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LSHSS
 Clinical Forum
 Auditory Processing Disorder andAuditory/Language Interventions:
 An Evidence-Based Systematic ReviewMarc E. Fey,a Gail J. Richard,b Donna Geffner,c Alan G. Kamhi,d
 Larry Medwetsky,e Diane Paul,f Deborah Ross-Swain,g
 Geraldine P. Wallach,h Tobi Frymark,f and Tracy Schoolingf
 Purpose: In this systematic review, the peer-reviewed literatureon the efficacy of interventions for school-age children withauditory processing disorder (APD) is critically evaluated.Method: Searches of 28 electronic databases yielded 25 studiesfor analysis. These studies were categorized by research phase(e.g., exploratory, efficacy) and ranked on a standard set ofquality features related to methodology and reporting.Results: Some support exists for the claim that auditory andlanguage interventions can improve auditory functioning inchildren with APD and those with primary spoken languagedisorder. There is little indication, however, that observedimprovements are due to the auditory features of these pro-grams. Similarly, evidence supporting the effects of these
 programs on spoken and written language functioning islimited.Conclusion: The evidence base is too small and weak to pro-vide clear guidance to speech-language pathologists facedwith treating children with diagnosed APD, but some cautiousskepticism is warranted until the record of evidence is morecomplete. Clinicians who decide to use auditory interventionsshould be aware of the limitations in the evidence and takespecial care to monitor the spoken and written language statusof their young clients.
 Key Words: auditory processing disorder, auditory intervention,spoken language disorder, primary language disorder
 As Richard (2011) indicated in her prologue to thisclinical forum, there is a long, contentious historyinvolving both the identification and treatment of
 children with auditory processing disorder (APD) by pro-fessionals in communication sciences and disorders. De-spite this history of debate and disagreement, children with
 APD are regularly identified and treated by audiologists andspeech-language pathologists (SLPs), and claims of successfor treatments of many types abound. However, no sys-tematic reviews of the treatment literature in this area havebeen published to date. The purpose of this systematic reviewis to examine and critically evaluate the literature on inter-ventions that target the spoken and written language problems,as well as the possibly even more basic auditory processingproblems, of children and youths with diagnosed APD.
 Because of the disagreement that exists concerning thediagnosis of APD, we cast a broad net for our review byconsidering all treatment studies involving school-age chil-dren with diagnosed APD, regardless of the criteria usedto make the diagnosis. Auditory interventions are often usedto treat children with spoken language disorder who havenot been diagnosed with APD. Therefore, we also includedstudies in which auditory interventions were used to addressthe spoken and written language abilities of children withprimary language disorders.
 There is no consensus in the field of speech-languagepathology regarding criteria for distinguishing auditory inter-ventions from language interventions, and many available
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tools have features of both types of treatments. For our re-view, auditory treatments were identified by their principledand progressive manipulation of the auditory componentsof speech and nonspeech stimuli, such as rate, interstimulusinterval, frequency, intensity, and presence of backgroundnoise. This contrasted with programs judged to be spokenlanguage interventions, which manipulate language form,content, and use rather than acoustic features of speechand nonspeech stimuli. Using this basic distinction, FastForWord (Scientific Learning Corporation, 1998), a popu-lar computer-based intervention, was considered to be anauditory intervention because it manipulates the rate andintensity of various speech components of a circumscribedset of frequently repeated linguistic and nonlinguistic stimuli.On the other hand, even though two of its computer-basedgames increase complexity primarily by manipulating back-ground noise and the duration and intensity of formanttransitions, Earobics (Cognitive Concepts, 1997), anotherpopular computer-based intervention, was considered to be alanguage rather than an auditory intervention. This is becauseits other four games predominantly manipulate languagecomponents such as consonants, vowels, syllables, and theirwritten analogues as parts of words rather than the acousticfeatures of the stimuli (Diehl, 1999).
 To conduct the systematic review, five clinical questionswere developed using the PICO (patient, intervention, com-parison, outcome) format that is commonly used in evidence-based searches (Dollaghan, 2007; Sackett, Straus, Richardson,Rosenberg, & Haynes, 2000). All questions deal with theeffects of auditory or language interventions on auditory,language, and academic outcomes for school-age children.
 1. What are the effects of auditory interventions onchildren with a diagnosis of APD?
 2. What are the effects of auditory interventions onchildren with diagnoses of both APD and spokenlanguage disorder?
 3. What are the effects of language interventions onchildren with a diagnosis of APD?
 4. What are the effects of language interventions onchildren with diagnoses of both APD and spokenlanguage disorder?
 5. What are the effects of auditory interventions onchildren with a diagnosis of spoken languagedisorder?
 METHOD
 A systematic search of 28 electronic databases was con-ducted by the American Speech-Language-Hearing Asso-ciation’s (ASHA’s) National Center for Evidence-BasedPractice in Communication Disorders (N-CEP) from March2008 to June 2008 using key words related to central
 auditory processing or auditory processing interventions (seeAppendix A). Studies were considered for review if theywere published in a peer-reviewed journal from 1978 to2008, were written in English, and contained original datapertaining to one or more of the five clinical questions. Weincluded studies of school-age children, 6 to 12 years old,with the diagnosis of APD and/or primary spoken languagedisorder. We excluded studies of auditory interventionswith participants described simply as having reading orlearning disabilities (i.e., without APD or spoken languagedisorder) or if the participants had autism or autism spec-trum disorder, hearing loss, or cognitive disability as definedby an IQ < 70. Only studies of active, direct treatment ap-proaches designed to influence children’s ability to processspeech and language were considered; passive methodsthat compensate for children’s auditory processing problems,such as preferential seating and the use of frequency modu-lated (FM) systems, were excluded from the search. Wealso excluded studies of mixed treatment regimes, vestibularinterventions, and pharmacological interventions.
 Accepted studies were categorized into one of four stagesof clinical research—exploratory, efficacy, effectiveness,or cost-benefit research/public policy—using the decisiontree depicted in Figure 1. Exploratory studies generally in-volve relatively few participants and have purposes suchas assessing the feasibility of a treatment or evaluating thesensitivity of measurement instruments. They contain fewor no controls to infer a relationship (or nonrelationship)between the treatment and outcomes. This contrasts withefficacy studies, which are controlled, quasi-experimental orexperimental attempts to determine whether the treatmentcauses an outcome. They are generally carried out underconditions unlike those of most clinical contexts, so theinvestigators can keep a watchful eye on controlled pa-rameters of the study. Effectiveness studies may containpre–post or between-group designs, but they usually takeplace after efficacy studies have already determined thatthe tested intervention is efficacious, and they are expresslydesigned to assess the effects and/or efficacy of the ap-proach under more typical clinical conditions. Cost-benefitresearch/public policy studies also typically occur follow-ing efficacy studies. They are designed to calculate thecosts of the target intervention, often in comparison with thecosts of standard care.
 Each eligible study was evaluated for methodologicalquality and was classified by stage of research using ASHA’slevels-of-evidence scheme (Mullen, 2007). The initial re-view was conducted by two N-CEP reviewers (TF and TS),blinded from one another’s results, who appraised each studyindependently. Another author was then assigned to reviewthe initial N-CEP evaluation. Any discrepancies betweenthe N-CEP reviews and the other author’s evaluations werediscussed and resolved by consensus. The studies acceptedwere evaluated by the entire group of authors on seven
 Fey et al.: APD and Auditory Interventions 247
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quality indicators: study protocol, blinding, sampling/allocation,treatment fidelity, statistical significance, precision, and in-tention to treat. A point was awarded for the specific qualityindicator if it met the following criteria:
 & Study protocol—The design of the study was describedin sufficient detail that it could be replicated.
 & Blinding—Testers and/or test scorers–coders weremasked with respect to the child’s experimentalgroup assignment.
 & Sampling/allocation—Participants were selected atrandom or were assigned randomly to groups, witha clear description of the blinding procedures.
 & Treatment fidelity—The manner for determining thatthe described intervention was actually implementedthroughout the study was clearly described.
 & Statistical significance—A statistical test of eitherpre–post or between-group gains following treatmentwas reported, or data that allowed statistical tests to beperformed were provided.
 & Precision—An effect size, such as d, was reportedalong with confidence limits surrounding d or datasufficient to calculate d and confidence limits aroundit (e.g., a t or F statistic).
 & Intention to treat—There were no dropouts from theoriginal group assignments, or it was clear that all analyseswere performed using data with the participants in theiroriginally assigned groups.
 Efficacy studies could obtain a maximum quality scoreof seven. However, exploratory studies, which have designsin which intention-to-treat analysis is not relevant, couldreceive a maximum quality score of six.
 The presence and direction of statistical effects are reportedin the appendices. Studies that included at least one statis-tically significant outcome (a = .05) favoring the experi-mental treatment condition were awarded a plus sign (+).Studies reporting one or more nonsignificant statistical tests,indicating no treatment comparison effects, were awardeda zero (0). Finally, studies that observed one or more nega-tive outcomes, indicating significantly weaker posttreatmentperformance relative to controls, were awarded a minussign (–). Studies in which the experimental hypotheses weretested using more than one dependent variable were eligiblefor all three signs.
 Treatment effects are reported in the appendices in theform of d and confidence limits surrounding d when theywere either presented in the report or calculable. When notreported by the investigators, effect sizes were calculatedeither from group means and standard deviations or fromthe report of a statistical test of the contrast at issue (e.g., t)using D-Stat (Johnson, 1997). Confidence limits surroundingd also were calculated, where possible, to illustrate the pre-cision of the estimate of effect size. The lower boundary ofthis confidence interval is its most important feature. If thisboundary is above zero, the investigator can conclude withconfidence that the true treatment effect is indeed positive.Studies reporting one or more such effects received a plussign in the appendix. If the lower boundary of the confidenceinterval was below zero for one ormore tests, a treatment non-effect could not be reliably ruled out. In these cases, a zerowas entered in the table. Finally, it is possible for the entireconfidence interval to fall below zero, indicating that the truetreatment effect is highly likely to be negative, giving theadvantage to the control group. One or more such findingsresulted in the entry of a minus sign in the table.
 Figure 1. The decision tree for determining the study stage of research.
 248 LANGUAGE, SPEECH, AND HEARING SERVICES IN SCHOOLS • Vol. 42 • 246–264 • July 2011
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RESULTS
 The findings from the systematic search are provided inFigure 2. The two N-CEP reviewers independently evaluateda total of 192 citations based on their titles and abstracts.Of those, 32 were preliminarily accepted based on the in-clusion criteria. Upon review of the full text of these articles,nine articles were rejected principally for three reasons:Six studies did not target the population or intervention un-der review, two did not provide sufficient or original datafor analysis, and one was not published in a peer-reviewedjournal. This left a total of 23 articles that referenced 25 stud-ies included in the final analysis.
 Outcomes of Interventions forChildren With APD
 The literature search yielded only six studies that reportedthe outcomes of auditory or language interventions for chil-dren who had been diagnosed as having APD, with orwithout comorbid spoken language disorder (clinical ques-tions 1–4). Therefore, these studies are considered togetheras a group.
 Appendix B provides a summary of the type of treatmentevaluated along with the type of outcome measured (i.e.,auditory, written language and achievement, spoken lan-guage), research phase represented by the study, numbersand ages of participants (including experimental and controlgroups), details of intervention intensity, and study outcomes.The bases for diagnosis of APD in these studies generallywas teacher concern for listening and related academicabilities or low overall performance on one or a batteryof tests, usually including the Staggered Spondaic WordTest (SSW; Katz, Basil, & Smith, 1963), the SCAN-C Testfor Auditory Processing Disorders in Children—Revised
 (Keith, 1999), and tests of speech in noise. The six studiesincluded 121 children, with the largest share participatingin Jirsa’s (1992) efficacy trial of a traditional auditory inter-vention (N = 40) and Yencer’s (1998) trial of auditoryintegration training (AIT; N = 36).
 The interventions, in the order of their presentation inAppendix B, included “traditional listening” treatments,AIT, Fast ForWord, and Earobics. Detailed descriptions ofthese approaches are beyond the scope of this review. Briefly,traditional listening treatments include speech-in-noisetraining, auditory recognition, and auditory discriminationto improve comprehension. AIT uses filtered music to stim-ulate the auditory system to enhance listening skills. FastForWord is a set of computer-delivered games that useacoustically modified stimuli to improve spoken languageprocessing. Earobics is a set of computer-delivered gamesthat are designed to improve children’s listening, memory,and phonological awareness skills.
 Traditional listening treatments. Four articles presentedstudies that evaluated the effects of traditional listeninginterventions on children identified as having APD. Eacharticle reported auditory outcomes, such as those measuredby the SSW and SCAN-C, or auditory neurophysiologicalresponses, like the P300. Three articles—English, Martonik,and Moir (2003), Putter-Katz et al. (2002), and Miller et al.(2005)—were exploratory studies that did not contain con-trol groups or other features to enable clear inferences oftreatment efficacy. All three of these research articles hadpositive auditory outcomes. Only one efficacy study (Jirsa,1992) evaluated the effects of a traditional auditory train-ing approach on the participants’ behavioral and auditoryelectrophysiological responses. Outcomes were positive forP300 amplitudes and latencies and on several behavioralmeasures, but this study received a quality score of only2 points, rendering claims of efficacy tentative. The onlyassessments of treatment gains on written language or
 Figure 2. Identification of articles included in the evidence-based systematic review.
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achievement scores were reported in the Miller et al. seriesof case studies. Participant 3 made no gains in these areas,but Participant 6 exhibited significant improvements inspelling.
 AIT. A single study, the efficacy trial reported in Yencer(1998), evaluated the effects of AIT on school-age chil-dren with APD. Statistical tests involving 26 dependentbehavioral and physiological variables yielded no differ-ences to distinguish the experimental group from the controlsfollowing the intervention. It should be pointed out thatthe AIT method provided in the Yencer study differed fromthe AIT method proposed by Berard (1982), and the par-ticipants’ APD were relatively mild. For this group ofchildren with APD, the study indicated that the AIT ap-proach did not yield significant improvement of auditoryfunction.
 Fast ForWord. Only two articles (Deppeler, Taranto,& Bench, 2004; Miller et al., 2005), both of which wereexploratory by design, reported studies of Fast ForWordfor children with APD with or without spoken languagedisorder. Six of the eight children studied by Deppeler et al.(2004; age 6–9 years) showed significant improvement onat least one of the auditory measures (SSW or AB wordsin noise [Boothroyd, 1968]), but only one child maintainedthe improvement after 1 year. Two children exhibitedreliable positive gains on spoken language measures, butthree children showed significant negative changes. Thesignificant auditory gains in the absence of improvementin language and academic performance were consistentwith the findings for Participants 1, 4, and 8 in Miller et al.(2005).
 Earobics. The only article to report on the outcomesof a language intervention on school-age children with iden-tified APD is that of Miller et al. (2005; Participants 5and 9). For Participant 5, no significant improvement wasobserved on either reading or spelling, both of which wereareas of pretreatment weakness, or on a nonword repetitiontask, which was within the typical range before the inter-vention. Participant 9 showed significant improvement onspelling and nonword repetition tests, both of which wereareas of pretreatment weakness. No improvement was ob-served on the reading tests, although performance was withinnormal limits on these tests before intervention.
 Appendix C provides details of the methodological qual-ity and stage of research of the six studies addressing the firstfour questions, none of which earned more than 4 qualitypoints. The most common quality issues were failure to keeptesters and coders blind to the children’s treatment condi-tion; failure to assign participants randomly to treatmentcondition; and failure to report on the methodological strat-egies for monitoring and improving the reliability andvalidity interventions, referred to as treatment fidelity. Ex-ploratory studies that used predetermined statistical criteriafor identifying reliable outcomes were assigned a point forstatistical significance. For example, Miller et al. (2005)
 calculated 90% confidence intervals based on available psy-chometric information for each standardized test they used.Changes that exceeded the 90% limits were consideredstatistically reliable. Thus, studies reported in this articlewere assigned a point for reporting on the statistical sig-nificance of their outcomes.
 Outcomes of Auditory Interventions forChildren With Spoken Language Disorder
 The most productive searches for this systematic reviewconcerned the effects of auditory interventions on childrenwho had been identified with spoken language disorder butno identified auditory disorders (i.e., Group 5 questions).Seventeen of the 23 total articles included in the reviewaddressed these questions. Note that the Merzenich et al.(1996) and Tallal et al. (1996) articles each included twostudies. Of the 17 articles, one was a single case study ex-ploring the outcomes from a traditional listening program.The vast majority of articles in this area examined the effectsof Fast ForWord or early Fast ForWord prototypes. Sixarticles, involving 266 different children, examined the au-ditory outcomes of Fast ForWord. Ten articles, includinga total of 443 children, evaluated the effects of Fast ForWordon children’s spoken language. Two more articles, includ-ing an additional 82 children, reported studies of interven-tions that were inspired by Fast ForWord and included FastForWord-like acoustic modifications. This breakdown byintervention type and study methodology is represented inthe summary of articles found in Appendices D and E.
 Participants with spoken language disorder in thesestudies were identified using a broad range of tests, butchildren generally met predetermined criteria for languageimpairment, such as ≥ 1 SDs below the mean on at leastone subtest of a standardized language test. Two studiesrequired the participants to have significant deficits in lan-guage comprehension (Bishop, Adams, & Rosen, 2006;Cohen et al., 2005). Most participating children had alreadybeen diagnosed as having language impairments and werereceiving services from an SLP and/or a reading specialist.Children did not have general cognitive impairments, butsome studies included children with nonverbal IQ scoresbetween 70 and 85, qualifying them as having “nonspecific”language impairments rather than specific language im-pairment (Weismer et al., 2000). Most studies involvedEnglish-speaking American children; however, Bishop et al.(2006), Cohen et al. (2005), and Crosbie and Dodd (2001)included English-speaking children from England, Scotland,and Australia, respectively, and Segers and Verhoeven’s(2004) participants spoke Dutch.
 Traditional auditory discrimination training. Onlyone study, the case report of Crosbie and Dodd (2001),reported on the results of a traditional auditory discriminationapproach with a school-age child with language disorderwithout a diagnosis of APD. This child made significant
 250 LANGUAGE, SPEECH, AND HEARING SERVICES IN SCHOOLS • Vol. 42 • 246–264 • July 2011
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improvements on sound discrimination tasks but exhibitedno noteworthy gains on measures of language. This was anexploratory case study that provided only preliminary infor-mation on treatment efficacy.
 Fast ForWord: Auditory effects.As shown inAppendixD,there were five exploratory studies that evaluated the auditoryoutcomes of Fast ForWord and its early prototypes. Thesestudies ranged in quality from 1 to 5. In addition, two effi-cacy articles met the criteria for Question 5. One of these,Alexander and Frost (1982), was an auditory interventionthat involved acoustic modifications of syllable stimuli ina discrimination training task. It was included as a FastForWord study because it clearly was inspired by the exper-imental work and theory that underlies Fast ForWord (e.g.,Tallal & Piercy, 1973a, 1973b, 1974), and because it used theTallal Repetition Test (Tallal & Piercy, 1973b) as its outcomemeasure of temporal processing. The second efficacy articlereporting on the effects of Fast ForWord on auditory abilities,Gillam et al. (2008), was one of only two articles evaluated thatreceived 7 of 7 quality points. It was a direct comparison ofFast ForWord to another computer-based intervention, a tradi-tional language intervention, and an attention control group.
 All but one of the five exploratory studies observed somepositive auditory outcomes from Fast ForWord. The earlystudies of Merzenich et al. (1996) reported dramatic gainsin the processing of rapidly presented auditory stimuli. Theone study that did not find a positive outcome, Thibodeau,Friel-Patti, and Britt (2001), had the highest quality ratingof the six exploratory studies (5 out of 6 available points).The two participants with the lowest scores in language andthe poorest results on the frequency sweep detection andbackward masking tasks exhibited the smallest gains onthese measures following the intervention.
 In the efficacy study of Alexander and Frost (1982),the authors reported a significant improvement in syllablesequencing at two testing points. However, in both cases,one-tailed tests revealed outcomes only at the .15 level. Inaddition, the similarity of stimuli used in the training andthe outcome measure cast further doubt on the authors’interpretation of the results.
 In a more recent, high-quality study of Fast ForWord,Gillam et al. (2008) reported statistically reliable pre–postgains on a backward masking task that requires temporalprocessing of the sort targeted by Fast ForWord. Yet thegains in backward masking were no greater for Fast ForWordthan for two other language interventions or an attentioncontrol condition containing no special auditory or languagemanipulations. Furthermore, there were no interactionsinvolving backward masking threshold and treatment, indi-cating that the children with lower backward masking scoresdid not exhibit greater improvement in backward maskingif they received Fast ForWord rather than one of the othertreatments.
 Fast ForWord: Spoken language and phonologyeffects. Eleven studies examined the language outcomes
 associated with Fast ForWord. The Fast ForWord imple-mentations of Loeb, Stoke, and Fey (2001) and Cohen et al.(2005) differed in a key way from typical administrations.Both of these interventions were implemented in the chil-dren’s homes with their parents as monitors and assistants,rather than at school or in the laboratory.
 Six of the 11 studies were classified as exploratory. TheStevens, Fanning, Coch, Sanders, and Neville (2008) study,although designed as a quasi-experimental efficacy trial,was rated as an exploratory study because the comparisongroup included only typically developing children. These sixstudies had quality scores of 3 or 4 (see Appendices D andE). Most of these studies reported one or more positiveoutcomes from the Fast ForWord intervention. Two pre–post group studies (Stevens et al., 2008; Tallal et al., 1996,Study 1) reported large gains on standardized measures ofreceptive language. Other studies found limited or no sig-nificant gains on receptive and expressive measures for somechildren (e.g., Agnew, Dorn, & Eden, 2004; Loeb et al.,2001), and some studies observed significant decrements inperformance on one or more standardized measures for somechildren (e.g., Friel-Patti, DesBarres, & Thibodeau, 2001;Loeb et al., 2001).
 The five efficacy studies, with quality scores from 3 to 7,exhibited sharp contrasts in their outcomes (see Appendices Dand E). Tallal et al. (1996, Study 2) showed the most posi-tive outcome but had a quality score of only 3 out of 7. Thestudy by Pokorni, Worthington, and Jamison (2004) wasslightly higher in quality due to its blinding of testers from thechildren’s experimental condition assignments. After partic-ipating in a summer program of either Fast ForWord, theLindamood Phoneme Sequencing program (LiPS; Lindamood-Bell Learning Center, 1999) or Earobics, children in theLiPS group had higher scores on the Blending Phonemessubtest of the Phonological Awareness Test (Robertson &Salter, 1997) than children in the other two groups. Noacross-group differences were found on any of the re-maining four phonological awareness and language tests.Furthermore, the Fast ForWord group exhibited no statis-tically reliable gains over time on any of the five languagemeasures.
 The two most rigorous studies included in this review,Cohen et al. (2005) and Gillam et al. (2008), reported largegains on standardized measures of phonological awarenessand language following the treatment period. The gainsmade by the Fast ForWord groups were no different, how-ever, from the gains made by groups receiving equally inten-sive language interventions or groups who did not receivelanguage intervention. Of nine secondary measures assessedby Cohen et al., the Fast ForWord group outperformed con-trols (who received no experimental language interven-tion) on only one measure (rhyming) at the 6-month posttest.Similarly, the Fast ForWord group studied by Gillam et al.outperformed the academic enrichment control group ononly one measure, the Blending Phonemes subtest from the
 Fey et al.: APD and Auditory Interventions 251
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Comprehensive Test of Phonological Processing (CTOPP;Wagner, Torgesen, & Rashotte, 1999) immediately afterthe test and again 6 months later, at which time they alsosignificantly outperformed the traditional language inter-vention group.
 Fast ForWord: Written language effects. Three studiesof Fast ForWord, Loeb et al. (2001), Agnew et al. (2004),and Pokorni et al. (2004), examined written language out-comes associated with the intervention. In the exploratorystudy of Loeb et al., three of the four children completed FastForWord and received pre- and postassessments of readingskill using the Woodcock Reading Mastery Tests—Revised(Woodcock, 1987). Looking at data across subjects, therewas no consistent pattern of change and little evidence tosuggest any significant effect on prereading and reading skills.Similarly, Agnew et al. observed no gains in nonword read-ing despite having found evidence for a positive auditorytreatment effect.
 The results of the efficacy study of Pokorni et al. (2004)were consistent with the lack of effects reported by Loebet al. (2001) and Agnew et al. (2004). None of the threeinterventions tested—Fast ForWord, Earobics, and LiPS—yielded any significant group changes in the children’spassage comprehension, word attack, or spelling, as eval-uated by the Woodcock Language Proficiency Battery—Revised (Woodcock, 1991).
 Language-oriented interventions with acoustic modifi-cations. Two interventions studied by Bishop et al. (2006)and Segers and Verhoeven (2004) were designed to directlyinfluence children’s performance in grammatical compre-hension and phonological awareness, respectively. In thisrespect, they could be considered language interventions.They are included in this section of this review as auditoryinterventions because for each intervention, speech stimuliwere presented with graded, experimenter-manipulatedacoustic modifications, using algorithms similar to that ofFast ForWord. Each study was designed to evaluate theimpact of the graded acoustic manipulations of the speechsignal on the children’s auditory processing and languageperformance. The treatment regimens were also much lessintensive than Fast ForWord.
 The intervention of Bishop et al. (2006) was designedto facilitate children’s rapid responses to increasingly moregrammatically complex sentences. In the acoustic modifi-cation condition, the stimuli were presented with increas-ingly less acoustic modification. Therefore, Bishop et al.anticipated possible effects on two auditory processing andfive language tests. They found no significant treatment-related group differences on either a measure of speechdiscrimination or nonspeech frequency sweep discrimina-tion or on any of the measures of grammatical and narra-tive production /comprehension. Similarly, Segers andVerhoeven (2004) reported no posttreatment differencesbetween treatment (acoustic modification) and control groups(no acoustic modification) on their five phonological
 awareness tasks. In fact, when the scores for all five phono-logical awareness tasks were combined into a single outcomevariable at the end of the treatment period, it was the groupwho received training with natural speech rather than thegroup with the acoustic modifications that statistically sig-nificantly outperformed the no-treatment control group.
 DISCUSSION
 We initiated this systematic review by seeking all pub-lished, peer-reviewed articles that reported on evaluationsof defined auditory or language interventions from any phaseof investigation (i.e., exploratory, efficacy, or effectiveness)for school-age children who had been diagnosed withAPD, using a broad, inclusive definition of APD. Becauseauditory interventions often are recommended for childrenwith spoken language disorder, we also included investi-gations of the effects of auditory interventions with thispopulation. This section summarizes our efforts to address aset of four clinical questions targeting auditory and languageinterventions for children with APD and a fifth questionpertaining to auditory interventions for children with spokenlanguage disorder. Additionally, future research and clinicaldirections are recommended.
 Interventions for Children With APD
 The search to address the four questions about interven-tion for school-age children with APD yielded only sixstudies. Four of these studies were exploratory, and two fo-cused on treatment efficacy. None of the six studies receivedmore than 4 points in the 6- or 7-point quality appraisalsystem. All six studies reported outcomes for auditory mea-sures, but only two reported on spoken or written languageoutcomes.
 From this small set of studies, there is weak evidenceto suggest that intensive, short-term interventions (i.e., tra-ditional auditory interventions, Fast ForWord, and Earobics)may be associated with improved auditory functioningamong school-age children who meet broad criteria for APD,with or without accompanying spoken language disorder.There is less evidence that these same interventions affect thespoken and written language performance of children withAPD. In fact, the only two articles that reported languageoutcomes of intervention with this group of children bothpresented sets of case studies and observed a mixture ofsignificant positive and negative results across case studyparticipants.
 Although only a single qualifying efficacy study on AITwas identified, the results of that study indicate that AITis not efficacious for school-age childrenwith APD. In a recentsystematic review of AIT studies, Sinha, Silove, Wheeler,and Williams (2006) came to a similarly negative conclusion
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regarding the use of this treatment for children with autism.This evaluation is consistent with ASHA’s position state-ment on AIT, which states that “AIT has not met scientificstandards for efficacy that would justify its practice byaudiologists and speech-language pathologists” (ASHA,2004, p.1).
 Auditory Interventions for ChildrenWith Spoken Language Disorder
 The search for studies of auditory interventions forschool-age children with spoken language disorder(Question 5) yielded 17 articles. These articles included19 studies that examined the outcomes of a listening/auditory discrimination program (1 study), Fast ForWord(16 studies), and language-based interventions that usedFast ForWord-like acoustic modifications of all languagestimuli (2 studies). No firm conclusions can be made con-cerning the listening/auditory discrimination program (Crosbie& Dodd, 2001), although findings of positive auditory out-comes and limited language outcomes are compatible withthe results of the previously described studies evaluatingoutcomes of traditional auditory interventions for childrenwith APD.
 The results of seven exploratory and efficacy studies onthe auditory effects of Fast ForWord led to the conclusionthat children with spoken language disorder who receiveFast ForWord may generally be expected to improve theirperformance on various auditory processing tasks; however,the relationship of these gains to the auditory interventionis not clear (see Gillam, Crofford, Gale, & Hoffman, 2001;Gillam et al., 2008; Marler, Champlin, & Gillam, 2001;Thibodeau et al., 2001). The Gillam et al. (2008) study, inparticular, provides high-quality evidence that the positiveauditory outcomes associated with Fast ForWord can beachieved with interventions that do not specifically targetauditory abilities. In addition, children with deficits in tem-poral processing, as measured by backward masking thresh-olds, did not profit more from Fast ForWord than fromany other intervention. These studies provide little evidencethat Fast ForWord’s acoustic modifications of speech andnonspeech stimuli are responsible for improvements inchildren’s auditory function.
 Similarly, there is little support for the effects of FastForWord’s acoustic modifications when the goal is to fa-cilitate language learning among children with languagedisorders who have not been identified as having APD. Thelargest and most rigorous efficacy studies of Fast ForWordhave found either no improvements on language measures(Pokorni et al., 2004) or gains similar to other, equally in-tensive language interventions and control conditions withno auditory or language manipulations (Cohen et al., 2005;Gillam et al., 2008). The evidence suggests that the acous-tic modifications found in Fast ForWord and similar speechmodification interventions generally are not responsible for
 improved spoken language performance for children withlanguage disorders.
 Similar outcomes were obtained for two interventionsthat presented language stimuli with Fast ForWord-likegraded acoustic modifications (Bishop et al., 2006; Segers &Verhoeven, 2004). Neither of these studies observed gainsassociated with the treatment that exceeded improvementsof participants serving in the no-treatment control condition.
 The effects of Fast ForWord on the academic outcomesof children with spoken language disorder had not beenexamined adequately at the time this review was performed.The three existing studies that were included, however,showed that Fast ForWord did not consistently yield signif-icant changes in the reading profiles of children with spokenlanguage disorder.
 Future Research and Clinical Directions
 To fill the precipitous gaps in understanding APD andits treatment, programs of thematically coherent researchare needed. These programs should begin with small-scalebut rigorous studies within which participants are carefullyevaluated using a comprehensive battery of conventionaltests of APD as well as more sophisticated neurophysio-logical indices, including Bio-Mark (see Cunningham, Nicol,Zecker, Bradlow, & Kraus, 2001; Russo, Nicol, Zecker,Hayes, & Kraus, 2005; Warrier, Johnson, Hayes, Nicol, &Kraus, 2004), and psychoacoustic measures, such as thebackward masking and frequency discrimination thresholdtests used by Bishop et al. (2006), Thibodeau et al. (2001),and others.
 It is well known that children who have been diagnosedwith APD frequently have spoken and written languagedisorders (Sharma, Purdy, & Kelly, 2009) that may or maynot be causally associated with the APD. When the languagecharacteristics of children in APD study samples are un-known, as was the case in four of the six studies of chil-dren with APD examined in this review, study results areconfounded and difficult to interpret. Therefore, it is criticalthat the language skills of children are carefully and com-prehensively evaluated before and after intervention is pro-vided in APD treatment studies. This will make it possibleto examine treatment-related gains in language ability andevaluate the moderating and mediating influences that lan-guage disorder could have on various types of auditorytreatment outcomes.
 With detailed information from high-quality exploratorystudies of well-described samples, researchers can develophypotheses about which auditory training approaches aremost appropriate for children who are exhibiting specificauditory, spoken and written language, and learning profiles.Ultimately, interventions that appear to be efficacious insmaller studies must be tested in larger, well-controlledand hypothesis-driven experimental trials that compare theirefficacy with that of other auditory and language interventions
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(Robey, 2004). Ideally, these studies would include relativelyhomogeneous samples of school-age children with APD. Amore realistic alternative may be to allow language and au-ditory characteristics to vary at baseline and to account forthese differences using statistical techniques such as multipleregression and analysis of covariance.
 Currently available evidence on the efficacy of inter-ventions for school-age children with APD provides littledirection for clinicians who are working with childrenwith identified APD. However, in light of the demand foraddressing this population, a few recommendations seemwarranted at this time. Because language disorders are socommon among children with APD (Sharma et al., 2009),it is critical that clinicians administer comprehensive lan-guage evaluations to children with APD to rule out oridentify specific aspects of language disorders. When lan-guage problems exist, intervention targeting the deficitsshould be implemented, with an awareness of how languagedeficits change over time. Research on such treatments forschool-age children with language disorders is also limited,although the available evidence is generally encouraging(Cirrin & Gillam, 2008).
 In conclusion, in this systematic review, we found nocompelling evidence that existing auditory interventionsmake any significant contributions to auditory, language,or academic outcomes of school-age children who have beendiagnosed with APD or language disorder. We were in unan-imous agreement, however, that this finding should not betaken as the final word about the effectiveness of auditoryinterventions. Future studies will hopefully fill the gaps inthe literature and provide more definitive conclusions andrecommendations. In the meantime, clinicians who chooseto continue using auditory interventions should do so in con-junction with interventions that target specific language,communication, and academic goals. Ideally, clinicians andresearchers should work together, sharing ideas and experi-ences, to develop and evaluate the efficacy of interventions thatmake real differences in the lives of children with APD andtheir families.
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APPENDIX A. KEY WORDS AND DATABASES USED IN THE SEARCH
 Key Wordsauditory processing disordercentral auditory processing disorderauditory perceptioncentral deafnessauditory perceptual disorderacoustic perceptual disorderauditory comprehension disorderpsychoacoustic disordersauditory inattention
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APPENDIX B. INTERVENTION DESCRIPTIONS AND OUTCOME SUMMARIES FOR STUDIESEXAMINING AUDITORYAND LANGUAGE TREATMENTS FOR CHILDREN WITH AUDITORYPROCESSING DISORDER (APD), WITH ORWITHOUT LANGUAGE DISORDER (CLINICALQUESTIONS 1–4)
 Intervention type
 Outcome typeresearchphase Citation N
 Age(years;months)
 Interventionsession length/
 frequency/duration Outcome summary
 Dichotic listening AExploratory
 English et al. (2003) 10 5;0–10;9 1 hr1× per week10–13 weeks
 All participants’ left ear scores onthe dichotic test improved at least1.5 SDs; 9 participants improvedtheir left ear scores to be withinage norms.
 Comprehensionin noise anddichotic listening
 AExploratory
 Putter-Katz et al.(2002)
 20 7;11–14;4 45 min1× per week4 months
 13–15 sessions
 Significant increase in speechrecognition in degraded and dichoticlistening conditions, especially inthe more severe group.
 Informal auditorytraining
 A, WExploratory
 Miller et al. (2005)Participants 3 and 6
 2 7;0, 7;4 100 min5× per week4 weeks
 20 sessions
 Both participants improved significantlyon the SSW, but only Participant 3improved on the SCAN-C.Participant 3 showed no reading orachievement test gains. Participant 6improved in spelling.
 Intensive listeningauditory memory –competing noise
 AEfficacy
 Jirsa (1992) 40 9;5–12;5 45 min2× per week14 weeks
 Significant changes in P3 latencyand amplitude measures for thetreatment group.
 The treatment group also showedintragroup improvement on someof the other measures (e.g., 5 ofthe 7 TAPS subtests).
 Modified auditoryintegration training
 AEfficacy
 Yencer (1998) 36 Grades 1–4 30 min2× per day10 days
 No significant differences betweenexperimental and controlparticipants.
 Fast ForWord(Scientific LearningCorporation, 1998)
 A, SExploratory
 Deppeler et al.(2004)
 8 Grades 6–9 100 min5× per week4 weeks
 6 participants showed improvementon at least one of the SSW or theAB Words in Competing Noise.Only 2 participants made positivechanges in receptive or expressivelanguage; 3 made significantnegative changes.
 Fast ForWord A, WExploratory
 Miller et al. (2005)Participants 1, 4,
 and 8
 3 8;0, 8;0, 9;0 100 min5× per week4 weeks
 20 sessions
 All participants improved on theSSW and/or on the SCAN–C.No effects on tests of reading orachievement, but scores on thesetests for Participant 8 were withinnormal limits before treatment.
 Earobics (CognitiveConcepts, 1996)
 A, WExploratory
 Miller et al. (2005)Participants 5 and 9
 2 8;0, 8;1 100 min5× per week4 weeks
 20 sessions
 Both participants made significantgains on the SSW and/or theSCAN-C. Participant 5 made nogains in reading or spelling, butParticipant 9 improved in spelling.
 Note. Studies are grouped by general intervention type. A = auditory; W = written language and achievement; S = spoken language andphonological awareness; SSW = Staggered Spondaic Word Test (Katz, Basil, & Smith, 1963); SCAN–C = SCAN–C Test for AuditoryProcessing Disorders in Children—Revised (Keith, 1999); TAPS = Test of Auditory–Perceptual Skills (Gardner, 1985); AB Words inCompeting Noise (Boothroyd, 1968).
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APPENDIX C. RESEARCH STAGE AND CRITICAL APPRAISAL RATINGS FOR STUDIES REPORTING OUTCOMES OF AUDITORY ANDLANGUAGE TREATMENTS FOR CHILDREN WITH APD
 Interventiontype
 Outcometype Citation
 Researchphase/quality
 scoreStudy
 protocola Blinding?a
 Randomsampling/allocationa
 Treatmentfidelitya
 Statisticallysignificant?a,b
 Significanteffect?a,c,d
 Dichotic listening A English et al. (2003) Exploratory1/6
 Adequate No No No Not tested Not provided
 Comprehension innoise and dichoticlistening
 A Putter-Katz et al. (2002) Exploratory2/6
 Inadequate No No No Group 1: +, 0Group 2: +, 0
 Group 1:Not providedGroup 2: +, 0
 Informal auditorytraining
 A, W Miller et al. (2005)Participants 3 and 6
 Exploratory3/6
 Adequate No No No A = +, 0W = +, 0
 Not provided
 Intensive listeningauditory memory –competing noise
 A Jirsa (1992) Efficacy2/7
 Inadequate No No No +, 0 +, 0
 Modified auditoryintegrationtraining
 A Yencer (1998) Efficacy4/7
 Adequate Yes No No 0 0
 Fast ForWord A, S Deppeler et al. (2004) Exploratory3/6
 Adequate No No Yes A = +, 0S = +, 0, –
 Not provided
 Fast ForWord A, W Miller et al. (2005)Participants 1, 4, and 8
 Exploratory4/6
 Adequate No No Yes A = +, 0W = 0
 Not provided
 Earobics A, W Miller et al. (2005)Participants 5 and 9
 Exploratory3/6
 Adequate No No Yes A = +, 0W = +, 0
 Not provided
 aOne quality point was given for attaining the highest score in each category. No studies were assigned a point for performing intention-to-treat analyses. bOne point was scored ifsignificance was reported or calculable, regardless of outcome. cEffects measured for exploratory studies are pre–post, within-participant comparisons, whereas those for efficacy studiesare standardized mean differences across study groups. + indicates that one or more effects favored the treatment, 0 indicates one or more nonsignificant treatment effects, and – indicatesone or more effects favoring the pretest measurement or controls. dSignificant effects have lower confidence limits that do not cross zero.
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APPENDIX D (P. 1 OF 3). INTERVENTION DESCRIPTIONS AND OUTCOME SUMMARIES FOR STUDIES EXAMINING AUDITORYTREATMENTS FOR CHILDREN WITH SPOKEN LANGUAGE DISORDER (CLINICAL QUESTION 5)
 Intervention type
 Outcometype/research
 phase Citation N Age
 Intervention sessionlength/frequency/
 duration Outcome summary
 Monitoring skillsand auditorydiscrimination
 A, SExploratory
 Crosbie & Dodd(2001)
 1 7;0 8 sessions2× week4 weeks
 Auditory discrimination training led to lastingimprovement on auditory tasks. No improvementswere noted on tests of language.
 Fast ForWord AExploratory
 Marler et al. (2001) 7 6;10–9;3 100 min5× per week4 weeks
 2 children with language disorders received FastForWord, and 2 received a computerized languageintervention with no acoustic modification. Allchildren showed reduced signal thresholds over time.1 child with language disorder who received FastForWord improved in backward masking threshold,but so did a child who received the languagetreatment. Temporal processing improvements didnot appear to be related to Fast ForWord acousticmodifications.
 Early FastForWordgames
 AExploratory
 Merzenich et al.(1996)
 Study 1
 7 5;8–9;1 20 min5× per week4 weeks
 19–28 sessions
 Participants demonstrated improved ability tosequence stimuli of shorter durations and stimuliseparated by shorter interstimulus intervals.
 Early FastForWordgames
 AExploratory
 Merzenich et al.(1996)
 Study 2
 11 5;2–10;0 20 min5× per week4 weeks
 20 sessions
 Participants demonstrated improved ability tosequence stimuli of shorter durations and stimuliseparated by shorter interstimulus intervals.
 Fast ForWord A, S, WExploratory
 Agnew et al. (2004) 7 M = 8.07 100 min5× per week4–6 weeks
 Participations showed improved accuracy on a test ofauditory duration judgment. There were no pre–postgains in phoneme deletion or nonword reading.
 Fast ForWord AExploratory
 Thibodeau et al.(2001)
 5 5;10–9;2 100 min5 days per week
 6 weeksup to 32 sessions
 There were no group gains over time for backwardmasking threshold or for frequency sweepthreshold. 2 participants with the greatestproblems made the smallest gains.
 Syllable sequencingwith slowedCV transitions
 AEfficacy
 Alexander & Frost(1982)
 24 7;2–11;7 30 min1× per week7 weeks
 Improved speed of temporal processing of speech-likesounds, but only at the p = .15 level.
 Fast ForWord vs.computer-assistedlanguage interventionvs. literacy-basedlanguage interventionvs. attention control
 A, SEfficacy
 Gillam et al. (2008) 216 6;0–8;11 100 min3.5 hr total5× per week6 weeks
 All groups improved similarly in backward masking.There was no evidence that children who werepoor in backward masking responded best to FastForWord. All groups improved similarly in spokenlanguage, as measured by the CASL. Sound blendingscores improved more for children with computerizedlanguage treatment or Fast ForWord than for othergroups at 6-month follow-up.
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APPENDIX D (P. 2 OF 3). INTERVENTION DESCRIPTIONS AND OUTCOME SUMMARIES FOR STUDIES EXAMINING AUDITORYTREATMENTS FOR CHILDREN WITH SPOKEN LANGUAGE DISORDER (CLINICAL QUESTION 5)
 Intervention type
 Outcometype/research
 phase Citation N Age
 Intervention sessionlength/frequency/
 duration Outcome summary
 Fast ForWord SExploratory
 Friel-Patti et al. (2001) 5 5;10–9;2 100 min5× per week6 weeks
 up to 32 sessions
 3 of the 5 children made significant gains onstandardized language composites, but 2 alsoshowed significant declines on the Token Test(Tallal & Piercy, 1973b). Limited changes wereobserved on six language sample measures.
 Fast ForWord vs.computer-assistedlanguage intervention
 SExploratory
 Gillam et al. (2001) 4 6;11–7;6 100 min5× per week4 weeks
 2 children who received Fast ForWord madesignificant gains on the language test, and 1increased mean length of utterance (MLU).Both children who received language interventionmade gains on both the language test and MLU.Children with longer MLUs after treatment mademore errors.
 Fast ForWord SExploratory
 Stevens et al. (2008) 33 Language disordertreatment M = 7;2
 Typical treatmentM = 7;6
 Typical controlM = 7;7
 100 min5× per week6 weeks
 The group with language disorders, who receivedFast ForWord, made improvements in receptivebut not expressive language. They also madesignificant changes in selective attention basedon an electrophysiological measure. The typicalFast ForWord group and typical controls madeno significant language gains.
 Early Fast ForWordprototype
 SExploratory
 Tallal et al. (1996)Study 1
 7 5;8–9;1 Lab: 3 hr5× week
 Home: 1–2 hr7× per week4 weeks
 Children with Fast ForWord made dramaticimprovements on the Token Test (memoryand grammar) and the CYCLE–R (grammarcomprehension).
 Fast ForWord in thehome with parents
 S, WExploratory
 Loeb et al. (2001) 4 5;8–8;1 100 min5× per week6 weeks
 Of 595 items tested, significant positive changeoccurred on only 10%. None of the measuresof grammatical production consistently detectedimprovements related to Fast ForWord.
 Fast ForWord SExploratory
 Turner & Pearson(1999)
 Participants 1, 2, and 4
 3 6;3–12;4 100 min5× per week4–9 weeks
 All 3 children below 12 years of age madesignificant improvements on at least onecomposite language measure.
 Early Fast ForWordprototype
 SEfficacy
 Tallal et al. (1996)Study 2
 22 5;9–9;1 Lab: 3 hr5× per weekHome: 1–2 hr7× per week4 weeks
 Dramatic improvements were observed on theToken Test and the CYCLE-R.
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APPENDIX D (P. 3 OF 3). INTERVENTION DESCRIPTIONS AND OUTCOME SUMMARIES FOR STUDIES EXAMINING AUDITORYTREATMENTS FOR CHILDREN WITH SPOKEN LANGUAGE DISORDER (CLINICAL QUESTION 5)
 Intervention type
 Outcometype/research
 phase Citation N Age
 Intervention sessionlength/frequency/
 duration Outcome summary
 Fast ForWord/LiPS/Earobics
 SEfficacy
 Pokorni et al. (2004) 54 7;5–9;0 3 hr5× per week4 weeks
 Contrary to the LiPS and Earobics groups, the FastForWord group showed no evidence of significantpre–post gains in phonemic awareness. None ofthe groups improved their CELF–3 scores.
 Fast ForWord providedat home vs. computer-based languageintervention vs.no-treatment controls
 SEfficacy
 Cohen et al. (2005) 77 6–10 90 min5× per week4–6 weeks
 Significant gains by children with receptive–expressive specific language impairment whoreceived Fast ForWord were no greater thangains of other groups on the primary measures.Of 9 secondary measures, the Fast ForWordgroup had higher scores than controls on only 1,rhyming at 6-month posttest.
 Fast ForWord-likemodifications of naturalspeech in a computerizedphonemic awarenessprogram vs. a phonemicawareness programwithout modificationsvs. attention controls
 SEfficacy
 Segers & Verhoeven(2004)
 36 4;10–6;11 15 min2–3× per week
 5 weeks
 There were significant differences in phonologicalawareness over time but not as a function ofgroup participation. With phonemic awarenesstask performance combined, performance atposttreatment was better for the group withoutacoustic modifications.
 Sentence comprehensionwith Fast ForWord-likeacoustic modifications vs.speech with pauses vs.no-treatment controls
 A, SEfficacy
 Bishop et al. (2006) 33 8–13 15 min1–3× per weekM = È15 weeks
 There were no gains on either speech discriminationor nonspeech frequency sweep detection tasksfor either treatment group compared to controls.The group with Fast ForWord-like acousticmodifications never outperformed the othertreatment or control groups on any of5 language measures.
 Note. Studies are grouped by general auditory intervention type. CASL = Comprehensive Assessment of Spoken Language (Carrow-Woolfolk, 1999); CYCLE–R = Curtiss-YamadaComprehensive Language Evaluation: Revised (Curtiss &Yamada, 1988); LiPS = Lindamood Phoneme Sequencing Program (Lindamood-Bell Learning Center, 1999); CELF–3 = ClinicalEvaluation of Language Fundamentals, Third Edition (Semel, Wiig, & Secord, 1995).
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APPENDIX E (P. 1 OF 2). RESEARCH STAGE AND CRITICAL APPRAISAL RATINGS FOR STUDIES REPORTING OUTCOMES OFAUDITORYAND LANGUAGE TREATMENTS FOR CHILDREN WITH SPOKEN LANGUAGE DISORDER
 Intervention typeOutcometype Citation
 Research stage/quality score
 Studyprotocola Blindinga
 Sampling/allocationa
 Treatmentfidelitya
 Statisticallysignificant?a,b,c
 Significanteffect?a,b,c,d
 Speech discriminationtraining
 A, S Crosbie & Dodd (2001) Exploratory1/6
 Adequate No No No Not tested Not provided
 Fast ForWord A Marler et al. (2001) Exploratory Adequate No No No Not tested Not provided1/6
 Early Fast ForWord games A Merzenich et al. (1996) Exploratory Adequate No No No + +, 0Study 1 3/6
 Early Fast ForWord games A Merzenich et al. (1996) Exploratory Adequate No No No + +Study 2 3/6
 Fast ForWord A, S, W Agnew et al. (2004) Exploratory Adequate No No Yes A = + A = 04/6 S, W = 0 S, W = 0
 Fast ForWord A Thibodeau et al. (2001) Exploratory Adequate No No Yes 0 05/6
 Sentence processing withslowed CV transitions
 A Alexander & Frost (1982) Efficacy3/7
 Adequate No No No 0 Not provided
 Fast ForWord/computer-assisted languageintervention/literacy-based languageintervention/attentioncontrol
 A, S Gillam et al. (2008) Efficacy7/7
 Adequate Yes Yes Yes A = 0e
 S = +, 0A = 0e
 S = +, 0
 Fast ForWord S Friel-Patti et al. (2001) Exploratory Adequate No No Yes +, 0, – Not provided3/6
 Fast ForWord S Gillam et al. (2001) Exploratory Adequate No No Yes +, 0, – Not provided3/6
 Fast ForWord S Stevens et al. (2008) Exploratory Adequate No No Yes +, 0 Not provided3/6
 Early Fast ForWordprototype
 S Tallal et al. (1996)Study 1
 Exploratory3/6
 Adequate No No No + +
 Fast ForWord at home S, W Loeb et al. (2001) Exploratory Adequate Yes No Yes S = +, 0, – Not provided4/6 W = +, 0, –
 Fast ForWord S Turner & Pearson (1999) Exploratory Adequate No No Yes +, 0 Not providedParticipants 1, 2, and 4 4/6
 Fast ForWord S Tallal et al. (1996) Efficacy Adequate No No No + +Study 2 3/7
 Fey
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APPENDIX E (P. 2 OF 2). RESEARCH STAGE AND CRITICAL APPRAISAL RATINGS FOR STUDIES REPORTING OUTCOMES OFAUDITORYAND LANGUAGE TREATMENTS FOR CHILDREN WITH SPOKEN LANGUAGE DISORDER
 Intervention typeOutcometype Citation
 Research stage/quality score
 Studyprotocola Blindinga
 Sampling/allocationa
 Treatmentfidelitya
 Statisticallysignificant?a,b,c
 Significanteffect?a,b,c,d
 Fast ForWord vs.LiPS vs. Earobics
 S/W Pokorni et al. (2004) Efficacy4/7
 Adequate Yes No No 0 0
 Fast ForWord at homevs. computer-basedlanguage intervention
 S Cohen et al. (2005) Efficacy7/7
 Adequate Yes Yes Yes 0g 0
 Fast ForWord-likemodifications ofnatural speech ina computerizedphonological awarenessprogram vs. the samephonological awarenessprogram withoutmodification vs.attention controls
 S Segers & Verhoeven (2004) Efficacy3/7
 Adequate No No Yes 0, – Not provided
 Sentence comprehensionwith Fast ForWord-likeacoustic modificationsvs. slowed speech vs.controls
 A, S Bishop et al. (2006) Efficacy5/7
 Adequate Yes Yes No A = 0S = 0
 A = 0S = 0
 aOne quality point was given for attaining the criteria in each category. bOne point was scored if significance was reported or calculable, regardless of outcome. cEffects measuredfor exploratory studies are pre–post, within-participant comparisons, whereas those for efficacy studies are standardized mean differences across study groups. + indicates that one or moreeffects favored the treatment, 0 indicates one or more nonsignificant treatment effects, and – indicates one or more effects favoring the pretest measurement or controls. dSignificant effectshave lower confidence limits that do not cross zero. eGillam et al. (2008) found no between-group effects, but all treatment groups and the active control group made relatively largegains in backward masking. Gillam et al. interpreted this to mean that all groups made real and substantial gains in the processes underlying the backward masking task.
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