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Deficits in temporal auditory processing and in particular higher gap detection thresholds have been reported in children with inconsistent phonological disorder (IPD). Here we hypothesized that providing these children with extra time for phoneme identification may in turn enhance their phonological planning abilities for production, and accordingly improve not only consistency but also accuracy of their speech. We designed and tested a new temporal-based therapy, inspired by Core Vocabulary Therapy and called T-CVT, where we digitally lengthened formant transitions between phonemes of words used for therapy. This allowed to target both temporal auditory processing and word phonological planning. Four preschool Persian native children with IPD received T-CVT for eight weeks. We measured changes in speech consistency (% inconsistency) and accuracy (percentage of consonants correct PCC) to assess the effects of the intervention.

Therapy significantly improved both consistency and accuracy of word production in the four children: % inconsistency decreased from 59% on average before therapy to 2% post-T-CVT, and PCC increased from 61% to 92% on average. Consistency and accuracy were furthermore maintained or even still improved at three-month follow-up (2% inconsistency and 99% PCC).

Results in a nonword repetition task showed the generalization of these effects to non-treated material: % inconsistency for nonwords decreased from 67% to 10% post-therapy, and PCC increased from 63% to 90%. These preliminary findings support the efficacy of the T-CVT intervention for children with IPD who show temporal auditory processing deficits as reflected by higher gap detection thresholds.

Introduction

Variability in speech production is characteristic of early language typical development and tends to decrease with age [START_REF] Holm | Differentiating normal variability from inconsistency in children's speech: normative data[END_REF][START_REF] Macrae | Predictors of token-to-token inconsistency in preschool children with typical speech-language development[END_REF]Vihman, 1993). Some children however still exhibit variable productions with multiple error types leading to unintelligible speech, which becomes a matter of concern. Inconsistent phonological disorder (IPD) is a developmental disorder characterized by variable productions of the same words using an unpredictable set of a relatively large number of speech sounds. In other words, children with IPD produce different versions of the same word each time they utter it. Speech errors can occur both at the phonemic and syllabic levels, and from one context to the other, but also within the same context (Dodd, 2014;Dodd et al., 2011;Dodd & Bradford, 2000;[START_REF] Holm | An intervention case study of a bilingual child with phonological disorder[END_REF].

IPD is mainly thought to result from a phonological planning deficit to correctly and consistently select and assemble the constituent phonemes of words [START_REF] Bradford | Do all speech-disordered children have motor deficits?[END_REF]Dodd, 2005;[START_REF] Martikainen | Intra-word accuracy and consistency in Finnish-speaking children with speech sound disorder compared to their typically developing peers[END_REF]. In this view, children with IPD may show difficulty retrieving and storing accurate and consistent phonological plans for familiar words that specify the sequence of consonants and vowels to be produced. They use different phonological plans on each production occasion, leading to inconsistent speech errors that are characteristic of this disorder. It has also been proposed that phonetic representations in IPD may be unspecified and inconsistent (Dodd & McCormack, 1995;[START_REF] Forrest | The effect of substitution patterns on phonological treatment outcomes[END_REF], which could explain the speech sound distortions typically observed in these children despite intact articulatory function [START_REF] Holm | An intervention case study of a bilingual child with phonological disorder[END_REF][START_REF] So | Phonologically disordered Cantonese-speaking children[END_REF]. Note that although inconsistency is also found in childhood apraxia of speech (CAS; American Speech-Language-Hearing Association, 2007Association, , 2017;;[START_REF] Ozanne | Differential diagnosis and treatment of children with speech disorder[END_REF], IPD is classified as a different sub-group of speech disorder (Dodd, 2014). Contrary to children with CAS, children with IPD indeed show intact oro-motor skills, better speech imitation than spontaneous production (Dodd & McCormack, 1995;Dodd et al., 2011;[START_REF] Holm | An intervention case study of a bilingual child with phonological disorder[END_REF][START_REF] Holm | Comparison of cross-language generalisation following speech therapy[END_REF]) and preserved prosody. The diagnosis of IPD is based on the inconsistency index (% inconsistency) and the percent of variability in speech as evaluated with a picture naming test. If a child produces at least 40% of words differently over three separate trials, their performance is deemed to reflect IPD (Dodd et al., 2002;[START_REF] Holm | Comparison of cross-language generalisation following speech therapy[END_REF]. Such a disorder highly impacts children's intelligibility and has obvious short-and long-term negative outcomes for children at the educational, social and psychological levels (Dodd, 2014;[START_REF] Hitchcock | Social, emotional, and academic impact of residual speech errors in school-age children: A survey study[END_REF][START_REF] Johnson | Twenty-year follow-up of children with and without speech-language impairments: family, educational, occupational, and quality of life outcomes[END_REF][START_REF] Wren | Educational outcomes associated with persistent speech disorder[END_REF].

Temporal auditory processing and consistency of speech

Temporal auditory processing plays a key role in phonological development and ultimately in successful speech and language acquisition [START_REF] Bailey | Auditory processing and the development of language and literacy[END_REF][START_REF] Benasich | The importance of rapid auditory processing abilities to early language development: evidence from converging methodologies[END_REF][START_REF] Goswami | A temporal sampling framework for developmental dyslexia[END_REF]Tallal, 2004). It allows the auditory system to detect and resolve fast changes in the speech stream and thus identify discrete phonemic units. This ability to perceive fine phonetic information in speech and to form detailed phonological representations is furthermore fundamental for the development of speech production [START_REF] Preston | Perception of speech sounds in school-age children with speech sound disorders[END_REF]. When a child learns to speak, their brain indeed heavily relies on auditory feedback in order to monitor, and adjust if necessary, the articulatory movements required to produce the targeted speech sounds [START_REF] Guenther | Cortical interactions underlying the production of speech sounds[END_REF]Shiller et al., 2010a). Previous work has reported a specific deficit in temporal auditory processing in children with a speech sound disorder [START_REF] Barrozo | The influence of (central) auditory processing disorder in speech sound disorders[END_REF][START_REF] Quintas | Auditory processing in children with normal and disordered speech[END_REF][START_REF] Vilela | The influence of (central) auditory processing disorder on the severity of speech-sound disorders in children[END_REF]. One reliable measure to assess temporal auditory processing is the gap detection threshold, namely the shortest time interval perceived between two consecutive sounds [START_REF] Anderson | Mind the gap: two dissociable mechanisms of temporal processing in the auditory system[END_REF][START_REF] Blankenship | Behavioral Measures of Temporal Processing and Speech Perception in Cochlear Implant Users[END_REF]. In tasks using isolated syllables, this threshold is the minimal time required to identify each segment (consonant or vowel) as a single unit. As the speech stream unfolds rapidly, phoneme identification is constrained by a narrow temporal window. Abnormally high gap detection thresholds may thus reduce the ability to accurately identify speech sounds, in particular based on rapidly changing acoustic information. This could subsequently lead to pervasive phonological disorders that eventually impede both speech perception and production given the tight dynamic links between the two [START_REF] Pulvermüller | Active perception: sensorimotor circuits as a cortical basis for language[END_REF][START_REF] Scott | The neurobiology of speech perception and production-Can functional imaging tell us anything we did not already know[END_REF]Vihman, 2017). In line with this assumption, higher gap detection thresholds for pure tones have been reported in children with phonological disorder compared to typically-developing (TD) children [START_REF] Jain | Relationship between temporal processing and phonological awareness in children with speech sound disorders[END_REF][START_REF] Jung | Gaps-In-Noise Test Performance in Children with Speech Sound Disorder and Cognitive Difficulty[END_REF][START_REF] Muluk | Random gap detection test and random gap detection test-expanded: Results in children with previous language delay in early childhood[END_REF][START_REF] Muniz | Temporal processes ability evaluations with pure tones in children with and with no phonological disorders[END_REF]. Sayyahi and colleagues (Sayyahi et al., 2017a) investigated gap detection in syllables in subgroups of children with speech sound disorder, depending on speech error consistency according to Dodd's differential diagnosis model (Dodd, 2014). Results revealed a continuum in gap detection thresholds from children with IPD to children with consistent speech errors to TD children. More precisely, children with IPD had significantly higher thresholds (mean = 260 ms) to identify consonant-vowel (CV) syllables as two speech sounds than children with consistent phonological disorder (141 ms) and with typical development (89 ms). The latter two groups did not significantly differ from each other. This finding thus suggests that children with inconsistent speech errors need longer time intervals to accurately identify neighboring speech sounds as two units and not as one prolonged single element. One hypothesis is that they may not have access to fully specified phonological representations to generate accurate phonological plans for word production, yielding inconsistent speech errors (Cummings & Wu, 2019). Dodd and Bradford (2000) stated that the most effective intervention approach for children with IPD is Core Vocabulary Therapy (CVT), as compared to other approaches such as phonological contrast which may benefit more to children with consistent phonological disorder (see also Crosbie et al., 2005;[START_REF] Flanagan | Core vocabulary therapy for the treatment of inconsistent phonological disorder: Variations in service delivery[END_REF][START_REF] Holm | An intervention case study of a bilingual child with phonological disorder[END_REF][START_REF] Iuzzini | Evaluation of a combined treatment approach for childhood apraxia of speech[END_REF][START_REF] Mcintosh | Evaluation of core vocabulary intervention for treatment of inconsistent phonological disorder: three treatment case studies[END_REF]. The major goal of CVT is to increase speech consistency and eventually intelligibility. It targets the ability to assemble a phonological plan which is thought to be impaired in IPD, rather than knowledge of phonological contrasts. To this aim, the therapy focuses on online phonological planning (i.e. sequencing and assembling of phonemes) in whole word production, and does not target surface error patterns nor specific sound features. First step is to establish children's best production for a set of high-frequency, functional (mono-and multisyllabic) words, by decomposing them into syllables and single phonemes and/or using cued articulation. The child is then drilled to produce repeatedly the specified word forms in order to create consistent phonological templates. The ultimate goal of CVT is to establish consistent, but not necessarily accurate (i.e. error-free), word production in children's spontaneous speech. Once consistency has been achieved, a second approach such as phonological contrast therapy is then often needed to target speech accuracy.

Rationale and assumptions of the present study

As previously stated, children with IPD can exhibit temporal auditory processing deficits that may affect their phonological skills for speech perception and production as well. We here suggest that targeting temporal processing during therapy may improve their phonological planning abilities and accordingly enhance accuracy of their speech, in addition to consistency. Deficits in temporal auditory processing, as shown by high gap detection thresholds, reflect the inability to process rapid temporal acoustic cues that permit differential identification of phonemes (Cummings & Wu, 2019). Fast formant transitions are such rapid (few tens of milliseconds) acoustic changes in speech that are important for both consonant and vowel perception. In particular, formant transitions provide important cues to stop consonants' place of articulation (Delattre et al., 1955) as well as information on anticipatory coarticulation of vowels on consonants (the formant slope depending on the following vowel; see Harrington, 2010 for a review). Inefficient processing of these transitions can lead to poor phoneme identification and discrimination, therefore hindering speech perception and ultimately production. Following their rapid auditory processing hypothesis, Tallal and colleagues (Tallal et al., 1993(Tallal et al., , 1996) ) showed that lengthening formant transitions from 40 to 80 ms in CV syllables led to significant improvement of speech processing in children with phonological disorders.

The present study aimed at examining whether providing children with IPD with more adapted temporal context to efficiently extract phonemes in words may in turn benefit the establishment of phonological plans and improve both consistency and accuracy of word production. To this aim, we designed and tested a novel therapy inspired by CVT, called Temporal-CVT (T-CVT), where formant transitions of words used in therapy are digitally lengthened. We hypothesized that giving more time to children with IPD to process crucial rapid acoustic changes may improve their ability to identify each phoneme as a single unit in treated words, and consequently help them to better select, organize and assemble these phonemes for word production. The proposed approach therefore targets both temporal auditory processing and phonological planning in whole word production that have been shown to be affected in IPD. Four children with IPD underwent T-CVT for eight weeks. We assessed their word production abilities before, during and after therapy, as well as in a three-month follow-up, to test the following hypotheses: 1) We expected that T-CVT would significantly increase consistency of word production; specifically, % inconsistency should be lower than 40% after therapy compared to before (based on the cut-off recommended by Dodd et al., 2002).

2) T-CVT was also expected to increase accuracy of consonant production; this increase should reach at least 15% to 35% based on previous work using conventional or modified versions of CVT (e.g. Crosbie et al., 2005;[START_REF] Flanagan | Core vocabulary therapy for the treatment of inconsistent phonological disorder: Variations in service delivery[END_REF].

3) We expected these improvements in consistency and accuracy of word production to be maintained for three months post-treatment. 4) Improvements in speech consistency and accuracy were furthermore expected to generalize to untrained verbal material as tested with a nonword repetition task.

Method

Participants

Participants were two girls and two boys aged between five and six years old (mean age = 5 years; 7 months). They were monolingual speakers of Persian. Sociodemographic information is provided in Table 1. The children had been previously referred for speech therapy and diagnosed with IPD by a specialized speech and language therapist (SLT; different from the one who conducted the present study) in Iran. All had previous treatment history of conventional CVT which was delivered as clinical routine for a total number of sessions ranging between 42 and 54 (see Table 1). Note that including children with IPD who did not previously complete CVT is difficult in Iran as parents seek for treatment upon the first signs of speech errors so that their children can pass pre-school evaluation successfully to enter elementary schools. Inclusion criteria involved a) showing moderate to severe speech disorder (50-65% of consonants correct), b) % inconsistency higher than 40% as assessed by a phonological test designed for Persian by Zarifian and colleagues (2014) according to Diagnostic Evaluation of Articulation and Phonology (DEAP; Dodd et al., 2002) and c) conventional CVT as well as any other treatment had ended six months prior to the present study. Exclusion criteria were the presence of a) deficits in hearing screenings for pure tones at 0.5, 1, 2, 4, and 8 kHz presented at 20 dB HL separately to each ear, b) motor speech disorders diagnosed by oro-motor difficulties (e.g. no evidence of groping), as well as feeding disorders, c) prosody deficits as evaluated using items from the Melodic Intonation Therapy (MIT) adapted for Persian [START_REF] Bonakdarpour | Melodic intonation therapy in Persian aphasic patients[END_REF], namely children were asked to repeat intoned multisyllabic words and short phrases with different prosodic structure, and d) language impairment diagnosed by computing the mean length of utterance using a valid test designed for preschool children [START_REF] Oryadi-Zanjani | Standardization of total numbers of word, mean length of utterance and mean length of 5 long sentences in normal Persian language children between 2 to 5 years old in Semnan city[END_REF]. Verbal and non-verbal motor disorders as well as prosody difficulties were also verified through interviews with parents. Note that criteria b) and c) exclude diagnosis of childhood apraxia of speech. Children's mean % inconsistency was 54.7% before conventional CVT and 51.7% after CVT. Their mean Percentage of Consonants Correct (PCC: percentage of correctly articulated consonants over the whole produced consonants in each word) was 57% pre-CVT and it maintained at 59% post-CVT (see Table 1 for individual data).

All parents signed consent forms prior to the study which was approved by the ethical committee of Kermanshah University of Medical Sciences, Iran (ethical number IR.KUMS.REC.1398.1058).

Table 1 around here

Phonetic gap detection test

To verify whether the included children showed temporal auditory processing deficits, we measured gap detection thresholds using a test previously validated in Persian preschool children (Sayyahi et al., 2017a). This test has been adapted from classical gap detection threshold tasks that often include pure tones and was not used for diagnosis of IPD. The stimuli were composed of six

syllables ([zi], [çi], [mi], [li], [ji], [bi]) and five single speech sounds ([z], [i], [l], [j], [m]) recorded

by an adult Persian native female speaker. In this test, consonants were varied since they are known to be more complex to acquire and thus more vulnerable than vowels (Adi-Bensaid & Tubul-Lavy, 2009;Le Normand & Chevrie-Muller, 1991;Vihman, 1996). The six consonants were selected as representative exemplars of, respectively, the following categories: fricatives, affricates, nasals, liquids, glides and stops. Note that since the same vowel was used in all syllables, formant transitions here rather signaled the preceding consonant. In each syllable, a silent gap was inserted between the consonant and the vowel using Praat 5.0.08 (Boersma & Weenik, 2008). Five gap durations were tested: 20, 50, 100, 200 and 300 ms (single phonemes never had a gap). The six syllables (with five silent gaps each) and five single phonemes were randomly presented, three times each, to children through headphones. Participants were instructed to decide if each stimulus was composed of one or two separate sounds by showing the corresponding number with toy bricks. If they noticed a silent gap between the consonant and the vowel, they would indicate that the stimuli were composed of two speech sounds. Otherwise, they would respond that the CV syllable is one sound. Note that even CV syllables with no gap should normally be considered as "two sounds". Single phonemes were included as fillers to prevent children from always categorizing the stimuli as composed of two sounds. Children underwent a short practice phase to familiarize with the task. The mean gap detection threshold for each syllable was determined based on the correct categorization of this syllable (5 gap durations × 3 times) as composed of two sounds. Children underwent this gap detection test before and after T-CVT (first and fourteenth sessions respectively, see section on T-CVT procedure). Across the four participants, the mean gap detection threshold, over the six syllables, was 189.5 ± 103 ms before T-CVT and 182.5 ± 105.4 ms post-therapy (see Table 1 for individual data). Using the same task, Sayyahi et al. (2017a) previously reported mean thresholds of 258 ms in a group of 17 Persian children with IPD of the same age, and of 89 ms in a group of 40 typically-developing children. In our study, the relatively high gap detection thresholds therefore suggest the existence of temporal auditory processing difficulties in the four included children.

T-CVT materials

Temporal-CVT (T-CVT) was inspired by the conventional CVT approach (e.g., Crosbie et al., 2005). A list of 60 words was proposed to the four children's mothers in a group session with the therapist. This list is a valid collection of one to four syllable core vocabularies with common Persian syllabic structure for preschool children [START_REF] Sayyahi | Providing a non word repetition test in 4-year-old Persian children and determining its validity and reliability[END_REF]. Modern Persian (also known as Farsi) belongs to the Western Iranian branch of the Indo-Iranian family within the Indo-European language family [START_REF] Keshavarz | The early phonological development of a Farsi-English bilingual child[END_REF]. Its phonological system includes 23 consonants (8 plosives, 8 fricatives, 2 affricates, 1 glide, 1 lateral, 1 trill and 2 nasals), six vowels (3 short and 3 long) and two diphthongs [START_REF] Bijankhan | Phonology: Optimal Theory[END_REF][START_REF] Bijankhan | Phonology[END_REF][START_REF] Keshavarz | The early phonological development of a Farsi-English bilingual child[END_REF][START_REF] Zarifian | Phonetic and phonological acquisition in Persian speaking children[END_REF]. The syllabic structure is characterized as complex (Dryer et al., 2013): three structures exist (CV, CVC, CVCC; syllables cannot be initiated with vowels), and for words starting with a vowel, a glottal /ʔ/ is inserted at syllable onset. Consonant clusters are only allowed in word final position (see [START_REF] Zarifian | Phonetic and phonological acquisition in Persian speaking children[END_REF]; initial clusters can be found in loanwords) and stress is usually on the final syllable of words. As opposed to English which is a stress-timed language, Persian is a syllable-timed language (Oroji & Rahbarian,2016) which makes it particularly suitable for primary studies investigating the impact of lengthened formant transitions in syllables on phonological planning in children.

During the group session, all mothers indicated their children used the 60 proposed words in their functional communication and 40 of them were selected by mutual agreement. The 40 words were not chosen based on word shape, segments or phonetic complexity, as usually done in conventional CVT. They were then recorded by a female Persian native speaker at a mean intensity of 70 dB and fundamental frequency of 213 Hz. Because of co-articulation, there are no actual physical boundaries between neighboring phonemes; instead, adjacent phonemes are held together by rapid continuous transitions that contribute to the perceptual coherence of speech [START_REF] Stachurski | The verbal transformation effect and the perceptual organization of speech: Influence of formant transitions and F0-contour continuity[END_REF]. For example, in the word [zaeɾd] (meaning "yellow"), the second formant transition between

[z] and [ae] lasted 29 ms. We lengthened the first three formant transitions in each syllable of the 40 treated words using the formant transition approach [START_REF] Keating | Effects of transition length on the perception of stop consonants[END_REF] with Klatt formant synthesizer [START_REF] Klatt | Software for a cascade/parallel formant synthesizer[END_REF]. In this approach, a 5 ms window in the middle of the transition is classically chosen as an arbitrary boundary between the two neighboring sounds and is defined as the lengthening zone (Turner et al., 1997). We used this zone to lengthen formant transitions without changing spectral characteristics of the speech signals, as verified with Praat before and after lengthening. The extra time to lengthen formant transitions was set to 25 ms for each syllable (e.g. the second formant transition between [z] and [ae] in [zaeɾd] thus extended to 54 ms), in order to keep word intonation natural. [START_REF] Rao | Predicting prosody from text for text-to-speech synthesis[END_REF] indeed showed that lengthening Hindi syllables for 40 ms led to deviation in intonation. Given that Hindi and Persian languages are phonetically close (Hindi syllables being usually longer), lengthening formant transitions by 25 ms in Persian words ensured that natural prosody was maintained, thus keeping words familiar to children. This also reduced the likelihood that they showed disturbed prosody such as robot-like production or inappropriate intonation after therapy. The 25 ms duration is also in line with studies showing that place of articulation is cued by spectral changes over a time-window spanning about 25 ms [START_REF] Stevens | Invariant cues for place of articulation in stop consonants[END_REF][START_REF] Klatt | Software for a cascade/parallel formant synthesizer[END_REF][START_REF] Kewley-Port | Perception of static and dynamic acoustic cues to place of articulation in initial stop consonants[END_REF]) and previous work using formant transition lengthening (e.g. [START_REF] Blumstein | Acoustic cues for the perception of place of articulation in aphasia[END_REF][START_REF] Bradlow | Effects of lengthened formant transition duration on discrimination and neural representation of synthetic CV syllables by normal and learning-disabled children[END_REF][START_REF] Hansen | The consonant length contrast in Persian: Production and perception[END_REF]Tallal et al., 1993).

In order to assess generalization of consistency and accuracy observed for treated words, ten nontreated, untrained words are classically used in conventional CVT. Here with T-CVT, we used nonwords to be repeated, to decrease the influence of word familiarity and lexico-semantic information on children's speech production. This task was also chosen because children with IPD have been shown to perform worse than children with consistent errors on nonword imitation and new word learning [START_REF] Bradford | Do all speech-disordered children have motor deficits?[END_REF]. Ten nonwords, recorded by the same female speaker, were selected from a valid nonword repetition test designed for Persian preschool children [START_REF] Sayyahi | Providing a non word repetition test in 4-year-old Persian children and determining its validity and reliability[END_REF].

T-CVT procedure

Our approach was a case-series comparing speech production between pre-therapy and posttherapy, including a three-month follow-up, in four children with IPD. We also assessed progress during the intervention phase. Children underwent T-CVT twice a week for half an hour each time, over eight weeks (i.e. 16 therapy sessions), in line with the dosage usually proposed in CVT (e.g., Crosbie et al., 2005;[START_REF] Mcintosh | Evaluation of core vocabulary intervention for treatment of inconsistent phonological disorder: three treatment case studies[END_REF]. For each child, on the first week, ten words were selected from the list of 40 treated words. The first weekly session was devoted to word listening in an audio-visual setting (see [START_REF] Plante | Effective use of auditory bombardment as a therapy adjunct for children with developmental language disorders[END_REF] for focused auditory stimulation also referred to as modeling). The children were asked to watch pictures on a computer screen while carefully listening to recorded versions of the corresponding lengthened words, without repeating them back. Using pictures allowed to match the heard treated words with their pictures as well as to make the task more appealing and maintain children's attention throughout the session. Each of the ten selected words was randomly played 150 times simultaneously with its picture.

Presentation of each word/picture pair was triggered manually (keyboard button press) by the SLT.

The second session of each treatment week aimed for articulatory performance: children were presented with the same word/picture pairs from the computer and asked to repeat the words. As in the first session, the therapist triggered the presentation of each pair by pressing a keyboard key, thus ensuring that the children were ready for the next trial. If children produced the words correctly, the SLT gave them positive feedback. In case of inaccurate production, no explicit feedback was provided but the children were asked by the therapist to listen to the word (while watching the picture) and produce it one more time. At the end of this second session, participants were required to name the pictures of the 10 target words three times in a row. The words that the children could name consistently over three trials were removed from the list of treated words and the remaining words were included in the list for the next week. Because the set of words produced consistently by the end of the second session varied between children, the target words for each participant were individualized on the second week.

Target behaviors for T-CVT

Target behaviors for evaluating the efficacy of T-CVT were consistency and accuracy of speech, both for word production and nonword repetition. We assessed word production with a picture naming task using the 27 pictures of the Persian phonological test [START_REF] Zarifian | The Persian version of phonological test of diagnostic evaluation articulation and phonology for Persian speaking children and investigating its validity and reliability[END_REF]. Such a procedure has been classically used in previous work using conventional or modified versions of CVT (e.g., Crosbie et al., 2005;[START_REF] Flanagan | Core vocabulary therapy for the treatment of inconsistent phonological disorder: Variations in service delivery[END_REF][START_REF] Holm | Differentiating normal variability from inconsistency in children's speech: normative data[END_REF]. Word production was evaluated once a week during the pre-therapy phase (i.e. baseline; three weeks), therapy phase (eight weeks, at the end of the second weekly session), and post-therapy phase (three weeks and one follow-up to examine whether the outcomes of therapy were maintained three months post-treatment), leading to 15 measurement points for each child. On each assessment, children were shown the 27 pictures, presented in a randomized order on a computer screen, and were asked to name the depicted object three times in a row to assess consistency. A fourth immediately-following repetition allowed to evaluate accuracy, as the consistency and phonological assessments are conducted separately in DEAP (Dodd et al., 2002). Nonword repetition was examined during the therapy phase only (8 weeks, at the end of the second weekly session, i.e. eight measurement times): children were asked to repeat the ten nonwords presented from a computer, using the same procedure as for words.

For consistency, the inconsistency index (% inconsistency) was calculated following the recommended method in DEAP (Dodd et al., 2002): for each child and assessment, we calculated the number of words pronounced differently on at least one of the three occasions (each word said differently at least once was scored 1), and divided it by the total number of words produced. The child's score was then converted to a percentage. Scores lower than 40% were considered normalage values in children (Crosbie et al., 2005;Dodd et al., 2002;[START_REF] Holm | Differentiating normal variability from inconsistency in children's speech: normative data[END_REF]. For accuracy, we used the PCC and PCC-Revised (PCC-R; [START_REF] Shriberg | The percentage of consonants correct (PCC) metric: Extensions and reliability data[END_REF]. The PCC-R is the percentage of correctly produced consonants counting speech sound distortions (i.e. phonetic alterations resulting in non-standardized speech sounds) as correct (as opposed to PCC which counts them as incorrect). These indexes are usually assessed using a sample of connected speech, but in children with low intelligibility they can be examined with single word production as well. PCC and PCC-R higher than 90% can be considered normal-age values for preschool children [START_REF] Shriberg | The percentage of consonants correct (PCC) metric: Extensions and reliability data[END_REF]. Equal values of the two measures reflect distortion-free production. The inconsistency index, PCC and PCC-R were also calculated for nonword repetition.

Data analysis

To examine the effects of T-CVT on word production, the pre-therapy phase acted as a control to which the therapy and post-therapy phases were compared. The three-month follow-up was considered separately. For each child, data were first visually analyzed based on the median value of measurement points in each phase. We also estimated and projected the median trend of the pretherapy phase to the therapy and post-therapy phases using the split-middle method [START_REF] White | Exceptional Teaching[END_REF], also known as the extended celeration line (for a detailed explanation of the method, see for instance Datchuk &Kubina, 2011 and[START_REF] Leelarungrayub | Application of a Single-Case Research Design to Present the Effectiveness of Rehabilitation in the Clinic[END_REF]. Briefly, it consists of dividing the data phase in two halves and drawing a celeration line that connects two points at the intersection of the median datapoints and midpoints of each half. To do this, we used the R program (version 4.0.2; R Core Team, 2020) and the tutorial by [START_REF] Manolov | How Can Single-Case Data Be Analyzed? Software Resources, Tutorial, and Reflections on Analysis[END_REF] https://www.dropbox.com/s/bocsaj8yvnrlyvq/Tutorial.pdf?dl=0) which provides the necessary code for computation. We calculated the split-middle line for each of the three outcomes (inconsistency index, PCC and PCC-R). We then computed the percentage of data exceeding the median trend of the baseline (PEM-T; [START_REF] White | Exceptional Teaching[END_REF][START_REF] Wolery | Comparison of overlap methods for quantitatively synthesizing single-subject data[END_REF], which is an effect size index used in single-subject research. PEM-T is conceptualized as the % of datapoints in the therapy phase that are above the median slope (or split middle line) plotted based on pretherapy data and extended to the therapy phase [START_REF] Manolov | How Can Single-Case Data Be Analyzed? Software Resources, Tutorial, and Reflections on Analysis[END_REF][START_REF] Parker | Effect Size in Single-Case Research: A Review of Nine Nonoverlap Techniques[END_REF][START_REF] Rakap | Effect sizes as result interpretation aids in singlesubject experimental research: description and application of four nonoverlap methods[END_REF][START_REF] Şen | Calculation of Effect Size in Single-Subject Experimental Studies: Examination of Non-Regression-Based Methods[END_REF]. Importantly, PEM-T is a non-parametric nonoverlap method that controls for baseline trends in a therapeutic direction as part of nonoverlap (i.e., positive trend during baseline in case an increase of behavior is expected with treatment; [START_REF] Parker | Effect Size in Single-Case Research: A Review of Nine Nonoverlap Techniques[END_REF][START_REF] Rakap | Effect sizes as result interpretation aids in singlesubject experimental research: description and application of four nonoverlap methods[END_REF]. PEM-T is calculated by counting the number of datapoints from the therapy phase that are above the median baseline trend line, dividing it by the total number of datapoints in the therapy phase and multiplying by 100 (e.g. Şen & Şen, 2019). Note that this measure counts the number of datapoints above the median trend without considering the magnitude of the effect (i.e. how much datapoints exceed the line). PEM-T values can range between 0% (when all therapy datapoints are below the extended split middle line, for behaviors that are supposed to increase with treatment) and 100% (when all therapy datapoints are above the extended split middle line).

In our study, we computed PEM-T for word production in the therapy and post-therapy phases separately using the aforementioned tutorial by [START_REF] Manolov | How Can Single-Case Data Be Analyzed? Software Resources, Tutorial, and Reflections on Analysis[END_REF]. Note that for % inconsistency, which was expected to decrease with T-CVT, we considered the percentage of data below the median trend (by specifying that the aim of the intervention was to "reduce" the target behavior as recommended by [START_REF] Manolov | How Can Single-Case Data Be Analyzed? Software Resources, Tutorial, and Reflections on Analysis[END_REF]. PEM-T values higher than 90% indicate highly effective therapy; values between 70% and 90% indicate moderate effective therapy; and values between 50% and 70% or below 50% indicate, respectively, questionable or ineffective interventions [START_REF] Rakap | Effect sizes as result interpretation aids in singlesubject experimental research: description and application of four nonoverlap methods[END_REF].

To further quantify the magnitude of change in level performance after T-CVT, we compared consistency and accuracy of word production before and after therapy using the standard mean difference as a measure of effect size (d1 statistic; [START_REF] Busk | Meta-analysis for single-case research[END_REF][START_REF] Gierut | Effect size in clinical phonology[END_REF][START_REF] Olive | Effect size calculations and single subject designs[END_REF]. This was done for % inconsistency, PCC and PCC-R for each child. We computed the difference of the means (over the three assessments) of the pre-therapy and posttherapy phases, and divided it by the pre-therapy standard deviation. Effect sizes were also averaged over the four children. For generalization to nonword repetition, a descriptive analysis aimed to assess the efficacy of T-CVT by calculating the difference in the % inconsistency, PCC and PCC-R between the beginning and end of therapy (first and last therapy assessments, corresponding to measurement times 4 and 11 respectively).

Results

Word production

Pre-therapy, for each of the 27 words to be produced during the phonological test [START_REF] Zarifian | The Persian version of phonological test of diagnostic evaluation articulation and phonology for Persian speaking children and investigating its validity and reliability[END_REF], the four children with IPD produced between one and three different word forms, including correct and incorrect productions. The children shared 78.38 % of word forms before T-CVT (i.e. over the 27 words, 78.38 % of word forms were common to all children). After T-CVT, they mostly produced the same word forms during picture naming with 98.21 % of shared word forms.

Figure 1 illustrates the individual data for the inconsistency index for word production (picture naming test). Visual inspection of these data indicates that all children showed a decrease in speech inconsistency during word production through therapy, which persisted post-therapy and at threemonth follow-up. The median values of the inconsistency index (see dashed lines in Figure 1) during and after therapy were lower than at pre-therapy in the four participants. Analysis of PEM-T (Table 2) corroborated the visual analysis with individual values during therapy ranging from 75% for P4 (i.e. 75% of the datapoints for % inconsistency during therapy were below the baseline median trend) to 100% for the three other children. The mean PEM-T for inconsistency across children was 93.75% during therapy and it increased to 100% post-therapy.

Figure 1 about here Table 2 about here

For speech accuracy, PCC also increased during T-CVT and was maintained after therapy and at follow-up in the four participants (Figure 2). The median values of PCC in the therapy and posttherapy phases were higher than during pre-therapy. As reported in Table 2, PEM-T for PCC was 75% for P2 and 100% for P1 and P3 during and after intervention. This indicates that most or all datapoints for PCC were above the split-middle line extended from pre-therapy in these children.

Results were different in P4: despite PCC increased during and after T-CVT (Figure 2), no datapoints were above the baseline median trend, leading to PEM-T of 0% (Table 2). Across the four children, the mean PEM-T for PCC during and after therapy reached 68.75% (it increased to 91.66% when P4 was not included).

The results for PCC-R, which are illustrated in Figure 3, showed a consistent pattern: speech accuracy (counting speech sound distortions) increased with T-CVT in the four children with IPD, with effects persisting until three months post-treatment. As for PCC, the median values of PCC-R during and after therapy were above the median value of the pre-therapy phase (see dashed lines in Figure 3). During therapy, more than 75% of datapoints were above the median trend projected from pre-therapy, with PEM-T of 87.5% for P1, 75% for P2 and 100 % for P3 (see Table 2). PEM-T increased to 100% post-T-CVT in these three children. For P4, the same results as for PCC were found: all datapoints for PCC-R during and after T-CVT fell below the baseline median trend (PEM-T = 0% for both phases). Overall, mean PEM-T for PCC-R across the four children was 65.62% during T-CVT (87.5% without P4) and 75% post-therapy (100% without P4). Supplementary analysis using the mean baseline reduction and percentage reduction data 19. 58% and 18.21% for P4 (d1 = 4.70 and 3.58). Across the four children, PCC and PCC-R increased on average by 31.62% and 27.49%, respectively, between pre-therapy and post-therapy (d1 = 11.43 for PCC and d1 = 9.71 for PCC-R). Mean PCC and PCC-R both reached 99.48% at follow-up, representing an average increase over children of, respectively, 38.57% and 34.7% compared to pre-therapy.

As seen in Table 3, the four children with IPD showed lower PCC than PCC-R before T-CVT, reflecting the existence of speech sound distortions (as PCC-R counts distortions as correct, whereas PCC excludes them). After therapy, the difference between the two values was reduced to 0% for P1, P2 and P3, and to 0.17% for P4. At follow-up, PCC and PCC-R were equal for the four children. Hence, after therapy, P1, P2 and P3 did no longer produce speech sound distortions when naming pictures (see Table S2 in Supplementary Data for speech errors). P4 still produced one distortion during the first two assessments at post-therapy (assessments 12 and 13), leading to unequal but very close values of PCC (90.03%) and PCC-R (90.72%). At follow-up, no distortion was no longer produced by this child (PCC and PCC-R = 98.97%; Tables 3 andS2).

Table 3 about here

Nonword repetition

Results for consistency and accuracy of nonword repetition at the beginning and end of T-CVT are reported in Table 4 for each child and across the four children. As can be seen, the % inconsistency decreased by 58.56% for P1, 55.10% for P2, 60.56% for P3 and 55.10% for P4 between the first and last therapy assessments. This represents an average decrease of 57.33% across participants. PCC and PCC-R for nonwords both increased by 28.39% for P1, 29.63% for P2, 20.98% for P3 and 28.39% for P4 between the two assessments, with an average across children of 26.85%. Noteworthy, equal values of PCC and PCC-R for nonword repetition were found in the four children at both the first and last assessments during T-CVT, reflecting production without any distortion. Qualitative analysis of speech sound distortions at the different therapy assessments actually revealed that children only produced very few distortions when repeating nonwords (see Table S2 in Supplementary Data).

Table 4 about here

Discussion

In this study, we designed Temporal Core Vocabulary Therapy (T-CVT) which features words with lengthened formant transitions to target both temporal auditory processing and word phonological planning in children with IPD. We hypothesized that the extra time to process the auditory stimuli would improve the children's abilities to generate consistent and accurate plans for word production. Our results in four Persian-speaking children with IPD revealed that therapy delivered for 8 weeks improved both consistency and accuracy of their speech, for treated words and non-treated items (nonwords). Word production performance was furthermore maintained or even still improved three months after therapy, therefore opening promising avenues for rehabilitation of IPD in children.

Visual data analysis and measures of effect sizes (nonoverlap method and standard mean difference) first showed a significant decrease of speech inconsistency through therapy sessions and at post-therapy in the four included children. This agrees with previous work using conventional or modified versions of CVT (Bradford, 2000;Crosbie et al., 2005;[START_REF] Flanagan | Core vocabulary therapy for the treatment of inconsistent phonological disorder: Variations in service delivery[END_REF][START_REF] Iuzzini | Evaluation of a combined treatment approach for childhood apraxia of speech[END_REF][START_REF] Mcintosh | Evaluation of core vocabulary intervention for treatment of inconsistent phonological disorder: three treatment case studies[END_REF]. After T-CVT, inconsistency was largely below the 40% cutoff criterion used for diagnosis of IPD (Dodd et al., 2002;[START_REF] Holm | Comparison of cross-language generalisation following speech therapy[END_REF], with an average decrease of ~52% post-T-CVT and ~57% at followup compared to pre-therapy. PEM-T over 90% for inconsistency after therapy furthermore indicated that T-CVT was highly effective in improving speech consistency.

Interestingly, speech accuracy as measured with PCC and PCC-R also improved and reached normal-age values (>90%) after T-CVT and at follow-up in each of the four children with IPD (see d1 statistic in Table 3). PEM-T values indicated moderate (for P2) to high effects (for P1 and P3) of T-CVT on the accuracy of speech. PEM-T of 0% were found for PCC and PCC-R in P4, which may suggest that speech accuracy did not improve with therapy in this child. This result may however relate to the drop of PCC and PCC-R on the first three assessments during therapy compared to pre-therapy. Performance then reached a level comparable or higher to pre-therapy and remained high after T-CVT and until follow-up (note also the larger median values of datapoints at therapy and post-therapy compared to pre-therapy in Figures 2 and3). Most crucially, effect size measures showed that speech accuracy in P4 significantly increased from ~70% pretherapy to ~90% post-therapy and ~98% at follow-up (see Table 3), revealing benefits of T-CVT in this child as well.

As mentioned in the Introduction, speech sound distortions typically reported in IPD may pertain to unspecified and inconsistent phonetic representations (Dodd & McCormack, 1995;[START_REF] Forrest | The effect of substitution patterns on phonological treatment outcomes[END_REF]. In our study, the mean difference between PCC and PCC-R before T-CVT attested the existence of distortions in the speech of the four children, whereas it was reduced to zero after therapy and at follow-up with no observable speech sound distortion. This suggests that phonetic representations in children with IPD may gain specificity by giving children additional time for phonological processing of word targets during therapy as proposed in T-CVT. Importantly, no other interventional approach such as phonological contrast therapy was required subsequently to establish speech accuracy, as reported in some previous studies using conventional CVT (e.g. Dodd and Bradford, 2000; see also Iuzzuni & Forrest, 2010 for combined CVT and stimulability approach). Although our findings should be interpreted with caution given the small sample size and the lack of direct comparison with other intervention methods (see "Limitations and future directions" section), they suggest that T-CVT may be an effective new therapeutic approach for children diagnosed with IPD and with temporal auditory deficits to target consistency and accuracy of word production at the same time. Crucially, assessment of the four children at three-month follow-up revealed that speech inconsistency further decreased to 2% on average while PCC and PCC-R almost reached 100%, emphasizing the durability of T-CVT effects over time, which is a major goal for speech therapy.

The procedure used in T-CVT for the first weekly session differed from that of the conventional approach where the SLT usually teaches words using sound and syllable segmentation as well as oral placement of articulation (e.g. Crosbie et al., 2005;Dodd & Bradford, 2000; see also [START_REF] Rvachew | An N-of-1 Randomized Controlled Trial of Interventions for Children With Inconsistent Speech Sound Errors[END_REF] for a segmentation procedure based on visual (picture) cues). Here, the first session was dedicated to computer-based auditory stimulation with repeated correct and consistent word forms, meaning that children did not benefit from visual articulatory feedback nor from overt segmentation by the therapist. Previous work showed the efficacy of speech perception training using word identification or error detection tasks with limited or no speech production, on phonological disorders in children (e.g., [START_REF] Rvachew | Speech Perception Training Can Facilitate Sound Production Learning[END_REF][START_REF] Rvachew | Effect of phonemic perception training on the speech production and phonological awareness skills of children with expressive phonological delay[END_REF][START_REF] Rvachew | A Randomized Trial of 12-Week Interventions for the Treatment of Developmental Phonological Disorder in Francophone Children[END_REF]. In our study, we also used an input-oriented approach but with a different training procedure, namely listening to word templates with lengthened formant transitions, in order to train phonological planning in children. This aimed to emphasize word-constituent segments so that children better identify them and eventually improve in generating consistent phonological plans when producing words. Note that whether formant transitions are assigned to vowels or consonants is still debated [START_REF] Fogerty | Perceptual contributions of the consonant-vowel boundary to sentence intelligibility[END_REF][START_REF] Freyman | Effect of consonant-vowel ratio modification on amplitude envelope cues for consonant recognition[END_REF][START_REF] Kewley-Port | Contribution of consonant versus vowel information to sentence intelligibility for young normal-hearing and elderly hearing-impaired listeners[END_REF][START_REF] Owens | Vowel discrimination of hearing-impaired listeners[END_REF][START_REF] Owren | The relative roles of vowels and consonants in discriminating talker identity versus word meaning[END_REF]. Our work did not aim to distinguish between these competing views but to increase segmental dissociation through transition lengthening, in order to ease phoneme identification and phonological planning in children with IPD. Other variations of conventional CVT have also shown to be effective in children with IPD. In particular, Flanagan and Ttofari-Eecen (2018) reported significant effects of modified CVT on speech consistency in four out of five children, when therapy was combined with an imitation-based home program. Interestingly, the use of imitation in their study allowed to improve speech consistency and to a lesser extent accuracy, although imitation cues are usually not encouraged during the drill practice because they would prevent children from actually engaging in phonological planning (Crosbie et al., 2005). In our study, children were required to carefully listen to words with extended formant transitions, without any given explicit information on the word plan. This significantly increased both consistency and accuracy of word production up to three months after therapy and thus suggests that providing adapted word form templates to children with IPD may prove beneficial for the establishment of their own phonological plans.

Tallal's group proposed that phonological disorders in children may arise because of a general temporal auditory processing deficit, particularly to encode rapid changes in the acoustic stream (Tallal et al., 1993(Tallal et al., , 1996)). Accordingly, the authors showed that lengthening transitions could improve performance in children with developmental language disorders. This hypothesis remains however controversial and inconsistent findings have been reported. In particular, Studdert-Kennedy and colleagues [START_REF] Studdert-Kennedy | Lengthened formant transitions are irrelevant to the improvement of speech and language impairments[END_REF]Studdert-Kennedy & Mody, 1995;[START_REF] Studdert-Kennedy | Deficits in phoneme awareness do not arise from failures in rapid auditory processing[END_REF] argued that difficulties in identifying syllables at rapid presentation rates stem from phonetic rather than from general auditory deficits. In their view, slowed speech, in terms of rate of word presentation but not specifically length of formant transitions, may help forming better phonetic representations. Our study was not designed to disentangle between these two interpretations. Nevertheless, one point of agreement is that slowing down speech should lead to more efficient processing of speech units, which may then benefit production. Our preliminary findings in four children with IPD reveal that giving them more time to identify the phonemes of individual words can benefit their abilities to correctly and accurately sequence these phonemes during production up to at least three months after therapy. This suggests that targeted training in speech perception can improve children's production patterns at the whole word level in line with previous clinical evidence (e.g. [START_REF] Rvachew | Speech Perception Training Can Facilitate Sound Production Learning[END_REF][START_REF] Rvachew | Effect of phonemic perception training on the speech production and phonological awareness skills of children with expressive phonological delay[END_REF]Shiller et al., 2010b) and studies showing a facilitating effect of phonemic awareness on speech organization in typically developing children [START_REF] Noiray | Spoken language development and the challenge of skill integration[END_REF].

To assess the generalization of T-CVT effects, we asked children to repeat nonwords (that were not part of the therapy) at the end of each treatment week. On the first week, the mean % inconsistency in nonwords for the four children was slightly higher than for treated words. By the end of the treatment, inconsistency in nonwords significantly decreased by 57% on average and became even lower than the mean inconsistency for nonwords reported in age-matched typicallydeveloping children [START_REF] Sayyahi | Effect of Phonetic Programming on normal variability in language development[END_REF]. Similar findings were obtained regarding accuracy for nonword production (increase of PCC and PCC-R by almost 27% at the end of therapy).

Altogether, these effect sizes show that the results are clinically significant [START_REF] Hedge | Clinical research in communication disorders[END_REF] and emphasize the generalization of effects to untreated verbal material following T-CVT. This interpretation should however be further corroborated by assessing generalization of T-CVT to existing functional words as done in conventional CVT.

Altogether, our preliminary findings in four Persian children suggest that increasing words' formant transitions addresses a unique deficit in temporal auditory processing in IPD and allows better phonological planning, with benefits on both speech consistency and accuracy. This encourages to systematically assess temporal abilities in children with IPD, and in case they are altered, to propose an intervention method tailored to their specific deficit, such as in T-CVT.

Future studies in other languages should be conducted. As T-CVT is a language-dependent therapy, selecting the words and the duration for lengthening formant transitions while maintaining word intonation natural depends on the target language. The basic method for lengthening transitions using the Klatt synthesizer may only require some minimal training for novices. We would also like to underline that T-CVT is a user-friendly method for both the children and therapists and that it never becomes a therapist-free intervention.

Finally, our results foster the need for future research, anchored in a psycholinguistic framework (e.g. Terband et al., 2019), to determine whether temporal auditory processing may be one of the primary impairments in IPD, thus affecting phonological decoding and the quality and/or specificity of phonological representations. Given the strong interactions between speech processing stages during development (e.g. Terband et al., 2014), this could in turn alter phonological abilities for production. Such process-oriented approaches may prove particularly effective for speech remediation and for our understanding of the cognitive underpinnings of speech sound disorders (Terband et al., 2019).

Limitations and future directions

This introductory study shows encouraging findings that come with some limitations that we will discuss here, together with some future possible directions. First, although single-case designs offer strong validity and reliability to investigate the relationships between interventions and outcomes [START_REF] Lobo | Single-Case Design, Analysis, and Quality Assessment for Intervention Research[END_REF][START_REF] Mcintosh | Evaluation of core vocabulary intervention for treatment of inconsistent phonological disorder: three treatment case studies[END_REF], the sample size was limited to four participants. The effects of T-CVT should therefore be tested in a larger group of children with IPD, also including measures of transcription reliability and treatment fidelity. Would the benefits of T-CVT be replicated in larger cohorts and in other languages as well, a computer-based program could be implemented and propose to speech and language therapists to be easily used in clinical settings. In addition, given that T-CVT improved accuracy (and not only consistency) of word production, this method, if replicated, may also prove beneficial for children with consistent speech errors.

As previously stated, the included children underwent conventional CVT at least six months prior to the present study. This raises the question of whether our observed effects pertain to T-CVT or to prior therapy, at least partly. Despite the relatively large number of sessions (see Table 1), prior CVT did not affect consistency and accuracy measures at the time it was proposed to the children, which could explain why parents decided to end therapy (financial and/or logistical issues are also likely to be at stake). According to previous work (e.g. [START_REF] Chapman | The relationship between early speech and later speech and language performance for children with cleft lip and palate[END_REF][START_REF] Glogowska | Randomised controlled trial of community based speech and language therapy in preschool children[END_REF][START_REF] Law | The efficacy of treatment for children with developmental speech and language delay/disorder: a meta-analysis[END_REF][START_REF] Lousada | Phonological and articulation treatment approaches in Portuguese children with speech and language impairments: A randomized controlled intervention study[END_REF][START_REF] Schönweiler | A retrospective study of hearing, speech and language function in children with clefts following palatoplasty and veloplasty procedures at 18-24 months of age[END_REF]Thomas-Stonell, 2009), a period of six months post-treatment is a reasonable time for possible effects to emerge. Our baseline measures (see pre-T-CVT in Table 3) did not reveal any improvement in consistency nor accuracy of speech during the six-month period after conventional CVT (see Table 1) in three out of the four children (slight improvement was observed in P4). This suggests that the gains in both speech consistency and accuracy we report here are unlikely to be accounted for by prior therapy.

The possibility of cumulative effects can however not be firmly ruled out with the present design.

Conventional CVT could not have been effective enough for the needs of the children at the time they received it, but it might still have improved their phonology to some extent and set the children to be successful with T-CVT six months later. Future studies using a randomized clinical trial should thoroughly compare the efficacy of the two intervention methods on both speech consistency and accuracy in children with IPD who show temporal auditory processing deficits.

Finally, it may appear peculiar that the gap detection threshold, as measured in the phonetic gap detection test, did not change after T-CVT. This measure however evaluates temporal auditory processing that has been shown to be impaired in children with IPD, and our therapy does not aim at remediating this core deficit but at taking it into consideration to improve phonological processing and eventually speech production. It is therefore not so surprising that children did not 

Conclusion

This preliminary study examined the effects of Temporal Core Vocabulary Therapy (T-CVT), a new interventional approach inspired by CVT, on word production abilities in four children with IPD. Based on reports of temporal auditory processing deficits in IPD, T-CVT features words with lengthened formant transitions in order to provide the extra time required by the phonological system of these children to accurately identify phonemes and ultimately improve phonological assembly for word production. Our encouraging results in four Persian children with IPD reveal gains in both consistency and accuracy of speech, for treated and untreated items after eight weeks of treatment, with maintenance of performance three months after therapy. Despite the need for further research, these findings are relevant for both clinicians and researchers as they provide preliminary evidence that temporal auditory processing may be targeted as a primary underlying deficit in IPD, and that T-CVT may be a promising approach to improve phonological skills in children with IPD with durable effects over time. For each phase, the median value of measurement points is represented by the dashed line. The median trend projected from the pre-therapy phase to the two subsequent phases, using the splitmiddle line method, is illustrated by white dots joined by lines. Table 2. Percentage of data for inconsistency and accuracy of word production in the therapy and post-therapy phases that exceeds the median trend (PEM-T) projected from pre-therapy using the split-middle line method (see Methods). [START_REF] Zarifian | The Persian version of phonological test of diagnostic evaluation articulation and phonology for Persian speaking children and investigating its validity and reliability[END_REF] aimed to assess word production during therapy (eight measurements) and after therapy (three measurements). For each participant, PEM-T (in %) is reported for % inconsistency, Percentage of Consonants Correct (PCC) and Percentage of Consonants Correct -Revised (PCC-R). Mean PEM-T and Standard Deviations (SD) across participants are also reported for each outcome.

Participants

PEM-T (%) Inconsistency

PEM-T (%) PCC PEM-T (%) PCC-R

Table 3. Inconsistency and accuracy (PCC and PCC-R) of word production at pre-therapy, post-therapy and three-month follow-up for each participant. Inconsistency and accuracy measures are from the Persian phonological test (picture naming; [START_REF] Zarifian | The Persian version of phonological test of diagnostic evaluation articulation and phonology for Persian speaking children and investigating its validity and reliability[END_REF] aimed to assess word production. For each participant, we report the % inconsistency, PCC and PCC-R averaged over the three measurement points at pre-therapy and over the three measurement points at post-therapy. Results for follow-up (one measurement point), and means and Standard Deviations (SD) across the four children are also reported. For each outcome and participant, pre-and post-therapy performance was compared with the standard mean difference (d1 statistic) as a measure of effect size. Note that as inconsistency is expected to decrease with therapy, the absolute d1 value was used. PCC = Percentage of Consonants Correct and PCC-R = Percentage of Consonants Correct -Revised.

Inconsistency

  improve in the gap detection test after T-CVT and still needed relatively long gaps to identify CV syllables as composed of two sounds. Other temporal-based approaches training for instance temporal gap discrimination and temporal ordering, should be proposed to target directly central auditory processing skills. The potential benefit of the resulting improvement in temporal skills could then be assessed on the phonological abilities and the consistency and accuracy of speech in children with IPD. Comparison of T-CVT with speech perception interventions that do no focus on temporal processing (e.g., intense listening to multiple unmodified word templates) would furthermore allow to determine whether accommodating the temporal auditory processing deficit is necessary to improve word production in this clinical population.

Figure 1 .

 1 Figure 1. Inconsistency index (in %) for each child and assessment during the experimental design. Pre = pre-therapy phase (measurements 1 to 3); T-CVT = therapy phase (measures 4 to 11); Post = post-therapy phase (measurements 12 to 14); F-up = three-month follow-up (measurement 15).

Figure 2 .

 2 Figure 2. Percentage of Consonants Correct (PCC, in %) for each participant and assessment during the experimental design. Pre = pre-therapy phase (measurements 1 to 3); T-CVT = therapy phase (measures 4 to 11); Post = post-therapy phase (measurements 12 to 14); F-up = three-month follow-up (measurement 15). For each phase, the dashed line represents the median value of measurement points. The median trend projected from the baseline (pre-therapy phase) to the two subsequent phases is illustrated by white dots joined by lines.

  

  Data are taken from the Persian phonological test (picture naming;

		Therapy	Post-therapy	Therapy	Post-therapy	Therapy	Post-therapy
	P1	100	100	100	100	87.5	100
	P2	100	100	75	75	75	100
	P3	100	100	100	100	100	100
	P4	75	100	0	0	0	0
	Mean	93.75	100	68.75	68.75	65.62	75
	(SD)	(12.50)	(0)	(47.32)	(47.32)	(44.92)	(50)
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corroborated the PEM-T analysis for speech consistency and accuracy (see Table S1 in Supplementary Data). We then directly compared the inconsistency index and PCC/PCC-R for word production between pre-and post-therapy, for each participant and across the four children, using the standard mean difference (d1 statistic). Results confirmed the previous visual analysis by showing significant improvement in consistency and accuracy of speech in the four children with IPD (Table 3).

Performance was furthermore maintained or even still improved at three-month follow-up.

Whereas % inconsistency ranged between 42.85% and 66.43% before therapy in the four children, it varied between 5.70% and 11.24% after T-CVT, and between 0% and 5.70% at follow-up.

Between pre-and post-therapy, % inconsistency decreased by 58.89% for P1 (d1 = 7.45; see Table 3 for pre-and post-therapy values), 58.34% for P2 (d1 = 10.84), 59.26% for P3 (d1 = 5.74) and 31.61% for P4 (d1 = 24.44). Across participants, the inconsistency index decreased on average by 52.03% between pre-therapy and post-therapy (d1 = 12.11), and by 57.57% until follow-up. Speech accuracy also significantly improved with T-CVT: in the four children, PCC and PCC-R ranged between 90.38% and 96.91% after therapy, compared to between 56.70% and 70.45% for PCC and 61.17% and 72.51% for PCC-R before therapy. These values raised to 98.97% (for P1 and P4) and 100% (for P2 and P3) at three-month follow-up. After therapy, PCC and PCC-R increased of, respectively, 33.68% and 25.43% for P1 (d1 = 18.86 and 12.33; see Table 3), 35.05% and 31.61% for P2 (d1 = 9.81 and 9.54), 38.15% and 34.71% for P3 (d1 = 12.33 and 13.38) and
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26.85

(3.96) For each child, the % inconsistency, PCC and PCC-R on the first assessment (Ass. 1, measurement time 4) and last assessment during therapy (Ass. 8, measurement time 11), together with the score difference, are reported. Score differences as well as means and Standard Deviations (SD) across participants are also reported.