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Purpose: Understanding speech in background noise is
difficult for many individuals; however, time constraints have
limited its inclusion in the clinical audiology assessment
battery. Phoneme scoring of words has been suggested
as a method of reducing test time and variability. The
purposes of this study were to establish a phoneme scoring
rubric and use it in testing phoneme and word perception
in noise in older individuals and individuals with hearing
impairment.
Method: Words were presented to 3 participant groups at
80 dB in speech-shaped noise at 7 signal-to-noise ratios
(−10 to 35 dB). Responses were scored for words and
phonemes correct.
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Results: It was not surprising to find that phoneme scores
were up to about 30% better than word scores. Word
scoring resulted in larger hearing loss effect sizes than
phoneme scoring, whereas scoring method did not
significantly modify age effect sizes. There were significant
effects of hearing loss and some limited effects of age;
age effect sizes of about 3 dB and hearing loss effect sizes
of more than 10 dB were found.
Conclusion: Hearing loss is the major factor affecting word
and phoneme recognition with a subtle contribution of age.
Phoneme scoring may provide several advantages over
word scoring. A set of recommended phoneme scoring
guidelines is provided.
Many individuals experience perception-in-noise
difficulties, particularly in challenging listening
environments, such as in an automobile or

a busy restaurant. However, speech perception testing in
quiet is still the clinical norm. Although there are several
important clinical reasons to include speech-in-noise testing
(Boothroyd, 2008; Wilson, 2011), it is not routinely included
in the clinical test battery, presumably because of time con-
straints. Several methods for reducing speech-in-noise test
time have been proposed, including reducing the number of
trials and using phoneme scoring rather than word scoring.
Given that patient difficulties frequently include listening
in background noise (Kochkin, 2002), we set out to establish
phoneme scoring guidelines and to understand the effects
and effect sizes of word and phoneme scoring on clinically
relevant factors of age and hearing impairment given that
phoneme scoring has been explored primarily in younger,
normal-hearing individuals (e.g., Gelfand & Gelfand, 2012;
McCreery et al., 2010).
Phoneme scoring has been suggested as an alternative
to whole-word scoring because of several advantages, in-
cluding an increased number of tokens in the same amount
of test time, reduced variability in scores, information about
specific phoneme perception errors, and reduced influence
from top-down processing, such as effects of the listener’s
lexicon (Boothroyd, 2008; Gelfand & Gelfand, 2012;
Markides, 1978; McCreery et al., 2010; Olsen, Van Tasell,
& Speaks, 1997). There are drawbacks, however, including
difficulty in comparing scores across clinics due to tester
bias and issues with scoring accuracy as a result of dialectal
differences between tester and testee (Boothroyd, 1968;
Markides, 1978). A concrete set of phoneme scoring guide-
lines to be used in audiological testing would improve
the consistency of a phoneme measure across testers and
clinics; however, to our knowledge, such a measure is not
available in the literature. Therefore, a goal of this study
was to develop a formal set of phoneme scoring rules to
help minimize tester bias and improve ease of testing. A fur-
ther limitation of the literature is the limited population
on which phoneme scoring has been tested. To justify clini-
cal use, a better understanding of phoneme scoring effects
across age and hearing loss is necessary.

Effects of age and hearing loss have been studied
extensively over the last three decades. It is clear from the
literature that as hearing thresholds decrease, whether due
Disclosure: The authors have declared that no competing interests existed at the time
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to presbycusis or noise damage, the ability to understand
speech in background noise also declines. This decrease
in understanding occurs for syllables (Gelfand, Piper,
Silman, 1986; Humes & Christopherson, 1991; Humes
& Roberts, 1990), words (Souza & Turner, 1994; Stuart
& Phillips, 1996; Studebaker, Sherbecoe, McDaniel, &
Gray, 1997; Summers & Molis, 2004; Wiley et al., 1998;
Wilson, 2011), and sentences (Bacon, Opie, & Montoya,
1998; Dubno, Dirks, & Morgan, 1984; Gordon-Salant
& Fitzgibbons, 1995). Some of the perception-in-noise liter-
ature also demonstrates an effect of age such that older indi-
viduals perform worse than younger individuals (Divenyi
& Haupt, 1997; Dubno et al., 1984; Gelfand et al., 1986;
Stuart & Phillips, 1996; Studebaker et al., 1997; Wiley et al.,
1998), although aging effect sizes were somewhat smaller
than those associated with hearing loss. In contrast, other
aging studies revealed no significant aging effect (Gordon-
Salant & Fitzgibbons, 1995; Humes & Roberts, 1990; Souza
& Turner, 1994). It may be that the magnitude of the age
effect is small compared with the more robust effect of
hearing loss and is therefore seen only in specific test con-
ditions. Inclusion of older individuals and individuals with
hearing loss in this study will help to assess phoneme scoring
in broader clinical audiology populations.

The purpose of this study was to (a) establish pho-
neme scoring guidelines, (b) apply these guidelines in testing
older and hearing-impaired groups, and (c) determine if
scoring method (word vs. phoneme) modifies the effects
of age and hearing loss. This information may aid the
audiologist or researcher interested in speech-in-noise
testing. In particular, the analysis will demonstrate how
phoneme scoring may or may not modify results relative
to word scoring. In addition, comparison of participant
groups will provide effect sizes specific to age and hearing
impairment effects.
Method
Participants

Three groups were tested: Group A consisted of
20 younger participants (mean age: 25.5 years; range:
18–35 years; 10 women, 10 men) with normal hearing (500,
1000, and 2000 Hz pure-tone average [PTA]: 7.3 dB HL),
Group B consisted of 20 older participants (mean age:
68.5 years; range: 60–79 years; 10 women, 10 men) with
normal to borderline normal hearing (PTA: 11.3 dB HL),
and Group C consisted of 20 older participants (mean
age: 71.9 years; range: 63–84 years; nine women, 11 men)
with hearing impairment (PTA: 33.7 dB HL). Figure 1
shows the mean audiometric data for the three groups. Par-
ticipants had 226-Hz tone tympanometric measures of peak
pressure ranging from −80 to 45 daPa, ear canal volume
ranging from 0.9 to 2.3 cm3, and static admittance ranging
from 0.2 to 2.3 mmho. Participants reported good over-
all health and had a normal score (as normed by Crum,
Anthony, Bassett, & Folstein, 1993) on the Mini-Mental
State Examination (Folstein, Folstein, & McHugh, 1975).
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This study was part of a larger experiment and shared some
participants with other published work (Billings, Penman,
McMillan, & Ellis, 2015).

Signals and Noise
Signals consisted of words from the Northwestern

University Auditory Test Number 6 (NU-6). The 200 words
spoken by a woman with the accompanying carrier phrase
(“Say the word…”) were extracted from the Department
of Veterans Affairs Speech Recognition and Identification
Materials (Disc 4.0, Track #17-24, 2006). The background
noise was continuous speech-shaped noise made on the
basis of the spectrum of female-talker recordings from the
720 IEEE sentences (Institute of Electrical and Electronic
Engineers, 1969). Both signals and noise were low-pass
filtered at 4000 Hz (Butterworth filter cutoff at 4000 Hz
transitioning to 5000 Hz, beyond which no frequency con-
tent was passed) to account for hearing differences between
groups. Filtering is indicated in Figure 1 as gray shading. The
root-mean-square levels of 10-s concatenated versions of the
NU-6 words and speech-shaped noise were measured indepen-
dently using a dBC weighting. Signal level was 80 dB SPL,
and noise level was manipulated to result in seven signal-to-
noise ratios (SNRs) (−10, −5, 0, 5, 15, 25, and 35 dB SNR)
as measured in a 2-cc coupler. During the testing session,
signal levels of 50, 60, and 70 dB were also tested; however,
only the 80-dB SPL results are included herein. Thirteen
NU-6 words were presented for each test condition, similar
to the 10 words used by Boothroyd (2008) and Gelfand and
Gelfand (2012). Words were presented sequentially using the
200-word list, and conditions were randomized such that the
specific 13 words used for a given condition varied across par-
ticipants. Signals and noise were presented through separate
channels of a Grason-Stadler, Model 61 audiometer (Eden
Prairie, MN) using an Etymotic, ER-2 insert earphone (Elk
Grove Village, IL) to the right ear of the participant. All
testing was done in a double-walled, sound-isolated booth
meeting ambient noise level standards for audiometric rooms
(American National Standards Institute, 1991).

Behavioral Testing and Scoring
Participants were asked to repeat the word following

the carrier phrase “Say the word…” If the participant
did not hear or understand the whole word, he or she was
strongly encouraged to guess and repeat audible sounds.
Two judges confirmed the responses in real time; if a dis-
agreement occurred between the two judges, the differences
were discussed or the participant was asked to repeat the
response. Disagreements were rare for word scoring, occur-
ring less than .01% of the time, whereas phoneme scoring
resulted in disagreements about 1.7% of the time. A word
score and phoneme score were generated for each condi-
tion. The word score was out of 13 possible, and the pho-
neme score was out of 39 possible phonemes (three possible
phonemes in each word). Ten practice words were pre-
sented prior to testing to acquaint each participant with the



Figure 1. Mean thresholds for Group A (blue line), Group B (green line), and Group C (red line). Thresholds are displayed
for the right ear only. To account for high-frequency threshold differences between Group A and Group B, all stimuli
were low-pass filtered at 4000 Hz (depicted by gray shading). Error bars represent the standard errors of the mean.
task. The first five practice words were presented at
80 dB SPL with a 45 dB SPL background noise, and the
last five practice words were presented at 80 dB SPL with
an 85 dB SPL background noise.
Method of Analysis
A two-stage approach was used to determine each

subject’s SNR50 and SNR70 measures (the 50% or 70%
points, respectively, on an individual’s psychometric func-
tion or the SNR value at which an individual achieves
50%/70% correct) and to evaluate the effects of age and
hearing level on mean speech recognition. In the first stage,
logistic regression (using SAS version 9.4) was used to
model each participant’s psychometric function (word or
phoneme score as a function of SNR). SNR50 and SNR70
measures were deduced analytically using an “effective
dose” methodology described in Collett (1991) and used
previously (Billings et al., 2015). Extrapolation of the
SNR50 or SNR70 outside of the range of stimulated SNRs
was not allowed and resulted in missing values for some
individuals in Group C (four individuals were missing
an SNR50 for words and one for phonemes; seven in-
dividuals were missing an SNR70 for words and five for
phonemes).

In the second stage, the mean word and phoneme
SNR50 measure was modeled using a linear mixed model
generalization of the multivariate analysis of variance.
Mean SNR70 measures were modeled in the same way.
Each model included response type (words and phonemes)
and subject group (A, B, and C). Correlated random sub-
ject-level intercepts for words or phonemes were included in
the model to account for the correlation among repeated
measurements on each subject. Specific group comparisons
focused on the isolation of hearing loss effects (Group B
vs. Group C) and age effects (Group A vs. Group B). We
also considered age and PTA as continuous covariates
(as opposed to group assignments) in the fitted model. This
resulted in considerably higher Akaike’s information crite-
rion (AIC) of 1,950.03 compared with the simpler model
with categorical age/hearing impairment assignments
(AIC = 1,814.72). The AIC is a commonly used measure of
the goodness of fit of a statistical model. In accordance with
this, we used the categorical age/hearing level model for
inferences.

Results
The Appendix contains the phoneme scoring guidelines

that were developed over the course of testing several pilot
participants. Challenges associated with scoring consonant
clusters, pronunciation variations (vowel coloring/dialectal
differences), and two-syllable responses were addressed.
These scoring guidelines were used for scoring all study par-
ticipants. Figure 2a illustrates that increases in SNR resulted
in an improvement in performance (mean percentage cor-
rect) across all conditions for both word (left) and phoneme
(right) scores. All three groups were similar in this respect.
However, Groups A and B appeared to perform similarly to
each other, and Group C performed more poorly for all
SNR conditions.

Figure 2b shows mean SNR50 and SNR70 measures
for words and phonemes as a function of group. A signif-
icant difference between Groups B and C was observed
Billings et al.: Phoneme/Word Perception in Noise 77



Figure 2. Psychometric functions (above) and mean SNR50 and SNR70 performance estimates (below) displaying word
(left column) and phoneme (right column) results. Group differences are displayed as the parameter within each subplot
and are generally much larger as a function of hearing impairment (Group B vs. Group C) than they are for age (Group A vs.
Group B). Differences between Groups A and B are approximately 3 dB, and differences between Groups B and C are
usually larger than 10 dB. All error bars represent the standard errors of the mean.
for words (SNR50: effect size = 12.3, SE = 1.75, t = 7.01,
p < .001; SNR70: effect size = 11.8, SE = 1.65, t = 7.16,
p < .001) and phonemes (SNR50: effect size = 9.7, SE = 1.73,
t = 5.61, p < .001; SNR70: effect size = 9.12, SE = 1.62,
t = 5.65, p < .001). Therefore, on average, Group C partici-
pants needed SNRs that ranged between 9 and 12 dB larger
than Group B participants to perform similarly.

Differences between Groups A and B are also dis-
played in Figure 2. Significant differences were seen
only for word SNR70 measures (SNR70: effect size = 3.7,
SE = 1.5, t = 2.47, p = .014); other word (SNR50: effect
size = 3.2, SE = 1.7, t = 1.9, p = .058) and phoneme
(SNR50: effect size = 1.9, SE = 1.7, t = 1.12, p = .266;
SNR70: effect size = 2.5, SE = 1.5, t = 1.66, p = .098)
comparisons were not significant at a .05 α level. On aver-
age, the Group B participants needed an SNR that was
2 to 4 dB larger than Group A participants to perform
similarly.

Figure 3 shows word and phoneme mean psychomet-
ric functions and word-to-phoneme correlations by group.
Differences between word and phoneme scoring are evident
in the figure with phoneme scores resulting in better perfor-
mance than word scores at any given SNR but particularly at
nonextreme SNRs at which floor and ceiling effects are
present. Despite these differences in overall performance
across word or phoneme scoring method, remarkable corre-
lations between the measures are apparent (see Figure 3).
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Pearson product–moment correlations were all significant
(p < .05) with large correlation coefficients (Group A:
SNR50 = 0.84, SNR70 = 0.84; Group B: SNR50 = 0.53,
SNR70 = 0.75; Group C: SNR50 = 0.79, SNR70 = 0.91).
The strength of these word-to-phoneme correlations sug-
gests the possibility of using one measure in place of the
other; however, it was important to test if different scoring
methods resulted in different group effects. For this reason,
scoring methods were compared as a function of group
differences (e.g., Group B minus Group C for words vs.
Group B minus Group C for phonemes). There was not a
significant age effect difference between words and pho-
nemes for SNR50 (F(1, 297) = 1.86, p = .174) or SNR70
(F(1, 248) = 1.18, p = .278). However, there were hearing
loss effect differences between word and phoneme scores
for SNR50 (F(1, 297) = 6.23, p = .013) and for SNR70
(F(1, 248) = 4.57, p = .033). This effect is demonstrated
by larger word effect sizes (i.e., 12.3 and 11.8 dB) than pho-
neme effect sizes (i.e., 9.7 and 9.12 dB) when comparing
Groups B and C above.

In summary, results from word and phoneme scoring
used in this experiment indicated a large and significant
effect of hearing loss on speech perception in noise. A smaller
effect of age was significant or near significant when word
scoring was used. It was not surprising that phoneme scor-
ing led to better overall SNR50s and SNR70s but only
modified the hearing loss effect significantly (no change on



Figure 3. Word and phoneme psychometric functions (left) and word–phoneme correlations (right) for all three groups for signals presented at
80 dB SPL (error bars represent standard errors of the mean). In general, the overall shape of the function is similar across scoring methods with
phoneme scores being 10%–20% better than word scores. Word–phoneme correlations reveal strong relationships between scoring methods.
the age effect) such that word scoring resulted in a larger
hearing loss effect than phoneme scoring.

Discussion
Considerable research and attention has been devoted

to listening in adverse conditions generally and speech
perception in background noise specifically. Contribut-
ing factors to performance include both those associated
with degradation of the signal and/or source (e.g., charac-
teristics of the speaker, interfering signals, environmental
modifications) and those associated with limitations of the
listener (e.g., peripheral auditory deficits, cognitive impair-
ment, linguistic considerations; for a review, see Mattys,
Davis, Bradlow, & Scott, 2012). Phoneme scoring may re-
duce test time and allow for additional trials (effectively
reducing variability) or the acquisition of additional in-
formation about a patient’s ability to understand speech
in complex listening environments. This information
could improve both hearing-related diagnosis and man-
agement of difficulties in background noise. Two motivat-
ing factors suggest the importance of gaining additional
insight into an individual’s ability to understand speech
in background noise: (a) Listening in noise is the primary
complaint of hearing aid users (Kochkin, 2002) and one
of the most difficult listening situations for many popula-
tions, such as those who are older and those with hearing
loss; if these complaints are to be addressed effectively,
the case can be made that clinical speech-in-noise testing
must be completed (Wilson, 2011). (b) The idea of hid-
den hearing loss is emerging in the literature (Kujawa &
Liberman, 2009), and it is likely that some of the functional
difficulties associated with these subclinical deficits are
present in clinical populations and may best be seen in
more complex listening tasks, such as understanding speech
in background noise.

In the current experiment, we implemented word and
phoneme scoring of NU-6 words presented in background
noise. As expected, an improvement in SNR resulted
in an improvement in performance for all three groups.
The psychometric function appeared to asymptote at
100% around 15 dB SNR for normal-hearing participants
(Group A and Group B), whereas the asymptote for par-
ticipants with hearing impairment (Group C) appeared to
occur at higher SNRs, generally around 25 dB SNR, and
topped out at 80% (see Figure 2). It is important to consider
Billings et al.: Phoneme/Word Perception in Noise 79



the relevance of the SNRs tested in this study as they relate
to real-world listening environments. Table 1 shows the per-
formance of the three groups at several SNRs representa-
tive of everyday listening situations (i.e., home, store and
hospital, cocktail party, and transportation; Pearsons,
Bennett, & Fidell, 1977; Plomp, 1977; Markides, 1986).
This table illustrates the extreme difficulty that older indi-
viduals experience at SNRs that are typical for very diffi-
cult listening situations, with accuracy remaining below
50% for words and phonemes in most signal-in-noise lis-
tening situations.

A significant and large effect of hearing loss was
found (Group B vs. Group C). On average, a 9 to 12 dB
better SNR was needed by older individuals with hearing
impairment for their performance to be similar to more
normally hearing older individuals. In contrast, the results
of this study demonstrated that age effects were limited
to word scoring when using an SNR70 measure. This result
may be helpful when using SNR50 measures to compare
a younger group with an older group that may or may not
have hearing loss. Any differences in SNR50 measures would
be likely due to hearing loss rather than age. For SNR70
measures, however, these data demonstrate that age is a small
but significant contributor. On average, older, normally
hearing individuals needed SNRs 2 to 4 dB better to per-
form similarly to their younger counterparts in background
noise (see Figure 3). This suggests that if a 2- to 4-dB SNR
improvement can be provided to more normally hearing
older listeners through various methods (e.g., communication
strategies, FM systems, directional microphones), perfor-
mance may be comparable to younger listeners. It is inter-
esting that recent data demonstrate that the just-noticeable
difference in SNR is about 3 dB on average (McShefferty,
Whitmer, & Akeroyd, 2015), indicating the importance
of small changes in SNR.

It is apparent from this study that for NU-6 words,
the effect size of hearing loss is at least two times larger
than the effect size of age, consistent with other findings
in the literature. Gordon-Salant and Fitzgibbons (1995)
demonstrated a difference of 6.53 dB SNR when comparing
younger, normal-hearing with younger, hearing-impaired
groups and of 5.23 dB when comparing older, normal-
hearing with older, hearing-impaired groups. In contrast,
the difference was 0.00 dB when comparing normally
Table 1. Phoneme and word recognition accuracy (percentag
ratios (SNRs) with representative listening environments.

Groups
−8 dB SNR

(transportation) −4 dB SNR
0

(co

Phonemes
Group A 23 48
Group B 16 38
Group C 10 21

Words
Group A 5 17
Group B 2 9
Group C 2 5
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hearing individuals from different age groups and 1.3 dB
when comparing individuals with hearing impairment from
different age groups; however, the effect sizes of the current
study were about twice the size. Souza and Turner (1994)
presented speech-shaped and high-pass noise to various
participant groups and found that the younger, normal-
hearing group achieved an approximate mean of 82% accu-
racy; the younger, hearing-impaired group was approximately
60%; and the older, hearing-impaired group was approxi-
mately 66%. This resulted in a difference of 22% when com-
paring the normal-hearing and hearing-impaired groups
and only a 6% difference when comparing the younger and
older groups.

Phoneme scoring guidelines were established as part
of this study (see Appendix), which may be useful in the
future clinically or in research to facilitate phoneme scor-
ing. There are potentially multiple advantages to phoneme
scoring, including decreased test time due to increased num-
ber of tokens per word, information about specific con-
fusions or difficult-to-perceive sounds that could be used
clinically, and reduced influence from top-down processes.
In fact, the modulation of top-down influences may have
modified the scoring effect (i.e., hearing loss effect sizes
were larger for word scoring than phoneme scoring) such
that when word scoring was used, older, normally hearing
individuals were able to take greater advantage of context
cues than their counterparts with hearing impairment,
possibly relating to the limited cognitive resources caused
by the presence of hearing loss.

A clear advantage of phoneme scoring in this study
was less missing data. The vertical shift of the phoneme
functions relative to the word functions (see Figure 3)
resulted in three additional SNR50 data points and two ad-
ditional SNR70 data points. In clinical cases in which indi-
viduals with hearing impairment are tested, phoneme scoring
will allow for more complete psychometric functions or
fewer missing SNR50/SNR70 values. Another potential ad-
vantage of phoneme scoring is the increased number of
tokens compared with word scoring, resulting in increased
test–retest reliability and decreased variability (Boothroyd,
2008; Gelfand & Gelfand, 2012). The decreased vari-
ability can be seen in Figure 3; in general, the spread of data
as shown by error bars reveals phoneme results to be a more
precise measurement relative to word results.
e correct) for each group at specific signal-to-noise

dB SNR
cktail party)

+4 dB SNR
(store/hospital)

+8 dB SNR
(home)

68 80 87
58 73 82
35 46 56

38 61 77
24 46 64
11 20 30



Although correlations between word and phoneme
scoring method were very strong, differences between the
measures were apparent. Figure 3 shows that the psycho-
metric function asymptotes for the older, hearing-impaired
group occurred at higher accuracies when phonemes were
scored (about 80%) than when word scoring was used
(about 70%). In contrast, asymptotes for the more normally
hearing groups were similar for words and phonemes (i.e.,
near 100% for both groups). Given these observations,
it was not surprising that differences between phoneme and
word scoring were only significant when hearing impairment
effects were considered (i.e., older, normal-hearing vs. older,
hearing-impaired groups).
Conclusions
Phoneme scoring may be applied to current NU-6

word lists using the scoring guidelines provided (see Appendix),
and phoneme scoring may be advantageous clinically and
in research when compared with word scoring. Advantages
of phoneme scoring include shorter test times or an increased
number of tokens resulting in more precise measurement.
It is interesting that phoneme scoring modified hearing loss
effect sizes but not aging effect sizes. Older individuals with
hearing impairment needed about a 10-dB better SNR to
perform similarly to more normally hearing older individuals,
and older, normally hearing individuals needed about a
3-dB better SNR to perform similarly to younger, normal-
hearing individuals.
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Appendix

Phoneme Scoring Guidelines
Northwestern University Auditory Test Number 6 (NU-6) words consist of three syllables in a consonant-vowel-consonant structure. Given
that targets and responses can consist of combinations of consonants and vowels (e.g., clusters, dipthongs, etc.), the three syllables are
referred to linguistically as onset (initial grouping of consonants), nucleus (middle vowel portion), and coda (final grouping of consonants). For
phoneme scoring, each element (i.e., onset, nucleus, and coda) is awarded 1 point if correct with a few scoring exceptions as follows:

1) Consonants (forming consonant clusters) are grouped with the onset or the coda rather than with the nucleus, with the exception of the
[r]-colored schwa, which is treated as a single vowel sound [ɚ].

Examples: Target Response
search [sɚtʃ ] teach [titʃ ] (1 point for coda)
shirt [ ʃɚt] short [ ʃort] (1 point for coda)
shawl [ ʃɑl] sharp [ ʃɑrp] (2 points for onset and nucleus)

2) Vowel coloring (e.g., by laterals and glides) should be disregarded if possible. Try to determine the status of the vowel before it is
influenced by the following consonant.

Examples: Target Response
goal [goʊl] goat [goʊt] (2 points for onset and nucleus)
shall [ ʃæl] shout [ ʃaʊt]a (1 point for onset)

3) In the case of two-syllable responses, the stressed vowel of the response (i.e., response nucleus) will be compared with the vowel in the
target (i.e., target nucleus). Any phoneme(s) before or after the response nucleus are considered onset or coda, respectively, and will be
compared with the target onset or coda.

Examples: Target Response
pole [poʊl] poet [poʊɪt] (2 points for onset and nucleus)
hall [hɑl] appall [əpɑl] (2 points for nucleus and coda)

4) Due to dialectical differences,b certain phonetic distinctions are collapsed in certain conditioning environments. This collapsing is such that
the variances in pronunciation shown below are treated as allophones of single phonemes.

• No distinction is made between the low back rounded [ɔ] and unrounded [ɑ] vowel in any environment.

Examples: Target Response
wall [wɔl] far [fɑr] (1 point for nucleus)
jar [ jɑr] jaw [ jɔ] (2 points for onset and nucleus)

• No distinction is made between the high front tense [i] and lax [ɪ] vowel in the environment before a velar nasal consonant [ŋ], before the
consonant cluster C[+ nasal]C[+ velar], or in other environments where they may be considered allophones.

Examples: Target Response
sing [sɪŋ] king [kɪŋ] (2 points for nucleus and coda)
think [θɪnk] seem [sim] (1 point for nucleus)c

link [link] thin [θɪn] (1 point for nucleus)

• No distinction is made between the mid front lax vowel [ɛ] and the mid front diphthong [eɪ] in the environment before a voiced velar
consonant ([ŋ] or [g])

Examples: Target Response
beg [bɛg] leg [leɪg] (2 points for nucleus and coda)

length [lɛŋθ] strength [streɪŋθ] (2 points for nucleus and coda)

aDiphthongs should be treated as single vowel sounds and cannot be broken into two component parts. bDialectical differences between the
NU-6 speaker and the listener must also be considered. c[i] and [ɪ] are considered allophones of the same phoneme.
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