_Phos:ological Awareness Intervention: Comparison of Fast ForWord, Earobics, an...
Judith L Pokorni; Colleen K Worthington; Patricia J Jamison
The Journal of Educational Research; Jan/Feb 2004; 97, 3; ProQuest Direct Complete

pg. 147

Phonological Awareness Intervention:
Comparison of Fast ForWord,
Earobics, and LiPS

JUDITH L. POKORNI
Pacific Institute for Research and

COLLEEN K. WORTHINGTON

University of Maryland

PATRICIA J. JAMISON

Prince George’s County Public Schools,

Evaluation, Maryland

ABSTRACT Researchers have found that training in
phonemic awareness (PA), a fundamental clement for reading
acquisition, is effective in varying degrees, depending on char-
acteristics of the andience. In this study, the authors explored
the relative effectiveness of 3 programs—Fast ForWord, Earo-
bics, and LiPS. The authors randomly assigned 60 students
with language and reading deficits to 1 of 3 interventions. Stu-
dents received three 1-hr daily intervention sessions during a
20-day summer program conducted by a large school district.
Measures of PA, language-, and reading-related skills were
collected and analyzed. Earobics and LiPS were associated
with gains on PA measures 6 weeks after intervention. No
group cffects were found on language or reading measures.
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D uring the last decade, increased attention has been
given (o raising the bar for academic achievement,
with special cmphasis on reading acquisition. In 1990,
adoption of the National Education Goals resulted in state-
by-state tracking of student progress in reading and mathe-
matics. Since then, states have reported relatively slow
progress in reaching proficiency levels for reading achieve-
ment at the fourth-grade level, as measured by the National
Asscssiment of Educational Progress (NAEP; National Edu-
cation Goals Panel, 1998).

In 1997, Congress asked the dircctor of the National
Institute of Child Health and Human Development
(NICHD), in consultation with the Sceretary of Education,
to convene the National Reading Pancl (NRP) to assess the
cffectiveness of different approaches used to teach children
to read (NICHD, 2000a). At about thc same time, thc
American Speech-Language-Hearing Association (ASHA)
cstablished the Ad Hoc Committee on Reading and Written
Language Disorders. ASHA, using reccommendations of
the committee, published an olficial statement indicating
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that fundamental connections between spoken and written
language require that interventions for language disorders
address reading and writing, as well as spoken language
(ASHA, 2001). Extensive rescarch (Bashir & Scavuzzo,
1992; Bishop & Adams, 1990: Catts. Hu, Larrivee, &
Swank, 1994; Joanisse & Seidenberg. 1998) has shown
that language impairment is associated with significant
reading difliculties.

In their efforts to improve the knowledge base regarding
reading and reading instruction, rescarchers identified
phonologic processing as a core element of reading acqui-
sition (Morris et al., 1998; Stanovich & Siegel, 1994; Torge-
son, 1999; Wagner & Torgesen, 1987). Phonological awarc-
ness has become the target for initial literacy training
(Hurford et al., 1994; Vellutino ct al, 1996). The explicit
awareness of ph(munes needed to scgment, identify, o
manipulate phonemes in words typically develops in chil-
dren at about 6 ycars of age (Blachman, 1984); it has
become the target for remediation when phonological
awareness problems persist after first grade (Hurlord, 1990,
Lovett, Steinbach, & Frijters, 2000; Torgesen, 2001).

Recognizing the importance of phonemic awareness (PA)
for reading acquisition, the NRP conducted a meta-analysis
of research literature that examined the impact of PA
instruction on reading (NICHD, 2000b). Of the 1,962
potential articles on the subject, the 52 articles that met
NRP criteria for inclusion provided 96 instructional com-
parisons. The panel found that the overall clfect size ol PA
instruction on PA was large (Cohen’s d = 0.86), whereas
effect size for reading and spelling outcomes was moderate
(d = 0.53 and .59, respectively). The NPR concluded that
direct instruction in phoncmic awareness instruction can
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help children learn to read and spell (NICHD, 2000Db).
When the NRP cxamined student characteristics, it found
that disabled readers had significantly smaller gains (d =
0.62) in PA than did at-risk (¢ = 0.95) and normally pro-
gressing (d = 0.93) readers. The at-risk children showed
bigger transfer effects (¢ = 0.86) in their rcading than did
normal (d = 0.47) and disabled (d = 0.45) readers.

For spelling outcomes, changes were large for at-risk (d =
0.76) and normal readers (d = 0.88) but small for disabled
readers (d = 0.15). For age at intervention, NRP found that
clfect size for kindergartners on PA outcomes (d = 0.95) was
greater than for first graders (d = 0.48) and second through
sixth graders (d = 0.70), most of whom were disabled read-
ers. For reading outcomes, effect size for kindergartners was
the same as for second through sixth graders (d = 0.48 and
0.49, respectively). Although cffect size for spelling out-
comes was greater for kindergartners (¢ = 0.97) than for first
graders (d = 0.52), there was no transfer cffect to reading for
second to sixth graders (d = 0.14). The meta-analysis exam-
ined intervention effects on students during their initial or pri-
mary literacy training (kindergarten and first grade) as well as
on students who experienced difficulty with reading acquisi-
tion after the first grade. Fletcher and Lyon (1998) found that
students who experienced difficully reading after first grade
may have becn among the approximately 15% to 20% of stu-
dents with reading disabilitics in the United States.

With the increased attention on reading acquisition in
general, and on PA in particular, it is not surprising that the
number and type of intervention programs addressing PA
has grown rapidly during the last decade. In this study, we
compared the elfectiveness of three intervention programs
on 9-year-old students who had language learning problems
and reading deficits. We investigated the effects of a 20-day
sumumer intervention on PA, reading-related skills, and lan-
guage skills. Two programs—Fast ForWord (FFW: Scien-
tific Learning Corporation, 1999) and Earobics Step 2
(Cognitive Concepts, lnc., 1998)—were delivered by com-
puter. The third program—Lindamood Phoncmic Sequenc-
ing Program (LiPS; Lindamood & Lindamood, 1998)—was
delivered by a trained instructor to a small group of stu-
dents. We chose those interventions because of their focus
on PA, a core clement of reading acquisition (Stanovich &
Sicgle, 1994). and because of the publishers’ claims about
dramatic improvements in language and reading skills that
result from use of the programs.

Scientific Learning Corporation (1999; developer of
FFW) claims that individuals with language and reading
problems make 1.5- to 2-year gains alter 4 to 8 weeks of
FFW training and that these gains last. Developers of the

FFW program published several studies in which a few of

the FFW cxercises were used as prototypes and reported
significant gains in language comprehension and expression
(Merzenich et al., 1996; Tallal et al., 1996). Published stud-
ies involving the commercially available FFW program,
which is based on the assumption that temporal processing
of speech and speech sounds is impaired in children with
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PA dcficits, have been limited to scveral clinical trials and a
group intervention comparing FFW with Orton Gillingham
training. The case study investigations (Fricl-Patti, DesBar-
res, & Thibodeau, 2001; Frome Loeb, Stoke, & Fey, 2001;
Gillam, Crofford, Gale, & Hoffman, 2001) resulted in
inconsistent improvement on various language measures.
The group study (Hook, Macaruso, & Jones, 2001) cxam-
wed the effects of intervention on written and spoken lan-
guage skills and found inconsistent results; FEW partici-
pants made immediate gains in phonemic awareness and no
gains in word attack or word identification skills. Long-
term gains in phonemic awareness and all areas of reading
were found for the FFW program and the less intensive
Orton Gillingham training, leading the authors to suggest
that the structured training provided by both programs may
have resulted in increased auditory attention for participants
irrespective of intervention program.

There arc no published research studies that test the effee-
tiveness of Earobics in improving PA, reading, or language.
Nonethcless, the developers of Earobics state that the Earo-
bics Step | and Step 2 (the latter was used in this study) sys-
tematically tcach PA and result in significant skill improve-
ment for most students in areas required for reading success,
including language-processing skills, attention, and memo-
ry (Cognitive Concepts, Inc., 2000a). Of the three interven-
tions used in this study, LiPS—formerly called the ADD
(Auditory Discrimination in Depth) Program (Lindamood &
Lindamood, 1984)—has been used most frequently in pub-
lished studies of PA, rcading, and language (Kennedy &
Blackman, 1993; McGuinness, McGuinness, & Donohue,
1995; Torgesen, 2001 ; Wisc, Ring, & Olson, 1999). In con-
trast to the other two auditory-based interventions used in
this study, LiPS incorporates an articulatory approach in its
format. Torgesen and colleagues (1999) demonstrated large
increases (more than 25 standard score points) in word
attack and word identification skills for first graders at high
risk for reading failurc in two instructional groups: the ADD
program and the Read, Write, and Type program (Herron,
1995). An carlier study comparing ADD with an embedded
PA approach, a classroom-based tutorial program, and a no-
treatment control also demonstrated strong gains in word
attack and word identification for a group of kindergarteners
at risk for reading failurc. Recently, investigations of older
students (8 to 10 years old) with learning disabilities have
demonstrated sizable gains in reading achievement after
intervention with either ADD or an embedded phonics pro-
gram that stresses application to reading (Torgesen, 2001).

In this study, we examined FFW, Earobics, and LiPS, and
addressed the following two rescarch questions:

I. Does one or more of the three intervention programs
result in greater gains than the other programs in phone-
mic awareness, language, or reading-related skills?

2. Did the students in individual intervention groups make
gains in phonemic awareness, language, or reading-
related skills?
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Method

Participants

All students were recruited from a school district of
approximately 135,000 students who were 77% African
Amcrican, 11.5% White American, 7.5% Hispanic, 3.3%
Asian/Pacific Islander, and .5% Amecrican Indian. The pro-
portion of the student body living at or below the poverty
level (as measured by number of students receiving free or
reduced-price meals) was approximately 42%; the mobility
rate of students exceeded 34% (including student entrants
and withdrawals). Table 1 summarizes the demographics of
study participants.

At the time of cnrollment, school speech and language
pathologists (SLPs) nominated students who were (a) 7.5 to
9 years of age, (b) receiving school-based speech/language
services outlined in an individualized cducation plan, (c¢)
reading more than 1 year below grade level according to
their school records and teacher reports, (d) from English-
speaking families, and (e) not known lo have a hecaring
impairment. In addition, all students scored more than one
standard deviation lower than the mean on at least one of the
three pretest language subtests—Concepts and Directions,
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Recalling Sentences, and Listening to Paragraphs (Clinical
Evaluation of Language Fundamentals-3). See Table 2 for
language scores at pretest.

We identified a pool of 62 eligible students from 34
schools within the district’s central and northern areas; two
of the schools were identified as intervention sites. Thirty-
two students were enrolled at the northern site; 30 students
were enrolled at the central sitc. We eliminated students liv-
ing in the southern area because ol a lower rate of nomina-
tion and the difficulty of establishing a third bus route for a
small number of students. Students in each of the two geo-
graphic areas were assigned randomly to one of the inter-
vention programs: FFW, Earobics, or LiPS. FFW and Earo-
bics interventions were delivered in computer labs with
groups of 5 to 6 students each. LiPS was delivered in scpa-
rate rooms to groups of 4 students. One professional (an
experienced SLP, a special educator, or general cducation
teacher) provided each intervention under the direction of an
intervention supervisor. Of the original 62 students, 2 chil-
dren did not participate in the intervention because 1 child
demonstrated repeated behavioral outbursts during the first
hours of attendance and was removed from the program,
and | child did not show up for the program. We analyzcd

TABLE 1. Demographic Information by Intervention Group
Variable FFW Earobics LiPS
Age in months (50) 106.1 (4.1) 104.5 (4.8) 103.1 (5.5)
Gender
Male 17 10 16
Female 3 6 2
Racial composition
African American 80.0% 75.0% T7.8%
White 20.0% 25.0% 16.7%
Hispanic 0 0 5.6%
Free or reduced-price lunches 40.0% S50% 66.7%
Days in program
Mean (SD) 18.3(1.3) 177 2.4 18.1 (1Y)
Note. FEW = Fast ForWord. LiP$ = Lindamood Phoneme Sequencing Program.
] TABLE 2. Pretest Language Scores by Intervention Group
FIFW Larobics LiP§
Subtest Mean S8 SD Mean SS SD Mean SS SD
CELF-3 pretest scores
Concepts & Directions 71.5 22.8 68.1 229 64.4 228
Recalling Sentences 74.5 25.0 744 19.7 65.0 28.3 )
Listening to Paragraphs 606.5 23.5 63.8 29.0 58.9 17.8
Note. CELEF-3 = Clinical Evaluation of Language Fundamentals-Third Edition. $D = standard deviation, $§ =
B standard score. FFW = Fast ForWord. LiPS = Lindamood Phoneme Sequencing Program.
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data on 54 of the 60 students who received an intervention.
Six children were climinated for the following reasons: (a)
I child had a hearing loss in one ear, (b) | child left the pro-
gram on Day 9 after being diagnosed with chickenpox, (c) 2
children moved out of the district before the 6-week posttest
was administered, and (d) 2 children scored higher than the
cutoff of one standard deviation below the mean on at least
one of the three CELF-3 language subtests at the pretest
administration. Table 3 displays the intervention sites and
group assignments.

Procedures

Program schedule. A 20-day summer program was con-
ducted for participants; they were transported by school bus
to and from their assigned site. The summer program ran 5
hr a day, with three 1-hr intervention periods per day for all
participants. Intervention periods were alternated with
lunch (which the children brought with them), snacks pro-
vided through the program, and recreational activities. Two
intervention periods were held in thc morning and one in
the afternoon, with a 40-min lunch at midday. Intervention
groups (Fast ForWord, Earobics, and LiPS) were housed in
separate rooms. All participants received their assigned
intervention during the same three 1-hr intervention peri-
ods. No other reading activities were conducted during the
summer sessions. No books were used for either leisure
reading or structured reading activities during the summer
school sessions. The three 1-hr blocks were limited to the
specified activities of the phonological awareness interven-
tion program in use. Arrival and departure times, dependent
on the district’s bus transportation schedules, differed at the
two intervention sites. Table 4 includes the daily schedule
of activitics for each site.

Program staff: Three licensed SLPs, working as interven-
tion supervisors, were trained and experienced in their
respective intervention programs. They coordinated the
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TABLE 4. Daily Schedule by Sites

Northern Southern
Activity site site
Arrival 9:30-10:00 8:00--8:30
Intervention Session 1 10:00-11:00 8:30-9:30
Break 11:00--11:20 9:30-9:50
Intervention Session 11 11:20-12:20 9:50--10:50
Lunch 12:20--1:00 10:50~11:30
Intervention Session 1 1:00-2:00 11:30-12:30
Dismissal preparations 1:00-2:30 12:30-1:00

TABLE 3. Intervention Sites and Group Assignments

Site and Students in
program Groups Students final analyses
Northerm
FFW 2 10 10
Earobics 2 10 9
LiPS 3 12 12
Central
FFW 2 10 10
Farobics 2 10 7
LiPS 2 8 6
Total 13 60 54

Note. FFW = Fast ForWord. LiPS = Lindamood Phoneme
Sequencing Program.

training of group leaders who werc each assigned to a spe-
cific group of children for whom they conducted the daily
intervention program. Group leaders for FFW and Earobics
reccived 2 days of training in how to use the software pro-
gram, maintain student records, and supervise students.
LiPS group leaders, previously trained and experienced in
using the LiPS program, reccived 3 days of refresher train-
ing. All intervention staft were cxperienced professionals
employed by the school district during the regular school
year and the summer session.

Interventions. Students who received the FFW interven-
tion were each assigned a computer station with stereo
headphones in a computer laboratory set up for this study.
A group leader supervised cach group of 5 students during
the intervention period as well as during breaks and at
lunchtime. FFW is an Internet- and CD-ROM-based pro-
gram that consists of a series of adaptive, interactive cxer-
cises that use acoustically processed speech and specch
sounds. Table S describes the tasks and language areas
associated with cach of the 7 FFW games. Each day, stu-
dents used their computers to play approximately three 20~
min games during each of the three 1-hr intervention peri-
ods. BEach child’s games were selected by Scientific
Learning Corporation according to their previous day’s
performance data, which were sent electronically to the
company for analysis.

Participants who received the Earobics Step 2 interven-
tion were each assigned a computer station with stereo
headphones in a computer laboratory set up for this study.
Earobics Step 2 is designed for developmental ages 7-10
years and features 5 intcractive games with nearly 600 lev-
els of play. Table 6 outlines the tasks and concepts associal-
ed with each Earobics Step 2 game. A group leader super-
vised each group of 5 students during the intervention
period as well as during breaks and at lunchtime. Students
used their computers (o play each of the five games three
times during each I-hr intcrvention period.

Participants who used the LiPS program were assigned (o
a group of 4 students. Each group was assigned a group
leader who conducted the program throughout the interven-
tion period. Group leaders also supervised students during
breaks and at lunchtime. Intervention was provided during
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TABLE 5. Fast ForWord Exercise Tasks und Targeted Language Areas

Game title Task

Targeted language and reading skill

Old MacDonald’s
Flying Farm
sound changes

Block Commander

Circus Sequence
that correspond to the sound sweeps

Phonic Match
the identical word

Phonic Word

Clicks and holds the flying animal 1o hear a
repeated sound. Releases the animal when the

Follows verbal instructions to identify and manipu-
late objects of various colors and shapes

Identifies a sequence of sounds by clicking buttons

Matches sounds represented by a grid of tiles by
clicking on one tile and finding another tile with

Clicks the picture that represents the object that the
exercise instructs the player to identify

Phoneme Identifies the character that matches the target
Identification sound

Language Clicks the picture that has the most accurate
Comprehension representation of the sentence

Builder

Phoneme discrimination; sustained and focused
attention; processing speed

Listening comprehension and syntax; working
memory; processing speed

Working memory: sound sequencing ability; pro-
cessing speed

Auditory word recognition; phoneme discrimina-
tion; working memory; processing speed

Auditory word recognition; phoneme discrimina-
tion; working memory; processing speed
Working memory; phoneme discrimination; pro-
cessing speed

Listening comprehension and syntax; working
memory; processing speecd

Learning Corporation, 2000, Berkeley, CA: Author.

Note. The information in this table was extracted from Guide to implementation for fraining programs Fast ForWord, dwd, Siep 4word. by Scientific

TABLE 6. Earobics Step 2 Games and Targeted Concepts

Game title Task

Coneept

Calling All

Engines consonant sounds

Paint by
Penguins

Pesky Parrots
phonemes into a word; word closure

Hippo Hops

nant sound position in a word
Duck Luck

rimes

Recalling and sequencing numbers, works, vowels, and

Counting and sequencing speech sounds; segmenting and
sequencing sounds in a word; manipulating speech sounds

Blending 2, 3, and 4 syllables into a word; blending 3 and 4

Discrimination of vowels; discrimination of consonants in
minimal pair CV syllables: recognition of diphthongs, tense
vowels, and lax vowels in a word; identification of conso-

Recognizing word endings and beginnings; blending onsets
with rimes; segmenting and deleting phonemes, onsets, and

Following directions; auditory memory; sound
recognition

Segmenting sounds

Blending sounds; word closure

Discrimination of vowel and consonant sounds

Recognizing word endings and beginnings

IL: Author.

Note. The information in this table was extracted from Earobics /step 2—specialisi/clinicians resource. by Cognitive Concepts, Inc., 2000h, Evanston.

the same three I-hr periods held each day for all partici-
pants. Each LiPS group was housed in a separate room at
the intervention site. The LiPS program divides auditory
processing into five general processes: sensory input, per-
ception, conceptualization, storage, and retrieval. Group
leaders used those processes to build phonemic awareness

at the articulatory level. The CD-ROM exercises were not
used during this study. Table 7 outlines the major concepts
taught in the LiPS program.

In summary, each student was assigned an intervention
(Fast ForWord, Earobics Step 2, or LiPS); throughout the
summer session, the only instruction that the student
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TABLE 7. LiPS Major Concepts and Tasks

Concept Task

Introducing the concept of “selective listening” Identifying surrounding sounds in the environment; developing an

awareness of sound

“Setting the climate™ for students Understanding the methodology and its rationale

Identifying and classifying speech sounds by place
and mamer of articulation

Discovering the oral-motor features of sounds and their relationships;
labeling “brother” sounds, “cousin” sounds, and “borrower” sounds

Introducing, practicing, and tracking consonants Demonstrating sound, label, and letter association for consonant pairs;
discriminating consonant pairs: tracking simple sequences of consonant

sound in terms of same, different. and number
Introducing, practicing, and tracking vowels Identifying vowels by oral-motor features; classifying vowels into four
categories; demonstrating sound, label, and letter association for vowels;

Tracking, spelling, and reading simple syllables and
f=3 = fed

discriminating vowel sounds; tracking simple sequences of vowels in
terms of same, different, and number

Tracking simple syllables and words; reading simple words; spelling
words simple words

Note. The information in this table was extracted from The Lindamood Phoneme Sequencing Program for Reading. Spetling, and Speech, the LiP§
Program. Third Edition, by P. Lindamood and P. Lindamood, 1998, Austin, TX: Pro-Ed.

received was in the assigned program. Students were
supervised closely and assisted in remaining actively
involved in their assigned intervention during the three 1-
hr intervention periods. For both Fast ForWord and Earo-
bics Step 2, interventions consisted of playing computer
games designed to develop phonemic awareness. The
sequence of games played was determined through elec-
tronic analysis of cach student’s prior performance. A
trained professional provided the LiPS intervention to
small groups ol 3-4 students. Tables 5-7 summarize tasks
and content covered during daily sessions. No additional
books or reading instruction were available to any partici-
pant. All three groups received high levels of concrete and
verbal reinforcement for attending (o instruction. Rein-
forcement was given by the computer or an instructor.
Also, adults redirected a student’s attention to instruction
when needed. Students were given a lunch break and 20-
min blocks of supervised indoor and outdoor playtime dur-
ing which numerous age-appropriate games and leisure
activities were available. However, students had no access
to books during their time at the school site.

Measures

Hearing Screen

Faculty and graduate students from the Department of

Hearing and Speech Sciences, University of Maryland at
College Park, screened all children with an audiometer for
normal hearing at 25 dB for 500 to 4000 HZ, according to
standards set by the American Speech-Language-Hearing
Association (1996).

Phonemic Awarenesy

Two sublests of the Phonological Awarencss Test (PAT;
Robertson & Salter, 1997) were administered: Phoneme
Blending and Phoneme Segmentation. The subtests required
the student to blend and segment sounds at the phoneme
level. In our analyses, we uscd raw scores for the PA subtests
because standard scores lower than 51 for Phoneme Blend-
ing and 77 for Phoncme Scgmentation were not available,
and many participants scored below these cutoffs.

Language-Based Skills

Three subtests of the Clinical Evaluation of Language
Fundamentals-3 (CELF-3; Semel, Wiig, & Secord, 1993)
were administered. Concepts & Directions assesses the
ability to interpret, recall, and execute oral commands of
increasing length and complexity that contain concepts
requiring logical operations. Recalling Sentences assesses
recall and reproduction of sentence surface structure as a
function of syntactic complexity. Listening o Paragraphs
assesses comprehension, recall, and interpretation of factu-
al, inferential, sequential, and predictable information pre-
sented orally. Standard scores for the language subtests
were used in the analyses.

Reading-Related Skills

Four subtests of the Woodcock Language Proficiency
Battery—Revised (Woodcock, 1991; WLPB-R) were admin-
istered. Letter-Word Identification measures symbolic
learning and ability as well as skills in identilying isolated
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letters and words. Passage Comprehension measures skill in
reading a short passage and identitying a missing key word.
Word Attack mcasures skill in applying phonic and struc-
tural analysis strategics Lo the pronunciation of unfamiliar
printed words. Spelling measures skills in producing correct
spellings and detecting incorrect spellings in written pas-
sages. Standard scores for the reading-related subtests were
used in the analyscs.

Assessment Schedule

Three test sessions were conducted. Pretest measures
(T1) were administered 4—to 6 weeks before the interven-
tion began. Posttest measures (T2) were administered 6-8
weeks after intervention ended. Although long-term posttest
measures (T3) were administered 11 months after interven-
tion, the scores were not used because participants’ reading
intervention programs during the school ycar before the
long-term posttests varied greatly and were not monitored.
Graduate students from the Department of Hearing and
Speech Sciences. University of Maryland at College Park,
conducted all test sessions at each participant’s school. All
assessors remained blind to intervention-group member-
ship. Each graduate student received 12 hr of training and
was required to demonstrate proficiency in test administra-
tion and scoring. Licensed SLP faculty members supervised
groups of one to three assessors at school sites. All mea-
sures were double scored by an independent cxaminer.

Results

Table 8 provides the pretest and posttest means for the
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three inlervention groups. The results address the two
research questions: (1) Was one or more of the interventions
more elfective than the others? (2) How clfective were the
individual interventions?

Differential Effects of the Three Interventions

To determine whether any of the interventions were
more effective than the other interventions, we conducted
three repeated measures multivariate analysis of variance
(MANOVAs) using pretest (T1) and postiest (12) scorcs.
The dependent measures were grouped into three clusters:
phonemic awareness, language, and reading-related skills.
PAT subtests (Phoneme Blending and Phoneme Scgmenta-
tion) were used for the phonemic awareness cluster, Raw
scores were used for PAT subitests because standard scores
lower than 51 and 77 were not available, and many partic-
ipants scored lower than these cutolf scores. We used
CELF-3 subtests (Concepts & Directions, Recalling Sen-
tences, and Listening to Paragraphs) for the language clus-
ter, and WLPB-R subtests (Letter-Word Identification, Pas-
sage Comprehension, Word Attack, and Spelling) for the
reading-related cluster. We used standard scores for the
CELF-3 and WLPB-R mcasures. We found that the num-
ber of days a child attended the program was unrelated to
outcome scores and, thercfore, we did not use attendance
as a covariate. We also found that race and free or reduced-
price lunches (indicator of low income) were unrelated to
pretest scores, so we did not use them as covariates. Gen-
der, however, was correlated with the WLPI-R mcasures
and was used as a covariate to analyze the reading-related
measures.

TABLE 8. Group Means
Fast ForWord (n = 20) Earobics (1 = 10) LiPS (n = 18)

Subtest Time I SD Time2 SD Time ! SD Time2  SD Time 1l SD Time 2 8D
Blending

Phonemes S.1 2.7 4.9 3.3 6.0 2.6 6.6 2.0 38 2.3 5.7 2.5
Segmenting

Phonemes 1.2 1.7 1.6 1.8 1.3 1.4 32 25 14 1.9 2.6 1.8
Concepts &

Directions 71.5 22.8 72.5 23.6 68.1 229 694 217 64.4 24.8 62.2 20.7
Recalling

Sentences 74.3 25.0 79.0 32.6 74.4 19.7 80.0 24.2 65.0 283 62.8 30.4
Listening to

Paragraphs 60.5 235 74.0 339 63.8  29.0 74.4 26.8 58.9 17.8 70.0 19.7
Letter—Word

Identification 83.5 12.3 80.3 13.6 85.3 14.6 83.9 14.1 90.1 12,3 879 12.2
Passuge

Comprehension 87.3 1.7 86.0 13.8 87.3 15.2 86.1 14.1 92.0 9.5 89.0 8.2
Word Attack 82.0 13.3 78.9 11.8 82.6 9.4 85.1 10.5 85.2 8.8 85.9 11.8
Spelling 84.5 14.0 80.8 121 82.5 16.6 81.6 10.1 88.2 15.5 86.8 13.5
Note, LiPS = Lindamood Phoneme Sequencing Program.
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The repeated measures MANOVA in which we used the
Phoncmic Awarencss measures resulted in a significant
Group by Time effect, F(2. 51) = 3.89, p <.01; Cohen’s d =
(1.79. Post hoc tests indicated that the Group by Time dif-
ference was caused by significant increases in Blending
Phonemes from T1 to T2 for LiPS, F(2, 51) = 6.42, p<.0l;
Cohen’s d = 1.00, but not FFW or Earobics. The repcated
measures MANOVA in which we used the language mea-
sures resulted in no significant Group by Time cffect, indi-
cating that no group was more effective than the others in
improving language. The repeated measures MANOVA in
which we used the reading measures with gender as a
covariate also resulted in no significant Group by Time
effect, indicating that nonc of the groups was more effective
than the others in increasing reading-related skills. In our
comparison ol the three interventions, we found that the
signilicant Group by Time difference for PA was attribut-
able 1o the LiPS intervention that demonstrated greater
clfectiveness in teaching blending of phonemes.

Lifects of Individual Interventions

To determine il individual interventions produced signil-
icant gains from pretest (T1) to posttest (T2), we conduct-
ed a series of repeated measures MANOVAS for cach of the
three intervention groups. In the arca of phonemic awarc-
ness, we found significant increases for Earobics, 7(1, 15)
= 0.06, p < .05, Cohen’s d = 1,80, and LiPS, F(I, 17) =
11.83, p <.01, Cohen’s d = 2.43. Univariate tests indicated
that the effect in the Earobics group was attributed to sig-
nificant increases in phoncme segmentation, F(1, 15) =
10.32, p <.01; Cohen’s d = 1.66. For the LiPS group, uni-
variate (ests indicated significant increases for Phoneme
Blending, F(1, 17)=22.851, p < .01, Cohen’s d = 2.32, and
Phoneme Segmentation, F(1, 17) = 7.59, p < .05, Cohen’s
d = 1.33. In the area of Language, the repeated measures
MANOVA revealed no significant increascs for any of (he
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three interventions. For Reading, with gender as a covari-
ate, the repeated measurcs MANOVASs again revealed no
significant increases for any of the three interventions.
These analyses of individual interventions revealed signif-
icant increases within individual intervention groups that
werce limited to the arca of phonemic awareness. The LiPS
group increased significantly on Phoneme Blending; the
Earobics and LiPS groups increased significantly on
Phoneme Segmentation. We found no transfer effect to lan-
guage or reading-related skills.

Unfortunately, the percentage of students with standard
scores less than 90 on the measures used in this study
remained high after intervention, indicating that the major-
ity of the students (46.3% 1o 93.8%) continued (o experi-
ence serious deficits in the three areas studicd. Table 9 lists
the percentages ol standard scores lower than 90 for each
intervention group at TI and T2. Those figures are in stark
contrast to the findings of Torgesen (2001) who moved
approximately 50% of his students into the normal range
with scores approaching or at 100.

Discussion

In this study, we compared the effectivencss of three
interventions (FFW, Earobics, and LiPS) on PA, language
skills, and reading-rclated skills for a group of language-
impaired 9-year-old children with reading deficits. Those
programs were chosen because of their focus on phonemic
awarencss, now recognized as a key element in reading
acquisition, and because of the claims of drastic improve-
ments in language and rcading made by developers of at
least two of the programs. This study was designed to
address two rescarch questions: For the first question (Docs
onc or more of the three intervention programs result in
greater gains than the other programs in phonemic aware-
ness, language, or reading-related skills?) we found a sig-
nificant effcet of group in phonemic awareness only. In that

Below 90

TABLE 9. Percentage of Children in Each Intervention Group With Standard Scores

FFW Earobics LiPS Total

Subtest Tl T2 Tt T2 Ti ™ Ti T2

Blending Phonemes 0.0 75.0 62.5 68.8 88.9 72.2 77.8 72.2
Segmenting Phonemes 90.0 80.0 938 363 833 83.3 88.9 74.1
Concepts & Directions 65.0 75.0 750 813 77.8 88.9 n2 81.5
Recalling Sentences 60.0 55.0 81.3 56.3 83.3 74.1 6l1.1
Listening to Paragraphs 90.0  75.0 81.3 638.8 88.9 2.2 87.0 72.2
Letter-Word Identification  70.0 75.0 87.5 87.5 50.0 61.1 68.5 74.1
Passage Comprehension 060.0 55.0 500 625 27.8 50.0 46.3 55.0
Word Attack 70.0 850 75.0 625 71.8 72.2 4.1 74.1
Spelling 60.0 850 625 875 55.6 64.9 59.3 79.2

Noie. FFW = Fast ForWord. LiPS = Lindamood Phoneme Sequencing Program. Tl = Time 1. T2 = Time 2.
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case, the LiPS intervention did a significantly better job than
the other two interventions to improve students’ ability to
blend phonemes. Intervention groups did not difter substan-
tially in their ability to improve performance on other mea-
sures: segmenting phonemes, language subtests, or reading-
related subtests. The effect for PA (Cohen’s d = 0.79) was
somewhat smaller than the NRP overall effect size (Cohen’s
d = 0.86) on PA (NICHD, 2000b). However, the cffect size
of the present study was somewhat larger than the effect size
found by the NRP for disabled rcaders (Cohen’s d = 0.62);
the subset of NRP students most closely resembled the
older, disabled readers in our study.

The second question (Did students in individual inter-
vention groups make gains in phonemic awareness, lan-
guage, or reading-related skills?) focused on whether indi-
vidual intervention groups made gains in the target areas.
Once again, significant gains were limited to the area of PA;
the Earobics group improved in segmenting phonemes, and
the LiPS group improved in segmenting and blending
phonemes. In those cases, the effect size as measured by
Cohen’s d ranged from 1.33 to 2.32. The high effect sizes of
the repeated measures MANOVA may have been similar to
higher effect sizes found in some studies lacking a non-
treatment control group relative to studics in which a con-
trol group was used (Bus & van ljzendoorn, 1999; NICHD,
2000b). In addition, the high correlation between blending
and segmenting phonemes (r = .428) also may have con-
tributed to large cffect sizes in this study.

We found that both Earobics and LiPS were associated
with gains in PA as measured 6 weeks after the summer
intervention. The two programs were more effective than
the FFW program in improving PA. None of the programs
were associated with significant transfer effects to language
or reading at the 6-week posttests (T2). In interpreting the
results, we discuss student and program characteristics
because both have been shown to be associated with various
outcomes in other PA intervention studies (Torgesen, 2000;
NICHD, 2000b).

Student Characteristics

Regarding student characteristics, all participants in our
study were receiving school-based speech-language ser-
vices at the time of their referral. Our total group mean
pretest language standard scores were low, ranging from 63
to 69. Also, all participants werc identified with reading
deficits, although these were less serious than their lan-
guage deficits. Although the school staff who referred the
students to the program indicated that the students were of
average intelligence, no IQ scores were available. The
resulting group included the wide range of cognitive and
verbal functioning typically found in large school districts
within primary-level general education classes. It is possi-
ble that the students in this study may represent the 2% o
5% of students considered “treatment resisters” who often
remain deficient in reading even after intensive intervention
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(Lovett, Borden, Lacerenza, Benson, & Brackstone, 1994;
Torgesen, 2000). Those students with a mean age of § years
10 months (SD = 4 months) at enrollment had not mastered
basic reading skills during their initial literacy training and,
therefore, most closely resembled the NRP's group of dis-
abled readers (as opposed to the at-risk and normally pro-
gressing, younger groups). Intervention effects cited in
NRP’s meta-analysis showed lower effectiveness on almost
all variables for disabled readers than for at-risk and nor-
mally progressing readers. The NRP effect size for PA out-
comes dropped 25 points, from d = 0.95 for kindergartners
to d = 0.70 for older, disabled readers, whereas effect size
for rcading dropped more than 40 points from o = .86 for
at-risk readers to d = 0.45 for older, disabled readers
(NICHD, 2000b). A majority of our study participants
(52%) qualified for lunch benefits, a marker for low-income
houscholds. Children from similar backgrounds have been
found to be at somewhat higher risk for reading fuilure than
other children (Hecht, Burgess, Torgesen, Wagner, &
Rashatte, 2000; Scarborough, 1998).

Program Characteristics

Program characteristics including content and intensity
also have been associated with varying outcomes. This
study provided three intensive [-hr intervention periods
each day for 20 days. The two computer-delivercd pro-
grams were limited to awarcness training and contained no
direct application to decoding letters, phonemes, or words.
LiPS includes reading and spelling of simple words, an cle-
ment that appears important for remediation of rcading
deficits (Cunningham, 1990). The encouraging findings of
recent prevention (Vellutino ct al, 1996; Torgesen, Wagner,
& Rashotte, 1997) and remedial studics (Torgesen, 2001)
show that intensive, carefully constructed intervention pro-
grams can result in significant short- and long-term
increases in reading skills for all but a small percentage
(2%-5%) of students. In the preventive studics, students in
kindergarten and first grade at highest risk for developing
reading deficits were studied. For example, onc remedial
study (Torgesen, 2001) included two 50-min sessions [ive
times a weck for 8 1o 9 weeks and reported more positive
results than did our study for two groups of students: onc
receiving the ADD program (the precursor to the LiPS pro-
gram) and one receiving an embedded phonics program.
The author attributes the positive results (o the intensity
and breath of the intervention.,

Our study differed from Torgesen’s work because stu-
dents in our study received a longer daily intervention peri-
od (180 vs. 100 min) over fewer (4 vs. 8-9) weeks. The
extended periods in the Torgesen study (2001) may have
allowed those students receiving LiPS to reccive more
extensive instruction on application to reading—using let-
ters to represent sounds, spclling syllables, and eventually,
decoding simple words—than the LiPS group in the present
study. Also, students in the Torgesen study received 1:1
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intervention, whereas in our study, each interventionist
served a group of 4 students. Approximately half of the chil-
dren in both intervention groups in Torgesen’s study
attained average-level reading skills; 40% were returned to
full-time general cducation classrooms within | year fol-
lowing the intervention (Torgesen, 2001).

A few studies in which broader and/or more intensive
interventions were used than in our study also have shown
large cffects on reading for this population (McGuinness,
McGuinness, & McGuinness, 1996; Wise, Ring, & Olson,
1999), which suggests that interventions focused narrowly
on phonological awarcness with little or no application to
decoding are relatively incffective in remediating reading
deficits. Apparently, remedial programs must be of sufficient
intensity and include phonological awareness activities,
alphabetic recognition, and decoding at the word level to
result in significant gains in reading. Although our program
provided intensive instruction, it was limited to instruction in
phonological awarencss with little exposure to decoding and
other carly reading skills. Although two groups (Earobics
and LiPS) showed significant gains in phonemic awarencss
in our study, we did not find the high rates of successful

transfer to reading skills initially promised by publishers of

some phonological awareness programs.

Limitations of the Study

The small sample size and lack of verbal 1Q scores limit
the conclusions that one can draw from this study. Although
the number of students in each intervention group (16-20)
is higher than in published studics on FFW, it is lower than
in studies in which LiPS or its precursor, ADD, was used.
The subjects in this study can be characterized as language
impaired, although the high variability on pretest language
measures and lack ol 1Q scores resulted in a heterogeneous
group regarding language/lcarning deficits. The interven-
tion period, although intensive (3 hr per day), was relative-
ly short (20 days) and precluded most students from either
reaching criteria for games (FFW and Earobics) or fully
completing the training program (LiPS). Therefore, it is dif-
licult for one to generalize to studics in which students had
completed the interventions as defined by each program. In
addition, the lack of follow-up for parlicipants who dis-
persed to more than 40 schools after the posttest prevented
identification ol possible long-term effects associated with
the interventions studied in this investigation.

Implications for Further Research

Program characteristics (intensity and content) are asso-

ciated with varying outcomes. Although a child’s control of

sounds at the phoneme level is highly predictive of decod-
ing and spelling, our study suggests that even in large doses
interventions that arc focused narrowly on phonemic
awareness do not automatically improve reading skills.

Further studics are needed that replicate the recent work of
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Torgesen and collcagues (2001) in which they used inter-
ventions that couple intensive phonemic awareness train-
ing with other salicnt activities by applying the alphabetic
principle. Such studics will provide a more precise blue-
print of the essential content as well as the level of inter-
vention required to result in the ability to manipulate
phonemes and successfully decode words. Using a
research design similar to the one that we used to test vary-
ing intervention packages may result in a clearer under-
standing of essential program characteristics needed for
good outcomes across various groups of students. Such
understandings will be useful for designing initial literacy
training (particularly for students with language deficits) as
well as remedial programs for older students.

Student characteristics also have been shown to affect the
development of phonological awareness and reading skills
(NICHD, 2000b). Further investigations are needed that
compare intensive remedial PA interventions for lower
functioning students (1Q less than 85) than those typically
included in studies of PA intervention because students with
1Qs in the lower range receive literacy training and are
expected to participate in the general education curriculum.
Studies also are needed that identify which areas of lan-
guage delicits act as barriers to development of phonemic
awareness and early reading success. Similarly, older stu-
dents with language deficits who fail in carly literacy
attempts need to be studied so that educators can identify
which intervention approach is most effective in remediat-
ing the reading deficits. Similarly, more intervention studics
involving low-income and minority students arc needed.
Specific factors, including the impact of reduced access to
print in low-income communitics and the use of African
American vernacular English (IHecht et al., 2000; Neuman

& Celano, 2001), need further study.
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