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Abstract 

This chapter presents an experimental study of consecutive interpreting which investigates whether: (1) 

judged fluency can be predicted from computer-based quantitative prosodic measures including temporal 

measures and melodic measures. Ten raters judged six criteria of accuracy and fluency in two consecutive 

interpretations of the same recorded source speech, from Chinese ‘A’ into English ‘B’, by 12 trainee 

interpreters (seven undergraduates, five MA students). The recorded interpretations were examined with the 

speech analysis tool PRAAT. From a computerized count of the pauses thus detected, together with 

disfluencies identified by raters, 12 temporal measures of fluency were calculated. In addition, two melodic 

measures, i.e. pitch level and pitch range were automatically generated. These two measures are often 

considered to be associated with speaking confidence and competence. Statistical analysis shows: (1) strong 

correlations between judged fluency and temporal variables of fluency; (2) no correlation between pitch 

range and judged fluency, but a moderate (negative) correlation between pitch level and judged fluency; and 

(3) the usefulness of effective speech rate (number of syllables, excluding disfluencies, divided by total 

duration of speech production and pauses) as a predictor of judged fluency. Other important determinants of 

judged fluency were the number of filled pauses, articulation rate, and mean length of pause. Potential for 

developing automatic fluency assessment in consecutive interpreting is discussed, as are implications for 

informing the design of rubrics of fluency assessment and facilitating formative assessment in interpreting 

education. 
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1. Introduction 

 

Fluency is an important aspect of quality assessment of natural speech and also of interpreting. 

Though fluency alone provides no guarantee of the interpreter’s reliability unless content too is 

taken into account, it is widely recognized as a feature of successful interpretation (Mead 2005). 

Since the 1980s, fluency has been studied as one out of many aspects of quality in interpreting 

and its role in interpreting quality assessment has gained an increasing amount of recognition. It 

is nevertheless only recently that interpreting scholars have begun to foreground fluency as a 

specific component of quality, with the aim of defining it in practical terms and determining to 

what extent it might affect intelligibility and user perception (Rennert 2010). So far, a number 

of empirical studies have indicated that: (a) there is a contrast between user expectations and 

user perception regarding the importance of fluency as a quality criterion in interpreting; and (b) 

fluency is such an important element in perceived quality as its experimental manipulation 
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affects user perception of other criteria (Collados Aís, Pradas Macías, Stévaux & García 

Becerra 2007; Pradas Macías 2003, 2007; Rennert 2010). These studies argue that the 

importance of fluency had long been underestimated, given that previous surveys of quality 

perception or expectations among interpreters and habitual listeners showed a tendency to 

prioritize accuracy or faithfulness over form-related features like fluency (Bühler 1986; Chiaro 

& Nocella 2004; Kurz 1993, 2001, 2003; Moser 1996).  

        Fluency is a polysemous and somewhat elusive concept, though it is frequently applied to 

describe oral language performance. Since there has been no generally agreed definition of 

fluency and since it has been used to characterize a wide range of different skills and speech 

characteristics such as the temporal aspects of speech, the degree of coherence and semantic 

density in speech, and the appropriacy of speech content in different contexts (Leeson 1975; 

Fillmore 1979; Brumfit 1984; Lennon 1990; Schmidt 1992; Chambers 1997), assessment of 

fluency in interpreting is considered a difficult task. In everyday language use, fluency is often 

considered as a synonym of general language proficiency (Lennon 1990; Chambers 1997). 

Accordingly, fluency is often associated with overall quality of interpreting. In light of a more 

restricted definition of fluency that lays emphasis on “native-like rapidity” (Lennon 1990, 

p.390), assessors of interpreting may be more concerned with how an interpretation is delivered 

and the way an interpreter controls the use of silent pauses, hesitations, filled pauses, 

self-corrections, repetitions, false starts and the like. Thus, the various definitions of fluency 

may largely contribute to the variability in assessment standards and lack of consensus in 

fluency assessment. Another difficulty of fluency assessment in interpreting is that assessors’ 

judgement is very likely to be subject to the “impressions” after listening to the interpretation, 

because an interpreter’s work is ephemeral in nature and even the same assessor might not be 

consistent in assessment at different times. In this case, it is also very likely that assessors may 

find it difficult to dissociate fluency with other quality measures when their “impressions” of 

certain indices (e.g., fidelity, information completeness) become dominant. 

        In response to the existing problems described above, Mead (2005) proposed that 

objective and quantitative measurement of temporal measures of fluency could be more 

transparent and reliable than assessment based on content-related parameters such as 

completeness and correctness, which is often subject to differing opinions of what is right, 

wrong or missing and is ultimately more difficult to pin down (Mead 2005). Admittedly, it is 

important to recognise that fluency as a key, form-related feature of successful interpretation 

may not reveal the quality of interpreting without taking content into account. However, a 

quantitative perspective on different features of interpreting such as fluency can contribute to 

overall assessment of quality (Mead 2005). Though the quantitative approach to assessment has 

only recently been introduced to interpreting studies, it has long been practiced in more 

established disciplines like language testing and educational assessment. Studies on L1 and L2 

speech have attempted to define fluency in terms of objective speech properties (Cucchiarini, 

Strik & Boves 2000, 2002; Freed 1995; Lennon 1990; Riggenbach 1991). According to 

Cucchiarini et al. (2002), these studies have adopted a dual approach in which fluency is 

evaluated by listeners and quantified by temporal measures, and in which subjective 

evaluations are usually related to objective measures. This type of approach, particularly useful 

for gaining insight into the acoustic features underlying listeners’ evaluations, has a long 

tradition in phonetic research (Cucchiarini et al. 2002). It has been observed that, for speech 
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tasks entailing different degrees of cognitive effort, there will be corresponding differences in 

fluency rating (Bortfeld, Leon, Bloom, Schober & Brennan 1999; Grosjean 1980) and in 

objective and acoustic predictors of fluency (Cucchiarini et al. 2002). It is therefore reasonable 

to expect that, for the cognitively complex task of interpreting, relations between perceived 

fluency and quantitative measures will differ from those in everyday L1 and L2 speech. In other 

words, the quantitative measures that are highly predictive of judged oral fluency of 

unconstrained L1 and L2 production might not retain their predictive power for interpreted 

rendition. 

        In Yu and van Heuven (2017), our study applied the dual approach to gain insights into the 

temporal aspects of fluency as indicators of perceived fluency in consecutive interpreting (CI) 

(from Chinese ‘A’ into English ‘B’). That study was innovative in two important aspects. First, 

it extended the existing research on the effect of task complexity on the linguistic output of 

fluency. Second, it investigated the relation between temporal parameters of fluency and judged 

fluency in CI, probing into which temporal measure(s) of fluency were most indicative of 

fluency in CI.  

        In this chapter, based on the same data set generated from our previous experiment (Yu & 

van Heuven 2017), we further expand our study by extracting new data of two quantitative 

prosodic measures, namely median vocal pitch and size of effective pitch range, which we 

hypothesized to predict fluency in CI like the temporal parameters we had identified (Yu & van 

Heuven 2017).  

As explained previously, the importance of this kind of research is two-fold. It not only 

generates a better understanding of how perceived fluency would relate to quantitative 

characteristics of delivery in CI, but also produces implications for the future development of 

quantitative testing instruments. Ultimately, such research may contribute to greater testing 

efficiency and better learning results in interpreter training.  

 

2. Quantitative Assessment of Fluency  

 

It is a common practice that fluency is used to describe oral language performance, and 

sometimes written performance (e.g. Lennon 1990). A review of relevant literature reveals that 

fluency has been used to characterize different skills and speech properties, but there has been 

no consensus on its definition in different contexts (e.g., Brumfit 1984; Chambers 1997; 

Fillmore 1979; Leeson 1975; Lennon 1990, 2000; Schmidt 1992). Cucchiarini et al. (2000) 

distinguishes native language fluency from fluency in the context of foreign language teaching 

and testing. Native language fluency is used to characterize the performance of a speaker, and is 

often considered a synonym of “overall language proficiency” (Chambers 1997; Lennon 1990), 

but it does not really constitute an evaluation criterion (Cucchiarini et al. 2000). By contrast, 

fluency in foreign language teaching and testing tends to be formally used as a criterion of 

evaluation by which non-native performance can be judged (Riggenbach 1991; Freed 1995), 

despite the variability and vagueness of its definitions. In a more restricted sense, fluency can 

refer to temporal aspects of oral proficiency (Freed 1995; Lennon 1990; Nation 1989; 

Riggenbach 1991; Schmidt 1992; Towell, Hawkins & Bazergui 1996), in line with Lennon’s 

(1990) assumption that the goal in foreign language learning consists in producing “speech at 

the tempo of native speakers, unimpeded by silent pauses and hesitations, filled pauses, […] 
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self-corrections, repetitions, false starts and the like.”  

The identification of temporal features of speech is the prerequisite for quantitative studies 

of fluency in different contexts: previous research shows that perceived fluency can be 

correlated with different quantitative measures, depending on the language and specific speech 

task – e.g., L1 speech vs. L2 speech; read speech vs. spontaneous speech (Cucchiarini et al. 

2002; Kormos & Dénes 2004; Möhle 1984; Towell et al. 1996).   

The focus of the present study is to investigate the relationship between judged fluency 

and quantitative measures of fluency in the cognitively demanding speech task of CI from 

Chinese ‘A’ into English ‘B’ (or from L1 to L2). For our trainee interpreters who are native 

Chinese speakers, there is always a major gap between A (Chinese) and B (English) language 

proficiency. Accordingly, oral proficiency in B language often receives more attention in the 

interpreting syllabus. Therefore, it is necessary to review the existing studies on fluency in two 

types of L2 speech tasks (i.e., read speech and spontaneous speech), in which listeners’ 

evaluations of speech are examined in relation to temporal and prosodic measures calculated 

for the same speech samples.  

Research on fluency in L2 speech mostly aims to gain insight into the factors that underpin 

listeners’ evaluations (Cucchiarini et al. 2002), and/or to help develop objective tests of L2 

fluency that might lead to automatic assessment (Cucchiarini et al. 2002; Townshend, Bernstein, 

Todic & Warren1998). A number of researchers, including Lennon (1990), Riggenbach (1991), 

Freed (1995), Kormos and Dénes (2004), Cucchiarini et al. (2002) and Pinget, Bosker, Quené, 

Sanders and de Jong (2014), carried out studies in which samples of spontaneous speech 

produced by non-native speakers of English were judged by experts on fluency and were then 

analyzed in terms of quantitative variables such as speech rate, phonation/time ratio (the 

percentage of speaking time used for actual speech production), mean length of run, and 

number and length of pauses. In Cucchiarini et al.’s (2002) study, the relationship between 

objective fluency measures of speech and perceived fluency in L2 Dutch read and spontaneous 

speech was investigated in two separate experiments. They found that fluency ratings in both 

cases were closely related to speech rate, phonation/time ratio, number of silent pauses per 

minute, duration of silent pauses per minute, and mean length of run. While articulation rate 

showed almost no relationship with the perceived fluency ratings in spontaneous L2 speech, the 

two were closely correlated in read L2 speech production. The authors’ tentative explanation 

for this finding was that, since pauses tended to occur much more frequently in spontaneous 

speech, articulation rate (which takes no account of pauses) may in practice be relegated to a 

position of irrelevance. Kormos and Dénes (2004) conducted a study on L2 Hungarian 

spontaneous speech fluency ratings and temporal measurements, and reported that speech rate, 

mean length of utterance, phonation/time ratio and the number of stressed words produced per 

time unit were the best predictors of fluency scores. Like Cucchiarini et al. (2002), they did not 

find that articulation rate, the number of filled and unfilled pauses, or other disfluency 

phenomena were good predictors of fluency ratings. A more recent study by Pinget et al. (2014) 

investigated which acoustic measures of fluency can predict perceived fluency in L2 Dutch 

spontaneous speech. Although their acoustic measures (calculated on the basis of syllable 

length and pause length/frequency) differed from those used in previous research, these 

parameters showed high predictive power for much of the variance in fluency ratings, while 

two measures of repair fluency (number of corrections and number of repetitions) showed a 
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certain – albeit limited – degree of predictability compared to other studies (cf. Cucchiarini et al. 

2002; Kormos & Dénes 2004). These studies which scrutinized different L2 languages show 

that: (1) fluency ratings are mainly affected by temporal variables related to speed fluency (i.e., 

the speed at which speech is delivered) and breakdown fluency (i.e., the number and length of 

pauses); (2) the relationship between fluency ratings and temporal variables in spontaneous 

speech may be rather complex, since the former can be affected by non-temporal language 

features such as grammar, vocabulary and accent (Freed 1995; Lennon 1990; Riggenbach 

1991).  

To sum up, a number of studies have shown that quantitative assessment can be used to 

identify objective measures that are predictive of subjective fluency ratings in L2 speech. The 

general consensus is that temporal measures related to speed fluency and breakdown fluency 

are far more predictive than repair fluency. However, the predictive power of objective 

measures differs for different L2 speech tasks depending on the cognitive effort involved.  

 

3. Applying Quantitative Assessment of Fluency to CI 

 

Presumably, interpreting is more complex than L2 oral tasks, regarding the cognitive processes 

involved. What distinguishes CI from everyday spoken language activity is readily appreciated 

by basing comparison of the two on models often used to analyse them: Levelt’s (1989) speech 

production model and Gile’s (1995) Effort Models. The main difference between the two is that 

the speech production model has an initial conceptualization stage, whereas CI starts with 

perception and comprehension of the source language, with parallel storage, processing, and 

retrieval of information through note-taking, memory functions, and coordination of all these 

efforts. As a result, more attentional resources are almost certainly required in CI than in 

spontaneous speech production. 

Assessment of interpreting quality is necessary in both professional practice and 

interpreter training, which is generally based on two broad aspects: (a) content-related features 

such as accuracy and completeness of information; and (b) form-related features represented by 

fluency of delivery, accent, intonation, and voice quality (e.g., Bühler 1986; Zwischenberger & 

Pöchhacker 2010). Fluency is among the most important formal criteria, and it contributes to 

the overall quality of interpreting, which is testified by the fact that it forms part of numerous 

rating scales in interpreting tests (Han et al., 2020). However, it seems to have attracted little 

attention in the teaching and training of interpreting. Recent research has examined how users’ 

expectations could differ from their actual assessments of interpreting fluency. Research results 

suggest that limited fluency may impact negatively on the overall judged quality of an 

interpretation (e.g., Collados Aís 1998; Pradas Macías 2003; Rennert 2010). In a large-scale 

global survey on conference interpreting quality involving 704 AIIC interpreters worldwide 

(Pöchhacker 2012), fluency was perceived as being very important by 71% of participants and 

ranked third out of eleven quality criteria (behind sense consistency and logical cohesion). In 

Yu and van Heuven’s (2017) study, judged fluency in CI was significantly correlated with 

judged accuracy. These studies indicate that the importance of fluency as one of the key quality 

indicators of interpreting performance is attracting a growing amount of attention. Against this 

backdrop, research on quantitative approaches to fluency in interpreting seems both 

indispensable and practical. It is indispensable because among the problems related to 



6 

 

assessment method, judging-by-impression by assessors is most likely to result from the 

evanescent nature of interpreting, rendering the assessment to be subjectivity-based. Even for 

experienced assessors, lack of consistency between the various assessments might occur, which 

indicates considerable variability in standards and priorities from one assessor to another (Mead 

2005). It is practical because a number of acoustic parameters that underpin fluency (e.g., 

speech rate, the number and length of un/filled pauses, the number of false starts and 

self-repairs) make it possible to examine fluency through objective measurement. 

Compared with an abundant amount of empirical studies on quantitative assessment of 

fluency in L2 speech (see Section 2), relatively little research has been conducted to explore 

quantitative temporal parameters that potentially underlie fluency with a few notable 

exceptions (Mead 2005; Yang 2015; Yu & van Heuven 2017; Han et al. 2020). Based on the 

analysis of five temporal parameters of fluency in Mead’s (2005) pioneering work on 

elaborating a conceptual approach to quantitative assessment of fluency in interpreting, he 

suggested that speech rate, pause duration, and length of fluent run can be taken as the most 

relevant parameters in assessing interpreting fluency. Yang’s (2015) exploratory study 

attempted at relating temporal measures of utterance fluency to perceived fluency ratings in an 

exploratory study participated by 18 postgraduate student interpreters consecutively 

interpreting from Chinese to English. Her results indicated that overall speech rate (syllables 

per minute), articulation rate (pruned, syllables per minute), phonation time ratio, and mean 

length of silent pauses (pause cut-offs set at 0.3, 0.4 and 0.5 seconds) were closely related to the 

subjective fluency ratings. In a similar experimental study involving 12 trainee interpreters (7 

undergraduate students and 5 postgraduate students) by Yu and van Heuven (2017) on the 

correlations between judged fluency and temporal predictors of fluency in CI (Chinese to 

English), they included in their study repair disfluencies such as false starts, restarts, corrections 

and repetitions and identified effective speech rate (number of syllables, excluding disfluencies, 

divided by total duration of speech production and pauses) as the most predictive temporal 

parameter among all together 12 temporal fluency measures. Most recently, Han et al. (2020) 

made an extended study with 41 undergraduate interpreting students as participants, aiming at 

modeling the relationship between utterance fluency and raters’ perceived fluency of CI. They 

reported that mean length of unfilled pauses, phonation time ratio, mean length of run and 

speech rate had fairly strong correlations with perceived fluency ratings in both interpreting 

directions (English to Chinese and Chinese to English) and across rater types. 

In addition, melodic features such as intonation and accent may potentially play a role in 

influencing perceived fluency. Melodic features, together with temporal features constitute two 

broad categories of phenomena of prosody (van Heuven 1994, 2017). Like temporal features, 

melodic features are also part of quality criteria in interpreting which usually are deemed less 

important than content-related criteria such as accuracy and logical cohesion (Collados Aís et al. 

2007; Pöchhacker 2012). However, empirical studies have shown that melodic features in 

interpreting delivery seem to influence 1) users’ understanding of the speech content (Holub & 

Rennert 2011; Shlesinger 1994; Déjean 1990); 2) their perception of overall interpreting quality 

(Cheung 2013); and 3) the perception of fluency (Christodoulides & Lenglet 2014). Most 

interestingly, experimental research has found that listeners asked to rate “fluency” seem to 

confluence temporal features with intonation (e.g. pitch variation) (Collados Aís et al. 2007). 

Therefore, it seems appropriate to incorporate quantifiable melodic parameters in the present 
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study. 

        This experimental study aims to address two related research questions. The first research 

question is: What are the correlations between raters’ subjective assessments of consecutive 

interpreters’ fluency and quantitative measurements of both temporal and melodic parameters? 

This is followed by the second research question: Which quantitative prosodic measure(s) can 

best predict judged fluency in CI? 

 

4. Methods 

 

4.1 Participants 

 

Twelve students from Shanghai International Studies University participated in this study: 

seven third-year BA translation and interpretation majors, with a mean age of 20, and five 

second-year MA students, with a mean age of 25, from the Graduate Institute of Interpretation 

and Translation. The BA students were still working on development of basic interpreting skills, 

while the MA students were already interpreting part-time and were working towards their 

professional qualification. By the time of the experiment, the BA students had completed three 

basic one-semester CI training courses; the MA students had undergone three semesters of 

intensive and advanced interpreter training (at least three hours a day, covering both CI and SI). 

All participants had Chinese A and English B. 

 

4.2 Material 

 

A source audio clip in Chinese (3.5 minutes in duration, with a total of 501 Chinese characters 

comprising six paragraphs) was prepared from recordings of the press conference (2.5 hours) 

held by the former Chinese Premier Wen Jiabao during the National People’s Congress in 2009. 

The audio clip was played to the student participants and they interpreted it consecutively into 

English. Of the six interpreted paragraphs, two (paragraphs 4 and 5) were selected for 

perceptual rating and acoustic analysis. The reason for focusing on an extended extract, rather 

than the whole interpretation, was that the rating task had to be manageable so as to avoid rater 

fatigue.  

 

4.3 Procedures 

 

4.3.1 Experiment 

The experiment was originally designed and run to test an earlier hypothesis regarding 

improvement of judged fluency when exactly the same speech is interpreted a number of times 

in quick succession (Yu & van Heuven 2013). The experiment took place in conference rooms 

equipped with booths for simultaneous interpreting. The source stimulus material and the 

participants’ rendition were digitally recorded on separate tracks to maintain time differences. 

One of the authors monitored the interpreters over headphones and ensured that all of them had 

finished interpreting one paragraph before the next was played to them. The participants were 

instructed to interpret the same source speech three times (deliveries 1, 2 and 3), paragraph by 

paragraph, with a break of two minutes between deliveries. Delivery 1 and delivery 3 were 
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selected for both auditory rating and acoustic analysis. Delivery 2 was excluded, because 

previous studies (e.g., Zhou 2006) suggest that the third delivery is often the most proficient 

during oral task repetition. 

 

4.3.2 Fluency ratings 

The online survey software Qualtrics was used for the rating procedure. Twenty-four clips (12 

interpreters × 2 interpretations each) were rated on six measures related to accuracy and fluency: 

(i) accuracy of information; (ii) grammatical correctness; (iii) speed of delivery; (iv) control of 

pauses (both silent and filled); (v) control of other disfluencies (unnecessary repetitions, false 

starts, inappropriate lengthening of syllables, self-corrections); and (vi) overall fluency, on a 

scale of 1- 10. The presentation of the 24 clips was randomized for each rater, to prevent the 

potential order effect.  

Ten raters (five men, five women), with a background of studying or teaching at Leiden 

University, participated in the online rating: three native English speakers (two UK, one US), 

and seven with near-native English proficiency (six Dutch L1 and one Portuguese L1, all 

members of the academic staff in the English section, or PhD candidates in linguistics). The 

raters were informed that the entire rating session would last an hour and advised to take a 

ten-minute break after rating twelve clips, so as to avoid fatigue. They were then asked to 

complete a background questionnaire, after which they carefully read through an English 

translation of the two paragraphs so that they understood the messages to be interpreted. 

Subsequently, the audio clips of two specimen interpretations were played to them: one very 

good, the other less so. These were recordings of interpreters who were not actually included in 

the experimental sample. 

The ten raters scored all the twelve participants across two deliveries, as explained above. 

Means were calculated, to obtain one score for each single delivery on each rating measure. A 

total of 24 ratings was thus obtained for each of the six rating measures.  

 

4.3.3 Acoustic correlates of fluency 

The following measures were selected for investigation: 

(1)  articulation rate = number of syllables, including disfluencies, divided by total 

duration of speech apart from all (silent and filled) pauses longer than 0.25 seconds; 

(2)  speech rate = as for articulation rate, but including all pauses in the total speech 

duration; 

(3)  effective speech rate = as for speech rate, but excluding disfluencies from the syllable 

count; 

(4)  number of silent pauses above 0.25 seconds in duration; 

(5)  mean length of silent pauses longer than 0. 25 seconds; 

(6)  number of filled pauses (uh, er, mm, etc.); 

(7)  mean length of all filled pauses; 

(8)  number of pauses = sum of (4) and (6). 

(9)  mean length of pauses = mean of (5) and (7), weighted by their respective frequencies 

(items 4 and 6); 

(10)  number of other disfluencies (repetitions, restarts, false starts, corrections); 

(11)  mean length of fluent runs = mean number of syllables produced between silent pauses 
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longer than 0.25 seconds; 

(12)  phonation/time ratio, calculated on the basis of items 4 and 6, as a percentage of 

overall speech time = (total duration of speech without pauses, divided by total 

duration of speech including pauses) × 100 

(13)  median pitch = the median value of the fundamental frequency (in hertz, Hz) 

(14)  size of effective pitch range = difference between the 10th and 90th percentile of the 

pitch distribution (in semitones) 

 

The threshold of 0.25 seconds for silent pauses is used to distinguish hesitation in speech 

(Towell, Hawkins & Bazergui 1996) from pauses that are part of normal articulation for some 

combinations of sounds or may be classified as micro-pauses (Pinget et al. 2014; Riggenbach 

1991). 

According to Tavakoli and Skehan’s (2005) perspective on the temporal properties of 

fluency, the above acoustic measures are predictive of speed fluency (1, 2), breakdown fluency 

(2, 4, 5, 6, 7, 8, 9, 11 and 12), repair fluency (10), or all three categories (3). 

In the present study, speech length is measured in syllables. This is in line with 

Pöchhacker’s (1993) observation that use of syllables as a standard international unit of 

measurement obviates the practical drawback caused by the sometimes considerable variability 

in word length across different languages. Calculation of some temporal measures (e.g., 

phonation/time ratio) requires a count of the transcribed syllables: in our study, this was done 

manually by the first author and checked by a student assistant.  

For all 24 clips, the transcription was made by a graduate student assistant and checked by 

the first author. The transcriber was instructed to listen very carefully, noting any apparently 

unpronounced syllables for the purpose of the subsequent syllable count. No syllables had 

actually been omitted. Detailed phonetic transcription and a manual syllable count would be 

laborious for longer speech samples. Automatic syllable count can be realized by running a 

script in PRAAT developed by de Jong and Wempe (2009), with the prospect of further 

improvements for future use in research such as this. Automatic phonetic transcription is also 

very likely to be facilitated, as automatic speech recognition technology evolves. Currently, 

however, we consider that manual calculation offers the best guarantee of accuracy. 

The transcription of the 24 clips included filled pauses and all types of disfluencies. Silent 

pauses were detected by running the MarkInterval script (developed by Jos Pacilly) in 

PRAAT: .1 this The software made it possible to converts an acoustic signal into an oscillogram 

and/or spectrogram, visualizing sounds as a continuous wave pattern in which any segment can 

be matched with the corresponding recording. At a sampling frequency of 44.1 KHz, duration 

of different speech features can be measured in milliseconds. Together with the oscillogram, 

two annotation levels (‘tiers’ in a ‘textgrid’) were created for the transcribed texts and the 

labelled disfluencies (see Figure 1 for an example). The length of each silent and filled pause 

detected, the total duration and number of all pauses, and the number of disfluencies were 

automatically extracted.  

Silences at the very beginning and end of every delivery were discarded. The selection of 

the variables in this study is slightly different from Cucchiarini et al.’s (2002) choice of nine 

 
1 The MarkInterval script was written by Jos J.A. Pacilly, speech software specialist at the Leiden University Centre for 

Linguistics. 
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temporal variables related to fluency in L2 spontaneous speech. First, a distinction was made 

between effective speech rate (a variable proposed by us) and speech rate in general. Effective 

speech rate is calculated after excluding syllables identified as disfluencies (e.g., involuntary 

repetitions), because these are very likely to be more frequent in the cognitively demanding 

speech task of interpreting than in unconstrained speech. Second, syllables were used as the 

units of measurement. Third, mean length of filled pauses was added. The rationale for this 

decision was that interpreting is probably more conducive than spontaneous speech to 

hesitation pauses, as the interpreter takes time to analyze incoming information while also 

planning and retrieving the components of target language production. Finally, the number and 

mean length of pauses were also added so as to measure overall pausing.  

Figure 1. Visualization of a selected sound wave, with two annotation tiers in a text grid, in 

PRAAT (CH4_1st = Delivery 1 by the participant interpreting in Booth No. 4; fp = filled pause; 

sp = silent pause; rn = repetition). 

 

Before we set out to generate the pitch information for each of the 24 audio clips using PRAAT, 

we set an analysis range (the upper boundary and the lower boundary of pitch) between 125 and 

400Hz for most participants with the exception of two female and one male. As the clips of one 

of the two female participants had patches containing creaky voice (extremely low pitch), we 

used a routine procedure to unvoice the creaky parts and adjusted the analysis range to 

150-350Hz. The clips of the other female participant had a rather low-pitched voice for a 

woman, so we set the pitch range between 75 and 250Hz, which is the same analysis range we 

applied to the clips by the male participant. Besides, we also unvoiced the parts where some 

participants produced jump-ups of pitch when pronouncing affricate and fricative sounds such 

as /tʃ/ and /ʃ/. The effective size of pitch range was calculated in semitones as the difference 

between the 90th and the 10th percentiles of the speaker’s pitch distribution. The median pitch 

was the exact value in hertz (Hz) of the 50th percentile of the pitch distribution. 

The quantitative measures described above were calculated separately for every single 

interpretation (i.e., two values per participant for each parameter). A total of 24 values was thus 

obtained for each quantitative prosodic measure. Correlations between these values and the 

judged fluency ratings were then analyzed. 
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4.4 Statistical analysis 

 

The ten raters were highly consistent in their ratings on the six measures related to accuracy and 

fluency, with a mean Cronbach’s α of .96. The highest α was .97, for grammatical correctness 

and speed of delivery; the lowest α was .94, for accuracy of information. Table 1 shows the 

Cronbach’s alpha as a measure of internal consistency for the six fluency rating items. 

 

Table 1. Internal consistency (Cronbach’s α) of the ten raters for each rating item. 

Rating item α 

Accuracy of information .94 

Grammatical correctness .97 

Speed of delivery .97 

Control of pauses .95 

Control of disfluencies .96 

Overall fluency .95 

 

For the statistical analyses of the rating results and quantitative measures, Pearson’s r and 

(multiple) linear regression were performed. 

 

 

5. Results 

 

The results of the accuracy and fluency ratings assigned by the ten raters are presented first, 

followed by those for the quantitative acoustic measures of fluency. Finally, the relationship 

between the two sets of measures is studied. 

 

5.1 Auditory ratings of fluency and accuracy 

 

We present the mean scores on the six ratings for accuracy and fluency parameters (see Table 2). 

The ratings differed for the beginners and the advanced students, as well as for deliveries 1 and 

3. The analysis in our earlier study (Yu & van Heuven 2013) showed significant main effects of 

both repetition (delivery) and proficiency on perceived accuracy and fluency. This means that 

the advanced students were judged as being significantly more accurate and fluent than the 

beginners, while all students were judged as being significantly more accurate and fluent in 

delivery 3 than in delivery 1.  In addition, the ratings for accuracy and fluency-related measures 

were found to correlate strongly in Yu and van Heuven’s (2017) study (see Table 3). 
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Table 2. Mean ratings for the six measures related to accuracy and fluency. 

Note: ID = identification number of participants, AI = accuracy of information, GC = Grammatical correctness, 

SD = speed of delivery, CP = control of pauses, CD = control of other disfluencies, OF = overall fluency 

 

Table 3. Pearson’s r correlations between accuracy-related and fluency-related ratings.  

 Speed of 

delivery 

Control of 

pause 

Control of 

disfluencies 

Overall 

fluency 

Accuracy of information 0.88** 0.86** 0.92** 0.92** 

Accuracy of grammar 0.90** 0.85** 0.86** 0.88*** 

Note: ** p < .01 (two-tailed) 

 

5.2 Acoustic measures of fluency 

 

In this section, the fourteen temporal and melodic variables are presented (see Table 4). Table 4 

also shows values of the different temporal and melodic variables for delivery 1 vs delivery 3. 

The D3/D1 ratio is the mean of each acoustic variable for delivery 3, divided by that for 

delivery 1.  

For ten of the fourteen acoustic variables, scores changed in accordance with a more favorable fluency 

rating; the remaining four parameters were unaffected by the repeated delivery.For most of the acoustic 

variables, scores were higher in delivery 3. These exceptions are mean length of filled pauses, 

phonation/time ratio, median pitch and size of effective pitch range which hardly changed. The 

number of filled pauses and number of disfluencies were halved in delivery 3. Overall, the 

temporal measures of fluency were consistent with the trends for the fluency ratings in our 

earlier study, where both beginners and advanced students achieved significantly higher scores 

in delivery 3 (Yu & van Heuven 2013).  

In Section 5.3, the relations between the quantitative prosodic measures and the fluency 

 
Delivery 1 Delivery 3 

Accuracy Fluency Accuracy Fluency 

Proficiency ID AI GC SD CP CD OF AI GC SD CP CD OF 

  BA 1. 5.7 5.7 5.7 4.8 4.8 5.3 6.1 6.4 6.7 6.1 5.4 6.1 

  BA 2. 5.6 5.2 5.5 4.9 5.0 5.6 7.5 6.6 6.5 5.5 5.6 6.3 

  BA 3. 4.5 4.6 5.0 4.7 4.3 4.5 6.4 6.0 6.2 5.9 5.9 6.2 

  BA 4. 5.2 4.9 4.4 4.0 3.6 4.1 5.1 5.2 5.9 5.6 5.2 5.7 

  BA 5. 5.6 5.3 5.2 5.0 4.8 5.1 6.8 6.6 6.1 6.4 6.0 6.2 

  BA 6. 4.7 5.2 4.9 4.6 4.4 4.8 6.7 5.9 5.5 5.6 6.0 5.9 

  BA 7. 5.5 5.7 5.0 3.9 4.4 4.4 5.7 6.0 6.3 5.7 5.1 5.7 

Mean (BA)  5.3 5.2 5.1 4.6 4.5 4.8 6.3 6.1 6.2 5.8 5.6 6.0 

  MA 8. 7.0 6.6 7.0 6.4 6.1 6.8 7.5 6.5 7.3 6.9 6.5 7.2 

  MA 9. 7.6 6.8 7.7 6.7 6.4 7.1 8.1 7.6 7.9 7.6 7.4 7.6 

  MA 10. 7.8 6.9 7.6 6.9 6.8 7.3 8.2 7.7 8.0 7.2 7.2 7.8 

  MA 11. 7.1 5.7 6.3 5.7 5.7 6.1 7.4 6.0 6.8 6.6 6.2 6.6 

  MA 12. 5.6 5.5 5.6 4.8 4.7 5.3 6.2 6.7 6.7 5.8 5.2 5.8 

Mean (MA)  7.0 6.3 6.8 6.1 5.9 6.5 7.5 6.9 7.3 6.8 6.5 7.0 

Mean (grand)  6.0 5.7 5.8 5.2 5.1 5.5 6.8 6.4 6.7 6.2 6.0 6.4 
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ratings will be explored in greater detail. 

 

5.3 Correlations between quantitative prosodic measures and fluency ratings 

 

In this section, the quantitative prosodic measures are compared with the fluency ratings so as 

to determine how, and to what extent, the two were related. Pearson’s r results values are shown 

in Table 5. Twelve out of the fourteen quantitative prosodic measures were closely correlated 

with the judged fluency. Effective speech rate had the highest correlation (r = .84, p < .01), 

followed by mean length of fluent runs (r = .78, p < .01) and phonation/time ratio (r = .78, p 

< .01).



Table 4. Descriptive statistics of 14 acoustic fluency measures for 12 participants in two consecutive interpretations. 

Variable 
 BA students MA students 

Mean D3/D1 
Del. 1 2 3 4 5 6 7 8 9 10 11 12 

Articulation rate  

(syll/s) 

1 5.2 4.5 5.7 3.6 3.6 3.2 4.4 5.1 4.8 4.8 5.4 4.3 4.6 
1.1 

3 5.1 3.8 4.7 4.4 4.5 4.0 5.0 5.1 5.0 5.0 5.0 6.2 4.8 

Speech rate  

(syll/s) 

1 3.2 2.3 3.1 2.3 2.3 2.1 2.0 3.7 3.7 4.0 3.7 2.9 2.9 
1.2 

3 3.8 2.3 3.3 3.1 3.5 2.8 3.2 4.1 3.8 3.9 3.7 3.8 3.4 

Effective speech rate 

(syll/s) 

1 2.8 1.8 2.8 1.7 2.2 1.9 1.7 3.7 3.7 3.9 3.5 2.6 2.7 
1.2 

3 3.3 2.2 3.3 2.9 3.4 2.8 2.9 4.1 3.7 3.8 3.6 3.4 3.3 

N silent pauses 1 42.0 95.0 54.0 61.0 60.0 43.0 63.0 36.0 34.0 28.0 54.0 6.0 53.0 
.7 

3 41.0 59.0 35.0 32.0 38.0 30.0 45.0 27.0 33.0 29.0 42.0 54.0 39.0 

Length of silent  

pauses (s) 

1 .7 .5 .7 .6 .7 1.0 1.1 .5 .4 .4 .4 .5 .6 
.8 

3 .4 .6 .7 .5 .4 .8 .7 .4 .5 .5 .4 .5 .5 

N filled pauses 1 15.0 61.0 6.0 35.0 9.0 11.0 25.0 5.0 6.0 0.0 3.0 14.0 16.0 
.5 

3 13.0 40.0 0.0 9.0 2.0 3.0 7.0 5.0 3.0 0.0 6.0 11.0 8.0 

Length of filled 

pauses (s) 

1 .3 .5 .2 .4 .4 .3 .4 .3 .2 .0 .4 .3 .3 
1.0 

3 .3 .4 .0 .5 .4 .3 .2 .3 .3 .0 .3 .3 .3 

N pauses 1 57.0 1560 60.0 96.0 69.0 54.0 88.0 41.0 40.0 28.0 57.0 82.0 69 
.7 

3 54.0 99.0 35.0 41.0 40.0 33.0 52.0 32.0 36.0 29.0 48.0 65.0 47 

Length of pauses (s) 1 .6 .5 .7 .5 .6 .8 .9 .5 .4 .4 .4 .5 .6 
.8 

3 .4 .5 .7 .5 .4 .8 .6 .4 .5 .5 .4 .5 .5 

No. disfluencies 1 12.0 17.0 7.0 28.0 8.0 8.0 16.0 2.0 3.0 2.0 15.0 9.0 11.0 
.5 

3 14.0 4.0 3.0 9.0 3.0 2.0 7.0 0.0 3.0 3.0 4.0 11.0 5.0 

Length of fluent runs 

(syllables) 

1 4.8 2.2 4.7 3.0 4.1 4.9 3.2 6.9 6.6 9.5 5.3 4.2 5.0 
1.3 

3 5.8 2.9 7.3 5.7 6.7 7.1 5.2 8.2 7.6 9.9 5.5 4.8 6.4 

Phonation/time ratio  1 .6 .5 .6 .6 .7 .7 .5 .7 .8 .8 .7 .7 .7 
1.0 

3    .7 .6 .7 .7 .8 .7 .6 .8 .8 .8 .7 .6 .7 

Median pitch (Hz) 1 205.0 220.0 235.0 209.0 290.0 229.0 242.0 134.0 167.0 230.0 122.0 212.0 208.0 
1.0 

3 203.0 220.0 247.0 220.0 296.0 236.0 252.0 136.0 169.0 223.0 119.0 208.0 211.0 

Effective pitch range 

(semitones) 

1 3.8 4.6 7.5 5.2 7.6 4.5 4.7 5.1 8.4 6.5 9.4 6.3 6.1 
1.0 

3 4.6 4.5 7.3 5.1 6.5 4.1 5.1 4.7 8.8 6.9 8.9 6.3 6.1 



Table 5. Pearson’s correlation between fluency ratings and acoustic fluency measures for 12 participants in two consecutive interpretations 

Note: * p < .05, ** p < .01 (two-tailed) 

 

 
Accuracy of 

information 

Grammatical 

correctness 

Speed of 

delivery 

Control of 

pause 

Control of 

disfluencies 

Overall 

fluency 

Articulation rate (syll/s) 0.27** 0.34** 0.50** 0.42**                                                                                                                                                                            0.33** 0.36** 

Speech rate (syll/s) 0.65** 0.66** 0.83** 0.84** 0.74** 0.77** 

Effective speech rate (syll/s) 0.72** 0.70** 0.86** 0.90** 0.82** 0.84** 

N silent pauses −0.50** −0.54** −0.58** −0.68** −0.64** −0.60** 

Length of silent pauses (s) −0.56** −0.42** −0.62** −0.64** −0.51** −0.62** 

N filled pauses −0.33** −0.37** −0.43** −0.55** −0.50** −0.42** 

Length of filled pauses (s) −0.44** −0.52** −0.56** −0.50** −0.52** −0.52** 

N pauses −0.44** −0.49** −0.53** −0.65** −0.60** −0.54** 

Length of pauses (s) −0.54** −0.43** −0.62** −0.59** −0.46** −0.58** 

N disfluencies −0.57** −0.56** −0.62** −0.71** −0.73** −0.69** 

Length of fluent runs (syll) 0.66** 0.68** 0.73** 0.82** 0.82** 0.78** 

Phonation/time ratio 0.68** 0.63** 0.72** 0.83** 0.77** 0.78** 

Median pitch (Hz) −0.43** −0.22** −0.45** −0.37** −0.34** −0.41** 

Effective pitch range (semitones) 0.39** 0.22** 0.37** 0.42** 0.39** 0.34** 



5.4 Quantitative prosodic measures as predictors of judged fluency 

 

Several linear regression models were built in stepwise mode, using SPSS, to investigate to 

what extent the fourteen quantitative prosodic measures could explain the variance in fluency 

ratings. Tables 6, 7, 8 and 9 show the adjusted proportion of variance explained (R2) by these 

models, and thus the incremental predictive power of each acoustic parameter.  

First, model 1 (Table 6) evaluates all fourteen quantitative prosodic measures as predictors 

of fluency ratings: the adjusted R2 shows that 78.9% of the variance in the ratings on speed of 

delivery may be explained on the basis of two temporal measures – i.e., effective speech rate 

(R2 = 72.1%) and number of filled pauses (R2 = 6.8%). Effective speech rate appeared to be the 

best indicator of the ratings on speed of delivery. Second, 88.2% of the variance in the ratings 

for control of pauses (Table 7) may be explained on the basis of three temporal measures – i.e., 

effective speech rate (R2 = 79.6%), articulation rate (R2 = 4.5%) and number of filled pauses (R2 

= 4.1%). Again, effective speech rate appeared to be the best indicator here. Third, model 3 

(Table 8) shows that 87.6% of the variance in the ratings on control of disfluencies may be 

explained on the basis of four temporal measures – i.e., effective speech rate (R2 = 66.1%), 

speech rate (R2 = 9.1%), number of filled pauses (R2 = 6.6%) and mean length of fluent run (R2 

= 5.8%). Here, too, effective speech rate appeared to be the best indicator. Finally, model 4 

(Table 9) shows that 90.2% of the variance in the overall fluency ratings may be explained on 

the basis of four temporal measures – i.e., effective speech rate (R2 = 68.7%), number of filled 

pauses, (R2 = 6%), articulation rate (R2 = 11.8%) and mean length of pause (R2 = 3.7%). Once 

again, effective speech rate appeared to be the best predictor of judged overall fluency. 

 

Table 6. Model 1 (dependent variable: judged speed of delivery) 

Predictors R2 Adj R2 increment SE of estimate 

effective speech rate .734 .721  .53479 

number of filled pauses .807 .789 .068 .46557 

 

Table 7. Model 2 (dependent variable: judged control of pauses) 

Predictors R2 Adj R2 increment SE of estimate 

effective speech rate .805 .796  .45052 

articulation rate .855 .841 .045 .39763 

number of filled pauses .897 .882 .041 .34262 

 

Table 8. Model 3 (dependent variable: judged control of disfluencies) 

Predictors R2 Adj R2 increment SE of estimate 

effective speech rate .676 .661  .55945 

speech rate .773 .752 .091 .47875 

number of filled pauses .842 .818 .066 .40961 

mean length of fluent runs .897 .876 .058 .33850 

 

Table 9. Model 4 (dependent variable: judged overall fluency) 

Predictors R2 Adj R2 increment SE of estimate 

effective speech rate .701 .687  .56339 

number of filled pauses .769 .747 .060 .50647 

articulation rate .883 .865 .118 .36983 

mean length of pauses .919 .902 .037 .31471 



 

5.5 A closer examination of the melodic parameters  

 

As the two melodic parameters were not found to correlate as closely with the judged fluency 

ratings as the twelve temporal measures, we examined the relationship between judged fluency 

and each of the two melodic parameters separately. Figure 2 plots judged overall fluency as a 

function of the effective pitch range (in semitones, in panel A) and of the median pitch (in Hz, 

in panel B) for our 12 participants. In each panel the data points were plotted separately for the 

first (circles) and the third (triangles) delivery by the participant. 

 

 

Figure 2. Judged overall fluency as a function of effective pitch range (semitones, panel A) and 

of median pitch (Hz, panel B) for the twelve participants broken down by delivery. 

 

Figure 2A shows that there was a weak (almost negligible) correlation between the effective 

pitch range and judged fluency during the first delivery. A stronger correlation was seen in the 

third (and better) delivery, suggesting that the raters tended to associate larger pitch movements 

with speech confidence and competence, which perhaps may affect their perception of fluency 

in interpreting. However, the effective pitch range did not change systematically with delivery, 

t (11) = .449, p = .331 (one-tailed). But the interpreters with a larger effective pitch range were 

judged to be more fluent when the fluency judgments and the ranges were averaged across the 

two deliveries, r = .416, p = .089 (one-tailed).  

        Figure 2B shows that there was a moderate and negative correlation between median pitch 

and judged overall fluency, indicating that low-pitched interpreters were perceived as more 

confident and competent, which in turn, might also affect raters’ perception of fluency in 

interpreting. Similarly, pitch level did not change systematically with delivery, t (11) = 1.552, p 

= .075 (one-tailed). The overall trend to judge the interpreters with lower medium pitch as being 

more fluent was significant, r = −.509, p = .049 (one-tailed).  

The interpreters with the highest fluency ratings were typically the MA students. One of the 

five MA participants was a male speaker, who, naturally, has a lower median pitch than the 

eleven female speakers. Crucially, however, when we omitted the single male speaker from the 

analysis, the correlational strength between median pitch and judged fluency of interpreting 



 

was not affected, and in fact increased somewhat, r = −.536, p = .044 (one-tailed), which 

indicates that the association between low (median) pitch and judged fluency (mediated by the 

attribution of competence) was not confounded by the potential gender effect. 

 

6. Discussion 

 

Similar to what we found earlier (Yu & van Heuven 2017), all four judged fluency criteria 

(speed of delivery, control of pauses, control of disfluencies, overall fluency) correlated 

significantly with almost all the twelve temporal measures of fluency, despite that judged 

control of disfluencies and judged overall fluency did not correlate significantly with 

articulation rate (see Table 5). In particular, the study indicates that effective speech rate, 

phonation/time ratio, length of fluent runs, and speech rate had fairly strong correlations with 

perceived fluency ratings (r≥0.77, p<0.01), which generally corroborates the findings of other 

studies of similar kind (Yang 2015; Han et al. 2020). However, the overall interconnection 

between perceived fluency ratings and temporal measures including measures of speed fluency, 

breakdown fluency and repair fluency in this study was not found in previous research (e.g., 

Yang 2015; Han et al. 2020), in which only measures of speed fluency such as speech rate and 

measures of pausing such as mean length of silent pauses were found to be useful correlates of 

perceived fluency. In this case, further empirical studies will be needed to provide more ample 

evidence. 

The two newly added melodic parameters were mainly found to correlate weakly or 

moderately with the four judged fluency criteria: median pitch correlated significantly (but 

moderately) with judged speed of delivery and judged overall fluency; and size of effective 

pitch range correlated significantly (but moderately) with judged control of pause (Table 5). 

The result resonates with findings of previous research (Collados Aís et al. 2007 and 

Christodoulides & Lenglet 2014), suggesting that interpreting-specific prosodic features are 

associated with the perception of fluency. It is also worth noting that, unlike the twelve 

temporal measures of fluency, the two melodic parameters did not change systematically with 

delivery, meaning that both the pitch level and effective pitch range may not improve with 

repetition in interpreting. 

      The study also identified which of the fourteen quantitative prosodic measures could best 

predict the fluency ratings. The results of the linear regression models in terms of useful 

predictors of judged fluency are largely consistent with those found in our previous study (Yu 

& van Heuven 2017). Effective speech rate (i.e., number of syllables, excluding disfluencies, 

divided by the total duration of speech production and pauses) appeared to be the best predictor 

of all four judged fluency criteria in CI (Tables 5-8) which might be explained by the fact that 

effective speech rate incorporates three aspects of fluency (speed fluency, breakdown fluency 

and repair fluency). The other temporal measures related (albeit less closely) to the fluency 

ratings were number of filled pauses, articulation rate, and mean length of pause. However, the 

two melodic parameters, i.e. median pitch and size of effective pitch range, were not among the 

predictors of judged fluency in this study, although previous studies suggest that 

confident/dominant speakers have lower (mean) pitch (Ohala 1983) and execute larger pitch 

movements (Gussenhoven 2004). This might be attributed to one of the following reasons: (1) 

Compared with temporal measures of fluency that are sensitive to the varying cognitive effort 



 

involved in complex speech tasks such as CI, melodic features are relatively stable as a result 

of long-term training and thus less prone to alteration, even when the cognitive load is reduced 

via repetition; (2) Effects of the melodic parameters on judged fluency were only measured 

with global parameters in this study. We therefore cannot rule out the possibility that specific 

local pitch differences may correlate with perceived competence and/or fluency of interpreting. 

The exploration of quantitative parameters of judged fluency in interpreting offers insights 

into what features of an interpretation potentially contribute to judged fluency. The results of 

this experimental study offer implications for the automatic assessment of fluency in 

interpreting performance. The advent of artificial intelligence for scoring spoken language 

texts (Litman, Strik, & Lim, 2018) opens up new possibilities for fluency assessment in 

interpreting to be delivered with precision, consistency and objectivity. Given the availability 

of technologies that can easily detect syllables, pauses and disfluencies by running relevant 

scripts in speech analysis software package PRAAT and that can very quickly calculate these 

objective measures, it is likely that the labor-intensive and impressionistic rating of CI exams 

could be facilitated by quantitative measurement of effective speech rate or a combination of 

the good fluency predictors identified. With the empirical results of this study together with 

those of other studies (e.g., Han et al. 2020), automatic scoring systems such as SpeechRater 

(for scoring spontaneous non-native speech in the context of the TOEFL iBT Practice Online) 

and Pearson’s Ordinate technology (for scoring the spoken portion of PTE Academic) may 

hopefully find their application in interpreting assessment. This could be quite efficient, at least 

in terms of screening out candidates who do not score satisfactorily on major objective fluency 

measures useful in predicting human ratings. Our study should thus serve as an initial step 

towards the development of an automatic quantitative assessment tool for fluency in 

interpreting. 

The empirical results may also have implications for informing and benefiting the design 

of rubrics of interpreting fluency assessment. For raters who are gauging fluency, perhaps the 

rubrics should emphasize effective speech rate, number of filled pauses, articulation rate, and 

mean length of pauses over the other objective fluency measures that did not contribute to 

explaining variance in the ratings and were therefore considered as poor empirical correlates in 

our preliminary study. However, further research of larger scale that draws on the 

state-of-the-art knowledge of language testing and other disciplines will be needed to identify 

the most ideal scalar descriptors for the evaluation of interpreting fluency.  

Furthermore, the findings of this study are expected to shed light on facilitating formative 

assessment in interpreting training. More specifically, interpreting teachers may need to guide 

trainees to develop a more comprehensive understanding of an integrated concept of fluency, 

incorporating not only speed fluency but also breakdown and repair fluency. Our experiment 

shows that the number of filled pauses and the number of disfluencies were halved in delivery 

3 over delivery 1 (Table 4). Two aspects of fluency (i.e., breakdown fluency and repair fluency, 

or what Grosjean referred to as secondary fluency variables) thus seem to have a more 

important effect on fluency ratings in CI than was the case in previous research on L2 read and 

spontaneous speech (Cucchiarini et al. 2000, 2002; Kormos & Dénes 2004; Pinget et al. 2013). 

In addition, interpreting trainees need to be oriented and instructed in the melodic aspects of 

their delivery, which proves to be significantly though not strongly correlated with judged 

fluency. As such, the objective prosodic information (temporal and melodic) generated 

https://www.tandfonline.com/doi/full/10.1080/15434303.2018.1477780


 

(semi-)automatically may serve as evidence about trainees’ learning progress, which is to be 

brought back to them through feedback provided by trainers, peers or trainees themselves. 

 

7. Conclusion 

This experimental study probes into the possibilities of quantitative assessment of fluency in 

CI by studying potential correlations between judged fluency and automatically quantified 

temporal and melodic measures. It was found that effective speech rate, phonation/time ratio, 

length of fluent runs, and speech rate had fairly strong correlations with perceived fluency 

ratings. The statistics of the regression models show that effective speech rate was the best 

predictor of perceived fluency followed by number of filled pauses, articulation rate, and mean 

length of pause. Melodic measures such as median pitch and size of effective pitch range were 

not found to contribute to the variance in fluency ratings. 

The study has several limitations. Firstly, there seemed to be the concern of 

multicollinearity in both the four judged fluency criteria as well as the twelve acoustic temporal 

measures. In other words, the four judged fluency criteria might not be independent and 

mutually exclusive from each other and the same might be applied to the twelve acoustic 

fluency measures – e.g., it is possible that speed of delivery will be associated with both control 

of pauses and control of disfluencies. The overall fluency rating might be connected with the 

three partial criteria of fluency, while mean length of fluent runs might be related to the number 

of filled pauses and number of disfluencies. Therefore, the results of the relative contribution of 

the objective measures to explain variance in the fluency ratings should be interpreted with 

caution. Future research may need to circumvent the problem of multicollinearity by choosing 

variables that are, in theory and in practice, not too highly interrelated. The second limitation 

lies in our overly conservative approach to detect and categorize silent/filled pauses and 

repetitions as disfluencies, since the interpreters might deliberately use these for clarity and 

emphasis. As such, by drawing on work from applied linguistics, psycholinguistics, discourse 

analysis and sociolinguistics, more sophisticated manner of conceptualizing disfluencies 

should be developed in future studies (De Jong 2018), which should make an effort to 

distinguish (non-planned) disruptive disfluencies from planned speech pauses – which have 

been found to enhance communication (Scharpff & Van Heuven 1988; Van Heuven & Scharpff 

1991; Scharpff 1994). Finally, there was lack of ecological validity, since no listeners or 

audiences were present in this study. This, of course, does not reflect the situational dynamics 

of CI in real-life practice. More ecologically valid data is needed in future studies to verify the 

findings obtained in this study.  

To sum up, the present experimental study attempts to investigate the relations between 

subjective ratings of fluency and quantifiable prosodic measures in CI. The most powerful 

predictor(s) of perceived fluency might ultimately lend themselves to development of 

automatic assessment for trainee interpreters’ fluency in an examination setting, inform and 

improve the designing of rubrics of interpreting fluency assessment as well as facilitate 

formative assessment. The results of the study are preliminary though, and future studies are 

expected to be more interdisciplinary-based, statistically more rigorous, of larger-scale and of 

real-life settings. 
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