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Abstract 

Purpose: This study compared the inter- and intrarater reliability of the percentage of 
consonants correct (PCC) metrics and the probe scoring system between an experienced and 
a less experienced rater and between two experienced raters. In addition, these outcome 
measures' ability to reflect changes following speech intervention was measured. 

Method: During Phase 1, two raters (Rater 1 with 5 years of experience in cleft-related 
speech disorders and Rater 2 with limited experience in cleft-related speech disorders) 
independently assessed 134 speech samples at the word and sentence levels, which were 
collected on different data points before, during, and following a cleft palate speech 
intervention. During Phase 2, a third rater (with 8 years of experience) analyzed 34 speech 
samples. The percentage of consonants correct–revised, the percentage of correct places and 
manners, and probe scores at the word and sentence levels were measured. 

Results: Poor-to-moderate interreliability between Raters 1 and 2 was found due to 
differences in error classification. Interrater reliability between Raters 1 and 3 was very good 
for both the PCC metrics and the probe scores. The interrater reliability for the amount of 
targets elicited was lower compared to the interrater reliability for the amount of targets 
correct. The probe scoring system demonstrated a greater ability to detect changes toward the 
correct production of the target consonant compared to the PCC metrics. 

Conclusions: Having an experience with the assessment of cleft-related speech disorders is a 
crucial factor to gain reliable results. The interrater reliability for the PCC metrics and the 
probe scoring system between two experienced raters did not differ, suggesting that both 
outcome measures can be used in cleft palate speech intervention studies. Despite the ability 
of the probe scoring system to detect changes, further research should provide insight in the 
benefits of this system both for research and clinical purposes. 

 

Speech assessment in children with a cleft of the palate with or without a cleft of the lip (CP 
± L) is challenging given the complex character of speech disorders in this population (Sell, 
2005). The analysis and transcription of such complex speech disorders are often associated 
with poor inter- and intrarater reliability (Sell, 2005; Sitzman et al., 2014; Vallino et al., 
2008). There are several factors known to contribute to the reliability of transcriptions, such 
as the severity of the speech disorder, the phonetic and phonological background of the 
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transcribers, the used speech samples, the methods of calculation, the criteria of agreement, 
and the time between the original transcription and the retranscription (Chapman et al., 2016; 
Henningsson et al., 2008; Johnson et al., 2004; Klintö et al., 2011). A crucial element that 
influences the reliability of speech assessments is the characteristics of the rater (Chapman et 
al., 2016; Cordes, 1994). Raters may have different internal standards affecting their 
perceptual ratings (Kreiman et al., 1993). This internal standard may change across time, for 
example, when the rater's experience increases (Kreiman et al., 1993). Both inter- and 
intrarater reliability might thus be affected by the level of experience (Kreiman et al., 1993). 
Chapman et al. (2016) reported that there are variable findings across studies that examined 
the impact of listener experience when assessing the speech of individuals with a CP ± L. 
While in some cleft palate speech studies better reliability was found for experienced 
listeners compared to inexperienced listeners (Gooch et al., 2001; Keuning et al., 1999; Lewis 
et al., 2003), other studies did not (Brunnegård et al., 2009; Tönz et al., 2002). Based on these 
divergent findings, Chapman et al. (2016) argued that the effect of listener experience 
required further research. 

To date, the primary focus of the cleft literature has been on the assessment of speech 
outcomes following different surgical procedures (Sell & Sweeney, 2020). With regard to 
cleft palate speech, the International Consortium for Health Outcomes Measurement 
(ICHOM) identified three different outcome domains that should be considered when 
assessing speech in a child with a CP ± L: (a) speech intelligibility, (b) velopharyngeal 
competence, and (c) articulatory proficiency (Allori et al., 2017). Intelligibility is measured 
using the family-reported Intelligibility in Context Scale (McLeod et al., 2012). With regard 
to velopharyngeal competence, the group proposed the use of a clinician-reported three-tier 
rating scale developed by Lohmander et al. (2009). Concerning articulatory proficiency, the 
ICHOM group reported that this outcome should be assessed with a standardized speech 
sample controlling for high-pressure consonants and high vowels, which are vulnerable for 
cleft palate speech disorders (Kuehn & Moon, 1998; Peterson-Falzone et al., 2001). They 
suggested the use of the percentage of consonants correct (PCC) score to assess articulatory 
proficiency or consonant proficiency (Shriberg & Kwiatkowski, 1982). Originally, the PCC 
score was calculated by dividing the number of correctly produced consonants (numerator) 
by the total number of consonants in a conversational speech sample (denominator), 
multiplied by 100. In other words, “the PCC score reflects the total percentage of correct 
consonants, with each consonant's contribution to this total weighted by its frequency of 
intended occurrence in conversational speech” (Shriberg, 1993). 

Over the years, these PCC metrics have been criticized for several reasons (Kent et al., 1994; 
Shriberg et al., 1997). Originally, the PCC score aimed to express the percentage of correctly 
produced consonants in a conversational speech sample. Conversational speech, however, 
lacks standardization because the phonetic content cannot be controlled. This hampers a 
comparison between and within individuals and between and within centers (Shriberg et al., 
1997). Consequently, numerous variants of the original PCC metric were reported using 
various nonconversational speech tasks (e.g., calculating the percentage of correct consonants 
on a picture-naming task). Nonconversational speech tasks, in turn, may be less 
representative of the child's spontaneous speech (James et al., 2016). Beside these issues 
regarding the speech sample, the PCC score may obscure important differences associated 
with only certain sounds or only certain subgroups of sounds because the 24 English 
consonants are treated as one response class (Shriberg et al., 1997). Additionally, the concern 
was raised that the PCC score made no distinction between different types of speech-sound 
errors (i.e., distortions, omissions, and substitutions; Shriberg et al., 1997). To respond to 
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these concerns, several PCC extensions were developed, for example, the percentage of 
consonants correct–adjusted (PCC-A) and the percentage of consonants correct–revised 
(PCC-R; Shriberg et al., 1997). The PCC-A score allows for common clinical distortions (i.e., 
labialized or velarized /l/ or /r/, lateralized or dentalized voiced or voiceless fricatives or 
affricates, and derhotacized /r/), whereas the PCC-R score allows for both common clinical 
distortions and uncommon clinical distortions (i.e., weak or imprecise consonants, nasal 
emissions, [de]nasalized consonants, and failure to maintain appropriate voicing; Shriberg, 
1993; Shriberg et al., 1997). Despite their efforts to address these concerns, it seemed that the 
different PCC scores were inappropriate to detect changes in a child's speech following 
speech intervention (Hall et al., 1998). This might not seem very surprising considering that 
the PCC procedure was originally developed as a measure for severity rather than a measure 
for change (Shriberg & Kwiatkowski, 1982). 

Despite these concerns, the PCC scores are frequently used to measure changes in a child's 
consonant proficiency in cleft palate speech studies. Scherer et al. (2008) were among the 
first to use the PCC-R metric to assess the effect of early intervention in 10 children with a 
cleft of the palate. The interrater reliability between two transcribers yielded a weighted 
kappa of .68 (i.e., good agreement). Unfortunately, the study provided no information about 
the background and experience of the transcribers. Dobbelsteyn et al. (2014) assessed the 
effectiveness of a corrective babbling speech program in 12 children with a cleft palate or 
velopharyngeal dysfunction. The authors used the PCC metric and included all consonants 
from all targets words, with the exception of a few consonants that could vary with the 
dialects used by the included children. Unfortunately, the study did not report any results with 
regard to the reliability of the used PCC metric. Sell and Sweeney (2020) responded to this 
need by describing the challenges they experienced in terms of achieving good inter- and 
intrarater reliability for the PCC measure in a speech intervention study in children with a CP 
± L (Sell & Sweeney, 2020; Sweeney et al., 2020). Two trained and experienced raters each 
analyzed 119 recordings, which were randomly selected from five data points before, during, 
and following speech intervention. The analysis included the calculation of a modified PCC 
score, which meant that consonants produced with a correct place, manner, and voice but 
with accompanying nasal emission/turbulence, weak/nasalized realizations, and 
dental/interdental quality were categorized as correct. The modified PCC scores at the word 
and sentence levels were calculated by dividing the number of correctly produced consonants 
(numerator) by the total number of consonants elicited (denominator), multiplied by 100. 

Initially, the results revealed poor reliability for the amount of targets elicited for the words 
(intraclass correlation coefficient [ICC] = .07) and sentences (ICC = .42). Differences 
between the two raters in classification of errors as glottal stops and consonant deletions were 
mentioned as factors accounting for this poor reliability. The two raters followed additional 
training after which a second reliability study was performed. This second study 
demonstrated improvements in the reliability of the number of targets elicited. Following the 
training, the study results revealed an improvement in the reliability of the number of targets 
elicited in words (ICC = .85) and sentences (ICC = .94). There was very good interrater 
reliability for the PCC score for the word data set (ICC = .90) and the sentence data set (ICC 
= .88). The authors advocated that, although the modified PCC was a reliable outcome 
measure, this metric demonstrated significant limitations when used in a speech intervention 
study. Specifically in cleft palate speech interventions, a child often struggles with the correct 
production of a specific target consonant but has made some progress during therapy. For 
example, a child who produces an active nasal fricative for /ʃ, tʃ, ʤ/ preintervention and uses 
an orally produced /s, tj, dj/ postintervention has made some progress (Sell & Sweeney, 

3



2020). This change is not detected using the modified PCC score because the target 
consonants are not yet produced correctly (Sell & Sweeney, 2020). Lohmander and Persson 
(2008) attempted to detect these positive changes toward the correct production of a target by 
calculating two PCC modifications, namely, the percentage of correct places (PCP) and the 
percentage of correct manners (PCM). The PCP score determines the number of correct 
articulatory places, whereas the PCM score assesses the total number of correct articulatory 
manners. Unfortunately, the authors did not report any reliability measures on these PCP and 
PCM scores. Beside these PCP and PCM scores, percentage of nonoral errors, percentage of 
oral consonants corrects (POCC), and percentage of oral errors have also been used in studies 
investigating speech outcomes in individuals with a CP ± L (Klintö et al., 2018; Lohmander 
et al., 2009; Malmborn et al., 2018; Willadsen et al., 2017). Although previous Swedish 
studies have found good reliability for the percentage of nonoral errors (Brunnegård et al., 
2020; Malmborn et al., 2018), it should be noted that Swedish is a language without nonoral 
consonants (Brunnegård et al., 2020). Thereby, few children in the Swedish outcome studies 
displayed nonoral errors (Malmborn et al., 2018). If more children with nonoral errors had 
been included, the reliability results might have been lower (Malmborn et al., 2018). POCC is 
defined as a scoring system in which phonological and articulatory errors and errors related to 
velopharyngeal competence (e.g., audible nasal air leakage or weak articulation) are scored as 
incorrect (Klintö et al., 2018). As suggested by Sell and Sweeney (2020), it appears that the 
definition of the POCC score is similar to the original description of the PCC score. 
Malmborn et al. (2018) raised a concern about the use of the POCC score. The authors 
suggested that an overall measure of articulatory and phonological ability, in which passive 
cleft speech characteristics are not scored as incorrect, should be used because speech errors 
related to the place and manner of articulation may be more stigmatizing than soft signs of 
velopharyngeal dysfunction (Nyberg & Havstam, 2016). The stigmatizing impact of errors 
related to the place and manner of articulation highlights the need to further investigate the 
reliability of the PCP and PCM scores. Furthermore, the different studies have used different 
definitions of the PCC metric, which hampered a valid comparison of study results. As can be 
concluded from the limited literature, there is an urgent need to investigate the reliability of 
the different PCC metrics used in cleft palate speech intervention studies. A reliable 
measurement of the speech outcomes following speech intervention is essential in order to 
enhance evidence-based practice, to determine treatment efficacy, and to plan and monitor 
future interventions (Bessell et al., 2013; McCauley & Strand, 2008; Sell & Sweeney, 2020; 
World Health Organization, 2002). 

In the literature, an alternative measurement tool has been described to circumvent the 
limitations of the PCC metric: the probe scoring system (Hall et al., 1998; Sell & Sweeney, 
2020). Where the PCC metric uses a binary scoring system (i.e., “correct” or “incorrect” 
consonant), the probe score detects changes toward the correct production of the target 
consonant. A child's production of a phoneme is negatively scored (“−1”) according to the 
degree of mismatch from the correct target production with regard to the place, manner, and 
voice. Correct production of the target consonant is scored “0.” The different scores are 
summed up, which provides a total negative mismatch score. An intervention study 
performed by Hesketh et al. (2000) compared the effect of two treatment approaches (i.e., an 
articulation-based approach and a metaphonologically based approach) in 61 children with 
developmental phonological disorders but without a CP ± L using both the PCC score and the 
probe score as outcome measures. The children in the articulation-based approach and 
metaphonologically based approach groups only differed from each other on the probe score. 
This finding suggested that there might be some considerable differences in the sensitivity of 
both outcome measures. Unfortunately, Hall et al. (1998) and Hesketh et al. did not report 
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information on the inter- and intrarater reliability of the probe scoring system. Despite the 
lack of reliability reports, Sell and Sweeney (2020) advised that speech analysis using a probe 
score might be an interesting way forward to capture changes following cleft palate speech 
intervention. 

The current study evaluated and compared the reliability of different outcome measures (i.e., 
PCC-R score, PCP score, PCM score, and probe score) to assess consonant proficiency 
following cleft palate speech intervention. The following questions were addressed: The 
results of this study might aid to promote discussions on reliable outcome measure options in 
cleft palate speech intervention studies while taking clinical and practical aspects into 
consideration. 

1. Is there a difference in the inter- and intrarater reliability of the PCC metrics (i.e., 
PCC-R score, PCP score, and PCM score) and the probe scoring system by an 
experienced rater and a less experienced rater? 

2. Is there a difference in the interrater reliability of the PCC metrics and the probe 
scoring system between two experienced raters? 

3. Is there a difference in the ability of the PCC metrics and the probe scoring system in 
terms of reflecting changes following cleft palate speech intervention? 

Method 

This study was performed as part of a randomized controlled trial (RCT) that compared the 
effect of a motor-phonetic intervention (MPI) versus a linguistic-metaphonological 
intervention (LPI) in children with a CP ± L (Alighieri et al., 2020). This RCT was approved 
by the Ethics Committee of the (Ghent) University Hospital (2018/1218, Registration 
Number B670201837572). 

Data Acquisition 

The data for this study were collected in the context of an RCT comparing the effect of MPI 
and LPI in children with a CP ± L (Alighieri et al., 2020). For this RCT, (Dutch-speaking)-
speaking children with a CP ± L aged between 4 and 12 years were recruited from the 
multidisciplinary craniofacial team at (Ghent) Hospital. Inclusion criteria for these patients 
were (a) presence of a repaired CP ± L, (b) presence of at least one active or compensatory 
speech error based on the perceptual assessment performed by a speech-language pathologist 
(SLP), and (c) speaking (Dutch) as native language. Included patients were not allowed to 
receive any other type of speech and/or language intervention during the study period. In 
addition, patients were excluded if there was a presence of (a) cognitive and related learning 
disabilities or syndromes based on the patients' files and questioning the parents; (b) an 
oronasal fistula based on oral examination performed by an SLP; (c) velopharyngeal 
insufficiency based on videofluoroscopic examination, which was performed as part of the 
clinical evaluation; and (d) hearing disabilities based on pure-tone audiometry (> 25 dB HL) 
or the five screening questions that were developed by the ICHOM (Allori et al., 2017). In 
total, 14 children with a CP ± L (seven boys and seven girls), with a mean age of 7.71 years 
(SD = 2.281, range: 5.33–10.48 years), were included in the intervention study. Irrespective 
of the speech approach, each child received 10 one-hour treatment sessions divided over 10 
consecutive working days. Treatment target consonants differed between the patients. A 
detailed description of the target consonants per child is provided in the previous study of our 
research unit, which compared the effects of MPI and LPI (Alighieri et al., 2020). 
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A speech sample at the word level and at the sentence level was collected at eight different 
data collection points during the study period (i.e., three pretreatment data points with a 1-
week interval between each data point, one data point after 1 week of intervention, three 
posttreatment data points with a 1-week interval between each data point, and a 3-month 
follow-up data point; Bruneel et al., 2020). The speech sample at the word level included the 
13 target high-pressure consonants of the (Dutch) language in all possible positions (i.e., /p/, 
/b/, /t/, /d/, /s/, /z/, /ʃ/, /ʒ/, /f/, /v/, /k/, /x/, /ɣ/). Since voiced high-pressure consonants are 
devoiced in word-final position in the (Dutch) language, voiced high-pressure consonants 
were only targeted in word-initial and word-medial position (Grijzenhout & Krämer, 2000). 
The sample at the sentence level included the same target consonants supplemented by a 
sentence targeting s-clusters (i.e., /st/, /sp/, /sk/). To allow for a more structured and 
standardized speech sample, the patients were asked to repeat the sentences produced by the 
SLP. At the word level, patients were asked to name pictures. If the patient was unable to 
produce the word spontaneously, a semantic cue was provided. If semantic cueing was found 
to be insufficient, phonological cueing was used. If the child was still not able to produce the 
word after the provision of these cues, the child was asked to repeat the word after modeling 
of the SLP. 

The different speech samples were simultaneously audio- and video-recorded in a quiet room 
using a unidirectional condenser microphone (Samson CO1U) and a Sony Handycam HDR-
CQ280E with a high-quality built-in microphone. In accordance with the recommendations of 
Lohmander et al. (2009), the examiner sat opposite the child with the camera operator just 
behind so that the camera lens was directly facing the child. All speech samples were 
anonymized and randomized. Data were collected by three different SLPs (E.V.G., L.B., and 
C.A.). 

Raters 

During a first phase of the speech analyses, two raters were involved in the assessment. Rater 
1 was an SLP with 5 years of scientific and clinical experience in assessing cleft-related 
speech disorders. She was officially trained in using the Cleft Audit Protocol for Speech–
Augmented tool (John et al., 2006; Sell et al., 2009). Rater 1 transcribed 100% of the speech 
samples (n = 112) over a 3-month period. In addition, she reassessed 20% of the speech 
samples (n = 22) within a 1-month period in order to calculate intrarater reliability. The 
analysis of 134 speech samples (n = 112 original samples and n = 22 samples for intrarater 
reliability) was time-consuming considering that the rater spend approximately 1.5 hr per 
sample, which meant that she needed about 201 hr to analyze all the samples. The problem of 
time efficiency when conducting outcome studies has been reported before (Ahl & Harding-
Bell, 2018; Sell & Sweeney, 2020; Shriberg & Lof, 1991). A student SLP, who was doing her 
master's thesis on cleft palate speech intervention, was involved in the project as second rater 
after following a training course. Rater 2 had limited experience in assessing cleft-related 
speech disorders. In addition to the 5-year master program in speech-language pathology, 
which included a master class targeting the perceptual assessment of speech disorders in 
patients with a CP ± L, she attended an additional 3-hr training course on the assessment of 
cleft-related speech disorders. Following this course, five randomly selected speech samples 
were analyzed and discussed between Rater 2 and the main author (C. A.) to verify Rater 2's 
compliance with the assessment protocol. Rater 2 also analyzed 134 speech samples (112 
original samples and 22 samples for intrarater reliability). During a second phase of the 
speech analyses, a third rater with more experience was involved in the project. Rater 3 had 8 
years of scientific and clinical experience in assessing cleft-related speech disorders. She was 
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also officially trained in the use of the Cleft Audit Protocol for Speech–Augmented tool (John 
et al., 2006; Sell et al., 2009). Considering time restrictions, the third rater analyzed 30% of 
the speech samples, which were randomly selected (n = 34). 

The three raters did not provide speech therapy to any of the included patients and were 
blinded to the treatment allocation. Each rater transcribed the speech samples at the word and 
sentence levels using narrow phonetic transcription based on the International Phonetic 
Alphabet (International Phonetic Association, 1999) and the International Phonetic Alphabet 
extensions as well as additional symbols developed to describe cleft-related articulation 
errors (Peterson-Falzone et al., 2016). The raters performed the assessments independently 
using overear headphones (Sennheiser EH 150 and Sennheiser Momentum). Guidelines with 
regard to the assessment procedure were provided to the raters. These guidelines included the 
definition of (in)correct targets, the transcription of the words and sentences, and the 
completion of the listener form (see Appendix A). 

Data Analysis: The PCC-R Metrics and Probe Scoring System 

Based on the narrow phonetic transcriptions, the PCC-R scores at the word and sentence 
levels were calculated (Klintö et al., 2011; Lohmander & Persson, 2008; Shriberg et al., 
1997). The PCC-R score was calculated by dividing the number of correctly produced 
consonants (numerator) by the total number of consonants elicited (denominator), multiplied 
by 100. In accordance with previous cleft palate speech intervention studies, consonants 
produced with a correct place, manner, and voice but with an (inter)dental quality or weak 
realization or accompanying nasal emission/nasal turbulence were considered correct (Sell & 
Sweeney, 2020). If cluster reduction or deletion of (final) consonants were present, the 
omitted consonant(s) were not counted within the total amount of target consonants elicited. 
PCP and PCM scores were calculated in accordance with the PCC-R score following the 
guidelines described by Klintö et al. (2011). 

Additionally, probe scores were also calculated at the word and sentence levels. The child's 
production of each different target consonant was scored according to the degree of mismatch 
from the correct production of the target consonant based on the features “place of 
articulation,” “manner of articulation,” “voice,” and “nasal release” (Hall et al., 1998; 
Hesketh et al., 2000; Sell & Sweeney, 2020). As suggested by Sell and Sweeney (2020), the 
original probe scoring system was adapted for cleft palate speech, including the feature “nasal 
release.” A score of “−1” was given for each feature that did not match the correct 
production. If the child omitted the target, a score of “−4” was given. If the target consonant 
was produced correctly, a score of “0” was provided. The different scores were summed, 
providing a total negative mismatch score. For example, if the child produced an apico-
alveolar active nasal fricative for the /s/, a total score of “−2” was given (i.e., “0” for the 
correct place of articulation, “−1” for an error in the manner of articulation, “0” for correct 
voicing, and “−1” for an error in oral release”). Appendix B provides an example of the PCC-
R, PCP, and PCM scoring and the probe scoring system. 

Statistical Analysis 

SPSS Version 26 (SPSS Corp.) was used for the statistical analysis of the data. Analyses 
were conducted at α = .05. 
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Two-way mixed ICCs (single measures) were calculated to assess the inter- and intrarater 
reliability of the PCC metrics and probe scores at the word and sentence levels. Point-to-point 
percentage agreement was not calculated, since it is easy to achieve high agreement by 
chance when there are only two scoring options (i.e., “correct” and “incorrect” for the PCC-R 
scores; Sell & Sweeney, 2020). ICCs were interpreted following the classification of Altman 
(1990; ICC < .20: poor, ICC = 0.21–0.40: fair, ICC = 0.41–0.60: moderate, ICC = 0.61–0.80: 
good, ICC = 0.81–1.00: very good). 

The ability of the PCC metrics and the probe scores to reflect changes following speech 
intervention was measured using linear mixed models with the restricted maximum 
likelihood estimation and the Toeplitz covariance structure. This covariance structure was 
chosen based on comparison of the Akaike's information criterion values. Time, group (i.e., 
MPI or LPI), and Time × Group effects were specified as fixed factors. In light of the purpose 
of this study, the preintervention values were compared with the immediate postintervention 
values. A comparison of time within the two groups was determined using pairwise 
comparisons with Bonferroni corrections at p < .025 (.05/2). With regard to these 
preintervention values, comparison of the three baseline data points between the MPI and LPI 
groups revealed no statistically significant differences indicating that there was no baseline 
difference between these two groups (p > .025). The mean value of the three baseline 
measures was therefore calculated for each outcome variable and used for further analyses 
(Alighieri et al., 2020). Both unstandardized (i.e., simple) and standardized effect sizes were 
calculated (Baguley, 2009; Wilkinson & Task Force on Statistical Inference, American 
Psychological Association, Science Directorate, 1999). Unstandardized effect sizes were 
measured by providing the estimated mean (EM) differences and 95% confidence intervals 
(Baguley, 2009). Standardized effect sizes were calculated for the Time × Group interactions 
using Cohen's d's dividing the EM difference by the standard deviation of a linear null model 
on the baseline data (Feingold, 2013). 

Results 

Inter- and Intrarater Reliability by an Experienced (Rater 1) and a Less Experienced 
(Rater 2) Rater 

The results for the inter- and intrarater reliability for Raters 1 and 2 with regard to the PCC-R, 
PCP, and PCM scores and the probe scores are presented in Tables 1, 2, and 3. As 
summarized in Table 1, a fair interrater reliability was found between Raters 1 and 2 for the 
PCC-R, PCP, and PCM metrics at the word and sentence levels. The PCC-R, PCP, and PCM 
scores are determined by dividing the number of correctly produced consonants/the number 
of correctly produced consonants in terms of place of articulation/the number of correctly 
produced consonants in terms of manner of articulation (numerator) by the total number of 
consonants elicited (denominator), multiplied by 100. 

The interrater reliability for the amount of “targets elicited” was fair at the word level and 
poor at the sentence level. Fair to moderate interrater reliability was observed for the amount 
of “targets correct” at the word and sentence levels, respectively. For the amount of “targets 
corrects in terms of place of articulation,” the interrater reliability was found to be fair at both 
the word and sentence levels. Interrater reliability for the amount of “targets correct in terms 
of manner of articulation” was fair at the word level and moderate at the sentence level. 
Concerning the probe score at the word and sentence levels, moderate interrater reliability 
was observed between Raters 1 and 2. 
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For Rater 1, intrarater reliability was good to very good for the PCC-R and PCP metrics at 
both the word and sentence levels (see Table 2). For the PCM metric, however, intrarater 
reliability was moderate at the word level and good at the sentence level. For the probe scores 
at the word and sentence levels, Rater 1 obtained very good intrarater reliability (see Table 
3). For Rater 2, good to very good intrarater reliability was observed for the variables “PCC-
R at the word level” and “PCM at the word and sentence level.” For the PCP score at the 
word and sentence levels, intrarater reliability was fair. For the probe scores at the word and 
sentence levels, good intrarater reliability was observed for Rater 2 (see Table 3). 

Interrater Reliability Between Two Experienced Raters (Raters 1 and 3) 

The results for the interrater reliability between Raters 1 and 3 with regard to the PCC-R 
metrics and the probe scores are presented in Table 4. For the PCC-R, PCP, and PCM metrics 
at the word and sentence levels, very good interrater reliability was found between Raters 1 
and 3. At both the word and sentence levels, good reliability was observed for the variable 
“targets elicited,” whereas very good reliability was found for the variable “targets correct.” 
Interrater reliability was very good at both the word and sentence levels for the amount of 
targets correct in terms of place of articulation. For the variable “targets correct in terms of 
manner of articulation,” good to very good interrater reliability was observed at the word and 
sentence levels, respectively. For the probe scores at the word and sentence levels, very good 
interrater reliability was observed between Raters 1 and 3. 

Reflection of Changes Following Speech Intervention 

The results for the linear mixed models measuring the changes of the PCC metrics and the 
probe scores pre- and postintervention are presented in Tables 5 and 6. These results are 
based on the ratings performed by Rater 1. 

Significant Time × Group interactions were revealed for the changes in the PCC-R scores at 
the word (p = .010, d = 1.73) and sentence (p = .012, d = 1.42) levels and the PCP scores at 
the word (p = .009, d = 0.97) and sentence (p = .014, d = .81) levels when comparing the 
preintervention data point with the immediate postintervention data point. The Time × Group 
interactions are marked by large effect sizes (d > 0.8). Comparison of time within each group 
(i.e., preintervention vs. immediate postintervention) revealed that only those children who 
received LPI showed significantly larger PCC-R and PCP scores at the word and sentence 
levels following the intervention. Despite the observed increase in PCC-R scores at the word 
(EM = +15.33, p = .037) and sentence (EM = +13.64, p = .028) levels immediately after the 
intervention in the MPI group, this progress in the PCC-R scores was not statistically 
significant. 

Considering the results for the probe scoring system, significant Time × Group interactions 
were revealed for the changes in the probe scores at the word (p = .030, d = 1.07) and 
sentence (p = .016, d = 1.49) levels. Comparison of time within each group revealed that the 
probe scores of both the children in the MPI and LPI groups were significantly higher (i.e., 
the scores improved) following speech intervention (see Table 6). In accordance with the 
PCC metrics, the Time × Group interactions for the probe scores are marked by large effect 
sizes (d > 0.8). 
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Discussion 

The PCC metrics have been criticized over the years, especially in terms of their usefulness in 
cleft palate speech intervention studies (Sell & Sweeney, 2020). To circumvent the 
limitations of the PCC metrics, several authors suggested the use of a new scoring system: the 
probe score (Hall et al., 1998; Hesketh et al., 2000; Sell & Sweeney, 2020; Sweeney et al., 
2020). Unfortunately, no study yet reported on the reliability of this probe scoring system. 
The current study evaluated and compared the reliability of different outcome measures (i.e., 
PCC-R score, PCP score, PCM score, and probe score) to assess consonant proficiency 
following cleft palate speech intervention. In addition, the outcome measures' ability to 
reflect changes following speech intervention was determined. 

Inter- and Intrarater Reliability by an Experienced and a Less Experienced Rater 

During Phase 1 of the speech sample analyses, two raters were involved in the assessment: an 
experienced rater (Rater 1) and an unexperienced rater (Rater 2). In accordance with the 
recommendations of Sell and Sweeney (2020), we calculated the interrater reliability for the 
amount of targets elicited and the amount of targets correct. For these variables, the interrater 
reliability ranged from poor to fair. Interestingly, the interrater reliability for the amount of 
targets correct at the sentence level was notably higher than the reliability for the amount of 
targets elicited (see Table 1). As suggested by Sell and Sweeney, this finding might perhaps 
be explained by “chance agreement.” One might argue that there was a high risk for 
agreement by chance for the amount of targets correct since there were only two scoring 
options per target (i.e., “correct” or “incorrect”). To date, only one study reported reliability 
results on the amount of targets elicited and the amount of targets correct (Sell & Sweeney, 
2020). 

In general, it must be noted that Rater 2, even though she followed a training course before 
the onset of the study, had limited experience with the assessment of cleft-related speech 
disorders. Several authors demonstrated the positive effect of training on interrater reliability, 
although interrater reliability did not increase for several cleft-related speech errors 
(Chapman et al., 2016; Gooch et al., 2001; John et al., 2006; Lohmander et al., 2009; Sell et 
al., 2009; Willadsen et al., 2017). It was argued that limited time was spent on certain speech 
errors during training. In addition, the raters' experience with these speech errors prior to the 
training (i.e., more or less experience) was mentioned as a variable affecting interrater 
reliability. These findings highlight that training packages must pay more attention to 
assessing cleft-related speech errors. In addition, training programs should involve consensus 
listening and should provide raters with reference samples of the different cleft-related speech 
errors (Chapman et al., 2016; John et al., 2006; Sell et al., 2009). 

Rater 2 almost consistently transcribed the production of active nasal fricatives as consonants 
produced with a correct place, manner, and voice but with accompanying nasal turbulence. 
Thereby, these consonants were scored as correct instead of incorrect. Nyberg and Havstam 
(2016) argued that speech errors related to the place and manner of articulation (e.g., the 
production of active nasal fricatives affecting the manner of articulation) are more 
stigmatizing than soft signs of velopharyngeal dysfunction (e.g., accompanying nasal 
turbulence). The production of active nasal fricatives is an example of an active or 
compensatory speech error, whereas accompanying nasal turbulence on consonant 
productions is often a sign of incomplete velopharyngeal closure (Harding & Grunwell, 1998; 
Zajac, 2015). It is important to make a distinction between these two types of errors. To 
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eliminate active or compensatory speech errors, speech therapy is required to correct wrong 
place or manner of articulation (Harding & Grunwell, 1998; Kummer, 2011b). In contrast, 
further investigating of velopharyngeal functioning is required in cases where accompanying 
nasal turbulence on consonant productions is observed (Kummer, 2011a). Thereby, confusion 
between an active nasal fricative and accompanying nasal turbulence can have some serious 
implications in terms of planning appropriate intervention. The poor interrater reliability for 
the variable “targets elicited” was mainly influenced by differences in the transcription of 
glottal stops. Rater 1 transcribed such errors as glottal stops, whereas Rater 2 transcribed 
these errors as a deletion of the target consonant. This issue has been reported before by 
several authors (Gooch et al., 2001; Sell & Sweeney, 2020; Willadsen et al., 2017). When a 
child produces a glottal stop, the airflow is obstructed in the glottis. Because of this airflow 
obstruction, the glottal vibration either stops or becomes irregular with a sudden drop in 
vibration intensity (Umeda, 1978). Especially for less experienced raters, the absence of 
glottal vibration can be confused with a consonant omission. Interestingly, different studies 
have different viewpoints on the transcription of glottal stops as consonant omissions. 
Willadsen et al. (2017), for example, assessed consonant proficiency in 391 five-year-old 
children with a unilateral cleft lip and palate. A picture-naming test was phonetically 
transcribed by two SLPs. Training of phonetic transcription was carried out during the 
project. Despite that the two raters followed common training, lower than acceptable levels of 
inter- and intrarater agreement were observed. To increase the reliability, disagreements that 
were considered minor were counted as agreements in the inter- and intrarater agreement 
scores. Interestingly, a difference between a glottal stop and an omission of a target 
consonant was considered minor and was thus accepted. Sell and Sweeney (2020), in 
contrast, argued that glottal stops are cleft speech characteristics that are considered serious 
errors of articulation. In cleft palate speech intervention, it will be much more challenging to 
eliminate glottal stops compared to omissions of a target consonant (Sell & Sweeney, 2020). 
In our intervention study, these errors (i.e., transcription of glottal stops as consonant 
omissions) also decreased reliability. In eight of the 14 included children in the intervention 
study (57.2%), elimination of glottal stops was the treatment goal. Thereby, we considered 
this difference in transcription as a serious problem influencing the outcomes of the 
intervention. In our opinion, researchers investigating the effect of speech intervention in 
children with a CP ± L must carefully pay attention to the transcription of these types of 
errors when considering the reliability results. 

Despite the reported reliability issues, it should be noted that Rater 2 obtained good to very 
good intrarater reliability for the PCC-R and PCM scores at the word and sentence levels. 
Interestingly, considerably lower reliability results were observed for the PCP score at the 
word and sentence levels (see Table 2). Especially with regard to the assessment of the 
amount of targets correct in terms of place of articulation, there seemed to be an effect of 
listener's experience. While Rater 1 (rater with more experience) showed very good intrarater 
reliability for the amount of targets correct in terms of place of articulation at the word and 
sentence level, Rater 2 (with less experience) showed fair to moderate intrarater reliability for 
this variable. Both clinicians and researchers should pay attention to this issue especially in 
the context of cleft palate speech intervention aiming to correct wrong articulatory place or 
manner (Harding & Grunwell, 1998; Kummer, 2011b). Despite that our study was one of the 
first to report reliability results on the PCP metric, these findings regarding the assessment of 
the place of articulation seem to confirm previous research. Gooch et al. (2001) and 
Santelmann et al. (1999), for example, argued that active or compensatory speech errors 
(which affect place or manner of articulation) may lead to low transcriber agreement. 
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Interrater Reliability Between Two Experienced Raters 

With regard to the PCC-R metric, interrater reliability between Raters 1 and 3 ranged from 
good to very good (see Table 4). In accordance, very good interrater reliability was observed 
for both the probe scores at the word and sentence levels (see Table 4). Based on a qualitative 
comparison of these ICC values, this study found no differences in the interrater reliability 
for the different PCC metrics and the probe scoring system between two experienced raters. 
This finding suggests that both outcome measures are suitable for application in cleft palate 
speech intervention studies. Raters 1 and 3 had been working together for 5 years in the same 
clinical and research setting, and thus, they might have had comparable internal standards, 
which might explain the high interrater reliability. As with Raters 1 and 2, divergent 
reliability results for the amount of targets correct and the amount of targets elicited were 
observed between Raters 1 and 3. However, it should be noted that this difference was not as 
pronounced (i.e., “good” reliability for the amount of targets elicited and “very good” 
reliability for the amount of targets correct), as found by Sell and Sweeney (2020). Latter 
study found unacceptably poor interrater reliability between two expert raters on the number 
of targets elicited at both the word (ICC = 0.07, 95% CI [−0.17, 0.30]) and sentence (ICC = 
0.42, 95% CI [0.20, 0.59]) levels. Several factors might account for these divergent results. 
Even though Sell and Sweeney also used experienced raters who had additional training, the 
different raters' previous experience with and amount of training on the assessed parameters 
prior to this study might have played a role in the observed difference (Chapman et al., 2016). 
In addition, a valid comparison between our results and the results reported by Sell and 
Sweeney is hampered because they did not report which type of ICC measure they used. 
Since average-measure ICCs tend to be higher than single-measure ICCs (Hallgren, 2012), it 
is very important to describe the used methodology especially in the context of reliability 
studies. Despite the methodological discrepancies, it should be acknowledged that differences 
in the reliability between the amount of targets correct and the amount of targets elicited are 
issues (Sell & Sweeney, 2020). Our findings are in line with the reports by Sell and Sweeney: 
Even though two expert raters have high interrater reliability with regard to the PCC-R score, 
this score could be calculated on a different number of elicited consonants, which may result 
in an under- or overestimation of the actual PCC-R score. This issue raises some concerns 
especially in cleft palate speech intervention studies that lack reliability reports on the 
number of elicited target consonants. Reporting the reliability of the amount of targets 
elicited and the amount of targets correct for all the different PCC measures, including the 
PCC-R, PCP, and PCM metrics, is necessary in order to adequately interpret these scores. In 
contrast, if such reports are absent, one must be cautious when interpreting the reliability of 
the PCC metric (Sell & Sweeney, 2020). 

Reflection of Changes Following Speech Intervention 

This study was the first to compare two outcome measures for consonant proficiency (i.e., the 
PCC metrics and the probe scoring system) in terms of reflecting changes following cleft 
palate speech intervention. Using the PCC-R and PCP metrics, only the LPI group was 
observed to present with statistically significant higher scores following speech intervention 
(see Table 5). Using the probe scoring system, in contrast, both the children in the MPI and 
LPI groups had statistically significant higher scores following the intervention (see Table 6). 
This finding suggests that the probe scoring system demonstrates a greater ability to detect 
changes toward the correct production of target consonants compared to the PCC metrics 
(more specifically, the PCC-R and PCP scores). Unfortunately, comparison of our results 
with previous studies is difficult given that no study yet compared the ability of these two 
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scores to capture changes following intervention. Nevertheless, Sell and Sweeney (2020) 
hypothesized that the probe score would be able to show (smaller) degrees of progress toward 
the correct production of a target in contrast to the PCC metrics. The PCC metrics were 
reported to be less sensitive for positive changes toward a specific target because of the use of 
a binary scoring system (i.e., correct/incorrect; Hall et al., 1998; Hesketh et al., 2000; Sell & 
Sweeney, 2020). This study seems to confirm this hypothesis. In addition, the results of our 
study also confirm that the PCP and PCM scores might still be too restricted despite that 
these scores were developed in an effort to detect positive changes in terms of place and 
manner of articulation (Lohmander & Persson, 2008). Nevertheless, in the absence of probe 
scores, the PCP and PCM metrics provide important and useful information that can support 
the interpretation of the PCC-R metrics with regard to the correctness of the place and 
manner of articulation of the target consonants. 

In summary, this study found good to very good interrater reliability between two expert 
raters for both the PCC-R metrics and the probe scoring system. One might question which 
outcome measure is the most appropriate for the use in both clinical environments and 
research settings. In the authors' opinion, the most important strength of the PCC-R metric is 
that percentages are easy to grasp which facilitates straightforward communication not only 
between members of the cleft team but also with the patients and their family. The probe 
scoring system, on the contrary, may be less convenient for communication in a clinical 
setting since a score of “0” reflects a correct production of the target consonant. It must be 
noted, however, that from a clinical point of view, it might also be interesting to calculate a 
child's probe score per target consonant in order to capture changes following speech 
intervention in more detail (Rvachew & Nowak, 2001). For research purposes, this approach 
would probably be too time-consuming. It should also be noted that cluster reduction and 
deletion of (final) consonants are assessed differently when using the PCC-R metric or the 
probe scoring system. Using the PCC-R metric, an omitted consonant is not counted within 
the total amount of target consonants elicited. One can thus argue that the PCC score 
somewhat ignores these type of errors. According to the probe scoring system, a score of 
“−4” should be given when a consonant was omitted. In our opinion, one must determine the 
importance of consonant deletions in light of the specific research purpose or clinical context 
before choosing either the PCC-R metric or the probe scoring system as an outcome measure. 
For example, a study investigating phonological disorders in children with a CP ± L might 
attach great importance to consonant omissions. In this case, the use of the PCC-R metric 
seems less appropriate. The decision to opt for one or another outcome measure should be 
made in light of the benefits and drawbacks of each scoring system. 

Limitations and Suggestions for Further Research 

A common issue when conducting outcome studies is the problem of time efficiency (Ahl & 
Harding-Bell, 2018; Sell & Sweeney, 2020; Shriberg & Lof, 1991). Especially in intervention 
studies with multiple pre- and postintervention data collection points, a large amount of 
speech samples is collected, which need to be phonetically transcribed. We experienced this 
problem when conducting the intervention study that included eight different data collection 
points per participant (Alighieri et al., 2020). During the first phase of speech analyses, two 
raters were included (i.e., Rater 1 with experience and Rater 2 with less experience). During a 
second phase of the speech analyses, a third rater with more experience was involved in the 
project. Considering time restrictions, Rater 3 only analyzed 30% of the speech samples. 
Rater 1 spend approximately 90 min per sample, which is considerably longer than the report 
by Sell and Sweeney (2020), who noted that the speech analyses took between 20 and 40 min 
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per sample. Because of the lack of data on time, it is not clear whether the analysis of the 
probe score resulted in this difference. Considering the importance of time-related aspects 
when conducting outcome studies, it would be interesting to include data on time related to 
the use of the PCC metrics and the probe scoring system. This information could help inform 
also a time-efficient outcome measure in outcome studies. Another limitation of this study is 
the lack of reports on the intrarater reliability of Rater 3. In addition, the speech samples 
assessed by Rater 3 were randomly selected. Unfortunately, we did not account for the 
severity of the speech disorders. Future studies should respond to this limitation by ensuring 
that a wide range of severity of speech is included. Despite that the findings of this study 
suggested that the probe scoring system demonstrates a greater ability to detect changes 
toward the correct production of target consonants compared to the PCC metrics, we 
highlight that further research on this matter is necessary in order to confirm these results. 

This study measured the ability of the PCC metrics and the probe scoring system to reflect 
changes following cleft palate speech intervention. Nevertheless, to be able to investigate the 
effect of the intervention, future studies can compare the postintervention PCC scores with 
normative data. 

Conclusions 

This innovative study was the first to compare the inter- and intrarater reliability of different 
PCC metrics (i.e., PCC-R, PCP, and PCM score) and the probe scoring system as outcome 
measures of consonant proficiency in a cleft palate speech intervention study. Having 
experience with the assessment of cleft-related speech disorders was observed to be a crucial 
factor to gain reliable results. This study found no differences in the interrater reliability for 
the different PCC metrics and the probe scoring system between two experienced raters. This 
finding suggests that both outcome measures are suitable for application in cleft palate speech 
intervention studies. Despite that the findings of this study suggested that the probe scoring 
system demonstrates a greater ability to detect changes toward the correct production of 
target consonants compared to the PCC metrics, further research on the probe score is 
necessary to lead to more understanding of how this system is beneficial in both research 
studies and clinical work. In the meantime, the decision to opt for one or another outcome 
measure should be made in light of the specific study purposes and the benefits and 
drawbacks of each scoring system. 
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