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Internal Studies on the Impact of the Access Cod&eadingIntervention

Introduction
Reading is fundmental for academic success. Yet despite focused instruction and numerous
interventions, many children struggle to acquire this fundamental skill. According to the 2009 National
Assessment of Educational Progress, 67% of 4th graders score below proficeéaating (US Dept. of
Education, 2010). While ultimately instruction must be improved to prevent students from falling
behind, there is an immediate need for scientifically sound interventions.

Any such intervention must address two issues. Firstygt mlentify the content of remediation,
the skills that are compromised in struggling readedswhichgive themaboost toward proficiency.

Here, a crucial skill is decoding, the ability to understand and use sound, and to map letter strings to
phonologcal patterns (Chall, 1967; Liberman & Liberman, 199Dgcoding is the access point to many
other aspects of reading, particularly during the early stages when few words can be directly recognized.
By giving children the ability to recover a spoken wiran print, effective interventions emphasizing
decoding may enable children to benefit from regular classroom instruction and text exposure outside of
the interventionindeed, a wealth of evidence suggests that interventions based around decoding like
phonics and phonemic awareness offignificant gains irword recognition, fluency and
comprehensionHoorman, Francis, Fletcher, Schatschneider, & Mehta, 1288a& Hgien 1999;

Savage, Abrami, Hipps & Deault, 20@hri, Dreyer, Flugman% Gross, 2007Roberts & Meiring,

2006; Edwards, 2008; Torgesen, Alexander, Wagner, Rashotte, Voeller, Conway, & Rose, 2001), and
metaanalyses suggest thattonicsapproachesra measurably better than other approaches to

instruction and remediatigiehri, Nunes, Stahl& Willows, 2007).

Second, we must addresswhthoseskills aretaught and how teaching leadsheir retention,
generalizatiorand applicationMany interventions emphasize content, relying on methods derived from
educator so6 ex p e roblemmas acquaimgdknowledgerte=g., tulasdor gronouncing
letters). In contrast, a long tradition in psychology and cognitive science emphasizes the mechanisms of
learning and the nature of memory (e.g., Cleeremans, 1997; Rayne, Foorman, Perfetty Resetsk
Seidenberg, 2001; Reber, 1976; Roher & Pashler, 2010; Shea & Morgan, @) 1980s and 1990s
anumber of research groups badainging together such work into the more formal and concrete
theoretical approach known as connectionism and/osttati learning theory (e.g. Rumelhart,

McClelland and the PDP Research Group, 1986; Saffran, Aslin & Newport, EB8&n et al, 1996;
Seidenberg, 2005). Within this framework a number of formal models of reading were developed,
known as the Triangle M@t (Figure 1) $eidenberg &

McClelland, 1989; Plaut, McClelland, Seidenberg & Patterson, _

1996; Harm & Seidenberg, 1999; Harm, McCandliss & Semantics

Seidenberg 20Q3This offered a new way to think about the SIS BT

nature of decoding sklls, and how they are acquired
(Seicenberg, 2005) suggesting that decoding operates over
associative mappings between focal representations of

phonology, orthography and meaning. Mappings are acquired ;o0
via implicit or procedural learning and encode statistical

regularities between letters asdunds, not abstract rules or Nonce spelling
knowledge. Thus, acquiring decoding skills is a process of —
laying down pathways for processing, pathways which reflect fisounding it o

the messy statistical relationship between sound and letters F‘ 1: The Trianale Mod
discrete rules or knowledge. This mayress fundamentally igure 2. The Triangie Mode
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different learning principles.

Perhaps more importantly, this theoretical account of learning and memory, when tied to the rich
historyof work on basic learning processes in psychologydraived at a number of findings which
can te used to directly improve the efficacy of learnargl the retention, generalization and application
of skills to new contextsWe loosely describe these findings under the aegisdfther i ed pr act
modeb which encompassefindingsthat (1) interlaving multiple tasks leads to better learning and
generalization (a finding known as contextual interfereB8bea & Morgan, 197Magill & Hall, 1990,
for a review, (2) variability in the items to be learned often leads to richer representéiionsne&
Restle, 1959; Bush & Mosteller, 1951; Gomez, 2002; Rost & McMurray, 2009,;201d]B) that
implicit learning, rather than explicit learning, may better capture regularities like those required for
language and readir{eber, 1976Howard & Howard, 201; Berry & Broadbent, 198&affran,
Newport, Aslin,Tunick and Barruecd,997). Connectionismodels like the Triangle Modahd the
varied practice approach offex clear learning theory as the basis for intervention, and suggest that
laboratory studis and computational models of learning may inform reading interventions. However,
such findings only rarely guide reading interventions (though see McCandliss, Beck, Sandak, & Perfetti,
2003).

Access Codeasdeveloped to bridge this gapccess Codis a supplemental, blended
intervention (computer + teachtacilitated instruction) for struggling readers that provides focused
training on decoding and rapid word recognition leading to fluency and comprehension. Its learning
model is built on this variegractice approach and on principles from connectionist, statistical and skill
learning theories. NSfinded basiescience research by the research team (Apfelbaum, McMurray and
Hazeltine, 2011) explicitly tested this link. The strength of the VPM iscpédatly appropriate to this
intervention that targets students who have shown persistent barriers to the retention, generalization and
application of phonics skills to new contexts.

Access Codhas beemlevelopedtested and refined as a theoreticaltiven model for reading
interventionby Drs. Carolyn Brown and Jerry Zimmermann over the éaghtyears in an ongoing
iterative process involvingesearchers, teachers, parents and reattessbuilt on a theoretical model of
reading and learning &t positions reading as a constellation of multifxibly-aligned skills.The
purpose of this technical report is to document sewaieinalstudiesexploring the application dahe
varied practice model to the retention, generalization and apphoattiphonics skills to connected text
and theefficacy of Access Codm building decodingand fluencyskills with struggling readers. We
first start with a brief overview dhccess CodaVe then move on to the studi&udy 1 is a qualitative
descripton of the first interventions with Access Code and their res8lisdy 2 reports a case study of
a school LakeviewElementary in Solon, 1A) who usétcess Codwith all of its struggling readers
and documented their weekly gains in decoding fluency Study 3reports the results of a small
randomized control trial conductati Hillside Elementarin West Des Moines, IA.

Study 4 reports the results of a randomized control trial conducted in Bridgeport, Connecticut.
Theseseries oftudies-taken togther-offer compelling convergingevidenceor potential gains from
thisinnovativeapproach to reading remediation.

Description of Access Code

Individualized Online Component Access Codés a supplemeat interventiorfor 1% -grade and older
studerts readingbelow graddevel because they lack foundational reading skiflsvas designed and
developedo help struggling readeescquire retain, generalize, and automatically apgzodingskills
by using a multmodalcomputerbasedolatform of audb, video, graphics and texb keepstudents
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engagedStudens interactwith a series omulti-mediatasksprimarily respondingvith the computer
mouse Eachdaily sessioron the computdiasts abouf5-20 minutes The individualized software
curriculum s deployedover the internebn computesin the classroopresource room or at home.
Eachunit is organized aroura small set of GraphertghonemeCorrespondence rules (for
example, the fact that the lett&nn aCVC frame, likehatis pronounced as é¢ishort A or /ag/). These
are taught using a variety of simple tasks that employ principles fronatieel practicenodel.
Students use the same woattsoss 2@asks that emphasize different pathways within the Triangle
Model, such as mapping sound t@lipg, spelling to sound and sound to text recognition. This draws
chil dr ends a tsingularty ano rgidly isausing onrtterategies needed to solve any one
task, while they sample the statistics implicitly across tadkis. is critical tasuccessful retention,
generalization and application of skillsasks provide consistent feedback, both as a motivator, and as a
necessary condition for lortgrm learning
Access Codassumes thatudentdave a working knowledge of basic letsaund
correspndence, but have not yet reached the stage where mappings are automatic or generalizable. The
goal of Access Codis to use theapid pace, immediate feedbaakd most importantly, the exquisite
control over taslstructure relevant contrastsnditem statistics offered by a computer platform to
quickly build procedural aspects of decoding.

Access Code

TeacherFacilitated Instruction: Access Codeecognizes the essential role tiskdssroonteachers
play in the learning procegven when skillare effectively taght,learned, and practiced through
the online delivery of the curriculum. The Access Code intervention program relies on a blended
learning model dependent on both a teacher and a compithierVaried Practice Model,
personalized toach student, is most effectively and efficiently delivered throughren
individualized skill learning thatannot be accomplished effectively for each student by a classroom
teacher. Individualized teaching is particulatlificult in a classroom whera number of students are
struggling readers. With Access Code, the teacher serves a critical role in engaging, instructing and
motivating the student and providing a milieu in which the newly acquired skills can be practiced,
applied and wellnstantiate. As the daily schedule (Appendix A) illustratdaily teachefacilitated
instruction extends the principles of the Varied Practice Model to classroom activilieseather
creates the learning conditions in which students can apply and praetrceetiv skills in the broader
context of reading connected text for a purpdssample clas'oom lessoris presentedn Appendk B.

Ongoing data aravailableto the teachethroughemailsabouteach studeft asage time and
performance progresEmail updates are detailed in Appendix

Sequence of GPC rules and unit structuréhe structure of th&ccess Codeurriculum and the
software architecture reflect the critical requirements of the Varied Practice Model within a phonics
curriculum. Acces<Codeis divided into 24 units, eaaf which stressea small set of GPC rulésee
AppendixEf or t hseopewandiséqeedc®Vithin units, students complete 5 pretest tasks, 20
instructional tasks and 5 posttest tasks, with 8 trials for each task. Tistruciure (Appendi¥) is
organized around 5 instructional levels in which tasks are embedded. The first two levels t€&RE the
rules in one syllable wordggvel 3 extends these rules to new words and new skills in similar gasks
Levels 4 and 5 @gnd the rules to words in phrases and rayliabic wordgAppendix G.

While Access Code approach to decoding hasnilarities tosystematic phonigghere are
theoretical angbractical differences. Simildo systematic programs, GPC ruége taugt sequentially,
advancing from simpleulesto more conplex ones. 8udents workn each uniuntil they perform at
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criteriafor each task and then they advance to thetgsstUnlike other systematic phonic programs,
Access Codembeds GPC rules in moremplex tasks from theeginning. Even initial units about the
simplest GPC rules ask students to extend rules tegytibbic words and phrases. This ensures
generalizability of each rule byffering variation in things like syllable structure, and Bkiag children
to generalize rules to a variety of tasks. In this wagess Codsimplifies the relevant statistics (by
focusing on a small set of GPC rules) while simultaneously pushing children to use these flexibly.
Ultimately this leads to phonicsdming that better generalize to new words, new tasks, and most
importantly, connected text.

Curriculum. The curricular content dkccess Codis organized around the phonics rules for vowels
(Appendix E). Word lists for each unit include words that ggically known by third graders.
Examples of the contrasts embedded in the various tasks for Unit 1 (short vowels A, E, I) are shown in
the word lists in Appendikl. The curriculum cycles through 20 tasks (8 trials each) for each set of
rules, using the sae lexicon (within a set of ruleshccess Codtasks includenultiple activities(e.g.,
phoneme identification, phoneme manipulatigmelling,syllable andvord and phrase identification,
oral reading and word ostruction) See Appendix for examples bscreen displays for two tasks.
Through extensive testing and analysis the curriculum has emerged to reflect the considerable
difficulties that struggling readers demonstrate with identifying and processing vowels in anything but
the simplest contexts.@e, Post, Swank, Hiscock, Fowler, 1999; Bertucci, Hook, Haynes, Bickley &
Macaruso, 2003; Caravol&Bruck, 2000 and their inability to internalize the structure and function of
the syllable.

The use of multiple tasks fer practical and theoreticabncernsAt a practical levelfrequent
taskswitching reduces boredom and maintinterest as he dynamigace and gamike nature of the
tasks matches t u d &tantion Spandit the theoretical levethis schedule creates conditions under
which contextual interference should emerge. However, switching tasks too frequently can cause
problems for children, as they may have difficulty maintaining the instructions for each task. To counter
this, Access Codases the same set of tasks for each unth(different items) so that after a few units
children are used to the tasks, and have little trouble with this.

Advantages of computdnased instructionAccess Codie somputerbasedmplementatioris crucialto

its succesdy allowing it to precisely adrol the timing and structure of the learning in order to
instantiate several principles from learning the@tatistical learninge.g., Saffran et al, 1996), for
example, suggests thatarners learn probabilistic relationships between elements tikesland
phonemes. As a result, successful learning requires them to accustatigtees over many trialsA
computerbased implementation cémusdeliver more trials more quickly than paper and pencil tasks.
Leaning theoryalsosuggests that erralriven learning is more effective when feedback is immediate
(Maddox, Ashby and Bohil, 2003), particularly when the items to be learned are not easily describable
like rules (e.g., the conflicting sowspelling regularities)Thisis difficult outside ofcomputer

programs Third, associativeréther than erredriven) learning is most effective when students reach the
right answer on their owrandAccess Codsimplifiesthe tasks when a responsaricorrect,
scaffoldingstudens to the right answefe.g, Appendix I) Finally,thecomputer allows delivery to be
standard: aditory stimuli are not confounded by accent or vocal quality, responses are the same, and
feedback is consistent. Thassomputerbased program is idefdr fully implementing a learnig

theory
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Study 1: Early Case Studies

Work onAccess Codbegan in 2006. Its development proceeded empirically asdtess Code
developers (Drs. Brown and Zimmermann) worked-on@ne or in small groups with struggling
readers, and their teacharsd parents. The following case studies describe their experiences and the
success that eventually led to this full scale intervention.

Case Study 1: Jessica.

The initial model and materials were developed and tested with an otherwise capable third
grader, Jessica, who was a struggling reader. Jessica had good receptive and expressive oral language
skills and was on or above grade level in all subjects other than reading. She had excellent oral
comprehension. She was identified in first grade asléidneed of additional reading instruction and
was enrolled in Reading Recovery. Jessicabs te
she continued to struggle ifi%rade. She was highly motivated and needed something different from
the behaviorist approach that had been used with her and is typically used with struggling students.

TheAccess Cdedevelopers workethtensively withJessica over three months in an attempt to
identify learning strategies that were effectiv@ver the course of this work, they recognized the
positive impact of adapting the varied practice approach to phonics and decodingr$iitsnitial
hypothesis was that this struggling student needed multiple and varied experiences so she could derive
and caistruct the rules governing tdecoding skills As a result of thi?\ccess Codwas implemented,
oneon-one, by her teacher for 15 minutes each day for 12 wéldies tasks and curriculum that would
later be incorporated into the technology platform méglly delivered by the teacher. For Jessica
Access Codserved as an eramp to text so, ithin a year, hereading comprehension scomsthe
lowa Test of Basic Skills rodeom the 14 to the 74" percentile.

Case Study 2. David and Alex

David and Alex were identified as struggling readers with similar profiles at the end of 3rd
grade. Both boys performed well in subject areas other than reading and each had excellent verbal skills
in both the expressive adal comprehension domains. Eachtloé boys struggled with word
recognition skills, which negatively impacted their fluency and reading comprehension. Teachers and
specialists from their respective schools reported that they assumed David and Alex were "late
developing boys" who would sodget it" and catch up in reading. However, neither student made much
progress in flency or reading comprehension.

David and Alex participated in an eiglveek summeprogram organized aroutcess Code
The summer program reqad that the students u8ecess Codevery day. Additionally, they met with
the teacher two or three times a week to engage iextieasion activities foAccess Code

Both boysshowed similar gains aine reading comprehension subtest of the lowa Te3asit
Skills after usng Access CodeDavid's reading comprehension scosmese at the82nd percentile in 3rd
gradeand rosdo the 93rd percentile in 4th grade. Similarly, Alex's reading comprehension scores
increased from the 44th percentile in the 3rd grade to the 90tmplkrde the 4th grade.

Conclusions.
At this point in time, all three students remain on or above grade level in reading comprehension.
Crucially, these early successes led to the growing understanding of how to best encapsulate the varied
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practice apprach into phonics remediation, and to the crystallizatiohcokss Codmto the richly
structured24 week supplement that it is today.

Study 2: Implementation in the SolonCommunity Schools

In the Spring of 2010Access Codwas implemented ithe Lakeview Elementaryand Solon Middle
Schoolsn Solon IA with 70 struggling reader#fter reviewing the earlier pilot results from using
Access Codwith individual studentshe teachers and administration were reluctant to assign targeted
children to a cotmol group. As a resulthts implementation was designedsatiootwide intervention

not a research study, and so as a result this constitutes virtually all of the struggling readers (across
multiple grades) at Lakeview Elementary

Methods
Participants Participants wer&0 studentg24 female / 46 malenrolled at Lakeiew
Elementary in Solon, IATable 1 reports the number of students by grade and gelnalezview is a

Table 1: Number of participants Table 2: Number of participants with disabilities.
by grade and gender.

Disability Status | Students
Gender None| 43
Grade | M F Learning disability (general 19
21 6 9 LD in math| 2
39| 8 12 LD + behavioral disorde| 1
a4 9 Speech/Languag 2
50 4 7 Rule 504 3
6" 0 4
™ 2 5

suburbantral schooin whichall participatingstudents were Caucasiarceptfor one African
American studentbout 40% of the students were classified as having disabflépme typeTable 2
presents a breakdown of the numidersach type.

All of the students who participated Atcess Codbad been identified by theiraehers and the
district reading interventionist as struggling readers on the basis of district assessments and results from
the lowa Test of Basic Skills Reading Comprehension Suppté®$g). Inclusion was weighted toward
the teacherob6®ventitbri seadadi hmprassion that the <c
decoding skills (as opposed to comprehension).

As ITBS; scores were available on all participants tbay beused to describe the sampléen
the ITBSthe 24 girls scored in tH29.35" percentile (SD=17.3) and the 46 boys scored in thé"32.9
percentile (SD=21.1putting them below average.

Setting. The SolonCommunitySchool District uses both small and laxgeup reading
instruction to emphasize decoding, fluency comprabarend vocabulary. This issed in conjunction
with a comprehensive reading program emphasizing phonemic awareness, phonics, fluency, vocabulary
and comprehension. Solon employs a reading specialist fordL2? graders, and in 2009 added an
additiond specialist forstruggling3™ through &' gradergo provideone-on-one instruction in basic
reading skills.

Studentsparticipating inAccess Codasedcomputers in their classroom, computer lab, or
special education rooto access th&aining. They were supervised by thdigacherthereading

-7-
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specialist or @pecial edcation teacher (for middle schoolers). A handful of chilgh@nicipated in
Access Codsessiondefore or after schoohfter a brief individual or small group session to show
students how to logn and utlize Access Codéhe role of thgpersonsupervisng was to assure that
students logged in appropriately and focused on the computer Esig.were alsoesponsible for
reading theend-of-unit poems and passages with the sttglen

Timeline. The inervention was conducted from February 12, 2012 to July 15, 2010 (most
students completed the intervention by the end of the schoobyelme 7, 2090

Fidelity of Intervention. Thecomputer basedomponent oAccess Codkeasa number of
features that ensure that it is faithfully execut@tie program automatically advances students between
tasks and units and offers an engaging platform to keep students motiSateelAccess Codis
deliveredremotely via the internet, hcan be monitorednlogs maintained by thEoundations in
Learningservers.

Ouranalysis othe logs indicated that 52 / 70 students completed an average of 3.5 sessions per
week (the Aacceptabl ed recommenda tcomplated mbrgthar o u n d
2 sessions/ week, and only 5 completed bel ow two

Measures. A number of measures were obtained from each student, before, during and after the
intervention. As Access Codemphasizes decoding, spellipgtternsandword recognition, our
proximal measures focused on these abilities, while our distal measures emiiiasizeandeading
comprehension.

DIBELs (6" edition) (Good & Kaminski, 2002) served as our proximal measure of decoding and
fluency. The Nonword Fkncy Subtest (the number of nonwords the student can correctly pronounce in
a minute) was conducted in February, before the interventiorgtahd end oMay, at the conclusion
of the interventionfor most studentghough there were a handful who wegsted just prior to
completion This measure is perhaps the purest measure of decoding as students cannot use any
memorized word forms (e.g. direct orthograptadexical mappings) as a proxy for decoding skills.
However, to prevent students from memimg the norwords it cannot be conducteabtmany times.

Finally, the Oral Reading Fluency Subtest was administered to each student each week during the
intervention. This provides both the number of words the child can correctly read per minutejrand th
accuracy in pronouncing them.

The ITBSserval as both a baseline measure of readomgprehensiorand our distal measure of
improvement. The ITB®% conducted in October in the Sol@emmunitySchool District. We
obtained ITB& scores from each paripant as far back 2007, though these were available on a limited
basis for more distal years. In addition, we obtained Ki&®res on all participants for the October,

2010, test datéollowing the intervention.

Results
We report the results efad of ourthree measures in turn.
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Dibels Non-word Fluency (NWF). Children started the intervention in February with an average
score 0f64.9 (SD=27.5) and ended at 77.8 (31.75), a fairly sizeable improvement. Fgiows that
this improvement was seén every grade level and in both genders. Results were analyzed with a
mixed design ANOVA containing grade and gender as betpaditipants factorgesttype (pre/post)
as a withinparticipants factor. Dibels NWF scores (Asards / minute) was théependent measure.
We found a main effect of grade (F(5,57)=9.2, p<.0001) with scores generally incfeasirgper

A. B.
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e o
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2nd 3rd 4th 5th 6th 7th Female Male
Grade Gender

Figure 2 Performance on the Dibels NWF subtest before and after the intervention as ¢
function of Grade (Panel A) and Gender (Panel B). Note that some students had not fL
completed the iervention by May when the péatervention measure was collected.

grades. There was no main effect of gender (F<1), but there was & greiger interaction
(F(4,57)=2.9, p=.027). This was due te fact that NWF scores increased at each grade level ifi' the 1
through %' grades for both boys and girls, howevétadd 'gr ade boysd scores dr c
while girls showed their highest performance in theiade (there were nd"@rack girls in the study).
This result should be interpreted with caution, however, due to the small numBearaf &' graders in
the study as a whole (N=11). Crucially, there was a highly significant main effestbfpe
(F(1,57)=21.3, p<.0001) wHicdid not interact with gender (F<1), grade (F<1), or with the gender x
grade term (F(4,57)=1.5, p=.2Jhus,we can conclude that NWF scores improved substantialing

the short intervention period and this improvement was not different in our diffx@ups. While
without a control group we cannioé sure how much these children would have improved without
Access Codat is clear that substantial improvement was seen.
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Dibels Gal Reading B O Pre

Fluency (ORF) TheDibels =z 607 B Post

ORF measure includes botha & .4

fluency measure (number of °

words correctly read per ° 20

minute) and accuracy. \tas [a

collected each week during 0~

the intervention on all 2 3 4 5 6 7

students. As students varied Grade

in the number of weeks it
took to complete thAccess
Code the number of data
points differed aross
participants. This
necessitated a mujpronged analytic approachVe first report a series of analysis on the cosrect
wordsperminute measure, the primary measure of fluency in the Dibels framenNesit, wereport
secondary analyses examining@a@cy.

To examinecorrectwords per minutewe first took the simplestpproactby comparing the first
and last ORF data points for each participantfasietion of gender and grad€hildren started with
the ability to produce 61.1 correct words pgnute (SD=19.8), and ended at an average of 81.8
(SD=28.2) suggesting a sizeable improvement. This was examined in a mixed ANOVA examining
grade and gender as betwgmrticipants factors, andsttype (pre/pos} as a withirparticipants factor.
Therewas no significant effect of gender (F<1), but there was a significant effect of grade (F(5,57)=7.6,
p<.0001). As Figur8 shows, this was largely due to the fact that tharél 7" graders performed
worse than the other grades, likely due to a higékecton threshold on the part of teachers for these
older students. Gender and grade did not interact (F<1). Most importantly, there was a highly
significant main effect ofesttype (F(1,59=81.7, p<.0001).Testtypedid not interact with gender
(F<1), it did interact with grade (F(5,57)=3.35, p=.01). Howevkmmped comparisons showed ttz
testtype effectwas significant within each age (all p<.001, 6th and 7th graders were collapsed due to
small samples in these grajlesuggesting that thisas a difference merely in the magnitude of the
effect. The thresvay interaction was not significant (F(4,57)=1.4, p=.26).

Figure 3: Correct Wordg¢ Minute on the Dibels Oral Reading Fluency
subtest as a function of grade and treatment.

-10-
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Table 3: Regression slopes and intercepts on the cewerdsperminue measure
broken down by gender and grade.

Slope
Intercept (words / minute)
(initial word/min) | Mean SD Sig.

Boys 67.09 1.00 1.13 T(45)=6.0, p<0.0001

Girls 68.9 0.92 1.14 T(23)=4.0, p=0.001
2" Grade 47.78 0.79 0.52 T(14)=5.9, p<0.0001

3 Grade 75.42 1.20 1.43 T(19)=3.7, p=0.001

4" Grade 68.28 0.56 0.79 T(12)=2.6, p=0.024

5" Grade 87.38 0.71 0.77 T(10)=3.1, p=0.012

6" & 7™ Grade 60.48 1.54 151  T(10)=3.4, p=0.007

This metric tells a compelling story when compared to recommendations by the Dibels research
group (Kaminski, Cummings, Powedimith & Good, submitted). By their standards, olftgaders
fell (on average) into thmtensivecategory (the cutoff is <52 and they had a mean of 42.5), however by
the end of the intervention they were scoring 59.2 which puts them stréttegicrange(using middle
of the year standards). Similarly, the third gradem$ial score 0f65.3 also puts them in the intensive
category (<67) while by their final score of 96.9 puts them at benchmark (norbwaipriunately there
are nopublishedbenchmarksor older children).

A second analysis examined the wdskweek data. Sinceéata collection stopped when
children stopped the intervention, the varying tifesompletion (M=13.6 weeks; SD=1.8), this could
not be accomplished in a standard ANOVA fravoek. Instead we performed a simple mixed model by
fitting regression slopes relating week number to the cewendlsperminute measureHere the slope
is a measure of improvement, indicating the number of new words that can be produced each minute per
week. Here, any value greater than zero indicates improvement; any negative value ithdicates
children are performing progressively worse.

Table 3 shows the average slopesken down by gender and grade along with the intercept (the
initial value).The average slope across all participants was .97 new words/minute per week (SD=1.12).
For 59 of the 70 participants these values were positive suggesting that most children improved on this
measure. Slopes were entered into an ANOVA examining the effgender and grade. Here, the
significance of the intercept serves as sort of an omnibus test that the slope was greater than 0, while
individual effects would show that the slope was different between groups.

The intercepbf the ANOVAwas highly sigificant (F(1,59)=45.7, p<.0001) showing that
overall the slopes were significantly greater than zero. Grade was significant as well (F(5,59)=5.0,
p=.001), though there did not appear to be any systematic pattern to which grades showed more
improvement.Individual T-tests (reported in TabR®), however, suggest that ttesttype effect was
highly significant within each gender and within each gradender was not significant (F<1) nor was
the gender x grade interaction (F<Ius, it appears that ah even finer level, all of the students
showed large weeky-week gains in fluency as measured by the Dibels ORF.

The same two analyses were also used to agsesgcyon theORF measure. Here, children
started out fairly high (M=.92, SD=.053), as\tiweere likely slowing down in order to maintain
accuracy. Thus, we expect the magnitude of change (particularlylweg&ek) to be somewhat less
than observed with words per minute. Nonetheless want ed to deter mine i f
were ds0 matched by gains in accuracy.
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The first analysis simply examined the accuracy in the first and last session as a function grade,
gender andesttype Here, gender was not significant (F<1) as boys and girls performed at about the
same level of accucg. Grade was significant (F(5,53)=4.5, p=.002) though there was no discernable
pattern to this effect and it may simply reflect variation in who was selected for this study by grade.
Grade did not interact with gender (F<1). Most importantly, the eféact oftesttypewas highly
significant F(1,53)=10.8, p=.002) with children
intervention. Testtypedid not interact with any other factor (all F<1).

Our second analysis used the same mixed effects niibiied; linear regressions to each
par t i @adcyacynbly weekOverall, participants averaged an increase of .0016 / week (SD=.003)
and 47 of 22 participants showed a positive slope. These were examined in a gender x grade ANOVA
which found a highlsignificant intercept (F(1,58)=24.3, p<.0001) meaning that the slopes were
significantly greater than zero as a whole. Grade was also significant, this time due to greater slopes in
6" and 7" graders. Gender was not significant (F<1), nor was the gsadertgler interaction (F<1).

Thus, on the ORF, children receiviAgcess Codmcreased in both the number of words they
could read per minute and in their accuracy in doing/8hile we cannot uniquely attribute this success
to Access Codthese resultsffer a compelling glimpse of the performance of a large heterogenous
group who are using the intervention.

ITBS Reading ComprehensianOur final analysis examined the distal measure of reading
comprehension, the ITBRS We were able to obtain ITRSwres for 59 of the 70 participants for the
October, 2009 assessmdmtforethe intervention, and scores for 69 of the 70 participants for the
October, 2010 assessmedtdter the intervention. Looking only at the 59 children with both measures,
we conduatd a treatment (pre/post) x gender x grade ANOVA. This unfortunately excluded all of the
second graders (the ITBS is not given in tffegade in Solon), but allowed us to examine the older

children. As in the prior analyses we 70 -

found no effect of gend€F(1,45)=1.2,

p=.27) and a main effect of grade 607

(F(4,45)=4.9, p=.002). AsFigure4 & . 012009 (pre)
shows, ITB® scores tended to decrease § M 2010 (posY
at older grades, probably reflecting g 40

higher thresholds for study inclusion o 30-

among these grades. The effect of %

treatment was not sigicant overall @ 20-

(F<1), but the treatment by grade - 101

interaction was highly significant

(F(4,45)=4.0, p=.007)This was driven 0

by the fact that the'8graders increased 3rd 4th 5th 6th 7th
by a whopping 26 percentile points Grade

(T(18)=5.0, p<.0001), while the older
children showedho net improvement

(though no significant loss either: all

T<1).

Figure 4: ITBS Reading comprehension scores for 2009 (befor
the intewention) and 2010 (after) as a function of grade (at the
time of intervention). Notd'®graders are not showas they d

not undergo ITBS testing.

Discussion

The results of this study show a number of promising findings. First, we found significant increases in
the Dibels nonword fluency measures before and after testing. Secoimdindesignificant increases in
oral reading fluency both before and after the intervention and during weekly testing. Under both

-12-
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measuresgains were equal(ljy distributed across grades and genders. Finally, we found large gains in
reading comprehensiooif 3 graders who received the intervention and no gains for older children.
Thus, it seems clear that the children studied improved on multiple decoding measures over the study
period and a subset of them made large gains in comprehension. We exisgrbelycautious in

attributing any othese gaingo Access Codeasour lack of a control group makes it unclear whether
children would have received such gains under business as Hawvatver,given the lack of systematic
reading intervention in oldestruggling readers in the Sol@ommunitySchool Districtit is likely that
Access Codmade a difference. More importantly, we had a relatively high degree of compliance, and
70 children received the intervention in a 4 month period suggestingdbests Codés easily scalable

to a large population of struggling readers in a challenging school setting. This is only underscored by
the fact that the intervention was distributed across a large number of teachers across two $bkools
ease withwhich Access Codwasimplementedand thegains in readingthatthe teachers and
administrators attributed Access Codeaesulted in its continuedisethe following yeain the Solon
Community School District.

The failure of the older students to improveeading comprehensias worth noting. However, it is
important to point out that 1) this constitutes only about half of our santheolder grades were
significantly undersampled than our higher grades and we had no ITBS data off guaders; an@)

we had no business as usual group for compajisois possible that they would have lost ground in
reading withoutAccess CodeThus, while there may be differences in the effect of Access Code on
comprehension at older grades, it would be prema&budeaw any strong conclusions. Importantly,
howeverAccess Codw/as conceived as the on ramp to compreherisgiming students proximal skills

in decoding that will enable them to develop comprehension on their own. The Dibels measures show
little difference between older and younger children with respect to decoding, and future work should
examine whether the route from decoding interventions to comprehension differs in older readers.

Study 3: A Randomized Trial in West Des Moines.
In the Spring 02010, we completed a small randomized triadhofess Codin the West Des Moines
School District. This study included 22 children who were matched on grade and randomly assigned to
receiveAccess Coder Business as Usual.

Methods.

Participants. Partcipants were 22 (15 male f&male) students enrolled at Hillside Elementary
in West Des Moines, IA. Participants ranged frdiht@ 5" grade, and were randomly assigned within
grade to either the Treatment or the Control groups to ensure an equat niipdagicipants in each
grade (Table 4). The raciahd gendemakeup othe sample is shown in TableaBd 6 and the
eligibility for free-or-reducedprice-lunch (a proxy for socioecomic status) is shown in Table &d
the number of English Languagearners (ELL) in Tabl&. None of the students had been diagnosed
as having any cognitive, language or behavioral disalaitize start of thexperimenthowever, by the
end of the experiment, three of the students ilAttess Codeondition hadbemme eligible for
Special Education. Two of the students wéfg@aders and one was iff grade Students were
identified as eligible for the study if they

1 Were at least one year behind in reading as measured by the benchmark standards used in the

WDM school district.

1 Had word recognition difficulties documented by their teacher.
1 Were not diagnosed with cognitive impairment
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Table 4: Number of students in each grade Table5: Number of studentsy raceassigned to
assigned to treatment and control conditions.  treatment and control conditions.

Grade | Control  Treatment Race / Ethnicity | Control  Treatment
2 1 1 Caucasia 5 5
3 4 4 African American 1 2
4" 2 2 Hispanic 5 4
5" 4 4

Table6: Number ofmale and émale participants Table7: Number of studentligible for free or

by condition. reduced price lunch by condition.
Gender | Control Treatment Status| Control Treatment
Female 8 7 Not Eligible 6 5
Male 3 4 Eligible 5 6

Table8: Number of stdentsclassified as English
Language Learner in each group

Status| Control Treatment
ELL 4 3
Not ELL 7 8

Participants were includezh the basis of a comprehensive teacher impression. Students were included
if they demonstrated diffidties with reading fluency, if their writing failed to show consistent
understanding for letter sound relationships, or if they historically demonstrated difficulty in learning
how to read based upon their performance in the Breakthrough to Literagygrpaatjram or other
district reading assessment measures.

English Language Learner (ELL) studehgsl to obtain a score of at least 3 on the ELDA
(English Language Development Assessieshiichindicates that the student camderstand standard
speeb delivered in school and social setting@nmunicate orally with some hesitatiamderstand
descriptive material within familiar contexts and some complex narraesvrite simple texts and
short reports All 7 ELL students spoke Spanish as a priranguage.

Setting. The West Des Moines District ud@ balanced literacy approach to reading instruction
emphasizing comprehending, organizing and evaluating ideas, increasing vocabulary and word
recognition skills, applying strategies and referencisskind reading quality literature. liddnot
employ phonics as a systematic tool. For students at risk of reading failure, reading spdathdidts (
teachers, ELL teachers, Reading Recovery teachers and Special Education teackelisgctly with
studentsReading Recovery, reading resource small grosiuction and Title One atesed forFirst
Graders who arat risk(not tested here)Small group and individual instruction is provided by the
intervention specialists for Grades$2

Studentgarticipating inAccessCodeused computers in their classroom, computer lab, or the
special education room. They were supervised by their teacherreatlirgspecialist.

Timeline. The intervention was conducted from Febru22y 2009 to June 8, R0 (the last day
of school).

Fidelity of Intervention.Ouranalysis of thé\ccess Codigs indicated that the 11 treatment

14
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students averaged 4.6 sessions / wegle student left after 10 weeks and while he did not complete all
of the sessions provideai@d on two of the four outcome measures so was included in thg. Seggn
of them completed at | east 4 sessions per week
Learningdéds standards), the ot her ofalsessgonseoveiithec c e pt
course of the intervention. Treatment students averaged 55 sessions (SD=12.9), with 7 of the students
meeting this target. The other three averaged between 33 and 40 sessions.

Measures. The DIBELs (8" edition) (Good & Kaminski, @02) served as our proximal measure
of decoding and fluency. These were administered before and after the treatment. The Nonword
Fluency Subtest and the Oral Reading Fluency subtest were both administered. Both measures included
both a correct words (aronwords) per minute measure of fluency and an accuracy (percentage correct).
As before the ITBgwas collected as part of distriatide assessments in the October of 2009 (before
the intervention) and 2010 (after).

Results.
Given our straightforwardesign,we useal standard ANOVAs on each of tiige measures. Our initial

analyses did include gender or grade as factors. This was because the number of participants in each
treatment group was small (N=51) 120-

subdividing further was statistically

unwise. Moreover, since gradeas @ 1107

perfectlycounterbalanced between é 1001

treatment groupand gender was ~

approximately counterbalanctiese 2 907 O Pre

factors were not confounded withthe 2 4. W Post

primary factors of interest: treatment and g

testtype. Thus, each ANOVA examined & 707

the effectof treatment group as a between% |

participant factor, and tesgpe (pre/post)

as a withirsubjects factor. Crucially, an 50

interaction would indicate that any gains Control Treatment

from pre to posttesting were different Figure 5: Performance on the Dibels ORF measure (Wol

depending on the treatment. Correctly Pronounced / Minute) as a function of treatmer
Our first analysis emined the group and testype.

Oral Reading Fluencymeasure (correct
words per minute). We foundsagnificant effect of testype (F(1,20)=17.2, p<.0001). Students
correctly pronounced 77.7 words at{pest (SD=24.5) and 92.2 at passt (SD=21.0). The main effect
of treatment group was marginally significant (F(1,20)=4.0, p=.06), with the control group (M=93.4,
SD= 22.3) outperforming the experimental group (M=76.4, SD=20.4), suggesting that the control group
may have been slightly more fluent than the experimentapdthis was not significant at ptest
however, T(20)=1.5, p=.14The interaction of tedype and treatment was not significant (F(1,18)=2.1,
p=.168). As Figure 5 shows, both groups showed similar gains betweemgneostesting.

The second analissexaminedORF accuracy Here we again found a significant effect of-test
type (F(1,18)=5.1, p=.037). Children averaged 94.5% correct-&§tréSD=4.8%) and 97.2% correct
at posttest (SD=2.1%). There was no main effect of group (F<1). The §riegttype interaction was
not significant (F(1,18)=2.1, p=.168), but the quantitative pattern of effects is suggestive of a greater
effect in the treatment group (Figure 6). Indeed, planned comparisons showed no significant difference
as a function of treémenttype in the control group (T<1), and a marginally significant difference in the
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treatment group (T(9)=2.2, p=.058). g !

Thus, while the nossignificant interaction 5 o.9s

does not support a claim of differential i\i

learning, the marginally significant 5 0%

planned comarisons are highly g 0.04a O Pre

suggestive. e W post
The thirdanalysis examined w 0.927

Nonword Fluency Subteginonwords 9 ool

pronounced / minute), the purer measure 3

of decoding skills. It showed a striking © 0.88

pattern of results. The main effect of test Control Treatment

type was highly significant (F(18)=44.6,  Figure 6: Performance on the Dibels ORF Accurac

p<.0001). Children averaged 18.2 (% correct) as a function of treatment group and-te

nonwords / minute at prest (SD=9.5)
and improved to 27.0 at pesst (SD=11.1). There was no effect of treatment (F<1). However, this
time, there was a significant interaction (F(1,19)=4.6, p=.@ann& comparisons revealed that the
improvement was significant in both the control
(T(10)=3.7, p=.004) and the Treatment group
(T(9)=5.4, p<.0001). Thus, this interaction
suggests that gains on the NWF were simply
Bpre Jarger in the experimental group (Figure 7Jhis
BPost constitutes clear evidence of an effecfAatess
Codeondecoding.
Our final analysi®f decoding skills
examined theaccuracy on the Nonword Fluency
‘ ‘ Test As in all the prior analyses, we found a
Control Treatment significant main effect of tegype (F(1,19)=12,
Figure 7:Performance on the Dibels NWF p=.003). Children averaged 55.1% correct at pre
measure (nonwords produced per minute) asa  test (SD=25.3) and 70.1% at passt
function of treatment aroup and teésbe. (SD=18.4%). There was no main effect of
treatment (F<1). The treatméntesttype interaction was not significant (F(1,19)=1.3), p=.27),
however as Figure 8 shovike effects are in the predicted direction with larger gains in the
experimental than the control grouplanned _ ¢.9-

N N w w
o 4] o [&)]
1 I I ]

Dibels NWF (Nonwords / Minute)
=
o

=
o

comparisons revealdtat while the treatment%
group exhibited significant learning = o8
(T(9)=3.3, p=.009), the control group did notg
(T(10)=1.6,p=.133). Thus, once again, g 07 O Pre
despite the nosignificant interactionwe se& 2 B Post
evidence in the planned comparisons fora £ 06
statistically significant effect of Access Codes , . |
on decoding skills. a
We next examinedxaminedhe first 0.4 :
of ourtwo more distal measusereading Control Treatment

comprehensionthe ITB&. We were unable
to obtain 2009 ITB&scores for 2 students
(one in the control and 1 in the treatment

Figure 8: Performance on t Dibels NWFAccuracy
(nonwords produced per minute) as a function of
treatment group and tesype.
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groups) and we were unable to obtain 707
2010 for scores fahreedifferent §
students. As a result, this left 9 5 6o
students irthe treatment group and 8 S o
in the control group ITBSg scores £z Opre
were entered into a similar treatmént £ 8 50+ B Post
testtype ANOVA. 5 e
We found a significant main ¢ 40
effect of testtype (F(1,15)=7.5, A
p=.015) in that scores improved =
overall from 2009 to 2010: in 2009 30
students averaged the 47.2th Control AccessCode

percentile, anq this improved to an Figure 9: ITBS Reading Comprehension Scores as a functiot
average of 58 in 2010. There was no group and testiate.

main effect of condition (F<1). Of

most interest, the conditiéntesttype interaction was not significant (F(1,15)=1.7, p=.2). However as
Figure 9 indictes the pattern of data qualitativelyatches the predicted pattern. This was confirmed
by planned comparisons which showed a significant difference betwegeaestfor the treatment
group who increased from the®4percentile to the 88percentile(T(8)=3.0, p=.017), while there was

no such difference in the control group who increased from tA@&gentile to the 87(T<1). Thus,
despite a fairly limited power/sample size, we see some evidees Cocd can lead to longeterm
gains in the me distally target skills of reading comprehension in this randomized trial.

Finally, we examined the spelling scores from the ITBS (Figure 10). Here we found no main
effect of testtype (F(1,15)=2.8, p=.116), nor of group (F<1). The interaction \8ashat significant
(F(1,15)=1.4, p=.25). However, Figure 10 indicates that there may have been a substantial reduction in
spelling for the control group that was not observed irAteess Codgroup. Planned comparisons
confirmed this, suggesting thilte effect of testype was significant in the control group (T(7)=3.25,
p=.014) but not in th&ccess Codgroup (T(8)=.28, p=.78)

Discussion 70
In three of the four measures of
decoding ability we saw some
evidence for better learning in the
treatment goup than the control
group. In Oral Reading Fluency,
while the treatmertt testtype
interaction was not significant, we
found marginal effects of tesgpe
only in the treatment group. For the =
Nonword Fluency measure, we found
a significant interactionrothe
nonwords / minute measure. For the _ _ _
accuracy component of NWF, the Figure 10: ITBS Spelling scores as a function of group
interaction was not significant but we ~ a@nd testdate.

again found significant learning only in the experimental group. Only in the ORF words / minute
measure did we find equivalent learning perfante in the two groupfXerhaps most compellingly, we

o2}
o
1

OPre
Bl Post

TBS Spelling (Percentile)
N o
o (&)

30 —
Control AccessCode
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found the same pattern of resultdwth ITBS measures. In reading comprehension, thera was
significant interaction, but significant evidence for léagnonly in the treatment group; in spetithere
was a norsignificant interaction, but the control group appeared to lose ground, while the experimental
group maintained it.

Two factors are crucial to remember in makihgdge points. First, this is a veamall sample
size for this study. Reer analyses conducted as a component of planning for a larger efficacy study
suggest that we need at least 800 students per group for a reasonable power. The fact teadhble wer
to detect effects at dth such a nofhomogenousample (different grade etc)is impressivebut we
should nonetheless interpret these results with caution

Second, according to our theoretical model the ORF measure is one that students could complete
either by mastering the direct orthogragbyphonology mappings, or bwapping orthography to
semantics (e.g. sight word recognition), and semantics to phonology (speech production). This dual
nature of mappings undoubtedly helps children acquire the necessary mappings, but in this case means
that the NWF measure is the pat measure of pure decoding (the target skillsooess Codeand also
the one in which the clearest evidence for learning was seen here.

Study 4: A Randomized Trial in Bridgeport, CT, with older struggling readers.

In the Spring of 2011, we completa larger randomized trial diccess Codm the Bridgeport Public

Schools (Bridgeport, CT). Here our goal was to examine the use of Access Code to help older struggling
reades using a larger experimental study. This study included 52 ninth gradetstudenwere

randomly assigned to receivecess Coder Business as Usual.

Methods.
Participants. Participants were 58 ninth grade students at Central High School in Bridgeport, Ct.
Six students (2 in thAccess Codgroup and 4 in the control group) redost due to attrition, leaving
52 students in the final sample (Bdcess Code, 2&ntro). Participants were randomly assigned by
the study team to treatment or control. Gender and racial breakdown are reported in Tables 9 and 10.
All of the studerd were eligible for fre®r-reducedprice lunch; none of the students were English
Language Learners; and none of the students had any identified learning, cognitive or language
disability. Students were identified as eligible for the study if they
1 wereat least one year behind in reading as measured by the benchmark standards used in the
Bridgeportschool district.
1 had word recognition difficulties documented by their teacher.
1 were not diagnosed with cognitiee language impairment.
All of the studentst Central High School meeting these criteria were enrolled in the study.
Setting.In order to address the needshaidestruggling students (described above) wierse
not eligible for Special Education or other services, Central High School assigsedthdent® an

Table9: Number oimale and female participants Table10: Number of studentsy raceassigned to

by condition. treatment and control conditions.
Gender| Control Treatment Race / Ethnicity | Control  Treatment
Female 13 17 Caucasia 0 2
Male 15 7 African American 17 15
Hispanic 10 7
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additional language artdass. Classroom teachers providestruction in comprehension strate gl
provided opportunities for reading practice and flueriélgonics instruction was not providddring
this instructional setting

Students participating iAccessCodeused computers ithhe computer lalihree to four days of
the week They were supervised by either the district reading spesialistne of two graduate
assistants and also receivadall group teachdacilitatedinstructionby these same individuals.

Timeline. The intervention was conducted frakpril, 2011 to June, 2011.

Fidelity of Intervention.Ouranalysis of thé\ccess Codigs indicated that th24 treatment
students averagest.9 minuteg week(about 3sessions), and completed an average of 19 of the 24
units This somewhat lower than expected completion rate was driven by 8 students who completed
fewer than 15 units (the minimum recommended by Foundations in Learning). The other 16 completed
an averag of 24.25.

Measures. Two AIMSWeb measures were administebstthe reading specialistThe
AIMSWeb Fluency measure was usesh proximal measure of decoding and fluendry this task,
students read short passages and the examiner scores the nuwwdrdsaforrectly read in a minute.

The AIMSWebMAZE was used distal outcome measure of reading comprehendiothis task, the
student reads 15000 word passages in which words are left blank and must be filled in by the student
(selecting from thredistractors). The score is based on the number of correct items the student can
select in three minuteBoth scores are offered in terms of a grade level of performance.

Results

Our analysis proceeded as before using mixed ANOVAs with test typép@ms® as within
subject effects and treatment as a between subjects effect.

Fluency. Figurell shows the
results for the fluency measure. On
average, the control group appeared to los
about half of a grade level over the course
of the study, while taAccess Codgroup
gained a little less than a quarter. This was
confirmed in an ANOVA that showed no
main effect of condition (F(50)=2.42,
p=.126) or testtype (F(1,50)2.42 p=.24).
However there was significant
interaction (F(1,50)6.38 p=.0L5). Follow- 6.5
up tests showed that the control group Control Access Code
showed a significant decrement Figure 11: Fluency (grade level) as a function of 4y
(T(27)=2.22, p=.035), while th&ccess and condition.

Codegroup showed no significant effect
(T(23)=1.45, p=.162). Thugccess Codappeared to arrest a slide in fluency.

ComprehensionFigure 12 shows the results for comprehension. Here, the control group
appeared to show no difference between anel postest, while theAccess Codgroup gained half of a
grade level. A similar ANOVA showed no main effect of condition (F(1,50)=1.325)®but a main
effect of testtype (F(1,50)=7.63, p=.008). This effect was due to the fact that overall, performance was
higher at postest than at préest. However, this main effect was largely due to a significant interaction
between testype and ondition (F(1,50)=4.49, p=.039). Here, there were significant gains Bdtess
Codegroup (T(23)=3.0, p=.006), but no significant gains in the control group (T(27)=.53, p=.6). Thus,
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Access Codappears to facilitate a 8
significant increase in compretsoni
despite its targeting more waelevel
decoding skills in a short term
intervention.

7.57

External Basic Sciencestudies
Supporting Underlying Learning
Principle

Comprehension (Grade Level)

Brown and Zimmermann began 6.5
collaborating with two cognitive Control Access Code
scientists, Bob McMurray ardliot
Hazeltine at the University of lowa to
examine the underlying principles of
learning in the context of the acquisition and application of word recognition skills. From that
collaboration, a series of National Science Foundation (NSF) studies havieibeed. The first study
assessed the impact of variability within a set of items used for teaching graphensenic
correspondence (GPC) rules. The platforrhotess Codaevas modified to compare two variations of
word mappings.

Figure 12: Reading comprehension (grade level) as a
function of timeof-test and treatment condition.

The first study testd 220 first graders in a series of skertn learning studies, &sk if learning
principles from cognitive science apply to childbeacquisition oflGPC mapping The studyshowed
conclusivelythat, contrary to standard teaching practice, childrem foore robust and generalizable
mappings for vowels when learning with words containing variable, rather than similar, consonants
(Apfelbaum et al., 2003 This supports the model of reading as a skill: flexible skill learhagpeen
consistently showrotbenefit from variable practi¢@lagill & Hall, 1990; Wulf & Shea, 2002)The

study verified an important underlying principle of thecess Codmtervention about the impact of
controlled variability which hasnmediate implications for reading currieudnd teaching practice.

Conclusions

We have presentddur studies demonstrating the potentialaicess Code remediate decodirend
fluencydeficits in struggling readers. The initial case studies illustrate the powece$s Codt help
individual students, some of whomdiaeen struggling with reading for some time. Our results from
the SolonSchool Districtdemonstrate the feasibility of deployidgcess Codand show evidence of
improvement in decoding in all of the sgboups, and somevielence of an increase in reading
comprehensionOur small randomized trial in West Des Moinskows statistically significant
evidence of decoding improvemeimghree of our four measures as well as gains in reading
comprehensioand retention of spkg in elementary students. Finally, our larger randomized trial in
Bridgeport shows statistically robust evidence of gains (or arresting of losses) in both fluency and
comprehensiofor much older (ninth grade) struggling readers

We should note thatup test of reading comprehension was somewhat poorly timed given the
philosophy that underlie&ccess CodeAccess Codemphasizes the phonics and decoding skills which
serve as an entry point to reading. Once struggling readers have mastered thegegldhsuldhen
be able to acquire the broader set of abilities that undergird comprehension through regular classroom
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experience and text exposure more broadly. However, in the context of the Solon intervention and the
West Des Moines Study, both cotwof children completed thccess Codmtervention just before

the summer vacation, and both cohorts were testesbmprehensiom the middle of the fall semester.

As a result, they are likely to have had very little text exposure or classroomeexgdoetween the
intervention and comprehension testthgt is necessary to develop these skisnilarly, the students

at Bridgeport received their comprehension testing immediately after expo#uoeetss Codend

before they would have had the a@tohal experience necessary to translate gains in word recognition to
comprehension. Thud)e factthat we saw gains comprehension at al fairly remarkable given this

poor testing schedule that was imposed on us by the district testing calendars.

However, ndividually, these results must be interpreted with a measure of caution. Our data
from Solon had no control group, so we cannot uniquely attribute the substantial gains we observed to
Access Code it is possible that all children enrolledtimeir reading remediation program would have
shown similar gains (although the teachers report anecdotally that many of these children had shown
little qualitative improvement in some timeQur study in West Des Moines was not large enough to
examine theffects of different suigroups (grade, ELL, etcand the statistical evidence was not
consistent (due to this low power). The Bridgeport study had only a relatively coarse (grade level)
assessment of reading; finer grained assessments are clearsangddewever, thee studiesffer
compelling, converging evidence on the efficacyAotess Coday validating the overall efficacy in
our small control trial, the gains observed in the larger sample are more likely to deriviectress
Code Moreover the lack of differences between grade and gender observed in Solon, may thus apply
to the efficacy ofAccess Codas a whole. Similarlythe gains in comprehension amori§ graders in
Solon(thoughit is unclear if this applies to older struggling reeg)offer a compelling complement to
similar findings (though with less power) in the randomized trial at West Des Maikbge clearly
this is still a somewhat circumstantial case, it makes a compelling argument for continued work with
Access Codandspeaks to the promise of this theoretically motivated approach to decoding
remediation.

The internal and external studmsgpportingAccess Codbaveyielded 1)publisheddata supporting the
unique theoretical basis of th@ervention, (2) evidence ahprovement in decoding, fluency and
comprehension skills, (3 library of tasksand itemghat have been verified through basic research
studies, (4)a technological plation over the internigfor delivering foundationatiasksfor development
of automait word recognition
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Appendix A Classroom Schedule
LESSON 1 LESSON 2 LESSON 3 LESSON 4 LESSON 5
W DAILY READING DAILY READING DAILY READING DAILY READING DAILY READING
H Passage 1 Poem Passage 1 Poem Passage 1
O 1.Engagement 1.Engagement 1.Model Reading 1.Partner Reading  1.Independent
L Question Question 2.Shared Reading for Fluency Reading for Fluency
E 2.Model Reading  2.Model Reading for Fluency 2.Fluency Progress  2.Fluency Progress
3.0ral Discussion  3.Shared Reading for Monitoring Monitoring
G Fluency
R 4, Oral Discussion
o) VOCABULARY VOCABULARY VOCABULARY VOCABULARY VOCABULARY
U Introduce Words Find Categories Use Your Senses Deal with Apply Words in
P (rotate 3 activities) Dimensionality Different Contexts
(rotate 5 activities) (rotate 5 activities)
S DECODING DECODING PHRASING SYLLABIC WORK COMPREHENSION
M N N . . Passage 1
A 1.Level 1 Activity 1. Level 2 Activity 1.Level 4 Activity 1.Level 5 Activity
2.Level 1 Activity 2. Level 3 Activity 1. Activity/Question
L 2. Activity/Question
L
G DAILY READING COMPREHENSION SPELLING
R Student Selected Poem
Paragraph 1. Performance
O 1. Activity/Question Activity
U 1.Expressive 2. Activity/Question
P Partner Reading
for Fluency
S COMPUTER COMPUTER WORK COMPUTER WORK = COMPUTER WORK COMPUTER WORK
WORK
O
L
O
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Appendix B Types ofReports andE-Mails

Reports

Class Summary Report

Shows usage data for each student. I't includes the
current cycle, total points earned, average sessi@) fuerage number of sessions per waek average time

per week.

Objective Assessment Report
Provides a summary of the unit post tests given at the completion of all units within an objective.

Objective Summary Report
Shows sidéby-side comparisons@ st udent 6s performance on (1) the ul
of an objective and (2) the individual tasks within each instructional level.

Unit Detail Report
Provides a detailed report of t testfosedch dnég aswelsastpeer f or n
studentds performance on each task within an instru

Unit Assessment Report
Provides the correct percent scores obtained in the easy and challenge levels of the six pretests and posttests of th
units.

Unit Certificate

A summary report of the studentédés performance on ea
given unit. The certificate can be printed and used in the classroom as a motivator or sent home to reinforce the
st ud e nwobksandlswcgeskful completion of each unit.

Teacher Logs
Hel ps teachers quickly and easily Il og the classroon
response.

Screener Results
The Access Code Screener is designed to quickly identifgstsidvho have deficiencies with any of the skills
required for automatic word recognition.
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Appendix B Types ofReports andE-Mails

Emails

Weekly Update Email
A weekly summary providing usage information for each student for the previous week.

Additional Support Email

Identifies those students who may need additional support because they performed befB8émbt0ertain
tasks the previous week.

Reinstruction Email
Identifies those students who need additional support because they performed below 60% on task(s) the previous
day.

Unit review Email
This email alerts the teacher that the student will be tranisiidn the next unit very soon.
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Appendix C Example of Sample Lesson Plan

APPLICATION ACTIVITIES FOR THE CLASSROOM: GRADES 3-4

Unit 1 - Word Lists BAccess

Objective: Short Vowels Easy -- CVC (example: can, bed, pop) - Vowels: a, e, 0 ..c°de

Unit Word Lists (used in activities)

Level 1 Level 2 Level 3 Level 5
Target-Word List Word-Family Words Target Word List Multisyllabic-Word List
Easy Chall Rime Easy Challenge Easy Chall Easy Challenge
red batman ed dab catch batman Saturday
lap laptop ap zap flap nap bench laptop afternoon
bed redder ed fed fled job lost redder forgotten
lob spotted ob jog rest spotted possible
cab robber ab lab blab hep crash robber September
fog popper og dog blog red blend popper yesterday
men better en hen wed frock better settlement
pop penpal op top stop en fleck penpal conductor
Wecekly Vocabulary
cab batman afternoon
bed robber forgotten
fog penpal September
men popper conductor
LIFoundations
_Iin Learning
92014 Foundacives in Learning —fces Gode

APPLICATION ACTIVITIES FOR THE CLASSROOM: GRADES 3-4

Unit 1 - Pictures BAccess
Objective: Short Vowels Easy -- CVC (example: can, bed, pop) - Vowels: a, e, 0 ..c°de
&
cab fog lap

batman

popper robber spotted

|_IFoundations
Jlin Leamlng

2014 Foundirlons in Les
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Appendix C

Example of Sample Lesson Plan

APPLICATION ACTIVITIES FOR THE CLASSROOM: GRADES 3-4

Unit 1 - Lesson 1

Objective: Short Vowels Easy -- CVC (example: can, bed, pop) - Vowels: a, e, 0

BAccess
BENCode"

Whole Group Small Group Independent
Instruction @ Instruction Computer Work
Daily Reading Introduce the three vowels that will be the focus for theweek | ¢4 jio1d be on the computer

and explain that you will be studying them inside words in
which they make a short vowel sound. Provide examples (can,
bed, pop) and identify the vowel between the consonants.

Unit 1 Passage 1: The Cab Ride

Engagement Question:

“Why do people take cabs instead of walking or driving their own
car?” Have students share their ideas about using different kinds
of transportation (e.g., why are there more cabs in the city, how
do you get a cab, how much does it cost?)

Model Reading: The Cab Ride

Teacher reads the text and has the students fellow along on their
own printed passages with their fingers as the words are read.

Oral Discussion: :
“If you have taken a cab ride, how was the ride compared to the one 3.
in the passage? Where would you like to go in a cab?”
4
Vocabulary 5.
Introduce Vacabulary Words
6.

. Wirite the wards from the list below on the board under
Weekly Vocabulary.

[

. For each word, ask students what they know about the
word. As they speak, record their answers on chart paper.
Try to group together the responses that are similar o in
the same category.

w

question, or providing a description, explanation, or
example of the word. Help the students relate the
discussion to their own personal experiences.

4. Have the students write each word in their vocabulary 2
notebooks as the word is discussed.
3.
s
LIFoundations
_in Learning

APPLICATION ACTIVITIES FOR THE CLASSROOM: GRADES 3-4

Unit 1 - Lesson 2

Decoding
Activity 1, Level 1

Word Sort
. Show the students the pictures of the words from the

Level 1 Target-Word List and say the words aloud
together.

. On nete cards or sticky notes, write the words from the

wordlist.

. Share the cards with the students and as you hand them

out, say the word on the card.

. Have the students underline the vowel on each card and

then have them read the word aloud.

. Have the students sort the cards into groups of words that

share common features (e.g., similar vowels, blends).

. Next have the students quickly read the words aloud.

Decoding
Activity 2, Level 1

The Rule Says...
. Correct or clarify any misconceptions by asking a 1.

On the board or a large piece of paper and under the
heading "The Rule Says..", write the short vowel rule for
this unit: when the vowel /a/, /e/, or /o/ is between two
consonants, it is usually a short vowel sound.

. Write the Level 1 Target-Word List on the board or

chart paper.

. Have the students write new words that follow this rule

on paper, note cards, or small whiteboards.

. Next, have the students read aloud the words they listed,

and then have them trade lists with each other and read
each of the student lists out loud.

Objective: Short Vowels Easy -- CVC (example: can, bed, pop) - Vowels: a, e, o

Whole Group
Instruction

&>

Small Group
Instruction

at least 20 minutes per day in Access
Code. Class schedules should be
arranged to provide daily access for
all students. For class scheduling
ideas, please see “Suggested
Scheduling Ideas.”

BAccess
BEECode"

Independent
Computer Work

=

Daily Reading

Unit 1 Passage 2: Getting Ready to Cross the Sea
Engagement Question:
be about?" Have students share their ideas with the group. Ask

questions such as where they think the story will take place and
what the situation and/or characters will be.

2.
Model Reading: Getting Ready to Cross the Sea
Teacher reads the text and has the students follow along on their
own printed passages with their fingers as the words are read. 3

Shared Reading: Getting Ready to Cross the Sea

All students, led by the teacher, read the entire passage aloud
together.,

Oral Discussion:

Decoding
Activity 3, Level 2

Snap It!
Read the title of the passage. “What do you think the passage will 1

Using the Level 2 word family words, read aloud a word
family (rime) and ask the students to add an initial letter
sound to the rime to create words as quickly as possible.

. Direct the students to say aloud each word and then snap.

(If they cannot snap, they can clap.) For example, say the
rime -op. The students will say aloud pop (snap), hop
(snap), and so on.

. Continue through all the word families listed.

Decoding
Activity 4, Level 3

Head, Shoulders, Knees, and Toes

After reading the passage, have students discuss how the story
differed from what they originally thought. Discuss how we use
our prior knowledge and experience to formulate meaning before
we even start reading.

~

Vocabulary
Find Categories

w

1. Review the graphic organizers created for the Weekly
Vocabulary words. As a group, have the students identify
common charactt ics or descriptions across the words.

. Help the students identify labels for the common
categories (e.g., animals, objects, actions, colors, tools,
etc.). Using chart paper, write the words that fit into each
of the categories.

. Have each of the students pick a category and add a
word they know that fits into that category. Provide an
example.

L_IFoundations

Min Learning

£2014 Foundarions in Learning— Acess Code

~
»

w

. Provide the students with the appropriate magnetic

letters to create a word from the Level 3 word list.

. Next, present the students with a target word, and have

them sound out the word by first touching a part of their
body for each sound and then building the word with
magnetic letters (e.g., cab: ¢ [head), a [shoulders], and b
[knees]).

. Remove one magnetic letter from the word and ask

the students what sound is missing. For example, when
spelling cab, what sound do you say when you touch your
shoulder?

. Continue through all target words.

Students should be on the computer
at least 20 minutes per day in Access
Code. Class schedules should be
arranged to provide daily access for
all students. For class scheduling
ideas, please see “Suggested
Scheduling Ideas.”
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Appendix C Example of Sample Lesson Plan

APPLICATION ACTIVITIES FOR THE CLASSROOM: GRADES 3-4

Unit 1 - Lesson 3 BAccess

Objective: Short Vowels Easy -- CVC (example: can, bed, pop) - Vowels: a, e, o .ICOde
Whole Group Small Group Independent
Instruction A - Instruction Computer Work
Daily Reading Phrasing/Fluency Students should be on the computer
Unit 1 Poem: My Dog Level 4 at least 20 minutes per day in Access
. N Code. Class schedules should be
Engagement Question: Silly Phrases arranged to provide daily access for
“Picture your favorite dog. What do you see? As we read the poem, 1. Onsmall note cards or sticky notes, write the words from all students. For class scheduling
keep a mental picture of your favorite dog.” the Level 4 “Make the Phrase” list below: isdehifa %'Fasﬁdiee "Suggested
. Eas) Challenge cheduling deas”
Model Reading: My Dog drwyzs aved cab pa(kym?rhag
Teacher reads the text and has the students follow along on their likes to lap milk pack your clothes ta go
own printed passages with their fingers as the words are read. lob a stick we'll get on that boat
is there a fog must move to America
Shared Reading: My Dog popits lid she felt sad all day
All students, led by the teacher, read the entire poem aloud nap on the bed was 50Ty to leave home
together. that red bug fed her cat and left
thase ten men gave her cat a pat
Oral Discussion: 2. Pass out two sentence strips to the students.
‘Is the dog you pictured like the dog in the poem?” Ask students 3. Next, have the students practice reading the two strips
why or why not. tegether aloud, creating a silly, longer phrase or sentence.
4. Collect the sentence strips, shuffle, and repeat the
activity.
Vocabulary
Use Your Senses
. o Daily Reading
Imagine/Visualize Student-Selected Paragraph
1. Say one of the vocabulary words, then ask students to
close their eyes and imagine what the word looks like Expressive Partner Reading
(a visual picture). 1. Read several sentences aloud and ask the students to
2. What did they see? Have students share what they identify if you are happy, sad, angry, curious, annoyed, etc.
imagined. Have the students select several sentences from either the
3. Then, have each student draw a picture of the word in poem of passage and practice by themselves reading that
their vocabulary notebooks. section with expression.
2. Then, in partners, have students read their selected

. Repeat for sach word. paragraph to each other using expression. Have the

students identify what their partner expresses about
the text.

LIFoundations
_Min Learning
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