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Abstract

Although schools across the country are investing heavily in computersin the dlassroom, there is
surprisngly little evidence that they actudly improve student achievement. In this paper we present results
from arandomized study of awdl-defined use of computersinschools: a popular ingtructiona computer
program, known asFast ForWord, whichis designed to improve language and reading skills. We assess
the impact of the program usng four different measures of language and reading ability. Our estimates
suggest that while use of the computer programmay improve some aspects of sudents' language skills, it
does not appear that these gainstrandae into a broader measure of language acquisition or into actua
reading skills.



Introduction

According to the 2000 National Assessment of Educational Progress (NAEP), 37 percent of
4™ graders in the U.S. read below a basic level and an additiona 31 percent read at a basic leve, as
determined by the Nationa Assessment Governing Board (U.S. Department of Educetion, 2001). Currie
and Thomas (2001) find that scores on areading test takenat age 7 by participantsinthe British National
Child Development Sudy are positively correlated with thar earnings and likelihood of employment at
age 33. Furthermore, adults who score higher on the literacy test in the Adult Literacy Survey have a
greater probability of working and higher earnings if they do work (see, e.g., Sum, 1999). While the
interpretation of the correlationbetweenliteracy and employment outcomesisunclesr, it isvery likdy that
improving literacy skills for troubled readers would generate important economic and socia benefits.

Many children who have trouble reading actualy have one or more learning disgbility that makes
it difficult for them to benefit from traditional classroom teaching methods. Policymakers and educators
have searched for dternative ways to help them. Because the parents and teachers of such students are
often desperate to find effective gpproaches to improve reading skills, particularly inaneraof high-stakes
testing, a private market for education products has flourished. The proliferation of computersin schools
has d so hel ped fud amarket for educationa software products. However, these educationa productsare
often controversa and rardly evauated using rigorous anayticd methods. Rather, the customer — the
school superintendent, technology officer or principd -- mugt oftenrely onresearch results produced and
promulgated by the company itsdlf, creating the potentid for agency problems and conflicts of interest.

One popular, new product isagroup of computer softwareprogramsknownasthe Fast ForWord
(FFW) Family of Programs, distributed by Scientific Learning Corporation (SLC). Although FFW has

only been available to public schools for about 5 years, it hasa ready been used by over 120,000 students
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and interestisgrowing. The number of studentswho used the programincreased by 200 percent between
2000 and 2001 (Scientific Learning, 2002). These programs are based on the theory that many children
withdelayed devel opment inlanguage and reading have auditory processing difficulties (see Macaruso and
Hook (2001) for anice introduction to FFW). An example of an auditory processing disorder iswhen
achild has difficulty digtinguishingamong consonant-vowe pairssuchas/bal and /dal. The FFW programs
attempt to retrain the brainto processinformationmore effectively through agroup of computer gamesthat
dow and magnify the acoudtic changes within norma speech. As Macaruso and Hook (2001) explain,
“..the [Fast ForWord] programs should hdp fadlitate reading acquisition because they sharpen
phonological processing skills ... which in turn benefit acquigition of phonic word attack strategies.” (p.
6)

SLC damsthat FFW generatesimpressive results. The best known studies underlying FFW are
two articles published by highly respected neuroscientistsin Science (Merzenich, et d, 1996; Tdld, et d.,
1996). These papers report that language-learning impaired children participating in adaptive training
exercises onthe computer showed sgnificant improvementsinthear “temporal processing” skills after 8-16
hours of training. These computer games evolved into the FFW programs. The FFW website

(www.fastforword.com) highlights subsequent results based onnationa samples of childrenusing the FFW

language programs. Using data on about 1,200 students in grades K-6 in which some students were
assessed usng the Clinicd Evduaion of Language Fundamentds (CELF-3) and others the Test of
Language Development (TOLD) (both standardized tests of language skills), students showed gains of
about 12 points. With areported standard deviation of 15, these results suggest an effect size of 0.8F,

which most educators would agree is an impressive impact. Further, data from about 300 students
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(nationwide) in grades K-6 showed an increase of 3 points on the WJ-R (Woodcock Johnson Tests of
Achievement, Revised), atest of actual reading skills, whichsuggests an effect size of approximately 0.2F.
PaulaTdld, one of the researcherswho founded SL C, dams, “ After Sx to eight weeks, 90 percent of the
kidswho complete the programmade 1.5 totwo yearsof progressinreading skills....” (Begley and Check,
2000).

If these results represent the true effect of FFW onstudent language and reading devel opment, then
the programrepresents aremarkable additionto the tools available to schools to help studentswithreading
difficulties. However, there are several reasonsto suspect theresultsmay beoverly optimigtic. First, many
of the studies have very amdl sample sizes—for example, Tdld, et d. (1996) andyzed a sample of 22
children. Second, many of the results Smply represent the difference in the test scores of students who
participated in FFW from before the training and after the training. These students may have shown an
increase in their language or reading skills even without the intervention due to their regular school
indruction or maturation. One cannot determine whether the gains represent a causal effect of FFW
because they are not compared to gains made by comparable students who did not participate in FFW
over the sametime period. That is, they lack avalid control group.

Researchers afiliated with SL C have conducted an eva uation of FFW that did employ arandomly
selected control group.t Specificaly, Miller, et. a. (1999) evauate the effect of FFW on about 450

students from 9 dementary schools, drawn primarily from grades K-2. The students were evaluated on

1 In addition, an unpublished independent randomized trestment-control evauation of FFW has
been conducted by Bormanand Rachuba (2001). They find little impact of FFW on student achievement.
We discuss their results in relation to ours in the conclusion.
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three outcomes: the Test of Auditory Comprehension of Language, Revised Edition (TACL-R); the
Phonologica Awareness Test (PAT); and Single Word Reading (WJRWD) (L etter-Word Identification
Subtest, Woodcock-Johnson Psycho-Education Battery-Revised). They report Significant treatment effects
for the FFW participants, both for the sample as awhole and for English-as-a-Second Language (ESL)
sudents. A problem with this evauation, however, is that the researchers appear to have excluded
trestment students who did not complete the program, which may have introduced sample selection bias
intother estimates. In addition, trestment studentstrained on FFW until they had “ completed” the program
as defined by Scientific Learning (see Section V, below), which raises the issue of whether the trestment
students were tested after alonger time interva thanthe control students (which is not clear in the paper).
In practice, many school digtricts implement the program such that students only train for a pre-specified
period of time rather than to “completion” as defined by SLC.

In this paper we present results of arandomized evauation of the FFW language programs. We
initiated the evauation with the hep a superintendent of schools in a large urban school district in the
northeast who wanted to know if FFW would improve the reading skills of children in his digtrict before
deciding whether to invest in the program on alarge scde. After he invited usto study the program, we
suggested using a within-school randomassgnment designto provide a control group that was otherwise
gmilar to those selected for training on FFW. Thetime students spent using FFW was in addition to the
amount of time they spent in regular reading indruction.

An important motivation for our evauation isto provide new evidence on the potentia impact of
using computers in schools on student achievement.  Avallable evidence on whether computers actudly

make adifference for sudentsis quite smal and the resultsare mixed (see Boozer, Krueger, and Wolkon,
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1992, Angris and Lavy, 2002, Wenglensky, 1998, Kirkpatrick and Cuban, 1998, and Goolsbee and
Guryan, 2002). Because these studies are not based on random assignment, and except for Angrist and
Lavy do not exploit anatura experiment, it is unclear whether omitted variables bias the estimated impact
of computer use. Another limitationisthat it is unclear exactly how the computerswere used inthe schools
—that is, the nature of the treatment was not particularly clear or standardized. Many students may use
computers with outdated or ineffective ingructional software. Fast ForWord is the leading edge of
scientifically-based computer technology in schools, and one of the more expensive programs available,
S0 it provides astrong test. If students regp no benefit or only a smal benefit from computer ingtruction
with FFW, thenit is unlikdy that the average use of computers in schools generates any sSzegble gans
ether.

Another motivation underlying our study is that claims for the success of FFW, and the
development of the program itsdlf, relied in large part on evidence derived from brain imeging (see, e.g.,
Temple, et d., 2000 and Nagargjan, et a. 1999). Scientific Learning Corporation’s web page, for
example, contains alink to asummary of astudy of dydexic children by Temple, et d. 2003, that reports
that “activation of the children's brains fundamentaly changed, becoming much more like that of good
readers’ after usng FFW for 100 minutes a day for eight weeks. Advances in Functiona Magnetic
Resonance Imaging (fMRI) are affecting many areas of cognitive psychology, and even beginning to play
arolein economics. Camerer, Lowenstein and Prelec (2003) provides a survey of waysin which fMRI
technology has been used ineconomicsresearch. An unresolved question, however, iswhether responses
detected inbrainimagestrand ate into measurable changesinrdevant skills and behaviors, such asreading

ability. If not, then fMRI may be a tool that is of little more value to economics than is phrenology.
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Although we were unable to implement brain scans for the particular subjects in our sudy, by using a
rigorous random assignment procedure we can assess whether reading ability, as measured by a battery
of standardizedtests, wasimproved by aninterventionthat has beenfound to affect brain functioningin past
Sudies.

Compared to control students, we estimatea small effect of being (randomly) assgned to tranon
FFW (that is datidticaly dgnificant at the 10 percent level) on a composite score from a computer
assessment known as Reading Edge. Thisassessment isdesigned to measure language and early reading
skillsand issold by the SLC. However, we find no effect of being selected to train on FFW onlanguage
skills using the receptive portion of the CELF-3. And, while we estimate that those who received more
comprehensive treatment (asreflected in the total number of complete days of training and whether or not
the student had achieved the completion criterion recommended by the SL.C) improved more quickly on
the Reading Edgetest, we estimate no such differentia gainonthe CELF-3. Findly, wefind no daidicaly
detectable effect of the program (among those selected to train on FFW and among those who complete
the program) on reading skills as reflected in SQuccess-for-All and the state standardized reading
asessments. Overal our estimates suggest that while the FFW programs may improve afew aspects of
students' language skills, it does not appear that these gains trandate into a broader measure of language
acquisition or into actud reading kills, at least as measured by commonly used standardized tests.
However, our sample sizes were too small to detect small effects of FFW withdtatistical precison, so one
could not rule out that the programhad a small effect on student language and reading skills. Nevertheless,
these impacts are much smaller than those promoted by the SLC.

The next section of the paper explains the FFW program and our evauation more fully, section
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three describes our dataand sectionfour our empiricd strategy. We describetheresultsin section fiveand

conclude in section Sx.

. FFW and the Evaluation

1. The FFW Family of Programs

The FFW family of programs is comprised of three programs. FFW Language (€l ementary and
middle school/high school versions), FFW Language-to-Reading, and FFW Reading. FFW language
focuseson developing oral language Kills that will create a“foundation for reading.” The programfocuses
on four mgjor areas that are deemed critica for language acquisition: phonologica awareness, ligening
comprehension, language structures, and sustained focus and attention. (FFW Middle and High School
Language contain much of the same content as FFW Language but have more mature graphics)) FFW
Language-to-Reading focuses on making the connection between spoken and written language. The
program attends to skills such as sound/letter recognition, decoding, vocabulary, syntax and grammar as
wadl as listening comprehension and word recognition. FFW Reading focuses on building reading skills
such as word recognition and fluency, decoding, spelling and vocabulary and passage comprehension.?

According to the FFW website, the target populationfor the programis®...anyone who wants to

2 One subtlety of the FFW program is that once a student has achieved a particular leve or if the
sudent appears to have plateaued on his performance on particular subcomponents of the program, he
should be advanced to the next program. Thus, for example, if the student is achieving well on FFW
Language (dementary or middielhigh school version), she should bemovedto FFW Language-to-Reading.
Similarly, a student may be moved from FFW Language-to-Reading to FFW Reading. (None of the
students in this study trangitioned to FFW Reading, dthough some did transtion to FFW Language-to-
Reading.)
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improve language, reading and overal communication skills” induding children who *struggle with basic
language skills” Further, an article by Turner and Pearson, a so cited on the SLC website, notesthat “Fast
ForWord Language candidates score below the norma range on standardized language test(s).”

(www.fastforword.com) Thetraining takes 6-8 weeksto complete during which the studentswork for 90-

100 minutes per day, 5 daysaweek. All students begin at the basic level in each game, and progress to
more advanced levels oncethey achieve a pre-specified leve of proficiency. A student is deemed to have
successfully completed the program once he or she has trained for at least 20 days (athough 30 days is
preferable) and completed at least 80 percent of amgority of the 5-7 games.

The programs cost about $30,000 for a one-year license for 30 computers, and the professional
traning package costs about $100 per ste. In addition, the school must have computers with sufficent
power to run the software, color printers, head phones, Y -connectors, a quiet place for the students to

complete the program, and an adult who has received training to supervise the FFW students.®

2. The Setting of the Evauation
We conducted the evauation in anurban school district inthe northeast. Thedidtrict hasastudent

enrollment of over 20,000 students; 40 percent of whom are African American and over 50 percent of

3 The student need not use the program in a dedicated compuiter lab, but can use a computer in a
classroomor inanother place (such as alibrary). 1ntwo of the schools inthis eva uationthe students went
to adedicated computer lab to use the program; in the other two schools the studentsused it inthe library
(inone of the schools the useof the library was restricted to other students during that time; inthe other they
divided the library to accommodate the FFW class). Further, the students need not be supervised by a
certified teacher; rather any adult who has received training on FFW would quadify. That said, the job of
the adult supervisor can be quite demanding as the adult must know how to recognize students who are
having difficulties and to devise drategies to help the students get back on track.
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whom are Hispanic. Almost 70 percent qudify for the national school lunch program, and 56 percent
gpeak alanguage other than English at home. The test score levels of the studentsin the digtrict are well
bel ow average for the state and have beenagreat concernfor the superintendent and othersin the didtrict.
As a reault, the representatives in the district are interested in programs that might hep the students to
succeed better in school. For example, dl schooals in the didtrict have adopted a whole-school reform
modd. Most schools use Success for All; the others an dternative program.

We conducted the evauation in four schools, designated A, B, C, and D. Asshownin Appendix
Table 1, these schoals have high percentages of minority students and of students who aredigible for the
nationa school lunch program. In addition, the percentage of students who speak a language other than
Englishat home rangesfromabout 40 percent to amost 100 percent. Compared to the ditrict asawhole

these school s have alower percentage of low-income studentsand a higher percentage of (potentia) non-

English speakers.

3. The Evauation

In an attempt to parale the target population for the FFW programs, we restricted the “ eigible’
populationto studentswho scored inthe bottom 20 percent (statewide) — or Sgnificantly below gradelevel
— on the state’s standardized reading test.* Using student scores on the state test from the 2001-2002

school year, we firg identified digible sudentsfor the evaluation. We then sent letters and consent forms

4 Also as shown in Appendix Table 1, the average composite CELF-3 (NCE) score (on the
receptive portion of the test) for the studentsinthe evaluationwas about 26, ona scale with amean of 50,
again indicating that the sudents were the target population for the program.
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home to the parents of these students. At the same time, we asked the principas in the four schools to
identify which students they believed would not be able to st through 90-100 minutes of computerized
indructionper day, which students had dready transferred fromthe school betweenthe time our ligswere
generated and the beginning of the evauaion, and whichstudents were otherwise unavailable (such asthe
family was away on along trip).> Fromthe remaining list, we randomly selected students to participate in
the FFW program (the “trestment” group); and the rest of the students comprised the control group. The
randomizationwas done within each grade and school; in the andysesthat followwe control for grade and
school interactions (which we refer to as “randomization blocks or poals’).

Although sdles of FFW were origindly targeted to professionals in private practice, the SLC has
placed a growing emphasis on sdlling the product in public schools —in 2001 76 percent of its total
revenues came from sales to public schools (Scientific Learning, 2002). Within a school setting, FFW is
not generdly targeted to anentireclass, but rather to childrenwith difficulties learning to read. Asaresult,
it is often administered as a pull-out program (meaning that students are “pulled out” of their regular
classroomingruction), or before or after school. And our evauation was no exception. Fird, to generate
an adequate sample size we had two groups of students usng the program each day (delineated by grade
leve). Second, each school had to find a way to fit the training time into its unique schedule. Table 1
shows the subjects and activitiesthat the FFW students missed during their training, and the percentage of

the control sample that participated in eachset of activities. FFW studentstrained during subjects such as

® The total number of digible sudentsin each “flight” (explained later in the text) and the reasons
students did not participate in the evaluation are provided in Appendix Table 2; Appendix Table 3 shows
the mean characteristics of the students who became part of the evauation and those who did not.
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homeroom, math, science, language artsand specids (art, music, gym). In addition, during the firgt flight,
in one school students completed part of their training on FFW before or after school. In no case were
studentstakenout of SFA. Theend result isthat the counterfactual treatment received by the control
students was mixed, but FFW was primarily an add-on to regular reading instruction.

We bought 30 suitable computers for one school, and head phones, Y -connectors, and color
printersfor dl of the schools (so that the instructors could properly track the students progress using the
SLC software which presents the data in color). We aso bought year-long site licenses for 2 of the
schools. We conducted site visitsduring both flights to ensure that the computer [abswere properly set-up
and that the teachers and ingtructors had been adequately trained. In generd, representatives of the SLC
were cooperative and provided muchsupport. For example, the company provided training for the FFW
ingructorsat the beginning of the evaluation, conducted periodic Sitevists, and provided telephone support
throughout the evauation. That said, the supervising teecher at one of the schools complained thet the

company was unresponsive to repeated requests for help with software failures.

[11. Data

We assessthe effect of FFW onfour tests designed to reflect both language and reading skills. We
have both pre- and post-tests for each outcome.

1. Reading Edge -- Accelerated Mode

The firg outcome that we measure isfroma computerized test called Reading Edge. Thistest was
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recently purchased by the SLC.* According to the FFW website Reading Edge was “[d]eveloped by
reading expertsfromHarvard, Stanford and Johns Hopkins to measure the language and early reading skills
that are necessary for success.” Therearetwo versonsof thistest: the norma mode and the accel erated
mode. The accelerated mode measures skills in the language areas (phonologica awareness, decoding,
and processing) that are associated withearly reading. We chose to use the accelerated version because
it isrelatively shorter than the norma mode (35 minutes versus 60 minutes), and gathers reading-specific
information. Although the assessment was designed for studentsin kindergarten through the second grade,
the SLC webstedamsthat it can “... dso help measure the skills of older studentswho are having trouble
learning to read.” The assessment isadministered on the computer, and trestments and controls took the
test a the beginning and end of thelr flight.

The advantage of this test from our perspective is that it was eadly administered to all of the
students in the evauation and provides a short-term assessment of whether FFW had a treatment effect
(usng an assessment that should be senditive to the FFW program).  The disadvantages are that: 1)
students in the treatment group may perform better on the Reading Edge post-test smply because they
have had more experience using computers, 2) athough the Reading Edge manud refersto avaidation
sample of 350, no further information was given regarding reliability and vdidity, and it is not recognized
asavdid language test; and 3) while the test is specifically designed to test the various aspects of the FFW
program, it isunclear if the capabilities assessed in Reading Edge are associated withlanguage acquisition

and/or literacy sKills.

® See Reading Edge — Educator’ s Guide (1999) for more information.
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In theory the Reading Edge sample consigts of dl studentsin the evaludtion (i.e., 512 students).
However, 24 sudentswere not administered a post-test and three others were missng components of the
post-test, generating an andysis sample size of 485.” Within our sample, the mean of the Reading

Edge (pre) test is 51 and the standard deviation 30.2

2. The Clinica Evauation of Language Fundamentas - Third Edition, (CELF-3)

After consulting with numerous testing experts, we aso chose to administer the receptive portion
of the CELF-3 — Concepts and Directions, Word Classes, and Semantic Relationships —which we will
refer to asthe CELF-3-RP.° In addition, we administered the Listening to Paragraphs supplemental test
of the CEL F-3. Thereceptive portion of the CEL F-3 measures how well studentsinterpret word meaning
(semantics), word and sentence structure (morphology and syntax) and recall and retrieve spoken language
(auditory memory). Specificaly this assessment requires individuasto interpret, recal and execute oral

commands, perceive relationshi ps between words, and interpret ssmantic relationships in sentences. The

"Theresultsareidenticd if weindudethe three students missing parts of the Reading Edge post-
test and include dummy variables indicating which components are missing. We exclude them so that the
sample sze is congstent across the components of the test.

8 We attempted to obtain the mean and standard deviation for the Reading Edge for a more
nationdly representative sample fromthe SLC to no avall. Therefore, we use our in-sample standard
deviation of 30 to estimate effect Szeswhich islikely an underestimate of the true Sandard deviation.

° Boththe CEL F-3and the TOL D had been used by Sdientific Learninginpreviousstudies. When
we consulted with language experts, the overdl sentiment was that the tests were farly equivdent. We
chose to use the CEL F-3 because the structure of the test dlowed us to generate an overal receptive
language score usng only three subtests. Therefore, it required less time to administer and we were able
to collect dataon alarger sample. SeeClinical Evaluation of Language Fundamentals— Third Edition
— Examiner’s Manual (1995) and Clinical Evaluation of Language Fundamentals — Third Edition
— Technical Manual (1995) for more informetion.
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three subtests that comprise the receptive portion of the CELF-3 do, however, have some visud cues.
Therefore, weinduded the Ligtening to Paragraphs supplementa test inour battery because it assessesthe
comprehenson, recall and interpretation of materia presented oraly without any visua prompts.
Astheselanguagetestsare administered one-on-one and are therefore both disruptive to the school
and expensgive, we chose to only administer themto arandom sample of students in the fourth grade. We
calculated that with 70 students we could detect a trestment effect of 0.4 of a standard deviation, which
issmdler than Scientific Learning's reported effect size of about 0.8 of a standard deviation on language
tests, indudingthe CELF-3. We used three certified evauators (who were independent of the digtrict) to
administer the tests and these eva uators did not know which students had been chosen for the treatment
group and which were part of the control group. These tests were administered to a random sample of
both the trestment and the control groups at the beginning and end of the second flight, and the same
evauator evauated the same child both times. We present estimates that have been transformed to the
norma curve equivaent with amean of 50 and astandard deviationof 21.06. We managed to administer

the post-test to dl of the students (randomly) sel ected for the CEL F-3-RP, generating a sample size of 89.

3. Success For All Assessments

Although language kills are critical to reading and other aspects of student performance, the
digtrict’ s ultimate concern is whether the FFW intervention improves students' reading skills. We assess
the impact of FFW on students reading skills usng the 5 assessments administered throughout the year
aspart of the SuccessFor All (SFA) whole-school reformmodd. SFA isahighly structured program that

provides 90 minutesof uninterrupted daily reading to students who are grouped according to their reading
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level regardiess of their classes and/or grades. The program provides schools with curricula, assessment
tools, and professiond devel opment, aswell astutoring and family support approaches. The SFA reading
curriculum focuses on providing students with a balance of both phonics and meaning.

The assessments, which are closely digned to the SFA curriculum, are givenevery eight weeks by
the reading teachers.'® The SFA facilitator from each school collectsand interpretsthisinformationin order
to suggest changesingrouping, tutoring, and/or classroom reading agpproaches. The assessmentsinclude
both a paper-and-pencil assessment aswdl as amore subjective assessment by the student’ steacher. The
subjective SFA score is a combination of the test score and the student’ s class work during the 6 week
interval. Further, students may be administered one of four versons of the assessments. “Reading Roots’
(or “Roots’) is administered in English to students with kindergarten and first-grade leve reading skills.
“ReadingWings’ (or “Wings’) is administered in Englishto studentswho read at at-least the second grade
levd. Inaddition, therearetwo versonsof thetest that are administered in Spanish (*Lee Conmigo” which
corresponds*Roots’ and “Alas” which correspondsto “Wings') for thosewithlimited Englishproficiency.
Although the different versons have different score scales, we converted themal to the * standard method”
(that used by Wings) that rangesfrom1.1-9.9. Inprinciple, ascoreof 1.1 meansthat the student isreading
at the first grade, first monthleve (agpproximately October); ascore of 3.5 means that the sudent isreading
at the third grade, fifth month level. In the SFA data we obtained from the digtrict, the average score on
the initial assessment was 3.7 with astandard deviation of 1.5.

One disadvantage of the SFA dataisthat part of the student’ s score reflects the SFA evaluator's

0 Theinitid assessment is administered in September, the first in November, the second inJanuary,
the third in March, and the find in June,
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subjective assessment, and the eval uator (who is not the student’ s regular teacher) may have been aware
of which students were assigned to the FFW trestment group and which were part of the control group.
Anadvantage of the SFA dataisthat the assessments coincided nicely withthe beginnings and ends of our
FFW flights. Also, the SFA assessments more closely reflect outcomes that the superintendent, principals
and teachers care about, such as reading and writing achievement, and educationd behaviors and habits
(e.g., note taking, direction following, attention and focus).

Our sample includes students from 17 regular el ementary schoolsin the district. (We excluded 9
schools because the SFA data (whichare collected by the individua schools) were deemed too unrdiable
by the digtrict.) Ofthe origind 512 studentsinthe evauation, 124 of themattended aschool that does not
use SFA, 10 others were smply not in the SFA datafiles, and 4 others were missng the SFA outcome

variable. Thisleavesasample of 374 (197 are treatments and 177 are controls).

4, State Standardized Reading Tests

Our find outcome is the student’ s score on the state’ s criterion-referenced standardized test. The
exam is designed to be digned with the curriculum standards of the state as well as to pardlé critica
aspects of the National Assessment of Educational Progress (NAEP). The state adminigers tetsin
reading, math, and writing to 4™, 6™, and 8™ graders annualy. The district in which we conducted the
evauation also conducts “off-year” teststo 39, 5™, and 7" graders. Thedidtrict attemptsto score the off-
year tests to match the state scoring procedures for the “raw scores.” (The digtrict is unable to construct
“scde scores’ for the off-yearsbecauseit isone of only afew didtricts that administer the “ off-year” tests.)

Wetrandatethe total raw scoresinto “district” percentile scores in order to have ameasure that is readily
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interpreted. We do so by condructing (district) percentiles usng the scores of students not enrolled in
schoals that participated in the FFW evaluation for each subject and year. We thendetermine the didtrict
percentile of the scores for tudentsin the schoolsin the evaluation.** Because we use percentile scores,
which are uniform in the district, the sandard deviation is 28.9.

Our drategy with the statetest sample issmilar to that usngthe SFA data. Of the studentsin the
origind evauation, 58 were missng follow-up sate test data (mostly likely because they had transferred

out of the digtrict) leaving a sample of 454 (237 are trestments and 217 are controls).

5. Correlation Among Outcomes

The four assessments are rdatively highly correlated, especialy among the more established tests.
For example, the state’ sreading, writing, and mathtests show corrdations of about 0.73, whichiscommon
among nationally normed tests.*> More importantly, the CELF-3-RP (which is a language test) and
Reading Edge (whichis acombinationlanguage and reading skills test) show corrdations of about 0.2-0.4
with the state' s reading assessment; the SFA assessments (which are reading tests) show correlations of
over 0.8 with gtate reading test. All three externd assessments dso show similar correlaions with the

state’'s math assessment. These correlations suggest that although the CELF-3-RP and Reading

11 Although we present results here using the district percentile scores, the results are nearly
identical if we use the total raw scores.,

2 For example, Krueger (1997) reports that in the Tennessee class Sze expaiment (known as
project STAR) the corrdation between the math and reading portions of the Stanford Achievement Test
was 0.69 for first-graders and 0.73 for second graders. Similarly, in the New Y ork City School Choice
Scholarships Program (a school voucher experiment) the correlation between the lowa Skills Test for the
control sudentsin grades 3-6 was 0.66 in the third year (authors calculations).
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Edge outcomes are designed to assess the building blocks of reading, they are dso somewhat related to
actud reading kills. Importantly, the SFA assessments are strongly correlated with the state’ s reading

assessment and therefore a second barometer of the effect of the FFW programs on reading.

IV.  Empirical Strategy

We evauaethe programusing two Satigtica techniques. Firdt, we estimate models thet generate
estimates of the “intent-to-treat” effect usng FFW. In these models, the test scores of students randomly
assigned to participate in FFW are compared to the scores of students randomly assigned to the control
group, whether or not the studentsremainedintheir origina assgnments. (That is, if astudent wasassigned
to the trestment group but did not actudly participatein FFW or did not train for many hours, we dill count
the student as having participated. Similarly, if a sudent was assgned to the control group but ultimately
participated in FFW we still consider the student acontrol.) An ordinary least squares (OLS) regression

of the following mode generates an unbiased estimate of the intent-to-treet effect:

Y,=a +XB +yT, + 8P, t+¢g (1)

where Y; represents student i’ s score on one of the follow-up tests, T; indicates whether the student was
randomly selected to participate in FFW, X; represents a vector of student characterigtics (induding the
student’ s basdline test scores), P, represents the pool from which the student was randomly selected (an
interaction between the student’s grade and school), and g; is a random error termy; **, $, (, and *

represent coefficientsto be estimated. We present estimates both with and without the vector X;.
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The coefficient ( representsthe“intent totreat” effect and estimatesthe effect of assigning a student
to the treetment group onthe outcome inquestion. While theintent-to-treat effect representsthe gainsthat
an educator can redidtically expect to observe from implementing the program (since one cannot fully
control whether sudents actually participate in the program or train for the required number of hours), it
does not necessarily represent the effect of the program for those who actudly complete it.

Therefore, we dso etimateingrumenta variables (IV) modds in which we useadummy variable
indicating whether the student was randomly selected to participate in FFW as an indrument for actual
participation. The random assignment is correlated with actua participation in FFW but uncorrelated with
the error term in the outcome equation (Since it was determined randomly). Under plausible assumptions,
thismode yiddsa consstent estimate of the effect of “treatment on the treated.” Inthis case, the second-

stage (outcome) equation is represented by models such as,

Y, = o/ + Xp'" + AFFW, + 8'P, + ¢, . 2

FFW, isone of three measures of whether the student actudly participated in FFW. Thefirdt isthe totd
number of complete days the sudent trained on FFW. The second and third measuresreflect whether the
sudent completed the FFW training as determined by adraft Scientific Learning protocol: whether the
student completed at least 20 day's of training and compl eted at least 80 percent of amgjority of the games;
and whether the student completed at least 30 days of traning and completed at least 80 percent of a

magjority of the games*® 8 indicates the effect of participation/completion in FFW on student outcomes,

13 nboth cases we only identify astudent has having completed amagjority of exercisesif he or she
has completed at least 80 percent (or 90 percent) of at least one sound exercise and at least one word
exercise.
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and the other variablesand coefficientsare asbefore. Through theuse of 1V one can generate acongstent

estimate of the effect of FFW on student outcomes.

V. Results

1. Descriptive Satigtics

To begin, we examine whether the treatment and control groups appear Smilar prior to random
assgnment. While balance among observable measures cannot ensure comparability of trestment and
control groups, it can at least lend some suggestion of whether the randomization was successful.  Table
2 shows the means and standard deviations of pre-treatment measures. The table shows that the mean
differences between the treatments and controls are not datigticaly sgnificant at traditiona significance
levelsfor al measures but the sate writing score, which likely occurred by chance.

One problemwithmany evauations is that the researchers have follow-up data onrdatively amdl
percentages of the origind students. However, sncewe measuretheeffect of the program using short-term
assessments and have data from the entire didtrict for the SFA data and for the 2002-2003 state tests
(which dlows us to observe the test scores of studentswho transfer schools), this andysis does not suffer
from large attrition of students. For example, we have a post-FFW CELF-3-RP test score for dl of the
sampled students; a post-Reading Edge test scorefor 95 percent of bothtreatments and controls; a post-
SFA assessment for 96 percent of treatments and 97 percent of controlsin the three SFA schoolsin the
evaduation; and a state assessment in the 2002-2003 school year for 87 percent of treatments and 90
percent of controls.

Contamination can occur in randomized evduations if control sudents nonetheless receive



21

trestment (through another channd) or if treatment students do not complete the program. In this
evauation, four of the control students actualy trained on FFW. In addition, 8 students in the trestment
group either transferred out of the school or never showed show up for training. Another important issue
is whether the students who were selected for the program actually completed treatment.

Completion of FFW is a function of the amount of training time and whether the sudent actualy
makes progress on the program as reflected in the percentage of exercises that she has mastered.
Therefore, according to SLC' s guidelines, a student has “completed” FFW if she has:

a) achieved at least 90 percent completion ondl exercisesregardless of the number of days
of traning; or,

b) traned for aminimum of 20 days (athough an average of 30 daysis preferred); and has
a least 80 percent completion on a mgority of exercises, and has shown steady
progression in both sound and word exercises (not only in one or the other).*
Weimplement these guiddinesfor threemeasures of completionof the FFW “treatment.” Thefirgt
isthe total number of “complete’ training days. For a student to “complete’” aday, he or she must train for
60 minutes for the firg three days, 80 minutes for the fourth and fifth days, and 100 minutes thereafter for

FFW Language. The student must trainfor 90 minutes a day for FFW Middle School and Language-to-

Reading. Note that for this measure we do not count those days during which a sudent trains for fewer

14 Recdl| that astudent does not progressto the next leve of aprogramuntil she has attained apre-
specified levd of proficiency at the current levd.

15 The recommended training guidelines from SLC aso suggest that if a student has not reached
at least 80 percent in a mgority of exercises but a mgority of the exercisesis at a plateau for a least 7
training days (plus the other two criteria) thenthe student should be considered finished. Weonly havethe
percent completion data for the last day of training and therefore cannot eesily incorporate the students
trends over time.
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than the required number of minutes for that particular day.'® The second and third measures aso
incorporate a concept that SLC refers to as “percent complete,” or the percentage of exercises that a
student completes. For this measure we assess whether the student has completed at |east 80 percent of
amgority of the exercises (where at least one of these exercisesisaword exercise and at least oneisa
sound exercise). Thus, for the second treatment measure we require that a student has completed at least
20 days of training and that she has completed at least 80 percent of amgority of the exercises. For the
third measure we require that a sudent has completed at least 30 days of training aswell as at least 80
percent of amgjority of the exercises’

As shown in Table 3, among thosewho did train, 76 percent inthefirg flight and 67 percent in the
second completed at least 20 days of training (the minimum required for successful completion of FFW).
However, only 51 percent of those who trained in the firg flight and 38 percent in the second both
completed the requisite amount of training and completed a sufficient fraction of the exercises. Although
we believe that from the schools perspective the implementation went more smoothly in the second flight
than in thefirg, asmaler proportion of the studentsactualy appear to have completed the program. We
suspect that thisis mostly dueto the fact that the sudents in the second flight had fewer potentid training

days— 30, on average, compared to 37 for the first flight.

16 1n persona communication with representatives of SLC, they dso only intend that “complete’
days be counted when determining the number of days that a student has trained.

We did not attempt to andyze the guiddine that states that once a student has completed at least
90 percent on dl of the exercises she has completed her training since only 9 students completed the
program by that criteria
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2. Effects of Intent-to-Treat and Treatment-on-the-Treated

A. Effects of |ntent-to-Treat

Table 4 presents the badic difference-in-differences estimates for the four test score outcomes.
Note that in this table we do not control for basdine characterigtics, nor do we control for the
randomization pool from which the student wasrandomly drawn. Among the Sudentsselectedtotrain on
FFW, we estimate educationdly large and atigticaly sgnificant test scores gains for the Reading Edge,
CELF-3-RP, SFA, and state standardized reading outcomes. The students posted a21 point gain on the
Reading Edge (which represents 0.7F), a 6.3 point gain on the CELF-3-RP (which represents 0.3F), a
0.27 point gain on the SFA (whichrepresents0.18F), and a5.7 percentile point gain on the state reading
test (which represents approximately 0.2F). All four effect sizes would be consdered relatively large
among educationd interventions.

However, the sudents in the control groups posted nearly identical gains during the same period.
Specificaly, the controls gained 17.7 points on the Reading Edge, nearly 6 points on the CELF-3-RP,
0.25 points in SFA, and 4.4 percentile points on the state standardized reading test. As a result, the
difference-in-difference(or treatment-control) estimateof the effect of FFW on student |anguage outcomes
issmdl and gatigticaly inggnificant onthe Reading Edge, and virtudly zero inthe CEL F-3-RP, SFA, and
state standardized reading tests.

The edtimates in Table 4 do not control for the student’ s randomization pool nor for any other

covariates; theseresultsare presented in Tables5a and 5b.28 Table 5apresentsresultsfor Reading Edge

18 The sample sze for the Reading Edge results in Table 5a incdude those students who were
missng al or some of the components of the Reading Edge pre-test. We include dummy variables
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and the CEL F-3-RP; Table 5b presentsresultsfor the SFA and state standardized reading test. Consider
firga Table 5a. In columns(1) and (4) we only control for the Sudent’ s randomization pool; in columns (2)
and (5) we add the corresponding pre-test score; and in columns (3) and (6) we add student sex and
race/ethnicity. The basic estimate for the Reading Edge test in column (1) issmdler than that in Table 4
and not gatigticaly sgnificant. The basic estimate for the CELF-3-RP in column (4) is Smilar to thet in
Table 4 — there is no detectable effect of being selected for FFW on the composite CEL F-3-RP score.
For the Reading Edge test, controlling for the pre-test increases the estimated intent-to-treat coefficient
suchthat in columns (2) and (3) the effect isjust barely satisticaly sgnificant at the 10 percent levd. Given
astandard deviation of about 30 on thistest in our sample —whichis undoubtedly an underestimate of the
standard deviationin the population — the estimates suggest an effect Sze of about 0.1F. Theresultsusing
the CELF-3-RP remain amdl and datidticaly inggnificant regardless of whether or not one controls for
covariates.'®

Table 5b presents estimates of the intent-to-treat effect usng the SFA and state standardized
reading assessments. Recdl that while the Reading Edge and CELF-3-RP should reflect the student’s
language and early reading skills, the SFA and state standardized reading assessments should reflect
whether such building blocks trandate into actual reading gains. The estimates in columns (1)-(3) pardld

thosein Table 5a. In Table 5b, contralling for the student’ s randomi zation pool increases the estimated

indicating which indicate if acomponent is missing.

19 While it doesnot matter whether one controls for covariates or not for the composite score on
the CELF-3-RP, we estimate a large intent-to-treat effect with a p-vaue of 0.105 on the Ligtening to
Paragraphs component of the CEL F-3-RP before we control for the pre-test; withthe pre-test this effect
decreasesinmagnitude and becomes datisticaly inggnificant. These results areavailable fromthe authors
on request.
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effect on the SFA assessment fromthat in Table 4 from0.02 to 0.07. However, the estimate in Table 5b
is dill satisticaly insignificant and represents an effect size of only 0.05F. Adding covariates in columns
(2) and (3) lowersthe intent-to-treat estimate and improvesthe precison. The resultsin columns (4) - (6)
for the Sate sandardized reading test are smilar: the coefficient estimates suggest an effect sze of about
0.04-0.06F, dthough the point estimates are not closeto saigticaly significant, with t-ratios less than 1.0.
Based on theseresults, we concludethat, overdl, there was no detectable effect of the FFW program on
the reading skills of students.

In addition, we have estimated the intent-to-treat effect on all four assessments for various
subgroups of students?® Wefind that, overal, being selected for FFW had agtatigticaly significant (a the
10 percent leve) effect on Reading Edge for girls but not boys, and that the gains were larger in the firgt
flight than in the second. More generaly, however, and especidly for the other three assessments, we
edimate no satisticaly detectable differences anong subgroups of students.

In sum, we estimate a small effect of the being (randomly) sdlected to train on FFW (that is
datidicdly sgnificant a the 10 percent level) on the Reading Edge, however we estimate no datigticaly
detectable effect of being sdected to train on FFW on language kills using the CEL F-3-RP or on reading

skillsusing SFA and state standardized reading assessments.

B. Effects of Treatment-on-the-Treated

While intent-to-treat estimates are critical to good palicy, they do not indicate whether FFW is

20 These results are available from the authors on request.
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effective for thosewho show up and actudly train on FFW as well as for those studentswho completethe
program as advised by the SLC — the effect of trestment-on-the-treated. \We generate these estimates
using IV models based onequation (2), aspresented in Table 6. As noted above, we define treatment as
the tota number of complete training days, whether the student has completed at least 80 percent of the
exercises and completed either a least 20 or 30 days of training.

The results for the Reading Edge assessment are consistent across the three measures of having
received treatment: students who receive more trestment improve more on the composite measure from
Reading Edge than the control students, at a atistical significance leve of 10 percent. These gans are
concentrated in the non-word recognition, and to a lesser extent phoneme blending, sub-components of
thetest. In contrast, we continueto estimate no statistically detectable effect of the program onthe CELF-
3-RP, SFA, and state standardized reading assessments, dthough we a so would not reject that thosewho
actudly trained for at least 30 days on the FFW program showed an improvement of 0.1F on the sate

standardized reading test.?

VI. Conclusion

This paper presentsresultsfromarandomized study of awell-defined use of computersinschools:

21 Although we do not present them, the first Sage equations suggest that whether a student is
randomly selected to train on FFW isastrong predictor of the student’ s total completed days of traning
and on the two completion criteria These results are available from the authors on request.

22 The effect sizesfor thosewho trained at least 30 days and completed at least 80 percent of the
exercises suggest larger effects of actudly completing the program (for the example the effect 9zes are
0.17F for the CELF-3-RP, 0.08F for the SFA, and 0.15F for the state reading assessment.) However,
if there is some gain to the program for those students who train on FFW but do not actualy completethe
program these estimates will be upward biased (see, eg., Rouse 1997).
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apopular ingtructional computer program designed to improve language and reading skills. Our estimates
suggest that while the FFW programs may improve some aspects of students' language skills, it does not
appear that these gains trand ateinto abroader measure of language acquisitionor into actud reading skills.
However, one could be concernedthat our sample szeswere too smdl to detect smdl effectsof FFW with
aufficdent precison. Therefore, it is worth assessing the program by considering confidence intervals for
the intent-to-treat effect Szes. The 95 percent confidence intervd for the CELF-3-RP, a well-known
language assessment, indicates that selectionto train on the FFW programs generated an average gain of
between -0.24F and 0.31F. Because of thelarger sample size, we obtained atighter interval for the effect
of FFW on reading skills, as assessed by the state reading assessment; the 95 percent confidence interva
for the effect of sdlectionto train on FFW for this outcome covers effect szesfrom-0.08F to 0.16F. We
edimatelarger effect Szesif we adjust for program non-completion, athough the confidence intervas are
somewhat wider and non-completionisafact of life when the program is implemented in actual classroom
setings.

Itisuseful to compare our resultsto those reported by Bormanand Rachuba (2001), the only other
randomized evauation of FFW that was conducted independently of the SLC. Ther study was
implemented in 8 Bdtimore City Public Schools and consisted of 415 children in grades 2 and 7; ther
target population was those students who scored below the 50" percentile on the Total Reading
components of the Comprehensive Test of Basic Skills, 51 Edition(CTBS/5). Sdlected studentstrained
on FFW for up to 8 weeks. Their 95 percent confidence interva for the intent-to-treat effect of being
selected to train on FFW on the reading test runs from -0.08F and 0.13F —arange that is remarkably

close to the one we estimate for the Sate reading assessment in our sample,
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In both studies, large impacts of the computerized ingruction can clearly be ruled out. But the
potential benefits must be weighed againgt the costs. The direct costs of the program are not particularly
high. A year-long site license costs about $30,000; adding in the cost of computers, printers, and other
hardware leads to atotal cost of software and hardware of about $37,000 per school per year for 20
gations. In addition one must have a trained adult with the students — assume a salary of $55,000 (the
average teecher sdary in the state). If the adult can supervise 40 students per day for 3 rounds of FFW
training during the school year, this generates a cost (excluding the cost of the space) of about $770 per
student. Asaresult, implementing FFW may be cost-effective for school districtswith many studentswho
would be appropriate for the FFW training and who are eager to hep such studentsimprove their language
and early reading skills. Nevertheless, thedirect cost of the program may be swamped by theindirect costs
incurred asschooals juggle schedulesto accommodate the 90-100 minutes per day required by theprogram
and provide a qudified adult to supervisethe program— dl for rdaively smdl academic gains by students.

In any event, results from our experimenta evauation, along with those in Borman and Rachuba
(2001), suggest that the achievement gains schools can expect students to experience from the FFW
programare likdy muchsmdler thanthose daimed by the vendor of the program.? In addition, the results

suggest that the disappointing results on the impact of computers on student achievement that have been

23 While we suspect that the daims made by SLC are inflated because researchers neglected to
compare the gains of treated students to those of a control group, and focused only on those who
successfully progress through FFW, we aso suspect that the program may have been less effective for
participants in our study because students had a surprisngly difficult time completing the program as
recommended by the SLC. Further, we suspect that this difficulty may be somewhat inherent to
implementing FFW in an urban school setting, as Borman and Rachuba (2001) encountered similar
problems.
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reported in the previous literature may not solely be due to the fact that the use of the computers was not
well defined or dtate of the art, or to the lack of randomly selected treatment and control groupsin those
sudies. Rather, it may be because computers are not an effective subgtitute for traditional classroom
ingruction, or because educators have not learned how to effectively use computer technology to enhance
indruction, or because there are other aspects to the school setting that make it difficult to incorporate

computerized ingruction into the curriculum.
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Table1:

The Subjectg/Activities Missed During FFW Training, by School and Grade

School C;?trrc(j”;:%ep‘l’; . Subject/Activities Missed During FFW Training
Grade 3
A 5.4% Specids, after school
B 8.7% Some math, writing, language arts, spelling, science
C 8.7% Science, socid sudies
D 5.4% Math, some lunch, writing, language arts, science, socid studies
Grade 4
A 9.2% Spelling, character education, language arts, and reading
B 6.3% Language arts, extrareading, spdling
C 7.1% Math, language arts, writing, socid studies, science
D 7.1% Writing, language arts, socid sudies, science
Grade 5
A 7.9% Before school, some homeroom, some language arts
B 5.0% Specids, some math
C 7.9% Homeroom, some language arts
D 2.5% Writing, some socid studies, language arts, math
Grade 6
A 5.0% Language, math, science, and specids
4.2% Math, language arts, socid studies, science, literature, grammar,
some lunch
5.4% Homeroom, some language arts
4.2% Specids, lunch, math, recess
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Notes. Speciasinclude arts, musc, gym, etc. Inmaost casesduring thetime of the FFW training therewas
not aregularly scheduled subject. Thus, if (for example) math isamong the subjectslisted it doesnot imply
that the FFW student only missed math ingtruction, but rather the range of subjects.

* These percentages reflect the percentage of the control sample that participated in each set of activities
while the trestment students trained on FFW.
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Pre-Sdlection Means and Standard Deviations
and Differ ences Between Treatment and Control Students
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p-vaue of
FFW Control difference*
Femde 0.489 0.546 0.176
[0.501] [0.499]
African American 0.268 0.267 0.876
[0.444] [0.443]
Hispanic 0.640 0.671 0.585
[0.481] [0.471]
Identified as a Specid Education Student 0.147 0.163 0.552
[0.355] [0.370]
Pre-Composite State Reading Score 38.21 37.94 0.739
[19.52] [18.69]
Pre-Composite State Writing Score 41.23 45.80 0.037
[23.31] [24.41]
Pre-Total State Math Score 44.45 47.86 0.155
[26.40] [26.60]
Pre-Composite CEL F-3-RP Score 25.74 25.43 0.951
[18.75] [18.03]
Pre-Composite Reading Edge Score 50.77 36.16 0.189
[30.65] [23.96]
Pre-SFA Assessment 3.83 3.78 0.663
[1.38] [1.36]

Notes: Standard deviationsinbrackets. The state test scores are percentiles from the 2001-2002 school
year. CELF-3-RP scoresare normal curve equivaents. There areamaximum of 272 FFW studentsand
240 control students (there are fewer observations for the statewritingand math scores, the pre-composite
Reading Edge score, and the pre-SFA assessment).

* Based on regression of characteristic on left on whether the student was randomly selected for FFW
conditiona on the student’ s randomization pool.



Table 3:
Numbersof Days Trained on FFW and Percent Who Have Reached Completion Criteria,
Among Those Who Actually Trained on FFW by Flight

Hight 1 Hight 2
Tota Potentid FFW Training Days 3741 30.49
[0.49] [1.11]
FFW Language /Middle School
Number of Days Trained 24.82 25.74
[6.99] [6.54]
Number of Complete Days 20.03 19.89
[9.04] [8.48]
FFW Language-to-Reading
Number of Days Trained 11.99 9.42
[4.47] [3.15]
Number of Complete Days 8.40 8.42
[4.31] [3.38]
Tota
Tota Days Trained 34.93 28.00
[6.91] [5.69]
Tota Complete Days 27.11 21.91
[10.36] [8.83]
Proportion of Students With 20+ Complete Days 0.76 0.67
[0.43] [0.47]
Proportion of Students with 30+ Complete Days 0.58 0.27
[0.49] [0.45]
Proportion of Students with 80%+ Completion on a 0.53 0.42
Mg ority of Exercises [0.50] [0.49]
Proportion of Students with 20+ Complete Days and 0.51 0.38
80%+ Completion on aMgority of Exercises [0.50] [0.49]
Proportion of Students with 30+ Complete Days and 0.44 0.15
80%+ Completion on aMgority of Exercises [0.50] [0.35]

Maximum Number of Obsarvations 140 129
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Notes. Standard deviations in brackets. Therewere 8 students selected for FFW who never trained; they
are not included in this table; 4 students who were not selected for FFW but nonetheless trained are
includedinthe table. Inthefirgt flight 140 students trained on FFW Language, and 118 studentstrained
on FRW Language-to-Reading. In the second flight 129 students trained on FFW Language or Middle
School, and 31 students trained on FFW Language-to-Reading.



Table4
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Mean Pre- and Post-Test Scoresfor Treatmentsand Controlswith Standard Errorsin
Par eriRbadesg Edge, CEL F-3-RP, Successfor All (SFA), and State Reading Assessments

Composite Reading Edge Test Scores

Pre-Scores Post-Scores Pre-Pos Difference
FFW Students 5254 73.97 21.43
(2.93) (1.61) (1.54)
Controls 54.87 72.53 17.67
(2.97) (1.75) (1.74)
Treatment-Control Difference -2.33 1.44 3.76
(2.76) (2.37) (2.31)

Overal CELF-3-RP Scores (NCE)

Pre-Scores Post-Scores Pre-Post Difference
FFW Students 25.74 32.09 6.35
(2.86) (2.81) (2.29)
Controls 25.43 31.01 5.59
(2.75) (2.53) (2.24)
Treatment-Control Difference 0.31 1.07 0.76
(3.97) (3.78) (3.20)
SFA Assessment
Pre-Scores Post-Scores Pre-Post Difference
FFW Students 3.84 411 0.27
(0.10) (0.10) (0.03)
Controls 3.78 4,03 0.25
(0.20) (0.20) (0.03)
Treatment-Control Difference 0.06 0.08 0.02
(0.14) (0.14) (0.04)

State Standardized Reading Test (Percentile)

Pre-Scores

Post-Scores Pre-Post Difference
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FFW Students 38.81 4457 5.75
(1.31) (1.61) (1.48)
Controls 38.63 43.03 4.39
(2.29) (1.63) (2.39)
Treatment-Control Difference 0.18 1.54 1.36
(1.85) (2.29) (2.04)

Notes. Standard errors in parentheses. There are 244 treatments and 219 controls in the Reading Edge
sample; 43 treatments and 43 controls in the CEL F-3-RP sample, 197 treatmentsand 176 controls inthe
SFA sample; and 237 treatments and 217 controlsin the State Test sample. Note that al samples only
indude students not missng either the pre- or post-test in question (and the Reading Edge sample only
includes those students not missing any components of the pre-test).



Table 5a:
Regresson Estimates of the Intent-to-Treat Effect with FFW for Reading Edge
and CELF-3-RP Test Scores
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Reading Edge CELF-3-RP
1) ) € (4) ®) (6)
Selected for FFW 1.807 3.276 3.091 0.998 0.970 0.693
(2272) (1.884) (1.873) (3.506) (2.825) (2.934)
CELF-3-RP Pre-Test 0.607 0.601
(0.088) (0.091)
Reading Edge Pre-Test 0.499 0.489
(0.034) (0.0349)
Femde -5.256 -0.617
(1.928) (2992
African American 5.748 9.266
(3.943) (10.457)
Hispanic 1.733 6.577
(3.742) (10.386)
R? 0.090 0.384 0.398 0.118 0.443 0.459
Number of Observations 485 485 485 89 89 89

Notes: Standard errors are in parentheses. The dependent variable in columns (1)-(3) is the composite
of the post-FFW Reading Edge test score; the dependent variable in columns (4)-(6) is the norma curve
equivaent of the post-FFW CELF-3-RP composite score.  All specifications include a constant and
controls for the student’ srandomizationpool. Columns(2) and (3) aso include dummy variablesindicating
which components of the pre-FFW composite Reading Edge score were missing. Columns (5) and (6)
asoindude adummy variable indicating if the CEL F-3-RP pre-test is missing and column (6) alsoindludes

two evauator dummy variables.



SFA and State Standar dized Reading Assessments

Table5b:
Regression Estimates of the I ntent-to-Treat with FFW for

41

SFA State Reading A ssessment
@) () ©) 4) ®) (6)
Sealected for FFW 0.070 0.032 0.031 1.728 1.538 1.146
(0.103) (0.038) (0.038) (2.157) (1.847) (1.833)
SFA Pre-Test 0.920 0.919
(0.019) (0.019)
State Reading Pre-Test 0.658 0.653
(0.052) (0.051)
Femde 0.012 1.349
(0.039) (1.879)
African American 0.018 -10.016
(0.082) (3.862)
Higpanic -0.072 -13.038
(0.081) (3.647)
R? 0.489 0.930 0.931 0.147 0.376 0.395
Number of Observations 374 374 374 454 454 454

Notes. Standard errors are in parentheses.  All specifications include a congant and the student’s
randomizationpool. The dependent variable incolumns (1)-(3) is the Marchassessment for the 3" and 5
graders and the June assessment for the 4" and 6™ graders (i.e., the assessment immediately following the
end of the rlevant FFW flight). The SFA Pre-test is the January assessment for the 3 and 5™ graders
and the March assessment for the 4" and 6" graders. The dependent variable in columns (4)-(6) isthe
state standardized reading test (didtrict percentile score) for the 2002-2003 school year. The Statereading
pre-test is from the 2001-2002 school year.
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Table6:
Instrumental Variables (1V) Estimates of the Effect of Treatment-on-the-Treated with FFW
for Reading Edge, CELF-3-RP, SFA, and State Standar dized Reading Test Scores

Definition of “ Trestment”

Number of 20+ Days 30+ Days of
Complete Days  Training & 80%+ Traning & 80%t+
of Traning on Exercises on Exercises
Outcome @ 2 3
Reading Edge Composite Score 0.126 7.006 10.548
(0.076) (4.201) (6.349)
CELF-3-RP Composite Score 0.028 1.720 3.654
(0.118) (7.281) (15.532)
SFA Assessments 0.001 0.076 0.125
(0.002) (0.094) (0.155)
State Standardized Reading Percentile 0.052 2.365 4.345
Score (0.079 (4.340 (6.633)

Notes. Standard errors are in parentheses. The specifications are the same as those in columns (3) and
(6) of Tables5aand 5b. The definitions of trestment in columns (2) and (3) represent those who trained
at least 20 (col. (2)) or 30 days (cal. (3)) and completed 80% or more onamagjority of exercises, induding
at least one sound exercise and at least one word exercise. There are 485 observations in the rows with
Reading Edge outcomes, 89 observations in the rows with CELF-3-RP outcomes, 374 observationsin
the row with the SFA assessments, and 454 observations in the row withthe State Standardized Reading
Percentile Score.
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Appendix Table 1:

Statistical Profile of an Average Regular Elementary School in the Digtrict,
an Average Elementary School in the Success-for-All (SFA) Sample,
and the Four Schoolsin FFW Evaluation,

2000-2001 School Y ear

Average Average Schoolsin Evaluation

Elementary Elementary

Schoal in School in SFA A B C D

Didrict Sample
Totd Enrollment 625 635 457 795 482 996
% African American 39% 42% 54% 53% 6% 25%
% Higpanic 55% 51% 35% 42% 94% 59%
% Free- or Reduced
0, 0, 0, 0, 0, 0,

Lunch Bligible 76% 73% 52% 79% 45% 61%
% K-12 Students
with Non-English 60% 56% 39% 44% 99% 62%

Home Language

Note: There are 26 “regular eementary schools’ in the firg column; the averages are weighted by the
school’stotd enrollment. The average dementary school in the didtrict averages exclude 7 charter and
dternative schools. The average dementary school in the SFA sample excludes 9 eementary schools for
whichwe could not obtain rdiable SFA dataas well as the schools that do not administer SFA. Notethat
the | etter designations for the schools do not necessarily match those in Appendix Table 3.

Source: Authors' calculations from data provided by the State and the State’ s website.



Appendix Table 2
Reasonsfor Student Non-Participation in FFW Evaluation

Hight 1 Hight 2
Totd Bligible 389 371
Reason for Excluson from Evauation
No Parental Consent 55 32
Behaviord Issue 45 44
Wildcard In FFW 1 1
Wildcard Out of FFW 1 0
Already Had Transferred Out of School 18 36
Family on Long Trip 1 0
Already Completed FFW 0 14

Totd in Evauation 268 244




Appendix Table 3:
Characterigtics of Students by Participation in FFW Evaluation

In FFW Evduation Not in FFwW p-vaue of
Evduation difference

Femde 0.516 0.427 0.023
[0.500] [0.496]

African American 0.267 0.347 0.025
[0.443] [0.477]

Higpanic 0.654 0.556 0.009
[0.476] [0.498]

3 Grade 0.289 0.270 0.588
[0.454] [0.445]

4" Grade 0.281 0.323 0.242
[0.450] [0.468]

5" Grade 0.234 0.218 0.609
[0.424] [0.413]

6" Grade 0.195 0.189 0.850
[0.397] [0.393]

School A 0.264 0.153 0.001
[0.441] [0.361]

School B 0.242 0.343 0.004
[0.429] [0.475]

School C 0.303 0.371 0.060
[0.460] [0.484]

School D 0.191 0.133 0.046
[0.393] [0.340]

Composite State Reading 38.08 38.68 0.788

Score [19.12] [20.08]

Composite State Writing 43.37 47.14 0.059

Score [23.92] [24.11]
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Tota Math Score 46.07 39.18 0.002
[26.52] [26.32]
Number of Obsarvations 512 248

Notes. Standard deviations in brackets. There are 460 and 210 observations for the writing scores and
466 and 193 observations for the math test scores for the participants and non-participants respectively.
Note that the | etter designations for the schools do not necessarily match those in Appendix Table 1.
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Appendix Table 4
Per centage Complete for Each FFW Exercise and
Proportion of Students Who Completed At Least 80% for Each Exercise

Average Percent Percent Students Completing
Completed 80%+
FFW Language
Circus Sequence 55.8 [34.0] 31.9[46.7]
Phoneme I dentification 62.1 [28.9] 31.1[46.4]
Old MacDondd' s Flying Farm 51.4 [34.3] 29.9 [45.9]
Phonemic Word 65.5 [40.0] 56.8 [49.6]
Phonemic Match 60.9 [34.5] 45.2 [49.9]
Block Commander 77.1 [26.3] 53.5[50.0]
Language Comprehension Builder 80.3 [35.0] 78.8 [40.9]
FFW Middle School
Sweeps 43.5(36.4] 26.8[44.7]
IDs 47.0[27.0] 19.6 [40.1]
Streams 77.1[27.2] 67.9[47.1]
Matches 76.6 [32.5] 71.4[45.6]
Cards 80.3[21.4] 85.7[35.3]
Stories 46.7 [29.0] 16.1[37.1]
FFW Language-to-Reading
Trog Walkers 39.5[25.6] 6.7 [25.0]
Treasuresin the Tomb 35.6 [17.8] 1.3[11.5]
Polar Cop 14.8 [8.0]] 0.0[0.0]
Bug Out 70.9[26.5] 48.0 [50.1]
Start-Up Stories 67.1[29.5] 45.3[49.9]
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Notes: Standard deviations in brackets. Thereare 241 observationsfor the FFW Language exercises, 56
for the FFW Middle School exercises; and 150 for the FFW Language-to-Reading exercises. Thetable
represents students from both flights.





