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 n 1997, the U.S. Congress directed that a national
 panel be convened to assess the status of research-
 based knowledge regarding the effectiveness of vari-
 ous approaches for teaching children to read. The

 Director of the National Institute of Child Health and

 Human Development in consultation with the Secretary of
 Education constituted the National Reading Panel (NRP),
 which was composed of 14 individuals. Members of the
 (NRP) Panel formed subgroups to locate research examin-
 ing various categories of studies. One of the subgroups
 focused on alphabetics and conducted two meta-analyses,
 one on phonemic awareness instruction and one on
 phonics instruction. The final report was submitted to
 Congress in April 2000. Results of the phonemic aware-
 ness analysis are presented here.

 When today's educators consider the ingredients of
 effective programs to teach children to read, phonemic
 awareness (abbreviated PA) receives much attention. The

 purpose of this study was to examine the scientific evi-
 dence supporting claims about phonemic awareness in-
 struction. We sought answers to several questions: Is
 phonemic awareness instruction effective in helping chil-
 dren learn to read? Under what circumstances and for

 which children is it most effective? Were studies showing
 its effectiveness designed to yield scientifically valid find-
 ings? How applicable are these findings to classroom
 practice?

 There were several reasons why the NRP selected
 phonemic awareness instruction for review and analysis.
 First, correlational studies have identified phonemic aware-

 250

This content downloaded from 149.152.191.2 on Tue, 05 Jun 2018 13:59:33 UTC
All use subject to http://about.jstor.org/terms



 ABTRCT

 Phonemic awareness instruction helps children learn to read: Evidence from the National Reading
 Panel's meta-analysis

 A quantitative meta-analysis evaluating the effects of phonemic

 awareness (PA) instruction on learning to read and spell was con-

 ducted by the National Reading Panel. There were 52 studies pub-

 lished in peer-reviewed journals, and these contributed 96 cases

 comparing the outcomes of treatment and control groups. Analysis

 of effect sizes revealed that the impact of PA instruction on helping

 children acquire PA was large and statistically significant (d = 0.86).

 PA instruction exerted a moderate, statistically significant impact on

 reading (d = 0.53) and spelling (d= 0.59). Not only word reading but

 also reading comprehension benefited. PA instruction impacted

 reading tnder all the conditions examined although effect sizes were

 larger tnder some conditions. PA instruction helped various types
 of children: normally developing readers as well as at-risk and

 disabled readers; preschoolers, kindergartners, and first graders: low

 socioeconomic status children as well as mid-high SES. PA instruc-

 tion improved reading, but it did not improve spelling in disabled

 readers. PA instruction was more effective when it was taught with

 letters than without letters, when one or two PA skills were taught

 than multiple PA skills, when children were taught in small groups

 than individually or in classrooms, and when instruction lasted be-

 tween 5 and 18 hours rather than longer. Classroom teachers were

 effective in teaching PA to their students. Effect sizes were larger

 for studies using more rigorous experimental designs, with rigor as-
 sessments drawn from Troia (1999). In sum, PA instruction was

 found to make a statistically significant contribution to reading

 acquisition.

 La Instrucci6n en Conciencia Fonemica Ayuda a los Ni-os a Aprender a Leer:
 Evidencia del Meta-analisis del Panel Nacional de Lectura

 Un meta-anilisis cuantitativo que evalu6 los efectos de la instrucci6n

 en conciencia fonemica (CF) sobre el aprendizaje de la lectura y la
 escritura fue Ilevado a cabo por el Panel Nacional de Lectura
 (National Reading Panel). Se tomaron 52 estudios, publicados en

 revistas con referato, que aportaron 96 casos en los que se com-

 par6 el resultado de los grupos de tratamiento y de control. El anali-

 sis de las magnitudes del efecto revel6 que el impacto de la instruc-

 ci6n en CF sobre el desarrollo de la CF en los niiios fue grande y

 estadisticamente significativo (d = 0.86). La instrucci6n en CF ejer-

 ci6 un impacto moderado, estadisticamente significativo en la lectura

 (d = 0.53) y escritura (d = 0.59). No s6lo se benefici6 la lectura de

 palabras, sino tambien la comprensi6n lectora. La instrucci6n en CF
 impact6 en la lectura, en todas las condiciones examinadas, sin em-

 bargo las magnitudes del efecto fueron mayores en algunas condi-

 ciones. La instrucci6n en CF ayud6 a distintos tipos de nihios: lectores

 de desarrollo normal, lectores de riesgo y lectores con dificultades;

 niflos de jardin, preescolar y primer grado; niifos de NSE bajo y

 nifios de NSE medio-alto. La instrucci6n en CF mejor6 la lectura
 pero no la escritura en los lectores con dificultades. La instruccion en

 CF fue mis efectiva cuando se realiz6 con apoyo de las letras que

 cuando no se enseharon las letras, cuando se enseflaron una o dos

 habilidades de CF que cuando se enseflaron mflttiples habilidades,

 cuando se insruy6 a los niflos en pequefros grupos que cuando se
 realiz6 individualmente o en el aula y cuando la instrucci6n dur6 en-

 tre 5 y 18 horas que cuando abarc6f mIs tiempo. Los docentes fueron

 eficaces en la ensefianza de la CF a los estudiantes. Las magnitudes

 del efecto fueron mayores en los estudios que utilizaron disefios
 experimentales mis rigurosos, con evaluaciones de rigor tomadas de

 Troia (1999). En suma, se hall6 que la instrucci6n en CF constituye

 una contribuci6n significativa a la adquisicion de la lectura.

 Phonemische BewuBtseinsanweisung hilft Kindern beim Erlernen des Lesens: Beweise aus der
 Meta-Analyse des Nationalen Lesegremiums

 Eine quantitative Meta-Analyse, welche Auswirkungen phonischen

 Aufnahmebewugseins (PA) beim Erlernen des Lesens und Buch-
 stabierens bewertet, wurde vom Nationalen Lesegremium durchge-

 f'hrt. Es wurden 52 Studien in von Lehrern rezensierten Fachzeit-

 schriften publiziert und diese nannten 96 Fille, bei denen die

 Ergebnisse von Anwendungs- und Kontrollgruppen verglichen wur-

 den. Die Analyse iber WirksamkeitsausmaSe ergab, daB der Einflug

 von PA-Anweisungen in der Unterst0tzung der Kinder beim Erwerb

 von PA grog und statistisch bedeutend (d = 0.86) war. PA-
 Anweisungen iibten einen ausgleichenden, statitisch bedeutsamen

 Einflug aufs Lesen (d = 0.53) und Buchstabieren (d = 0.59) aus.

 Nicht nur das Lesen von Wbrtern, sondern auch das Leseverstiindnis
 wurde begdnstigt. PA-Anweisungen beeinfluSten das Lesen unter

 all den untersuchten Bedingungen, obwohl die Ausmaf e der Aus-

 wirkungen bei einigen Bedingungen gr6ger waren. PA-Anweisungen
 halfen unterschiedlich gearteten Kindern: normal sich entwickelnde

 Leser, sowie auch risikobedingte und behinderte Leser; Vorschdler,

 Kindergartenteilnehmer und Erstklissler; Kinder der unteren Gund-

 schulstufen (SES) als auch mittlerer und h6herer Grundschulstufen

 (SES). PA-Anweisungen verbesserten das Lesen, nicht jedoch das

 Buchstabieren bei behinderten Lesern. PA-Anweisungen waren wirk-

 samer, wenn sie zusammen mit den Buchstaben statt ohne Buch-

 staben unterrichtet wurden, wenn jeweils eine oder zwei PA-Fertig-

 keiten statt ein Mehrfaches an PA-Fertigkeiten unterrichtet wurde,

 wenn Kinder in kleinen Gruppen statt einzeln unterrichtet oder in
 Klassenriumen, und wenn der Unterricht insgesamt zwischen 5 und

 18 Stunden andauerte, statt langfristiger. Klassenlehrer waren beim

 Unterricht von PA erfolgreich mit ihren Schillern. Das Wirkungsaus-

 maS war unter Nutzung strengerer Experimentierpline ffor den

 Unterricht grb6er, mit den von Troia (1999) ahgeleiteten straffen

 Bewertungen. Zusammengefa&t fand man. dag die PA-Anweisung

 einen statistisch nachweisbar bedeutenden Beitrag ztm Erwerb von
 Lesefertigkeiten leisten.
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 L'enseignement de la conscience phonemique aide les enfants a apprendre a lire : Preuves
 provenant de la meta-analyse de la Commission Nationale de Lecture

 Une meta-analyse quantitative pour evaluer les effets de lenseigne-

 ment de la conscience phonemique (CP) sur l'apprentissage de la
 lecture et de l'ecriture a ete conduite par la Commission Nationale de

 Lecture. Elle a porte sur 52 etudes publiees dans des journaux ;
 comite de redaction ayant conduit r 96 etudes comparant les resul-

 tats de groupes experimentaux et contr1les. L'analyse de l'impor-
 tance des effets revele que 1'enseignement de la CP sur le developpe-

 ment de la CP a un impact large et statistiquement significatif (d =

 0.86). L'enseignement de la CP a un effet modere, statistiquement

 significatif (d = 0.53) sur l'criture (d = 0.59). Non seulement la lec-
 ture de mots en beneficie mais 6galement la comprehension.
 L'enseignement de la CP a un impact sur la lecture dans toutes les

 conditions examinees, bien que la taille de leffet soit plus large dans

 certaines conditions. L'enseignement de la CP est une aide pour dif-

 firents types d'enfants : aussi bien pour ceux qui apprennent a lire
 normalement que pour les enfants A risque et pour ceux qui ont

 des difficultes ; pour les enfants d'ecole maternelle ou de premiere

 annee de primaire : pour les enfants de milieu social defavorise aus-

 si bien que pour ceux de classe moyenne. L'enseignement de la CP

 facilite le developpement de la lecture mais pas celui de l'Ocriture
 chez les enfants en difficult&. L'enseignement de la CP a plus d'effet

 quand il a lieu avec des lettres que sans lettres, quand on enseigne

 une ou deux competences de CP que de multiples competences de

 CP, quand il a lieu en petit groupe que individuellement ou en salle

 de classe, et quand I'enseignement dure entre 5 et 18 heures plut6t

 que plus longtemps. L'enseignement de la CP en classe par des en-

 seignants est efficace. La taille des effets est plus grande quand les

 etudes utilisent des plans experimentaux plus rigoureux, et des Mval-

 uations rigoureuses provenant de Troia (1999). En bref, il apparait

 que l'enseignement de la CP apporte une contribution statistique-

 ment significative a l'acquisition de la lecture.

 0DOHeMHqecKoe o6yqeHHe noMoraeT eTTHM yqHTbC$I SIHTaTL:

 4HTorH MeTa-aHaJIH3a, nponeneHHOro HauHOHaJIbHbIM COBeTOM TeHHSI

 HaHOHarJbHbIfl COBeT 4TeHHA npeanpHHRn KOJIHeCCTBeHHbIl4

 MeTa-aHaJIH3 34CeKTHBHOCTH OHeMH'eCKoro ("3ByKO-

 6yKBeHHoro") MeToaa (PA) npH o6yqeHHHq TeHHIO H

 opporpanHH. B HayqHbIX KypHHanaX ony6nHKOBaHbl

 pe3ynJbTaTb 52 HccneIOBaHHar, rC OnHcaHbl 96 cnyqaeB

 cpaBHeHHuS OfbITHO H KOHTpOJIbHOr rpynn.

 KpynHoMacmTa6HbI aJanIH3 BbIAlBH, HTO poJnb PA-o6yqeHHSi

 B o6peTeHHH PA-HaBbIKOB BCJeHKa H CTaTHCTHqeCKH 3HaqHMa

 (d = 0.86). PA-o6yqeHHe OKa3blBaeT cpeHee, CTaTHCTHeCCKH

 3HaIHMOe BJIHMHHe Ha qTeCHe (d = 0.53) H opcorpaino (d =

 0.59). PA-o6yqeHHe lHOJe3HO He TOJIbKO AUJI 'TeHHAS

 OTLJenjbHbIX CJIOB, HO H AjJISl OHHMaHHS HpO'qHTaHHOFO TeKcTa.

 PA-o6yseHHe BJnIHeT Ha iTeCHe BO Bcex cJnyqax, XOTI npH

 HeKOTOPbIX YCJIOBHSX 34jeKT OKa3aJICCI 6OnJbHM. PA-

 o6yqeHHe noMoraeT pa3HbIM THHaM AJeTer: HOpManJbHO

 pa3BHBraloIUHMCs, npeaTaBHTeJIsM rpyHHbl pHCKa H AeTAM C

 orpaHHNeHHbIMH BO3MO)KHOCTSMH;I nepBOKJIacCHHKaM H

 AOUIKORbHHKaM, nOCeCIOLUmIHM H H HnOCeCaIOLuHM ATCKHA

 caA; AeTrM C HH3KHM, cpeIHHM H BblCOKHM COUHaJIbHO-

 3KOHOMHIeCKHM CTaTyCOM. CpeaH npo6neMHblX AeTerl PA-

 o6yqeHHe cnoco6CTByeT ynymJeHHIO HaBbIKOB MTeHHS1, HO

 He opcorpampH. (OHeMHqCCKOC O6yqeHHe 6onee

 344eKTHBHO: B coqeTaHHH C 6yKBeHHbIM, HC)KenH 6e3 Hero;

 fpH pa3BHTHH OAHOrO-AIByX, He)KenH MHOFO'HCJIeHHbIX

 HaBbIKOB; npH pa6oTe B MaibIX rpynnax, B oTJIHqie oT

 HHtAHBHayanbHOrO HJIH KnaCCHOro o6ySeHHA; npH

 npoIonJIKHTejIbHOCTH Kypca He 6onee 5-18 4acOB.

 IUKOJIbHbie y'HTenJ c PA-o6yqeHHeM cnpanBJIOTC5

 ycnefHO. IpH Hcnonb3OBaHHH 6onee CTporFx

 3KcnepHMeHTaaJbHbIX pa3pa6OTOK C )KCCTKOfr CHCTeMOg

 OUeHKH, pa3pa60TaHHOr4 Tpoia (1999), 3a4eKTrHBHOCTb

 Bblue. B CJenoM npH3HaHO, 4TO PA-o6yreHHe BHOCHT

 CTaTHCTHeCCKH 3Ha4HMblri BKJIaa B pa3BHTHe HaBbIKOB
 TeHHMR.
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 ness and letter knowledge as the two best school-entry
 predictors of how well children will learn to read during
 the first 2 years of instruction (Share, Jorm, Maclean, &
 Matthews, 1984). Second, many experimental studies have
 been conducted to evaluate the effectiveness of PA instruc-

 tion in facilitating reading acquisition. However, a recent
 critique appearing in Reading Research Quarterly suggested
 that some of the PA studies are seriously flawed (Troia,
 1999). Third, there is currently much interest in PA pro-
 grams among teachers, principals, publishers, and even
 legislators because they are claimed to be effective in im-
 proving children's success in learning to read.

 To evaluate the adequacy and strength of the evi-
 dence, we conducted a meta-analysis. We located all the
 experimental studies that administered PA instruction to
 students, that included a control group receiving non-PA
 instruction or no special instruction, and that measured
 the impact of PA instruction on reading outcomes. We
 found 52 published studies that met our criteria. The
 studies varied in many respects. Different types of phone-
 mic awareness were taught. The participants ranged from
 preschoolers to sixth graders and included students at
 risk for reading problems as well as students classified as
 reading disabled. The instruction was delivered by class-
 room teachers in some studies and by researchers or
 computers in other studies. Children were tutored indi-
 vidually, or they received instruction in small groups or
 larger classroom groups. The statistic we used was effect
 size, that is, the difference between mean performance of
 the treatment and control groups in standard deviation
 units. The meta-analytic procedure allowed us to exam-
 ine not only whether PA instruction exerted a statistically
 significant impact on reading across all of these variations
 but also whether these variations influenced the size of

 the impact.
 What is phonemic awareness? Phonemes are the

 smallest units comprising spoken language. English con-
 sists of about 41 phonemes. Phonemes combine to form
 syllables and words. A few words have only one
 phoneme, such as a or ob. Most words consist of a blend
 of phonemes, such as go with 2 phonemes, or check with
 3 phonemes, or stop with 4 phonemes. In the text below,
 individual phonemes are represented with IPA (Interna-
 tional Phonetic Alphabet) symbols between backslashes
 (e.g., /g/) to contrast them with letters represented by
 capitals (e.g., G). Phonemes are different from graphemes,
 which are units of written language and represent
 phonemes in the spellings of words (Venezky, 1970,
 1999). Graphemes may consist of one letter, for example,
 P, T, K, A, N; or multiple letters, CH, SH, TH, -CK, EA, -
 IGH, each symbolizing one phoneme.

 Phonemic awareness refers to the ability to focus on
 and manipulate phonemes in spoken words (Liberman,

 Shankweiler, Fischer, & Carter, 1974). Simply discriminat-
 ing phonemes in words-for example, recognizing that
 tan sounds different from Dan-is not PA. PA is different

 from phonological awareness, which is a more encom-
 passing term referring not only to PA but also to aware-
 ness of larger spoken units such as syllables and rhyming
 words. Although PA studies often begin by teaching chil-
 dren to analyze larger units, we did not include such
 studies in our data set unless the instruction progressed
 to the phonemic level.

 Researchers have used the following tasks to assess
 children's PA and to improve their PA through instruction
 and practice:

 1. Phoneme isolation, which requires recognizing
 individual sounds in words; for example, "Tell
 me the first sound in paste." (/p/)

 2. Phoneme identity, which requires recognizing
 the common sound in different words; for exam-
 ple, "Tell me the sound that is the same in bike,
 boy, and bell." (/b/)

 3. Phoneme categorization, which requires recog-
 nizing the word with the odd sound in a se-
 quence of three or four words; for example,
 "Which word does not belong? bus, bun, rug."
 (rug)

 4. Phoneme blending, which requires listening to a
 sequence of separately spoken sounds and com-
 bining them to form a recognizable word; for ex-
 ample, "What word is /s/ /k/ /u/ /1/?" (school)

 5. Phoneme segmentation, which requires breaking
 a word into its sounds by tapping out or count-
 ing the sounds or by pronouncing and position-
 ing a marker for each sound; for example, "How
 many phonemes in ship?" (3: /s/ /i/ /p/)

 6. Phoneme deletion, which requires recognizing
 what word remains when a specified phoneme is
 removed; for example, "What is smile without the
 /s/?" (mile)

 In a few studies, instruction was focused on teach-
 ing children to manipulate onsets and rimes in words
 (Fox & Routh, 1984; Lovett, Barron, Forbes, Cuksts, &
 Steinbach, 1994; Treiman & Baron, 1983; Wilson &
 Frederickson, 1995). The onset is the single consonant or
 blend that precedes the vowel, and the rime is the vowel
 and following consonants; for example, j-ump, st-op,
 str-ong. We included these studies because students were
 essentially manipulating phonemes when the onset was a
 single phoneme.

 Some forms of PA instruction would qualify as
 phonics instruction, which involves teaching students
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 how to use grapheme-phoneme correspondences to
 decode or spell words. What distinguished PA studies
 from the general pool of phonics studies, however, is that
 instruction given to students in the treatment groups, but
 withheld from controls, was limited to grapheme-
 phoneme manipulation and did not go beyond this to in-
 clude other activities such as reading decodable text or
 writing stories.

 Contribution of PA in learning to read. PA is one of
 the best predictors of how well children will learn to
 read. Share et al. (1984) assessed kindergartners on many
 measures when they entered school, including phonemic
 segmentation, letter name knowledge, memory for sen-
 tences, vocabulary, father's occupational status, parental
 reports of reading to children, and TV watching. They ex-
 amined which of these measures best predicted how well
 the children would be reading at the end of kindergarten
 and at the end of first grade. Results showed that phone-
 mic awareness was the top predictor along with letter
 knowledge. PA correlated r = 0.66 with reading achieve-
 ment in kindergarten and r = 0.62 in first grade.

 PA is thought to contribute to helping children learn
 to read because the structure of the English writing sys-
 tem is alphabetic. Moreover, it is not easy to figure out
 the system. Words have prescribed spellings that consist
 of graphemes symbolizing phonemes in predictable
 ways. Being able to distinguish the separate phonemes in
 pronunciations of words so that they can be matched up
 to graphemes is difficult. There are no breaks in speech
 signaling where one phoneme ends and the next one be-
 gins. Rather, phonemes are folded into one another and
 are coarticulated. Discovering phonemic units is helped
 greatly by explicit instruction in how the system works.
 This is underscored by research revealing that people
 who have not learned to read and write have great trou-
 ble performing phonemic awareness tasks (Morais,
 Bertelson, Cary, & Alegria, 1987). Likewise people who
 have learned to read in a script that is not graphophone-
 mic, such as Chinese, have difficulty segmenting speech
 into phonemes (Mann, 1987; Read, Zhang, Nie, & Ding,
 1987).

 PA is thought to contribute to children's ability to
 read words in various ways (Ehri, 1991, 1994). Decoding
 words requires blending skill to transform graphemes
 into recognizable words. Reading words by analogy (e.g.,
 reading brick by knowing how to read kick) requires
 onset-rime segmentation and blending skill. Reading
 words from memory by sight requires phoneme segmen-
 tation skill. To store individual sight words in memory,
 children need to match up graphemes to phonemes in
 the word and retain these connections in memory (Ehri,
 1980, 1992; Ehri & Wilce, 1987a; Rack, Hulme, Snowling,
 & Wightman, 1994; Reitsma, 1983).

 The impact of PA instruction on various types of
 word reading was examined in many of the studies. The
 simplest word reading task given to preschoolers re-
 quired them to look at a word (sat) and decide whether
 it said "sat" or "mat" (Byrne & Fielding-Barnsley, 1991).
 Studies with older children assessed their ability to read a
 list of words or their ability to remember how to read
 words after practicing them. Pseudoword reading tasks
 assessed children's ability to read novel words such as
 feem, bote, and cliss.

 PA is thought to help children write words in vari-
 ous ways. They may invent letter-sound spellings or re-
 trieve correct spellings from memory. Both processes
 require phonemic segmentation skill, enabling spellers to
 match up sounds to letters in words (Griffith, 1991). The
 impact of PA instruction on spelling skill was assessed in
 several studies.

 Some of the studies measured reading comprehen-
 sion. To comprehend a text, readers must be able to read
 most of the words. However, other capabilities influence
 reading comprehension as well, such as readers' vocabu-
 lary, their world knowledge, and their memory for the
 text. We expected PA instruction to benefit children's
 reading comprehension because it depends on effective
 word reading. However, we did not expect the effect to
 be as strong on comprehension as on word reading be-
 cause the influence is indirect.

 Replication and extension of a previous meta-
 analysis. The present study attempted to replicate and
 extend findings of the meta-analysis of phonemic aware-
 ness instruction studies published by Bus and van
 IJzendoorn (1999), referred to here as the B&I study.
 Some of the same moderator variables were examined,
 including grade, reading ability, teaching with or without
 letters, instructor, size of the group taught, and whether
 the control group was treated or untreated. The present
 study expanded the database that tested the effects of PA
 instruction on reading outcomes from 34 studies to 52
 studies. In the B&I analysis, when studies included more
 than one PA treatment or more than one control group,
 these groups were combined into single treatment-control
 comparisons. In contrast, we kept these comparisons sep-
 arate in our analysis. As a result, the number of treat-
 ment-control comparisons increased from 34 in the B&I
 study to 96 in our study. Having more comparisons made
 it possible to expand the examination of moderator vari-
 ables. Also spelling outcomes were evaluated in more
 studies. Having Troia's (1999) critique of PA studies al-
 lowed us to examine, more thoroughly than B&I could,
 the relationship between methodological design features
 and the size of effects detected in the experiments.

 Methodological rigor ofPA studies. Many correla-
 tional studies have reported strong relationships between
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 phonemic awareness and learning to read (for reviews
 see Blachman, 2000; Ehri, 1979; Snow, Burns, & Griffin,
 1998; Stahl & Murray, 1994; Wagner & Torgesen, 1987).
 However, correlational findings are insufficient to show
 that PA was the underlying cause enabling some students
 to read better than others. This is because correlational

 findings do not rule out other factors that might also ex-
 plain the relationship. To show that PA operates as a di-
 rect cause in helping children learn to read, evidence
 from experimental studies with treatment and control
 groups is needed.

 Well-designed experiments yielding positive out-
 comes provide the strongest evidence that PA caused the
 improvement in reading. Although all of the studies in
 our database consisted of experiments, some were better
 designed than others. Studies varied in whether they used
 treated or untreated control groups. The use of untreated
 controls receiving no special attention from researchers
 runs the risk of Hawthorne effects as an explanation for
 differences favoring the treatment group. Studies varied
 in whether students were randomly assigned to treatment
 and control groups, or whether a quasi-experimental de-
 sign was used in which existing groups were assigned to
 conditions, or whether students were matched and as-
 signed to conditions. Although random assignment is
 preferable, researchers may be limited to a quasi-experi-
 mental design when classrooms in schools are studied.
 We examined whether positive effects of PA instruction
 emerged primarily from the weaker designs or whether
 effects were strongest in the best designed experiments.

 Surprisingly, B&I (1999) found larger effect sizes for
 comparisons that contrasted PA-instructed groups to treated
 control groups than to untreated control groups. This
 finding is the opposite of what would be expected if
 Hawthorne effects were inflating effect sizes. Whether this
 finding replicates in our database became a question of
 special interest.

 In a recent critique of PA instruction studies, Troia
 (1999) identified several design flaws and applied these
 criteria to rate the studies for their methodological rigor.
 He considered threats to internal validity (i.e., attribution
 of cause to the treatment) as well as to external validity
 (i.e., generalizability of findings). To evaluate whether
 these flaws might be associated with outcomes, we ex-
 amined the relationship between Troia's ratings and the
 effect sizes in the studies. Our purpose was to determine
 whether claims about PA instructional effects are supported
 mainly by poorly-designed or well-designed studies.

 Other issues. One issue of interest was whether PA

 instruction might be more effective for some age/grade or
 reader groups than for others. Preschoolers use language
 as a tool for communication, so their focus is upon the
 meaning of speech, not upon its phonological structure.

 As a result they have little PA and hence stand to gain
 much from PA instruction. In contrast, beginning readers
 have acquired at least some awareness of phonemes,
 even without PA instruction, because making progress in
 reading requires grapheme-phoneme knowledge. PA in-
 struction may still contribute to their growth in literacy,
 but its impact may be less than in the earliest grades. As
 readers and writers advance beyond first grade, the need
 to acquire additional PA may become less important than
 the need to learn about spelling patterns in words, so in-
 struction focused on phonemes may yield diminishing re-
 turns. This suggests that the impact of PA instruction may
 be greatest in preschool and kindergarten, and may be-
 come smaller beyond first grade. In the B&I (1999) meta-
 analysis, although all groups profited from PA instruction,
 preschoolers benefited more than kindergartners or pri-
 mary school students.

 PA instruction may contribute less to older, normally
 developing readers, but it may make a big difference for
 older children who have failed to make normal progress
 in learning to read. Research has shown that disabled
 readers have poor phonemic awareness, even below that
 of nondisabled students reading at the same grade-equiv-
 alent level (Bradley & Bryant, 1983; Bruck, 1992; Fawcett
 & Nicholson, 1995). In addition, disabled readers have
 special difficulty learning to spell (Bruck, 1993). We
 might expect PA instruction to help in remediating the
 reading and spelling difficulties of these readers.

 Instruction in PA may be conducted with or without
 alphabetic letters. In some studies, children were taught
 to manipulate phonemes in words by using letters as
 markers for the sounds whereas in other studies children

 were taught to work with spoken units only. Sounds are
 ephemeral, short-lived, and hard to grasp, whereas letters
 provide concrete, visible symbols for phonemes. Thus,
 we might expect children to have an easier time acquir-
 ing PA when they are given letters to manipulate. Also,
 because letters bring children closer to the task of apply-
 ing PA in reading and spelling, we would expect transfer
 to be greater when PA is taught with letters. In the B&I
 (1999) study, PA instruction with letters produced larger
 effects on PA and reading than instruction without letters.

 English includes many words that exhibit grapheme-
 phoneme regularity, but it also includes words that derive
 their regularity from larger, word-based spelling patterns
 or that contain exceptions to graphophonemic regularities.
 This contrasts with other written languages whose
 spellings are regular principally at the grapheme-phoneme
 level. The studies in our database provided PA instruction
 not only in English but also in other languages, namely,
 Norwegian, Finnish, Swedish, Danish, Spanish, Hebrew,
 Dutch, and German. In most of these languages, the
 grapheme-phoneme connections are more transparent
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 than they are in English. Of interest was whether PA in-
 struction might contribute more to reading acquisition in
 English because children need more help in figuring out a
 nontransparent graphophonemic system.

 Because classroom teachers are the purveyors of
 reading instruction for most children, it is important to
 verify that they can teach PA effectively. Some of the
 studies used classroom teachers who taught PA to their
 students, thus allowing us to assess their effectiveness.

 There is substantial evidence that 1:1 tutoring is the
 most effective form of instruction (Bloom, 1984; Cohen,
 Kulik, & Kulik, 1982; Glass, Cahen, Smith, & Filby, 1982;
 Pinnell, Lyons, DeFord, Bryk, & Seltzer, 1994; Wasik &
 Slavin, 1993). It allows instructors to tailor lessons to stu-
 dents' needs and difficulties. In the database, PA instruc-
 tion was delivered not only to individual children but
 also to small groups and to classrooms of students. We
 expected tutoring to produce stronger effects than the
 other two types of delivery. However, B&I (1999) ob-
 tained only partial support for this. They found that indi-
 vidualized instruction was less effective than small-group
 instruction for teaching PA, but was more effective for
 promoting transfer to reading. Replication of this effect
 with our larger database was considered important.

 Method

 Database. We conducted an electronic search of two

 databases, ERIC and PsychInfo. Six terms involving
 phonemic awareness (PA) were crossed with 15 terms re-
 lated to reading performance. The PA terms were phone-
 mic awareness, phonological awareness, spelling,
 blending, learning to spell, and invented spelling. The
 reading terms were reading, reading ability, reading
 achievement, reading comprehension, reading develop-
 ment, reading disabilities, reading skills, remedial reading,
 beginning reading, beginning reading instruction, read-
 ing acquisition, word identification, word reading, oral
 reading, and miscues. Only articles appearing in journals
 written in English were considered. The search yielded
 637 articles through ERIC and 1,325 articles through
 PsychInfo. In addition, we hand-searched references in
 the studies screened and in several review papers
 (Apthorp, 1998; Blachman, 2000; Bus & van IJzendoorn,
 1999; Stahl & Murray, 1994; Troia, 1999; Wagner, 1988).

 To qualify for our analysis, studies had to meet the
 following criteria:

 1. Studies had to adopt an experimental or quasi-
 experimental design with a control group.

 2. Studies had to appear in a refereed journal.

 3. Studies had to test the hypothesis that instruction
 in phonemic awareness improves reading

 performance over alternative forms of instruction
 or no instruction.

 4. Studies had to provide instruction in phonemic
 awareness that was not confounded with other
 instructional methods or activities.

 5. Studies had to report statistics permitting the cal-
 culation or estimation of effect sizes.

 The requirement that studies come from refereed
 journals was adopted by the National Reading Panel and
 applied to all the meta-analyses. Our rationale was that
 limiting studies to those passing the test of peer review
 serves to minimize the risk of admitting studies of poor
 quality.

 The final set of studies meeting our criteria num-
 bered 52. From these, 96 cases comparing individual
 treatment and control groups were derived. Because
 some of the studies included multiple treatment or con-
 trol groups, our cases included comparisons utilizing the
 same group more than once. Seven treatment groups
 were included twice because they were compared to two
 different control groups. Sixteen control groups were in-
 cluded twice because they were compared to two differ-
 ent treatment groups. One control group appeared three
 times because it was compared to three treatment groups.
 Although this meant that effect sizes were not completely
 independent across cases, we preferred this alternative to
 that of combining treatment and control groups within
 studies because we did not want to obscure important
 moderator variables of interest.

 The following studies included treatment or control
 groups that were not deemed appropriate for our analy-
 sis, so these comparisons were not included: a treatment
 group given decoding instruction and word reading
 (Barker & Torgesen, 1995); a treatment group given a
 reading and writing program (Brennan & Ireson, 1997); a
 treatment group taught to manipulate syllables rather
 than phonemes (Sanchez & Rueda, 1991); a treatment
 group taught semantic categorization with written words
 (Defior & Tudela, 1994); treatment groups in which the
 instructors failed to spend the time prescribed for training
 (Olofsson & Lundberg, 1983); treatment groups in which
 children not only analyzed phonemes but also read
 words in sentences and stories, unlike children in the
 control groups who only listened to stories or remained
 in their classrooms (Solity, 1996; Weiner, 1994); a control
 group lacking not only PA instruction but also the
 Reading Recovery instruction given the treatment group
 (Iversen & Tunmer, 1993); a control group that did not
 control for all of the non-PA elements of instruction

 (Lovett et al., 1994; Vellutino & Scanlon, 1987).
 The studies in our database were coded for several

 characteristics. These are listed in Table 1. Three out-
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 comes were of primary interest: phonemic awareness,
 reading, and spelling. Some studies measured one or an-
 other of the three outcomes in multiple ways and reported
 means and standard deviations on each measure; for ex-
 ample, measuring children's ability to segment words into
 phonemes, to delete phonemes from words, and to blend
 phonemes into words. Because we wanted one overall
 effect size for each outcome from each study, we com-
 bined measures of the same outcome within each study
 by first calculating effect sizes on each measure and then
 averaging effect sizes across measures to create one effect
 size for the outcome of interest. The combined measure

 for phonemic awareness was limited to tasks assessing
 phoneme manipulation, not larger unit manipulation. The
 kinds of measures that were combined into the reading
 outcome included word reading, pseudoword reading,
 reading comprehension, oral text reading, reading speed,
 time to reach a criterion of learning, and miscues. The
 spelling composite included measures of invented
 spellings as well as correct spellings of words and pseu-
 dowords. In this way, each treatment-control group com-
 parison had the potential for contributing one effect size
 to the pool of effect sizes for phonemic awareness, for
 reading, and for spelling outcomes.

 In addition, we were interested in the effect of PA

 instruction on specific measures of PA (i.e., segmentation,
 blending, deletion, and other), on specific measures of
 reading (i.e., words, nonwords, comprehension), and on
 outcomes measured immediately after testing as well as
 after a delay. When studies administered delayed
 posttests at more than one point in time, we calculated
 effect sizes for the first two test points. Separate effect
 sizes on these measures were included for each study in
 the database. Also we compared effect sizes on experi-
 menter-devised and standardized tests of reading and
 spelling. Standardized tests are valued because they give
 a more general picture of transfer effects. However, when
 standardized tests are designed to distinguish individuals
 across many ages or grades, they may be less sensitive to
 differences within a narrow range of performance.

 Because several studies examined whether PA in-

 struction impacted students' performance in math, we in-
 cluded this as well. It was expected that scores in math
 would not show gains, hence ruling out Hawthorne
 effects.

 There were three reader groups. One group consisted
 of children who were not distinguished as having any
 reading problems, referred to as normally developing
 readers. One group consisted of children below second
 grade who were at risk for developing reading difficul-
 ties. They were given this label by authors of the studies.
 Being at risk was indicated by low PA or low reading in
 83% of the cases and low socioeconomic status in 27% of

 the cases. Other at-risk indicators were developmental or
 language delays or cognitive disabilities.

 The third reader group consisted of reading dis-
 abled (RD) students who had already developed reading
 problems. All but three cases involved children between
 second and sixth grades. The three cases were first
 graders who qualified for Reading Recovery programs
 (Hatcher, Hulme, & Ellis, 1994; Iversen & Tunmer, 1993).
 In most studies, being reading disabled meant reading
 below grade level despite at least average cognitive ability.
 In one study, the school's definition of learning disabled
 was used (Williams, 1980). In one study, students had not
 only RD but also neurological impairment and language-
 learning problems (Lovett et al., 1994).

 PA programs varied in whether they focused on
 specific PA manipulations. Single-focus studies taught
 blending, categorization, identity, segmentation, or onset-
 rime. Double-focus studies involved combinations of

 blending, segmenting, deletion, or categorization. Global
 treatments taught three or more PA skills. Programs that
 taught onset-rime manipulation were coded as having a
 single focus even though the instruction might have
 taught children to blend or segment the onsets and rimes
 (e.g., Fox & Routh, 1976). Instruction varied in whether
 children were taught to manipulate phonemes using let-
 ters or whether attention was limited to phonemes in
 speech. Instruction that had children manipulate blank
 markers was coded as a nonletter treatment.

 The instructional delivery unit varied across studies.
 Students were tutored individually or taught in small
 groups or whole classrooms. The size of the small groups
 varied from two to seven students. The identity of in-
 structors varied across studies and included classroom

 teachers, researchers or their assistants, or computers.
 Credentialed teachers who conducted the instruction but

 were not the students' classroom teacher were coded as

 researchers. We coded studies to reflect whether fidelity
 to treatment was checked, that is, whether researchers
 observed instructors to assess their adherence to treat-

 ment procedures.
 Some features of the experimental methodology

 were coded. One feature was group assignment. In some
 studies, children were randomly assigned to conditions.
 In some studies, children were members of intact groups
 that were assigned to conditions, referred to as nonequiv-
 alent groups. When two classrooms were assigned ran-
 domly, one to the treatment and one to the control
 condition, they were categorized as nonequivalent
 groups. When several classrooms were assigned randomly
 to treatment and control conditions, they were catego-
 rized as random assignment. The third way of assigning
 children to conditions involved matching children on the
 basis of similar test scores. Although members of a match
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 Table 1 Dependent and moderator variables included in the meta-analyses

 Outcome measures

 1. Composite measures: phonemic awareness; reading; spelling

 2. Measures of phonemic awareness: segmentation; blending; deletion; other

 3. Measures of reading:

 Standardized versus experimenter-devised tests of word reading

 Standardized versus experimenter-devised tests of nonword reading

 Reading comprehension

 4. Measures of spelling: Standardized versus experimenter-devised tests of spelling

 5. Measure of math achievement

 6. Test points:

 Immediately after instruction

 First follow-up test (delay of 2 to 15 months)

 Second follow-up test (delay of 7 to 36 months)

 Characteristics of participants

 1. Reader level: at-risk readers; disabled readers; normally progressing readers

 2. Grade level: preschool; kindergarten; first grade; second through sixth grades

 3. Socioeconomic status: low-SES; middle-to-high-SES

 4. Language: English; other (Danish, Dutch, Finnish, German, Hebrew, Norwegian, Spanish, Swedish)

 Properties of phonemic awareness instruction

 1. PA skills taught:

 a. single skill; two skills; three or more skills

 b. segmenting and blending versus three or more skills

 2. Use of letters: phonemes and letters manipulated versus only phonemes manipulated

 3. Delivery unit: individuals; small groups (two to seven students); classrooms

 4. Identity of instructor: classroom teachers; computers; researchers/others

 5. Length of instruction: ranged from 1 hour to 75 hours

 Features of the design

 1. Group assignment: random; matched; nonequivalent

 2. Fidelity of instructors: checked versus not checked or not reported

 3. Control group: alternative treatment; no treatment

 4. Size of the sample: ranged from 9 to 383 students

 5. Internal validity (from Troia, 1999):

 Percentage of criteria met

 Number of critical flaws

 6. External validity (from Troia, 1999):

 Percentage of criteria met
 Number of critical flaws

 7. Methodological rigor (from Troia, 1999):

 Overall ranking

 Characteristics of the study

 Year of publication (1976 to 2000)
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 are typically assigned randomly to conditions, in some
 studies this step was not stated explicitly.

 To evaluate the relationship between the method-
 ological quality of studies and the effect sizes found, we
 adopted the five methodological criteria applied by Troia
 (1999) in his critique of the internal and external validity
 of PA studies. Internal validity refers to whether the treat-
 ment rather than some other variable caused the outcome

 observed. External validity refers to the generalizability of
 the findings, that is, whether or not the results of a study
 can be applied to other persons in other settings at other
 times. To evaluate the internal and external validity of
 studies, Troia used five summary measures: percentage of
 internal validity criteria met by the studies, number of
 critical flaws challenging a study's internal validity (e.g.,
 no random assignment, no alternative treatment given to
 the control group, no assessment of the instructor's fidelity
 to treatment), percentage of external validity criteria met,
 number of critical flaws challenging a study's external va-
 lidity (e.g., insufficient information about the sample of
 participants or about how disability was defined and as-
 sessed). Troia evaluated 28 of the studies included in our

 database. We applied his ratings and rankings to the 56
 comparisons derived from these studies. We did this
 without checking Troia's evaluations for accuracy, so any
 incorrect codings of the studies are the result of Troia's
 procedures, not ours.

 Four people coded the studies and entered values
 into the SPSS (Statistical Package for the Social Sciences)
 database. The reliability of moderator-variable codes was
 checked by comparing codes in the database to codes
 generated by one of the coders who recoded 14 of the ar-
 ticles (15% of the cases). The percentage of agreement of
 the codes was 94%. All of the means, standard deviations,
 and sample sizes entered into the database were verified
 at least twice for accuracy.

 Meta-analysis. The primary statistic used in our
 analysis of outcomes was effect size, indicating whether
 and by how much performance of the treatment group
 exceeded performance of the control group, with the
 difference expressed in standard deviation units. The for-
 mula used to calculate raw effect sizes for each treatment-

 control comparison was the mean of the treatment group
 minus the mean of the control group divided by a pooled
 standard deviation. Use of the pooled SD was adopted by
 the National Reading Panel for use in all of its meta-
 analyses.

 Most of our studies reported treatment and control
 group means and standard deviations, which were used
 to calculate effect sizes. However, there were 14 studies
 that lacked sufficient information. We employed DSTAT
 (Johnson, 1989) to estimate these effects, usually from

 F- or t- or MSE values, or we obtained the information
 from authors.

 Some studies included multiple measures of PA,
 reading, or spelling. To ensure that each treatment-control
 comparison contributed only one effect size to each of
 the three outcomes, we calculated a raw effect size (g)
 for each measure when several were taken, and then we
 averaged the effect sizes across these measures to create
 one composite effect size for each outcome.

 The analysis of effect sizes across comparisons was
 conducted by giving more weight to effect sizes that
 were based on larger samples of participants. However, a
 few studies administered instruction to groups of students
 and hence used groups rather than individual students as
 the unit of analysis in their statistics (Byrne & Fielding-
 Barnsley, 1991; Castle, Riach, & Nicholson, 1994;
 O'Connor, Jenkins, & Slocum, 1995; Torgesen, Morgan, &
 Davis, 1992; Williams, 1980, Experiment 2). Using the
 number of groups in the weighting procedure for these
 comparisons had the effect of underrepresenting their ef-
 fect sizes relative to effect sizes of the other comparisons
 where the number of participants was used. To address
 this problem, we used the unit of analysis to convert raw
 effect sizes (g) to corrected effect sizes (d) for each
 treatment-control comparison. Then when we calculated
 mean effect sizes across comparisons, we weighted the
 individual effect sizes (d) by the number of students in
 the sample, not by the unit of analysis, thus ensuring that
 no cases were underrepresented.

 We employed the DSTAT statistical package
 (Johnson, 1989) to determine effect sizes and to test the
 influence of moderator variables on effect sizes. Each

 moderator variable had at least two levels. We tested

 whether the mean weighted effect size (d) at each level
 was statistically greater than zero at p < .05, whether the
 individual effect sizes at each level were statistically ho-
 mogeneous (p < .05), and whether effect sizes differed
 statistically at different levels of the moderator variables
 (p < .05). We received assistance from two consultants in
 the conduct of our meta-analysis, Blair Johnson and
 Harris Cooper, both of whom have authored papers or
 books on the subject.

 Results

 Were effect sizes greater than zero?
 The effect size statistic measures how much the

 mean of the PA-instructed group exceeded the mean of
 the control group in standard deviation units. An effect
 size of 1 indicates that the treatment group mean was
 one standard deviation higher than the control group
 mean, revealing a strong effect of instruction. An effect
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 size of 0 indicates that treatment and control group
 means were identical, showing that instruction had no ef-
 fect. To judge the strength of an effect size, values sug-
 gested by Cohen (1988) are commonly used. An effect
 size of d = 0.20 is considered small, an effect size of d =
 0.50 moderate, and an effect size of d = 0.80 or above
 large. Translated into more familiar terms, d = 0.20 indi-
 cates that the treatment has moved the average child
 from the 50th to the 58th percentile; d = 0.50 indicates
 that the treatment has moved the average child to the
 69th percentile; d = 0.80 indicates that the treatment has
 moved the average child to the 79th percentile.

 Mean effect sizes (d) associated with levels of the

 moderator variables are reported in Table 2 for phonemic
 awareness outcomes, in Table 3 for reading outcomes,
 and in Table 4 for spelling outcomes. Values of d that
 were statistically greater than zero are marked with an as-
 terisk. Inspection of values in Tables 2 and 3 reveals that
 all of the effect sizes involving PA and reading outcomes
 were statistically greater than zero (p < .05). This indi-
 cates that instruction was uniformly effective in teaching
 PA and in facilitating transfer to reading across all levels
 of the moderator variables that were considered.

 The overall effect size of PA instruction on the ac-

 quisition of PA was large, d = 0.86, based on 72 compar-
 isons. This is somewhat less than the effect size detected

 by B&I (1999) who reported d = 1.04 based on 36 com-
 parisons. The overall effect size on reading was moder-
 ate, d = 0.53, based on 90 comparisons. This is slightly
 greater than the effect size reported by B&I who found d
 = 0.44, based on 34 cases. Although not identical, the val-
 ues are comparable, indicating that our larger database
 did not alter earlier overall findings.

 Inspection of spelling outcomes in Table 4 reveals
 that all but three effect sizes were statistically greater than
 zero. This indicates that, across most levels of the moder-
 ator variables, PA instruction transferred and improved
 spelling skills more than alternative forms of instruction
 or no instruction.

 Some of the studies evaluated effects on an out-

 come not expected to be affected by PA instruction, per-
 formance in math. Math posttests were administered
 immediately after instruction in 12 comparisons and after
 some delay in three comparisons. Results in Table 3
 show that the effect size was statistically nonsignificant
 and close to zero (d = 0.03), indicating that the effects of
 PA instruction were limited to literacy outcomes. These
 findings argue against the operation of any halo or
 Hawthorne effect explaining the positive effect sizes.

 In sum, these findings lead us to conclude with
 much confidence that phonemic awareness instruction is
 more effective than alternative forms of instruction or no

 instruction in helping children acquire phonemic aware-

 ness and in facilitating transfer of PA skills to reading and
 spelling.

 Were effect sizes homogeneous?
 A homogeneity analysis calculates how probable it

 is that the variance exhibited among the effect sizes
 would be observed if only sampling error was making
 them different (Cooper, 1998). If found homogeneous,
 the mean effect size can be interpreted as representative
 of that set. When effect sizes are not homogeneous, the
 next step is to examine whether moderator variables cre-
 ate homogeneity, indicating their power to explain the
 variance.

 Tables 2, 3, and 4 report results of the test of homo-
 geneity (p < .05) and 95% confidence intervals to reveal
 how variable effect sizes were. At the tops of the tables, it
 is apparent that on the immediate outcome measures of
 PA, reading and spelling, effect sizes were not homoge-
 neous. Effect sizes involving follow-up measures of PA
 and spelling outcomes were homogeneous, but follow-up
 reading effect sizes were not. Thus, there is reason to ex-
 amine moderator variables that may explain effects on
 immediate outcomes of all three variables and on follow-

 up tests of reading.

 Did moderator variables influence effect sizes?

 Effects of several moderator variables were exam-

 ined (see list in Table 1). Some cautions should be ap-
 plied in interpreting the effects of moderators. When
 comparing the size of effects associated with levels of
 moderators, one must remember that PA instruction was
 effective for almost all the levels examined, so one should
 not mistakenly equate smaller effects with statistically non-
 significant effects.

 Also when effect sizes are larger for some levels of
 a moderator variable than for others, it is not clear that
 the moderator caused PA instruction to vary in its impact
 rather than a third hidden factor confounded with the

 moderator. Likewise, if a moderator exerts no differential
 effect, it may be that a third factor obscured the differ-
 ence. This renders conclusions about the influence of

 moderators tentative and suggestive rather than definitive.
 Another caution is that all 96 treatment-control com-

 parisons in our database did not contribute to the calcula-
 tion of every effect size. Rather the comparisons changed
 across moderator variables, either because studies did not
 report the information, or they did not assess that out-
 come at that test point. Thus, one cannot assume that ef-
 fect sizes represent the whole database.

 Outcome measures. From Table 2, it is apparent that
 PA instruction was effective in improving children's
 phonemic awareness. The effect size after instruction was
 large (d = 0.86), and this value did not differ statistically
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 Table 2 Phonemic awareness outcomes: Mean effect sizes (d) as a function of moderator variables and statistical tests

 to determine whether effect sizes were statistically greater than zero at p < .05, were homogeneous at p < .05,
 and differed from one another at p < .05. Effect sizes were measured immediately after instruction unless
 labeled as follow-up

 Moderator variables Number of Mean Homogeneous 95% Contrastsa
 and levels cases d confidence interval

 Time of posttest
 Immediate 72 .86* No .79 to .92 1us

 Follow-up 14 .73* Yes .61 to .85

 Outcome measures of PA

 Segmentation 51 .87* No .79 to .94 S = D > B
 Blending 33 .61* No .52 to .69 S > O
 Deletion 25 .82* No .73 to .91 B = O
 Other 37 .72* No .64 to .81 D = O

 Characteristics of participants
 Reading level
 At risk 15 .95* No .76 to 1.14 A = N > D
 Disabled 15 .62* No .48 to .75
 Normal progress 42 .93* No .85 to 1.01

 Grade

 Preschool 2 2.37* No 1.93 to 2.81 P > K > 1 = 2

 Kindergarten 39 .95* No .87 to 1.04
 First 15 .48* Yes .31 to .64
 Second-sixth 16 .70* Yes .56 to .83

 Socioeconomic status

 Low 12 1.07* No .93 to 1.20 ius

 Middle and high 17 1.02* No .87 to 1.18

 Language of instruction
 English 61 .99* No .90 to 1.07 E > O
 Other 11 .65* Yes .55 to .76

 Characteristics of PA instruction

 Skills taught
 One skill 18 1.16* No .96 to 1.36 1 = 2 > 3
 Two skills 24 1.03* No .92 to 1.14
 Three or more skills 30 .70* No .61 to .78

 Blend and segment only 18 .81* No .67 to .95 /us
 Three or more skills 30 .70* No .61 to .78

 Use of letters

 Letters manipulated 39 .89* No .80 to .98 /us
 Letters not manipulated 33 .82* No .73 to .91

 Delivery unit
 Individual child 24 .60* Yes .47 to .72 S > I = C

 Small groups 35 1.38* No 1.26 to 1.50
 Classrooms 13 .67* No .57 to .76

 Length of instruction
 1 to 4.5 hours 15 .61* Yes .41 to .81 5 = 10 > 1 = 20
 5 to 9.3 hours 24 1.37* No 1.23 to 1.51
 10 to 18 hours 9 1.14* No .97 to 1.32
 20 to 75 hours 22 .65* No .56 to .74

 Characteristics of instructors

 Classroom teachers 19 .78* No .70 to .87 RO > CT
 Researchers and others 53 .94* No .84 to 1.03

 Computers 8 .66* Yes .52 to .85 O > C
 Others 64 .89* No .82 to .96

 (Conltintued)
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 Table 2 Phonemic awareness outcomes (continued)

 Moderator variables Number of Mean Homogeneous 95% Contrastsa
 and levels cases d confidence interval

 Characteristics of design
 Random assignment 33 .87* No .77 to .97 ns
 Matched 18 .92* No .75 to 1.09

 Nonequivalent 21 .83* No .73 to .92
 Fidelity checked 29 .66* No .56 to .75 N > F
 Fidelity not checked 43 1.02* No .93 to 1.11
 Treated controls 38 .89* No .79 to .99 ns
 Untreated controls 34 .83* No .75 to .92

 Size of sample
 9 to 22 students 15 1.37* No 1.09 to 1.66 9 = 31 > 24 = 56
 24 to 30 students 22 .70* No .53 to .87
 31 to 53 students 13 1.10* No .90 to 1.30
 56 to 383 students 22 .82* No .74 to .89

 Characteristics of study
 Year of publication
 1976-1985 10 .73* Yes .53 to .94 1991 > others
 1986-1990 16 .72* No .59 to .85 1976 = 1986 = 1996
 1991-1995 31 1.18* No 1.07 to 1.30
 1996-2000 15 .70* No .59 to .81

 Note. d = mean effect size; Homogeneous reports results of the statistical test of whether the set of effect sizes was homogeneous; PA = phonemic awareness; ns = results
 were not statistically significant.
 "a Contrasts portray results of post hoc pairwise statistical tests comparing levels of moderator variables. Symbols are initial letters/numbers of levels.
 Indicates that effect size was statistically greater than zero at p < .05.

 from the effect size at the follow-up test (d = 0.73), indi-
 cating no significant long-term decline. Thus, PA instruc-
 tion taught phonemic awareness very effectively, and
 students retained their skill after instruction ended.

 Comparison of specific PA skills acquired during instruc-
 tion indicated that effects were statistically larger for seg-
 mentation and deletion outcomes than for blending.

 The strong gains in PA transferred to reading, and
 effects persisted through the second follow-up test. As ev-
 ident in Table 3, reading outcome effect sizes were mod-
 erate, and the effect size at the end of instruction (d =
 0.53) did not differ statistically from that at the first follow-
 up test (d = 0.45). A statistically significant effect size was
 still present but statistically smaller at the second follow-
 up test (d = 0.23). The type of test made a difference. The
 effect size was statistically larger on experimenter tests
 than on standardized tests.

 Some studies measured reading performance with
 pseudowords to assess children's ability to decode unfa-
 miliar words. From Table 3, it is apparent that PA instruc-
 tion benefited decoding skill (d = 0.56). Effects were
 statistically greater than zero, were moderate, and did not
 differ statistically on experimenter-devised tests and stan-
 dardized tests.

 The effect of PA instruction on reading comprehen-
 sion was assessed in 20 comparisons. From Table 3, it is

 apparent that the effect size was statistically greater than
 zero (d = 0.34), indicating that PA instruction exerted a
 small-to-moderate impact on readers' ability to compre-
 hend text.

 PA instruction also transferred to spelling (see Table
 4). The effect size following instruction (d = 0.59) was
 moderate and statistically greater than the effect sizes at
 the two delayed posttests (d = 0.37 and 0.20), both of
 which were statistically greater than zero and did not dif-
 fer statistically. The effect size was statistically larger on
 experimenter tests than on standardized tests of spelling.

 Characteristics of students. Three types of readers
 were distinguished: at risk, disabled (RD), and normally
 progressing readers. Younger students at risk for develop-
 ing reading problems and older disabled readers have
 been found to exhibit excessive difficulty manipulating
 phonemes in words (Bradley & Bryant, 1983; Juel, 1988;
 Juel, Griffith, & Gough, 1986), so we were especially in-
 terested in the impact of PA instruction on these readers.
 A comparison of PA outcomes across the three reader
 groups revealed that although effect sizes were moderate
 to large in all cases, they were statistically larger for at-risk
 readers (d = 0.95) and normally progressing readers (d =
 0.93) than for disabled readers (d = 0.62). Children at risk

 gained as much PA, according to statistical tests, as
 normally developing readers, indicating that at-risk read-
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 Table 3 Reading outcomes: Mean effect sizes (d) as a function of moderator variables and statistical tests to determine
 whether effect sizes were statistically greater than zero at p < .05, were homogeneous at p < .05, and differed
 from one another at p < .05. Effect sizes were measured immediately after instruction unless labeled as follow-up

 Moderator variables Number of Mean Homogeneous 95% Contrastsa
 and levels cases d confidence interval

 Characteristics of outcome measures

 Time of posttest
 Immediate 90 .53* No .47 to .58 Im = 1 > 2
 First follow-up 35 .45* No .36 to .54
 Second follow-up 8 .23* No .11 to .34

 Type of word test
 Experimenter 58 .61* No .54 to .69 E > S
 Standardized 37 .32* No .23 to .42

 Type of pseudoword test
 Experimenter 47 .56* No .48 to .64 ns
 Standardized 8 .49* Yes .29 to .69

 Reading comprehension 20 .34* No .21 to .46
 Math achievement 15 .03 ns No -.11 to .16

 Characteristics of participants
 Reading level

 Immediate posttest
 At risk 27 .86* No .72 to 1.00 A > D = N
 Disabled 17 .45* Yes .32 to .57

 Normal progress 46 .47* No .39 to .54
 Follow-up posttest
 At risk 15 1.33* No 1.10 to 1.56 A > D = N
 Disabled 8 .28* Yes .10 to .46
 Normal progress 12 .30* Yes .19 to .42

 Grade

 Preschool 7 1.25* No 1.01 to 1.50 P > K = 1 = 2

 Kindergarten 40 .48* No .40 to .56
 First 25 .49* Yes .36 to .62
 Second-sixth 18 .49* Yes .35 to .62

 Socioeconomic status

 Low 11 .45* No .33 to .58 MH > L

 Middle and high 29 .84* No .72 to .96
 Language of instruction
 Immediate posttest
 English 72 .63* No .55 to .70 E > O
 Other 18 .36* No .27 to .46
 Follow-up posttest
 English 17 .42* Yes .28 to .56 ns
 Other 18 .47* No .35 to .59

 Characteristics of PA instruction

 Skills taught
 Immediate posttest
 One skill 32 .71* No .58 to .84 1 = 2 > 3
 Two skills 29 .79* No .69 to .89
 Three or more skills 29 .27* Yes .19 to .35

 Follow-up posttest
 One skill 11 .55* Yes .37 to .73 2 > 1 > 3
 Two skills 9 1.28* No .56 to .89
 Three or more skills 15 .23* Yes .11 to .37

 Blend and segment only 19 .67* No .54 to .81 BS > 3
 Three or more skills 29 .27* Yes .19 to .35

 Use of letters

 Immediate posttest
 Letters manipulated 48 .67* No .59 to .75 L > NoL
 Letters not manipulated 42 .38* No .30 to .46

 Follow-up posttest
 Letters manipulated 16 .59* No .45 to .74 L > NoL
 Letters not manipulated 19 .36* No .25 to .47

 (continued)
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 Table 3 Reading outcomes (continued)

 Moderator variables Number of Mean Homogeneous 95% Contrasts
 and levels cases d confidence interval

 Delivery unit
 Immediate posttest
 Individual child 32 .45* Yes .34 to .57 S > I = C
 Small groups 42 .81* No .71 to .92
 Classrooms 16 .35* No .26 to .44
 Follow-up posttest
 Individual child 7 .33* Yes .11 to .55 S > I = C

 Small groups 18 .83* No .66 to 1.00
 Classrooms 10 .30* Yes .18 to .42

 Length of instruction
 1 to 4.5 hours 17 .61" Yes .42 to .79 1 = 5 = 10
 5 to 9.3 hours 23 .76* No .62 to .89 20 < others
 10 to 18 hours 19 .86* No .72 to 1.00
 20 to 75 hours 25 .31* No .22 to .39

 Characteristics of instructors

 Immediate posttest
 Classroom teachers 22 .41* No .33 to .49 RO > CT
 Researchers and others 68 .64* No .56 to .73

 Follow-up posttest
 Classroom teachers 12 .32* Yes .20 to .43 RO > CT
 Researchers and others 23 .63* No .49 to .77

 Computers 8 .33* Yes .16 to .49 O > C
 Others 82 .55* No .49 to .61

 Characteristics of design
 Random assignment 46 .63* No .54 to .72 R > N
 Matched 22 .57* Yes .43 to .72 M = all

 Nonequivalent 20 .40* No .31 to .49
 Fidelity checked 31 .43* No .34 to .53 N > F
 Fidelity not checked 59 .59* No .51 to .66
 Control group
 Immediate posttest
 Treated controls 54 .65* No .56 to .73 T > U
 Untreated controls 36 .41* No .33 to .49

 Follow-up posttest
 Treated controls 20 .62* No .48 to .75 T > U
 Untreated controls 15 .32* Yes .20 to .44

 Size of sample
 9 to 22 students 24 .72* No .51 to .92 9 = 31 > 56
 24 to 30 students 22 .54* Yes .37 to .70 24 = 9,56
 31 to 53 students 22 .91" No .76 to 1.05 31 > 24
 56 to 383 students 22 .40* No .33 to .48

 Characteristics of Study
 Year of publication
 1976-1985 20 .77" No .62 to .93 1976 = 1991 >
 1986-1990 16 .36* Yes .24 to .49 1986 = 1996
 1991-1995 41 .77* No .67 to .87
 1996-2000 13 .21* Yes .11 to .32

 Note. d = mean effect size; Homogeneous reports results of the statistical test of whether the set of effect sizes was homogeneous; PA = phonemic awareness; Its = results
 were not statistically significant.
 "a Contrasts portray results of post hoc pairwise statistical tests comparing levels of moderator variables. Symbols are initial letters/numbers of levels.
 Indicates that effect size was statistically greater than zero at p < .05.

 ers were not any less responsive to instruction in acquir-
 ing PA. Disabled readers may have exhibited smaller ef-
 fect sizes because they were older and relatively more
 advanced in PA skills with less room for gains than the
 younger readers, and also because they were taught more
 advanced forms of PA that may be harder to acquire.

 Transfer of PA instruction to reading was also influ-
 enced by reader ability. Table 3 reveals that at-risk chil-
 dren showed statistically larger transfer effects on reading
 (d = 0.86) than normal and RD students whose effect
 sizes did not differ statistically (d = 0.47 for normals and
 d = 0.45 for RD). Effect sizes on follow-up reading tests
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 Table 4 Spelling outcomes: mean effect sizes (d) as a function of moderator variables and statistical tests to determine
 whether effect sizes were statistically greater than zero at p < .05, were homogeneous at p < .05, and differed
 from one another at p < .05. Effect sizes were measured immediately after instruction unless labeled as follow-up

 Moderator variables Number of Mean Homogeneous 95% Contrastsa
 and levels cases d confidence interval

 Characteristics of outcome measures

 Time of posttest
 Immediate 39 .59* No .49 to .68 Im > 1 = 2
 First follow-up 17 .37* Yes .26 to .48
 Second follow-up 6 .20* No .08 to .32

 Type of spelling test
 Experimenter 24 .75* No .62 to .89 E > S
 Standardized 20 .41* No .29 to .53

 Characteristics of participants
 Reading level
 At risk 13 .76* No .54 to .98 A = N > D
 Disabled 11 .15 ns Yes -.00 to .31
 Normal progress 15 .88* No .74 to 1.02

 Grade

 Preschool 0 -

 Kindergarten 15 .97* No .82 to 1.13 K > 1 > 2
 First 16 .52* No .37 to .68
 Second-sixth 8 .14 ns Yes -.04 to .33

 Socioeconomic status

 Low 6 .76* Yes .57 to .95 MH > L
 Middle and high 9 1.17* No .88 to 1.47

 Language of instruction
 English 32 .60* No .49 to .70 1s
 Other 7 .55* Yes .31 to .78

 Characteristics of PA instruction

 PA skills taught
 One skill 17 .74* No .56 to .92 1 = 2 > 3
 Two skills 12 .87* Yes .71 to 1.03
 Three or more skills 10 .23* No .07 to .38
 Blend and segment only 7 .79* Yes .49 to 1.09 BS > 3
 Three or more skills 10 .23* No .07 to .38

 Use of letters

 Letters manipulated 27 .61* No .50 to .72 L > NoL
 Letters not manipulated 12 .34* No .25 to .42

 Delivery unit
 Individual child 14 .36* No .20 to .52 S > I
 Small groups 20 .77* No .63 to .90 C = all
 Classrooms 5 .56* No .33 to .78

 Length of instruction
 1 to 4.5 hours 0

 5 to 9.3 hours 8 1.13* Yes .86 to 1.39 5 = 10 > 20
 10 to 18 hours 10 .87* No .69 to 1.05
 20 to 75 hours 18 .32* No .19 to .45

 Characteristics of instructors

 Classroom teachers 9 .74* No .58 to .90 CT > RO
 Researchers and others 30 .51* No .39 to .62

 Computers 6 .09zns Yes -.10 to .28 O > C
 Others 33 .74* No .63 to .85

 (continued)
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 Table 4 Spelling outcomes (continued)

 Moderator variables Number of Mean Homogeneous 95% Contrastsa
 and levels cases d confidence interval

 Characteristics of design
 Random assignment 17 .37* No .23 to .50 M = N > R
 Matched 12 .73* No .52 to .93
 Nonequivalent 10 .86* Yes .69 to 1.04
 Fidelity checked 15 .44* No .30 to .59 N > F
 Fidelity not checked 24 .69* No .57 to .81
 Treated controls 24 .43* No .30 to .55 U > T
 Untreated controls 15 .82* No .67 to .96

 Size of sample
 9 to 22 students 15 .85* Yes .59 to 1.10 24 > all
 24 to 30 students 3 1.68* Yes 1.15 to 2.21 9 > 56
 31 to 53 students 8 .75* No .51 to .98 31 = 9,56
 56 to 383 students 13 .45* No .34 to .56

 Note. d = mean effect size; Homogeneous reports results of the statistical test of whether the set of effect sizes was homogeneous; PA = phonemic awareness; ns = results
 were not statistically significant.
 "a Contrasts portray results of post hoc pairwise statistical tests comparing levels of moderator variables. Symbols are initial letters/numbers of levels.
 Indicates that effect size was statistically greater than zero at p < .05.

 showed the same pattern except that the effect size for
 at-risk students grew even larger (d = 1.33) while the ef-
 fect sizes for the other two groups grew smaller (d = 0.30
 for normals and 0.28 for RD). These findings indicate that
 PA instruction gave at-risk students a bigger boost in
 reading than it gave normals or disabled readers.

 Transfer of PA instruction to spelling was also influ-
 enced by reader ability. Effect sizes were large and did
 not differ statistically for at-risk (d = 0.76) and normal
 readers (d = 0.88), indicating that PA instruction strongly
 benefited spelling for these students. However, the effect
 size was small and not statistically different from zero for
 disabled readers (d = 0.15). Moreover, the set of effect
 sizes for disabled readers was statistically homogeneous,
 indicating that no further analysis of moderator variables
 was needed to conclude that PA instruction did not help
 RD students to spell.

 The effects of PA instruction were examined at vari-

 ous grade levels: preschool, kindergarten, first grade, and
 second-sixth grades. It should be noted that 78% of the
 second-sixth grade comparisons (i.e., 14 out of 18) in-
 volved disabled readers, so findings apply mainly to RD
 students and not to second-sixth graders in general. In
 acquiring PA, preschoolers showed a very large effect
 size (d = 2.37), although only two comparisons con-
 tributed to this value, making it less reliable. The effect
 on PA outcomes in kindergarten (d = 0.95) was statistically
 larger than the effect in first grade (d = 0.48) and in sec-
 ond-sixth grades (d = 0.70). The latter two effect sizes
 did not differ statistically. These findings indicate that
 preschoolers and kindergartners gained the most PA, not
 surprisingly because they started out with the least PA.

 Effect sizes for reading outcomes in Table 3 reveal
 that PA instruction transferred to reading to a similar ex-
 tent for kindergartners, first graders, and second-sixth
 graders. Effect sizes were all statistically greater than zero
 and did not differ statistically (ds = 0.48 to 0.49). The ef-
 fect size for preschoolers was much larger statistically (d
 = 1.25), based on 7 comparisons and tested with simpli-
 fied word recognition tests.

 Transfer of PA instruction to spelling was statistically
 greater among kindergartners (d = 0.97) than among first
 graders (d = 0.52). There was no transfer to spelling
 among the second-sixth graders for whom the effect size
 (d = 0.14) did not differ from zero statistically. Spelling
 was not measured in the preschool studies. The absence
 of an effect on spelling among the older children arose
 because all of the comparisons involved disabled readers
 who did not gain in spelling from PA instruction.

 SES levels did not have an impact on the acquisition
 of PA, but they did influence reading and spelling out-
 comes. As evident in Table 2, both low-SES and mid-high-
 SES groups showed large effect sizes that did not differ
 significantly in learning PA. However, transfer to reading
 and spelling was statistically greater among mid-high than
 among low-SES students (see Tables 3 and 4). It might be
 noted that most studies of disabled readers did not report
 the students' SES, so effect sizes are based primarily on
 the SES of normally developing and at-risk children.

 Studies examining PA instruction were conducted
 not only in English-speaking countries but also in coun-
 tries speaking languages other than English. A compari-
 son of effect sizes revealed that PA instruction exerted a

 statistically larger impact on the acquisition of PA by
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 English-speaking students (d = 0.99) than by the non-
 English-speaking students (d = 0.65). Transfer to reading
 was also statistically greater for English-speaking students
 (d = 0.63) than for others (d = 0.36) on the immediate
 test but not on the follow-up test. Effect sizes on spelling
 outcomes did not differ statistically in the two language
 groups. One possible reason is that 94% of the RD com-
 parisons were in the English pool, possibly suppressing
 the English spelling effect size. When the effect size was
 recalculated with the RD comparisons removed, a differ-
 ence emerged. As evident in Table 5, the English compar-
 isons yielded a statistically larger effect size on spelling (d
 = 0.95) than the non-English comparisons (d = 0.51). One

 possible reason for the larger effect sizes in English may
 be that the English writing system is not as transparent in
 representing phonemes as it is in the majority of the
 other languages, so explicit PA instruction may make a
 bigger contribution to clarifying phoneme units and their
 linkage to graphemes in English.

 Because results of the language moderator variable
 changed when RD comparisons were removed from the
 analysis, we examined whether results might change for
 other moderators having uneven distributions of disabled
 readers across their levels. Inspection of distributions re-
 vealed some potential cases. Disabled readers were older
 (mostly in Grades 2 through 6), they tended to receive PA

 Table 5 Mean effect sizes (d) with reading disabled comparisons removed from the database and statistical tests to
 determine whether effect sizes were statistically greater than zero at p < .05, were homogeneous at p < .05,
 and differed from one another at p < .05.

 Moderator variables Number of Mean Homogeneous 95% Contrastsa
 and levels cases d confidence interval

 Spelling outcomes
 Grade

 Preschool 0

 Kindergarten 15 .97* No .82 to 1.13 K > 1
 First 13 .66* No .48 to .85
 Second-sixth 0

 Language of instruction
 English 22 .95* No .82 to 1.09 E > O
 Other 6 .51* Yes .28 to .75

 PA skills taught
 One skill 14 .77* No .58 to .96 ns
 Two skills 11 .89* Yes .72 to 1.05
 Three or more skills 3 .93* No .52 to 1.33

 Blend and segment only 6 .85* Yes .54 to 1.16 ns
 Three or more skills 3 .93* No .52 to 1.33

 Letter use

 Letters manipulated 17 1.00* Yes .85 to 1.15 L > NoL
 Letters not manipulated 11 .57* No .37 to .76

 Delivery unit
 Individual child 8 1.00* No .71 to 1.28 I = S > C

 Small groups 15 .94* Yes .78 to 1.10
 Classrooms 5 .56* No .33 to .78

 Length of instruction
 1 to 4.5 hours 0 - - -
 5 to 9.3 hours 8 1.13* Yes .86 to 1.39 ns
 10 to 18 hours 8 .91* No .73 to 1.10
 20 to 75 hours 9 .75* Yes .50 to 1.01

 Instructor

 Classroom teachers 8 .74* No .58 to .91 ns
 Researchers and others 20 .96* No .79 to 1.14

 Phonemic awareness outcomes
 Letter use

 Letters manipulated 25 1.11* No .99 to 1.23 L > NoL
 Letter not manipulated 32 .83* No .73 to .92

 Note. d = mean effect size; Homogeneous reports results of the statistical test of whether the set of effect sizes was homogeneous; PA = phonemic awareness; ns = results
 were not statistically significant.
 a Contrasts portray results of post hoc pairwise statistical tests comparing levels of moderator variables. Symbols are initial letters/numbers of levels.
 * Indicates that effect size was statistically greater than zero at p < .05.
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 instruction involving multiple skills taught with letters, the
 instruction was individualized, it tended to be lengthy
 (over 19 hours), and researchers or computers rather than
 classroom teachers were more often the instructors.

 Effects of these moderators were reexamined with RD stu-

 dents removed from the comparisons. Effect sizes were
 reanalyzed on PA and spelling outcomes because effect
 sizes were statistically smaller for RD students than for the
 other two reader groups on these outcomes. Effect sizes
 on reading outcomes were not reanalyzed because RD
 students did not show smaller effects than both of the other

 groups. Moderator effects involving computers were not
 reanalyzed because there were too few comparisons. For
 PA outcomes, there was only one moderator whose find-
 ings changed statistically, that involving use of letters. For
 spelling outcomes, several findings changed. Results are
 reported in Table 5 and discussed below.

 Characteristics of PA instruction. Studies varied in
 the particular PA skills that were taught. Most commonly,
 students learned to identify, categorize, blend, segment, or
 delete phonemes, or manipulate onset-rime units.
 However, there were too few studies examining single
 types of phoneme manipulations to permit a meta-analysis.

 Some studies taught single PA skills while others
 taught two skills or multiple skills. From statistical tests of
 PA outcomes in Table 2, it is apparent that focusing in-
 struction on one or two skills was more effective for

 teaching PA than focusing on multiple skills (d = 1.16 for
 one vs. d = 1.03 for two vs. d = 0.70 for multiple).
 Transfer to reading was statistically greater, in fact twice
 as great when PA instruction focused on one (d = 0.71)
 or two (d = 0.79) PA skills than when multiple skills were
 taught (d = 0.27). The advantage of focused over multiple-
 skills instruction for reading persisted statistically at the
 follow-up test, especially for the two-skill focus, which
 produced statistically larger effects than the one-skill fo-
 cus. These findings suggest that PA instruction focusing
 on one or two skills exerts a bigger impact on PA and
 reading outcomes than PA instruction teaching multiple
 PA skills.

 As evident in Table 4, spelling effect sizes for fo-
 cused and multiple-skills instruction showed the same
 pattern. However, the statistically smaller effect size in
 the multiple condition most likely occurred because dis-
 abled readers were overrepresented in this category and
 their spelling did not benefit from PA instruction (see
 above). When RD comparisons were removed, effect
 sizes became very similar and did not differ statistically
 (see Table 5) although there were only three compar-
 isons in the multiple set.

 Of the various combinations of phoneme manipula-
 tions that might be taught, two are thought to play a cen-
 tral role in learning to read and spell words. Blending

 phonemes helps children decode unfamiliar words.
 Segmenting words into phonemes helps children spell
 unfamiliar words and also retain spellings in memory. A
 number of studies examined PA instruction that taught
 children to blend and segment phonemes. To assess its
 value, the effect size for this treatment was compared to
 the effect size for the multiple-skills treatment. As evident
 in Table 2, neither approach was more effective than the
 other for teaching PA. However, Table 3 shows that
 teaching students to blend and segment statistically bene-
 fited their reading (d = 0.67) more than a multiple-skills
 approach did (d = 0.27). As shown in Table 4, the blend-
 ing and segmenting treatment also produced a statistically
 larger effect on spelling performance (d = 0.79) than the
 multiple-skills treatment (d = 0.23). However, when com-
 parisons involving disabled readers were removed, the
 difference favoring blend-and-segment instruction on
 spelling disappeared statistically although only three
 comparisons remained in the multiple-skills set (see
 Table 5). From these findings, we conclude that blend-
 and-segment instruction benefited children's reading
 more than multiple-skills instruction did.

 Another feature of PA instruction expected to be im-
 portant involved the use of letters to teach PA. In some
 studies, children learned to segment words into phonemes
 by selecting plastic letters for the sounds they detected,
 whereas in other studies, children only spoke the sounds
 or they represented the sounds with unmarked tokens.
 Letters were expected to improve children's acquisition of
 PA because they provide concrete, lasting symbols for
 sounds, which are short-lived and harder to grasp. From
 PA outcomes in Table 2, it is apparent that children taught
 with letters did not acquire stronger PA (d = 0.89) than
 children taught without letters (d = 0.82). The two effect
 sizes did not differ statistically. However, all but one of the
 RD comparisons fell in the letter condition. Because RD
 students gained relatively less PA than non-RD students
 (see Table 2), their presence may have suppressed the ef-
 fect size for letters. Removal of RD students from the set

 revealed a statistically significant difference favoring letter
 instruction (d = 1.11) over no letters (d = 0.83) (see Table

 5). These findings indicate that teaching non-RD children
 to manipulate phonemes using letters is more effective for
 acquiring PA than teaching them without letters.

 Teaching PA with letters was also expected to pro-
 mote superior transfer to reading and spelling than teach-
 ing PA without letters because reading and spelling
 require knowledge of phoneme-letter linkage. From
 Table 3, it is apparent that PA instruction with letters cre-
 ated statistically greater effect sizes on reading. In fact,
 the effect size was almost twice as large as the effect size
 without letters, (d = 0.67 vs. 0.38). The same statistically
 significant pattern persisted at the follow-up test as well

 268 READING RESEARCH QUARTERLY July/August/September 2001 36/3

This content downloaded from 149.152.191.2 on Tue, 05 Jun 2018 13:59:33 UTC
All use subject to http://about.jstor.org/terms



 (d = 0.59 vs. 0.36). Likewise, letters benefited spelling
 more than no letters, with the effect size statistically
 greater, in fact almost twice as great (d =0.61 vs. 0.34).
 These findings reveal that PA instruction makes a
 stronger contribution to reading and spelling perfor-
 mance when the instruction includes teaching children to
 manipulate phonemes with letters than when instruction
 is limited to speech.

 It is commonly believed that tutoring is the most ef-
 fective way to deliver instruction because tutors can tailor
 their teaching to individual needs. However, results of
 our analysis did not support this. Table 2 shows that PA
 was taught most effectively in small groups where the ef-
 fect size (d = 1.38) was very large. It was statistically
 greater, in fact, over twice the size of effects for tutoring
 (d = 0.60) and for classrooms (d = 0.67). The effective-

 ness of small groups may arise from enhanced attention,
 or social motivation to achieve, or observational learning
 opportunities.

 Phonemic awareness instruction delivered to small

 groups also boosted reading and spelling performance
 more than tutoring or classrooms, as indicated by statisti-
 cal tests. Effect sizes on reading outcomes for small
 groups were d = 0.81 on the immediate posttest and d =
 0.83 on the follow-up posttest. In contrast, effect sizes for
 children tutored or taught in classrooms were statistically
 smaller and ranged from d = 0.30 to 0.45 on the immedi-
 ate and delayed posttests. On spelling outcomes, small-
 group instruction produced a statistically larger effect size
 than tutoring did (see Table 4). However, when RD com-
 parisons were removed, the difference was no longer sta-
 tistically significant (see Table 5).

 These findings are only partially consistent with
 those of B&I (1999). They found that small groups were
 more effective than tutoring for teaching PA as we did.
 However, on reading outcomes, they found larger effects
 for tutoring than for small groups in contrast to our
 findings.

 The possibility that small-group effect sizes might
 be inflated for statistical reasons was considered. Some

 studies used group as the unit of analysis to calculate ef-
 fect sizes. This may have inflated values of d because the
 standard deviations of group means are smaller than the
 standard deviations of individual scores. However, there
 were only five studies that used group as the statistical
 unit of analysis, and these contributed only six cases
 (13%) to the total of 45 cases in which children were

 taught in small groups. The small number of instances
 rules out statistical inflation as the explanation for small-
 group effect sizes.

 It is common wisdom that greater time spent in-
 structing students yields superior learning. The length of
 time allocated for PA instruction varied across studies

 from 1 hour to 75 hours. Comparisons were grouped into
 four time blocks to determine whether longer proved bet-
 ter. Analysis of PA outcomes revealed that effect sizes
 were statistically larger for the two middle time periods
 lasting from 5 to 9.3 hours (d = 1.37) and from 10 to 18
 hours (d = 1.14). Periods that were either shorter or

 longer than this were statistically less effective for teach-
 ing PA, in fact, only half as effective (d = 0.61 and 0.65).
 On reading outcomes, programs that were long-lasting
 yielded a statistically smaller effect size than shorter pro-
 grams as shown in Table 3. Effect sizes for the three
 shorter time blocks did not differ statistically. The same
 pattern was evident on spelling outcomes. However, RD
 students were among those who received instruction last-
 ing the longest. When they were removed from the set of
 comparisons, the statistically significant difference disap-
 peared (see Table 5), indicating that teaching time made
 little difference on spelling outcomes among the nondis-
 abled readers. These findings suggest that PA instruction
 does not need to be lengthy to exert its strongest effect
 on reading and spelling.

 Classroom teachers are the primary purveyors of
 reading instruction, so it is important to verify that they can
 teach PA effectively. Results in Table 2 show that class-
 room teachers produced a large effect size on PA out-
 comes (d = 0.78), although not quite as large statistically as
 that produced by researchers (d = 0.94). PA instruction de-
 livered by teachers transferred to reading and spelling, as
 indicated by effect sizes statistically greater than zero. In
 the case of reading outcomes, the effect size associated
 with classroom teachers was statistically smaller (d = 0.41)
 than the effect size of researchers (d = 0.64). However, it is
 important to note that in most studies, the instructor did
 not intervene and help children apply their PA skills in the
 reading transfer tasks. If transfer occurred, it was unassisted.
 This contrasts with normal classroom operations where
 teachers not only teach phonemic awareness but also
 teach children how to apply it in their reading and provide
 practice doing this. Under these circumstances, much more
 transfer to reading would be expected.

 In the case of spelling outcomes, Table 4 reveals
 that classroom teachers produced statistically greater ef-
 fect sizes than researchers (d = 0.74 vs. 0.51). However,
 the researcher effect size may have been depressed by
 the disproportionate presence of disabled readers in this
 category. When disabled readers were removed from the
 database, the effect sizes did not differ statistically (see
 Table 5).

 There were only seven studies that used computers
 to teach PA. Ten treatment-control comparisons were de-
 rived from these studies. From Table 2, it is apparent that
 computers produced a statistically significant and moder-
 ately strong effect size on the acquisition of PA (d =
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 0.66), although it was statistically less than the effect size
 for other forms of instruction (d = 0.89). PA computer in-
 struction transferred and improved children's reading per-
 formance statistically (d = 0.33), but computers did not
 improve reading as much statistically as other forms of
 PA instruction did (d = 0.55). In contrast to positive ef-
 fects on reading, PA computer instruction exerted no sta-
 tistically significant effect on spelling outcomes (d = 0.09).
 One factor suppressing its impact was the presence of
 disabled readers who contributed 63% of the spelling ef-
 fect sizes to the computer comparisons. From these find-
 ings we conclude that computers are effective for
 teaching PA and for promoting transfer to reading, but
 they may not be so effective for teaching spelling.

 Design features. Design features of the studies were
 analyzed to query whether positive effect sizes arose pri-
 marily from strongly or weakly designed experiments.
 Studies varied in how students were assigned to treat-
 ment and control groups: random assignment, nonequiv-
 alent groups, matching. In the analysis of PA outcomes,
 effect sizes were not statistically different across these lev-
 els, ranging from d = 0.83 to 0.92 (see Table 2). On read-
 ing outcomes, the effect size for randomly assigned
 groups (d = 0.63) was statistically greater than the effect
 size for nonequivalent groups (d = 0.40), with matching
 in the middle and not statistically different from the oth-
 ers. The opposite was found on spelling outcomes, with
 nonequivalent and matched groups showing statistically
 larger effect sizes (d = 0.86 and 0.73, respectively) than
 random groups (d = 0.37). These findings confirm that
 larger effect sizes did not consistently arise from the
 weaker design involving nonequivalent groups. On the
 most important measure, reading, random assignment
 produced the strongest effect.

 In some studies, fidelity checks were conducted to
 assess whether instructors adhered to prescribed instruc-
 tional procedures. These studies revealed statistically sig-
 nificant effects that were moderate in size, with ds ranging
 from 0.43 to 0.66 across outcomes. However, effect sizes
 were statistically larger in studies not checking for fideli-
 ty, with ds ranging from 0.59 to 1.02 (see Tables 2, 3,
 and 4).

 Bus and van IJzendoorn (1999) reported an unex-
 pected finding involving the type of control group in
 their PA meta-analysis. When groups receiving PA in-
 struction were compared with control groups that re-
 ceived no special attention, the resulting effect size on
 reading outcomes was statistically smaller than when
 groups receiving PA instruction were compared with con-
 trol groups that received another non-PA type of instruc-
 tion. One would expect the opposite to occur because
 Hawthorne effects should inflate the effect size in com-

 parisons using untreated control groups. In the present

 study, the B&I finding was replicated. On reading
 outcomes, comparisons using treated controls showed
 statistically larger effect sizes (d = 0.65) than comparisons
 using untreated controls (d = 0.41). However, on the oth-
 er outcomes, results did not replicate this pattern. On PA
 outcomes, the two types of control groups yielded about
 the same effect sizes, which did not differ statistically (see
 Table 2). On spelling outcomes, studies showed the re-
 verse pattern. Untreated controls produced statistically
 larger effects than treated controls (see Table 4).

 The foregoing results emerged across studies. We
 also compared effects within eight studies that included
 both treated and untreated control groups. The advantage
 of looking within studies is that other differences are con-
 trolled. On reading outcomes, six of the pairs exhibited
 larger effect sizes for untreated control groups while two
 showed larger effect sizes for treated controls. However,
 this difference fell short of statistical significance on a
 matched-pair t-test (p > .05). In sum, the fact that studies
 using untreated controls did not uniformly yield statisti-
 cally larger effect sizes than studies using treated controls
 serves to challenge the commonly held belief that un-
 treated control groups produce larger effects. It is not the
 case that Hawthorne effects prevail. Other factors appear
 to influence outcomes as well.

 Studies conducted with larger samples of partici-
 pants provide a stronger test of hypotheses than small-
 sample studies. The comparisons in our database varied
 in sample size from 9 students to 383 students. In our
 meta-analysis, the comparisons were divided into four
 blocks whose mean effect sizes were compared statisti-
 cally. Outcomes reported in Tables 2-4 reveal that statisti-
 cally larger effect sizes tended to occur in the smaller
 samples, whereas the smallest effect sizes occurred in the
 largest samples. This is consistent with meta-analytic find-
 ings in general (Johnson & Eagley, in press). The fact that
 effect sizes were statistically greater than zero even in the
 largest samples, however, shows that the positive effects
 of PA instruction did not arise primarily from weaker
 studies with small samples.

 In Troia's (1999) recent critique of phonemic aware-
 ness instruction studies, he identified several criteria to
 assess methodological rigor and applied these criteria to
 39 PA studies, of which 28 were in our database. (Troia's
 other studies did not include reading as an outcome so
 they were not in our set.) Troia devised two measures
 and applied them to evaluate the internal validity sepa-
 rately from the external validity of studies: the percentage
 of criteria met and the number of critical flaws. He also

 ranked the studies to indicate their overall methodologi-
 cal rigor. We adopted Troia's summary ratings and exam-
 ined their relationship to effect sizes. Our purpose was to
 address the possibility that effects of PA instruction
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 emerged primarily from studies that were the least rigorous.
 We grouped comparisons into blocks of three or four in
 order to reveal effect sizes at the various levels of rigor
 and to compare them statistically.

 Our findings are reported in Table 6 for PA out-
 comes and Table 7 for reading outcomes. Both tables re-
 veal that effect sizes were statistically greater than zero
 across all blocks on all five measures. This shows that

 statistically significant effect sizes were not limited to the
 weakest studies.

 In Table 6 reporting effects of PA instruction on PA
 outcomes, inspection of d values reveals that across all
 five measures the largest effect sizes occurred for the
 blocks associated with the most rigor. Statistical tests
 showed that studies in the most rigorous block had sig-
 nificantly larger effect sizes than studies in the other
 blocks in three of the analyses (i.e., the two critical flaws
 analyses, the overall ranking analysis). These findings in-
 dicate that the best designed studies produced the largest
 effect sizes on the acquisition of PA.

 In Table 7 reporting effect sizes for reading out-
 comes, the same pattern is evident but is not quite as
 strong. In four analyses, the effect size for the most rigor-
 ous block was large and among the largest effect sizes in
 the set. Statistical tests revealed that the most rigorous
 block produced a statistically larger effect size than the
 other less rigorous blocks in two analyses (i.e., internal
 validity flaws and overall ranking). These results indicate
 that the better designed studies produced stronger effects
 on reading than the weaker studies.

 In sum, although Troia (1999) found fault with PA
 studies, his findings do not undermine claims about the
 effectiveness of PA instruction for helping children learn
 to read. Troia's concluding plea, that researchers maintain
 high standards in designing their studies, is supported by
 our findings that show that researchers stand a better
 chance of obtaining sizeable effects when they design
 strong studies than when they design weak studies
 threatened by violations to internal and external validity.

 Table 6 Phonemic Awareness outcomes: Mean effect sizes (d) associated with Troia's indicators of methodological
 rigor and statistical tests to determine whether effect sizes were statistically greater than zero at p < .05, were
 homogeneous at p < .05, and differed from one another at p < .05

 Variables Number of Mean

 and levels cases d Homogeneous Contrastsa

 Internal validity
 % of criteria met

 27-40% (1) 10 .67* Yes 2 = 4 > 1
 47% (2) 5 1.35* No 4 > 3
 53% (3) 14 .95* No 2 = 3
 59-82% (4) 14 1.66* No

 Critical flaws

 1-2 18 1.63* No 1 > 3 > 4
 3 14 .57* Yes
 4-5 11 .97* No

 External validity
 % of criteria met

 47-53% (1) 10 .92* No 4 > 1 = 2

 56-60o% (2) 14 .81* No 3 = 2,4,1
 63-67% (3) 8 1.13* No
 73-81% (4) 11 1.40* No

 Critical flaws

 0 flaws 13 1.69* No 0 > all
 1 8 .96* No 1= 2 = 3
 2 13 .61* Yes
 3 9 .97* No

 Ranking
 High rigor (1-12) 15 1.56* No H = M > L
 Middle (13-24) 11 1.40* No
 Low (25-36) 17 .69* Yes

 Note. d = mean effect size; Homogeneous reports results of the statistical test of whether the set of effect sizes was homogeneous.
 "a Contrasts portray results of post hoc pairwise statistical tests comparing levels of moderator variables. Symbols are initial letters or numbers of levels.
 Indicates that effect size was statistically greater than zero at p < .05.
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 Table 7 Reading outcomes: Mean effect sizes (d) associated with Troia's indicators of methodological rigor and
 statistical tests to determine whether effect sizes were statistically greater than zero at p < .05, were
 homogeneous at p < .05, and differed from one another at p < .05

 Variables Number of Mean

 and levels cases d Homogeneous Contrastsa

 Internal validity
 % of criteria met

 27-40% (1) 11 .49* No 2 > 1
 47% (2) 15 .85* No 4 > 1
 53% (3) 16 .63* No 2 = 3 = 4
 59-82% (4) 14 .83* No 1 = 3

 Critical flaws

 1-2 22 .99* No 1> 3 = 4
 3 18 .59* Yes
 4-5 16 .56* No

 External validity
 % of criteria met

 47-53% (1) 16 .98* No 1 > 2, 3
 56-60% (2) 14 .58* Yes 1 = 4
 63-67% (3) 15 .61* No 2 = 3 = 4
 73-81% (4) 11 .66* No

 Critical flaws

 0 flaws 17 .90* No 0 = 3 > 1
 1 11 .51* No 2 = all
 2 17 .57* Yes

 3 11 .92* No

 Ranking
 High rigor (1-12) 19 1.00* No H > M = L
 Middle (13-24) 14 .61* Yes
 Low (25-36) 23 .58* No

 Note. d = mean effect size; Homogeneous reports results of the statistical test of whether the set of effect sizes was homogeneous.
 "a Contrasts portray results of post hoc pairwise statistical tests comparing levels of moderator variables. Symbols are initial letters or numbers of levels.
 Indicates that effect size was statistically greater than zero at p < .05.

 One final characteristic of studies that we examined

 was the year of publication. Studies were grouped into
 four time periods. From Tables 2 and 3, it is apparent that
 a spate of PA instruction studies was published between
 1991 and 1994. Over twice as many studies were pub-
 lished during this period as during the other periods. The
 1991 to 1994 studies also yielded statistically larger effect
 sizes on PA than earlier or later studies, and yielded sta-
 tistically larger effect sizes on reading than two of the
 other three time periods. Why this occurred is not clear.
 The relationship between year of publication and spelling
 outcomes was not analyzed because too few compar-
 isons occurred in two of the time blocks.

 Classroom instruction in PA: Some illustrations. One

 question of special interest in our analysis was whether
 classroom teachers could teach PA effectively to their stu-
 dents. The database included 15 studies that utilized

 classroom teachers to deliver PA instruction. As reported
 above, the meta-analysis showed that teachers were ef-
 fective in teaching phonemic awareness to students, and
 this instruction boosted children's reading and spelling

 performance. A few studies are sketched below to illus-
 trate what kinds of PA manipulations were taught to stu-
 dents at various grade and reader levels, the teacher
 training components of these studies, how the studies
 were structured, and the strength of effects on outcomes.

 Lundberg, Frost, and Petersen (1988) examined the
 effectiveness of an 8-month-long, carefully structured
 program for kindergartners. Twelve classroom teachers in
 Denmark taught children daily to attend to sounds in
 speech and to manipulate sounds through games and ex-
 ercises that increased in difficulty as the year progressed.
 The program began with easy listening activities and
 rhyming exercises. Then kindergartners learned to seg-
 ment sentences into words and to focus on the length of
 words in speech. Then words were analyzed into sylla-
 bles. For example, children listened to a troll that spoke
 peculiarly, syllable by syllable, and they figured out what
 he said. Phoneme analysis was introduced in the third
 month by having children identify phonemes in initial
 positions of words. The teacher helped children find the
 sounds by stretching them, for example, "Mmmmmmark,"
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 or repeating them, for example, "T-T-T-Tom." Also chil-
 dren practiced adding and deleting phonemes from
 words. In the fifth month, phoneme segmentation and
 blending were introduced, first with two-phoneme words
 followed by longer words. Many of the activities were de-
 signed for children's enjoyment and consisted of dancing,
 singing, and other noncompetitive social games.

 Teachers completed an inservice course that provided
 them with theoretical background as well as videotaped
 examples of teaching procedures and gave them practice
 performing these procedures during the year prior to im-
 plementing the program. Teachers from the control group
 followed the regular preschool program, which empha-
 sized social and aesthetic aspects of development.

 This PA program was adapted and tested by
 Schneider, Kuspert, Roth, Vise, & Marx (1997) with
 German kindergartners. This study included two experi-
 ments and a total of 22 teachers who taught PA in the
 treatment conditions. Control groups received the regular
 kindergarten curriculum. Teacher training was less exten-
 sive in the German study, lasting only 2 months.

 In both Danish and German studies, PA instruction
 produced large effect sizes on the acquisition of phone-
 mic awareness, ranging from d = 0.70 to 0.82. Effect sizes
 on reading outcomes were small to moderate when mea-
 sured the following year in first grade: d = 0.19
 (Denmark); d = 0.26, and 0.45 (Germany).

 The Danish program was adapted and tested with
 English-speaking kindergartners in a much smaller study
 by Brennan and Ireson (1997). The impact of instruction
 on word reading was large, with an effect size of d =
 1.17, providing evidence that the Danish program can be
 used effectively in U.S. classrooms. An English translation
 of the program has been published (Adams, Foorman,
 Lundberg, & Beeler, 1998).

 Whereas the Danish kindergarten program did not
 include letter manipulation, a program developed by
 Blachman, Ball, Black, and Tangel (1994) for kindergart-
 ners did include letters. They taught 10 teachers and their
 teaching assistants to deliver PA instruction to low-
 income, inner-city kindergartners. Children were taught
 in groups of four or five for 15-20 minutes per day, four
 times each week. The program lasted 11 weeks. The
 teachers received instruction in seven 2-hour inservice

 workshops during which they learned a theoretical
 framework, practiced instructional activities, and asked
 questions about how to implement the program.

 A key activity in Blachman et al.'s (1994) program
 was the "say it and move it" procedure. Children learned
 to move a blank tile down a page as they pronounced
 each phoneme in a word. After children practiced seg-
 menting two- and three-phoneme words in this way,
 letter-sound correspondences were taught, and they prac-

 ticed segmenting the words with blank markers and let-
 ters. Additional segmentation activities were included
 such as moving markers into Elkonin boxes (i.e., horizon-
 tal row of blank squares drawn on paper) to represent
 phonemes in three-phoneme words. A variety of games
 was used to reinforce grapheme-phoneme correspon-
 dences. The control group followed a traditional kinder-
 garten curriculum that included instruction in letter
 names and sounds. Results of the study were very posi-
 tive. Children receiving PA instruction statistically outper-
 formed controls on PA tasks, with an effect size of d =
 1.83. Instruction transferred to reading, d = 0.65, and to
 spelling, d = 0.94.

 Another program in our database was administered
 by teachers to small groups of older disabled readers.
 Williams (1980) tested the ABDs program, which taught
 students ages 7 to 12 years to segment and blend
 phonemes first in speech and then using letters. Children
 worked with a limited set of seven consonants and two

 vowels. Lessons progressed from segmenting words into
 syllables to segmenting words into phonemes, at first two
 phonemes followed by three phonemes. Then blending
 was applied to the same words. Children performed ma-
 nipulations at first with wooden markers and letters later
 on. Their work blending letters was the equivalent of
 learning to decode, and their work segmenting with let-
 ters was equivalent to learning to spell the sounds in
 words. More letters were added later in the program as
 well as words with consonant clusters and two-syllable
 words. The program included various games, worksheets,
 and activities to teach these skills.

 Teachers attended a half-day session to learn about
 the program, which was fully described in a manual. The
 17 teachers were asked to use the program 20 minutes
 daily. Their instruction was closely monitored. Although
 there were 12 units, only a few teachers got through the
 entire program in the 26-week period.

 Williams (1980) evaluated the ABDs program again
 the following year with another group of teachers. They
 had completed about half of the program when the
 school year ended. Treatment groups were compared to
 untreated control groups. The influence of PA instruction
 on students' ability to decode words and nonwords was
 measured at the end of instruction. Effect sizes were large,
 d = 1.05 for the first year, and d = 0.97 for the second
 year, showing that the ABDs program was highly effective
 at improving decoding skill in disabled readers.

 A second program employed with disabled readers
 was the ADD program (Auditory Discrimination in Depth)
 developed originally by Lindamood and Lindamood (1975)
 to teach PA and its application in reading and spelling.
 The most recent version is the LIPS program (Lindamood
 & Lindamood, 1998). The unique feature of this program is

 Meta-analysis of phonemic awareness instruction 273

This content downloaded from 149.152.191.2 on Tue, 05 Jun 2018 13:59:33 UTC
All use subject to http://about.jstor.org/terms



 that it teaches children to identify and monitor articulatory
 gestures associated with phonemes. Phoneme segmenta-
 tion is difficult because phonemes are coarticulated in
 speech without any boundaries signaling where one
 phoneme ends and the next begins. One way to identify
 separate phonemes is to monitor the changes that occur in
 the mouth as one pronounces words. This involves direct-
 ing attention to the position and shape of the lips and
 tongue. For example, there are three phonemes in meat,
 and these are reflected in three successive mouth move-

 ments: lips closing for /m/, lips opening into a smile shape
 for the vowel, then tongue tapping the roof of the mouth
 for /t/. Pictures of mouth positions and mirrors help chil-
 dren explore their own mouths and distinguish the se-
 quence of phonemes in pronunciations of words.

 Four studies in our database implemented the
 Lindamood program to teach PA (Kennedy & Backman,
 1993; McGuinness, McGuiness, & Donahue, 1995; Wise,
 Ring, & Olson, 1999, 2000). Some used classroom teach-
 ers, and some used computers to deliver instruction.
 Children received extensive instruction to discover and

 categorize the various phonemes in English by analyzing
 their own mouth movements. They learned to label these
 sounds, for example, lip poppers (/p/, /b/), tip tappers
 (/t/, /d/), and scrapers (/k/, /g/). They learned to track
 these movements in spoken words in order to identify
 the separate phonemes and then to represent the
 phonemes with graphemes. Effect sizes on reading out-
 comes were variable, ranging from large, d = 1.22 for first
 graders (McGuinness et al., 1995), to small, d = 0.15 for
 older disabled readers (Wise et al., 1999).

 One final program illustrates the type of PA instruc-
 tion appropriate for preschoolers. Although taught by re-
 searchers, it could be delivered effectively by preschool
 teachers or parents. In a program called Sound
 Foundations, Byrne and Fielding-Barnsley (1991) taught a
 single PA skill, phoneme identity. Children learned to
 recognize instances of the same sound in both initial and
 final positions across different words. They were shown
 several large posters covered with pictures of objects, and
 they tried to pick out those having a specified beginning
 sound, for example, sea, seal, sailor, sand, or those hav-
 ing the same ending sound, for example, bus, bippopota-
 mus, horse, octopus. Also, children were shown an array
 of pictures on worksheets or cards, and they selected
 those having targeted sounds. In each session, one
 phoneme in one position was taught. The letter repre-
 senting that phoneme was introduced as well.

 In this study, 4-year-old preschoolers received either
 the PA instruction described above or a control treatment

 that focused on story reading and semantic activities using
 the same posters and worksheets. Children were taught in
 groups of four to six for one 30-minute lesson per week

 lasting 12 weeks. At the end of instruction, children in the
 PA group were able to identify more initial and final
 phonemes in words than control students, not only
 sounds they had practiced but also unpracticed sounds,
 indicating that phoneme identity skill transferred to un-
 taught phonemes. Students were also given a simplified
 word reading task in which they were shown a written
 word and asked which of two spoken choices matched
 the word (e.g., "Does this say sat or mat?). PA students
 read more words than control students, indicating that PA
 instruction improved preschoolers' rudimentary word
 recognition skill. Not only immediate but also long-term
 benefits of PA instruction on reading were observed.

 Discussion

 In our meta-analysis, we limited attention to con-
 trolled experiments because these provide the strongest
 scientific evidence supporting causal inferences about the
 impact of PA instruction on learning to read. Findings
 were uniformly positive. The benefits of PA instruction
 were replicated multiple times across experiments and
 thus provided solid support for the claim that PA
 instruction is more effective than alternative forms of in-

 struction or no instruction in teaching PA and in helping
 children acquire reading and spelling skills. In addition,
 effects of PA instruction were found to be greater under
 some circumstances than others.

 These findings raise various issues that need to be
 considered. Some of the findings were unexpected and
 require explanation. Several findings carry important im-
 plications for practice. Also findings point to questions
 needing further attention from researchers. These matters
 are taken up in the discussion.

 Issues involving student characteristics. The studies
 in our database included investigations of children at risk
 for future reading problems. Contrary to the common
 view that the criteria for identifying at-risk readers in-
 clude being economically disadvantaged, authors of the
 studies did not uniformly require them to be low in SES.
 In fact, of the cases investigating at-risk readers, only 27%
 were low in SES while 37% were middle to high SES, and
 the SES of the remainder was not specified. At risk was
 defined by low phonemic awareness in 77% of the cases.
 In defense of this decision, research findings show that
 one of the two best predictors of future reading success
 is phonemic awareness (Share et al., 1984), so selecting
 at-risk readers by measuring their PA makes sense.
 However, because PA instruction targeted this skill, the
 large effect size that was detected on PA outcomes in at-
 risk readers may be less surprising.

 One intriguing result involving at-risk readers was
 that the effect of PA instruction on reading was substan-
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 tially larger on the follow-up posttest (d = 1.33) than on
 the immediate posttest (d = 0.86) (see Table 3). This con-
 trasted with the more typical pattern of decline in effect
 size with the passage of time after training ended. One
 reason for the increase may be that different comparisons
 contributed effect sizes at the two test points: 27 on the
 immediate posttest versus 15 on the delayed posttest. To
 check on this, we limited attention to the 12 comparisons
 that assessed reading both immediately after training and
 after a delay. We found that most of these comparisons
 (i.e., 9 out of 12) showed the same pattern of larger ef-
 fects on the delayed posttest than on the immediate
 posttest, a proportion that exceeds chance statistically at
 p < .02 and rules out this explanation. The likely explana-
 tion for the increase is that students in the at-risk studies

 were preschoolers, kindergartners, or first graders with
 low PA and limited reading skills when training began. It
 took time following training for their reading skills to de-
 velop and gain the maximum benefit from PA instruction.

 Results of the meta-analysis evaluating effects of
 SES showed that PA instruction benefited low-SES chil-

 dren as much as middle-to-high-SES children in acquiring
 PA skills. This runs counter to Dressman (1999), who
 argues that low-SES children exhibit low PA in research
 studies because their phonological systems differ from
 that of testers and because they suffer from inhibition
 when tested by sociolinguistically foreign researchers-
 for example, students speaking a nonstandard dialect and
 testers speaking Standard English. Dressman bases his
 claim on studies showing that low-SES children perform
 more poorly on PA tests than middle-class children.
 However, he ignores evidence examining how much
 low-SES children gain in PA when they receive instruc-
 tion. According to our findings, low-SES children can
 benefit as much from instruction as middle-to-high-SES
 children, despite being phonologically or culturally differ-
 ent from the instructors.

 One very striking finding in the meta-analysis was
 that spelling skill in older disabled readers did not benefit
 at all from PA instruction in contrast to that of at-risk and

 normally developing readers. Various reasons for this can
 be entertained. Other studies have found that disabled

 readers have special difficulty learning to spell (Bruck,
 1993). Even though their reading might be remediated,
 they still display spelling problems as adults. Perhaps
 phonological processing difficulties associated with being
 RD (i.e., difficulty segmenting words into phonemes, dif-
 ficulty reading nonwords) make spelling especially hard
 to learn (Rack, Snowling, & Olson, 1992). Alternatively,
 perhaps PA instruction failed to help older disabled read-
 ers with their spelling because the types of words that are
 spelled in higher grades require knowledge of syllabic
 and morphemic spelling patterns rather than phoneme-

 grapheme knowledge. The contribution of PA instruction
 to gains in spelling may be limited to words that are
 phonemically transparent. We interpret findings to indi-
 cate that remediating spelling in disabled readers is espe-
 cially difficult and requires an approach that targets
 spelling explicitly.

 Issues involving instructional features. According to
 our findings, children who received instruction that
 focused on only one or two PA skills-for example, seg-
 menting words into phonemes, or segmenting and blend-
 ing phonemes---exhibited stronger PA and stronger
 transfer to reading than children who were taught three or
 more PA skills. Various explanations might account for the
 difference. Perhaps when instruction focused on one or
 two skills, more students mastered the skills that were
 taught. Perhaps teaching multiple skills impaired the at-
 tainment of phonemic insight-that is, the idea that words
 are made up of phonemes. Children may have become
 confused about the underlying principle as they moved
 from one skill to the next, first breaking words into
 sounds, then blending sounds into words, then taking
 sounds out of words to say new words. Clarifying whether
 and why multiple-skills instruction might limit children's
 ability to acquire PA and apply it in reading needs further
 study. However, given our findings, it may be prudent for
 teachers who are using multiple-skills programs to teach
 one skill at a time until it is mastered before moving on to
 the next, and to teach students how each skill applies in
 reading or spelling tasks as soon as it is taught.

 More important than the number of PA skills to teach
 perhaps is the issue of which skills should be taught. In all
 of the studies, children were given PA instruction that was
 considered appropriate for their level of literacy develop-
 ment. The manipulations taught to preschoolers were
 much easier than the manipulations taught to older stu-
 dents. Factors making PA tasks easy or difficult include the
 type of manipulation applied to phonemes, the number
 and phonological properties of phonemes in the words
 manipulated, whether the words are real or nonwords,
 and whether letters are included (Stahl & Murray, 1994).
 The following tasks are ordered from easy (1) to difficult
 (6) based on findings of Schatschneider, Francis, Foorman,
 Fletcher, & Mehta (1999):

 1. First sound comparison: identifying the names of
 pictures beginning with the same sound

 2. Blending onset-rime units into real words

 3. Blending phonemes into real words

 4. Deleting a phoneme and saying the word that
 remains

 5. Segmenting words into phonemes

 6. Blending phonemes into nonwords.
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 In deciding which PA manipulations to teach,
 teachers need to take into account not only task difficulty
 but also how students are expected to apply the PA skill
 being taught. The reason to teach first sound compar-
 isons is to draw children's attention to the fact that words

 have sounds as well as meanings. A reason to teach
 phoneme segmentation is to help beginners generate
 more complete spellings of words. The reason to teach
 phoneme blending is to help students combine letter
 sounds to decode words. Teaching PA effectively in-
 cludes teaching the applications as well as the skill.

 Our meta-analysis showed that PA instruction im-
 proved children's reading and spelling acquisition.
 However, the opposite causal relationship is also sup-
 ported by studies showing that children acquire phone-
 mic awareness in the course of learning to read and spell,
 even though they are not taught PA explicitly. The
 process of learning letter-sound relations and how to use
 them to read and spell enhances children's ability to ma-
 nipulate phonemes. Studies show that people who do
 not learn to read in an alphabetic system do not develop
 much PA (Mann, 1987; Morais et al., 1987; Read et al.,
 1987). In the studies we analyzed, children in the control
 groups who received regular literacy instruction in school
 made some gains on PA tests. However, effect sizes
 showed that controls did not gain as much PA as children
 who received explicit PA instruction. Thus, we cannot as-
 sume that the full extent of PA needed to facilitate read-

 ing will be acquired incidentally in the course of learning
 to read. It must receive special attention.

 One surprising finding in our analysis involved the
 relationship between instructional time and outcomes.
 Effect sizes were larger when PA instruction lasted be-
 tween 5 and 18 hours than when instructional time was

 shorter or longer. This is a potentially important finding
 for schools where time is a precious resource. However,
 caution is needed in interpreting this result because ex-
 tenuating circumstances may explain the finding. Perhaps
 the goals of instruction were more complex in programs
 lasting longer. Perhaps the students receiving instruction
 were harder to teach. Perhaps spending many hours in
 PA instruction deprived students of the reading instruc-
 tion benefiting control groups. Alternatively, perhaps
 shorter instruction was better. The value of PA instruction

 may have been to help children achieve basic alphabetic
 insight. Going beyond this by adding further nuances or
 complexities may have eroded learning by producing
 confusion or boredom. These are some of the possible
 reasons why longer teaching sessions might have pro-
 duced smaller effect sizes.

 At this point, it is premature to draw conclusions
 about how long instruction in PA needs to last to be ef-
 fective. Very likely the answer depends on the goals of

 instruction, how many different PA skills are taught,
 whether letters are included, how much or how little the
 learners already know about PA when they begin,
 whether they are disabled readers, what type of provision
 is made for facilitating transfer to reading and spelling,
 and so forth. Also, individual children will differ in how
 much instructional time they need to acquire PA. This
 makes it important to tailor instructional time to student
 learning by assessing who has and who has not acquired
 the skills being taught. Children who are still having trou-
 ble should continue PA instruction while those who have

 learned the skills should move on to other reading and
 writing instruction.

 Not only the total instructional time but also the
 length of single teaching sessions must be decided. In
 our database, the average length of sessions was 25
 minutes. Few sessions lasted over 30 minutes, and these
 tended to occur with older disabled readers, not with
 younger children. This suggests that sessions should
 probably not exceed 30 minutes in length.

 Although PA instruction might be taught in many
 ways, one might wonder what the conditions for optimal
 learning might be. One way to construct a tentative an-
 swer is to interpret the effect sizes associated with moder-
 ator variables in our analysis as indicating which
 properties might produce the greatest gains in learning to
 read. Taking this approach, we find that the most effec-
 tive circumstances may be teaching one or two PA skills
 with letters, especially blending and segmenting, to small
 groups of English-speaking at-risk students or preschool-
 ers for 5 to 18 hours. Although this answer is speculative,
 it summarizes findings and is suggestive.

 PA instruction benefited reading comprehension.
 Some educators have asserted that effects of phonemic
 awareness instruction are very limited. According to Coles
 (2000) and Krashen (2000), instruction helps children de-
 code nonsense words but exerts no effect on their reading
 comprehension. However, our analysis evaluated a greater
 number of studies than these authors and found that PA

 instruction did improve students' reading comprehension
 (see Table 3). There were 10 studies yielding 20 treatment-
 control group comparisons that assessed reading compre-
 hension as an outcome (Bradley & Bryant, 1985; Defior &
 Tudela, 1994; Hatcher et al., 1994; Korkman & Peltomaa,
 1993; Kozminsky & Kozminsky, 1995; Lie, 1991; Uhry &
 Shepherd, 1993; Weiner, 1994; Wise et al., 1999, in press).
 Inspection of effect sizes revealed that the majority ranged
 from moderate to large in size:

 Size of effect Range of d Number of comparisons

 Large 0.72 to 1.69 6

 Moderate 0.41 to 0.62 6
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 Small 0.14 to 0.29 3

 Zero or negative -0.66 to 0.08 5

 Effect sizes close to zero tended to occur in comparisons
 involving disabled readers. These findings serve to refute
 claims that PA instruction does not benefit reading com-
 prehension in beginning readers.

 PA instruction might be expected to exert a smaller
 influence on reading comprehension than on word read-
 ing because the task of reading, understanding, and re-
 membering information in text involves multiple
 processes. Not only must students read the words but
 also they must construct meaning across the words and
 sentences. However, reading comprehension tests at the
 beginning levels consist of short sentences and conceptu-
 ally simple ideas. The primary determiner of success is
 whether the words can be read. This suggests that effect
 sizes might be similar on comprehension and word level
 tests. Results of the meta-analysis provided some support
 for both possibilities. The effect size on reading
 comprehension was smaller (d = 0.34) than effect sizes
 on experimenter-devised tests of word reading (d = 0.61)
 and pseudoword reading (d = 0.56), but it was similar to
 the effect size on standardized tests of word reading (d =
 0.32). Reading comprehension was measured primarily
 with standardized tests.

 Issues involving design features. One finding of pos-
 sible concern is that studies that checked on instructors'

 fidelity to instructional procedures exhibited statistically
 smaller effect sizes on all three outcomes than studies not

 assessing fidelity to instruction. To explain why this might
 have occurred, we examined other characteristics of the
 studies that were coded for fidelity to see whether levels
 of other moderator variables were distributed asymmetri-
 cally across the two levels of the fidelity moderator. Chi-
 square tests were applied to identify whether observed
 distributions deviated statistically from expected distribu-
 tions (p < .05).

 The following levels of moderator variables were
 overrepresented in studies that assessed fidelity com-
 pared to studies that did not assess fidelity: classroom as
 the instructional unit, teachers as instructors, the longest
 block of instructional time, the largest sample sizes.
 Interestingly, all of these properties produced statistically
 smaller effect sizes than contrasting levels of their moder-
 ators, possibly explaining why effect sizes were smaller
 for studies checking fidelity. It is noteworthy that fidelity
 checking was relatively more common in studies using
 larger samples, both of which are properties of better
 designed studies.

 There were several other levels of moderators that

 were overrepresented in studies that did not assess fidelity:
 instruction in one PA skill, computers and researchers as

 instructors, tutoring, the shortest block of instructional
 time, the smallest sample sizes. Several of these charac-
 teristics produced larger effect sizes than contrasting lev-
 els of their moderators. This may help to explain why the
 effect size was larger for studies not checking fidelity.

 Another factor underlying fidelity effect sizes may
 be researcher beliefs. The above analyses revealed that
 studies involving teachers and classrooms were more
 likely to be checked for fidelity than studies involving re-
 searchers. Rarely were studies involving computers
 checked for fidelity. Reasons for this may be that the
 instructional procedures employed by computers and
 researchers are thought to be more controlled and con-
 strainted than those in classrooms. Researchers commonly
 work from scripts in delivering instruction. Computers are
 programed to deliver instruction uniformly. Thus, re-
 searchers may believe that there is less need to check
 fidelity under these circumstances.

 Important but neglected moderators. Although the
 present meta-analysis examined effects of several moderator
 variables, it was not possible to examine all those thought
 to be important. One of the variables neglected was di-
 alect. This was because none of the studies paid attention
 to this variable. Regional differences at the phonemic level
 of language are likely to be important. For example, vow-
 el phoneme categories differ across the U.S. Vowels in the

 three words marry, Mary, and merry are identical in some
 regions but different in other regions. Another dialectic
 difference involves preserving or deleting the final conso-
 nants in words, for example, past tense markers such as
 the /t/ in looked. Such differences may make specific PA
 programs more suitable in some regions than others. More
 research on the impact of dialectic variations on PA learn-
 ing is needed. The fact that there are regional phonemic
 variations means that teachers implementing PA programs
 need to determine whether their students' dialects con-

 form to or deviate from the phonological distinctions that
 are taught in the programs they are using. Ignoring devia-
 tions is likely to undermine the effectiveness and credibili-
 ty of the instruction.

 Another variable related to students' phonological
 systems but neglected in our analysis is whether English
 is the first or second language of students. The problem
 here is that some phonemes in English are not phonemes
 in ESL students' first language. For example, the initial
 sounds in chop and shop are articulated differently. To an
 English speaker, they are also different phonemes, be-
 cause substituting one for the other signals a different
 word. However, to a speaker of Spanish, the two initial
 sounds are the same phoneme /c/. The change in articu-
 lation does not signal a different word in Spanish. The
 speaker either fails to notice the difference or perceives it
 as a slightly different way of pronouncing the same word.
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 Another example is when Chinese and Japanese speakers
 process /1/ and /r/ as the same phoneme in English
 words. Teachers need to be aware of this source of diffi-

 culty when they teach PA to ESL students.
 Comparison to other instruction effect sizes. Findings

 of our meta-analysis revealed that PA instruction helped
 children learn to read and spell. The overall effect sizes
 were moderate, with d = 0.53 for reading and d = 0.59
 for spelling. One might wonder how these effect sizes
 compare to effects of other types of instruction aimed at
 improving reading ability. The National Reading Panel
 (2000) conducted some additional meta-analyses. One in-
 volved experiments comparing systematic phonics in-
 struction to nonsystematic or nonphonics instruction. The
 phonics database included 38 studies yielding 66 treatment-
 control group comparisons. None of these studies ap-
 peared in the present PA database. The overall effect size
 was d = 0.41 on a composite measure that included read-
 ing and spelling. This value is within the moderate range
 but slightly smaller than the effect sizes found for PA in-
 struction. In the NRP meta-analysis of instruction involv-
 ing guided oral reading and repeated reading taught in
 14 studies, the overall mean effect size was d = 0.41 on a
 composite outcome that included comprehension, fluen-
 cy, and word recognition. This effect size is moderate but
 also slightly smaller than that for PA.

 In a meta-analysis of studies evaluating the effects
 of instruction in question asking on reading comprehen-

 sion (Rosenshine, Meister, & Chapman, 1996), the .effect
 size on standardized tests was d = 0.36 (13 studies) and

 on experimenter-devised tests was d = 0.87 (16 studies).
 In the present PA analysis, the effect size on reading
 comprehension tests, most of which were standardized,
 was similar, d = 0.34 (20 comparisons). From these find-
 ings we conclude that effect sizes produced by PA in-
 struction were comparable to effect sizes produced by
 other types of interventions on reading outcomes. Thus,
 we can infer that the gains expected by including PA in-
 struction in the reading curriculum are as great as the
 gains offered by other types of reading instruction regarded
 as valuable.

 Classroom teachers teaching PA. One question of
 special interest in our analysis was whether classroom
 teachers can teach PA effectively to their students. Findings
 were resoundingly positive, as indicated by moderate to
 large effect sizes. Examination of studies illustrating how
 classroom instruction was conducted revealed that the

 amount of inservice instruction given to teachers was not
 unreasonable. Several of the programs investigated are
 available commercially, including Sound Foundations
 (Byrne & Fielding-Barnsley, 1991), Ladders to Literacy: A
 Preschool Activity Book (Notari-Syverson, O'Connor, &
 Vadasy, 1998), Ladders to Literacy: A Kindergarten Book

 (O'Connor, Notari-Syverson, & Vadasy, 1998b), Road to the
 Code (Blachman, Ball, Black, & Tangel, 2000), Phonemic
 Awareness in Young Children (Adams et al., 1998), and
 The LIPS Program (Lindamood & Lindamood, 1998).

 In planning PA instruction for students, teachers
 need to recognize that children will differ in their phone-
 mic awareness and that some will need more instruction

 than others. At the start of kindergarten, most children
 will be nonreaders and will have little phonemic aware-
 ness, so PA instruction should benefit everyone. In first
 grade, some children will be reading and spelling already
 while others may know only a few letters and have no
 reading skill. The non-readers will need much more PA
 and letter instruction than those already reading. Among
 the readers in first and second grades, there will be varia-
 tion in how well children can segment and blend with
 letters. The best approach is for first- and second-grade
 teachers to assess students' PA before they begin teaching
 PA. This will indicate which children need the instruction

 and which do not, or which children need to be taught
 rudimentary levels of PA, for example, segmenting initial
 sounds in words, and which are ready for more advanced
 levels involving segmenting or blending with letters. Of
 course, it is better to err on one side than the other:
 teaching PA to students who already know it is less harm-
 ful than failing to teach PA to students who lack any PA.

 In the rush to teach phonemic awareness, teachers
 should not overlook the need to teach letters as well. Our

 analysis showed that PA instruction was more effective
 when it was taught with letters. Using letters to manipu-
 late phonemes helps children make the transfer to read-
 ing and writing. However, teaching children all the letters
 of the alphabet is not easy, particularly when they come
 to school knowing few of them. There are 52 capital and
 lowercase letter shapes, and names, as well as associated
 sounds to learn. The shapes of many letters are similar
 and hence confusing. Letter learning requires retaining
 shapes, names, and sounds in memory and overlearning
 them so that letters can be processed automatically in
 reading and writing words (Adams, 1990). Thus, to ensure
 that PA instruction is effective, it needs to include instruc-
 tion in graphemes and instruction in the connections be-
 tween graphemes and phonemes to read and spell words.

 In addition to teaching PA skills with letters, it is im-
 portant for teachers to help children apply the PA skills
 taught in reading and writing tasks. In most of the studies
 we reviewed, application was not taught. However,
 Cunningham (1990) did examine application effects. First
 graders in one group were taught to segment and blend
 and in addition were shown how to apply these skills in
 reading words. Another group received the same PA in-
 struction but not instruction in application. Effect sizes on
 reading outcomes were much larger when first graders
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 received the application instruction than when they did
 not. Because application was not taught in most studies,
 results of our meta-analysis may underestimate the mag-
 nitude of effects that would result if children received ex-

 plicit instruction and practice in applying PA skills in their
 reading and writing.

 Various approaches to beginning reading instruc-
 tion may provide at least some phonemic awareness in-
 struction although PA may not be taught systematically or
 thoroughly enough to maximize its contribution to read-
 ing and writing. Whole language instruction in which be-
 ginners invent spellings when they write offers a form of
 PA instruction. One study in our database (Castle et al.,
 1994) examined the effects of providing PA instruction to
 children who were receiving whole language reading and
 spelling in their classrooms. PA instruction improved
 these children's reading over that of two control groups,
 one receiving whole language instruction plus word
 meaning instruction (d = 1.06) and one receiving whole
 language instruction but no extra instruction (d = 1.09).
 Effect sizes were even larger on spelling outcomes. This
 indicates that adding systematic instruction in phonemic
 segmentation and blending to whole language programs
 holds promise of improving their effectiveness.

 In another study, Iversen and Tunmer (1993) added
 PA instruction to the standard form of Reading Recovery
 (RR), which teaches phonemic awareness mainly through
 spelling instruction (Clay, 1985). Results showed that the
 RR plus PA treatment group performed similarly to the RR
 control group on reading and spelling outcomes when
 they exited the program, but the group receiving PA in-
 struction took statistically less time to reach the exit crite-
 rion. Because saving time means that RR teachers can
 help more students profit from this tutoring program dur-
 ing a school year, these findings indicate that adding PA
 instruction stands to improve the program's effectiveness.

 As more and more educators learn about the bene-

 fits of phonemic awareness instruction for helping chil-
 dren learn to read, there is a danger that PA will be
 regarded as a magic bullet, will be taught blindly in isola-
 tion ad nauseam without any connection to reading and
 writing, and will replace other important kinds of reading
 instruction and activities. Clearly, such instructional impli-
 cations are not supported by our meta-analysis. Our find-
 ings indicate that teaching phonemic awareness is a
 means rather than an end. PA is taught not for its own
 sake but rather for its value in helping children under-
 stand and use the alphabetic system to read and write.
 Findings also indicate that a moderate amount of time
 rather than a huge amount may be sufficient to teach PA.

 Our findings indicate that PA contributes significantly
 to reading and spelling acquisition, but there is much
 more that children need to be taught in order to become

 competent readers and writers. From effect sizes we can
 calculate the proportion of variance in reading outcomes
 explained by PA instruction. Overall the variance ex-
 plained was 6.5%. It rose to 10% when PA was taught
 with letters. It rose to 28% for preschoolers. It rose to
 31% for the long-term reading performance of at-risk stu-
 dents. Thus, even under the best of circumstances, there
 remained much variance in reading left to be explained
 by other types of instruction; for example, print aware-
 ness, letter naming and writing, decoding, sight word
 learning, spelling, vocabulary, and comprehension of text
 by listening as well as reading (Snow et al., 1998).

 Effect sizes produced by PA instruction were espe-
 cially large at the preschool level. This suggests the bene-
 fit of incorporating age-appropriate activities to teach PA
 into the preschool curriculum. However, results do not
 indicate that only PA should be taught. Other emergent
 literacy activities such as storybook listening have been
 found to make an important contribution as well (Bus,
 van IJzendoorn, & Pellegrini, 1995; Scarborough &
 Dobrich, 1994).

 Directions forfuture research. Many experiments
 have been conducted showing that phonemic awareness
 instruction helps various types of children learn to read
 across a variety of conditions. However, there are still
 some questions needing further attention from researchers.

 Studies by Moats (1994) and Scarborough, Ehri,
 Olson, and Fowler (1998) question whether teachers pos-
 sess sufficient phonemic awareness themselves to teach
 this skill adequately on their own. However, findings of
 our analysis indicate that when teachers are given instruc-
 tion, they can learn to teach PA adequately. Further re-
 search is needed to clarify what sort of knowledge and
 instruction maximizes teachers' effectiveness in teaching
 PA and in integrating this with beginning reading instruc-
 tion. Very likely teachers need to be taught about
 phonemes, graphemes, and the alphabetic system, and
 about literacy learning processes and their course of de-
 velopment in beginning readers and in older disabled
 readers. Also they need to know about phonemic aware-
 ness, how it develops in children, which tasks are easier
 and harder, what techniques help children focus on
 phoneme-size units in words, what kinds of mistakes
 children commonly make, how they should be corrected,
 and so forth. Teaching children to invent spellings of
 words is one way to teach PA. Teachers may need to un-
 derstand the processes children use to invent spellings,
 how their spellings become more complete and conven-
 tional, and how to promote this growth. An experiment
 by McCutchen et al. (in press) provides evidence that it is
 possible to deepen teachers' knowledge about phonemic
 awareness and thereby to improve their ability to teach
 reading and spelling.
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 One factor not addressed in the PA studies we re-

 viewed is how motivating these programs are for students
 and also for teachers. It seems self-evident that when in-

 structional techniques are not only effective but also are
 engaging, interesting, and motivating, they serve to pro-
 mote optimal learning in children and to increase the like-
 lihood that teachers will continue to use them once they
 learn the techniques. This is an issue for future research.

 In the meta-analysis of instructional programs, the
 delivery unit was found to influence outcomes. Small-
 group instruction was associated with much larger effect
 sizes than individual or classroom instruction. However,

 findings were correlational, so inferring that small groups
 produced the greater gains is highly tentative and subject
 to alternative interpretations. What is needed are experi-
 ments that compare small groups to other delivery units.
 This would clarify whether small-group instruction is a
 better way to teach PA than individual or classroom
 instruction.

 Use of computers is fast becoming a national pas-
 time in the U.S., at home as well as at school. Younger
 children are acquiring facility with computers. Parents as
 well as teachers are in the market for effective computer
 programs to teach important skills to children. A few stud-
 ies in our database examined whether computers deliv-
 ered PA instruction effectively. Findings showed that
 effect sizes were statistically significant for teaching PA
 and its transfer to reading. However, effects were smaller
 than those produced by teachers or researchers.
 Computers were of doubtful value for promoting transfer
 to spelling, although this may apply only to older disabled
 readers. More research is needed to determine whether

 and how PA might be taught effectively using computers.
 Many parents of preschoolers are anxious to help

 their children acquire the knowledge and skills they need
 to become successful when they enter school and begin
 reading instruction. However, none of the studies we re-
 viewed used parents as instructors. Research is needed to
 address this gap in our knowledge. In addition to infor-
 mal activities that parents might use to draw preschool-
 ers' attention to sounds in words, the effectiveness of
 activities that help parents teach letters and their connec-
 tion to sounds should be studied.

 Results of our meta-analysis revealed the value of ex-
 perimental studies for providing reliable findings that can
 guide instructional practice. We examined whether well-
 designed studies yielded stronger effect sizes than weaker
 designs and found that effect sizes were largest for studies
 that were methodologically rigorous. These findings under-
 score the importance of researchers taking steps to maxi-
 mize the rigor of their designs by addressing as many
 threats to internal and external validity as is possible. Not
 only does this enhance confidence in the findings but also,

 as our meta-analysis shows, this gives researchers a better
 chance of detecting treatment effects when they exist.

 Limitations. Several limitations of our findings and
 conclusions have been noted. Conclusions that PA instruc-

 tion impacted outcomes more under some circumstances
 than under others must be regarded as tentative. These
 findings are not based on treatment-control comparisons
 within studies but are based on correlations between stud-

 ies. Strong causal inferences are precluded because a third
 factor may lie behind the scenes and explain the relation-
 ship. For example, in our analyses of the effects of PA in-
 struction on spelling, we found that the effect size was
 statistically greater for classroom teachers (d = 0.74) than
 for researchers (d = 0.51). However, when a third factor
 was considered and its effects removed, the finding
 changed. Specifically, most disabled readers were taught
 PA by researchers, not by classroom teachers. PA instruc-
 tion did not improve disabled readers' ability to spell.
 Removing them from the analysis boosted the effect size
 associated with researchers to d = 0.96 but did not alter
 the effect size for teachers, and the difference was no
 longer statistically significant. (For other examples, com-
 pare Tables 4 and 5.) Thus, findings involving moderators
 are tentative and suggestive, not conclusive.

 Another limitation of our analysis is that not all of
 our studies contributed to all of our effect sizes. This was
 because some studies did not measure the outcomes of

 interest immediately after training, which was the test
 point used to calculate moderator effect sizes. Also some
 studies failed to report moderator information needed to
 code studies. Studies and their codes are listed in the

 Appendix, so information about which studies con-
 tributed to which effect sizes is provided. Because the
 particular studies contributing effect sizes to moderators
 varied, one must be cautious in comparing the effect
 sizes of different moderators. For example, comparing ef-
 fect sizes associated with SES to any other moderator
 overlooks the fact that few RD comparisons contributed
 effect sizes to SES in contrast to other moderators.

 Limitations regarding the implications for instruction
 have been noted. Teaching PA is not the sole key to
 reading success nor does it constitute a complete begin-
 ning reading program. Many other capabilities must be
 taught as well. PA is not a skill to be taught in isolation.
 PA must be taught in conjunction with grapheme-
 phoneme knowledge and application of this knowledge
 to reading and writing. We cannot assume that teachers
 automatically know how to teach PA by virtue of being
 readers and writers themselves. Most will require instruc-
 tion in how to teach PA in order to deliver it effectively
 to students. Not all the answers have been provided by
 research on PA instruction. There are many additional
 questions and issues awaiting investigation.
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