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                                          Abstract 

Minimal Contrasts and Maximal Oppositions: 

An Evidence-Based Practice Brief 

  by 

Jeffrey Neil Crockett, M.A. 

The University of Texas at Austin, 2012 

SUPERVISOR: Courtney Byrd 

 

This report presents a comprehensive review of efficacy studies for minimal contrasts 

therapy and maximal oppositions therapy. The target population was defined as children with 

phonological disorders who had no co-occurring impairments in hearing, receptive language, 

speech articulation, or oral-motor structure and function. Thirty three minimal contrasts studies 

from 1981 to 2008 and six maximal oppositions studies from 1990 to 2008 were identified. No 

studies from 2009 to 2012 were found. The majority of the studies were either Level III 

(descriptive studies, 34.2%) or Level IIb (quasi-experimental studies, 57.9%). Twenty three 

studies reported treatment duration, which ranged from six to 58 hours. Based on reports of 

treatment success and generalization to new linguistic and communicative contexts, it was found 

that minimal contrasts therapy has greater support in the literature. Additional studies using a 

uniform methodology will be needed to establish the validity of maximal oppositions therapy. 

Recommendations are made for future studies of minimal contrasts and maximal oppositions.   
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Background 

Overview of Evidence-Based Practice 

Evidence-based practice (EBP) has been defined as the careful, thoughtful use of clinical 

expertise and the best available research in selecting the most effective treatment approaches for 

individual clients (Sackett, Richardson, Rosenberg, & Haynes, 1997). Proper implementation of 

EBP also requires the consideration of clients' values and preferences (Dollaghan, 2004). The 

basic idea that treatments need empirical validation has a long history in the field of medicine 

(Dollaghan, 2004), but this tenet has only more recently been applied to the field of speech-

language pathology (Baker & McLeod, 2004).  

Evidence-based principles dictate that speech language pathologists (SLPs) should not 

give equal weight to all studies when selecting a course of treatment. Those deserving the highest 

regard are randomized control trials (RCTs) and systematic meta-analyses of RCTs. Although 

these study designs are considered the “gold standard” for informing treatment approaches, 

controversy exists regarding their applicability to the study of speech sound disorders (SSDs) 

(O’Rourke, 1998; Bernstein-Ratner, 2006). The most well-designed RCTs are predicated on the 

assumption that client populations are well-defined. However, the etiologies of SSDs are 

multifactorial (National Institute on Deafness and Other Communication Disorders [NIDCD, 

1994]). This fact is reflected in the paucity of RCTs that address the remediation of SSDs.  

To illustrate, as of 2004, no systematic meta-analyses of RCTs for phonological 

intervention had been conducted (Baker & McLeod, 2004). Despite the amount of variability in 

the SSD population, clinicians have much to gain from reviewing published treatment data, as it 

will better their understanding of what kinds of variation to expect when working with clients. 

Having informed expectations is especially important when working with children with speech 

sound disorders, given the predominant role they play in the caseloads of many clinicians.  
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In the absence of RCTs and meta-analyses of RCTs, clinicians must consider the findings 

of studies ranked lower on the evidence-based hierarchy, such as experimental trials with 

pseudorandomization and non-experimental case studies (e.g. correlational studies, case studies). 

These types of studies, as well as opinions and reports of expert committees, are what compose 

the vast majority of the literature on interventions for speech sound disorders (Baker & McLeod, 

2004).  Individual case studies lack the reliability and statistical power of RCTs, but they 

nevertheless give clinicians increased opportunities to contribute to the research base. By 

thoroughly collecting data on their clients, clinicians are better prepared to address the questions 

of whether the client is responding to the intervention, if clinically significant change is 

occurring and is a direct result of the intervention, and how long the intervention should last 

(Baker & McLeod, 2004). 

The use of EBP related to the SSD population is still in its nascency, and SLPs may be 

discouraged by the burden of balancing the review of literature with their heavy caseloads. Still, 

EBP remains crucial for several reasons. By adhering to the principles, SLPs can enhance their 

scope of knowledge by integrating their own clinical experience with data from multiple fields of 

study, such as psychology and linguistics, that are relevant to speech-language pathology (Dodd, 

2007). In addition, EBP allows for the expedited application of new research findings, and 

provides an effective means of justifying treatment for the people who have to pay for these 

therapy services. Finally, the procurement of funding for speech and language therapy requires 

that treatment approaches be supported by peer-reviewed studies (Dodd, 2007), even if they are 

not backed by the highest levels of evidence. 

To apply the principles of EBP, clinicians should consider the following steps. First, prior 

to reviewing the literature, SLPs must formulate a clinical question. A useful framework that 
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guides this process is the PICO model (Newman & Harries, 2006), which requires the clinician 

to identify the client population, intervention, comparison intervention, and desired outcomes to 

be studied. The goal of the present EBP brief is to use the PICO model as a guide while 

appraising the literature on two variants (i.e., maximal oppositions and minimal oppositions) of 

one of the most widely-used treatments for speech sound disorders; phonological contrast 

therapy.  

Population 

The SSD population can be broadly divided into two groups: those with articulation 

disorders and those with phonological disorders. With articulation disorders, sounds produced in 

error are the result of a deficit in one or more of the speech articulators (e.g. lips, tongue, hard 

palate) (Duffy, 2005). A phonological disorder, unlike an articulation disorder, is believed to be 

the manifestation of an underlying cognitive-linguistic deficit that affects the way the child uses 

speech sounds in a contrastive manner (Gierut, 1998), and occurs in the absence of any physical 

deformity of the oral-motor speech apparatus (Williams, McLeod, & McCauley, 2009; p. 96). 

Phonological disorders are characterized by phonological processes, which are developmental or 

non-developmental error patterns that affect different classes of speech sounds (Gierut, 1998). 

According to phonological process theory, children have inborn tendencies to oversimplify, in 

particular, the more marked sounds of the ambient language (Williams et al., 2009). For 

example, a child who presents with consonant cluster reduction would produce /pl/ as the less 

marked singleton consonant /p/, and a child who presents with deaffrication would produce /t∫/ as 

its less marked homorganic stop (i.e. /t/) or fricative (i.e. /∫/). However, phonological processes 

are now viewed as less of a psychological reality and more of a descriptive tool (Williams et al., 

2009). Describing a child’s errors from a phonological process framework is more appropriate 
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for consistent phonological disorders, where the child uses only one substitute for a particular 

ambient sound target.  

Intervention 

Researchers (e.g., Forrest, Dinnsen, & Elbert, 1997; Crosbie, Holm, & Dodd, 2005) have 

suggested that an appropriate treatment for children with consistent phonological disorders is 

minimal contrast therapy. This approach uses minimal pairs, which are word pairs that are 

differentiated by one phoneme. The goal is to bring the child’s homophonous speech to her 

attention by using word pairs that contrast the ambient sound target with the child’s substitute. 

Phonological contrast therapy may begin with auditory discrimination (e.g., Hoffman, Norris, & 

Monjure, 2008; Dodd et al., 2008), production of the sound targets in isolation (e.g., Miccio, 

Elbert, & Forrest, 1999), imitation of individual words (e.g., Powell, Elbert, & Dinnsen, 1991), 

or imitation of minimal pairs (e.g., Weiner, 1981). Eventually, the child should move from 

imitation to spontaneous production at phrase and sentence level. The child’s homophonous 

productions of the target words can be explicitly brought to her attention via the awareness of 

and resolution of communication breakdowns that will occur throughout treatment. To illustrate, 

a communication breakdown would occur if, when presented with a picture of a cat and a picture 

of a bat, the child pointed to the bat and said “cat.” The clinician can aid in the child’s 

understanding of the target sound contrast by providing feedback on her ambiguous response.  

Comparison 

A more recent variant on phonological contrast therapy is referred to as maximal 

oppositions (e.g., Gierut, 1989). What distinguishes it from the minimal contrast approach is that 

the word pairs used in treatment do not contrast the target sound with the child’s substitute. 

Instead, the phoneme contrasted with the target is either one the child can already produce 
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accurately or one that is not in the child’s pretreatment phonemic inventory. In both cases, the 

criterion for selection is that the paired phonemes differ by as many distinctive features as 

possible. To illustrate, /s, g/(in the pair /sɛt/-/gɛt/, for example), differ with respect to place, 

manner of articulation, and voicing. Distinctive features that differentiate phonemes along these 

dimensions are considered “minor” class features (Gierut, 1992). There are also “major” class 

features, which group phonemes into larger categories; specifically, vowels, glides, sonorants, 

and obstruents (Gierut, 1992). Phoneme pairs used in maximal opposition studies have differed 

along these major and/or minor class features.  

Unlike traditional phonological contrast therapy, maximal oppositions therapy uses 

nonsense words as treatment items. The rationale for this approach is that nonsense words allow 

for a sufficient number of maximally distinct minimal pairs and are not affected by the 

potentially confounding variable of lexical frequency (Gierut, 1989). Before treatment, the 

nonsense words are introduced in the context of children’s stories. The children become further 

acquainted with the nonsense words, which are depicted on colorful storyboards and in black-

and-white drawings, through sorting, matching, and other conceptually based activities (Gierut, 

1990). In the first phase of treatment, nonsense word learning continues with single word 

repetition, which takes up about seven hours of therapy time (Dodd et al., 2008). The second 

phase, which consists of spontaneous production of nonsense words, may last up to 12 hours 

(Dodd et al., 2008).   

Outcome 

 The child’s acquisition of consistent, adult-like productions of the treatment items does 

not guarantee that these gains will transfer outside of the clinic environment. To ensure that 

therapy-based improvements are not limited to what is being directly treated, studies have used 
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generalization probes that assess productions of untreated items. Baker and McLeod (2004) list 

six types of generalization. The first five, known as “response” generalizations, occur either 

across words, across larger linguistic units, within sound classes, across sound classes, or based 

on implicational relationships. To illustrate, a child would show across-word and across-

linguistic-units generalization if she correctly produced treated sounds in new words and new 

sentences, respectively. To show within-class and across-class generalization, she would need to 

correctly produce untreated sounds of the same manner class as the target and untreated sounds 

of a different manner class. Implicationally-based generalization would occur if she extended her 

treatment gains to sounds that were less marked than the target sounds. The sixth type, known as 

“stimulus” generalization, occurs when treatment gains transfer over to new communicative 

environments. For example, a child would show stimulus generalization if she accurately 

produced the target sounds at home or when speaking to unfamiliar listeners. Proponents of the 

maximal contrast approach stress the effect that maximally distinctive word pairs can have on 

across-class generalization (Gierut, 1990; Morrisette & Gierut, 2002). In theory, using minimal 

pairs with maximized feature differences will expose the child to a wider spectrum of attributes 

of the ambient sound system and facilitate widespread phonological change.  

Overview of Report 

 The goal of the present EBP brief is to address the following PICO question: for a child 

with a moderate-to-severe phonological disorder and no concomitant language, hearing, or oral-

motor impairments, will minimal contrasts or maximal oppositions therapy produce greater 

generalization? A secondary question is to determine a recommended amount of treatment 

dosage for yielding treatment gains most efficiently. First, studies addressing the efficacy of 

minimal contrasts therapy will be reviewed. The studies will be ordered by increasing levels of 
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evidence (See Table 1), beginning with non-experimental descriptive studies (i.e. EBP Level III) 

and ending with RCTs (i.e. EBP Level Ib). This rank ordered review will be followed by a 

review of the maximal oppositions literature, which will also be ordered by increasing levels of 

evidence.  

Table 1: Levels of Evidence (Williams et al., 2009) 

Levels of Evidence EBP Level Study Design 

Ia Meta-analyses of randomized control trials 

Ib Randomized control trials 

IIa Controlled studies without randomization 

IIb Quasi-experimental studies 

III Descriptive studies (e.g. correlational studies, case studies) 

IV Expert committee reports/opinions; Clinical experiences of respected 

authorities 
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Minimal Contrasts 

To review, the minimal contrasts approach targets developmental and non-developmental 

error patterns using minimal pairs that contrast the target sound with the child’s substitute. Some 

studies begin treatment with auditory discrimination (e.g., Saben & Costello-Ingham, 1991; Ray, 

2002). In general, the subject is required to produce the target pairs in imitation before advancing 

to spontaneous production. A certain level of mastery- for example, being 90% accurate across 

60 consecutive pairs (e.g., Elbert, Powell, & Swartzlander, 1991)- is required before advancing 

to more advanced phases of treatment (e.g., sentence production). Treatment may end after a set 

amount of time has elapsed, even if the child has not made sufficient progress (e.g., Powell, 

Elbert, Miccio, Strike-Roussos, & Brasseur, 1998). 

Descriptive Studies (EBP Level III) 

 Elbert, Dinnsen, Swartzlander, and Chin (1990) examined the extent to which training at 

the imitative and spontaneous levels of production could generalize to conversational speech. 

Ten subjects were taught to imitate and spontaneously produce between three and ten minimal 

pairs each. Two 30-minute sessions were held per week. Generalization probes measured percent 

of consonants correct (PCC) in single words and conversational speech. Following treatment, all 

10 subjects improved their single word PCC, with an average gain of 19%, and nine of the 10 

improved their conversational PCC, with an average gain of 8%. Additional, more modest gains 

in PCC were observed at a follow-up probe for all 10 subjects. Although the study was not 

experimental in nature, the results suggest that clinicians can improve their clients’ production 

accuracy in a shorter amount of time by not targeting conversational speech directly.  

The purpose of a follow-up study Elbert et al. (1991) was to determine the number of 

minimal pair exemplars needed for a child to generalize the target sound to new words. As in 
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Elbert et al. (1990), two 30-minute sessions were held per week. Each session consisted of 80-

100 minimal pair productions. Of the 19 subjects, 12 were trained on one sound, four were 

trained on two, and three were trained on three, for a total of 29 test cases. For 17 of the test 

cases, only three minimal pair exemplars were needed to meet the generalization criterion, which 

was defined as a 50% increase in accuracy relative to a subject’s baseline score. Despite the fact 

that only three exemplars were needed for a majority of the cases, there was a wide range in the 

number of sessions needed to meet the generalization criterion across subjects. The most 

successful subject required only a week of therapy, whereas the least successful required 

approximately fifteen weeks. The average time needed was between five and six weeks. This 

study suggests that three minimally contrastive pairs per sound target may be sufficient for 

generalization to occur, but clinicians should view this as a bare minimum. 

Leahy and Dodd (1987) used minimal contrasts to treat one subject who presented with 

multiple developmental and non-developmental phonological processes. Assessment probes 

showed that, after 13 hour-long sessions, the subject generalized to untrained words affected by 

the targeted processes in conversational speech. However, since a home program was included in 

the treatment design, the exact amount of time the subject spent practicing production of minimal 

pairs cannot be known. It seems likely that the use of home-based activities expedited treatment 

gains, which suggests that clinicians should consider including parents in the intervention 

process.     

Hoffman et al. (1990) compared minimal contrast therapy against a whole language 

approach by assigning one subject to each condition. Each subject received three 50-minute 

sessions per week for six weeks. Both subjects benefited from their respective interventions, but 

the subject treated with the whole language approach showed greater expressive language gains. 
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It is difficult to compare this study with others since it is one of the few studies that used 

standardized tests (Test of Language Development (TOLD); Hodson, 1980; Assessment of 

Phonological Processes (APP); Hodson, 1980; Templin-Darley Tests of Articulation (TDTA); 

Templin & Darley, 1969) as generalization measures.  

 Grunwell and Russell (1990) used perception and production of two phoneme contrasts 

to treat a subject with a severe phonological disorder characterized by multiple, inconsistent 

substitutions. The subject received four 30-minute sessions per week for 12 weeks. Assessments 

taken at the end of treatment showed that he had mastered the target sounds in untrained words 

and demonstrated a small amount of within-class generalization. However, the subject’s gains 

may have been due to maturation rather than treatment alone, especially given that, by the 

authors’ own admission, they “should have monitored his progress more closely during the 

treatment period” (p. 38).  

Williams (2000) suggested that clinicians use a certain degree of flexibility with regard to 

intervention models. She used minimal contrasts, multiple oppositions, traditional articulation, 

and naturalistic speech intelligibility approaches in varying combinations across 10 subjects. 

Two 30-minute sessions were held per week. Williams employed the generalization outcome of 

“correct underlying representations,” which was a measure of the subject’s production accuracy 

of the targeted sounds in words and morphemes. The relevance of this study for clinicians using 

minimal contrast intervention is confounded by the heterogeneity of the subjects’ severity levels. 

Four of the 10 subjects were diagnosed with profound phonological disorders; minimal contrast 

therapy is not recommended for this level of severity (Williams et al., 2009). Therefore, when 

considering the appropriate amount of therapy, it is better to consider the three moderately-
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impaired and the three severely-impaired subjects. The mean numbers of treatment sessions for 

the moderate and severe groups were 49.6 and 43.6, respectively. 

Williams (2005) also completed a case study of one subject wherein she compared the 

relative effectiveness of minimal contrasts vs. multiple oppositions. The latter intervention is 

often used for subjects who use one sound as a substitute for multiple ambient sound targets. To 

illustrate, the subject in the present study used /g/ in place of /f/, /v/, /θ/, /gl/, /gr/, /fr/, and /θr/. 

The subject received twenty-one 30-minute sessions using multiple oppositions followed by the 

same number of 30-minute sessions using minimal contrasts. Generalization probes monitored 

improvements in production of treated and untreated sounds in words and in conversational 

speech. Multiple oppositions therapy was found to be more effective based on the number of 

sounds added to the subject’s posttreatment inventory and the number of sounds that met the 

criteria for termination during treatment. Since multiple oppositions were used first, it is not 

possible that the greater gains resulting from this approach were due to additive treatment 

effects. These findings suggest that SLPs should take their clients’ pretreatment substitution 

patterns into account when selecting an intervention. Using one sound as a substitute for multiple 

ambient sounds is indicative of a more severe speech sound disorder, one for which multiple 

oppositions may be more effective.   

Saben and Costello-Ingham (1991) used perception and spontaneous production of 

minimal pairs to treat two subjects with multiple phonological processes. Subject 1 received 67 

sessions over nine and a half months, and Subject 2 received 32 sessions over four and a half 

months. The length of each session was not given. This is the first of the reviewed studies to use 

suppression of target and control phonological processes as outcome measures. While both 

subjects were able to complete all steps of the treatment program, they did not generalize their 
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treatment gains to untreated sounds affected by the target and control phonological processes. 

The authors suggested that their lack of success was partly due to their methodology; that is, they 

neglected to include sessions where the child acted as the “teacher” (p. 1032). Without these 

sessions, there were no communication breakdowns that would occur as a result of the child’s 

ambiguous instructions for the clinician. Such communication breakdowns are believed to 

heighten the child’s awareness of her homophonous speech (Williams et al., 2009). 

Dodd and Iacono (1989), a case study of seven subjects, used minimal contrasts to lessen 

the occurrence of non-developmental phonological processes (e.g. word initial consonant 

deletion, backing). Sessions were 30 to 40 minutes in length. For the six subjects who completed 

treatment, the number of sessions ranged from 14 to 40. Percent consonants correct (PCC) scores 

and posttreatment inventories showed that, across subjects, a significant decrease in use occurred 

for non-developmental processes. Developmental process use did not decline significantly. 

Within- and across-class generalization patterns were highly variable. This is not surprising 

when considering that, of the 26 total processes identified in the subjects’ speech, only two (final 

consonant deletion and cluster reduction) were common to all subjects. The authors noted several 

factors that clinicians should consider when estimating treatment duration for their clients. These 

include the child’s motivation, the extent of parent involvement, and the skill of the clinician.  

In Powell (1991) one subject was trained to produce /z/ in word-final position through the 

use of imitation of single words, imitation of minimal pairs, and spontaneous production of 

minimal pairs. Generalization probes monitored accuracy in untrained words for the treated 

sounds and untreated sounds of different manner classes. The subject met the treatment criterion 

for /z/ in 15 sessions and generalized correct production to voiced stops, voiceless fricatives, and 

voiced fricatives. No improvements were observed for the control sound /r/. This suggests, along 
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with Powell et al. (1991), that /r/ will not improve spontaneously as a result of across-class 

generalization and will therefore require direct treatment.  

Tyler (1995) used imitation and spontaneous production of single words and minimal 

pairs to examine the relationship between pretreatment knowledge of phoneme contrasts, as 

evidenced by the production of imperceptible acoustic distinctions, and therapy success when 

those contrasts are treated using minimal pairs. Three subjects were trained to contrast stops and 

fricatives, and three were trained to contrast /s/ + stop clusters and stop singletons. A relationship 

between pretreatment acoustic knowledge and rate of progression through therapy was found for 

the fricative group but not for the /s/ + stop cluster group. The clinical implication of Tyler 

(1995) is that, by supplementing a pretreatment assessment with a fine-grained acoustic analysis 

of the client’s productions, the clinician can make a more informed prediction of treatment 

duration. However, the validity of this finding is limited by the small number of subjects 

examined. Furthermore, clinical applicability is limited because the incorporation of fine-grained 

acoustic analysis in assessment and treatment planning would place an additional time burden on 

the clinician. 

Ray (2002) used minimal contrasts in combination with auditory bombardment and 

process elimination therapy (e.g. Ingram, 1976) to simultaneously treat five phonological 

processes in one subject. Probes administered mid-treatment and post-treatment monitored 

generalization of the treated sounds to words and conversational speech. In addition, the 

Goldman-Fristoe Test of Articulation (GFTA; Goldman & Fristoe, 1986) was used to obtain a 

standardized articulation score. The subject received 40 treatment sessions, each of which was 

45-60 minutes in length. Three sessions were held per week. While the child showed 

improvements in all outcome measures following treatment, the relative contribution of minimal 
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contrasts to her success cannot be known since it was only one part of a broader, cognitive-

linguistic treatment approach. Furthermore, the study does not provide clinicians with 

information about which phonological process might yield the most gains when treated since all 

of the subject’s phonological processes were treated at once. 

Robb, Bleile, and Yee (1999) analyzed the course of vowel development in one subject 

that was treated for the phonological process of postvocalic obstruent voicing. After receiving 20 

45 minute sessions over ten weeks, the subject showed within- and across- class generalization 

based on her posttreatment phonetic inventory. She also increased her PCC score but only 

mastered one of the two targeted phoneme contrasts. This study is of primary interest for 

clinicians whose clients present with phonological disorders characterized by both vowel and 

consonant errors. However, vowel improvement will rarely be a therapy objective given that 

vowel accuracy is not assessed by most standardized tests of articulation and phonological 

processes. 

Baker and McLeod (2004) used minimal contrasts to increase correct production of /s/ 

consonant clusters in two subjects. Two 45-minute sessions were held per week. Generalization 

probes were used to assess production of trained and untrained /s/ clusters in single words and in 

conversational speech. Treatment success for any cluster was defined as 70% accuracy over a 10 

minute conversational speech sample. There was a substantial amount of inter-subject variability 

in terms of treatment dosage; Subject 1 required 12 sessions to meet the generalization criterion 

for trained and untrained clusters, whereas Subject 2 required 32 sessions. Subject 2 progressed 

more rapidly once the clinician changed the structure of the intervention from vertical (i.e. one 

process targeted per session) to horizontal (i.e. more than one process targeted per session). This 

modification was not used for Subject 1. This differential pattern of responding between subjects 
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underscores the heterogeneity of the SSD population and highlights the need for SLPs to use 

clinical decision making in a dynamic fashion. In other words, SLPs may need to be flexible with 

regard to how they structure their interventions if their clients are not making suitable progress.  

In summary, while the descriptive studies reviewed in this report provide multiple 

examples of generalization to untrained words, sounds, phonological processes, and broader 

linguistic contexts, their findings should be evaluated cautiously given their experimental design. 

Without demonstrating experimental control, either within or across subjects, authors of 

descriptive studies cannot provide evidence that their subjects’ progress are due to treatment 

alone. Other variables such as maturation-induced phonological change are more likely in studies 

with long treatment durations.  

Quasi-Experimental Studies (EBP Level IIb) 

 Miccio et al. (1999) used a multiple baseline, across subjects, single subject design 

(McReynolds & Kearns, 1983) to examine the relationship between stimulability and treatment 

gains for four phonologically disordered and four typically developing subjects. In this 

experimental paradigm, subjects are grouped in pairs, and one subject is held in a baseline phase 

until the other completes treatment. This allows for a degree of experimental control that is not 

found in descriptive studies. In the SSD literature, a sound is considered stimulable for a 

particular subject if, before treatment, it is only produced correctly in an imitative context (e.g. 

Powell et al., 1991).  The present study used imitation of the target nonstimulable fricative in  

isolation, in words, and in minimal pairs, followed by spontaneous production of minimal pairs. 

Weekly generalization probes assessed production of the target sound in untreated words. 

Posttreatment phonetic inventories provided measures of within-class and across-class 

generalization for each subject. Two 45-minute sessions were held per week. Treatment ended 
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when a subject progressed through all phases of treatment and generalized to at least 10 of 20 

unfamiliar words on the generalization probe. If this was not accomplished by the 20
th

 session, 

treatment was terminated. Only one of the four disordered subjects met the performance-based 

criterion before the 20
th

 session. Following treatment, all subjects either added or became 

stimulable for at least one phoneme of a manner class other than the treated fricative class. For 

both the disordered and typically developing groups, untreated stimulable sounds were acquired 

at similar rates. Clinicians should be aware that the issue of whether stimulable or nonstimulable 

sounds are more effective treatment targets remains unresolved (e.g. Rvachew & Nowak, 2001; 

Morrisette & Gierut, 2003). However, selecting stimulable targets would likely preclude the need 

for an imitation phase at the isolated sound level, which could help minimize treatment duration.     

 Miccio and Ingresano (2000) used a single-case multiple-baseline-across-behaviors 

design to examine patterns of generalization in one subject. In this experimental design, one or 

more behaviors are held at a baseline level until the treated behavior is successfully changed 

(McReynolds & Kearns, 1983). The two behaviors treated in the present study were substitution 

of /b/ for /v/ and substitution /d/ for /z/. Three sessions, each 20-30 minutes long, were held per 

week for 26 weeks. Experimental probes assessed generalization across words, connected 

speech, and multiple sound classes. By the final probe, the subject used consistently adult-like 

productions of the target sounds, several additional fricatives (e.g. /ð/) and the affricates /tʃ/ 

and/dʒ/. Generalization to connected speech was limited (i.e. 30% for /v/, 25% for /z/). 

Clinicians should view this study as tentative because the lack of external validity. Although the 

authors were able to establish experimental control across behaviors, due to their subject’s 

unique error profile, they could not find an additional subject for use in verifying the replicability 

of their procedures.  
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Dinnsen, Chin, and Elbert (1992) used the same procedures as Elbert et al. (1990) and 

Elbert et al. (1991) to examine patterns of implicationally based generalization following 

minimal contrast therapy. The 34 subjects’ pretreatment and posttreatment inventories were 

analyzed using the framework of the five-level implicational hierarchy outlined in Dinnsen, 

Chin, Elbert, and Powell (1990). The range of treatment duration across subjects was not 

disclosed. A full explication of the Dinnsen et al. (1990) hierarchy is beyond the scope of this 

review. The feature most important for understanding the results of Dinnsen et al. (1992) is that 

the highest and most complex phonetic inventories on the hierarchy (i.e. Level E inventories) 

distinguish the liquids /l/ and /r/ and strident and non-strident coronal fricatives (e.g. /s/ and /θ/, 

respectively). A subject with a Level E inventory would be able to correctly produce, for 

example,  /l/-/r/ or /s/-/θ/ minimal pairs. Following therapy, 28 of the 33 subjects presented with 

Level E inventories, meaning that the authors’ approach was successful. One type of 

phonological process that, if successfully treated, would result in a Level E inventory is liquid 

gliding. Since Powell (1991) and Powell et al. (1991) have shown that /r/ is relatively resistant to 

treatment, liquid gliding would be a challenging process to address. Still, based on the findings 

of Dinnsen et al. (1992) it would be an ideal target for producing implicationally-based 

generalization. 

Forrest et al. (1997) conducted a post hoc analysis of 14 subjects from Dinnsen et al. 

(1992) to examine the effect of sound substitution consistency on generalization across word 

positions. The authors found that the subjects who used a consistent substitute for the treatment 

target, regardless of word position, learned the target and generalized to new words and new 

word positions. Those whose substitute depended on word position also learned the target but 

only generalized to the word position in which it was taught. The least consistent subjects (i.e. 



18 
 

those whose substitutes varied within word position) were unable to learn the target. Since 

consistency of substitution patterns has a direct effect on intelligibility, this study suggests that 

minimal contrast therapy is not effective in cases of severe unintelligibility.  

Powell and Elbert (1984) used a multiple-baseline-across subjects design to investigate 

the benefits of training fricative + liquid (e.g. /fl/) vs. stop + liquid (e.g. /pl/) consonant clusters. 

The six subjects in the study were all treated using imitation and spontaneous production of 

minimal pairs. Each session lasted 20 minutes, but the number of sessions held per week was not 

provided. The total amount of time needed to complete all phases of treatment ranged from 

approximately one to six months. Upon completion of treatment, a generalization probe was 

administered to measure changes in accuracy for the treated clusters and untreated clusters of 

both stop + liquid and fricative + liquid manner classes. It was found that the subjects 

generalized both within and across manner classes. The authors hypothesized that the subjects’ 

success was in part due to their ability to accurately produce the singleton consonants that 

composed their respective clusters. For example, a subject with this error profile would be able 

to produce /p/ and /l/, but not /pl/, before treatment. To incorporate the findings of Powell and 

Elbert (1984) into clinical practice, SLPs should examine their clients’ errors with singleton 

consonants relative to their errors with clusters in order to determine the likelihood of success 

with focusing on cluster reduction.   

Powell et al. (1991) also employed a multiple-baseline-across behaviors design. The 

minimal contrasts approach was used to teach six subjects to produce /r/ and an additional sound 

not present in their pretreatment phonetic inventory. Approximately three 30-minute sessions 

were held per week. The phases of treatment were imitation of single words, imitation of 

minimal pairs, and spontaneous production of minimal pairs. For each subject, /r/ took 
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substantially longer to master than the second treatment target. For the five subjects who met the 

treatment criterion for /r/, the amount of time required to do so ranged from 12 to 29 sessions. 

For the second target, all six subjects met the treatment criterion, and the amount of time needed 

ranged from four to eight sessions. Generalization probes tracked changes in accuracy for the 

treated sounds and untreated sounds of different manner classes in untrained words. Overall, 

within- and across-class generalization was more prevalent for stimulable sounds.  The subjects’ 

poor performance with /r/, as evidenced by long treatment duration and low generalization 

scores, is not surprising, given that /r/ is arguably the most marked English consonant (Johnson, 

2003). Based on the present study’s findings, clinicians working on /r/ remediation should be 

prepared for the possibility of longer-than-expected treatment duration. Additionally, non-

linguistic interventions (e.g. articulatory shaping and modeling) may need to be incorporated, as 

was the case for three of the six subjects. An additional analysis conducted by Powell (1993) 

showed that the subjects’ posttreatment phonetic inventories had increased in complexity, as 

operationally defined by Dinnsen et al. (1990).  

Tyler, Edwards, and Saxman (1987) treated phonological processes in four subjects. Two 

were given a perception/production minimal contrasts intervention, and the remaining two were 

treated using a modified cycles approach (Hodson & Paden, 1983). Each subject participated in 

two one hour sessions per week. Both subjects in the minimal contrast condition required 17 

sessions to meet the treatment criteria for the two targeted phonological processes. Data from 

single-word probes administered throughout treatment showed that untreated sounds only 

generalized if they belonged to the class of sounds affected by the treated phonological process. 

To illustrate, one of the minimal contrast subjects showed improvements with untreated 

fricatives while being treated for stopping of fricatives, but did not show improvements with 
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untreated velars until completing treatment for velar fronting. Direct comparisons between the 

minimal contrasts and modified cycles conditions cannot be made since the choice of treatment 

depended on the subject’s pretreatment error patterns. Since the cycles approach targeted three 

processes per three week cycle, it was deemed more appropriate for the two subjects that 

presented with a greater number of phonological processes. Therefore, clinicians should take the 

number of processes affecting their clients’ intelligibility into consideration during the clinical 

decision making process.  

Tyler and Sandoval (1994) assigned six subjects with phonological and expressive 

language disorders into three groups, each of which received intervention that focused on 

phonology, language, or a combination of the two. For the phonology group, intervention 

consisted of the minimal contrasts approach used in Tyler et al. (1987). Treatment for the 

language group targeted narrative language indirectly through the use of story retell and focused 

stimulation. The combination group received both treatments in equal amounts. Sessions were 45 

minutes in length and were held two to three times per week for 12 weeks. Phonological 

generalization probes evaluated production of sounds affected by the target phonological 

processes in untreated words. Additionally, language probes were used to monitor changes in 

mean length of utterance (MLU) and production of complex morphophonemic forms in 

spontaneous speech. The largest gains in both language and phonology were observed for 

subjects in the phonological and combined approaches. Tyler and Sandoval (1994) is the only 

study included in this review that evaluated treatment for subjects with both phonological and 

expressive language disorders. However, clinicians should not view this as the exception to the 

rule. It is well documented that many children with phonological disorders have some degree of 

expressive language impairment (Shriberg, Kwiatkowski,  Best, Hengst, & Terselic-Weber, 
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1986; Shriberg & Kwiatkowski, 1988; Tyler & Watterson, 1991). The results of Tyler and 

Sandoval (1994) suggest that minimal contrasts therapy has the potential to indirectly improve 

the expressive language of children with disorders affecting multiple linguistic domains. 

However, the reader should remember that Hoffman et al. (1990) found that a whole language 

approach was more effective than minimal contrasts with respect to expressive language and 

similar to minimal contrasts with respect to phonology. 

Weiner (1981) used a multi-response baseline design (Birnbauer, Peterson, & Solnick, 

1974) to treat three phonological processes in two subjects using production of minimal pairs. 

Three one hour sessions were held per week. The subject met the treatment criteria for the first 

process by session 1, the second by session 3, and the third by session 4. The second subject met 

the treatment criteria for the first process by session 4, the second by session 9, and the third by 

session 14. Single word probes administered throughout treatment showed that the subjects’ 

accuracy with untrained words lagged behind their accuracy with trained words. Weiner used an 

uncommon vertical-to-horizontal target presentation strategy; first, one process was targeted, 

followed by the first and the second process, followed by all three processes simultaneously. 

However, the subjects only needed to be 50% accurate with treatment items before moving on to 

the next treatment phase. This advancement criterion is lower than what has been used in much 

of the literature (e.g. Elbert et al., 1991; Miccio & Ingresano, 2000; Powell & Elbert, 1984). 

Clinicians who intend to reduce the length of intervention could do so by decreasing the level of 

accuracy needed to advance through each stage of treatment, but this would come at the expense 

of the client’s mastery of the sound targets. However, if the next stage of treatment involved an 

addition of a target process rather than a replacement, as was done by Weiner (1981), this would 

reduce the likelihood that the processes targeted initially would go into remission. Based on the 
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steady decline in process occurrence for the subjects in Weiner (1981), this would be an effective 

approach. Tyler, Figurski, and Langsdale (1993) used imitation and spontaneous production of 

single words and minimal pairs to treat four subjects who could not contrast word-initial voice 

cognates and three subjects who could not contrast velars and alveolars. Two 45 minute sessions 

were held per week for eight to nine weeks. Generalization probes only monitored progress for 

the targeted sounds in new words. The subjects who produced imperceptible acoustic distinctions 

between the sound targets before treatment were able to complete therapy in a shorter amount of 

time. This trend was also observed in an earlier study (Tyler, Edwards, & Saxman, 1990), which 

used the same procedures and treatment dosage as Tyler et al. (1993). The clinical implications 

of Tyler et al. (1990, 1993) are the same as those of Tyler (1995). Using acoustic analysis of a 

client’s productions as a predictor of treatment success may be a valid technique, but the 

clinician’s limited time and resources may hinder its feasibility. Additionally, due to the wide 

range of treatment duration that was observed, a clinician could not make specific and accurate 

predictions regarding length of therapy based on pretreatment acoustic data.   

Gierut, Elbert, and Dinnsen (1987) investigated the effects of treatment order (i.e. least to 

most difficult sounds vs. most to least) on generalization patterns in six subjects. For each 

subject, the level of difficulty for each treated sound was determined by their performance on a 

pretreatment phonological assessment. Two 30-minute sessions were held per week. The total 

number of sessions given to each subject was not provided. Generalization probes, which 

measured accuracy for treated and untreated sounds of the same manner class, showed that for 

the three subjects in the most-to-least difficult condition, generalization was more extensive and 

was not limited to sounds that were relatively easier for them to produce. These findings suggest 

that the counter-intuitive approach of beginning treatment with the most difficult sounds will 
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produce greater system-wide gains. However, clinicians should be aware that starting therapy in 

this manner could potentially be frustrating to the child and hinder progress (Rvachew, 2005).  

Blache, Parsons, and Humphreys (1981) used a one-group pretest-posttest design to 

examine the effectiveness of treating perception and production of minimal pairs in six subjects.. 

Probes administered following treatment showed evidence of within- and across-class 

generalization. The total amount of therapy time needed per subject was not provided, but 

therapy was likely of a short duration since only three minimal pairs for one sound contrast were 

used as treatment items. This study suggests, along with Elbert et al. (1991), that using three 

minimal pair exemplars can be enough for generalization to occur. 

Dodd and Barker (1990) evaluated the efficacy of using parents and teachers in the 

intervention process. In the first study, parent training focused on using minimal contrasts to 

target non-developmental phonological processes. The subjects’ parents learned these techniques 

in 11 weekly clinician-directed workshops, each of which was two hours in length. Based on 

single-word generalization probes and conversational speech samples taken at the end of 

treatment and at a four week follow-up, the subjects all showed significant increases in percent 

consonants correct (PCC) scores and decreased the use of developmental and non-developmental 

processes. Despite this, it was determined that two of the five subjects needed additional therapy. 

In the second study, the preschool teachers of six additional subjects were trained to use minimal 

contrasts over an initial two-day workshop and three half-day workshops. The duration of each 

half-day workshop was between two and four hours. The subjects in the teacher-directed 

condition increased their PCC scores by the end of treatment but did not maintain these increases 

at the follow-up assessment. Additionally, they decreased their use of the targeted processes but 

did not generalize to untargeted processes. Thus, with proper training, minimal contrasts therapy 
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can be successfully implemented by non-clinicians. However, it is possible that the subjects 

would have shown greater improvements if the time spent training teachers and parents were 

instead used for traditional, clinician-directed intervention. That being said, parent training is still 

beneficial in that (in the very least) it can facilitate the maintenance of progress after treatment 

has ended.  

Powell et al. (1998) used a multiple-baseline, across-subjects, single subject design to 

compare minimal contrasts therapy with a non-conceptual, motoric approach. Of the nine 

subjects who received motor training, three completed all stages of treatment before the 

maximum allotted time of twenty 40-minute sessions. None of the nine subjects who received 

minimal contrasts therapy were able to complete treatment before the time-based criterion. The 

motoric treatment approach was shown to be more effective based on single-word generalization 

probes. Among the minimal contrast subjects, significantly less generalization was observed for 

those whose pretreatment inventories did not include /s/. This study suggests, along with Saben 

and Costello-Ingham (1991), that if clinicians are having limited success using minimal contrasts 

alone, the use of non-conceptual motor training could be a valuable addition.  

Crosbie et al. (2005) used a multiple-baseline design with alternating treatments to 

compare the efficacy of two therapy models (minimal contrasts and core vocabulary) for 10 

subjects with an inconsistent phonological disorder and eight with a consistent phonological 

disorder. Both treatments consisted of sixteen 30-minute sessions over a period of eight to nine 

weeks and were separated by a four week withdrawal period. For each subject, pretreatment and 

post-treatment phonological assessments were compared to determine the change in PCC and 

consistency scores. Based on these outcome measures, minimal contrast therapy was more 

effective for the subjects with consistent phonological disorders, and core vocabulary therapy 
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was more effective for the subjects with inconsistent phonological disorders. As with Forrest et 

al. (1997), this study suggests that a client’s pretreatment substitution patterns are an important 

factor to take into consideration when selecting the best course of treatment.    

In summary, the quasi-experimental studies reviewed provide further evidence of the 

efficacy of minimal contrasts therapy. By providing experimental control in the form of multiple 

baselines, paired subjects, and/or alternating treatments, researchers have reduced the likelihood 

that extraneous variables are responsible for their subjects’ progress. A common theme among 

these studies is the relationship between the child’s pretreatment grammar and treatment success. 

Specifically, subjects with consistent substitution patterns are more likely to benefit from 

minimal contrasts therapy (e.g. Forrest et al., 1997; Crosbie et al, 2005), and the sounds that 

appear most likely to generalize are those for which the child has some productive competence 

before treatment (e.g. Powell et al., 1991; Powell et al., 1998; Miccio et al., 1999; Tyler et al, 

1993 )  

Randomized Control Trials (EBP Level Ib)  

 In Ruscello, Cartwright, Haines, and Schuster (1993), 12 subjects were randomly 

assigned to either a single or dual service delivery condition. With the former condition, therapy 

was given solely by the clinicians; with the latter, half was given by the clinicians, and half was 

given by the subjects’ parents. Both Group I (clinician only) and Group II (clinician and parent) 

were trained on perception and production of minimal pairs for two hour-long sessions per week 

for six weeks. Prior to treatment, parents completed a three hour training course on the use of the 

SpeechViewer computer program (Shriberg, Kwiatkowski, & Snyder, 1990). The SpeechViewer 

program used computerized presentations of the minimal pair stimuli and provided feedback on 

the subject’s responses. The parents were trained to listen to their child’s responses in order to 
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verify that the correct feedback signal had been provided. If needed, the clinicians were available 

to provide assistance. Treatment consisted of four phases: auditory discrimination of the 

contrasts, single word production, phrase production, and sentence production. Generalization 

measures consisted of single word, phrase, and sentence probes, as well as the Khan-Lewis 

Phonological Analysis (Khan & Lewis, 1986), which provided measures of within- and across-

class generalization. Both Group I and Group II made progress with all outcome measures. The 

degree of change was not significantly different between the two groups.  

These findings underscore the effect that the inclusion of parents in the intervention 

process can have on treatment duration. With the appropriate technology, clinicians could reduce 

the length of their services by half through a minimal amount of parent training. This is not to 

say, of course, that their clients would make identical gains in half the time. Rather, through 

regular parent correspondence, clinicians could ensure that if treatment were properly delivered 

at home, their clients would only need to visit the clinic on half as many occasions. This would 

give clinicians ample time to see additional clients. That being said, it is important to note that 

this recommendation is made based on only one study. Nonetheless, since Ruscello et al. (1993) 

is a RCT, its findings should be given preference over any one study of a lower evidence level.     

The only other RCT (to this author’s knowledge) in the minimal pairs literature, Dodd et 

al. (2008), is a direct comparison of minimal contrasts and maximal oppositions. This study’s 

findings will be reviewed at the end of the second section of this report, which will review the 

efficacy studies of maximal oppositions.  
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Maximal Oppositions 

The maximal oppositions approach is a more recent therapeutic model, with its first use 

documented in Gierut (1989)
1
. To review, the goal of maximal oppositions therapy is not to 

make the subject aware of her homonymous productions by contrasting her error with the 

targeted sound. Instead, the target is paired with a phoneme that is distinct with respect to 

voicing, place of articulation, and manner of articulation. The theoretical rationale for this 

approach is that exposure to maximally distinct features of the ambient sound system is sufficient 

for producing widespread phonological change. Since communication breakdowns that result 

from the child’s homonymous productions do not occur when using maximal oppositions, the 

role of pragmatics in facilitating treatment gains is not considered. Maximal oppositions therapy 

is further differentiated from minimal contrasts therapy by its use of nonsense words as treatment 

items.  

Quasi-Experimental Studies (EBP Level IIb) 

 Gierut (1990) used an alternating treatments design with a staggered multiple baseline 

across subjects to compare the relative effectiveness of maximal oppositions versus minimal 

contrasts. For the present study and all subsequent studies by Gierut and colleagues, treatment 

shifted from imitation to spontaneous production of minimal pairs if the subject was 75% 

accurate across two imitation sessions. Treatment ended when the subject was 90% accurate 

across three spontaneous production sessions. If these conditions were not met, treatment lasted 

for a maximum of 7 sessions for imitative production and 12 sessions for spontaneous 

production. Generalization probes for this and all subsequent studies by Gierut and colleagues 

                                                           
1
 This study was not included in this review because its subject presented with cleft palate, and 

the PICO question under examination does not apply to clients with comorbid orofacial 

abnormalities. 
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assessed production of the treated sound in untreated words and monitored for the acquisition of 

any untreated sounds in untreated words. In the maximal oppositions condition, the word pairs 

contrasted a sound already present in the subject’s pretreatment inventory with one that was 

absent. The probe results showed that maximal oppositions was more successful with regard to 

learning the treated sound for two of the three subjects and more successful with regard to the 

acquisition of untreated sounds for all three. These findings suggest that it may not be necessary 

for clinicians to use word pairs that contrast the target sound with the client’s substitute. Instead, 

the comparison sound may be one that the client uses independently of the target sound, provided 

it is as phonetically differentiated as possible.  

 Gierut (1991) further examined the differential effects of using minimal contrasts versus 

maximal oppositions. In this study,  the maximal oppositions condition was modified so that the 

word pairs contrasted two sounds that were not present in the subject’s pretreatment inventory. 

Since no sound from the subject’s pretreatment inventory is used contrastively in the word pair 

stimuli for this format, it is known as the unknown set condition (p. 123). Three subjects received 

both types of intervention in an alternating treatments design. Treating the unknown set was 

found to be more beneficial than minimal contrasts; all three subjects scored higher on 

generalization probes and added more untreated sounds to their inventories than they did in the 

minimal contrast condition.      

In the less effective minimal contrasts condition for Gierut (1991), interdental fricatives, 

which are later developing and relatively more difficult to master (Gierut, 1991; p. 128), were 

used as treatment targets. This may have been responsible for the subjects’ poorer performance 

with minimal contrasts. To address this, Gierut and Neumann (1992) replicated the procedures of 

Gierut (1991) with the exception that interdental fricatives were used in the unknown set 
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condition. The one subject in the study received three one hour sessions per week, for a total of 

13 hours of therapy. Probe and treatment data showed that, as was found in Gierut (1991), 

treating the unknown set was more effective for learning the treated sounds and acquiring 

untreated sounds. Clinicians should be aware of the effect that treating the unknown set can have 

on efficiency. If this condition is indeed more beneficial, then a client could achieve competency 

with two treated sounds, rather than one, as would be the case with minimal contrasts, in the 

same amount of time.  

Gierut (1992) compared the unknown set condition with the maximal oppositions format 

used in Gierut (1990), whose word pairs contrasted known and unknown sounds. Additionally, 

the type of class distinction (i.e., major versus minor) between the sounds was experimentally 

manipulated to determine if one or the other was more beneficial. Four subjects received three 

hour long sessions per week. Three of the four did not progress through treatment quickly 

enough to be dismissed before the time based criterion of 19 sessions. Based on treatment and 

generalization outcome measures, the unknown set condition yielded greater improvements, and, 

within the unknown set condition, the subjects were more successful when treated with minimal 

pairs contrasting sounds with major class distinctions. These findings suggest that exposing the 

client to a broader range of feature distinctions facilitates more widespread phonological change. 

However, restricting treatment items to those with major class distinctions will further limit the 

possibility of using real words as treatment items. 

Controlled Studies Without Randomization (EBP Level IIa) 

Maximal oppositions was compared with Modified Cycles and ABAB – Withdrawal with 

Multiple Probes by Mota, Bagetti, Keske-Soares, Ceron, and Melo Filha (2007). Twenty one 

Portuguese-speaking subjects were pseudorandomly divided into three groups, each of which 
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received one of the three treatments. Information regarding session length, number of sessions 

per week, and the total number of sessions was not provided. Single word generalization probes 

showed that all subjects made statistically significant increases in their phonetic and phonemic 

inventories, but there were no significant differences in progress between the three treatment 

conditions. These findings lend support to the efficacy of multiple oppositions and suggest that it 

is applicable to non-English speaking populations. However, it would be inappropriate for 

clinicians to make direct comparisons with the findings of this study and those of Gierut and 

colleagues, given that Mota et al. provided no information regarding phases of treatment, 

treatment items (i.e., real words, nonsense words), or treatment duration.  

Randomized Control Trials (EBP Level Ib) 

 In Dodd et al. (2008), 19 subjects were randomly assigned to either a minimal contrasts 

(N = 9) or maximal oppositions (N = 10) treatment group. Unlike in the maximal oppositions 

studies of Gierut and colleagues, therapy was administered by independent speech language 

pathologists rather than the experimenters themselves. Each subject received one 30-minute 

session per week for twelve weeks. Treatment progressed from auditory discrimination to single 

word imitation, single word production, phrase production, and sentences within conversation. 

The subjects were required to be 90% accurate across training items to advance through each 

subsequent phase of treatment. Within-class generalization was measured using single word 

probes given every other session. Conversational outcome measures used were percent 

consonants correct (PCC), percent vowels correct (PVC), percent phonemes correct (PPC), and 

number of error patterns.  Posttreatment phonetic inventories for each subject were compiled to 

measure across-class generalization. Out of the 19 subjects, 18 completed all phases of treatment 

within the allotted time. Following treatment, no significant between-group differences were 
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found for any of the outcome measures. These findings cast doubt on the assertion made by 

Gierut and colleagues that maximal oppositions is the preferable approach, and they should be 

given extra consideration since they come from a randomized clinical trial. However, 

methodological differences between Dodd et al. (2008) and Gierut (1990, 1991; Gierut & 

Neumann, 1992) preclude the use of direct comparisons. Dodd et al. (2008) used real words as 

stimuli, included consonant clusters, and treated phonological processes instead of individual 

speech sounds. Further research will be needed to determine if, for example, the use of nonsense 

words or a focus on phonological processes has an effect on treatment duration.  

  

 

 

 

 

 

 

 

 

 

 

 

 

 



32 
 

 

Summary 

Minimal Contrasts Research 

To help the clinician draw inferences regarding therapy dosage and what types of 

generalization to expect, the 33 studies reviewed thus far will be summarized along those 

dimensions (See Table 2 for review of maximal oppositions studies and the associated levels of 

evidence). All 33 monitored generalization to untrained words, and 32 reported success with the 

measure, with the one exception being Saben and Costello-Ingham (1991). Generalization to 

larger linguistic units (e.g. sentences, conversation) was assessed in 12 studies, and all 12 

reported some degree of success. Within-class generalization was the second most assessed type, 

with 19 out of 20 studies reporting its occurrence following treatment. The one exception, again, 

was Saben and Costello-Ingham (1991). Generalization across sound class was monitored by 18 

studies. This type of generalization was observed less frequently, with 14 of the 18 reporting 

success with this measure. Implicationally-based generalization was measured and observed 

following treatment by only two studies (Powell, 1993; Dinnsen et al., 1992). Generalization to 

new communicative partners was reported informally by four studies. Two of these (Dodd & 

Barker, 1990; Ruscello et al., 1993) directly involved parents in therapy, and the remaining two 

(Leahy & Dodd, 1987; Grunwell & Russell, 1990) provided anecdotal reports of parent 

satisfaction with their child’s speech at home. Overall, these findings strongly suggest that 

minimal contrasts therapy is an effective means of inducing change both for treated and 

untreated sound targets. 

Regarding dosage, 15 of the 33 minimal contrast studies did not report the total length of 

therapy time for each subject. Of the 15 that did not, three (Dodd & Iacono, 1989; Saben & 
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Costello-Ingham, 1991; Tyler et al., 1987) reported the number of therapy sessions but did not 

specify the length of each session. The average length of time across the 18 studies that reported 

exact durations was 20.8 hours. The range was from 6 (Dodd et al., 2008) to 58 (Williams, 

2000). However, the average therapy duration reported in Williams (2000) changes from 58 to 

46.6, which changes the overall average across studies from 20.8 hours to 20.1 hours, if the 

duration for the group diagnosed with a profound phonological disorder is not included.  

Overall, when considering all the studies, it would not be informative to make a 

recommendation for a single, optimum treatment duration. This is due to wide range of therapy 

time, the variety of experimental designs employed, the different performance- and time- based 

criterions used, and the heterogeneity of the subject base. However, the picture becomes more 

optimistic when focusing solely on the outcomes of the two RCTs (Dodd et al., 2008; Ruscello et 

al., 1993). This is because Dodd et al. (2008), which will be reviewed in-depth at the end of this 

report, reported substantial gains after only six hours of therapy. Eighteen one-hour sessions 

were required in Ruscello et al. (1993); however, half of these sessions were administered by the 

subjects’ parents after they had received training on the use of a visual feedback device. The 

clinicians only participated in these sessions if the parents requested assistance. If the parent-

administered portion were delivered at home, only nine hours of the clinicians’ time would have 

been needed. This possibility is more feasible now than it was at the time of the study’s 

publication, given that modern technology is more accessible and user-friendly and would 

therefore require little to no clinician assistance (For a more thorough explanation of 

technological innovation in therapy, see “Suggestions for Future Research” on page 38) .  
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Maximal Oppositions Research 

To make clinical recommendations that are consistent with the goals of this report, the 

reviewed efficacy studies of maximal oppositions (N = 6) will be analyzed on the basis of 

generalization outcomes and therapy duration (See Table 3 for review of maximal oppositions 

studies and the associated levels of evidence). The quasi-experimental studies conducted by 

Gierut and colleagues monitored for generalization to untrained words. Within- and across-class 

generalization was measured by reporting the addition of any and all sounds to the subjects’ 

posttreatment phonetic inventories. All three types of generalization were observed in Gierut 

(1990) and Gierut (1991). However, across-class generalization did not occur for any of the 

subjects in Gierut (1992), and within-class generalization was not observed in the one subject 

treated in Gierut and Neumann (1992). The one controlled study without randomization (Mota et 

al., 2007) addressed the same types of generalization by reporting quantitative changes in the 

number of established (i.e. at least 80% accurate) and emerging (i.e. produced at least once) 

sounds in the subjects’ phonetic inventories. However, since only quantitative data was provided, 

the reader can only be certain that generalization occurred, rather than whether it was within- or 

across-class. Dodd et al. (2008) reported successful generalization to untrained words, 

conversation, and multiple sound classes. The subjects in Dodd et al. (2008) added, on average, 

four consonants and six consonant clusters to their phonetic inventories. The 12 subjects in 

Gierut (1990; 1991; 1992; Gierut & Neumann, 1992) added an average of 1.2 consonants. 

Cluster production was not assessed. Somewhat more success was observed in Mota et al. 

(2007), with the seven subjects in the maximal oppositions condition adding an average of 2.1 

singleton consonants. Given these divergent generalization patterns, as well as the 

methodological differences between Dodd et al. (2008) and the work of Gierut and colleagues, 
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and the ambiguous methodology of Mota et al. (2007), no definite predictions can be made 

regarding what types of generalization to expect when using maximal oppositions therapy. 

 While any conclusion must be tentative, it appears that treatment duration will depend on 

whether maximal oppositions therapy is implemented using the approach of Dodd et al. (2008) 

or the approach of Gierut and colleagues. The former used real words and targeted 

developmental error patterns; the latter used nonsense words and targeted individual sounds 

excluded from the subjects’ pretreatment inventories. Across the Gierut studies, the average 

treatment duration was 17 hours. However, this is not an accurate reflection of how much time 

will be needed.  Of the 12 total subjects treated in Gierut (1990; 1991; 1992; Gierut & Neumann, 

1992), only six met the performance based criterion before the maximum allotted time of 19 

hours. If there were no time restriction, the average treatment duration would likely be 

significantly higher. In contrast, only six hours of therapy were needed for the subjects in Dodd 

et al. (2008).  

Minimal versus Maximal 

Gierut (1990), Gierut (1991), and Gierut and Neumann (1992) reported greater 

generalization when the subjects were exposed to maximally contrastive minimal pairs that did 

not inform them of their homonymous speech. The minimal contrasts condition resulted in little 

to no generalization, which stands in stark contrast to the reports of success found in most of the 

minimal contrast studies. To help the reader understand why this was observed, the summary 

chapter of this report will begin with a comparison of the methodology used by Gierut and 

colleagues and the methodology used in the wider minimal contrasts literature.  

 There are two differences that merit consideration: the lexicality of the treatment items 

and the subjects’ pretreatment knowledge of the sound targets. Gierut (1990) argued that the use 
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of nonsense words “ensured that children were exposed to true minimal pairs and that these were 

picturable and meaningful to the child” (p. 125). The difference between a “true” and a “false” 

minimal pair was not explained. Presumably, a false minimal pair would be differentiated by 

more than one phoneme, but it is unclear as to why this would only occur if real words were used 

as stimuli. As for Gierut’s latter contention, it is true that the nonsense words were picturable and 

therefore had easily identifiable meanings, but the fact remains that they were unknown to the 

children before treatment. A pretreatment teaching phase using conceptually based activities (e.g. 

matching and sorting games) was needed to familiarize the children with the nonsense words. If 

real words were used, this phase would either be unnecessary or of a shorter duration, depending 

on how many of the real words the children already knew. Also, given the commercial 

availability of minimal pair picture card sets, there is little reason to believe that using real words 

will prevent clinicians from finding an adequate number of picturable, easily identifiable 

treatment items.  

 The lack of success with minimal contrasts observed in Gierut (1990), Gierut (1991), and 

Gierut and Neumann (1992) may have been due to the subjects’ lack of productive phonological 

knowledge of the treatment targets. The sounds that were chosen were among those that subjects 

produced with 0% accuracy on a 198 item pretreatment assessment. The same target selection 

strategy was used by Saben and Costello Ingham (1991), which was the one minimal contrasts 

study that reported no generalization. It is possible that, as has been suggested by Dodd et al. 

(2008) and Saben and Costello-Ingham (1991), it would have been more effective to select 

sounds for which the subjects had some productive capacity. Additional support for this 

hypothesis comes from Tyler (1995), Tyler et al. (1987), Tyler et al. (1990), and Powell et al. 
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(1998), each of which reported greater improvements for the subjects who had at least some 

phonological knowledge of the targets before therapy began.  

 This analysis has proposed that the poor outcomes of minimal contrasts therapy, as it was 

implemented by Gierut (1990, 1991) and Gierut and Neumann (1992), were due to 

methodological weaknesses rather than any limitations of the therapy in a broader sense. The 

choice to use nonsense words as stimuli and target sounds that were produced with 0% accuracy 

before treatment may have impeded progress and generalization. It should be noted that these 

procedures were also used in the maximal oppositions condition, which was found to be more 

effective in all three studies. However, the use of interdental fricatives as targets in the minimal 

contrasts condition of Gierut (1991) may have been inappropriate, given that they are generally 

later acquired and more difficult to master. The only evidence that the choice of interdental 

fricatives was not a factor comes from treatment data for a single subject (Gierut & Neumann, 

1992). This casts doubt on the assertion that, regardless of the effects that lexicality and 

productive phonological knowledge may have on the results, maximal oppositions will reliably 

yield greater progress and generalization.   
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Suggestions for Future Research 

Given the procedural differences implemented by independent researchers, additional 

studies are needed to provide experimental replication and validation of maximal oppositions 

therapy. Those that are quasi-experimental can directly replicate the design of Gierut (1990, 

1991) by using alternating treatments with a staggered multiple baseline across subjects. The 

strongest evidence for or against maximal oppositions would come from RCTs that use Gierut’s 

advancement criteria, target sounds that are not correctly produced in any non-imitative context, 

and have nonsense words as treatment items.  

A much-needed addition to the minimal contrasts literature would involve extending the 

findings of Ruscello et al. (1993). In this study, it was found that parents were able to deliver 

therapy effectively with clinician assistance following three hours of training on the use of the 

SpeechViewer computer program. Based on the authors’ description, training required a minimal 

amount of technical expertise. The primary focus was on the interpretation of visual feedback 

signals displayed by the SpeechViewer, which the parents would use to verify the accuracy of 

their children’s productions. Future studies would obviously not use the SpeechViewer, as it is 

nearly 20 years out of date. Instead, they should examine whether treatment can be expedited if 

parents are trained on the use of minimal pairs mobile applications. There are several such 

applications that are available for the iPad and the iPhone. Two of the most popular applications- 

SLP Minimal Pairs (SLP Tech Tools, LLC, 2011) and Minimal Pairs Academy (Smarty Ears, 

LLC, 2012)- will be briefly reviewed and critiqued.  

SLP Minimal Pairs features three types of drills- one for auditory discrimination and two 

for production- that clinicians can use to treat eight phonological processes: final consonant 

deletion, cluster reduction, stopping, deaffrication, fronting, prevocalic voicing, depalatalization, 
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and gliding. Two sound targets are available for each process; for example, clinicians can use 

either /s/ clusters or /l/ blends for cluster reduction. Up to 20 minimal pairs can be used for each 

sound target. Target words are depicted using colorful images that can be displayed with or 

without accompanying text. For the auditory discrimination drill, the child is presented with one 

minimal pair at a time and asked to point to the correct picture following the clinician’s naming 

of the pair. The first production drill presents one word in each pair at a time, with an 

accompanying auditory presentation that can be provided by either the clinician or the 

application. The second production drill focuses on naming the target words in isolation and uses 

visual reinforcement for correct responses. For all three drills, the clinician marks each 

production as correct or incorrect by pressing a button on the top of the touchscreen. Once the 

session is complete, the application displays the total number of correct and incorrect 

productions. SLP Minimal Pairs is advantageous in that it offers a user-friendly interface and a 

straightforward, portable means for clinicians to keep a record of their clients’ improvements 

over time. However, the application does not feature generalization probes, and the pictures are 

somewhat abstract and therefore may not be meaningful to the child. For example, the word 

“glow” is represented using a picture of a firefly. The inclusion of such pictures makes the 

application better suited for the imitative production phase of therapy. Spontaneous production 

would be difficult unless the child were highly familiarized with the images. Even then, the child 

might be unsure of the association between the word and its referent. This could potentially limit 

the extent of generalization to new words.   

Minimal Pairs Academy is more comprehensive than SLP Minimal Pairs in several ways. 

The application includes more phases of treatment (auditory bombardment, auditory 

discrimination, production, and phrase completion), provides multiple treatment statistics, and 
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features graphical representations of progress over time. Seven phonological processes are 

available for treatment. This is five less than the number offered by SLP Minimal Pairs, but 

Minimal Pairs Academy features a greater number of minimal pairs overall. However, as with 

SLP Minimal Pairs, many of the treatment items are not suitable for the target population. The 

subjects that have been studied in the literature are almost exclusively in the preschool-to-

kindergarten age range. With this in mind, the author of this report reviewed the minimal pair 

sets that were presented after specifying the age of a hypothetical client to be five years old. 

Numerous examples were found of words whose image referents were confusing (e.g., a 

diamond ring to signify the word “cheap”), highly abstract (e.g. two circles surrounded by a 

dotted line to signify the word “both”), or beyond the child’s level of education (e.g. square root 

and long division notation to signify the word “math”). Furthermore, it is misleading that the 

application’s authors labeled the final phase of treatment as “phrase completion,” as it is actually 

sentence completion. Many of these sentences used vocabulary that would not be expected of a 

preschooler. A noteworthy example of this was “The temperature outside is rather chilling.” The 

target word, “chilling,” was contrasted with “shilling,” which is a British coin that has been out 

of circulation for over 20 years.   

Given the limitations of the minimal pairs applications that are currently available, it is 

recommended that clinicians and researchers participate in the development of new applications 

that feature age-appropriate vocabulary and probes that provide measures of generalization to 

new words, phrases, sentences, and sound classes. Efficacy studies of these applications would 

ideally be structured using the methodology of Ruscello et al. (1993). This would involve the 

random assignment of subjects to either a clinician-administered or parent-administered 

condition. Since the user interface was found to be a relative strength for both SLP Minimal 
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Pairs and Minimal Pairs Academy, it is likely that the duration of parent training would be 

minimal, and the parents would require little assistance from the clinician. Minimal pairs 

applications may also be beneficial for future studies of maximal oppositions. As has been stated, 

the use of nonsense words would necessitate the incorporation of an additional pretreatment 

phase focused on associating the words with their picture referents. However, if the use of 

mobile applications enable parents to successfully continue the intervention process beyond the 

clinic environment, the resulting gains may offset the drawback of adding an extra phase of 

treatment.  

 Furthermore, if it can be shown that parents can administer therapy through the use of 

mobile devices, then the next phase of research might investigate the possibility that, if the 

available applications have a minimal user interface and are fully automated, therapy could be 

child-administered. Obviously, the clinician would need to select the target processes and 

presentation strategies (e.g. vertical, horizontal) ahead of time. A preset advancement criterion 

would be needed to move through each stage of therapy; for example, 80% accuracy across two 

sets of 20 responses (e.g. Miccio et al., 1999).  

Once this criterion has been met, the child would use the application to participate in an 

interactive game that would simulate the clinician’s prompts and feedback. A significant 

challenge involved in the design of such a game would be how to maintain the child’s interest 

without compromising the structure of treatment. Since minimal contrasts therapy is highly 

scripted, prompts could be simulated through the use of prerecorded utterances (e.g. “Point to the 

word I say,” “Tell me which word to point to”). Automated feedback would only be possible 

through the use of voice recognition technology. The mobile device would need to be equipped 

with a screen protector and durable casing in order to prevent the possibility of the child 
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accidentally breaking the device. As with the previous hypothesized experiment, this proposal 

could be tested using a framework similar to that of Ruscello et al. (1993). A group of subjects 

would be randomly assigned to three conditions. The first condition would consist of traditional, 

clinician-directed minimal contrasts therapy. For the second, parents would be trained on the use 

of the application and administer therapy themselves. The clinician would be available for any 

assistance. The third condition would involve the children using the application independently 

while under close supervision from either the parent or the clinician., If it can be shown that the 

child-directed condition results in significant improvements over pretreatment baselines, the 

implication would be that minimal contrasts therapy can be administered in dosages far beyond 

what would be offered in a clinical setting. For parents to continue the work of the speech 

language pathologist at home, significant time commitments would be required. However, if the 

application is intrinsically motivating enough for the child to use independently, then therapy 

could continue even in situations where parents are unable to make the necessary time 

commitments.  
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Conclusion 

This EBP brief has presented a review of the literature on minimal contrasts and maximal 

oppositions therapy. A PICO (Population, Intervention, Comparison, Outcome) question was 

formulated to guide clinicians in choosing the most beneficial approach.  The target population 

consists of children with a moderate to severe phonological disorder with normal receptive 

language and normal oral-motor structure and function. The intervention (minimal contrasts) was 

evaluated against its comparison (maximal oppositions) according to the outcomes of 

generalization and treatment duration. Among the 33 minimal contrast studies, 13 were 

descriptive (EBP Level III), 18 were quasi-experimental (EBP Level IIb), and two were RCTs 

(EBP Level Ib). Among the six maximal opposition studies, four were quasi-experimental (EBP 

Level IIb), one was a controlled study without randomization (EBP Level IIa), and one was a 

RCT (EBP Level Ib). Specific recommendations for length of intervention could not be made for 

either approach, but, based on the RCT addressing both approaches (Dodd et al., 2008), 

significant gains can be made in as little as six hours using either minimal contrasts or maximal 

oppositions.  

That being said, the maximal oppositions condition used in Dodd et al. (2008) has not 

been replicated in the literature. Gierut and colleagues suggest that maximal oppositions therapy 

is an improvement over minimal contrasts therapy; however, this conclusion lacks support from 

other research groups.  The one RCT directly comparing the two found no advantage for either, 

and the lack of minimal-contrast generalization found by Gierut and colleagues is at odds with 

most of the minimal-contrast literature.. Future efficacy studies of maximal oppositions will need 

to have consistent procedures that are thoroughly reported so as to ensure their replicability.  
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Finally, the use of parents and mobile applications in the intervention process is a fruitful 

area of research, the results of which may be of use for speech language pathologists hoping to 

deliver therapy as efficiently as possible.  
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Table 2 

Minimal Contrast Studies 

Study Subjects Study 

Design 

Gen. 

Types 

Measured* 

Gen. Types 

Observed* 

EBP 

Level 

Dosage Procedures Generalization Probes 

Baker & 

McLeod (2004) 

N = 2 (2 M, 

ages 4;9 and 

4;4)  

Case studies 1, 2, 3, 4, 6 1, 2, 3, 4, 6 III Two 45-minute sessions 

per week. 100 trials per 

session.  

12 sessions for Subject 1, 

32 for Subject 2 (mean: 

22).  

Both subjects treated on 

/s/ clusters. Vertical 

strategy used. Strategy 

was changed to 

horizontal for Subject 2 

after lack of significant 

change.  

Generalization probe:  

Percent correct for trained 

and untrained /s/ clusters 

during spontaneous 

production task and 

conversational speech 

sample.  

Dodd & Iacono 

(1989) 

N = 7 (4 M, 

3 F, age 

range 3;0-

4;9) 

Case study 1, 3, 4 1, 3, 4 III Total number of weekly 

sessions ranged from 11-

40 (mean: 25.4). 

Treatment had not yet 

ended for subject who 

completed 11 sessions.   

One PP targeted at a 

time for each subject. 

Vertical target 

presentation.  

PCC, phoneme inventories, 

frequency of developmental 

and unusual phonological 

processes  

Elbert, 

Dinnsen, 

Swartzlander, 

& Chin (1990) 

N = 10 (5 M, 

5 F, age 

range 3;7-

5;9) 

Descriptive  1, 2 1, 2 III Two 30-minute sessions 

per week 

Imitation and 

spontaneous production 

of minimal pairs.  

PCC (single words), PCC 

(conversational speech)  

Elbert, Powell, 

& Swartzlander 

(1991) 

N = 19 (13 

M, 6 F, age 

range 3;6-

6;8) 

Descriptive 1 1 III Two 30-minute sessions 

per week 

Imitation and 

spontaneous production 

of minimal pairs. 

20-25 item single word 

probe 

Grunwell & 

Russell (1990) 

N = 1 (age 

4;3) 

Case study 1, 2, 3, 4, 6 1, 2, 3, 6 III Forty-eight 30-minute 

sessions, four per week 

Auditory discrimination 

and spontaneous 

production of minmal 

pairs. 

Spontaneous speech 

sample, phonetic inventory 

Note. 1 = Words, 2 = Conversation, 3 = Within class, 4 = Across class, 5 = Implicationally based, 6 = New conversational partners.  
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Table 2 

Minimal Contrast Studies (continued) 

Study Subjects Study 

Design 

Gen. 

Types 

Measured* 

Gen. Types 

Observed* 

EBP 

Level 

Dosage Procedures Generalization Probes 

Hoffman, 

Norris, & 

Monjure (1990) 

N = 2 (2 M, 

age 4;1, 4;1) 

Case study 1, 2 1, 2 III Three 50-minute sessions 

per week for six weeks 

for both approaches. 

 

Subject 1 treated using 

whole language 

program, Subject 2 

treated using 

phonological approach.  

 

 

Test of Language 

Development (TOLD), 

Assessment of Phonological 

Processes (APP), Templin-

Darley Tests of Articulation 

(TDTA), number of reduced 

consonant clusters, number 

of correctly produced 

consonant clusters. Multiple 

grammar measures taken 

from three story retells.  

Leahy & Dodd 

(1987) 

N = 1 (1 F, 

age 3;8) 

Case study 1, 2, 3,  1, 2, 3 III 13 one-hour sessions, 

three per week. 

Production of word-

final consonants, 

intervocalic consonants, 

and clusters. 

PCC in conversation. 

Powell (1991) N = 1 (1 M, 

age 5;8) 

Case study 1, 3, 4 1, 3, 4 III Approximately three 30-

minute sessions per week. 

100 minimal pair 

responses per session.  

 

Imitation of single 

words, imitation of 

minimal pairs, 

spontaneous production 

of minimal pairs. 

  

Target sound in untreated 

words 

Ray (2002) N = 1 (1 M, 

age 5;0) 

Case study 1, 2,  1, 2 III Three sessions per week. 

Average duration per 

session: 45-60 minutes. 

Forty sessions total.  

 

Perception and 

production of minimal 

pairs. Auditory 

bombardment used each 

session.  

PCC, speech intelligibility 

rating, % use of 

phonological processes 

during conversation.  

GFTA. 

Robb, Bleile, & 

Yee (1999) 

N = 1 (1 F, 

age 4;0) 

Case study 1, 3, 4 1, 3, 4 III Two 45-minute sessions 

per week. Ten weeks 

total.  

Perception, single-word 

imitation, single-word 

naming, minimal pair 

production 

Target sounds in untreated 

words. PCC. Phonetic 

inventory. 

Saben & 

Costello-

Ingham (1991)  

N = 2 (1 M, 

1 F ages 4;4, 

3;9) 

Case study 1, 3, 4 None III Subject 1: 67 sessions 

over 9 ½ months. Subject 

2: 32 sessions over 4 ½ 

months (mean: 49.5).  

Perception and 

production of minimal 

pair words individually 

and in pairs in words 

and phrases.  

Production of consonants 

affected by target and 

control PPs  

Note. 1 = Words, 2 = Conversation, 3 = Within class, 4 = Across class, 5 = Implicationally based, 6 = New conversational partners. 
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Table 2 

Minimal Contrast Studies (continued) 

Study Subjects Study 

Design 

Gen. 

Types 

Measured* 

Gen. Types 

Observed* 

EBP 

Level 

Dosage Procedures Generalization Probes 

Tyler (1995) N = 6 (age 

range 3;11-

5;11) 

Correlational 1, 2 1, 2 III Two 45-minute sessions 

per week. Number of 

sessions ranged from six 

to 30 (mean: 14.7).  

Perception task 

administered 

pretreatment. Single 

word imitation, single 

word production, 

minimal pairs 

production, production 

of minimal pairs in 

sentences  

Single-word probe, words-

in-sentences probe 

Williams 

(2000) 

N = 10 (8 M, 

2 F, age 

range 4;0-

6;5) 

Case study 1, 2 1, 2 III 60 minutes per week 

Moderate: 26-85 

Mean = 49.6 

Severe: 38-52  

Mean = 43.6 

Prof.: 64-105  

Mean = 80.75 

Subjects treated with 

either multiple 

oppositions, minimal 

pairs, or naturalistic 

speech intervention. 

Imitation and 

spontaneous production. 

Targeted sounds in the 

trained word position in 

new words (10 each).  

PCC of target sounds in 

conversation. 

Blache, 

Parsons, & 

Humphreys 

(1981) 

N = 7 (age 

range 5;4-

6;7) 

One group 

pretest-

posttest 

1, 3, 4 1, 3, 4 IIb Dosage not given. Three minimal pairs per 

subject. Perception and 

production phases.  

Fisher-Logeman Test of 

Articulation Competence 

for four subjects, Photo 

Articulation Test for the 

remaining three. Distinctive 

feature analyses. 

Crosbie, Holm, 

& Dodd (2005) 

N = 18 (11 

M, 7 F, age 

range 4;8-

6;5) 

Multiple 

baseline 

alternating 

treatments 

1 1 IIb Two 30-minute sessions 

per week. Eight-nine 

weeks total. 

Subjects treated with 

both minimal contrasts 

and core vocabulary. 

PCC (single words), 

inconsistency score 

Dinnsen, Chin, 

& Elbert 

(1992) 

N = 34 (age 

range 3;4-

6;8) 

Multiple 

baseline 

across 

subjects 

1, 3, 4, 5 1, 3, 4, 5 IIb Two 30-minute sessions 

per week 

Imitation and 

spontaneous production 

of minimal pairs. 

Phonetic inventories 

Note. 1 = Words, 2 = Conversation, 3 = Within class, 4 = Across class, 5 = Implicationally based, 6 = New conversational partners. 
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Table 2 

Minimal Contrast Studies (continued) 

Study Subjects Study 

Design 

Gen. 

Types 

Measured* 

Gen. Types 

Observed* 

EBP 

Level 

Dosage Procedures Generalization Probes 

Forrest, 

Dinnsen, & 

Elbert (1997) 

N = 14 (9 M, 

5 F, age 

range 3;6-

5;9) 

Multiple 

baseline 

across 

subjects 

1 1 IIb Two 30-minute sessions 

per week. Therapy ended 

after 20 sessions or if 

subject improved by 50% 

on generalization probe. 

Post-hoc analysis of 14 

subjects from Dinnsen 

et al. (1992), Elbert et 

al. (1990), Elbert et al. 

(1991) 

PCC (single words) 

Gierut, Elbert, 

& Dinnsen 

(1987) 

N = 5 (3 M, 

3 F, age 

range 3;7-

4;6) 

Complex 

single-

subject 

(multiple 

probe and 

multiple 

baseline 

across 

subjects) 

1, 3, 4 1, 3, 4 IIb Two 30-minute sessions 

per week. 

 

 

Order of treated sounds 

was most-to-least 

productive phonological 

knowledge for subjects 

1, 2, and 3, and least-to-

most productive 

phonological 

knowledge for subjects 

4, 5, and 6.  

Generalization probe (# of 

targets on generalization 

probe varied across 

subjects) 

Miccio, Elbert, 

& Forrest 

(1999) 

N = 8 (age 

range 3;6-

5;7) 

Multiple 

baseline, 

across 

subjects, 

single 

subject 

1, 3, 4 1, 3, 4 IIb Two 45-minute sessions 

per week. 100 responses 

per session. 

 

Production of sound in 

isolation, imitation, and 

spontaneous production 

of minimal pairs. 

 

Posttreatment phonetic 

inventories. Treated and 

untreated sounds of 

different manner classes.  

Miccio & 

Ingresano 

(2000) 

1 female, age 

5;3 

Single case 

multiple 

baseline 

across 

behaviors 

1, 2, 3, 4 1, 2, 3, 4 IIb Four 20-30 minute 

sessions per week. 26 

weeks of treatment. 

 

Imitation combined 

with direct instruction 

of sound production, 

followed by 

spontaneous production 

of minimal pairs.  

Treated and untreated 

sounds of different manner 

classes  

Powell (1993) N = 6 (4 M, 

2 F, age 

range 4;11-

5;6) 

Single 

subject, 

multiple 

baseline 

across 

behaviors  

1, 3, 4, 5 1, 3, 4, 5 IIb Approximately three 30-

minute sessions per week. 

100 responses per session.  

 

Imitation of single 

words, imitation of 

minimal pairs, 

spontaneous production 

of minimal pairs. 

  

Target sound in new words. 

All sounds missing from 

pretreatment inventory. 

Phonetic inventory 

complexity. 

Note. 1 = Words, 2 = Conversation, 3 = Within class, 4 = Across class, 5 = Implicationally based, 6 = New conversational partners. 
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Table 2 

Minimal Contrast Studies (continued) 

Study Subjects Study 

Design 

Gen. 

Types 

Measured* 

Gen. Types 

Observed* 

EBP 

Level 

Dosage Procedures Generalization Probes 

Powell & 

Elbert (1984) 

N = 6 (4 M, 

2 F, age 

range 4;4-

6;3) 

Multiple 

baseline 

across 

subjects 

1, 3, 4 1, 3, 4 IIb Five sets of twenty trials 

per 30-minute session. 

Treatment time ranged 

from approximately one 

to four months.   

 

Imitation of word pair 

with continuous 

reinforcement schedule, 

followed by imitation of 

word pair with Variable 

Ratio 3 reinforcement, 

followed by 

Spontaneous production 

of word pair.  

Treated and untreated 

consonant clusters 

Powell, Elbert, 

& Dinnsen 

(1991) 

N = 6 (4 M, 

2 F, age 

range 4;11-

5;6) 

Single 

subject, 

multiple 

baseline 

across 

behaviors  

1, 3, 4 1, 3, 4 IIb Approximately three 30-

minute sessions per week. 

100 minimal pair 

responses per session.  

 

Imitation of single 

words, imitation of 

minimal pairs, 

spontaneous production 

of minimal pairs. 

  

Target sound in new words. 

All sounds missing from 

pretreatment inventory.  

Powell, Elbert, 

Miccio, Strike-

Roussos, & 

Brasseur 

(1998) 

N = 18 (age 

range 3;6-

6;10) 

Multiple 

baseline, 

across 

subjects, 

single 

subject 

1 1 IIb Twenty 40-minute 

sessions needed for all 

subjects except for three 

in motoric therapy group 

One group received 

minimal contrasts, one 

group received motoric 

therapy. Imitation and 

spontaneous production 

phases for both groups. 

Single word probe assessing 

/s/ production 

Tyler, 

Edwards, & 

Saxman (1987) 

N = 4 (1 M, 

3 F, age 

range 3;1-

5;1) 

Quasi-

experimental 

1, 3, 4 1, 3 IIb Minimal pairs: 1-2 

sessions during pre-

treatment and follow-up. 

12-16 sessions during 

treatment phase. 2 

sessions per week. 

Cycles: 3 weeks per 

cycle. One process 

(treated using two 

sounds) per week.   

Participants were 

assigned to either a 

minimal pairs or cycles 

treatment based on 

number of unusual PPs 

that significantly 

affected intelligibility.  

 

 

Treated and untreated 

sounds affected by treated 

and control PPs.   

Note. 1 = Words, 2 = Conversation, 3 = Within class, 4 = Across class, 5 = Implicationally based, 6 = New conversational partners. 
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Table 2 

Minimal Contrast Studies (continued) 

Study Subjects Study 

Design 

Gen. 

Types 

Measured* 

Gen. Types 

Observed* 

EBP 

Level 

Dosage Procedures Generalization Probes 

Tyler, 

Edwards, & 

Saxman (1990) 

4 (gender not 

given, age 

range 4;10-

5;3) 

Quasi-

experimental 

1 1 IIb Two 45-minute sessions 

per week for eight weeks. 

Imitation of target 

words, followed by 

spontaneous production 

of target words. 

followed by 

spontaneous production 

of minimal pairs. 

Target sounds in untreated 

words. 

Tyler, Figurski, 

& Langsdale 

(1993) 

N = 7 (7 M, 

age range 

3;10-5;6) 

Multiple 

baseline 

1 1 IIb Two 45-minute sessions 

per week. Approximately 

eight weeks total.  

 

Imitation of target 

words, followed by 

spontaneous production 

of target words. 

followed by 

spontaneous production 

of minimal pairs. 

Target sounds in untreated 

words.  

Tyler & 

Sandoval 

(1994) 

N = 6 (4 M, 

2 F, age 

range 3;6-

4;8) 

Descriptive 1, 3  1, 3  

IIb 

Two to three 45-minute 

sessions per week. Two 

six week cycles.  

Each subject received 

either minimal contrast 

therapy, indirect 

narrative language, or a 

combination of the two.  

Correct production of 

treated and untreated 

sounds affected by PPs 

Weiner (1981) N = 2 (2 M, 

ages 4;10 

and 4;4) 

Multi-

response 

baseline 

1 1 IIb Three one hour sessions 

per week. Subject 1: eight 

sessions. Subject 2: 16 

sessions (mean: 12 

sessions). 

Repetition of minimal 

pairs for 3 phonological 

processes.  

Production of words 

affected by target PPs. 

Williams 

(2005) 

N = 1 (1 F, 

age 6;5) 

Case studies 1, 3 1, 3 IIb Twenty-one 30-minute 

sessions for each 

treatment. Approximately 

80-100 responses per 

session.  

Multiple oppositions 

treatment, followed by 

minimal pairs. Imitation 

followed by 

spontaneous production. 

Target sound and untreated 

control sound in new words. 

 

Note. 1 = Words, 2 = Conversation, 3 = Within class, 4 = Across class, 5 = Implicationally based, 6 = New conversational partners. 
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Table 2 

Minimal Contrast Studies(continued) 

Study Subjects Study 

Design 

Gen. 

Types 

Measured* 

Gen. Types 

Observed* 

EBP 

Level 

Dosage Procedures Generalization Probes 

Dodd et al. 

(2008) 

N = 19 (11 

M, 8, F, age 

range 3;11-

6;5) 

Randomized 

control trial  

1, 2, 3, 4 1, 2, 3, 4 Ib Twelve 30-minute 

therapy sessions per 

week. 

Comparison of minimal 

contrasts and multiple 

oppositions. Auditory 

discrimination, 

followed by imitation 

and spontaneous 

production in words, 

phrases, sentences, and 

conversation.  

PCC, PVC (Percent Vowels 

Correct), PPC (Percent 

Phonemes Correct), 

Number of error patterns, 

Post-treatment phonetic 

inventory, types of delayed 

error patterns and 

disordered error patterns  

Ruscello, 

Cartwright, 

Haines, & 

Schuster (1993) 

N = 12 (8 M, 

4 F, age 

range 4;1-

5;8) 

Randomized 

control trial 

1, 2, 3, 4, 6 1, 2, 3, 4, 6 Ib Two one-hour sessions 

per week. Sixteen 

sessions total for each 

subject.  

Group 1: Clinician 

administered minimal 

contrast treatment. Four 

phases: discrimination, 

single word production, 

phrase production, and 

sentence production. 

Group 2: Clinician and 

parent-administered 

treatment minimal 

contrast treatment using 

SpeechViewer software.  

30 item probe (20 words, 5 

phrases, 5 sentences) 

administered once each 

week. Khan-Lewis 

Phonological Analysis 

(KLPA) administered after 

treatment. Parent 

questionnaire. 

Note. 1 = Words, 2 = Conversation, 3 = Within class, 4 = Across class, 5 = Implicationally based, 6 = New conversational partners. 
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Table 3 

Maximal Opposition Studies 

Study Subjects Study Design Gen. 

Types 

Measured 

Gen. 

Types 

Observed 

EBP 

Level 

Dosage Procedures Generalization Probes 

Gierut (1990) N = 3 (3 M, 

age range 

4;1-4;10) 

Alternating 

treatments with 

staggered 

multiple 

baseline across 

subjects 

1, 3, 4 1, 3, 4 IIb Three 60-minute sessions 

per week. Maximum of 

19 sessions. 

Treatment for each 

subject alternated 

between minimal 

contrasts and maximal 

oppositions. Imitation 

and spontaneous 

production phases. 

Treated and untreated 

sounds in new words. 

Gierut (1991) N = 3 (2 M 

ages 5;0 and 

5;0, 1 F age 

4;0)  

Alternating 

treatments with 

staggered 

multiple 

baseline across 

subjects 

1, 3, 4 1, 3, 4 IIb Maximum of nineteen 60-

minute sessions 

Each subject treated 

using minimal pairs and 

maximal oppositions. 

Order of treatment was 

counterbalanced across 

subjects. Imitation and 

spontaneous production 

phases.  

Treated and untreated 

sounds in new words.  

Gierut (1992) N = 4 (3 M, 

1 F, age 

range 3;6-

5;0) 

Alternating 

treatments  

with staggered 

multiple 

baseline across 

subjects 

1, 3, 4 1, 3 IIb Maximum of nineteen 60-

minute sessions 

Variables manipulated 

were number of new 

phonemes and nature of 

feature distinctions 

(major vs. nonmajor). 

No perception 

treatment. Imitation and 

spontaneous production 

phases.   

Treated and untreated 

sounds in new words.  

Gierut & 

Neumann 

(1992) 

N = 1 (1 F, 

age 4;8) 

Alternating 

treatments 

1, 3, 4 1, 4 IIb Maximum of nineteen 60-

minute sessions 

Treatment for each 

subject alternated 

between minimal 

contrasts and maximal 

oppositions. Imitation 

and spontaneous 

production phases. 

Treated and untreated 

sounds in new words.  

Mota et al. 

(2007) 

N = 21 (15 

M, 6 F, age 

range 4;10-

7;10 

Controlled 

study without 

randomization 

1, 3 1, 3 IIa Not given 7 treated with maximal 

oppositions, 7 treated 

with modified cycles, 7 

treated with ABAB-

withdrawal and multiple 

probes  

Changes in phonological 

system, phonetic inventory, 

number of impaired 

distinctive features 

Note. 1 = Words, 2 = Conversation, 3 = Within class, 4 = Across class, 5 = Implicationally based, 6 = New conversational partners. 
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Table 3 

Maximal Opposition Studies (continued) 

Study Subjects Study Design Gen. 

Types 

Measured 

Gen. 

Types 

Observed 

EBP 

Level 

Dosage Procedures Generalization Probes 

Dodd et al. 

(2008) 

N = 19 (11 

M, 8, F, age 

range 3;11-

6;5) 

Randomized 

control trial  

1, 2, 3, 4 1, 2, 3, 4 Ib 12 30 minute therapy 

sessions per week. 

Comparison of minimal 

contrasts and multiple 

oppositions. Auditory 

discrimination, 

followed by imitation 

and spontaneous 

production in words, 

phrases, sentences, and 

conversation.  

PCC, PVC (Percent Vowels 

Correct), PPC (Percent 

Phonemes Correct), 

Number of error patterns, 

Post-treatment phonetic 

inventory, types of delayed 

error patterns and 

disordered error patterns  

Note. 1 = Words, 2 = Conversation, 3 = Within class, 4 = Across class, 5 = Implicationally based, 6 = New conversational partners. 
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