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Abstract

This study examined the relationship between intelligibility and comprehensibility in second
language speech. Four extended speech samples from 50 speakers spanning a wide range of
proficiency were drawn from archived test data. These samples were listened to by 570 English
users, who provided comprehensibility ratings and transcriptions to measure intelligibility. The
relationship between intelligibility and comprehensibility was strong (r = .81, p = .88) and nonlinear.
A segmented regression model suggested a breakpoint for intelligibility scores (transcription
accuracy) at 64%, below which speakers were perceived as uniformly hard to understand and
above which increased intelligibility was strongly associated with higher comprehensibility.

Highlights

o A strong relationship exists between intelligibility and comprehensibility.

o Relationship between intelligibility and comprehensibility is nonlinear.

o High proficiency speakers (CEFR C, B2) were both intelligible and comprehensible.
o Intermediate speakers (B1, A2) were more intelligible than comprehensible.

o Low proficiency speakers (A1) were low in intelligibility and comprehensibility.

1. Literature review

Second language (L2) speech research commonly employs three listener-based global dimen-
sions: accentedness (i.e., how distinguishable an L2 utterance is from that of the target
community), comprehensibility (i.e., perceived ease/difficulty of understanding an L2 utter-
ance) and intelligibility (i.e., accuracy of understanding an L2 utterance) (Munro & Derwing,
1995). Accentedness and comprehensibility are commonly assessed through scalar ratings
(Derwing & Munro, 2015), while intelligibility is most commonly assessed through transcrip-
tion (see Kang et al., 2018). Research has provided consistent evidence that L2 speakers can
produce speech that is both intelligible and comprehensible, even in the presence of a (strong)
foreign accent (see Crowther et al., 2022; Munro & Derwing, 2011). A number of studies have
considered the strength of association between accentedness and comprehensibility, finding
moderate to (very) strong correlations (e.g., Munro & Derwing, 1995; Trofimovich & Isaacs,
2012). Theoretically, intelligibility should be a precursor to comprehensibility, as speech low in
intelligibility is unlikely to be comprehensible (Derwing & Munro, 2015; Thomson, 2018).
More simply, speech that is unintelligible will rarely be perceived as anything other than low in
comprehensibility (i.e., a listener who does not understand the intended message would
perceive the speech as difficult to comprehend), though speech that is low in comprehensibility
may still be intelligible (i.e., speech may be understood, though it requires great effort to do so).
However, limited empirical attention has been given to this specific relationship to confirm this
belief (see also Chau & Huensch, 2025).

Studies that have featured a correlation between intelligibility and comprehensibility have
found varying strengths of association. At the listener level (i.e., within-listener comparisons of
transcription accuracy and comprehensibility ratings), Munro and Derwing (1995) found that
first language (L1) English listeners hearing L2 English speech had a significant correlation,
with a mean correlation of r = .51. Julkowska and Cebrian (2015) further reported strong
correlations of .67, .80 and .83 among L1 Polish, Spanish and English listeners, respectively,
while Hansen-Edwards et al. (2018), working with speakers and listeners of different English
varieties, found a nonsignificant correlation of r = .08. Studies that focus on variation among
speakers are few in number, but have found strong correlations between increasing intelligi-
bility and comprehensibility of around r = .60 in L2 Arabic (Ali, 2023) and L2 Spanish (Nagle &
Huensch, 2020"), though only .28 in L2 English (Gallant, 2023). Chau and Huensch (2025), in a

"We used Nagle and Huensch’s (2020) open data to calculated the correlation at r = .61, aggregated across
sentences and all ratings per speaker.
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meta-analysis of studies focused on global dimensions of L2
speech, reported a correlation of .57 between intelligibility and
comprehensibility across 17 identified studies. While these studies
are informative, research designs have typically included smaller
numbers of listeners and/or speakers, speakers from limited
ranges of L2 proficiency and L1 backgrounds and transcriptions
of only short, decontextualized speech excerpts, which may limit
our understanding of the full scope of the relationship between
intelligibility and comprehensibility. Although seemingly intui-
tive that intelligibility precedes comprehensibility, the extent to
which this holds true and whether such a relationship is com-
pletely linear remains in need of empirical support.

To address these concerns, we draw from extended, extem-
poraneous speech from the speaking portion of Aptis General, a
standardized English proficiency exam developed by the British
Council (O’Sullivan et al., 2020). Study data included test takers
from a range of proficiency levels and L1 backgrounds. For these
test takers, we measured intelligibility via transcriptions and
comprehensibility via ratings elicited from a large number of
L1 English layperson listeners. Working off the premise that
intelligibility is a precursor to comprehensibility (i.e., the mes-
sage of the speaker must be received before speech can be
easily understood), we sought to answer the following research
question:

To what extent do listener measurements of intelligibility pre-
dict listener measurements of comprehensibility?

Given the range in correlation strength in the previously high-
lighted research, we make no specific prediction here on the extent
intelligibility predicts comprehensibility. As such, the study
reported next can be considered exploratory in nature.

2. Methodology
2.1. Participants

2.1.1. Aptis test takers and speech samples

We obtained archived speaking performances, courtesy of the British
Council, from 50 Aptis general test takers (hereafter speakers) spread
across 19 operational forms of the test, which included four samples
per speaker (one per Aptis speaking task: short response, picture
description, picture comparison, long response). The sample of
speakers were stratified by overall Common European Framework
of Reference (CEFR) Speaking level (based on Aptis speaking score),
with 10 at each of the A1-C levels and featured seven countries of
residence/test location (Vietnam = 15, Spain = 10, Albania = 5,
Azerbaijan = 5, Colombia = 5, Mexico = 5, Saudi Arabia = 5) that
resulted in the inclusion of L1 Albanian, Arabic, Azer, Spanish and
Vietnamese speakers. Their Aptis speaking section scores ranged
from 5 to 48 (out of 50; mean = 31.18, SD = 13.81). In total,
198 speaking samples were included in analyses, as two separate
Al-level speakers did not produce audible speech in one of their
responses (one for Task 1, one for Task 4).

2.1.2. Listeners

We recruited 570 listeners via the online research participant pool
Prolific (https://www.prolific.co), which included 340 US-based
(female = 156, male = 184) and 230 UK-based (female = 102,
male = 128) listeners. The eligibility criteria for listeners required
them to be aged 18—64 (mean = 36.50, SD = 10.60, min = 18,
max = 64), use English as their primary language, have no reported
hearing or language impairments, and be capable of touch typing.
Listeners were recruited from both the United States and United
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Kingdom, as these two locations are common destinations for Aptis
test takers (i.e., the speaking sample in this study). Listeners indi-
cated they had lived in a predominantly English-speaking country
for 33.80 years (SD = 12.60) and used English 97% of the time
(SD = 12%) in their current profession. They assessed their famil-
iarity with non-native English speech as 5.92 (SD = 2.35) on a
9-point scale (1 = “not at all familiar,” 9 = “very familiar”).

2.2. Procedure

2.2.1. Speech sample preparation

All speech samples were edited using Audacity 3.3.3 (https://
www.audacityteam.org/) to enhance audio clarity and minimize
background noise. Extended silences at the outset and conclusion
were edited out of each sample, as was any personally identifying
information. Each audio file was initially transcribed using Amazon
Transcribe (Amazon Web Services, n.d.). Manual corrections were
initially performed by the first author, with subsequent corrections
made by the other authors, as needed. Speech tokens deemed as
unintelligible after review by all authors and after reference to task
prompts were recorded as /XXXX/.

For comprehensibility ratings, the 198 full speech samples had a
mean duration of 106.67 s (SD = 30.25 s, range = 21.58—135.24 s). For
intelligibility ratings, our research team segmented each of the
198 samples into AS units. An AS unit is defined as “a single speaker’s
utterance consisting of an independent clause or sub-clausal unit,
together with any subordinate clause(s) associated with either”
(Foster et al., 2000, p. 365). In cases where AS-unit-based segments
exceeded 24 words, we identified a logical break in the segment (e.g.,
clause boundary) to allow for additional segmentation. Initial seg-
mentation was conducted by the first author and then reviewed by
the second author. In total, segment length ranged from 2 to
24 words, with a mean length of 9.31 words. The resulting procedure
yielded 2846 files for intelligibility transcriptions (mean # of seg-
ments = 14.23 per speaker per task, range = 2-33). The number and
duration of segments by task are detailed in Table 1.

2.2.2. Data collection

All data collection procedures were carried out remotely using
listeners” personal computers via the online experiment platform
Gorilla (Anwyl-Irvine et al., 2020). After providing consent and
filling in a background questionnaire, listeners completed the
experiment. As a means to mitigate potential listener biases (e.g.,
Kang & Rubin, 2014), listeners knew only that the speech they
would hear was from a set of L2 speakers. Given the large number of
speech samples to be rated and transcribed, a sparse rating design
was employed (i.e., not all listeners heard all files; see Isbell, 2018).
First, the 198 speech samples were divided into 4 blocks of 50 files

Table 1. Number and duration of segments in intelligibility speech samples

Duration of segments

No. of segments (milliseconds)
Mean SD Min—max Mean SD Min—max
Task1l 12.7 5.43 3-23 5881 3290 1149-26,352
Task2 15.8 7.13 3-33 6961 4137 1248-34,824
Task3 15.8 6.47 3-31 7270 3922 1019-25,176
Task4 13.1 6.50 2-26 7231 4265 816-32,448
Average 14.4 6.53 2-33 6872.82 3972.58 816-34,824
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each (hereafter labeled A, B, C, D). As adequate overlap between
listeners is necessary within a sparse rating design, each of the four
blocks were then combined to form four supersets of speech
samples (AB, BC, CD, DA; i.e,, each individual block existed in 2
supersets, with each superset thus comprising 100 files). Each
superset was finally divided so that the 100 files were grouped into
25 subsets of 4 (i.e., across the 4 supersets there existed 100 subsets).
Each subset was balanced for task, test taker’s CEFR level and test
taker’s L1. Each listener was then assigned to two supersets (e.g., AB
and CD) and completed one subset within each (e.g., one subset
within AB for comprehensibility ratings, one subset within CD for
intelligibility transcriptions). More simply, each listener assessed
four speech samples for comprehensibility and transcribed four
speech sample sets for intelligibility. This design minimized, but did
not eliminate, the chance of a listener being exposed to responses to
the same prompt across their comprehensibility and intelligibility
assessments. Aggregated at the speaker level (across all four tasks),
there was an average of 45.3 judgments (SD = 2.02, min = 41,
max = 49) per speaker.

Comprehensibility was assessed on a 9-point scale (1 = “hard to
understand,” 9 = “easy to understand”). Listeners could select (and
change) their rating at any time while hearing each sample, but were
required to listen to the entirety of each file. Prior to beginning the
comprehensibility section, listeners were asked to rate three prac-
tice speech samples, which were chosen to represent speakers with
low (1-3), moderate (4-6) and high (7-9) comprehensibility.

Intelligibility was measured via transcription accuracy. Listeners
transcribed complete Aptis speaking task responses presented as a
series of consecutive audio segments. For each segment, listeners
could begin typing the moment the sound file began to play and
manually advance to the next segment once the audio finished and
they were satisfied with their transcription of the segment. They were
only permitted to hear each segment once. During training, listeners
were informed that they could ignore punctuation, capitalization and
fillers (e.g., uh, eh). In total, listeners transcribed the speech of four
speakers (one task each). Prior to beginning the intelligibility section,
listeners completed a typing test as a warm up and were then asked to
transcribe the speech of two practice speakers.

2.3. Analyses

To investigate the relationship between intelligibility and compre-
hensibility, correlational (Pearson and Spearman; the former
selected in advance for comparability with previous studies and
the latter run due to apparent non-linearity of relationships) and
regression analyses (linear and segmented) were run in R, including
the following packages: correlation (v.0.8.3, Makowski et al., 2019)
and segmented (v. 2.0-4, Muggeo, 2008). Correlation assumptions
were assessed graphically and regression model assumptions were
tested using the performance package (v.0.12.3, Liidecke et al.,
2021). Prior to running analyses, several steps were taken to ensure
the data quality.

2.3.1. Data quality checks

For comprehensibility ratings, we examined data quality by look-
ing for uniform response patterns in the training task and the
primary task. Ultimately, we decided to exclude two listeners’
data from the comprehensibility analyses. These two listeners
demonstrated uniform response patterns (all comprehensibility
ratings in the primary rating task were the same, i.e., all 4s, all 6s).
Three other listeners had no variability in their practice judg-
ments, but exhibited variation in their ratings for the primary task
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and were retained in analyses. In total, 567 listeners were included
in comprehensibility analyses. For intelligibility, seven listeners
were excluded due to one or both of the following reasons: (1) a
large proportion of blank transcriptions (no transcription for
over 50% of assigned segments) or (2) an average transcription
length that was very short (<20 characters). One of the two
listeners who were identified as contributing poor-quality data
to the comprehensibility ratings was also flagged and removed
from intelligibility analyses; the other listener was found to have
demonstrated adequate effort/completion of transcriptions and
was maintained. In total, 562 listeners were included in intelligi-
bility analyses.

2.3.2. Scoring intelligibility responses

We scored transcriptions by calculating the proportion (expressed
as a percentage) of words in a listener’s transcription which were in
a criterion transcription. From original verbatim transcriptions (see
Speech sample preparation), a criterion transcript which excluded
extraneous elements, such as filled pauses (e.g., um), repetitions
(e.g., the the) and self-corrections (with the correction being pre-
served), was created to have the evaluation of listener transcriptions
best reflect the message a speaker intended to convey. For each
segment, a listener’s transcription was searched for a match with
each word of the criterion transcription and an aggregate accuracy
rate of a listener’s transcription was calculated based on all seg-
ments in a sample.

2.3.3. Aggregating comprehensibility and intelligibility
judgments

To arrive at aggregate measures of intelligibility and comprehen-
sibility that accounted for differences in listeners’ ability to
decode and transcribe speech (intelligibility) and severity of
judgment (comprehensibility), we used many-facet Rasch meas-
urement (MFRM) to analyze the listener response data in Facets
(Linacre, 2021). Sparse rating designs, as used in this study, are
also easily accommodated in MFRM provided that elements are
adequately linked (Isbell, 2018; Myford & Wolfe, 2000). We
constructed three-facet models which included facets for
speakers, listeners and Aptis speaking tasks to produce measures
of ability, severity and difficulty, respectively. For the compre-
hensibility model, a 9-point rating scale was specified, but for
intelligibility we modeled the percentages using a scale based
on 100 binomial trials. MFRM ability measures for speakers
can be represented on the original scale as fair averages, which
are adjusted to account for differences in other facets (e.g.,
listener severity). Thus, for intelligibility we transformed Rasch-
based estimates of ability to percentages (ranging from 0% to
100%) and comprehensibility ability estimates were transformed
to range between 1 and 9 points.

To generate fair averages for each task performance, we esti-
mated models using data only from a given task. Because there were
not adequate links in the data when each task was analyzed separ-
ately, we anchored the listener measures from the aggregated
models, allowing us to generate task-level speaker estimates based
on known levels of listener ability/severity.

3. Results

Table 2 provides a descriptive summary of all study variables. The
relationship between aggregated intelligibility and comprehensibility
(based on speech from across all four tasks) among the 50 speakers
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Table 2. Summary of study variables

N Mean SD Median Min Max
Comprehensibility (1-9) 50 4.54 2.15 3.90 1.19 8.60
Intelligibility (%) 50 72.06 15.13 75.65 20.06 89.85

Note: Comprehensibility and intelligibility values are computed as Rasch fair averages.

was strong: Pearson’s r = .81 [.69, .89], p < .001; Spearman’s p = .88
[.80, .93], p < .001. As shown in Figure 1 (upper panel), this
relationship did not appear to be linear; the relationship between
intelligibility and comprehensibility became stronger above roughly
60% intelligibility. Notably, speakers at higher CEFR levels for speak-
ing (based on their Aptis speaking scores) tended to have higher
intelligibility and comprehensibility, with A1 speakers making up the
majority of speakers below 60%. The relationship between aggregate
intelligibility and comprehensibility measures was largely consistent
across the four Aptis speaking tasks (r = .77-.83, p = .80-.89, see
Figure 1, lower panels and Online Supplementary Materials). As
such, we focus on aggregate measures.

Theoretically, intelligibility is a precursor to comprehensibility
(i.e., speech that is unintelligible will rarely be perceived as com-
prehensible, though speech low in comprehensibility may still be
intelligible). Accordingly, we fit several regression models in
which intelligibility predicted comprehensibility: a linear model,
two higher order polynomial models (a model with squared
intelligibility and a model with a linear and squared intelligibility
term) and a segmented model with a single breakpoint (Table 3).
All nonlinear models explained more variance than the linear
model, with the linear + squared polynomial model and the
segmented model explaining similar proportions of variance
(~76%). The latter model provides a useful point of reference:
When aggregate intelligibility across the four tasks was less
than 63.9%, the slope for intelligibility was very small and not
statistically different from zero, but for intelligibility greater
than 63.9% there was a large, positive, statistically significant
slope. Past 63.9% intelligibility, each 10-percentage-point increase
in intelligibility was associated with a 1.5-point gain in compre-
hensibility.

4. Discussion

The relationship between intelligibility and comprehensibility
was strong (p = .88). Although not uniform across studies, a
similar positive relationship between these two global L2 speech
measures has been found elsewhere (e.g., Chau & Huensch,
2025; Munro & Derwing, 1995) and indicates that listeners’
comprehensibility ratings reflect, to a degree, their actual
understanding of a given utterance, based on their ability to
accurately transcribe what was said. A novel and important
contribution of this study was the observation that the rela-
tionship between intelligibility and comprehensibility was non-
linear. Working off the premise that intelligibility is a precursor
to comprehensibility, a segmented regression model indicated
that when intelligibility was < 64% (i.e., listeners correctly
transcribed less than 64% of words heard), intelligibility was
not predictive of comprehensibility. Past this threshold, intel-
ligibility did indeed predict comprehensibility, with a
10 percentage-point increase in intelligibility predictive of a
comprehensibility gain of 1.5 points on the 9-point scale. Such
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a relationship may be indicative that any speech < 64% intel-
ligible is likely to be assessed as low in comprehensibility and it
is only beyond this threshold that listeners begin to experience
a reduced strain in understanding.

When considering intelligibility and comprehensibility across
proficiency levels, the majority of Al speakers produced speech
near or below the 64% threshold. In all but one case, these Al
speakers additionally were rated as low in comprehensibility (< 3,
on the 9-point scale). When considering intelligibility > 64%,
speakers tended to increase in both intelligibility and comprehen-
sibility, with C-level speakers generally outperforming B2, B2 out-
performing B1, and B1 outperforming A2. Essentially, in terms of
L2 speaking ability, those with high proficiency (C, B2) tended to
produce both intelligible and comprehensible speech, those with
intermediate proficiency (B1, A2) were more intelligible than com-
prehensible, and those with low proficiency (A1) produced speech
low in intelligibility, which in turn did not allow for anything but
low comprehensibility.

Of note, intelligibility levels (~72% accuracy) observed in this
study are lower than in some previous research on L2 speech (e.g.,
Huensch & Nagle, 2021, reported most utterances were transcribed
with near perfect accuracy). There are (at least) three factors which
might explain this finding: (1) sampling from a wide proficiency
range, (2) drawing on extended, spontaneous speech samples in
their entirety and (3) adverse listening conditions (e.g., excessive
background noise, unexpected interruptions). Any of these three
factors are worth exploring, though we focus here specifically on
(1) and (2). First, we purposefully included speakers representing a
full range of proficiency (Al through C). Previous intelligibility
research has frequently worked with a more constrained profi-
ciency sample (e.g., Munro & Derwing, 1995, featured speakers at
B2 or above). It is possible that our lower intelligibility scores are a
result of including lower proficiency speakers. Second, to our
knowledge, no previous study has attempted to analyze intelligibil-
ity through the use of extended, spontaneous speech. In most
intelligibility research, listeners are provided with decontextualized
utterances drawn from a larger response (see Kangetal., 2018). The
use of contextualized samples in our study meant that utterances
were full of repetitions, false starts and filler, frequently featured
ungrammatical structures and ranged from relatively short
(2 words) to relatively long (24 words) segments. As segment length
has been shown to predict intelligibility accuracy (e.g., Nagle &
Huensch, 2020), this may be another reason for the lower intelli-
gibility scores. As one final comment, listeners were not provided
with prompt knowledge in advance (as these prompts were not
made available due to test security reasons). Previous studies have
frequently made such prompts available to ensure equality across
an entire dataset; in this study, a lack of initial familiarity may have
contributed to lower intelligibility scores. How speech stream char-
acteristics (related to contextualized speech) impact intelligibility
ratings and subsequent comprehensibility ratings of the same
speech is an area prime for additional research. Clearly, while
chronological, contextualized segments may be more reflective of
everyday speech, their use as a measure of intelligibility is in need of
further methodological investigation. Finally, intelligibility, as
measured in this study, focuses on a surface-level understanding
in which the words spoken are assumed to match a speaker’s intent.
In real-life listening, the possibility exists that listeners may assume
an understanding of intent, which is reflected in more positive
comprehensibility judgments, though such an understanding may
not align with that intended by the speaker (which Smith & Nelson,
1985, referred to as interpretability of an utterance).
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Figure 1. Scatterplots of intelligibility and comprehensibility measures.

5. Conclusion strongly associated with higher comprehensibility. While a novel

We identified a nonlinear relationship between intelligibility and  finding, some limitations should be considered. First, a larger speaker
comprehensibility, with L2 speech transcribed accurately below a ~ sample would increase the precision and generalizability of our
breakpoint of 64% uniformly low in comprehensibility, whereas  findings. In addition, we recruited listeners through Prolific and all
speech above this breakpoint demonstrated increased intelligibility =~ procedures were conducted online. While online research has
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Table 3. Regressions modeling the relationship between comprehensibility and intelligibility

Linear Squared Linear + squared Segmented
Est. 95% ClI p Est. 95% ClI P Est. 95% ClI P Est. 95% ClI p

Intercept —3.78 [-5.54,—2.03] <0.001 —0.59 [—1.55,0.36] 0218  3.99 [0.16, 7.82] 0.041 044 [-236,3.24] 0.752
Intelligibility 0.12 [0.09, 0.14] <0.001 —0.15 [-0.27,-0.03] 0.017
Intelligibility? 0.00 [0.00,0.00] <0.001  0.00 [0.00, 0.00] <0.001
Intelligibility < 63.9% 0.03 [—0.02,0.09] 0.243
Intelligibility > 63.9% 0.15  [0.08,0.23]  <0.001
R?/R* adjusted 0.664/0.656 0.732/0.726 0.763/0.753 0.765/0.750

Note: The p values associated with terms after a breakpoint are calculated in reference to a difference from the pre-breakpoint term. R model syntax: Linear: Im(com ~ int, data = d); Squared:
Im(com ~ int_2, data = d); Linear + Squared: Im(com ~ int + int_2, data = d); Segmented: segmented(Linear, seg.Z = ~int).

become common in L2 speech research, it must be noted that
researcher control over the rating environment is limited and listener
attention may be a concern (Nagle & Rehman, 2021). Finally, this
study focused on L2 English speech, a trend in L2 pronunciation
research (Crowther & Isbell, 2023; Levis, 2021); further consideration
of non-English target speech is warranted. Notwithstanding these
limitations, this study provides initial evidence that the relationship
between L2 speech intelligibility and comprehensibility may be non-
linear, with L2 speakers needing to reach a threshold of intelligibility
prior to producing speech that listeners find easier to understand.
Although continued research is needed, recognizing the existence of
a nonlinear relationship, on top of the potential use of extended,
conceptualized segments of speech across a range of proficiencies,
should inform future investigations.

Supplementary material. The supplementary material for this article can be
found at http://doi.org/10.1017/51366728925100606.
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