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ORIGINAL ARTICLE

Test-retest reliability of the urban outdoor situated phoneme (SiP) test�

Erik Wittea,b , Susanne K€oblerb , Jonas Ekerootc,d , Karolina Smedse and Elina M€aki-Torkkoa,f 
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Department of ENT, Karolinska University Hospital, Stockholm, Sweden; eORCA Europe, WS Audiology, Stockholm, Sweden; fSchool of Medical 
Sciences, €Orebro University, €Orebro, Sweden 

ABSTRACT 
Objective: To introduce the urban outdoor version of the Situated Phoneme (SiP) test and investigate its 
test-retest reliability.
Design: Phonemic discrimination scores in matched-spectrum real-world (MSRW) maskers from an urban 
outdoor environment were measured using a three-alternative forced choice test paradigm at different 
phoneme-to-noise ratios (PNR). Each measurement was repeated twice. Test-retest scores for the full 84- 
trial SiP-test, as well as for four types of contrasting phonemes, were analysed and compared to critical 
difference scores based on binomial confidence intervals.
Study sample: Seventy-two adult native speakers of Swedish (26–83 years) with symmetric hearing 
threshold levels ranging from normal hearing to severe sensorineural hearing loss.
Results: Test-retest scores did not differ significantly for the whole test, or for the subtests analysed. A 
lower amount of test-retest score difference than expected exceeded the bounds of the corresponding 
critical difference intervals.
Conclusions: The urban outdoor SiP-test has high test-retest reliability. This information can help audiolo
gists to interpret test scores attained with the urban outdoor SiP-test.
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Introduction

In the Swedish language, there are currently five standard speech 
audiometry tests available for clinical use. These are the pho
nemically balanced (PB) 50-word lists (remixed in 1966 from 
Lid�en and Fant 1954), the PB-50 lists mixed with static speech- 
weighted noise (Magnusson 1995), as well as with fluctuating 
speech-weighted noise (Grunditz and Magnusson 2013), the 
matrix sentences of Hagerman (1982), and a Swedish version of 
the HINT sentences (H€allgren, Larsby, and Arlinger 2006). 
Recently, Witte, Ekeroot, and K€obler (2021) started the develop
ment of the Situated Phoneme (SiP) test, which is a phonemic 
discrimination test for adult people with hearing loss, intended 
for evaluating the benefit of hearing rehabilitation interventions 
such as hearing aid fitting.

The SiP-test materials of Witte, Ekeroot, and K€obler (2021) 
consist of groups of three or four real Swedish words that differ 
from each other on one single phoneme, such as the words< sitt, 
sytt, s€ott>, [sIt:, sYt:, sø̞t:] (English: sit, sewn, sweet). Thus, these 
groups make up phonemically minimal triplets and quadruplets, 
referred to as test-word groups. The phonemes that differ within 
each test-word group are referred to as the contrasting phonemes 
or test phonemes of that group, and are acoustically similar. 

Altogether, the complete set of contrasting phonemes in the SiP- 
test include most phonemes in the Swedish language.

Besides being acoustically similar, the member words within 
each test-word group are similar on a number of lexical proper
ties – based on word metrics from Witte and K€obler (2019) – 
generally thought to influence the ease and speed of word recog
nition. These include the facilitative effects of word frequency 
(Brysbaert et al. 2016; Winkler, Carroll, and Holube 2020) and 
phonotactic probability (Vitevitch and Luce 1998, 2016), and the 
inhibitory effect of phonological neighbourhood density (Ziegler, 
Muneaux, and Grainger 2003). In addition, all words in the SiP- 
test have high orthographic transparency (Witte, Ekeroot, and 
K€obler 2021).

The composition of the SiP-test materials is intended and 
suitable for use in multiple-alternative forced choice tasks of 
phonemic discrimination, and can therefore be used to deter
mine whether someone can make the necessary phonemic dis
criminations needed to distinguish between similar words with 
different meanings (Witte, Ekeroot, and K€obler 2021).

People with hearing loss live in environments containing 
many different types of noise (Wagener, Hansen, and Ludvigsen 
2008), at a variation of levels (Smeds, Wolters, and Rung 2015). 
Typically, however, speech audiometry tests use static (H€allgren, 
Larsby, and Arlinger 2006) or fluctuating (Grunditz and 
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Magnusson 2013) speech weighted maskers. Even though test 
reliability may be high when using such noises, there is a cost in 
terms of the generalisability of test results to common everyday 
situations. In order to create a version of the SiP-test which is 
situated in an urban outdoor sound environment, the current 
study proposes an alternative masking method that uses common 
everyday sounds that are spectrally matched to each specific set 
of contrasting phonemes that should be masked. We refer to this 
class of maskers as matched-spectrum real-world (MSRW) 
maskers. The MSRW masking method aims to be highly reliable, 
ecologically valid, and to reduce the differences in masking sus
ceptibility that exist between different types of speech sounds 
(Miller and Nicely 1955), whereby phonemic level floor and ceil
ing effects could be avoided.

In order to make correct interpretations of attained speech 
audiometry scores, knowledge of the expected level of test score 
variability is of fundamental importance. While random fluctua
tions in speech audiometric tests are in principle predictable 
(Hagerman 1976), several other possible sources of variability 
exist (Dillon 1982). Evaluations of test-retest reliability of every 
new speech audiometry test are therefore needed.

The aims of this study were to introduce the urban outdoor 
version of the SiP-test and to investigate its test-retest reliability.

Materials and methods

Participants

Seventy-two adult native speakers of Swedish (48 female and 24 
male, mean age of 62 years (SD ¼ 16.2, range 26–83) participated 
in the current study. The hearing threshold levels of the partici
pants ranged from normal hearing to severe hearing loss. 
However, all participants had symmetric pure-tone thresholds, 
defined as a maximum difference of 10 dB between left- and 
right-side air-conducted pure-tone-threshold averages at 500, 
1000, 2000 and 4000 Hz (PTA4). No participant had a conduct
ive hearing loss component exceeding 10 dB measured as the dif
ference between air-conducted and bone-conducted PTA4 values, 
or moderate to severe tinnitus as measured by the Tinnitus 
Handicap Inventory (M€uller et al. 2016). In addition, no partici
pant had diagnosed dyslexia or severe visual impairment. The 
distribution of better-ear air conducted PTA4 (BPTA4) among 
the participants is presented in Figure 1 as a histogram. 
Participants were recruited via information on social media, on 
the website of the University Hospital in €Orebro, in the audio
logical clinic in €Orebro, and via a list of people having registered 
their interest in participating in research at the Audiological 
Research Centre, €Orebro. Signed informed consent was obtained 
from all participants. Otoscopy and pure tone audiometry were 
performed by a registered audiologist prior to the SiP-test meas
urements. Participants received no payment. This study was 
approved by the Regional Ethics Review Board in Uppsala, 
Sweden (No. 2018/475).

SiP-test materials

In the current study, the linguistic stimuli created by Witte, 
Ekeroot, and K€obler (2021) for the Swedish SiP-test were used 
with some alterations. The original material consists of 28 groups 
of minimal phonemic triplets and quadruplets (i.e. words that 
contrast on only one phoneme), each recorded five times by two 
talkers, one male and one female. In the current study, the ori
ginal SiP-test material was modified in the following ways. 

Firstly, in order to equalise the effect of chance between all parts 
of the test, one word was removed from all four-member test- 
word groups in Witte, Ekeroot, and K€obler (2021). Thus, the 
urban outdoor SiP-test only contains minimal phonemic triplets, 
as detailed in Supplement 1.

Secondly, to allow linguistic stimuli in the SiP-test to reflect 
the sound-level variation that naturally exists between different 
words, the test-word recordings from Witte, Ekeroot, and K€obler 
(2021) were modified in the following way. First, the sound lev
els of all test-word recordings were reset to their initial recording 
level. All test-word recordings were then bandpass filtered using 
a linear-phase finite impulse response (FIR) filter with a pass
band from 81-13585 Hz.1 The main reason for removing these 
low and high-frequency components from the material was to 
avoid the extra computational load of performing frequency- 
weighted sound level calculations when mixing the test trial 
sounds in real-time in the SiP-test software. When instead the 
material itself has been passband filtered in advance, unweighted 
measurements can be used. The sound levels of all five sound 
recordings by the same test word and SiP-test voice were then 
set to the mean sound level of those recordings when the record
ings with the lowest and the highest sound levels were excluded. 
In this way, the sound levels of all recordings of the same test 
word and SiP-test voice were equalised, while at the same time 
the natural sound level variations between different words in the 
language were retained. This type of normalisation was referred 
to as variation-preserving (VP) sound-level normalisation.

Finally, an equal amount of gain was applied to all recordings 
by the same SiP-test voice so that their test-word sections, when 
concatenated, had a long-time average level of −31.66 dB FS, cor
responding to 68.34 dB SPL when a dB FS to dB SPL calibration 
of 100 dB is used. The average speech level of 68.34 dB SPL was 
chosen to reflect a raised vocal effort level (ANSI-S3.5 1997). 
The VP-normalized SiP-test sound files have been made available 
online at https://osf.io/q4rb3 under the Creative Commons 
Attribution-NonCommercial 4.0 International (CC BY-NC 4.0) 
licence (https://creativecommons.org/licenses/by-nc/4.0/).

Figure 1. Distribution of Better-Ear Air-Conducted Pure-Tone-Threshold Averages 
for the Frequencies 500, 1000, 2000 & 4000 Hz (BPTA4) among the 72 
Participants in the Current Study.
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Urban outdoor maskers
The MSRW maskers of the urban outdoor SiP-test were intended 
to be both appropriate in a common real-world auditory setting 
and spectrally matched to the contrasting speech segments in the 
test. To generate such maskers, a large set of recordings of sound 
events in an urban outdoor environment were processed through 
an automatic algorithm that selected – and slightly modified – 
the sound events with the best spectral matching and widest 
sound category distribution. To reduce variation in masking effi
ciency from temporal fluctuations, only sound events with a rela
tively stable temporal envelope were included. Five different 
maskers were created for each of the 28 test-word groups and 
each of the two voices in the SiP-test, thus in total 280 masker 
sounds were created. The algorithm developed to create the 
MSRW masker is detailed in Supplement 3 along with analyses 
of the spectral properties of the resulting masker sounds (See 
Figures S3 and S4). All masker sounds have been made available 
online at https://osf.io/q4rb3, also under the CC BY-NC 4.0 
licence.

Procedure

Each participant took the full, 84-trial, SiP-test twice at one sin
gle difficulty level, using either the female or the male SiP-test 
voice. The first of these sessions were referred to as the baseline 
tests, and the second as the repeated tests.

The task in each test trial was to listen to one monosyllabic 
Swedish word in background noise, and then identify the word 
among a set of written response alternatives that appeared on a 
touch screen. The response alternatives were always the three 
members of the test-word group to which the aurally presented 
test word belonged. The touch screen was placed right in front of 
the participant, and the response alternatives were positioned in 
two rows on the touch screen, with two alternatives displayed on 
the top row and the third centred on the bottom row. In order to 
cue the participant as to when the test words were presented, a 
yellow circle appeared briefly at the centre of the touch screen at 
the precise moment of the test-word presentation. The response 
alternatives appeared 500 milliseconds after the end of the audi
tory test-word presentation and remained on the screen during a 
response period of 4 seconds. Participants were instructed to 
respond as quickly and as accurately as possible and to guess if in 
doubt. If the participant had not given a response within the 
response period, the response alternatives flashed briefly in red 
and disappeared. In such cases, the software noted that a missing 
response had occurred and then automatically selected a random 
response alternative and proceeded to the next trial.

The soundscape setup
Data collection took place in the soundscape laboratory at the 
Audiological Research Centre in €Orebro, Sweden. Test words 
were presented from a loudspeaker positioned right in front of 
the participant. In addition to the test words, their corresponding 
urban outdoor masker sounds were presented from two separate 
loudspeakers at azimuths of ± 30 degrees. The elevation of all 
three loudspeakers was approximately in level with the head of 
the participants, and the distance to each loudspeaker was 1.45 
metres as depicted in Supplement 1, Figure S2. The room rever
beration time in the listener position was 0.090 s.2 The presenta
tion of the masker sounds was synchronised to the test words so 
that their respective temporal midpoints coincided. The maskers 
were linearly faded during periods of approximately one second 

before and after each test word3. To create a more vivid scenario, 
the maskers presented in the side speakers were always different 
recordings from the set of five masking noises available for each 
SiP-test voice and test-word group. In between trials, random 
sections of a relatively steady urban outdoor background sound 
were played from the side-speakers at a sound level of 60 dB 
SPL. This sound was a mix of traffic, playground sounds and the 
sound of the wind blowing in trees that was created using 
sounds from the urban sounds database of Gloaguen et al. 
(2017) and has been made available at https://osf.io/q4rb3 under 
the CC BY-NC 4.0 licence. The reason to use these background 
sounds was to create a sense of being auditorily immersed in the 
situation. Also, in between the test trials, random segments of 
the international speech testing signal (ISTS) of Holube et al. 
(2010) were played at the same average sound level as the test- 
word recordings. In supplement 5, sound files that demonstrate 
the auditory scene at two different difficulty levels (PNR of 
−2 dB and þ6 dB) have been supplied.4

Prior to testing, all loudspeaker channels were calibrated sep
arately using pink noise as a sound source and a condenser 
microphone placed at several positions at and around the 
intended position for the participants’ heads, in accordance with 
Champlin and Letowski (2014).

The phoneme-to-noise ratio (PNR)
In order to adjust the difficulty level of the SiP-test trials, the 
sound-level ratio between the test words and the urban outdoor 
masker sounds was adjusted according to a phoneme-to-noise 
ratio (PNR) procedure. PNR was defined as the difference 
between the contrasting-phonemes level LCP and the masker level 
LN : Strictly, LCP was defined as the voice specific average root- 
mean-squared (RMS) sound pressure level of a concatenation of 
the greatest level, and 50 ms long, section of the test-phoneme 
segment (which was zero-padded if shorter than 50 ms) of each 
test-word recording within the test-word group to which the test 
word belonged. In essence, this described the maximum level of 
the contrasted test phonemes, using an integration time of 
50 ms. LN was defined as the RMS sound pressure level of the 
presented masker sounds. Thus, PNR was defined according to 
Equation 1.

PNR ¼ LCP − LN (1) 

Defining the SNR in this way – with maskers that were spec
trally matched to their corresponding contrasting phonemes – 
was done with the intention to reduce the differences of masking 
susceptibility between different phoneme types, so that these 
could be tested at the same PNR without the pronounced floor 
and/or ceiling effects otherwise expected.

Presentation levels
In order to attain a desired PNR, LN was first fixed to the LCP 
that the particular test-word group would have with a reference 
level LR, defined as the average RMS sound pressure level of all 
test-word recordings by the selected SiP-test voice, of 68.34 dB 
SPL, corresponding to the raised vocal effort level defined in 
ANSI-S3.5 (1997). The whole test-word was then amplified by 
the PNR attained by Equation (1). However, if the average RMS 
level of the presented test-word LW would have to be adjusted 
beyond 82.3 dB SPL (representing shouted speech level in ANSI- 
S3.5 1997) to reach the desired PNR, LW was fixed at 82.3 dB 
SPL, and then instead LN was decreased until the desired PNR 
was attained.
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Difficulty levels, presentation orders and randomization
Each participant in the current study took the SiP-test at one of 
three difficulty levels aiming at scores of approximately 60%, 
80% or 90%. These test-difficulty levels, defined in PNR, were 
estimated individually for each participant based on a shorter 
adaptive test presenting a selection of the SiP-test stimuli at dif
ferent difficulty levels, and then fitting the test scores to the sig
moid function in Equation (2)

m PNRð Þ ¼ 1 −
2

3 1þ e IþPNR�sð Þð Þ
(2) 

where m PNRð Þ is the estimated mean score at the difficulty level 
PNR, s represents the slope of the function, which was fixed at 
s ¼ 0:31 as determined in pilot experiments, and I represents the 
intercept, which was fitted to the best representation of the data. 
The function given by Equation (2) has an upper asymptote of 1 
and a lower asymptote at 1=3. The latter, in order to account for 
an average effect of guessing from three response alternatives 
(Knoblauch and Maloney 2012). To avoid very similar difficulty 
levels from being estimated for the same single participant, the 
easiest level was always estimated first, the PNR of the mid-diffi
culty level then had to be at least 3 dB lower, and finally the 
most difficult level had to be at least 4 dB below the PNR of the 
mid-level. The highest PNR allowed for the easiest condition was 
limited to þ15 dB. The final difficulty levels used in the baseline 
and repeated test sessions, as well as the selection of the female 
or the male SiP-test voice, were counterbalanced between partici
pants within groups of participants with (a) normal hearing, (b) 
mild, (c) moderate and (d) severe hearing loss, defined according 
to the World Health Organization’s (1991) grades of hearing 
impairment system. Not reported here, participants also took 
one SiP-test sessions at the two remaining difficulty levels. The 
order of SiP-test sessions, including these non-reported sessions, 
were counterbalanced within the same participant groups as 
above. This meant that participants took either no, one or two 
SiP-test sessions prior to the current study baseline session.

Within each test session, the order of test words was rando
mised, and for each trial, the recording representing the test 
word was randomised from the five recordings available for each 
test word and SiP-test voice. Likewise, the masker sounds pre
sented in each trial were randomly selected from the five 
maskers available for each test-word group and voice. In add
ition, the order in which the response alternatives were placed 
on the touch screen was randomised anew for each consecutive 
trial.

Test-retest reliability

The test-retest reliability of the SiP-test was investigated by com
paring scores from the baseline and repeated test sessions for the 
different participants as well as for the different test-word 
groups. Firstly, the grand total test-retest difference score was 
calculated across all 72 participants and 28 test-word groups by 
comparing the total number of correct trials throughout all base
line tests with the corresponding number of correct trials in all 
retests. Secondly, test-retest differences were calculated, both as 
uncorrected percentage scores and as rationalised arcsine units 
(RAU) (Studebaker 1985) for the whole SiP-test, and for the four 
sub-tests formed by dividing short and long vowels and conso
nants, henceforth referred to as phoneme types. The statistical 
significance of these differences was tested using repeated meas
ures ANOVA with the anova_test function in the rstatix R-pack
age (Kassambara 2022), or when the assumptions of normality 

was not fulfilled, instead with the Friedman test using the fried
man_test function in the same R-package. In these analyses, the 
RAU-corrected scores were used as dependent variable, and test 
session as within subject factor. The Holm method was used to 
adjust the attained p-values when testing the score differences 
for the four phoneme types, using the p.adjust function of the 
stats R-package (R Core Team 2021). Thirdly, each test-retest 
score difference was tested against the boundaries of the esti
mated critical score differences using the technique of normal 
approximation of the binomial (Cf. Carney and Schlauch 2007) 
based directly on the confidence interval of the binomial differ
ence distribution attained in Equation (3)

ci ¼ D 6 za=2

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

n1p̂1 1 − p̂1
� �

þ n2p̂2 1 − p̂2
� �q

(3) 

where D represents the observed test-retest score difference and 
za/2 is the (two tailed) critical value for the confidence level of 
95%, n1 and n2, as well as, and p1 and p2 equals the lengths (i.e. 
number of trials) and the average success probability (estimated 
as the observed proportion correct trials) in the baseline and 
repeated tests, respectively, and n1 equals n2.

In order to determine the amount of test-retest variability 
present in the test scores stemming from sources of variability 
other than random chance, the proportions of test-retest sessions 
with a score difference that fell outside the boundaries of the 
estimated critical score differences were calculated. In the case 
that there should be notable learning effects, effects from fatigue, 
or from other sources of variation other than random fluctua
tions between the baseline tests and the retests, more than five 
percent of the test-retest score differences should fall outside 
their corresponding critical intervals.

Results

Missing responses

Of the total 12,096 SiP-test trials presented in the current study, 
missing responses occurred in 264 test trials (2.2%). Of all miss
ing responses, 83% occurred for contrasting vowels, and 53% 
occurred at or below PNRs of −3 dB. Three groups< sitt, sytt, 
s€ott>, <satt, s€att, s€ott> or< rått, rott, r€ott>, contrasting pho
nemically short vowels, together accounted for 31% of the miss
ing responses. The average proportion of missing responses per 
participant was 2.2% (sd ¼ 5.3). However, two participants – for 
which the average rate of missing responses were around 30% – 
alone accounted for 54% of the missing responses, and 39 partic
ipants had no missing responses. The number of missing 
responses was not correlated with the hearing level (BPTA4) of 
the participants (Pearson’s correlation r¼ 0.061, p¼ 0.61). In the 
remaining analyses, missing responses have been replaced by the 
auto generated computer-randomised responses to ensure that 
the lower asymptote of the SiP-test scores stays at the chance 
level of 33%.

Participant scores

The grand total number of correct trials counted across all base
line and repeated tests was 4623 (76.4%) and 4659 (77.0%), 
respectively. The same average score, presented by the horizontal 
lines in Figure 2, resulted from averaging the (uncorrected) ses
sion test scores (sd for the baseline scores ¼ 11.9, and for the 
repeated scores, sd ¼ 11.1). The corresponding mean RAU- 
transformed test-retest difference score was 0.5 RAUs. The 
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repeated measures ANOVA indicated that this difference was 
not statistically significant (p¼ 0.45). Figure 2 also presents the 
mean scores of the baseline and repeated sessions for each par
ticipant. The baseline test scores are indicated by crosses for par
ticipants that were tested with the female SiP-test voice and 
circles when the male voice was used. For each point, an arrow 
indicates the score of the repeated test for the corresponding 
participant. Colours indicate participants’ hearing levels in 
BPTA4. The abscissa indicate the PNR at which each participant 
was tested. As expected, the data presented in Figure 2 indicate 
that the SiP-test scores tended to improve with increasing PNR 
and better BPTA4. As PNR was never increased beyond þ15 dB 
(as determined in the adaptive pretest), the participants with the 
highest PBTA4 were all tested at the same set of PNRs (þ15, 
þ12, þ8 dB) resulting in the generally quite low SiP-test scores 
seen for these participants in the lower right quadrant of 
Figure 2.

Sub-test scores

Figure 3 presents the mean score of the baseline tests and the 
corresponding repeated tests separately for each phoneme type. 
For no phoneme type, these test-retest score differences were 
statistically significant (short vowels: p¼ 0.81, long vowels: p¼ 1, 
short consonants: p¼ 0.94, long consonants: p¼ 0.19).

Figure 3 also presents the mean scores across all participants 
for the different test-word groups. Like in figure 2, crosses indi
cate baseline test scores attained using the female SiP-test voice 
and circles indicate male voice baseline test scores. Arrows indi
cate corresponding repeated tests scores.

Figure 4 presents the scores from the baseline tests plotted 
against the scores from the retests along with the bounds of the 
corresponding binomial critical-difference intervals. These 
bounds are indicated by the dotted lines, at or, between which, 
data points represent score differences that are not statistically 
significant. As all points fall within the bounds of the critical dif
ference intervals, none of the 72 observed test-retest difference 
scores was large enough to be considered statistically significant.

The same kind of data is presented in Figure 5 for the four 
phoneme type sub-tests. For long vowels and long consonants, 
none of the 72 observed test-retest difference scores fall outside 
the boundaries of the 95% critical difference intervals. For short 
vowels, however, 3 of 72 (i.e. 4.2%), and for short consonants, 2 
of 72 (i.e. 2.8%) fall outside their corresponding boundaries.

Discussion

The current study introduced the urban outdoor version of the 
SiP-test and investigated its test reliability by comparing test- 
retest scores for different participants and test-word groups in 
the SiP-test, as well as the corresponding expected bounds of 
their critical difference intervals, for the SiP-test as a whole as 
well as for four different phoneme types.

Test-retest reliability

Figures 4 and 5 plotted the bounds of the non-significant score 
differences based on the binomial difference distribution. Using 
a confidence level of 95%, approximately 5% of the paired test- 
retest sessions, i.e. three or four session pairs, would be expected 
to fall outside the bounds of the critical difference intervals. That 
the proportion of test-retest differences that fell outside their 

corresponding critical difference boundaries was lower than 5% 
indicates that the variation between the baseline and repeated 
SiP-test sessions did not exceed that which could be expected 
solely from random fluctuations.

The statistical validity of this analysis depends on there being 
essentially no general improvement seen between the test and 
the retest, as such improvement would have increased the 
expected number of points falling outside the bounds of the crit
ical interval. The small non-significant average test-retest score 
differences presented in Figures 2 and 3 indicate that there was 
no such tendency. In consequence, this indicates that the test- 
retest reliability of the full-length SiP-test should be considered 
very high.

In the current study, a shorter adaptive test was used to estab
lish appropriate difficulty levels to use in the subsequent tests. In 
addition, some participants also took one or two full-length SiP- 
test sessions at different difficulty levels prior to the test sessions 
reported in the current study. As some level of procedural learn
ing will likely have occurred during these test sessions, the 
design of this study does not allow for proper analysis of learn
ing effects. However, the minute overall improvements seen 
between the baseline and the repeated tests is a reasonably strong 
indication that learning effects in the SiP-test are small. Separate 
studies with repeated administrations of the SiP-test are needed 
to investigate this matter further.

Missing responses

In the current study, there was a small proportion (2.2%) of test 
trials with missing responses. A majority of these occurred for 
contrasting vowels at difficult PNRs. As the PNR level procedure 
assigns higher masking levels for vowels, due to their generally 
higher sound levels, it is likely that these missing responses 
occurred when participants could not hear the test word. With 
the two participants who had missing response rates at around 
30%, test instructions were likely insufficient.

Figure 2. Average scores in the baseline and repeated sessions for each partici
pant. Crosses indicate baseline scores from female SiP-test voice sessions and 
circles indicate male voice baseline session scores. Arrows indicate scores from 
the corresponding repeated tests. Colours indicate participants’ hearing levels in 
BPTA4. The abscissa indicates the PNR at which the tests were presented. 
Horizontal lines indicate the average session scores across all participants in the 
baseline (solid line) and the repeated (dashed line) tests.
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Modifications of the original SiP-test materials

In order to equalise chance performance between all test-word 
groups in the urban outdoor version of the SiP-test, one word 
was removed from each four-member test-word group in the ori
ginal SiP-test materials of Witte, Ekeroot, and K€obler (2021). 
With one exception, the test word removed was the word con
taining the zero-phoneme [;], i.e. the absence of a contrasting 
phoneme. The exception was the word [ɧo:] <sjå> as it received 

many incorrect responses in the validation experiment of Witte, 
Ekeroot, and K€obler (2021). Effectively, this means that only 
three zero-phonemes are left in the SiP-test material. This modi
fication limits the possibility to use this material to test for the 
absence of a speech sound to only three of the original SiP test- 
word groups.

The bandpass filtering of all SiP-test recordings removed very 
low and very high frequency contents. This modification mostly 
affected the masker sounds leading to some loss of sense of realism. 
However, since especially the low frequency cut-off differs exten
sively between different loudspeakers, removing these very low fre
quencies from the materials should have the benefit of maintaining 
the high test-retest reliability of the SiP-test seen in this study 
largely independent of the particular loudspeaker systems used.

The MSRW masking method

The MSRW masking method proposed in the current study used 
masker sounds from an urban outdoor environment and 
adjusted their sound levels according to the PNR procedure. As 
a large proportion of the Swedish population is urbanised, the 
type of sounds included among the maskers created in this study 
would be commonly occurring in the everyday situation of most 
people in Sweden today. It should be noted, however, that the 
results of a speech (or speech sound) discrimination test with 
maskers representing an urban outdoor environment do not 
necessarily generalise to other common environments. Future 
studies could therefore apply the methods developed in the 
current study in order to create maskers that would situate the 
SiP-test in other common environments, such as homes, offices, 
kindergartens or various industrial environments.

Besides improving the ecological validity of speech audiom
etry maskers, another intention with the MSRW masking 
method was to reduce the differences in masking susceptibility 
between different phoneme types when presented at the same 

Figure 3. Average scores in the baseline and repeated sessions for the different test-word groups and phoneme types. Crosses indicate baseline scores from female 
SiP-test voice sessions and circles indicate male voice baseline session scores. Arrows indicate scores from the corresponding repeated tests. Horizontal lines indicate 
the mean scores in the baseline tests (solid lines) and the corresponding repeated tests (dashed lines) for each phoneme type.

Figure 4. Scatter plot of the 72 pairs of baseline, against repeated, SiP-test 
scores in the current study. Dotted lines indicate the critical-difference interval 
for a confidence level of 95%.
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average PNR. Being able to present as many phonemes as pos
sible close to the phoneme discrimination threshold should be 
beneficial to test efficiency as long as it helps to avoid floor and 
ceiling effects. The spectrally matched maskers used in the cur
rent study all have a relatively stationary temporal envelope. 
However, since the shape of temporal envelopes vary between 
phonemes, complete homogenisation of their different degrees of 
masking susceptibility with such noises will likely not be pos
sible. Nonetheless, the relatively small differences seen between 
the average scores for the different phoneme types in Figure 3 is 
an indication that the MSRW masking method was at least partly 
successful. The full extent to which the MSRW masking method 
developed in the current study can be used to homogenise the 
difficulty levels between contrasting phonemes would merit fur
ther investigation in future studies.

In conclusion, the current study introduced the urban out
door version of the SiP-test and investigated its test-retest reli
ability. The level of test-retest reliability was found to be high 
both for the urban outdoor SiP-test as a whole and for its vari
ous subtests.

Notes

1. The frequency-specific gain of this filter is presented in Supplement 1, 
Figure S1 and its kernel has been made available as a sound file in 
Supplement 2.

2. The reverberation time was derived from the front loudspeaker impulse 
response (IR) at the listener position using the T30 method (ISO 3382 
2008). The IR, available in Supplement 4, was captured with the swept-sine 

method using the Impulse Response Measurer app in MATLAB (v2021b) 
and the reverberation time calculated using the software REW (v5.20.13).

3. All masker sound files had a total duration of three seconds. For test 
words longer than one second, the fading periods were shortened to fit 
within this duration.

4. These sound files should be listened to in headphones and contain 
simulations of example SiP-test trials created using binaural head-related 
transfer functions (HRTF) of a Head and Torso Simulator (Br€uel & 
Kjær) recorded in the test room where the data collection took place. 
The HRTFs used are available at https://osf.io/89n34/.
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