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Abstract 24 

Purpose: Many children with developmental language disorder (DLD) demonstrate difficulty inflecting 25 

irregular past tense verbs. We evaluated using phonological-based patterns (i.e., schemas) to select 26 

targets for treatment of irregular verb inflection for children with DLD. We hypothesized this approach 27 

would result in acquisition of treated verbs, generalization to untreated verbs within the same 28 

phonological schema, and increased use of correct irregular verbs in naturalistic contexts. 29 

Method: Treatment was provided to three 7-year-old participants with DLD in the context of multiple 30 

baseline design across behaviors and participants. Phonological schemas included vowel change, final 31 

alveolar, and dual change irregular verbs. Treatment was provided using established therapeutic 32 

approaches, including narrative generation, sentence imitation, and naturalistic play activities. 33 

Acquisition of treated and untreated targets was assessed at the beginning of sessions, and use of verbs 34 

in naturalistic contexts was observed throughout treatment sessions.  35 

Results: Positive acquisition effects were noted for two of three participants. Generalization to 36 

untreated items occurred within and across treatment sets for two participants, whereas increases in 37 

accurate irregular verb production in naturalistic contexts were not observed.  38 

Conclusions: Outcomes demonstrated support for a pattern-based approach to target selection for 39 

treatment of irregular past tense verbs. One participant, who demonstrated general difficulty with the 40 

probe and treatment tasks, showed no treatment effect, suggesting the treatment may be effective for 41 

some children with DLD. Further research is warranted to determine what factors might have influenced 42 

these variable outcomes across participants.  43 

Keywords: target selection, developmental language disorder, children, tense marking, intervention, 44 

efficacy. 45 
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Pattern-based target selection for treatment of irregular past tense: A single-case experimental design 46 

for children with DLD 47 

 Difficulty with the acquisition of past tense verb forms is a hallmark characteristic of English-48 

speaking children who have developmental language disorder (DLD; Bishop, 2013; Leonard et al., 1992; 49 

Oetting & Horohov, 1997; Rice et al., 1995; Rice et al., 1998; Rice et al., 2000). Children with DLD may 50 

demonstrate difficulty with grammatical aspects of language, including past tense verb inflection, 51 

despite the absence of hearing problems, primary biomedical conditions (e.g., autism, Down syndrome), 52 

and neurological deficits. Research examining the acquisition of past tense verb forms has typically 53 

focused on a group of children who have specific language impairment (SLI), a stricter designation found 54 

within the broader designation of DLD. In addition to the requirements for DLD, children with SLI also 55 

demonstrate typical nonverbal IQs. Past tense verbs include regular (i.e., -ed) and irregular forms (e.g., 56 

ran, slept). Marking irregular past tense begins earlier in development than regular past tense for most 57 

children, but mastery of irregular past tense takes longer than mastery of regular forms (Kuczaj II, 1977; 58 

Shipley et al., 1991). For regular past tense verbs, selection of treatment targets includes a pattern- or 59 

complexity-based approach (Owen van Horne & Fager, 2015; Owen van Horne et al., 2017, 2018). No 60 

current recommendations exist for selecting targets for irregular verb treatment. The current study aims 61 

to address this gap by evaluating the efficacy of using a pattern-based approach to select targets for 62 

treatment of irregular past tense verb forms.  63 

Treatment for Regular Past Tense 64 

While there are many studies examining possible factors that promote accurate production of 65 

past tense, there are only a few studies that have tested these factors during treatment of children with 66 

SLI, a more specific form of DLD that has been studied extensively. The primary difference between DLD 67 

and SLI is that children with DLD may demonstrate a range of low-to-typical nonverbal abilities (in the 68 

absence of intellectual disability) while children with SLI must demonstrate nonverbal abilities in the 69 
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typical range (Bishop et al., 2017). As most of the literature examining past tense marking has focused 70 

on children with SLI, we summarize this literature and apply it to the current study.  71 

Most grammatical treatment research has focused on therapeutic methods (Law et al., 2005; 72 

Rinaldi et al., 2021), with the consensus that both explicit and implicit methods during treatment result 73 

in positive acquisition and generalization of past tense forms, with a possible advantage for explicit 74 

methods (Calder et al., 2021; Ebbels, 2014; Kulkarni et al., 2014; Rinaldi et al., 2021). There is, however, 75 

little guidance in the literature for selecting optimal treatment targets when treating past tense. Based 76 

on studies that examined factors associated with accurate production of regular past tense in typically 77 

developing children and those with SLI, one might conclude that selecting targets with high lexical 78 

frequency or phonological similarity to known words (i.e., neighborhood structure; Marchman, 1997; 79 

Marchman et al., 1999; Oetting & Horohov, 1997; Owen Van Horne & Fager, 2015; Tomas et al., 2017), 80 

low phonological complexity (e.g., cried, instead of cuddled; Marshall & van der Lely, 2007; Tomas et al., 81 

2015), and high telicity (i.e., a clear endpoint; dropped) would be optimal (Johnson & Fey, 2006; 82 

Leonard, Deevy et al., 2007; Owen & Fager, 2015). Current recommendations support this (Crystal, 83 

1985; Weiler, 2013). Yet, in the few treatment studies that examined these factors, the outcomes did 84 

not necessarily support these recommendations.  85 

For example, Smith-Lock (2015) provided treatment for  regular past tense marking to five 86 

children with SLI and examined the patterns of generalization to untreated regular past tense verbs. She 87 

found that children generalized to other regular past tense verbs irrespective of the phonological 88 

similarities and lexical frequency of the words. In contrast, a single-case study (Eyer & Leonard, 1994) 89 

involving one five-year-old participant demonstrated generalization to untreated past tense verbs, 90 

which seemed to be influenced by phonological neighbor features (e.g., showed/goed; 91 

cried/flied/dried).  One caution in interpreting these outcomes is that both of these studies had small 92 

samples and only used pre-treatment and post-treatment measures to examine the generalization 93 
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patterns. Yet together, the studies suggest the possibility that the effect of phonological similarities of 94 

regular past tense marking may exist on a smaller scale than system-wide effects on a child’s language 95 

system.  96 

 The effects of the recommended factors of phonological complexity, telicity, and frequency of 97 

inflection for regular past tense were directly tested by Owen Van Horne et al. (2017, 2018). They 98 

designed a treatment that selected treatment targets for regular past tense that were rated as “easy” 99 

for less complex verbs (low phonological complexity, high telicity, high frequency), or  “hard” for more 100 

complex verbs (high phonological complexity, low telicity, low frequency). One group of children 101 

received treatment beginning with the “easy” verbs and progressing to the “hard” verbs, while a second 102 

group began treatment with the “hard” verbs and then progressed to the “easy” verbs. Results indicated 103 

that participants who began treatment targeting the “hard” verbs demonstrated higher accuracy on 104 

post-treatment measures and greater generalization to untreated verbs compared to the participants 105 

who began treatment with the “easy” verbs. These outcomes challenge the current recommendations 106 

for selecting targets for regular past tense treatment (Crystal, 1985; Weiler, 2013).  107 

 Currently, no recommendations exist for selecting irregular past tense treatment targets. Nor, to 108 

our knowledge, have any treatment studies sought to evaluate the influence of the factors of 109 

phonological similarities, complexity, frequency, or telicity on irregular past tense verbs. However, based 110 

upon the few treatment studies evaluating regular past tense verb targets, the question remains open 111 

as to whether phonological similarity influences the acquisition of verbs during treatment. Thus, this 112 

study may shed light on the issue for irregular past tense verb targets.  113 

Historical Basis for a Pattern-Based Approach to Target Selection 114 

 Current irregular past tense verbs were originally rule-based constructions in earlier English 115 

language versions (Pinker, 1999). Although relatively few in number (~160 to 200), irregular verbs are 116 

among the most frequently used verbs in the language (Bybee & Slobin, 1982; Pinker, 1999; Shipley et 117 
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al., 1991). Typically developing children acquire some irregular past tense verbs as early as 3 years of age 118 

(e.g., went) and have acquired most irregular verbs by 8 to 9 years of age (Shipley et al., 1991). Most 119 

irregular verbs can be consolidated into one of three distinct phonological patterns. Internal vowel 120 

change, the most common pattern, maintains the consonant sounds while the vowel changes (e.g., fall-121 

fell). The second common pattern is an internal vowel change with a final alveolar consonant (e.g., ride-122 

rode). Children are more likely to omit past tense inflections on verbs that end with alveolar consonants, 123 

which provides a false signal that the verb has already been inflected for regular past tense (i.e., -ed; 124 

Marchman et al., 1999). The third pattern consists of changes to the internal vowel and the final 125 

phoneme(s). In addition to the vowel change, (a) the final phoneme or consonant cluster changes to an 126 

alveolar (e.g., think-thought), (b) an alveolar phoneme is added to the end of the word (e.g.,  sleep-127 

slept), or (c) the final phoneme has a voicing change and an alveolar phoneme added (e.g., leave-left). 128 

Phonological patterns found among irregular past tense verbs suggest the possibility that selecting 129 

treatment targets according to a pattern-based approach may be efficacious.  130 

Theoretical Explanations of Learning Past Tense Forms 131 

The Dual-Mechanism Theory 132 

 The Dual-Mechanism Theory (Ullman, 2001) suggests irregular past tense verbs are held in 133 

declarative (i.e., episodic) memory as a “list” whereas regular past tense -ed verbs are formed via 134 

procedural (i.e., pattern-based) memory processes. This theory posits that when a verb must be 135 

inflected for past tense, a list of learned irregular forms held in declarative memory is reviewed and, if 136 

the verb form is not found, the verb is inflected according to the procedural rule of adding the -ed form. 137 

Treatment for regular past tense aligns with this theory by taking a rule-based approach (e.g., Owen van 138 

Horne et al., 2017, 2018; Smith-Lock et al., 2015). Treating irregular past tense would require 139 

memorizing all irregular verbs, as learning one verb would not result in generalization to other verbs.  140 
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Phonological Schemas Theory 141 

 In contrast, the Phonological Schemas Theory (Bybee & Slobin, 1982) suggests that individuals 142 

identify phonological patterns (i.e., schemas) across irregular past tense verbs based on their inflected 143 

form (e.g., drove). These forms are then categorized according to their respective phonological patterns 144 

and used to inflect unfamiliar irregular past tense verbs.  145 

 The Dual-Mechanism Theory and the Phonological Schemas Theory suggest that, initially, 146 

irregular past tense verbs are acquired through rote learning. However, the Dual-Mechanism Theory 147 

suggests that rote learning persists as children mature, whereas the Phonological Schemas Theory 148 

suggests that pattern identification allows children to acquire irregular past tense verbs indirectly. 149 

Following the Phonological Schemas Theory, selecting treatment targets based on their phonological 150 

pattern would facilitate generalization to untreated verbs within each phonological schema. 151 

The Current Study 152 

 Based on the Phonological Schemas Theory, it is proposed that target selection utilizing a 153 

pattern-based approach may enhance treatment efficiency for irregular past tense verb inflection. This 154 

study evaluated whether (1) selecting irregular past tense verb targets using a pattern-based approach 155 

would result in acquisition of those forms (i.e., treatment effects) by three children with DLD, (2) 156 

generalization to untreated irregular past tense verbs would occur, and (3) treatment would lead to 157 

increased use of accurately inflected irregular past tense verbs in discourse contexts. Specific 158 

phonological patterns utilized were internal vowel change (hereafter vowel change), internal vowel 159 

change with a final alveolar consonant (hereafter final alveolar), and internal vowel change plus a 160 

change to an alveolar phoneme (hereafter dual change).  161 

 Pilot data from one child revealed positive acquisition and generalization of irregular verbs. 162 

Based on these data, it was hypothesized that (1) the use of a pattern-based approach when selecting 163 

irregular past tense verb targets would result in acquisition of the forms during treatment, (2) 164 
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generalization to untreated verb forms within patterns would occur, and (3) an increased proportion of 165 

accurate irregular past tense verbs would be used in discourse contexts.   166 

Methods 167 

Participants 168 

 The institutional review board at the University of Utah approved all aspects of this study. Three 169 

participants who met our criteria for DLD were recruited (Table 1). To be identified as having DLD for the 170 

study, participants were required to score within normal limits (i.e., standard score between 85 and 115) 171 

on the Naglieri Nonverbal Ability Test (NNAT; Naglieri, 2003), pass a binaural audiometric hearing 172 

screening and, per parental report, have no history of neurological damage or primary biomedical 173 

condition (Bishop et al., 2017) causal to their language impairment; although they could have co-174 

occurring conditions (e.g., apraxia of speech, ADHD). Further, participants were identified as having DLD 175 

by scoring below one standard deviation (<85; M=100, SD=15) or below criterion on at least two of the 176 

following clinical indices: (a) Clinical Evaluation of Language Fundamentals-4th Edition Core Language 177 

Score (CELF-4; Semel et al., 2003); (b) Test of Early Grammatical Impairment (TEGI) Elicited Grammar 178 

Composite; (c) Redmond Sentence Recall task (RSR; Redmond, 2005); (d) Dollaghan and Campbell's 179 

(1998) Nonword Repetition task (NWR).  180 

[Table 1 near here] 181 

Language Measures 182 

 The CELF-4 (Semel et al., 2003) is a measure of general language ability. We utilized the Core 183 

Language Score and used a cutoff score of 85 due to its 100% sensitivity and 82% specificity for 184 

identifying DLD (Nitido & Plante, 2020). The CELF-4 is commonly used by researchers and clinicians (Betz 185 

et al., 2013; Caesar & Kohler, 2009; Finestack & Satterlund, 2018).  186 

 The TEGI (Rice & Wexler, 2001), a robust clinical marker for identifying DLD (Nitido & Plante, 187 

2020), assesses children’s accuracy with marking tense. The Elicited Grammar Composite (EGC) score 188 
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reflects children’s ability to mark tense on a variety of verbs. All participants were required to score 189 

below the criterion score for their age (93%); associated with acceptable sensitivity and specificity levels 190 

(Rice & Wexler, 2001).  191 

 Nonword repetition tasks are another robust clinical marker for identifying DLD (Graf Estes et 192 

al., 2007). Dollaghan and Campbell’s (1998) NWR requires examinees to repeat 16 nonwords aligning 193 

with the phonotactic rules of the English language. The production of correct phonemes was scored as a 194 

percentage and converted to a standard score based on community norms reported by Redmond et al. 195 

(2019). Standard scores <85 were associated with the optimal cut-off (raw score of 85%) for the 196 

identification of language impairment (Redmond et al., 2011).  197 

 Redmond’s sentence recall task (2005), another robust clinical marker for identifying DLD 198 

(Archibald & Joanisse, 2009), consists of eight active and eight passive sentences presented verbally to 199 

children. The children’s repetitions were scored according to the number of errors produced (Archibald 200 

& Joanisse, 2009). Standard scores <85 were associated with adequate sensitivity and specificity for 201 

language impairment (Redmond et al., 2019).   202 

Descriptive Measure 203 

 As portions of our intervention were narrative-based, it seemed prudent to note participants' 204 

narrative abilities. We used the Test of Narrative Language-Second Edition (TNL-2; Gillam & Pearson, 205 

2017), a norm-referenced assessment that measures examinees' comprehension and production of 206 

narratives through (a) responses to scripted questions following narratives presented orally and (b) the 207 

number of critical elements included in narrative productions.  208 

Additional Eligibility Requirements 209 

All participants were required to be monolingual English speakers between the ages of 5 and 9 210 

years of age. Additionally, a portion of the TEGI was used to identify potential participants who 211 

demonstrated sufficiently low performance for marking irregular past tense. To participate in the study, 212 
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all participants were required to demonstrate <60% accuracy on the TEGI when marking irregular past 213 

tense verbs on the past tense probe. This level was chosen because it indicates approximately chance 214 

levels of marking irregular past tense correctly, which suggests the treatment may be appropriate for 215 

the participants. The irregular past tense score was calculated as the percent correct of all irregular past 216 

tense verbs produced on the TEGI past tense probe. 217 

Participant 1  218 

 Participant 1 (P1) was a male aged 7;2 at entrance into the study. He received early intervention 219 

services for speech and language delays beginning at 2 years of age, which continued into preschool and 220 

elementary school. According to parental report, P1 was diagnosed with childhood apraxia of speech 221 

(CAS) and was receiving private treatment weekly for CAS. He was also receiving services at school 222 

targeting speech and language deficits.   223 

Participant 2   224 

 Participant 2 (P2) was a male aged 7;10 at entrance into the study. He received early 225 

intervention services beginning at age 2 for speech and language delays. Like P1, he was currently 226 

receiving services at school targeting speech and language deficits. P2 received medication on school 227 

days (methylphenidate) to treat suspected ADHD symptoms but had not yet received a diagnosis of 228 

ADHD. Upon shutdown of the school system due to COVID-19 (see “Unexpected Events” section), his 229 

parents halted his medication, and P2 remained off medication for the remainder of the study.  230 

Participant 3  231 

 Participant 3 (P3) was a male aged 7;10 upon his admittance to the study. P3 and P2 were twins 232 

and lived in the same household. P3 received early intervention services to treat speech and language 233 

delays beginning at age 2. Like P1 and P2, he was currently receiving services at school targeting speech 234 

and language deficits. 235 



PATTERN-BASED TARGET SELECTION FOR IRREGULAR PAST TENSE 

 

11 

 All participants were working with speech-language pathologists on various goals and continued 236 

to do so throughout the study. The parents of participants were unsure whether participants were 237 

receiving direct treatment at school for past tense marking, but they contacted their school-based 238 

clinicians and requested that they not provide treatment targeting past tense marking for the duration 239 

of this study.  240 

Experimental Design 241 

General Description 242 

 Each participant received treatment in the context of a multiple baseline design (MBD) across 243 

behaviors and participants. The MBD provides experimental control when systematic changes to the 244 

dependent variable (i.e., participants’ accurate production of irregular past tense verbs) align with the 245 

onset of treatment (Kratochwill et al., 2010). Causality of treatment to behavior change (i.e., treatment 246 

effects) is indicated when systematic replication of the targeted behavior across treatment sets occurs 247 

at three different points in time for a single case (i.e., MBD across behaviors for a single participant) or 248 

across three different cases (i.e., MBD across participants; Kratochwill et al., 2010). Three participants 249 

were included to allow for the possibility of demonstrating treatment effects across participants and 250 

treatment sets. The MBD across participants was nonconcurrent for P1, but concurrent for P2 and P3.  251 

 Production of the dependent variable was measured repeatedly in probes during the baseline 252 

phase. The number of baseline probes was determined a priori and extended across participants (i.e., P1 253 

= 5 baseline probes; P2 = 6 probes; P3 = 7 probes) to demonstrate treatment effects were not aligned 254 

with familiarity with the baseline probes. However, each participant needed to demonstrate stable 255 

performance for the predetermined number of baseline probes to begin treatment with any 256 

experimental set. Initiation of treatment for a given participant was not linked to the other participants’ 257 

performance. For P2 and P3, extended baseline probing was required to establish stability of responses 258 

prior to initiating treatment with subsequent experimental sets, but not with the initial treatment set. 259 



PATTERN-BASED TARGET SELECTION FOR IRREGULAR PAST TENSE 

 

12 

 Treatment was applied sequentially to sets of experimental items following the baseline phase 260 

while probing continued with treated and untreated sets of stimuli. Three experimental treatment sets 261 

were incorporated into the MBD, with the potential to apply treatment with each set depending upon 262 

treatment response. Prior to the start of the study, criteria for determining cessation of treatment were 263 

established. Treatment was discontinued (a) if a participant demonstrated 80% accuracy or higher on 264 

treated items for 3 of 4 consecutive probes, (b) if a maximum of 20 treatment sessions was provided, or 265 

(c) if no changes in behavior were evident following five consecutive probes.  266 

Treatment was applied to all three sets as planned a priori for Participant 2.  Participants 1 and 3 267 

received treatment for two of the three sets for different reasons. Participant 1 had limited treatment 268 

response with the first two sets; therefore, treatment was discontinued. Participant 3 demonstrated 269 

generalization effects to the third set of stimuli without treatment. Follow-up probes, which measured 270 

participants’ maintenance of treatment effects across several weeks with no treatment, were completed 271 

2-, 4-, and 8-weeks following completion of all treatment. 272 

Experimental Stimuli 273 

 Sets of eight treated and eight untreated stimuli for each of the three irregular past tense 274 

patterns (i.e., vowel change, final alveolar, and dual change) were developed for each participant. 275 

Stimuli for each treatment set (i.e., pattern) were initially selected using 41 verbs provided by Shipley et 276 

al. (1991). These verbs represented a range of expected acquisition ages (e.g., 3-9+ years) and fit the 277 

parameters of the phonological patterns targeted (e.g., drive-drove; find-found; catch-caught). The verbs 278 

in the Shipley et al. (1991) report did not provide enough stimuli for treated and untreated verbs for 279 

each treatment set; therefore, a search was conducted online to identify additional lists of irregular 280 

verbs that fit the criteria for each treatment set. Those verbs that were concrete enough to address in 281 

treatment were added to complete the stimulus sets. Tentative sets of stimuli were assessed with 282 

participants prior to beginning the baseline phase. Stimuli that showed prior acquisition through >50% 283 
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accurate performance on repeated trial probes were replaced with new stimuli from the same pattern-284 

based category, resulting in individualized sets of stimuli (Supplemental Material S1).  285 

To elicit production of the experimental verbs, sentence completion items that provided a 286 

subject were devised for each verb (e.g., Prompt: “Every day they sit. Yesterday, they?”). Participants 287 

were required to provide the verb at the conclusion of the sentence (e.g., “sat”). Probes were 288 

constructed with randomized pronouns (i.e., he, she, or they), sentence types (i.e., simple present tense 289 

or present tense auxiliary with present progressive aspect), and order of presentation to ensure 290 

participants could not memorize a response sequence. Items within sets were randomly assigned as 291 

treated or untreated to reflect acquisition or generalization effects of treatment, respectively. In a few 292 

instances, baseline performance demonstrated the need to balance items that were partially acquired 293 

across treated/untreated subsets prior to treatment to ensure approximate equivalence of item 294 

difficulty across subsets. 295 

Baseline Phase 296 

 Five baseline probes were determined the minimum based upon an a priori decision to use the 297 

Conservative Dual Criterion method in analysis (CDC; Fisher et al., 2003). The three experimental sets 298 

were presented in randomized order for each probe session. For each experimental set, the 16 sentence 299 

completion items (i.e., eight acquisition and eight generalization) were randomized along with four 300 

control (i.e., regular past tense –ed) stimuli for a total of 20 items per set (Supplemental Material S2). 301 

Control items were included to prevent potential learning effects. Once baseline performance stability 302 

was established, as described previously, treatment for participants’ first set of treated stimuli began.  303 

Treatment Phase 304 

 During each treatment phase, probes for the set under treatment were administered every 305 

other treatment session, beginning with Session 2. Probes for sets not currently receiving treatment 306 

alternated every third session. Probes were administered before the treatment session began to avoid 307 
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the immediate influence of treatment and represented short-term maintenance effects. During the 308 

intervention phase, only the treated and untreated stimuli, with no control items, were included in the 309 

probes (Supplemental Material S3). The lack of inclusion of control items in probes was a design error 310 

and addressed in the Discussion. The order in which treatment sets were provided to participants was 311 

determined randomly to reduce the likelihood of conditional learning circumstances (i.e., order effects).  312 

Maintenance and Follow-Up Phases  313 

 Maintenance probes for previously treated set(s) occurred on a predetermined, rotating 314 

schedule to track progress maintenance during treatment of other experimental sets. Follow-up probes 315 

were administered for all experimental sets once the final treatment phase was completed. Follow-up 316 

probes were administered at 2-, 4-, and 8-weeks following the conclusion of the final treatment session. 317 

The 16-item sets were used during maintenance testing and the 20-item sets (used in the baseline 318 

phase) were used for follow-up probes.  319 

Procedures 320 

Dependent Variable 321 

The dependent variable—percent correct production of irregular past tense verbs measured in 322 

sentence completion probes—was calculated separately for treated and untreated stimuli. 323 

 Sentence Completion Probes. As described previously, each experimental set included eight 324 

items designated for treatment and eight items designated as untreated to measure response 325 

generalization. During probes, participants completed each sentence with a single verb (e.g., "Every day 326 

she bites something. Yesterday she?"). No feedback was provided regarding accuracy. The prompt was 327 

repeated if the participant used a different verb than the prompted one, did not hear the prompt due to 328 

inattentive behavior, or requested a repetition. Each response that used the targeted verb (e.g., ran, 329 

ranned, or run; but not walk) was transcribed and scored. Standard orthographic spelling was used for 330 

transcription, except for the word "read" which could have been interpreted as marked for present or 331 
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past tense. For this word, /rid/ or "red" was transcribed for differentiation. Incorrect responses included 332 

unmarked (e.g., run), overregularized (e.g., runned), and double-marked (e.g., ranned) verbs.  333 

 Discourse Measurement Contexts. Proportions of accurate irregular past tense verbs produced 334 

across narrative activities (Supplemental Material S4) during the treatment sessions were tracked. No 335 

expected number of verb productions was determined a priori. No feedback was provided during these 336 

activities to ensure the best opportunity to observe verb use in a discourse setting. As in the sentence 337 

completion probes, irregular past tense verbs produced as unmarked, overgeneralized, or double-338 

marked were considered incorrect productions. Because the narratives were incorporated into the 339 

treatment procedures, these data were not considered part of the experimental design per se, and 340 

stability of production was not measured during the baseline phase.  341 

Intervention  342 

General Procedures  343 

 Participants received two individual sessions per week in their homes. Treatment was provided 344 

by the first author, a graduate student in speech-language pathology, and the second author, a speech-345 

language pathologist completing a clinical fellowship. All sessions were audio/video recorded for fidelity 346 

and reliability purposes. Intervention sessions were designed to be 50 minutes, aligning with standards 347 

across treatment studies (Law et al., 2004). Actual session duration (excluding probes) ranged between 348 

35 and 84 minutes, with a mean duration of 52 minutes. All eight treatment stimuli in an experimental 349 

set were presented each week, randomly presented in groups of four across the two sessions. Because 350 

P2 and P3 were twins and assigned different treatment sets, they received simultaneous in-person 351 

sessions in separate rooms at their home. When treatment moved to remote delivery (see “Unexpected 352 

Events” section), sessions were delivered without their twin present. Parents were instructed to read a 353 

homework story (described later) to each participant individually five times per week.  354 



PATTERN-BASED TARGET SELECTION FOR IRREGULAR PAST TENSE 

 

16 

 Because past tense is obligatory only when speaking about events that have already occurred 355 

(Spencer and Peterson, 2020), a narrative-based protocol was used as the context for intervention. Past 356 

tense irregular verbs were contrasted throughout the session with regular past tense -ed verbs (Connell, 357 

1982) through feedback and during the presented syntax stories (Supplemental Material S5). 358 

Therapeutic techniques were applied as needed, including verbal models, evoked imitation, and elicited 359 

production via open-ended question prompts. Session protocols were identical for each treatment set, 360 

with changes only to the treated stimuli and associated activities.   361 

Specific Intervention Procedures 362 

 Intervention procedures followed established protocols using a script and a response chart 363 

(Supplemental Material S4 and S6). Each session began with an elicited independent retell (e.g., "What 364 

did you do today?") followed by a probe (if scheduled), a report on homework fidelity, and a delayed 365 

retell of the homework story. Next, the interventionist began a series of evoked imitations of sentences 366 

containing the treatment stimuli followed by a syntax story read to the participant while they looked at 367 

a picture prompt (Supplemental Material S5). Each story incorporated all eight treatment stimuli five 368 

times each, for 40 cumulative target presentations. Afterward, an immediate retell of the syntax story 369 

was elicited from the participant. Next, naturalistic activities (i.e., games) commenced. Following each 370 

turn in the activity, the participant described what happened (e.g., "I sank the boat!"), for a total of ten 371 

productions before moving to the next activity. Throughout the session, the participant wrote keywords 372 

on a whiteboard to assist them in recalling the events of the session. At the conclusion of the session, 373 

the interventionist and participant used the whiteboard to review the events of the session (e.g., “We 374 

sank the boat”). Following this review, the participant retold the session events to a parent without 375 

assistance from the interventionist while the interventionist recorded the past tense verbs produced by 376 

the participant. Participants and parents were reminded each session to read the homework story (the 377 
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syntax story presented during the session) at least five days each week. Incentives for homework 378 

completion included stickers and positive feedback from the interventionist at the next session. 379 

Unexpected Events 380 

 Midway through the study (March 2020), the emergence of COVID-19 resulted in a mandatory 381 

shutdown of intervention studies. Treatment had just concluded for Participant 1 and he was in the 2-382 

week period prior to his first follow-up probe. Participants 2 and 3 were between their first and second 383 

experimental treatment phases. The shutdown required moving treatment delivery from in-person to 384 

remote via video conferencing tools. Upon approval by the institutional review board, re-consent by 385 

parents of all participants was obtained before continuing treatment and data collection. The transition 386 

resulted in P1 missing his 2-week follow-up probe. P2 and P3 had an 11-week break due to parental 387 

request, as the parents felt overwhelmed with the sudden change to at-home schooling. Once summer 388 

break began, probes for P2 and P3 began again to ensure performance stability before initiating the 389 

second treatment phases. Visual inspection of the data indicated that the transition to remote 390 

treatment administration did not result in any noticeable changes in probe performance relative to 391 

preceding face-to-face probes. 392 

Treatment Fidelity Procedures 393 

Both interventionists completed specific training in the study intervention procedures. The first 394 

author developed a treatment protocol that was studied and utilized by both interventionists during 395 

treatment administration. To facilitate fidelity of administration of treatment, a response and fidelity 396 

chart was developed and used for every treatment session (Supplemental Material, S6). This chart was 397 

designed to ensure that all components of treatment were completed in the correct order and the 398 

desired number of responses were elicited during specific activities. All treatment sessions were 399 

audio/video recorded for the interventionists to watch each other’s sessions to ensure consistency of 400 
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treatment application. The response and fidelity charts were used to review recorded sessions 401 

periodically to evaluate interventionist performance.   402 

Reliability: Dependent and Independent Variables 403 

 Point-to-point inter-rater scoring reliability was completed for 20% of the probes across each 404 

phase and participant. The first author used a random number generator to randomly select probes 405 

from each design phase for scoring by a second observer. The second observer rescored the probes 406 

using the session recordings. Differences between the first and second scorer’s recorded responses 407 

regarding their accuracy (i.e., correct/incorrect) were considered disagreements. The total number of 408 

agreements across all comparisons was divided by the sum of agreements and disagreements to obtain 409 

a reliability rate. The mean agreement for all participant probes was 98% (range 81-100%). Because of 410 

the satisfactory inter-rater reliability, the original rater’s scores were then used for all further analyses.  411 

 Ten percent of all recorded sessions, balanced across interventionists, were used to determine 412 

reliability of the independent variable. Provision of each session component was verified according to 413 

items on the response chart (Supplemental Material S6) to determine accuracy of treatment 414 

administration. Total accuracy of treatment delivery was 99.3%, indicating that elements of the 415 

intervention that were considered essential were administered according to the treatment protocol. 416 

Results 417 

Analyses  418 

 Percent correct productions of irregular past tense forms on sentence completion probes is 419 

shown in Figures 1, 2, and 3 for Participants 1, 2, and 3, respectively. Within each figure, each of the 420 

three graphs displays responses to a categorical set of irregular forms (i.e., vowel change, final alveolar, 421 

dual change), with treated and untreated items portrayed separately. The order of the graphs from top 422 

to bottom in each figure indicates the order of treatment application. 423 

[Figure 1 near here] 424 
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[Figure 2 near here] 425 

[Figure 3 near here] 426 

 Identifying a systematic treatment effect requires evaluating the level, trend, and variability of 427 

probe data within and across design phases (Kratochwill et al., 2010). The Conservative Dual Criterion 428 

method (CDC; Fisher et al., 2003) was used to assist in the interpretation of the data for treatment 429 

effects. The CDC method used the baseline performance on treated items to create level (i.e., mean) 430 

and trend (i.e., slope) lines, adjusted upward by 0.25 standard deviations and extended through the 431 

treatment phase data. These criterion lines indicated participants’ expected performance with irregular 432 

verbs across repeated probing if they did not receive treatment. With the CDC method, changes in 433 

behavior can be attributed to treatment when a predetermined number of data points fall above both 434 

the level and trend lines. For example, a treatment phase containing 8 data points must have 7 points 435 

above the level and trend lines to meet the CDC criterion for determining causality of treatment effects. 436 

The CDC method has been shown to convey rigorous control for type-1 error even in the presence of 437 

autocorrelation (Fisher et al., 2003). Due to improved performance on untreated stimuli sets by P2 and 438 

P3, data from an extended baseline period were used to create level and trend lines for the second and 439 

third applied treatment sets. Probe data from treated items reflected possible acquisition effects of 440 

treatment (as opposed to response generalization effects of treatment) and thus, were considered 441 

appropriate for determining if a functional relationship existed between treatment and behavior.  442 

 The Nonoverlap of All Pairs (NAP; Parker & Vannest, 2009) was used to statistically estimate the 443 

effect of treatment (Table 2). The NAP summarizes the amount of overlap between each data point in 444 

the baseline phase compared to each data point in the treatment phase. The NAP equals the number of 445 

comparison pairs with no overlap across phases divided by the total number of comparisons made and 446 

represents the probability that a random score from the treatment phase would exceed a random score 447 

selected from the baseline phase. NAP scores correspond to the following effect sizes: weak 0-.65; 448 
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medium .66-.92; strong .93-1.0. A score of .50 denotes chance effect, and scores below .50 indicate 449 

deteriorating performance. Extended baselines, when present, were used to calculate the NAP to 450 

estimate the effect of treatment application beyond observed improvements in the initial baseline 451 

during application of prior treatment sets.    452 

[Table 2 near here] 453 

 Proportion of accurate irregular past tense verbs produced by participants in the four narrative 454 

contexts that occurred during treatment sessions are reported as Supplemental Material S7, S8, and S9. 455 

These data are provided for descriptive purposes only.  456 

Participant 1 457 

 As shown in Figure 1, P1 received treatment for vowel change verbs first, followed by final 458 

alveolar verbs. Dual change verbs were left untreated due to nonresponse to the other treatment sets. 459 

P1 received 30 treatment sessions across two experimental sets with a mean session duration of 52 460 

minutes. Five baseline probes ranged between 0 to 13% accuracy for Set 1 and 0% accuracy for the 461 

remaining sets. Following treatment application for Set 1, no change in behavior was observed in the 462 

treated or untreated sets. Likewise, no change in behavior was observed for treatment Set 2.  463 

As seen in the top graph of Figure 1, two of 11 data points during the treatment phase fell above 464 

both CDC lines. According to CDC criteria, nine data points were required to exceed the dual criterion 465 

lines to attribute a treatment effect. Thus, there was a lack of treatment effect for this set. Similarly, 466 

treatment Set 2 had five data points. P1 did not exceed the mean or trend lines for any data point. NAP 467 

estimates of effect size (Table 2) indicated weak treatment effects for Set 1 (.39) and Set 2 (.50). 468 

Together with the visual analyses and CDC interpretation, the data reflect a non-effect of treatment for 469 

P1. However, P1 demonstrated possible emerging growth in his verb production during the personal 470 

retell at the conclusion of each session (Supplemental Material S7).  471 
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  There were a few deviations from the planned experimental protocol with P1.  Although gains 472 

were not evident after 10 sentence completion probes, it was decided to continue treatment to the 473 

maximum of 20 sessions during the first treatment phase to see if the participant needed more time to 474 

acquire these forms. The second treatment set was halted following 10 sessions due to non-effects of 475 

treatment (Figure 1) as planned. The two-week follow-up probe was canceled because of the mandatory 476 

shutdown of research due to the COVID-19 pandemic. The 4- and 8-week follow-up probes were 477 

administered remotely, but probe data for the 8-week follow-up was lost due to equipment 478 

malfunction. 479 

 In summary, planned probes for P1 included five initial baseline probes, 10 probes of treated 480 

items during Treatment Phase 1, five probes of treated items during Treatment Phase 2, 10 probes of 481 

treated items during Treatment Phase 3, and three follow-up probes of all items. However, the 482 

realization of the plan differed in that there were only five probes of treated items during Treatment 483 

Phase 2 due to lack of treatment response, and only one of the three follow-up probes was reported, as 484 

described above. A third treatment phase was not attempted due to lack of treatment effect in the first 485 

two treatment phases. There was no functional relationship demonstrated between treatment and 486 

behavioral responding for P1.   487 

Participant 2 488 

 As displayed in Figure 2, P2 first received treatment for the final alveolar verbs (Set 2), followed 489 

by dual change verbs (Set 3), and then the vowel change verbs (Set 1). He received 55 treatment 490 

sessions across three experimental sets with a mean session duration of 51 minutes. Across the six 491 

baseline sessions, accuracy on the Set 2 items designated for treatment was consistently 0%. Following 492 

application of treatment for Set 2, increases in accuracy were observed for the trained verbs following 493 

three treatment sessions. P2 reached 100% accuracy on the trained verbs after 17 treatment sessions. 494 

Increases in accuracy for the untrained Set 2 verbs were also observed, reaching 50% accuracy.  495 
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During treatment application for Set 2, accuracy for Set 3 and Set 1 verbs increased up to 38%. 496 

Because of this, extended probing for Set 3 was conducted to establish behavioral stability prior to 497 

beginning treatment of this set. An additional six probes indicated stability had been established, with 498 

accuracy ranging between 25% and 38% for Set 3 treatment items. Performance remained variable 499 

when treatment was applied to Set 3, but gains were noted, with accuracy up to 75%. Untreated items 500 

also rose in accuracy. Treatment for Set 3 was halted following eight probes due to a lack of change 501 

noted on the final five probes administered during that treatment set.  502 

During treatment of Set 3, variable performance on the untrained Set 1 (range 38-63%) and 503 

trained Set 2  (range 50-75%) was noted. As Set 1 was slated for the final treatment set, an additional six 504 

probes were administered before applying treatment. The extended probing of Set 1 showed a 505 

downward trend from 75% to 50-63% accuracy; thus, treatment was initiated. Upon treatment 506 

application, production accuracy was initially variable, but an upward trend was evident, with 100% 507 

accuracy reached for trained items and 75% accuracy for untrained items after 19 treatment sessions.  508 

Maintenance probes for Set 2 and Set 3 indicated variability in performance during treatment of 509 

Set 1, but treatment gains were generally maintained. Follow-up probes indicated some loss in 510 

treatment gains, but performance remained above initial baseline levels for all sets. At 8-weeks post-511 

treatment, accuracy of production of treatment items was as follows: Set 2 = 63%, Set 3 = 38%, and Set 512 

1 = 63%. Decreases in gains for untreated exemplars were observed with all sets at follow-up, but 513 

accuracy levels remained above baseline for untreated items from Set 3 and Set 1.  514 

 The top graph of Figure 2 shows that nine of 11 data points for treated items during the 515 

treatment phase fell above both CDC lines, indicating systematic changes in behavior were associated 516 

with treatment for set 2. For Set 3, CDC lines were generated using the extended baseline data. The 517 

middle graph revealed that only five of eight data points fell above both CDC lines during the treatment 518 

phase, indicating a probable lack of treatment effect beyond gains already achieved, likely due to 519 
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generalization from Set 2 treatment. However, extension of the CDC lines through the maintenance 520 

phase for Set 3 suggests that additional behavior change was associated with Set 1 treatment 521 

application. That is, 12 of 15 combined treatment and maintenance phase probe points fell above both 522 

CDC lines. As seen in the final graph of Figure 2, only seven of 10 data points fell above CDC lines, 523 

indicating a probable lack of treatment effect beyond initial gains acquired during the initial treatment 524 

phase for Set 1 items. NAP estimates (Table 2) revealed a strong treatment effect for Set 1 (.91) and 525 

medium treatment effects for Sets 1 and 3 (.67 and .84, respectively). No consistent changes in 526 

production of irregular verbs in discourse were observed (Supplemental Material S8).  527 

 In summary, planned probes for P2 included six initial baseline probes, 10 probes of treated 528 

items during Treatment Phase 1, 10 probes of treated items during Treatment Phase 2, 10 probes of 529 

treated items during Treatment Phase 3, and three follow-up probes of all items. As noted, the 530 

pandemic necessitated suspension of the study at the end of Treatment Phase 1. When remote conduct 531 

of the study was allowed, an additional probe was conducted at the end of Treatment Phase 1 using 532 

remote measures to ensure that performance was stable (i.e., 11 probes for Treatment Phase 1). Prior 533 

to Treatment Phase 2, six additional probes of the to-be-treated set (Set 3) were required. During 534 

Treatment Phase 2, eight probes instead of 10 were completed due to plateauing of behavior. Six 535 

additional probes were also required for Set 1 prior to beginning Treatment Phase 3. Treatment Phase 3 536 

and follow-up phase probes were completed as planned. A functional relationship between treatment 537 

and behavior was apparent for the first treated set. A functional relationship between treatment and 538 

behavior was likely for the second treated set but was not as clear due to variability in probe 539 

performance. Although gains were seen with the third treated set, a functional relationship with 540 

treatment and behavior was not established.  541 

Participant 3   542 
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 As depicted in Figure 3, P3 received treatment for Set 3 (dual change) first, followed by Set 2 543 

(final alveolar). P3 received 29 treatment sessions across two experimental sets with a mean session 544 

duration of 54 minutes. After seven baseline probes that indicated stability at 13% accuracy, treatment 545 

was applied to Set 3. Immediate increases in accuracy for treated items were observed, with 546 

performance reaching up to 100% accuracy. The criterion for treatment termination was reached 547 

immediately prior to treatment session 17 and P3 moved into the extended baseline phase for Set 2. 548 

Performance with untreated items in Set 3 was variable but showed improvement across the treatment 549 

phase. Midway through treatment for Set 3, increases in accuracy on the untrained Sets 2 and 1 were 550 

also observed. Accuracy on untrained Set 2 and Set 1 items increased up to 75% by the completion of 551 

Set 3 treatment.  552 

At the completion of treatment for Set 3 an 11-week break ensued (see “Unexpected Events” 553 

section). Extended probing was administered to ensure performance stability before applying treatment 554 

for Set 2. Stability was established (i.e., accuracy ranged from 50% to 38%), and treatment for Set 2 555 

began. Accuracy in performance on treated behaviors increased up to 100%, and treatment was halted 556 

just before treatment session 14 because P3 met the performance criterion on the probe. Untreated 557 

items in Set 2 did not improve beyond the extended baseline data, suggesting limited generalization. 558 

Treatment was not applied to Set 1, due to high levels of accuracy achieved during treatment of Sets 3 559 

and 2.  560 

Accuracy of production of trained items from Set 3 was maintained throughout treatment of Set 561 

2. Follow-up probes indicated treatment gains were maintained at levels well above baseline. At 8-562 

weeks post-treatment, accuracy levels for treated items were as follows: Set 3 = 63%, Set 2 = 83%, and 563 

Set 1 = 100%. Accuracy of untreated items was also maintained at levels above baseline for Sets 3 and 1. 564 

As indicated in the top graph of Figure 3, all nine data points during the treatment phase fell above both 565 

CDC lines, indicating that systematic change in behavior can be attributed to treatment. The middle 566 
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graph shows 6 of 7 data points fell above both CDC lines, again meeting CDC criteria, indicating changes 567 

in behavior were associated with treatment. NAP estimates (Table 2) revealed a strong treatment effect 568 

for Set 3 (1.0) and Set 2 (.94). Production of irregular past tense verbs in discourse was variable 569 

(Supplemental Material S9) and did not indicate changes in production for any of the discourse 570 

conditions.  571 

In summary, planned probes for P3 included seven initial baseline probes, 10 probes of treated 572 

items during Treatment Phase 1, 10 probes of treated items during Treatment Phase 2, 10 probes of 573 

treated items during Treatment Phase 3, and three follow-up probes of all items. P3 required fewer 574 

probes during Treatment Phases 1 and 2 due to performance criteria being met (i.e., Phase 1 = 9 probes, 575 

Phase 2 = 7 probes). An additional probe was conducted with the start of remote conduct of the study 576 

to ensure stability of performance. Five additional probes were required with Set 2 prior to initiating 577 

treatment with that set. Additionally, the third treatment phase was not required due to apparent 578 

generalization effects with Set 1. A functional relationship was established between treatment and 579 

behavior for both sets that received treatment. There was no opportunity to demonstrate another 580 

replication in a third treatment phase due to generalized responding with Set 1.  581 

Discussion  582 

 This study evaluated the efficacy of utilizing phonological schemas for target selection in 583 

treating irregular past tense verbs for children with DLD. This study is a first step in identifying optimal 584 

approaches for treating irregular past tense verbs. Patterns used for verb target sets were based on 585 

phonological schemas and included vowel change, final alveolar, and dual change verbs. Experimental 586 

control was demonstrated for two of three participants. Baselines, and extended baselines where 587 

appropriate, demonstrated stability before initiating treatment. Treatment effects were noted for P2 588 

and P3 and were supported by CDC analyses. A functional relationship between treatment and 589 

behavioral change was clearly observed for both treatment phases for P3 and the first treatment phase 590 
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for P2. A likely association between treatment and behavioral change was also observed for the second 591 

treatment phase for P2. Probable generalization effects from the first two treatment phases obfuscated 592 

effects for the third treatment phase for P2 and rendered a third treatment phase unnecessary for P3. 593 

P1 demonstrated no direct treatment effects.  594 

Participant 1  595 

 Data from P1 do not support using a pattern-based approach for selecting targets. During 596 

sessions and on probe tasks, P1 tended to produce a non-related word or state that he forgot the word, 597 

requiring more therapeutic support (e.g., repetitions, models) compared to P2 and P3. This difficulty was 598 

not observed during his eligibility assessments, including his responses during the TEGI and the 599 

comprehension portions of the TNL-2, nor did this difficulty seem related to his diagnosis of CAS. 600 

Specifically, during his eligibility assessment, P1 produced phonological patterns associated with 601 

repeated nouns and verbs (but without past tense marking) with regularity. Based on these observations 602 

during his eligibility assessments, his speech intelligibility is not considered to be the reason for his 603 

difficulty. However, P1 did demonstrate significant difficulty with his overall language expression, as 604 

evidenced by his scores on the CELF-4 and TNL-2.  605 

The difference between P1’s scores on eligibility measures compared to P2 and P3 may indicate 606 

key characteristics impacting their responses to the intervention. P1’s score on the nonverbal 607 

assessment fell within normal limits but was considerably lower than P2 and P3’s scores. Recall that the 608 

nonverbal ability task required examinees to identify visuospatial patterns. It may be that there is a 609 

threshold for identifying verbal or visuospatial patterns as a requisite skill for applying the Phonological 610 

Schemas theory to treatment. P1’s relatively lower score reflected greater difficulty identifying patterns 611 

within sequences compared to P2 and P3 and could represent one reason for differences in response to 612 

treatment. Further, P1's consistent difficulty with recall after treatment began suggested the possibility 613 

that an unidentified cognitive issue may have also impacted his performance. This study did not assess 614 
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specific cognitive processes, such as memory, that could have contributed to P1’s outcomes. 615 

Recognizing factors that support a positive treatment response or predict non-effects of treatment is 616 

essential for identifying which children might benefit from this approach to target selection.   617 

Although the data from P1 do not provide support for the Phonological Schemas Theory, it also 618 

does not provide clear support for the Dual Mechanism Theory. Recall that the Dual Mechanism Theory 619 

posits that the irregular past tense forms would need to be taught directly, one at a time, for 620 

acquisition. P1 did not demonstrate acquisition of the treated irregular past tense verbs. However, P1’s 621 

data do not rule out the possibility of the Dual Mechanism Theory altogether. It could be that to acquire 622 

the irregular past tense verb forms P1 needed increased intensity of treatment (i.e., dose frequency or 623 

total duration of treatment) to be successful. It is also the case that this treatment used implicit 624 

instruction and practice. It could be that P1 required explicit instruction to support his acquisition of the 625 

irregular past tense verbs. If increased intensity of treatment and/or explicit rather than implicit 626 

instruction had been provided to P1, his results may have been different and he may have shown 627 

acquisition of the treated irregular past tense verbs, supporting the Dual Mechanism Theory.   628 

Participants 2 and 3 629 

Data from P2 and P3 indicated a pattern-based approach holds promise as an effective method 630 

for selecting targets for some children with DLD. Acquisition and generalization to untreated stimuli 631 

were demonstrated within and across treatment sets. This may be particularly meaningful, as there is an 632 

apparent disadvantage for linguistic development for twins compared to singleton children (Hay et 633 

al.,1987; Thorpe et al., 2003) thought to result from less conversational interaction with parents due to 634 

increased competition for adult attention. While this may be accurate, P2 and P3 lived in a highly 635 

supportive language environment. It was observed by the researchers that the parents were very 636 

responsive to the questions and other linguistic interactions of P2 and P3. Therefore, their outcomes 637 

may reflect the combined effects of a positive linguistic environment upon treatment.  638 
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Our data indicated possible problems with our application of the Phonological Schemas Theory. 639 

Treatment effects appeared to partially generalize across sets, suggesting that the patterns we selected 640 

may not be categorically different from each other. Behavior changes across all three categories 641 

occurred within the first five treatment sessions for P2 and P3. However, the Dual-Mechanism Theory 642 

cannot provide a satisfactory explanation for our data either. A key tenet of this theory is that irregular 643 

forms are stored in the lexicon and retrieved individually, predicting no generalization would occur to 644 

untreated items. However, both P2 and P3 demonstrated improvement on untreated forms within and 645 

across phonological categories, indicating generalization and providing evidence against this hypothesis.  646 

 A hypothesis not previously considered in our thesis might better explain our data. The Multiple-647 

Rules Model (Albright & Hayes, 2003) suggests inflection of verbs is based on probabilistic rules. That is, 648 

when inflectional marking is needed for a verb, the probability of an irregular or regular inflection is 649 

calculated and the most probabilistic inflection is applied. This model could explain why adults and 650 

children sometimes mark a single verb with various inflections (e.g., spit, spitted, spat). It could also 651 

explain the generalization patterns noted by P2 and P3. Their exposure to the irregular verb patterns 652 

may have provided morphophonological data used to inflect unknown verbs on probes.  653 

 The phonological complexity of the dual change verb category could also have influenced the 654 

generalization patterns observed. Dual change verbs require multiple steps for accurate inflection. 655 

Research examining the effects of complexity on treatment targets indicates an increased likelihood of 656 

generalization to simpler yet related forms (Gierut, 2001; Owen van Horne et al., 2017, 2018). Future 657 

studies should examine whether our findings may have resulted from probability calculations or 658 

complexity factors rather than phonological schemas.    659 

Limitations and Future Directions 660 

 While this study provides some support for the use of a phonological schemas approach for 661 

treating irregular past tense with children who have DLD, it should be noted that the children who were 662 
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included in this study all demonstrated nonverbal IQ scores in the average range (i.e., standard scores of 663 

80-120). The outcomes of this study may have been different if some or all of the participants 664 

demonstrated language impairment with lower nonverbal cognitive ability (i.e., standard scores 70<85). 665 

Children with low nonverbal ability and language impairment may slow in their acquisition of irregular 666 

past tense verbs at roughly 7 years of age (Rice et al., 2004). Future studies might compare the impact of 667 

cognition when treating irregular past tense.  668 

Another limitation centers on the homework component of treatment. Although the parents of 669 

P2 and P3 were instructed to read the homework stories to each participant separately, their fidelity to 670 

this procedure was not tracked. Thus, mixed treatment effects via homework is possible. However, P2 671 

and P3’s different acquisition patterns suggest it unlikely that this oversight impacted the outcomes 672 

significantly.  673 

Treatment Design 674 

 This study demonstrated that selecting irregular past tense verbs according to their 675 

phonological patterns was efficacious for acquisition and generalization. Evaluating which type of 676 

pattern is most efficacious or comparing these effects to other approaches (e.g., selecting targets based 677 

on frequency, telicity, or neighborhood structure) was outside the scope of this study.  678 

A significant consideration for any treatment study is how well the approach would translate to 679 

clinical practice. One way this can be examined is in terms of effort, or the time required to produce the 680 

results. Our study aimed for approximately 50 minutes of treatment twice weekly. While this amount of 681 

effort is standard across treatment studies (Law et al., 2004), the majority of speech-language 682 

pathologists (SLPs) work within a school setting (ASHA, 2021) and are unlikely to provide sessions as long 683 

as those used in this study. Thus, future studies should consider whether this pattern-based approach 684 

may be efficacious in a condensed format or with increased treatment intensity (Warren et al., 2007). 685 

Study Design 686 
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 Weaknesses in the current study design should be addressed in future research. Specifically, 687 

there was a flaw in the implementation of probes. As noted, the baseline and follow-up probes included 688 

four regular past tense –ed verbs per set (i.e., 20 items per set) while the probes used throughout the 689 

treatment and maintenance phases of the study did not include these verbs (i.e., 16 items per set). A 690 

crucial premise of single-case experimental designs is that measurement conditions remain the same 691 

throughout all phases of the study. The inclusion of the regular past tense -ed verbs in only the baseline 692 

and follow-up phases was due to miscommunication among investigators and weakened the design 693 

controls. Fortunately, probe performance speaks against any substantial influence of this design error. If 694 

removal of the probe items after baseline had influenced probe performance, behavioral changes would 695 

have been expected soon after removal and should have similarly impacted treated and untreated 696 

items. For P2, improvement in performance with the first trained set was not noted until after three 697 

treatment sessions for treated items and after 11 treatment sessions for untreated items. For P3, gains 698 

in accuracy were seen in the first probe after baseline, but untreated items were at baseline levels after 699 

three and five treatment sessions. Further, treatment effects were evident with the second treated set 700 

for P3 and were likely for the second treated set for P2. These effects followed extended probing that 701 

did not include the regular past tense -ed verbs.  702 

The MBD across participants design was not concurrent for P1 but was concurrent for P2 and 703 

P3. A totally concurrent design would have provided more experimental control. That is, if all 704 

participants had been enrolled concurrently, we could have coordinated initial baselines across 705 

participants, which would have provided additional controls to historical threats to internal validity. 706 

However, concurrent MBDs are difficult to conduct due to the amount of interventionist time required. 707 

In particular, when studies are unfunded (such as the current investigation) and/or are conducted by 708 

clinician-researchers, the personnel demands of a concurrent MBD may be prohibitive.  709 
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As noted, the number of planned probes differed from the number of completed probes for all 710 

participants. The loss of two follow-up probes for P1 is certainly a weakness. Back-up recordings (i.e., 711 

using more than one recording device) could have mitigated the loss of one of those follow-up probes. 712 

The other differences in number of probes conducted represent the flexibility of single-subject 713 

experimental designs. The use of extended probing prior to initiation of treatment for subsequently 714 

trained sets allowed the demonstration of behavioral stability. The coordination of number of probes 715 

with performance criteria permitted us to tailor the design to the individual participants. Such flexibility 716 

is considered a strength of single-case experimental designs (Connell & Thompson, 1986).  717 

Concluding Remarks  718 

 The findings from this multiple-baseline single-subject experimental design investigation provide 719 

preliminary support for a pattern-based approach to target selection when treating irregular past tense 720 

verbs. Although the data indicated the possibility that the selected phonological schemas were not as 721 

distinct as anticipated, observed generalization to untreated forms on probes suggests this approach to 722 

target selection may lead to more efficient acquisition of irregular past tense forms during treatment.  723 
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Table 1 896 

Participant Characteristics 897 

 Participant 1 Participant 2 Participant 3 

Age 7;2 7;10 7;10 

NNATa 88 119 119 

RSRab 56 89 83 

NWRab 40 62 69 

TEGI EGCc 21 75 61 

 Phonological Probe Pass Pass Pass 

 Irregular past tense probe 33% 57% 13% 

CELF-4 CLSa 50 75 88 

TNL-2a 75 100 105 

Note. Age reported as years;months. NNAT = Naglieri Nonverbal Ability Test. RSR = Redmond Sentence 898 

Recall task. NWR = Nonword Repetition task. TEGI EGC = Test of Early Grammatical Impairment Elicited 899 

Grammar Composite. CELF-4 CLS = Clinical Evaluation of Language Fundamentals-Fourth Edition Core 900 

Language Score. TNL-2 = Test of Narrative Language-Second Edition.  901 

aStandard score reported. 902 

bStandard score conversion for RSR and NWR obtained from Redmond et al., 2019.  903 

cCriterion score used.  904 
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Table 2  905 

NAP Calculations for each treatment set per participant 906 

Participant Treatment Set No Overlap 

Total 

Comparisons NAP 

Participant 1 Set 1 21.5 55 0.39 

 Set 2 27.5 55 0.50 

Participant 2 Set 2 60.0 66 0.91 

 Set 3 40.5 48 0.84 

 Set 1 40.0 60 0.67 

Participant 3 Set 3 63.0 63 1.00 

 Set 2 33.0 35 0.94 

Note. No Overlap = the number of comparison pairs with no overlap. Total comparisons = the total 907 

number of comparisons made across the baseline and treatment phases. Effect sizes: weak = 0-0.65; 908 

medium = 0.66-0.92; strong = 0.93-1.0. Calculations made according to Parker and Vannest (2009). 909 
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Figure 1 910 

Percent correct irregular past tense verbs produced on probes for Participant 1 911 

  912 
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Figure 2 913 

Percent correct irregular past tense verbs produced on probes for Participant 2 914 

  915 
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Figure 3   916 

Percent correct irregular past tense verbs produced on probes for Participant 3 917 

  918 
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Supplemental Material S1  919 

Target and generalization verbs for participants. 920 

Supplemental Material S2 921 

Sample probe for baseline and post-treatment phases. 922 

Supplemental Material S3 923 

Sample probe for treatment phase. 924 

Supplemental Material S4 925 

Sample treatment script. 926 

Supplemental Material S5 927 

Sample syntax story provided as part of the treatment script. 928 

Supplemental Material S6 929 

Sample recording and protocol fidelity chart. 930 

Supplemental Material S7 931 

Proportion of accurate irregular past tense verbs produced in narratives for Participant 1. 932 

Supplemental Material S8 933 

Proportion of accurate irregular past tense verbs produced in narratives for Participant 2. 934 

Supplemental Material S9 935 

Proportion of accurate irregular past tense verbs produced in narratives for Participant 3. 936 

  937 
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Supplemental Material S1. Target and Generalization Verbs for Participants. 

 

Treated and Untreated Stimuli for Participant 1 

 

 

  

 Set 1 Set 2 Set 3 

 Vowel Change Final Alveolar Consonant Dual Change 

Treated Sink-Sank Slide-Slid Sell-Sold 

 Give-Gave Write-Wrote Kneel-Knelt 

 Take-Took Find-Found Leave-Left 

 Run-Ran Shoot-Shot Keep-Kept 

 Drive-Drove Read-Read Tell-Told 

 Hang-Hung Sit-Sat Bring-Brought 

 Win-Won Bite-Bit Feel-Felt 

 Fall-Fell Hold-Held Teach-Taught 

    

Untreated Dig-Dug Meet-Met Buy-Bought 

 Break-Broke Fight-Fought Say-Said 

 Speak-Spoke Hide-Hid Catch-Caught 

 Come-Came Light-Lit Sleep-Slept 

 Wake-Woke Lead-Led Creep-Crept 

 Swim-Swam Eat-Ate Hear-Heard 

 Shake-Shook Ride-Rode Sweep-Swept 

 Drink-Drank Feed-Fed Lose-Lost    938 
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Supplemental Material S2. Sample Probe for Baseline and Post-treatment Phases. 

 
 

Examiner: I am going to say some words to make a sentence. But I am going to leave the last 

word for you to say. (Start tapping the table while speaking…) So, if I said: “I am tapping 

the….” you would say “table”.  

Let’s try another one. “Your name is ….” (let the child insert their name). 

• If they respond correctly, say That’s right. Let’s do some more. 

• If they respond incorrectly to the trial, say: That’s not quite right. Your name is 

(child’s name), so if I say “Your name is” you would finish my sentence by saying 

(child’s name)”. Let’s try that again. Then repeat the stimulus.  
 

If the child does not know the meaning of a word that is presented, provide the definition or use 

an example, using the infinitive form (e.g., creeping means to crawl), then re-administer the 

prompt. DO NOT provide a past tense-marked example. 

 
Set 2: 

1. Every day they sit. Yesterday they ____. 

2. The girl is finding things. Now she's all done. Tell me what she did. She___. 

3. Every day he bites. Yesterday he ____. 

4. The kids are feeding things. Now they're all done. Tell me what they did. They___. 

5. Every day they camp. Yesterday they ____. 

6. Every day she leads. Yesterday she ____. 

7. Every day he writes. Yesterday he____ . 

8. The kids are holding things. Now they're all done. Tell me what they did. They____. 

9. Every day he eats. Yesterday he ____. 

10. Every day he reads. Yesterday he ____. 

11. The boy is hiding . Now he's all done. Tell me what he did. He____. 

12. Every day they slide. Yesterday they ____. 

13. Every day she bakes. Yesterday she ____. 

14. The boy is painting. Now he's all done. Tell me what he did. He____. 

15. Every day she lights things. Yesterday she ____. 

16. Every day she works. Yesterday she ____. 

17. The girl is riding. Now she's all done. Tell me what she did. She ____. 

18. The girl is meeting. Now she's all done. Tell me what she did. She____. 

19. The kids are fighting. Now they're all done. Tell me what they did. They____. 

20. Every day they shoot things. Yesterday they ____. 

 

  939 

  940 
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Supplemental Material S3. Sample Probe for Treatment Phase. 

 
 

Examiner: I am going to say some words to make a sentence. But I am going to leave the last 

word for you to say. (Start tapping the table while speaking…) So, if I said: “I am tapping 

the….” you would say “table”.  

Let’s try another one. “Your name is ….” (let the child insert their name). 

• If they respond correctly, say That’s right. Let’s do some more. 

• If they respond incorrectly to the trial, say: That’s not quite right. Your name is 

(child’s name), so if I say “Your name is” you would finish my sentence by saying 

(child’s name)”. Let’s try that again. Then repeat the stimulus.  
 

If the child does not know the meaning of a word that is presented, provide the definition or use 

an example, using the infinitive form (e.g., creeping means to crawl), then re-administer the 

prompt. DO NOT provide a past tense-marked example. 

 
Set 2: 

1. The boy is writing. Now he's all done. Tell me what he did. He _____. 

2. Every day she rides something. Yesterday she ______. 

3. The boy is leading someone. Now he's all done. Tell me what he did. He _____. 

4. Every day they meet someone. Yesterday they _____. 

5. Every day he eats. Yesterday he _______. 

6. The girl is reading. Now she's all done. Tell me what she did. She _____. 

7. Every day she slides. Yesterday she ______. 

8. Every day he finds something . Yesterday he _______. 

9. The kids are sitting. Now they're all done. Tell me what they did. They _____. 

10. Every day they light something. Yesterday they _____. 

11. The girl is feeding something. Now she's all done. Tell me what she did. She _____. 

12. Every day he fights. Yesterday he _______. 

13. Every day she bites something. Yesterday she ______. 

14. Every day he shoots something. Yesterday he _______. 

15. Every day they hide. Yesterday they _____. 

16. The girl is holding something. Now she's all done. Tell me what she did. She _____. 

 
  941 

  942 
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Supplemental Material S4. Sample Treatment Script. 

 

1) Establish rapport using personal narrative retell: “Tell me about something you did 

today”  

• Prompting may include: at school, at home, for fun, but no prompting with verbs.  

 

2) Administer Probe if scheduled. 

 

3) Review homework chart  

• Praise/encourage compliance. 

 

4) Delayed narrative retell of homework syntax story 

• “Tell me all the parts you remember of your homework story”  

• No other prompting/correction/help with words 

 

5) Write on cueing board 

Should be determined (and written) by the participant. Spelling is not the focus here. If 
they ask for help spelling something, you may provide it. If the participant selects a verb 

to describe a task that may not be expected (e.g., “played a game” for the probe instead of 

“told you a story” or used a verb unmarked, etc.) allow it to be used. Any verb is 

acceptable for this, if it is marked with past tense (e.g. regular past tense). If the word is 

marked incorrectly or not marked with past tense, recast the word with appropriate tense-
marking and encourage them to write the correctly-marked word they selected.  If the 

participant suggests an identical word for each item throughout the session, ask “what’s 

another word we could use?” or “how else could we say that?”. If they do not provide an 

appropriate response (new word), respond with two suggestions (“We could say we told a 

story or we could say that we talked about a story. What do you think should say?”). The 
goal is to have each verb repeated no more than once across the 7 verbs in the personal 

narrative at the end of the session.  

 

6) Direct Imitation of Sentences 

 
Write on cueing board 

 

7) Presentation of syntax story 

 

8) Child immediate narrative retell of syntax story 
 

Write on cueing board 

 

9) Naturalistic activities: (4 per session; all 8 targets per week): sank, drove, took, ran 

Þ Correction and requests for repetition of the correctly-produced response is 

necessary for each of the ten trials for each target word.  
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Supplemental Material S5 
 

Week 8 Syntax Story 
Tx Targets: Dug, threw, stuck, shook, chose, flew, rang, blew 

 
Daniel looked around him. Everyone was ready for Halloween. Daniel chose to be a pirate this year. He 

chose to be a pirate because he loved ships. He loved how the wind blew against the ship, and how the 
waves flew up onto the deck during a storm. He could imagine himself a real pirate captain of his own 
ship.  

 
His best friend Henry chose a completely different costume. He chose to be a superhero because he 

loved comics. Henry looked at Daniel. “You ready?” he asked. “Yep” Daniel responded. “Which street 
should we choose to go trick-or-treating on first?” Henry asked. “Hmm,” Daniel stuck his hand under his 

chin. He tapped his chin for a minute, then threw Henry a smile. “Let’s start on this street, then go 
around the corner to the next street, and let’s try to get one more street before we come home.” Henry 
grinned, and the boys started out.  

 
Henry and Daniel walked to the first house. They rang the doorbell. “Trick or treat!” they yelled. The 

lady at the door threw some candy into each of their bags. The boys thanked her and moved on to the 
next house.  

 
They rang the next doorbell. This time a man answered the door. He threw some candy into the boys’ 
bags. They thanked him. Daniel and Henry rang the next doorbell and the next. Each time they rang the 

doorbell, people threw candy into their bags. Halloween was amazing! 
 

After the first street, Henry shook his bag. “Haha!” he smiled as he shook it. “I have so much candy!” 
Daniel shook his bag too. “Me too!” Daniel stuck his hand into his bag and dug around. He pulled out a 

laffy taffy. “I love laffy taffy!” he exclaimed.  
 
Suddenly, the wind started blowing. It nearly blew Daniel’s hat off his head. “Oh no!” Daniel grimaced. 

He stuck his hat more firmly on his head and looked up at the sky. The wind blew and the leaves flew 
across the ground. “We’d better hurry. I think there is a storm coming. We want to finish our trick-or-

treating before the storm comes!”  
Henry agreed with Daniel. They chose their next house and hurried to the door. They rang the doorbell 

and the man at the door threw more candy into their bags.   
 
The wind blew and blew as the boys hurried to each house on the street. Leaves flew across the 

sidewalk. They flew into the street. Once, the boys noticed an owl in the sky. He flew right over their 
heads.  

 
Eventually, the boys noticed their bags were getting heavy. They shook them. “Wow,” Daniel smiled. He 

dug his hand into the bag. “I think my bag is full. We should probably go home now.” Henry dug his hand 
into his bag as he shook it. “Yep, my bag is full too. Let’s go home.”  
 

When the boys arrived at Daniel’s house, they walked in. They stuck their bags on the kitchen counter. 
Daniel’s mom smiled. “You have a lot of candy,” she observed. Daniel stuck his hand in his bag and dug 

out a handful. “Yep. Look at all my candy.” Henry dug some candy out of his bag too.  
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Supplemental Material S6. Response Recording and Protocol Fidelity Chart. 

 

Participant:   ______________ Date:   _______ Session #:  _____ Length of Session: ________ Clinician:  __________________ 

1) Independent retell verbs: 
    

 

3) Homework completed? Days Completed: 

4) Syntax Story delayed retell verbs: 
          

Cueing 

Board 
Verbs 

1 2 3 4 5 6       

 
 

           

              

6) Direct 
Imitation 

Target 1 Target 2 Target 3 Target 4 Target 5 Target 6 Target 7 Target 8      

             

8) Syntax Story  
immediate retell verbs: 

           

9) Naturalistic Activities Target 
produced 1 2 3 4 5 6 7 8 9 10 

Target 1: 
 

          

Target 2: 

 

          

Target 3: 
 

          

Target 4: 
 

          

          

12) Personal Narrative retell verbs: 
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Supplemental Material S7 

 Proportion of accurate irregular past tense verbs produced in narratives during treatment sessions for Participant 1 

Narrative Task 

Session Number 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

Set 1                     

Independent 0/5 0/7 0/3 0/3 0/2 0/7 0/4 0/4 0/4 0/3 0/6 1/10 0/4 0/4 0/4 0/9 0/3 1/3 0/6 0/4 

Delayed  n/a 0/5 0/2 0/2 0/2 0/3 0/1 0/3 0/2 0/3 0/4 0/2 0/3 0/3 0/0 0/4 0/2 0/3 0/2 1/2 

Immediate 0/5 0/2 0/4 0/4 0/7 0/4 0/3 1/4 0/4 1/4 0/5 0/8 1/8 1/6 1/4 1/3 0/3 0/5 1/3 1/5 

Personal 1/8 2/8 3/5 3/5 1/7 1/5 1/7 3/6 0/5 3/6 2/6 1/6 0/5 1/5 1/8 3/7 0/7 2/6 4/8 1/6 

Set 2                     

Independent 0/3 1/7 0/5 0/5 1/4 0/7 0/2 0/3 1/7 0/4           

Delayed  n/a 0/2 0/2 1/3 1/2 1/1 2/4 1/5 0/1 0/1           

Immediate 0/3 0/5 0/4 1/6 1/4 1/3 2/6 1/5 0/5 0/5           

Personal 1/7 1/6 3/5 2/6 2/7 1/6 5/7 1/6 3/6 3/6           

Note. Data from treatment sessions delivered are reported. Proportion of irregular past tense verbs compared to total verbs produced in the 

retell. Participant 1 received 20 treatment sessions for Treatment Set 1 and 10 treatment sessions for Treatment Set 2. Independent: a narrative 

in which Participant 1 shared something that happened that day or the day before. Delayed: a retell of the homework story from the previous 

week. Immediate: an immediate retelling of the story provided during the session. Personal: a retelling of the events that occurred during the 

session, using keywords chosen by the participant as visual cues for support.  
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Supplemental Material S8 

Proportion of accurate irregular past tense verbs produced in narratives during treatment sessions for Participant 2 

Narrative Task 

Session Number 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

Set 2                     

Independent 1/3 0/3 1/8 1/5 4/5 1/3 2/5 1/7 2/5 0/3 1/2 1/6 1/9 1/2 1/7 3/3 3/4 1/5 1/4  

Delayed  n/a 0/3 4/9 2/5 1/2 2/4 2/6 2/4 2/6 2/3 2/2 3/9 2/7 4/5 3/3 6/13 5/13 5/11 2/9  

Immediate 4/7 5/14 1/3 1/4 2/4 5/8 2/4 3/9 2/3 1/7 4/8 2/4 7/15 4/7 8/18 8/28 4/12 4/11 4/14  

Personal 4/9 5/6 6/7 3/5 5/8 3/6 4/5 5/6 5/6 6/6 5/6 6/6 5/5 6/6 7/10 6/7 5/6 4/6 5/6  

Set 3                     

Independent 0/3 3/3 1/10 4/4 0/4 1/2 2/3 0/1 2/7 1/3 0/7 0/2 0/2 1/4 0/5 1/3     

Delayed  n/a 4/10 3/12 2/11 3/8 2/3 3/4 2/4 1/3 3/4 2/3 4/7 2/5 3/9 6/8 1/5     

Immediate 1/10 4/8 4/7 2/8 3/4 1/2 1/3 1/2 0/1 2/5 3/4 4/8 5/29 4/8 5/9 0/2     

Personal 4/6 4/6 4/8 6/6 4/10 4/6 5/6 5/6 4/6 4/6 5/7 5/7 3/6 4/6 4/6 6/6     

Set 1                     

Independent 0/4 0/3 0/4 3/6 0/5 3/8 1/2 0/2 0/3 2/3 1/3 1/1 0/4 0/1 0/5 1/4 1/4 0/5 0/4 0/2 

Delayed  n/a 2/6 2/6 2/6 4/8 5/10 2/5 6/13 12/22 5/11 2/9 4/11 4/12 0/1 0/7 2/4 2/2 1/5 1/3 0/4 

Immediate 1/6 1/9 7/13 3/5 3/6 4/5 6/17 3/9 5/9 3/3 3/6 6/20 1/8 1/4 5/10 2/4 1/5 4/6 1/4 2/4 

Personal 5/6 6/6 5/6 1/6 4/6 5/6 4/6 5/6 6/6 6/6 6/6 6/6 4/6 4/6 5/6 6/7 5/6 5/6 6/6 7/7 

Note. Data from treatment sessions delivered are reported. Proportion of irregular past tense verbs compared to total verbs produced in the 

retell. Participant 2 received 19 treatment sessions for Treatment Set 2, 16 treatment sessions for Treatment Set 3, and 20 treatment sessions 

for Treatment Set 1. Independent: a narrative in which Participant 2 shared something that happened that day or the day before. Delayed: a 

retell of the homework story from the previous week. Immediate: an immediate retelling of the story provided during the session. Personal: a 

retelling of the events that occurred during the session, using keywords chosen by the participant as visual cues for support. 

  947 



PATTERN-BASED TARGET SELECTION FOR IRREGULAR PAST TENSE 

 

53 

Supplemental Material S9 

Proportion of accurate irregular past tense verbs produced in narratives during treatment sessions for Participant 3 

Narrative Task 

Session Number 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

Set 3                     

Independent 0/5 0/3 8/17 1/4 1/6 2/11 2/5 1/6 1/3 0/4 2/8 1/3 3/6 1/6 4/8 4/6     

Delayed  n/a 2/12 2/7 3/4 1/1 4/11 1/1 5/14 0/0 0/1 1/2 1/1 5/12 2/7 2/5 4/8     

Immediate 6/19 8/22 2/3 4/6 4/7 11/38 2/6 0/3 0/2 1/2 1/9 3/10 6/11 1/7 5/6 3/11     

Personal 5/6 4/6 5/6 6/7 4/6 4/6 6/6 6/6 4/6 4/6 4/6 3/6 3/6 6/6 6/7 3/6     

Set 2                     

Independent 3/9 3/12 0/7 0/9 2/5 2/6 1/11 4/12 3/6 0/2 2/4 1/5 0/6 
       

Delayed  n/a 6/12 1/4 3/7 2/3 0/0 2/2 0/2 7/11 1/3 2/4 3/3 4/8 
       

Immediate 4/15 8/21 3/5 0/5 0/2 1/10 2/4 2/3 6/14 4/5 3/3 4/12 2/4 
       

Personal 6/6 5/7 5/7 6/8 6/6 6/8 5/6 5/6 5/6 6/6 5/6 5/10 5/6 
       

Note. Data from treatment sessions delivered are reported. Proportion of irregular past tense verbs compared to total verbs produced in the 

retell. Participant 3 received 16 treatment sessions for Treatment Set 3 and 13 treatment sessions for Treatment Set 2. Independent: a narrative 

in which Participant 3 shared something that happened that day or the day before. Delayed: a retell of the homework story from the previous 

week. Immediate: an immediate retelling of the story provided during the session. Personal: a retelling of the events that occurred during the 

session, using keywords chosen by the participant as visual cues for support. 
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