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Abstract
Accurate word stress influences intelligibility for L2 and L1 En-
glish speakers, making it important in language assessment and
perception training. However, reliably rating word stress in En-
glish is difficult even for experts because stress is signaled by
four possible acoustic correlates (pitch, duration, intensity, and
vowel quality), which are not present in all spoken words. Mul-
tiple cues mean that judgments of word stress may involve em-
bedded decisions, leading to varied levels of agreement in pub-
lished studies.

To investigate the influence of methodological decisions on
word stress judgments, we employed two approaches to stress
identification. Three phonetically-trained expert listeners rated
stress placement by 10 Chinese L1 speakers of English who
read 100 multisyllabic English words (2-6 syllables), 1,000
words in total. In the first approach, raters identified whether
each word was correctly stressed with embedded decisions jus-
tifying their answers. In the second, listeners made a series
of binary decisions about stress placement, syllable count, and
vowel quality. Rater scores resulted in agreement levels among
all three listeners of as little as 41% (for Approach 1) to 91.6%
(for primary stress placement in Approach 2), showing that rat-
ings of word stress are sensitive to construct definitions.
Index Terms: methodological innovation, word stress, im-
provement of rating, assessment

1. Introduction
English word stress provides “islands of reliability” [1, 2] for
listeners in identifying words in the stream of speech [3]. This
reliability is important not only for L1 English listeners but also
for listeners for whom English is an additional language [2, 4].
Accurate word stress also influences the intelligibility of L2 and
L1 English speakers in both academic contexts and for pronun-
ciation in general [4, 5]. Word stress has also been increasingly
a focus of research in assessment [6, 7], English as a Lingua
Franca [8], and perception training [9], with evidence that word
stress deviations can affect understanding for both L1 and L2
listeners [2, 10]. Despite the importance of word stress for in-
telligibility, it is not clear that native English speakers are con-
sistent in evaluating stress. In one troubling example, naive stu-
dents were asked by the second author to evaluate the accuracy
of word stress in transcriptions. They were relatively poor in
identifying stress errors, especially in two- and three-syllable
words without obvious vowel deviations. Instead of noticing
stress errors, they seemed to assume the stress was fine if they
could understand the word [11].

In research, reliably rating word stress in English is diffi-
cult because it is signaled by four possible acoustic correlates
(pitch, duration, intensity, and vowel quality), which are not al-
ways available to listeners in all spoken words [12]. In addition,

although English L1 listeners can make use of the suprasegmen-
tal cues of pitch, duration, and loudness if they have to [13],
these are not their favored cues. Instead, they primarily rely
on the segmental cue of vowel quality to make decisions about
accurate stress placement [14].

In addition, the listener’s language background also affects
word stress judgments. Although L1 English listeners prefer to
evaluate word stress based on vowel quality, L2 Dutch listeners
are better at using suprasegmental features to judge stress place-
ment than L1 English listeners [15]. In other cases, it has been
reported that certain groups of L2 listeners may be unable to re-
liably recognize stress placement, the so-called stress deafness
phenomenon [16]. The availability of multiple cues also means
that direct judgments of word stress accuracy involve embedded
decisions. Embedded decisions here refer to the reasons for cor-
rectness decisions and, therefore, cognitive demands and strate-
gies in judging word stress. Asking listeners (even experts) to
identify stress may result in low reliability across judges. To en-
sure sufficient agreement between raters, previous studies have
most often judged stress based on interrater reliability, but such
studies report varied levels of agreement (e.g., .70 in [17] and
.88 in [18]).

The importance of vowel quality in decisions about stress
placement led us to investigate whether a mispronunciation de-
tection (MPD) system built for segmentals could be extended to
be used for word stress identification. In other words, if the sys-
tem could reliably distinguish between full and reduced vowels,
it could also provide information about whether stress was accu-
rate. In this first step to employing our MPD system for stress,
we explored whether expert raters were accurate in identifying
stress placement. We compared two approaches to word stress
identification. The first approach (the embedded decision ap-
proach) asked raters to classify each word’s stress placement by
classifying it for accuracy first and then providing a reason for
their classification. The second approach asked raters to evalu-
ate stress with multiple separate binary decisions (e.g., correct
primary stress, correct vowel quality, correct number of sylla-
bles).

2. Methodology

In two experiments, three phonetically-trained expert listeners
rated the word stress placement and predicted intelligibility of
100 words read by each of 10 Chinese L1 speakers of English.
Raters were asked to make embedded decisions or binary deci-
sions about whether the stress was correct or incorrect. Embed-
ded and binary decisions asked about vowel quality, potential
intelligibility issues, and syllable count, which were chosen due
to their potential importance for the MPD system.



2.1. Participants

Ten L1 Chinese speakers from a US Midwestern university par-
ticipated in the study, with the majority identifying their L1 as
Mandarin and no specific dialect pronunciation. Self-reported
dialects spoken by the others included Cantonese, Minnan, and
Wu. The average age for the participants was 27.5 (SD = 4.22),
ranging from 22 to 34 years old (4 female and 6 male). All
participants were paid for their participation.

2.2. Materials

2.2.1. Stimuli

A total of 100 multisyllabic words were read by each partici-
pant, producing 1,000 tokens. To test for a complete range of
English stressed words, tokens included words of two to five+
syllables. The stress position in words was varied to account for
all possible syllable stress positions, although as words included
more syllables, it was not always possible to identify words with
final stress. Figure 1 provides pattern examples combining the
number of syllables, the stressed syllable position, and the total
number of tokens.

Figure 1: Examples of stress patterns when considering the
number of syllables

Words included at least one full vowel in stressed position,
and some included multiple full vowels; some pairs involved
shifted stress items based on the same root word (e.g., igNORE
vs. IGnorance). Control for word frequency was not estab-
lished, but word familiarity was rated by the participants but
not reported in this paper. All participants were asked to rate
their familiarity with the word they produced through two 5-
point Likert scale prompts (familiarity results are not reported
in this paper), with the first asking how confident participants
were about the meaning of the word (1 = not confident, 5 = very
confident) and the second if they had heard the word before the
experiment (1 = very uncertain, 5 = very certain).

2.2.2. Data Collection Interface

To capture the word recordings from participants, a web inter-
face was designed in NodeJS to present all stimuli in one ses-
sion. Each word was presented and recorded one at a time. Par-
ticipants could start and stop recording of the word and listen to
their recording as many times as they wished. Once they were
satisfied, they would click ”Next” to rate their familiarity with
the word using two 5-point Likert scale options. Once the rat-
ings were completed, the participant would again click ”Next”
to move on to the next word. During this procedure, a research
assistant ensured that the participants were moving through the
recordings and the ratings as expected from a drafted protocol.
Any problems with the recordings or ratings were remediated
immediately.

2.3. Raters

Three phonetically trained listeners involved in the research
study conducted stress judgments for each word. Rater one (R1)
is a native speaker of American English, while R2 and R3 are
both L2 speakers of English (R2 = Thai L1, R3 = French L1)
with native-like production of spoken English. Before carrying
out individual stress judgments, all listeners rated a subset of
20 words to establish norms for categorizing word stress errors.
Then, all raters discussed and adjusted the judgment criteria be-
fore rating all the items. Rater 1 rated 100% of the stimuli,
while R2 and R3 covered 50% of the tokens each. All raters
used the same interface, which presented each spoken token as a
clickable WAV file and judgment options to complete the stress
judgments. To avoid rater fatigue, all raters were instructed to
conduct their judgments for a maximum of 60 minutes at a time.

3. Experiment 1: Embedded decisions

The rating categories for Experiment 1 were divided into two
main types (correctly stressed vs. incorrectly stressed). From
these two stress conditions, further judgments characterized the
conditions in which the words were judged for stress placement.
The correctly stressed category involved two sub-judgments,
Correct 1 and Correct 2. For Correct 1, the word was heard
as correctly stressed, and all segments were considered intel-
ligible. For Correct 2, the stress was correct, but the word
could be considered by raters as potentially unintelligible be-
cause of non-stress pronunciation deviations. Based on discus-
sion about reasons for stress errors, the raters considered four
possible incorrect categories in applying stress to an English
word. For Wrong 1, the stress was incorrect, but all vowels
were correctly pronounced, for example, CONcentrate was said
as concenTRATE. Wrong 2 involved incorrect stress and incor-
rectly pronounced vowels. Wrong 3 errors involved equal stress
on multiple syllables. Wrong 4 words had an incorrect syllable
number, even if the expected syllable was stressed.

Figure 2 shows an example of a stress rating for participant
100 for the word “substance.” The rater listened to the partic-
ipant’s production and saw information about the participant’s
familiarity with the word. In this example, the rater selected
Wrong 4 because the word sounded like “subastance.”

Figure 2: Rating interface for embedded decisions. The rater is
presented with the audio token for each participant with their
self-reported familiarity rating of the word. Wrong 4 has been
selected for this token.



3.1. Results

All ratings for Experiment 1 were compiled by order of partici-
pants (n=10) with their respective ratings from R1, R2, and R3.
Each rating category was assigned a numerical value from 1 to
6. For example, ratings for Correct 1 were marked as 1, while
ratings for Wrong 4 were marked as 6. An agreement analy-
sis covered six rating levels using simple frequency statistics.
The first rating level indicates the agreement between raters
at the categorical level, whether the item’s stress is correct or
incorrect. Out of 2,000 combined ratings by R1, R2, and R3
(R1=1,000; R2=500; R3=500), the categorical agreement level
(Correct vs. Incorrect) reached 70%. At the rater level, R1 and
R2 had a slightly higher agreement level at 73% compared to
67% for ratings between R1 and R3. Considering a Quadratic
Weighted Kappa (QWK) analysis, the agnostic rater and item
level reaches only 0.37, a fair agreement according to [19].

Figure 3: Experiment 1 agreement between R1R2 and R1R3

Further analysis of the agreement between raters at the sub-
judgment level shows lower levels of agreement. Agreement
for ratings based on all six categories (Correct 1, 2; Wrong 1,
2, 3, 4) was 41% at a rater-agnostic level, indicating that relia-
bility for embedded decisions was low and that the raters were
not able to agree on reasons the stress patterns were correct or
incorrect. Figure 3 provides details of the stress ratings between
R1, R2, and R3. Specifically, R1 (the English native speaker)
rated Items 1-50 for the 10 L2 English speakers at a higher pro-
portion for the Correct 1 category (63%), indicating that most
items were judged to have the correct stress, with all segmen-
tals being intelligible, despite minor variations in vowel quality
realization. In contrast, R2 rated Correct 1 for the same items at
17%, indicating that evaluating both stress and segmental qual-
ity involved different criteria from those employed by R1. For
R2, most items fell in the Correct 2 (35%) and Wrong 2 (25%)
categories.

R1 and R3’s ratings on items 51-100 show similar patterns
for Correct 1 but not for the other categories, suggesting that
the L1 of the raters may also have played a role in the ratings
of some categories. Most items (60%) were judged as Correct
1 by Rater 1, while R3 rated Correct 1 for just 33%. Addition-
ally, R3 assigned Wrong 3 to another third (27%) of the spoken
items, while R1 only assigned 3% for the same sub-judgment
category (Figure 3). Evaluating both stress accuracy and rea-
sons for accuracy judgments resulted in weak agreement levels.
The Quadratic Weighted Kappa shows a slightly higher agree-
ment between R1 and R2 (0.38) compared to R1 and R3 (0.36).
Overall, R1 showed consistency in rating all items, while R2
and R3 displayed broader variance in assigning stress judgment.

3.2. Experiment 1 Discussion

Asking raters, even expert raters who are trying to follow the
same criteria, to rate the accuracy of word stress and to evaluate
other phonological features for accuracy or intelligibility at the
same time seems destined for poor agreement between raters.
Reliability in even a basic decision about correctness seemed to
be lowered because the raters were making multiple decisions at
the same time. This indicates that rating word stress accuracy,
even for words in isolation, can be made more difficult by also
attending to other phonological or perceptual features.

It may be that there were too many decisions for raters to
make at the same time. Even though the three raters were in-
volved in creating the criteria for rating, and they normed their
ratings and discussed together why they made their decisions,
the task proved to be overly complex, leading to unexpectedly
low agreement for all six categories and higher but still marginal
agreement (∼70%, similar to that of de Jong et al. [17]) when
taking into account only a binary decision of correct or incor-
rect. It may be that even this agreement level was suppressed
because of the cognitive load of making additional decisions to
sub-classify the primary decision on accuracy.

4. Experiment 2: Binary decision ratings
To control for decisions being made in a single rating session,
a second experiment focused on making stress judgments using
binary judgments for decisions about stress. First, the rating cat-
egories were divided into five questions for which raters needed
to decide between “No” and “Yes” for every spoken stress to-
ken. Figure 4 shows all five categories, with the first selected,
“Primary Stress on Correct Syllable?” indicating that the rater
needed to complete the other four categories in order. This se-
quential process allowed raters to focus on one type of rating at
a time for each of the tokens. (Note: Not all binary decisions
were specifically about word stress accuracy. The criterion, “All
segmentals are likely intelligible” was included to test an unre-
lated research question.)

Figure 4: Rating interface involving binary decisions

Like Experiment 1, all raters used an interface that pre-
sented key information about the tokens being judged for stress
and an input option for their judgments. As seen in Figure 4, the
raters would first select the word to be judged in the far left col-
umn. In this example, the word “comfort” is selected, and all 10
recorded instances of the word were presented on the page. The
“student ID” is displayed in Column 2, while the recordings of
each participant are available in Column 3.

Columns 4 and 5 displayed the participants’ knowledge of
the word, as seen previously in Figure 2, about their knowl-
edge of the meaning of the word and if they had “heard” the
word before. The last column, “Judgment,” displayed the rating



question being judged along with a binary option to be selected
(i.e., yes or no). The same information was displayed for each
of the five rating categories. Here, the first category is selected,
where raters evaluated whether the primary stress was on the
correct syllable. The same rating expectations were followed as
in experiment 1, with raters 2 and 3 (i.e., R2 and R3) complet-
ing half of all tokens and R1 judging 100% of the items. Raters
stopped for a short break after 60 consecutive judgments.

Figure 5: Interrater reliability (QWK) results for R1R2, rater
agnostic, and R1R3 across both experiments

4.1. Results

For Experiment 2, each rater evaluated five categories using a
dichotomous choice (i.e., Yes or No). Each category (hence-
forth Q1-5) gave R2 and R3 500 tokens to rate (1,000 for R1).
These 500 tokens were the same as the 10 Chinese L2 English
speakers in Experiment 1 (10 participants × 50 items), result-
ing in 10,000 ratings, 2,000 for each of the five rating categories
(distributed overall as R1 = 5,000, R2 = 2,500, R3 = 2,500).
Some ratings were lost during multiple data server transfers
needed to handle the WAV files (mostly from R1’s judgments),
accounting for 1.89% of the total data from 10,000 ratings.

Overall, at a rater-agnostic level (R1-R2 and R1-R3), when
asked if the ”Primary Stress [is] on [the] Correct Syllable?”
(Q1), raters agreed at 91.59% over 963 tokens. When rating
for ”Word has [the] Correct Number of Syllables?” (Q5), raters
agreed at 95.38% (985 ratings). For ratings considering stress
and intelligibility, raters agreed to ”All Segmentals are Likely
Intelligible?” (Q4) at 87.03%. The last two ratings, Q2 and
Q3, received the lowest ratings agreement, which pertained to
stress and vowel quality. For ”[the] Primary Stressed Vowel is
Correct?” (Q2), raters agreed at 83.03%, while ”Non-Primary
Stressed Vowels are Correct?” reached an agreement at 75%.
The rater and item agnostic analysis using Quadratic Weighted
Kappa (Figure 5) shows a moderate agreement level of 0.58,
with R1 and R2 having higher agreement (0.62) than R1 and
R3 (0.59). When comparing across raters, the Q5 category re-
ceived the highest agreement across all items (1 through 100),
followed by Q1. Table 1 details all agreements across raters for
items 1-100.

4.2. Experiment 2 Discussion

The much-improved agreement levels in Experiment 2, in
which each binary decision was made separately, indicate that
simplifying the task resulted in much better agreement levels.
Two of the criteria (Q1 & Q5) had agreements above .9, one
(Q4) above .8, and two (Q2 & Q3) slightly lower than that.

Table 1: Experiment 2 agreement levels between raters where
the percentage represents the categorical agreement between
raters on similar items

R1 & R2 R1 & R3
(Items 1-50) (Items 51-100)

Q1: Primary Stress on 93.12% 89.96%
Correct Syllable?
Q2: Primary Stressed 78.43% 87.40%
Vowel is Correct?
Q3: Non-Primary 75% 73.17%
Stressed Vowels
are Correct?
Q4: All Segmentals are 85.89% 88.15%
Likely Intelligible?
Q5: Word has Correct 97.12% 93.59%
Number of Syllables?

All of these agreement levels were above the binary decision
between correct and incorrect in Experiment 1. It is striking
that even though vowel quality is the primary criterion used by
native English speakers to decide if a syllable is stressed [14],
decisions about vowel quality were associated with lower agree-
ment levels between raters. This may be due to two of the raters
being near-native speakers of English from different language
families (Romance vs. Tai-Kadai). Although it would be almost
impossible to recognize a foreign accent in their spoken lan-
guage, their L1 perceptual systems are likely different from that
of R1, the native English-speaking rater, and from each other.
The lowest agreements for vowels in non-primary stressed po-
sitions may have occurred because, in 3+ syllable words, raters
were asked to evaluate multiple vowels. If any vowel was incor-
rect in any way, this meant the answer would have to be “No.”
In contrast, the decision for primary-stressed vowels always in-
volved only one vowel. Again, this suggests that the simpler
decision is the better one.

5. Conclusion
Word stress is central to comprehensibility assessment [6], mak-
ing the reliable identification of stress errors essential to any
research or teaching endeavor. To use an MPD system’s abil-
ity to evaluate vowel accuracy in identifying likely word stress
errors, a first step may be to evaluate only the primary stressed
vowel in a multisyllabic word. If correct, the word would not be
flagged for stress. If incorrect, the system could call attention to
stress by giving feedback that the vowel should be pronounced
strongly with a certain quality.

For teaching and learning, it is critical to attend to the most
important cues for stress identification in order to scaffold learn-
ing to identify stress more effectively. Finally, for research into
the effects of word stress on intelligibility, we must have agreed-
upon ways to measure the accuracy of stress production. Sim-
pler criteria are better. Using binary decisions to evaluate stress
without embedding secondary decisions into the process ap-
pears to be a much better approach than assuming that raters
know how cues are weighted in evaluations of stress placement.
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