracy only 81.6 6.89 (.55)
Normalized rate only 77.6 15.1 (.06)
RR-R
Rate only 75.5 7.74 (.46)
Accuracy only 83.7 12.36 (.14)
Normalized rate only 73.5 11.2 (.13)

Note.M-EC = modeling-error correction; RR-R = repeateading-reward
& Non-significantp-values indicate the model fits the data well.

* p< .05, *p<.001

As noted in the Methods chapter, the pseRdealues cannot be interpreted in
exactly the same way as tRéstatistic in a linear regression, but they do jife\a

general comparative indicator of model fit. Theakies also cannot be submitted to a

82



hypothesis test to determine the likelihood of éhessults. Overall, the pseuld
statistics and chi-square values for all six lag&tregression models indicate that
baseline measures increased the ability to prediether the M-EC and RR-R
intervention packages would be successful overtaati®nly, null models. The raw rate
and accuracy models for both interventions dematestrstronger relative predictability
than the models based on normalized rate.

The percentage of cases correctly predicted bly siagle variable model and the
results of the Hosmer and Lemeshow tests are gezsenTable 6. All models correctly
classified the large majority of observed casegatthg that baseline data provided
useful information for predicting both M-EC and RRintervention effectiveness. Once
again, in both cases, the rate and accuracy muaagts somewhat better than the
normalized rate models because they predictedadegreumber of cases. In addition, it
was noted that the rate model was slightly bettpredicting M-EC effectiveness, while
the accuracy model predicted a great number of Ri¥fdRtiveness cases.

The results of the Hosmer and Lemeshow testsiradsoated that the predicted
results of all six models generally matched thesoled results. For both interventions,
the rate and accuracy models provided a bettér flie data than the normalized rate
models. In particular, when predicting M-EC intemtien effectiveness with the
normalized rate model, the Hosmer and Lemeshownessed significance = .06)
indicating that this model was a less good fitte data than the other models.

Table 7 presents the odds ratios and 95% confeliriervals for the predictor

variables within each of the single variable modelsall cases, the odds ratios were
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significant, although thp-value for the normalized rate model predicting RR-
effectiveness was larger than for the other mod&igen that a majority of normalized
data fall within six standard deviation units ahdttthe data used in this analysis fell
within two standard deviations, the odds ratio maiprovide a good description of how
changes in normalized rate impact the chancesttiegr intervention is effective. This

also accounts for the relatively large confidemtervals for these models’ odds ratios.

Table 7
Predictor Variable Odds Ratios and 95% Confidermdenvals from the Single Variable

Logistic Regression Models Predicting Interventitffectiveness (N = 49)

Odds ratios 95% ClI
Models
M-EC
Rate only 0.92 ** 0.88 - 0.97
Accuracy only 0.89 ** 0.83-0.94
Normalized rate only 0.04 ** 0.005-10.28
RR-R
Rate only 1.06 ** 1.03-1.09
Accuracy only 1.12 ** 1.06-1.2
Normalized rate only 11.63 * 2.09 -64.79

Note.M-EC = modeling-error correction; RR-R = repeateading-reward

* p< .05, *p<.001
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The odds ratios for each of the models predidiiigC effectiveness was less than
one, which indicated that as rate, accuracy, amabrzed rate increased, the chances that
the M-EC intervention was effective decreased. Bipalty, for each one word increase
in words read correctly (rate), the odds that th&®intervention was effective were
multiplied by 0.92. For the accuracy model, thesotttht M-EC was effective were
multiplied by 0.89 for each 1% increase in accur&ayally, with each one standard
deviation unit increase in normalized rate, thesoihét the M-EC intervention was
effective were multiplied by 0.04.

The odds ratios for all of the RR-R models wematgr than one, indicating that as
baseline data values increased, the chances thatiérvention was effective also
increased. For each 1 words increase in rate,dtie that the RR-R intervention was
effective were multiplied by 1.06. In the accurawgdel, a 1% increase in accuracy led
to a 1.12 times increase in the odds. Finallyeeh one standard deviation unit increase
in normalized rate, the odds that the RR-R intetioenvas effective were multiplied by
11.63.

Multivariable Models. Given that all of the single variable models yesld
significant results for the intervention groupsintmned models were tested to determine
whether the prediction of intervention effectiveseould be improved by including both
rate and accuracy data. One model for each imé&oreeffectiveness group included
baseline rate and accuracy as predictor variabeise the other included normalized
rate and baseline accuracy scores. The ps@tdalues and omnibus chi-square test

values for these multivariable models predicting=K-and RR-R effectiveness are
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presented in Table 8. The results indicate thatvioevariable models contributed

significant predictive power over a null, constanty model.

Table 8
Pseudo Rand Chi Squarexf) Values from the Multivariable Logistic Regression

Models Predicting Intervention Effectiveness (N9 4

Cox and Snell  Nagelkerke Model y*
pseudd?? pseudd?’
Models
M-EC
Rate and Accuracy 43 57 27.07 **
Normalized Rate and Accuracy .38 .52 23.73 **
RR-R
Rate and Accuracy .37 49 22. 63**
Normalized Rate and Accuracy .36 48 21.83 **

Note.M-EC = modeling-error correction; RR-R = repeateading-reward

* p< .05, *p<.001

It was noted that many of the psewRfoand omnibus chi-square test values for the
multivariable models were similar to those from sivggle variable models, indicating
that they perhaps did not contribute additionatifnteve value. Specifically, for the

models predicting M-EC effectiveness, the rate acwliracy multivariable model was
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similar to the rate only model, while the normatizate and accuracy model has results
similar to the accuracy only model. When considgthre RR-R effectiveness models,
the normalized rate and accuracy model had psBtdad omnibus chi-square test

values like those in accuracy only model.

Table 9
Percentage of Cases Correctly Classified and HosamdrLemeshow Test Chi Square
Results with p-value from the Multivariable LogisRegression Models Predicting

Intervention Effectiveness (N = 49)

Percentage of casesHosmer and Lemeshow test

correctly classified v*(p)?

Models
M-EC

Rate and Accuracy 83.7 5.13 (.74)

Normalized Rate and Accuracy 81.6 5.6 (.69)
RR-R

Rate and Accuracy 83.7 7.97 (.44)

Normalized Rate and Accuracy 83.7 8.59 (.38)

Note.M-EC = modeling-error correction; RR-R = repeateading-reward
& Non-significantp-values indicate the model fits the data well.

* p< .05, *p<.001
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The goodness of fit between the models and theabdata as measured by
percentage of cases correctly classified and thdtseof the Hosmer and Lemeshow test
are presented in Table 9. The non-significant tesaflthe Hosmer and Lemeshow tests
indicate that there is substantial overlap betwbenresults obtained using the models
and the actual data. In addition, a high percentdgases were correctly classified by all
the multivariable models. It was noted that thecpetage correctly classified data points
was the same as that of the highest single variabliel; the rate only and accuracy only
models, respectively, for M-EC effectiveness arelabcuracy only model for the RR-R
effectiveness models.

Table 10 presents the odds ratios and their 95%fidmnce intervals for each of the
individual variables in the multivariable modelSdds ratios in these multivariable
models indicate the impact of a one unit increagbe variable on the chances that an
intervention is effective, all other variables lgeequal. While the variable trends appear
similar to the single variable models (i.e., inae®in the baseline measures generally
decreased the odds that M-EC would be effectiveirreréased the odds that RR-R
would be effective), the odds ratios are mostly-semmificant. This result was likely due
to the high correlation between accuracy and tleerate variables and indicated that
each variable did not contribute additional predetvalue to the model in the presence
of the other. Thus, the single variable models peahelently appear to provide a better

predictor of intervention effectiveness.
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Table 10

Predictor Variable Odds Ratios and 95% Confidendervals from the Multivariable

Logistic Regression Models Predicting Interventitffectiveness (N = 49)

Odds ratios 95% ClI
Models Variable
M-EC
Rate and Accuracy Rate 0.942 0.880 — 1.008
Accuracy 0.964 0.871 - 1.067
Normalized Rate and Accuracy Normalized Rate 0.396 0.033-4.743
Accuracy 0.901 * 0.835-0.972
RR-R
Rate and Accuracy Rate 1.023 0.975-1.073
Accuracy 1.081 0.977 -1.196
Normalized Rate and Accuracy Normalized Rate 0.696 0.060 — 8.043
Accuracy 1.133* 1.045 - 1.227

Note.M-EC = modeling-error correction; RR-R = repeateading-reward

* p< .05, *p<.001

In addition, the majority of the test statistios fhe single and multi-variable

models yielded stronger results for the baselitedata over the normalized rate data

based indicating a greater predictive value ofrelve data. This finding indicates that

students’ actual rate level provides a better imicof their level of reading fluency
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development and thus which intervention is mosljiko be successful than a relative
comparison to grade-level, time of year expectation
Exploratory Cut Score Analyses

Further analysis of the single variable modelgvedl for the delineation of cut
scores that can be used in practice to predichiotwintervention a student is most likely
to respond. One way to establish intervention &ffeness cut scores is to determine the
point at which the likelihood that an interventigreffective is greater than the likelihood
that it is ineffective; this change occurs at tbenpthat probability of intervention
effectiveness is .5. Table 11 presents the thrgistlo regression models for each
intervention and the .5 probability cut scoresdach model.

The interpretation of the cut scores is somewlitgrdnt based on the intervention
models. In particular, because the models for tfeettveness of the M-EC intervention
have a negative variable coefficient, this indisdteat the intervention is more likely to
be effective for rate, accuracy, and normalized vailues below the presented cut scores.
On the other hand, the RR-R intervention is mdeelyi to be effective for measures
above the cut scores presented.

These cut scores provide an indicator of whichrirgntion is more likely to be
successful based on the student’s baseline redditag However, for each predictor,
there is a range for which neither interventiomizre likely to be effective based on the
single variable models. Specifically, students via#iseline reading rates between 34 and
44 WRC/min (or normalized rates between .91 andt&@dard deviation units below

grade-level expectations) or baseline accuracyebtiiben 76.6% and 81.6% may respond
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Table 11
Logistic Models and Cut Scores when Probabilitypifor the Single Variable Models of

Intervention Effectiveness

Intervention Variable (x) Logistic Model p =.5 Cut Score
M-EC Rate |n(1L) =-0.08x + 2.738 34.23 WRC/min
-p
Accuracy |n(1L) =-0.121x + 9.271 76.62%

-p

Normalized Rate |n(1L) = -3.296x — 2.994 -0.91 SD units
-p
RR-R Rate |n(1L) = 0.055x — 2.43 44.18 WRC/min
-p

Accuracy In(ﬁ) =0.117x — 9.545 81.58%

Normalized Rate |n(1L) =2.453x + 1.886 -0.77 SD units
-p

Note.M-EC = modeling-error correction; RR-R = repeateading-reward; WRC/min =

words read correctly per minute; SD units = statid@viation units

best to either the M-EC or RR-R interventions. Assult, alternate probability cut
scores determined by considering sensitivity artigipity may provide a better way of
differentiating students who are likely to respaadne intervention or the other.

ROC curves.The single variable models were compared by catitg receiver
operator characteristic (ROC) curves, which grdqgghrelationship between sensitivity
(true positive) and specificity (true negative) @ifferent points in the model. The ROC
curves using rate, accuracy, and normalized rapeetdict intervention effectiveness are

presented in Figures 4 (M-EC) and 5 (RR-R).
91



1.0 ;
oe [T .
0.6
-y
=
=
"
=
@
w
047 Lr
: M-EC Curves
0.2 . — Rate predicted probability
. ===- Accuracy predicted probabilty
. = = 'Mormalized rate predicted probability
0.0 - T T T T
0.0 02 0.4 06 08 1.0

1 - Specificity

Figure 4.ROC graph of single variable models predicting K-Btervention

effectiveness. Diagonal segments are producecby ti

92



1.07

0.8

=
[
|

Sensitivity

0.4

RR-R Curves
e = Rate predicted probakility
- ==== Accuracy predicted probabilty
= = 'Normalized rate predicted probability

0.0 T T T T
oo 0.2 04 0B 08 1.0

1 - Specificity

Figure 5.ROC graph of single variable models predicting RiRiervention

effectiveness. Diagonal segments are producecby ti

The closer the area under the ROC curve is telbetter it differentiates students
for whom the intervention is effective from those Whom it is not. When predicting M-
EC effectiveness, the area under the curve war88e model using baseline rate as
the predictor, .89 for the model using baselinaueanxy, and .83 for the model using
normalized rate. Considering the RR-R effectivemasdels, the area under the curve

was .85 when rate was the predictor, .87 when acguwvas the predictor, and .77 when
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normalized rate was the predictor. In all casesattea was significantly greatgr<

.001) than the .5 chance level. Also, it was ndted for both interventions, the rate and
accuracy models demonstrated a higher level ofigioecin predicting the effectiveness
than the normalized rate model.

Thus, the results of the ROC analyses indicatelthseline rate, accuracy and
normalized rate were able to effectively differatei students who responded to the
interventions from those who did not respond. Fathbntervention packages, the rate
and accuracy data was a better predictor thandimealized rate data, again confirming
the superiority of these measures.

Further cut score analysesThe closer that a point on the ROC curve fallght
top left part of the graph, the higher the senigjtiand specificity of the cut score when
identifying students who are predicted to respandrt intervention. Using the ROC
curves, it is possible to find the cut point in leacodel that optimizes sensitivity and
specificity (Table 12). These cut scores do the joésof both correctly identifying
students for whom the intervention is likely todféective and those for whom the
intervention is not likely to be effective. In coamt to the potential cut scores presented
in Table 10, the probability of intervention effeeiness associated with this cut score
may be higher or lower than .5 depending on whensisvity and specificity was found
to be optimized.

Results indicated that the optimal cut scoresiferM-EC intervention were a rate
of 30.6 WRC/min, an accuracy of 84.6% or a nornealirate of -0.94 SD units. Students

who scored below these cut points were more likehgspond to M-EC intervention,
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Table 12
Cut Scores, Associated Optimal Sensitivity, Spégifand Probability Values for the

Single Variable Models of Intervention Effectivenes

Intervention  Variable (x) Cut Score Sensitivitppecificity p

M-EC Rate 30.6 WRC/min .857 .857 572
Accuracy 84.63% 905 .786 275
Normalized Rate  -0.939 SD units 714 .893 .525

RR-R Rate 32.6 WRC/min. 917 .8 .346
Accuracy 85.01% 875 .88 .599
Normalized Rate  -0.939 SD units 917 .64 .397

M-EC = modeling-error correction, RR-R = repeatealing-reward

WRC/min = words read correctly per minute, SD urittandard deviation units

while those who score higher were less likely &pond to this intervention. Similarly,
the cut scores above which students were moreylitkaelespond to the RR-R intervention
were 32.6 WRC/min, 85% and -0.94 SD units. Thelamity of these cut scores may
indicate a natural transition point in reading degenent or may be a spurious result of
the nearly dichotomous nature of the data.
Results Synthesis

Overall, a significant difference in baseline satgccuracy and normalized rates
were found between students who responded bdse talltEC intervention package and

those who responded to the RR-R intervention packag predicted by the LH/IH, these
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baseline measures were significantly lower for stiisl who responded best to the M-EC
intervention which addressed the more basic skilkading accuracy. A significant
predicted relationship between the baseline measure intervention outcomes was
found, although the single variable models andnat@ and accuracy variable were found
to be stronger predictors of intervention outconk@sther analysis of the data revealed
cut scores that optimized the sensitivity and djetyi of the models and offer a decision

point that can be used in practice.
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Chapter V: Discussion

Results of the current study indicated that, geeeted, there were significant
differences in participants’ baseline measurescofiecy and rate based on whether they
responded best to a reading fluency interventiakgge matched to the acquisition or
the proficiency stages of the LH/IH. Moreover, tetationship between baseline
measures and the outcomes was strong enough theintion effectiveness for both the
modeling-error correction (M-EC) and the repeatatiing-reward (RR-R) packages
could be predicted from accuracy and rate datahBuanalysis of the logistical
regression models yielded provisional accuracyratelcut scores that can be used by
educators to quickly make intervention decisiongldse examination of these findings
in the context of the research questions that guidis study are presented below.
Research Question 1: Group Differences

Consistent with predictions in the literature savj the results of this study
indicated that there were differences in the basediccurate reading rate and reading
accuracy percentages for students who respondétbbaither the M-EC or the RR-R
intervention packages. Students who respondeddést M-EC intervention
demonstrated significantly lower average rate (2368 words read correctly) and
accuracy (69% vs. 89%) and a higher percentage iweserond grade than students in
the RR-R effectiveness group, indicating that tiveye at a more basic level of
development. Higher averages were found for stisdeht responded best to the
interventions recommended for the more advancedic@ncy stage of the LH.

Furthermore, the average baseline accuracy foRE¥R group was 89.1%, which is
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close to the 90% accuracy that Haring and Eatoin§)LSuggested was the point at which
students transition from the acquisition stagentogroficiency stage of learning. This
finding is also consistent with Parker and Burmspfiess) who found that students
responded best to a proficiency intervention paekagy once their accuracy percentage
was reliably 93% or higher.

Students who responded best to each of the inteovepackages demonstrated
differences in baseline characteristics that cporded to the predictions of the LH/IH
(Haring & Eaton, 1978). The M-EC intervention can&l instructional components (i.e.,
modeling and feedback) linked to the first, acdigaistage of reading fluency
development, while the RR-R intervention packaggaoed instructional components
(i.e., repetition and contingent reinforcementkéd to the second, proficiency stage.
Given the desire to isolate the specific instrusiacomponents relevant to each stage,
intervention packages were designed to only fakierelevant skill. So, for example, the
RR-R intervention packages did not involve feedbalaccuracy, although actual
implementation of such intervention would likelyinde error correction. As a result,
BEA findings that one of these intervention paclsagerked best can be seen as a proxy
for student functioning at the matched stage oltde

These results provide support to the theoretiodketpinnings of the LH/IH
framework and in particular how it predicts perfamoe regarding oral reading accuracy
and rate, two key measures of reading fluencyciBpally, the significant baseline
differences indicated that students who responttbeke two interventions fell into

unique groups that demonstrated different levelsoafipetence corresponding to IH/LH
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stages. Furthermore, this finding confirmed th&dibetween the intervention strategies
that address relevant needs at the two basic leVéie learning hierarchy. The group
differences also indicated that further analystduding consideration of the predictive
relationship between baseline rate and accuraopgosed in the additional research
guestions, was warranted.

Neither Intervention effectiveness groupOnly four students were categorized
in the Neither Intervention effectiveness groupselid conclusions about students who
did not demonstrate differential responsivenesstter intervention cannot be made.
While the average baseline rate and accuracy stmrése students in this group fell
between those of the two intervention groups, @ta do not indicate that these students
were a unique group transitioning from the acquisito the proficiency stage. The four
students demonstrated a fairly large range of reseharacteristics which were not
significantly different from students who fell ihd two intervention effectiveness groups.

In all cases, both interventions led to an increasate scores over baseline,
implying that that this group was not made up afishts whose reading development
was focused on a more basic skill. In additionséhstudents likely would have
demonstrated improvement in response to eithenieméion package. The variability in
baseline data along with the small number of sttglienthis group made it difficult to

predict membership based on the current data.
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Research Question 2: Relationship between BaseliMeasures and Intervention
Effectiveness

Point bi-serial correlations were calculated tdaHar examine the relationships
between baseline measures and intervention efeasss. Moderate, significant
coefficients were found when describing the reladlup between baseline levels of rate,
accuracy and normalized rate and intervention g¥fecess. Specifically, as rate,
accuracy and normalized rate increased, it was ikaly that the RR-R intervention
package was effective and less likely that the Muii€rvention package was effective.
Baseline rate and accuracy measures did not deratmatsignificant correlation with
membership in the Neither Intervention effectivengsoup.

At a basic level, the correlation between readic@ueacy and rate and the
outcomes of fluency interventions is expected basethe empirical definition of
reading fluency that includes these qualities (Dowr, 1991; Schreiber, 1991; National
Institute of Child Health and Human Developmen0@)0 In the context of the LH/IH,
Haring and Eaton (1978) suggested that accuracytivedsey measure that indicated a
student’s advancement from the acquisition to tieégency stage. Current data suggest
that reading rate can also be used to predictmgdtliency development, which is
consistent with the use of this outcome measurevaluating growth within the
proficiency stage (Daly et al, 1996). The directiari the correlations between M-EC and
RR-R and accuracy and rate also correspond withriderlying premise of the LH/IH
described by Haring and Eaton (1978) that as stadgin competence with a skill their

intervention needs change.
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The correlations between the baseline measureMaa@ effectiveness were
somewhat stronger than those for RR-R effectiversggesting that baseline data
provided a somewhat better indicator of effectiwsi®r the acquisition interventions.
This conclusion was also reflected in the followiagistic regression analyses.
Research Questions 3 and 4: Predicting Interventiokffectiveness from Baseline
Measures

Given that baseline measures did have a signifisdationship with intervention
effectiveness, the next step was to consider tbeigive value of the data. Single and
multivariable logistical regression models usingddame accuracy, rate and normalized
rate to predict the effectiveness of the M-EC aRdRintervention packages were
evaluated. Multiple statistics indicated that tbgression models were strong and
matched the observed data well. Overall resulteated that when a student’s reading
accuracy and rate was low, the M-EC interventios mare likely to be effective,
whereas when baseline accuracy and rate werethigfiRR-R intervention was more
likely to be effective. Moreover, consistent acrasslyses were the findings that raw
rate was a better predictor than normalized ratketlaat the single variable models were
as good as or better at predicting interventioaaiveness than multivariable models.

Rate versus normalized rate Analyses conducted with normalized rate data
provided a way to consider whether interventioe@&ff’eness was better described using
a student’s performance relative to rate expectatidhe high percentage of cases
correctly predicted by all of the models and th&gnificant results of the Hosmer and

Lemeshow tests indicated that there was a godifiveen the observed data and the
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models. The proportion of variability in intervemi effectiveness predicted by baseline
data cannot be delineated in logistical regressiodels. However, comparisons of
pseudd?’ values indicated that the rate only and accuraty models were better
predictors of both interventions’ effectivenesstliae normalized rate only model. In
addition, receiver operator characteristic (ROGYyewanalyses also supported the
conclusion that rate and accuracy only models bditierentiated students than the
normalized rate models. The results indicate tbatalizing the data based on grade
level and time of year did not lead to more acaimbdels for predicting intervention
effectiveness.

The superiority of raw rate data over the normalirae data supports the use of
a student’s accurate reading speed, without netdlgssansidering how discrepant he is
from his peers, to select an appropriate intereanfrhus, it appears that reading rate on
grade level material, regardless of how it comp#wesrmative expectations, is an
indicator of underlying reading fluency skill. Thimaplies that a student’s progress
through Chall's (1996) Stage 2 of reading develapiyihe overall efficiency of the
reading system (Hudson, Pullen, Lane, & Torgen2e09; Kuhn & Stahl, 2003) and, as
a result, type of intervention that is more likedybe effective, can be evaluated through
the simple measurement of rate on grade level mhfer second and third grade
students.

Multivariable models. When accuracy and rate or normalized rate were
combined in the multivariable models, they did add substantial predictive value above

and beyond the single variable models. In additilbe@,0dds ratios for the multivariable
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models were not significant indicating that whembmed the variables do not inform
intervention effectiveness. The high correlatiotwsen accuracy and rate measures
likely accounted for the fact that the two sigrafit predictor variables were not
significant when combined. These findings alondgwaitdesire for a simpler model
indicate a preference for single variable modeisgigate or accuracy only to predict the
effectiveness of both intervention packages.

Single variable modelsThe odds that the M-EC intervention was effective
decreased by about 8% for every one word increabaseline reading rate and
decreased by about 11% for every one percent isefi@aeading accuracy. In contrast,
the odds of RR-R intervention effectiveness inceddsy 6% for every one word increase
in rate and increased by about 12% for every oneepéincrease in accuracy. The
reciprocal relationship between these predictivel@sdiscovered in the current study is
not surprising since the majority of participantsre/found to respond best to one of the
two intervention packages.

The rate only and accuracy only models for botarirgntions exhibited
comparable percentages of cases correctly classifid pseud® values, indicating that
both models similarly predicted effectiveness. Tilgh correlation( = .86) between
these two types of baseline data likely accountshie similarity in model statistics.
However, it appears that rate was a somewhat strqgorgdictor of M-EC effectiveness,
while accuracy was a somewhat stronger predict®RR effectiveness.

This result is the opposite of what was hypothekinehe literature review

because it contradicts the contention of Daly, keahd Boyer (1996) that accuracy is
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the form of academic responding matched to meaggriowth in the acquisition stage
and rate is matched to proficiency stage. Howayaon further consideration, this
predictive relationship is not inconsistent witistmodel. It appears that when the
matched form of academic responding is the necgssayet of intervention, it is more
variable, while the other baseline measure is monstant. Thus, at the acquisition
stage, accuracy is the focus of improvement, etisaa better predictor because it is
more consistently low for students at this stagetagher for students who have moved
on to the proficiency stage. Similarly, studentthatproficiency stage demonstrate
consistently high accuracy, while rate is the tacjerowth.

The relatively small number of students in the datiaand the reciprocal
relationship of the data may contribute to theifigdthat rate is a better predictor of M-
EC effectiveness and accuracy is a better prediftBR-R effectiveness. Further
analysis with a larger data set is necessary tluateathe accuracy of the stability of the
predictive form of measurement while the matchethfof academic responding grows.
Exploratory Analyses

The strength of the accuracy and rate modelseadigting the effectiveness of
both interventions led to further analysis of theisgle variable models. Specifically,
two types of cut scores for making instructionadidens were investigated. First, cut
scores were calculated by determining the pointhath the probability that an
intervention was effective was greater than théabdity that it was not effective (i.e,
= .5). Students with reading rates of 34 or fewerds correct per minute or accuracy

below 77% were more likely to respond to the M-B@ivention. The RR-R
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intervention was more likely to be effective witln@dents with rates above 44 words read
correctly or accuracy above 82%. However, thessoutes could be improved by
finding the point at which optimized the predictiohintervention effectiveness.

Using the ROC models it was possible to findsadres for each model that
provided the best sensitivity (true positives) apdcificity (true negatives) for predicting
intervention effectiveness based on the currera. ddsed on this method, the rate cut
score for the M-EC intervention was 31 words reawmectly, while the accuracy cut
score was 85%. Similarly, for the RR-R interventiba rate cut score was 33 words read
correctly, while the accuracy cut score was alskh.85nce again, the similarity of these
cut score may be due to the reciprocal natureetitita, but it may also describe a
natural transition point between the acquisitiod proficiency stages in the area of
reading fluency.

An accuracy cut score of 85% is fairly consisteith Haring and Eaton’s (1978)
suggestion that it was only once a student achi®@é6l accuracy that the focus of
learning shifted to increasing the rate of skillfpemance. This cut score is also lower
than the 93% accuracy that Parker and Burns (isspfeund to predict greater reading
growth in response to proficiency interventionstHathan being consistent with the
93% to 97% instructional level for reading task&ciBng & Thompson, 1985), an 85%
cut score is more consistent with the upper entiefnstructional level for drill tasks,
including word recognition (i.e., 70% to 85%). Pah a student does not move to the

proficiency stage of the LH for reading fluencyiuhe is at the independent level
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regarding word recognition. At this point, the feaf skill development can shift to
other facets of the reading, including possiblyradding the rate component of fluency.

Based on the data collected in this study, it wessible to ascertain possible rate
and accuracy cut scores that could be used toifigamterventions for students
developing reading fluency. However, further reskas needed to confirm these cut
score values, their ability to differentiate stud&mtervention responsiveness, and how
they relate to other instructional decision-makfragneworks (e.g., curriculum-based
assessment).
Potential Theoretical Implications

The findings of the current study lend suppotthi® LH/IH (Haring & Eaton,
1978) as a description of how learning progressethe oral accuracy and rate
components of reading fluency. As would be predidiy this model, students who
responded best to the acquisition intervention @geldemonstrated significantly lower
average reading rate and accuracy on grade levelialaStudents who responded best
to the proficiency interventions demonstrated higherage baseline skills, as would be
expected at this more advanced stage of development

The results also reinforce the underlying tendhe LH/IH that there is a match
between the stage of skill development and the vfpetervention that facilitates
growth. Specifically, students who demonstratedeioreading accuracy and rate
demonstrated greater change in response to theintensive modeling and error
correction instructional strategies, while thoséhwnore advanced skills responded

better to the repetition and reward components.
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Furthermore, the stage of the LH at which thevimhlial student is performing
can be identified based on their current levelagiugacy and rate. However, the baseline
measure that best predicted intervention effecégsrior each stage was not the subskill
that was the emphasis of development at that stégée accuracy represents the key
outcome for measuring a student’s progress withenaicquisition stage (Daly et al.,
1996), it is a low accurate reading rate that pesdicts performance at the acquisition
stage. In contrast, a high reading accuracy isdicator of performance at the
proficiency stage while rate is the measure of ghowithin this stage.

Support for the LH/IH as an explanation for howadiag fluency develops also
informs broader models of reading development. lkgBand Samuels (1974) proposed
that reading decoding must be fast and automatardea greater proportion of cognitive
resources can be devoted to comprehension offteg&tresults of this study support the
notion that achieving fluent reading skills canbdoeken down into the steps of first
obtaining accurate decoding followed by increashegrate of word reading.
Comprehension skills are likely developing simudtansly and once an appropriately
level of accuracy and rate is achieved, the fadusading development shifts to
comprehension. This progression is also consistghtChall’'s (1996) model of reading
development which begins with a focus on decoduming the initial reading stage and
then on increasing automaticity during the confitioraand fluency stage. The
subsequent “reading to learn” stages place the asipbn increasingly more complex

levels of comprehension.
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Practical Implications

Currently, instructional decisions for struggliregaders are often made based on
analyzing their response to a selected interverfid@mo, 1985, Gickling & Thompson,
1985). Methods such as curriculum-based measurei@&n) or brief experimental
analysis (BEA) require time for the interventiona® implemented and the response
measured before the data can be analyzed to detemtervention effectiveness.

The current study used the tenets of the LH/IHrifk¢p& Eaton, 1978)
framework in combination with BEA to identify pratervention characteristics of
students who responded best to two reading fluenteyvention packages. Students at
the acquisition and proficiency stages demonstrdiféerent baseline accuracy and
fluency scores which could be used to predict &sellts of the BEA. Thus, an
appropriate intervention for improving accuratediag rate could be identified more
efficiently based on a student’s accuracy andnedding grade level passages.
Furthermore, the student’s on-going response tintkevention could continue to be
evaluated using CBM data and changes in baseliaearal accuracy could be used to
determine when a change in interventions is wagghnt

This model of intervention selection based orudesit’'s current needs fits
well within the response to intervention (RTI) frawork. When students initially
demonstrate a need for additional support, deasiegarding the type of tier 2
intervention (typically, small group instructiondudd be made quickly based on a
student’s baseline reading performance. In additfanstudent does not demonstrate

growth in response to the intervention matchedhéar heeds, there is greater justification
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that a more intensive, tier 3 intervention is nekdée results of the current study
suggest preliminary cut scores that can be usesklecting the appropriate intervention
for second and third grade students using easgllect rate and accuracy data. A
possible decision model could state that if a stigerforming below the S0percentile
both reads above 32 words read correctly and has@iracy score of 85% of greater,
then a proficiency intervention should be attemptedoost reading rate. In contrast, if
the student is below these cut scores on one ardidhese baseline measures, then an
acquisition intervention should be administeredddress accuracy until the student
increases their rate and accuracy.

Further analysis with a larger and more divers@tstudents is needed to
confirm and clarify these decision points. HowevRis intervention selection model
would make intervention decisions within the RErfrework more efficient and linked
to features of the individual student’s pre-interien level of performance. Moreover,
such a cut score model provides a simple methoth&king intervention decisions that
could be used in conjunction with large-scale tmizgad CBM screenings or as part of an
individual assessment of needs.

Potential Implications for Research.The current study is a unique exploration
of the relationship between baseline skill level artervention responsiveness that has
the potential of many practical applications. Fsthe methods used in the current study
were unique in that they combined single-subjedtgmoup methodologies to draw
conclusions about an underlying theory of learn®ygecifically, BEA was used to

measure qualities of students’ reading functiorsing categorize them into groups which
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could then be further analyzed. While time conswnihis methodology could be used
in future research to consider other factors timgiaict and predict individual differences
in response to intervention.

For example, these procedures could be extendeithéo reading skills including
letter/sound recognition, decoding and comprehensido other academic skill areas
such as math fact fluency or spelling. While therent study’s focus was on the
acquisition and proficiency stages because theynast likely to be the target of
intervention for struggling readers, considerasbould be given to how the
methodology and results could be applied to theegdization and adaptation stages of
the LH. Such a comprehensive model could help &aatletermine how to focus adjust
their instruction based on students’ needs acregdla learning hierarchy.

Future research efforts should also focus oniguirfg and extending the
conclusions of this study regarding reading acouean rate for second and third graders
and addressing the limitations. Replications waddtp verify the findings of baseline
differences in second and third grade studentsnetiond differentially to fluency
interventions that correspond to the predictionghefLH/IH and would allow for more
precise cut scores to be developed based on ldadgeisets. Students from additional
grade levels could be evaluated to determine whétleecut scores are consistent
regardless of grade level, or if they vary at timé®n reading fluency is not the focus of
instruction or skill development. Furthermore, $&gcdf normally developing students
would also indicate whether the findings were csiesit whether reading development

was progressing as expected or delayed.
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Predictions of intervention effectiveness couldelbealuated through extended
analyses of response to intervention to determimethrer the expected gains in fluency
were obtained. Additionally, students who were pdi¢p be in the acquisition stage
could be followed until their reading rates anduaacy surpass the cut scores and then a
BEA could be completed to determine whether theyalestrated a stronger response to
the proficiency intervention package, as would telgted.

Finally, the cut score model presented in thisytalld be incorporated into
larger reading intervention decision frameworkshsas those presented by Daly,
Chafouleas and Skinner (2004) or Burns and collea@g2010). These models include
simple assessments that can be completed to datemhich reading skill should be the
focus for an individual student and provide intemien suggestions. Typically decision
points in these models are based on theoreticdheafions of reading development, but
the current methodology has the advantage of bemgrically based. Thus, there are a
number of opportunities to extend the current stndyays that have important
theoretical and practical applications.

Limitations

The current study should be considered within thr@ext of limitations which
may have impacted the data collected. There wasbikty in the grade levels and times
of year that participants were tested. Analysesdtiampted to control for these two
factors did not improve the quality of the modelalaated, indicating that they had a
limited impact on the results. However, future ségdshould work to control for or take

into account these variables in order to obtainenamcurate cut scores.
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In addition, student participants were drawn frdifferent school settings and
different evaluators completed the assessments-tater reliability was not collected to
ensure fidelity of procedure implementation, althlograduate student evaluators were
familiar with the CBM and BEA procedures and weegrted and given detailed
instruction sheets (Appendixes C, D, and E) bypifi@ary investigator.

The number of students in each of the intervergitectiveness groups (M-EC.:
21, RR-R: 24) was also lower than the 30 per gioitially desired when the study
began. While more definitive results may have betéained with a greater, the
strengths of the relationships obtained in theasurstudy despite the lower number of
participants indicate that real differences betwg@mups were found.

Additionally, the use BEA to differentiate studeesponsiveness to the
acquisition and proficiency intervention packages/have impacted the results. First of
all, the BEA procedure only allowed the examineidintify the best of the two
intervention packages rather than the one thatnbigldeemed effective by allowing the
student to meet a desired rate criterion (i.edirgpat the 48 percentile). Secondly, the
effectiveness of the selected intervention wasrassibased on studies supporting a
match between the results of a BEA and more exteadalyses (Noell, Freeland, Witt &
Gansle, 2001Jones & Wickstrom, 2002). However atttaal impact of the selected
intervention package on students’ reading fluerkilyssvas not formally evaluated as
part of the current study. Different methods ofedetining the effectiveness of the two

intervention packages may have yielded differemctgsions.
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Finally, it should be noted that the results af gtudy apply to a limited subset of
the skill of reading fluency. The focus of readamguracy and rate neglected other
important features, including prosody and simultarsecomprehension (Samuels, 2007).
Additionally, as noted in the comprehensive modélieading development, reading
fluency is impacted by competence in a number loéioteading related skills (Wolf &
Katzir-Cohen, 2001; Hudson et al., 2009). As sitds,difficult to isolate fluency as the
single skill measured and addressed with intergestin this study. However,
measurement and intervention were based on thengetidency literature and all
students demonstrated improvement in reading natesponse to the intervention
packages. Thus, to the extent that it was possttdepears that important components of
reading fluency were appropriately targeted indheent study.

Conclusions

Haring and Eaton’s (1978) Learning Hierarchy/lastional Hierarchy (LH/IH)
presents a framework of how skills develop and vitiahs of instruction best facilitate
growth at each stage. The current study used tles®f the LH/IH to evaluate the
baseline characteristics of students who were deugj the reading fluency skill of
accurate reading rate. The results confirmed tipetmesis that students at the acquisition
and proficiency stages for this skill demonstratéférent reading rates and accuracy and
further that intervention effectiveness could bedicted based on these measures. While
additional research is needed to confirm and extieeske findings, the current study
supports the LH/IH as a useful theoretical modebiaiding decision-making within the

response to intervention framework.
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Appendices
Appendix A

CONSENT FORM
Predicting Intervention Effectiveness from Oral Bieg Accuracy and Rate Measures

Your child is being invited to be in a researctdgtof how to predict which type of reading
instruction will work best for individual studentgour child was selected as a possible
participant because he or she was identified bpdigeacher as being in the process of learning
to read at an appropriate rate. We ask that yadittes form and ask any questions you may have
before agreeing to allow your child to be in thedst

This study is being conducted by: Isadora SzadskieM.A., a graduate student in the
Educational Psychology Department at the Univeiditylinnesota, under the guidance of
Matthew Burns, Ph.D., an Associate Professor oftRtional Psychology at the University of
Minnesota.

Background Information

The purpose of this study is: To learn the readimgracteristics of students who will benefit most
from to two types of instruction. Students at diffet stages of the learning process need different
types of instruction to improve their reading dbilEarly on, students must learn to read words
correctly and then the focus shifts to practiciegding with appropriate speed. If a teacher could
tell at which stage a student was reading, thercshlel predict how to best teach the student.

Procedures:

If you decide to allow your child to be in this @y he or she will be asked to read 10
grade-level passages out loud for 1 minute whiteréisearcher records his/her reading
rate (humber of words read correctly in 1 minuta] accuracy (percentage of words read
correctly). First, your child will read all passagsith no help. Then he or she will read
the passages again, but this time the researchgraxide brief instruction using two
different interventions that help students at défe stages of learning. The researchers
will then determine if it possible to predict whigttervention has the best results using
the original levels of accuracy and rate.

The study will last over a two-week period. Youildhwill meet with the researcher for
two 15-20 minute sessions during the first week thnele 10-15 minute sessions during
the second week. The following procedure will bedis

1) Each student will accompany the researcher to e quea within the school.

2) The study will be explained to the student and thehe will be asked if they wish
to participate. Those that do not wish to partitapaill be allowed to return to the
classroom without any negative consequences.
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3) During each of the first two sessions, the stueelhtead five passages out loud
for 1 minute each with no instruction from the @sher.

4) During the next three sessions, the researcheaitgiinate between two
interventions to pre-teach the passages beforeunegdhe student’s reading. In
one intervention, the researcher will read the ggs®nce to the student and then
correct any errors he or she makes in the secading the passage. In the other,
the student will practice reading the passage awigk and will be offered a
reward for fast reading on the third time.

Risks and Benefits of being in the Study

The study has a few potential risks: First, youldctvill be asked to read aloud while the
researcher monitors performance, which may be ufartable for some children. Also,
we will attempt to conduct the study during nontinstional times, but some class time
will likely be missed.

The benefits to participation are: There are fergatibenefits for your child. Information about
the type of reading instruction that lead to thstle@itcomes for your child will be provided to the
teacher and may or may not be used in future iostmu However, your child’s participation will
help us learn how tpredictthe bestreading instruction foindividual students, which will

help future children learn to read.

Compensation:
Your child will receive a small reward (a stickpencil, or fruit snacks) as part of one of the
interventions.

Confidentiality:

The records of this study will be kept privatealmy sort of report we might publish, we will not
include any information that will make it possilbéeidentify a participant. Research records will
be stored securely and only researchers will haeess to the records.

Voluntary Nature of the Study:

Participation in this study is voluntary. Your dgon whether or not to let your child participate
will not affect you or your child’s current or futirelations with the University of Minnesota or
their school. If you decide to let your child peipiate he or she is free to withdraw at any time
without explanation.

Contacts and Questions:

The researchers conducting this study are: Isa8lmadokierski, under the guidance of Dr.
Matthew Burns. If you have any questions, pleasgamb Ms. Szadokierski at 651-295-3032 or
szadoOO1l@umn.edur Dr. Burns at 341 EdSciBldg, 56 E. River Rd.nhtapolis, MN 55455,
612-626-7324, oburns258@umn.edu

If you have any questions or concerns regardirgyghidy and would like to talk to someone
other than the researcher(@yu are encouragedo contact the Research Subjects’ Advocate
Line, D528 Mayo, 420 Delaware St. Southeast, Mipoég, Minnesota 55455; (612) 625-1650.
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You will be given a copy of thisinformation to keep for your records.

Statement of Consent:
| have read the above information. | have askedtipres and have received answers. |
consent for my child to participate in the study.

Name of Child:
Signature of parent or guardian: Date:
Signature of Investigator: Date:
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Appendix B

Assent Form

Predicting Intervention Effectiveness
from Oral Reading Accuracy and Rate Measures

You are invited to participate in a research projdée are hoping to learn
how to best teach kids to read. You can be inglogect because you are in
second or third grade and are learning to readr Yatent(s) have given
permission for you to take part in this studyydii have any questions,
please ask at any time.

If you agree to be in the study, you will go wittetresearcher and practice
reading five times over the next two weeks. Eadsisa will last between
10 and 25 minutes. The researcher will measurefasiyyou read out loud
and how many words you read correctly. Also, somesi the researcher
will help you with your reading and sometimes stomi

You might not like reading out loud while the res#eer follows along, but
being in this study will help us learn how to dbetdter job teaching other
kids to read.

The results will be used for research only. No, oro even your teacher or
parents, will know how you did. Being in this studytotally up to you, and
no one will be mad at you if you don’t want to dlo |

Signing here means that you have read this pag®adit read to you and
that you are willing to be in this study. If yourdbwant to be in this study,
don’t sign. Remember, being in this study is ugda, and no one will be
mad at you if you don’t sign this or even if yowaage your mind later.

Signature of participant

Signature of person explaining syud

Date
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Appendix C

Predicting Intervention Effectiveness from Oral Realing Accuracy and Rate Measures
Baseline Instructions

Baseline includes 10 passages, read over 2 ses$immspoken directions are mainly for the
first session, but the student should be remindethd the second session.

Passage 1
1. Say ‘1 have some stories for you to read today.

2. Place the passage in front of the student.

3. Say ‘When | say ‘begin’ start reading aloud at the tdgle page. Read across the page
(demonstrateand try to read each word. If you come to a ward glon’t know, try to sound
it out, but if you still can’t figure it out, skip Be sure to do your best reading. Do you have
any questions?

4. Say ‘Begiri and start stopwatch when student says first word.
5. Follow along, putting a slash through words reambirectly.

6. If the student hesitates for 3 seconds, tell thefigd or’ and mark word incorrect.

7. At 1 minute, say Stog and put a ] at the last word read.

Passage 2-5
1. Say ‘Here is the next stotyand place passage in front of student.

2. Say ‘When | say ‘begin’, start reading aloud at the tifghis page. (Remember to do
you best reading)

3. Repeat monitoring steps above.

m

nd
1. Say ‘You did great work today! Thanks for your help.
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Appendix D
BEA Session Instructions

There are 3 BEA sessions. During the first two,fatlewing interventions are tested 3
times. The third session consists of a baselinsegggs(no intervention), followed by the
“best” intervention (i.e., that which lead to thegtest increase in rate over baseline)
applied to a single passage.

1. Tell the studentToday we are going to do things a little differgntlam going to
have you read the stories again, but now I’'m gdmgelp you in different ways.

Modeling-Error Correction Intervention

2. “This time | am going to read the story to you ozeé then have you read it back to
me. Please follow along while | reaRead the entire passage at a fluent speed. (Recor
time). Although it is not required, encourage thelsnt to follow along with his finger
and try to redirect attention to place in passagegerly distracted.

3. After done reading passage, st you read the story back to me. When you get to
a word you don’t know, | will tell it to you andMant you to say it back to me and keep
reading. Then at the end we’ll practice those wadain’

4. Have student read for 90 seconds, providingedissid incorrectly read words and
having student repeat them babkark errors & place a ] after last word read a@@ and
90 seconds. Place a small “1” above errors madhismeading and at the ]s. Also, place
a circled “60/90” and the 60/90-second ], respetyivThen say Stop”

5. Practice all missed words and phrases. $ais“word(point)is . Say it back to
me. Good. Now read this phrase out loud three times (point). Phrase is
generally the clause in which the word is embedtfedultiple words missed in the same
sentence, practice each word and then have stueBhtvhole sentence 3 times.

6. “Now, when | say begin start reading at the begigrahthe story. Be sure to do your
best reading.(Do not provide correction, just say “go on” isditating for 3 secs). Mark
errors with a “2” above them and place a circle@d™6ext to | after last word read after

60 seconds. Saystog after 1 min.
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Appendix E
BEA Session Instructions

There are 3 BEA sessions. During the first two,fatlewing interventions are tested 3
times. The third session consists of a baselinegggs(no intervention), followed by the
“best” intervention (i.e., that which lead to theegtest increase in rate over baseline)
applied to a single passage.

1. Tell the studentToday we are going to do things a little differgntlam going to
have you read the stories again, but now I’'m gdmgelp you in different ways.

Repeated Reading-Reward Intervention

1. “This time | want you to read the story out loud timzes. When | tell you to stop the
first time, | want you to start at the beginningaag If you come to a word you don’t
know, try your best, but if you still don’t knowskip it. After you've read the story twice
we’ll do something different. Ready?

2. Let the student read the passage for 90 secortlshe student toGoon” if they
hesitate for 3 secs or more. Mark errors and f§and 90 seconds with a “1”. After 90
seconds tell studenStop. Start at the top again. Bedin.

3. Let the student read for 90 seconds. Mark eands]s with a “2”. While student reads,
try to determine the student’s rate for the fiesiding (above). Then determine the
“reading goal” by adding 20% to the accuratedading rate. After 90 seconds tell
student Stop’

- To calculate goal, round accurate rate8@ secs. down to nearest 0/5; take 10% and
multiply x 2; add to accurate rate. Student muatirat least at least this many words
correctly on & reading to earn prize.

4. Take out prize box and saltsrought my prize box with some fun things insideve
pencils(take out 2)stickers(take out 2)and fruit snacks. Which of these would you most
like to earn? Place child’s selection to the side (still vigpland put others & prize box
away.

5. “To earn this prize you have to read the story fabt@n the first time you read it
today. I'll keep track and tell you at the end wiegtyou met the goal. ReadyRecord
students correct rate for th& hinute. Reward prize if earned.

- Students often “speed read,” which for this istokt it can be difficult to track errors.
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