
      The speech reception threshold (SRT) is routinely measured in the 
laboratory to assess speech understanding in noise. Typically, the 
SRT measures the ability of listeners to repeat short isolated utter-
ances that range from unpredictable nonsense sentences to highly 
predictable (but out of context) everyday sentences (e.g. Kalikow 
et al, 1977; Hagerman, 1982). Numerous studies have demonstrated 
that the characteristics of the background noise infl uence SRTs. For 
example, it is generally the case that fl uctuating maskers lead to 
better SRTs than steady-state maskers, as listeners can make use 
of dips in the masker to  ‘ glimpse ’  the target (Miller  &  Licklider, 
1950; Cooke, 2006). On the other hand, intelligible speech maskers 
can lead to poorer SRTs because they are distracting and can cause 
semantic interference (Kidd et al, 2008). These investigations have 
greatly advanced our understanding of speech perception in real-
world environments, which often fl uctuate in level but also contain 
other competing talkers. 

 However, sentence repetition does not closely resemble real-world 
communication, which is ongoing rather than discrete, and involves the 
extraction of meaning, and generally the formulation of a valid reply. 
These additional tasks require more higher-level processing than is 
needed to recognize words in isolated sentences (Pichora-Fuller, 2007; 

Schneider et al, 2010). According to the Ease of Language Understand-
ing model (R ö nnberg, 2003; R ö nnberg et al, 2013), working memory 
plays an important part in speech understanding and comprehension, 
especially when the input signal is degraded, e.g. by the presence of 
noise or a hearing impairment. Working memory is considered a limited-
capacity system (Baddeley, 1996). Consequently, the more resources 
that are spent on purely understanding what has been said, the less 
cognitive resources are available for making sense of what has been 
heard and for response preparation. It could therefore be expected that 
in a similar challenging listening environment, a person may show 
increased listening effort or even poorer performance on a communi-
cation style test than on a sentence repetition test. 

 For laboratory speech tests to be refl ective of real-world abilities, 
there is a need for new approaches that better capture the added 
higher level processing demands of real communication situations. 
This need is increasingly being voiced by hearing-aid manufactur-
ers and clinicians wanting to make more powerful assessments of 
intervention with devices and benefi t from different features. Better 
predictions of real-world outcomes would also allow earlier assess-
ment and fi ne-tuning of new technologies and thus greatly reduce 
the number of lengthy and expensive fi eld tests needed during the 
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  Abstract 
  Objective:  The overall goal of this work is to create new speech perception tests that more closely resemble real world communication 
and offer an alternative or complement to the commonly used sentence recall test.  Design:  We describe the development of a new ongo-
ing speech comprehension test based on short everyday passages and on-the-go questions. We also describe the results of an experiment 
conducted to compare the psychometric properties of this test to those of a sentence test.  Study sample:  Both tests were completed by a 
group of listeners that included normal hearers as well as hearing-impaired listeners who participated with and without their hearing aids. 
 Results:  Overall, the psychometric properties of the two tests were similar, and thresholds were signifi cantly correlated. However, there 
was some evidence of age/cognitive effects in the comprehension test that were not revealed by the sentence test.  Conclusions:  This new 
comprehension test promises to be useful for the larger goal of creating laboratory tests that combine realistic acoustic environments with 
realistic communication tasks. Further efforts will be required to assess whether the test can ultimately improve predictions of real-world 
outcomes.  
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research and development phase. Moreover, it has been suggested 
that greater sensitivity to cognitive factors will be critical for future 
efforts to customize hearing-aid technology for the individual lis-
tener (e.g. Pichora-Fuller, 2007; Lunner et al, 2009). 

 The simulation of more natural communication situations in the 
laboratory is an enormous challenge, but there have been several 
attempts in research laboratories to move in this direction in recent 
years. To tap into the  ongoing  nature of real speech communication, 
MacPherson and Akeroyd recently developed the Glasgow monitor-
ing of uninterrupted speech task (GMUST; MacPherson  &  Akeroyd, 
2013). This task requires participants to listen to an audiobook while 
simultaneously reading along with a written transcript, which con-
tains occasional errors. The accuracy with which a participant can 
report these errors is used as a measure of their ability to both listen 
and keep up. Other approaches have focused on the  comprehension  
aspect of communication, which requires not only that the acoustic 
features of speech are understood but also that meaning is extracted 
from them (see Humes  &  Dubno, 2010). The typical format of a 
comprehension test involves an extended spoken story or lecture 
(5 – 15 minutes) that is followed by a set of questions that assess 
understanding of the content (e.g. Schneider et al, 2000; Murphy 
et al, 2006; Tye-Murray et al, 2008; Gordon et al, 2009; Sommers 
et al, 2011). One down side of these tests is that there is a heavy 
episodic memory requirement, not present in most real conversa-
tions, that may dominate performance, especially in older listen-
ers (e.g. Nyborg et al, 1996). A few attempts have been made to 
overcome this issue by either using much briefer passages (Kei  &  
Smyth, 1997; Kei et al, 2003) or by assessing listeners immediately 
after the relevant information occurs (Hafter et al, 2013). None of 
the approaches described above have tapped into a fi nal aspect of real 
conversations, which is the requirement to further spend cognitive 
resources on  formulating responses  often while continuing to listen. 
At the National Acoustic Laboratories (NAL) we decided to inves-
tigate a new comprehension test that combines desirable features 
of the above approaches but incorporates an  ‘ on-the-go ’  question 
and answer component. This test requires listeners to follow along 
continuously, identify relevant pieces of information, and give brief, 
immediate, written responses. 

 Here we describe our fi rst efforts to develop a working version 
of this test for research purposes. We also present the results of an 
experiment that compared the properties of the test to our standard 
sentence-based SRT test, to understand the psychophysical conse-
quences of moving to this kind of task. To reduce the number of 
uncontrolled variables, the speech materials for the comprehen-
sion test were spoken by the same talker who spoke the Bamford-
Kowal-Bench (BKB) sentences routinely used for SRT testing at NAL 
(Keidser et al, 2002). The same set of listeners completed speech-
in-noise testing using the two different tests under otherwise iden-
tical conditions. Finally, because the work was largely motivated 

by the need for new tests that can predict the real-world benefi t 
of hearing aids, we also examined the ability of the different tests 
to capture changes in performance due to amplifi cation in hearing-
impaired listeners.   

 Development of the comprehension test  

 Materials 
 Comprehension passages were taken from the listening comprehen-
sion component of the International English Language Testing Sys-
tem (IELTS). The IELTS is a widely used test of English language 
profi ciency for education, immigration, and professional purposes in 
the UK, Australia, and elsewhere. Transcripts of the passages, and 
their associated comprehension questions, are publicly available in 
books of past examination papers (e.g. see Jakeman  &  McDowell, 
1995). The passages involve one, two, or three talkers, and are sev-
eral minutes long when spoken aloud. They cover everyday topics 
such as public transport information, headline news, information 
about tourist attractions, etc. Twenty-eight single-talker monologues 
were selected from the IELTS collection for use in this preliminary 
evaluation (see Appendix). They were chosen somewhat arbitrarily 
based on how interesting the experimenters deemed they might be 
to our Australian participants.   

 Recordings 
 The Australian male talker who had recorded the BKB sentences 
(Keidser et al, 2002) was recruited for two recording sessions to read 
aloud the monologues. He was instructed to speak in a natural way, 
and to stop and restart the sentence if he made an error, stumbled, 
or needed to cough, etc. Offl ine editing was done later to remove 
these errors. The fi nal recordings ranged in duration from 2 minutes 
9 seconds to 4 minutes 21 seconds (mean 3 minutes 23 seconds). 

 The recordings were done in a large anechoic chamber, using a 
Sennheiser ME 64 microphone (pre-polarized condenser, cardioid) 
connected to an M-AUDIO MobilePre USB sound card. The gain on 
the M-AUDIO sound card was set such that the signal-to-noise ratio 
(SNR) was maximum, preventing clipping at all times. The sampling 
rate was 44100 Hz. After processing, the monologues were scaled 
to an equivalent root-mean-square level and saved as .wav fi les. 
The recording as well as subsequent processing was done in Adobe 
Audition 3.0 and CS5.5.   

 Comprehension questions 
 Question sheets for each monologue were generated by adapting the 
question sheets available in the printed IELTS books. Each sheet 
consists of 10 comprehension questions that pertain to the passage, 
and the questions are arranged sequentially on the page according to 
the temporal order in which the information occurs within the pas-
sage. The questions come in fi ve broad style categories as described 
in Table 1. Each question sheet contains a random selection from 
these categories and does not necessarily have a question from every 
category. Space is allocated for written answers and the questions 
are designed to be answered in an   ‘  on-the-go ’  fashion. Note that 
the responses expected from subjects are very brief, ranging from 
ticking a box to labelling an image to writing a few words. It is also 
worth pointing out that the questions varied in how directly they 
related to the words spoken in the passages but even where an answer 
used similar phrasing to the passage the wording around the answer 
never matched exactly, and a correct response required listeners to 

  Abbreviations      

  4FAHL    Four-frequency average hearing loss   
  BKB    Bamford-Kowal-Bench (sentences)   
  HI    Hearing-impaired   
  IELTS    International English Language Testing System   
  NAL    National Acoustic Laboratories   
  NH    Normally hearing   
  SNR    Signal-to-noise ratio   
  SRT    Speech reception threshold   
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 Speech comprehension test     3

understand what they heard and extract the appropriate keyword(s). 
In other questions the answer used very different phrasing to the 
passage and thus a correct answer needed to be inferred. Despite 
this range, however, continuous comprehension of the passage was 
required in order for a listener to keep their place and link the ques-
tions to the relevant pieces of heard information. 

 Minor modifi cations to the question sheets were made to make the 
text easily readable and the images large and clear. The questions 
were scored by hand by the experimenters after testing, using the 
answers provided in the IELTS books.   

 Initial screening 
 A short screening was carried out to identify any passages or questions 
that stood out from the rest as being consistently diffi cult or confusing 
even under favourable listening conditions. Twenty-three subjects with 
normal hearing were recruited (14 female, nine male). Ten were NAL 
employees and 13 were external participants. They ranged in age from 
19 to 39 years (mean 26 years, standard deviation 5 years). 

 Subjects were seated at a desk in an audiometric booth, and gave 
written answers on the appropriate question sheets. The monologues 
were presented diotically over headphones (Sennheiser HD215) 
either in quiet or in the presence of eight-talker speech babble (taken 
from the NAL CDs of speech and noise for hearing-aid evaluation, 
Keidser et al, 2002) that was also diotic. The 28 monologues were 
divided into two sets. Fourteen subjects listened to the fi rst set of 
monologues (fi ve subjects listened in quiet, fi ve in babble at 0 dB 
SNR, and four in babble at    �    3 dB). Nine subjects listened to the 
second set of monologues (three subjects listened in quiet, three in 
babble at 0 dB, and three in babble at    �    3 dB). The order of testing of 
the monologues within a session was randomized for each subject. 

 On the basis of this evaluation, several problematic questions 
were identifi ed (i.e. incorrect answers were given by more than three 
subjects). These questions were inspected carefully by two of the 

investigators. In cases where the cause was judged to be ambiguity 
in the question, the question was reworded. Where the cause was 
judged to be related to the recording itself (e.g. the talker skipped 
a keyword or did not enunciate clearly), a replacement question 
was generated. On average, about one question per passage was 
modifi ed. 

 Finally, the 28 monologues were divided into two lists of 14 for 
use in the experiment. This division was done such that the easier/
harder monologues (based on average scores in the screening), as 
well as the different styles of question, were approximately evenly 
distributed between the two lists.    

 Evaluation study  

 Participants 
 Thirty seven listeners participated (11 female, 26 male). Eleven 
of these had normal hearing ( ‘ normally hearing ’ , NH). Their age 
ranged from 18 to 57 years (mean 43 years, standard deviation 
12 years) and their four-frequency average hearing loss (4FAHL, 
mean of left and right ear pure-tone thresholds at 500, 1000, 2000, 
and 4000 Hz) ranged from 1 to 15 dB (mean 7 dB). The other 
26 had bilateral sensorineural hearing losses ( ‘ hearing-impaired ’ , 
HI) with air-bone gaps of no more than 10 dB at any frequency. Their 
age ranged from 29 to 80 years (mean 70 years, standard deviation 
11 years) and their 4FAHL ranged from 27 to 78 dB (mean 46 dB). 
While left- and right-ear asymmetries at a given frequency could 
be up to 25 dB, mean asymmetries across 500, 1000, 2000, and 
4000 Hz were less than 5 dB in all but three listeners (where the dif-
ferences were 6 dB, 9 dB, and 14 dB). Audiograms for each listener 
are plotted in Figure 1, along with group averages. Note that 4FAHL 
was correlated with age in the total pool (r    �    0.63. p    �    0.001) but not 
in the subgroup of HI listeners (r    �     �    0.28, p    �    0.16) as a result of 
several young listeners with quite severe losses. Reading and vision 
were not assessed, but participants were instructed to bring their 

  Table 1. The fi ve categories of question used to assess comprehension.  

 Style  Description  Example 

Multiple choice A brief question is posed with three alternative 
answers.

Where does Circus Romano perform?
  A: in a theatre
  B: in a tent
  C: in a stadium

Checklist A list of items is given, a subset of which are 
true or were mentioned in the passage.

Which TWO of the following can you get advice about from the 
Union?

  A: immigration
  B: grants
  C: medical problems
  D: personal problems
  E: legal matters

Fill in the blanks A sentence from the passage is given, with one 
item missing.

The government plans to give  $ ........ to assist the farmers.

Short-answer A question requiring a brief answer is posed. How often do the Top Bus Company tours run?
Image An image corresponding to the passage is 

given, with some labels missing.
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4    V. Best et al.

reading glasses if applicable. No subject reported issues related to 
seeing/reading the question sheets. 

 Twenty-three of the 26 HI listeners were regular hearing-aid wear-
ers and participated in the experiment both with and without their 
own hearing aids. All hearing aids were behind-the-ear styles, seven 
with the receiver in the canal. They represented a variety of entry-
level and high-end devices from Phonak, Resound, Siemens, Oticon, 
Bernafon, Unitron, and Rexton Day, and were set to the user ’ s most 
common program for testing. We did not attempt to adjust the gain 
or compression settings to ensure uniformity across participants but, 
rather, opted to use the settings each listener was accustomed to 
using in their daily lives. 

 All participants were paid a small gratuity for their participation. 
The treatment of participants was approved by the Australian Hear-
ing Ethics Committee and conformed in all respects to the Australian 
Government ’ s National Statement on Ethical Conduct in Human 
Research. Note that these listeners also participated in another study 
described in a companion paper (Best et al, 2015). The 37 listeners that 
participated here are a subset of the 47 that participated in the other 
study, and some of the data presented here (for the sentence test) also 
appear in that paper (as the  ‘ standard ’  environment).   

 Environment, stimuli, and tasks 
 Testing took place in a large anechoic chamber fi tted with a loud-
speaker array of radius 1.8 m. The experiment made use of fi ve 
equalized loudspeakers (Tannoy V8) positioned at 0 °  elevation 
(0 ° ,  �    45 °  and    �    135 °  azimuth). Stimulus playback was via a PC 
with a sound card (RME MADI) connected to two D/A converters 
(RME M-32) and 11 four-channel amplifi ers (Yamaha XM4180). 

 The listener was seated such that the head was in the centre of 
the array, facing the frontal loudspeaker, and wore a small lapel 
microphone in order to be heard clearly by the experimenter who was 
seated outside the chamber wearing headphones. The experimenter 
monitored participants via webcam to ensure they maintained a rela-
tively fi xed head position, and could talk to them via an intercom 
as required. 

 In both the sentence and comprehension tests the target speech 
was presented from the frontal loudspeaker, and four independent 
samples of the eight-talker speech babble were presented from the 

other four loudspeakers. The babble was presented continuously 
throughout a block of trials at a fi xed level of 65 dB SPL (measured 
in the centre of the array).The speech level was set on an individual-
ized basis as described below. 

 In the sentence test, targets were BKB sentences. Listeners spoke 
aloud their responses and the experimenter entered the number of 
correct morphemes (out of a possible 3 – 8, depending on the sen-
tence) into the software program. In the comprehension test, targets 
were IELTS monologues. Before each presentation the subject was 
given the question sheet on a clipboard and had about half a minute 
to read over it. The monologue was then presented and subjects gave 
written answers on the question sheet. Answers were scored offl ine 
by the experimenters.   

 Procedures 
 All 37 listeners completed the sentence test, and then attempted the 
comprehension test. Two of the HI listeners (both 80 years old) 
could not complete the comprehension test as they could  ‘ hear ’  but 
could not  ‘ keep up ’  enough to answer the questions. Comprehen-
sion results are thus shown only for the remaining 35 listeners. The 
23 HI listeners who were tested both unaided and aided completed 
all sentence testing before any comprehension testing, but with the 
hearing-aid condition counterbalanced across subjects. Sentence 
testing and comprehension testing were completed in separate vis-
its, such that all listeners required two visits and hearing-aid wearers 
required four visits. 

 For the sentence test, four blocks of trials were completed (per 
hearing-aid condition for the hearing-aid wearers). In the fi rst block, 
an adaptive procedure was used to estimate the 50% SRT (for details 
see Keidser et al, 2013b). A block of 32 sentences was then com-
pleted at each of three fi xed SNRs: the estimated SRT, the SRT    �    2 
dB, and the SRT    �    2 dB. The order of testing of the three SNRs was 
randomized, as was the pairing of sentence lists with SNRs, and the 
order of presentation of sentences within a block. No sentence was 
presented more than once to any listener. Each block took approxi-
mately fi ve minutes to complete, for a total testing time of around 
20 minutes. 

 For the comprehension test, each subject was presented with mono-
logues from one of the two lists described above (and both lists were 
used for the aided HI listeners). One monologue was presented in 
quiet and served as a familiarization step. A further 12 monologues 
were presented in the babble background at three different SNRs 
(four monologues per SNR). Because adaptive tracking was not pos-
sible with the comprehension test, SNRs had to be chosen ahead of 
time. For the NH group SNRs of    �    6,  �    3, and 0 dB were chosen, 
based on informal listening, to cover a large range of the psychomet-
ric function whilst not hitting ceiling or fl oor. Slightly higher SNRs 
were chosen for the unaided and aided HI groups ( �    3, 0, and    �    3 
dB). If a particular subject showed clear ceiling or fl oor effects after 
completing one monologue at the highest or lowest SNR, that pas-
sage was discarded (and replaced with the spare 14th monologue in 
each list), and the SNR range was shifted down or up accordingly by 
3 dB to better capture the sloping part of the psychometric function. 
The pairing of monologues with SNRs and the order of presenta-
tion was randomized. The monologue used for familiarization and 
the spare monologue were randomly different across subjects. Each 
monologue took approximately fi ve minutes to complete, resulting 
in a total testing time of around 60 minutes. 

 For each test and each listener, percent correct scores at the three 
fi xed SNRs were used to generate psychometric functions. Logistic 
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  Figure 1.     Audiograms for each listener (averaged across left and 
right ears), as well as group means for the NH group (squares) and 
the HI group (circles).  
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 Speech comprehension test     5

functions were fi t to the raw scores using the psignifi t toolbox ver-
sion 2.5.6 for MATLAB (see http://bootstrap-software.org/psignifi t/) 
which implements the maximum-likelihood method described by 
Wichmann and Hill (2001). SRTs were then estimated as the SNR 
corresponding to 50% correct according to these fi ts.   

 Self-report data 
 Between visits, all participants were asked to take home and complete 
a questionnaire addressing their hearing abilities. The general pur-
pose was to provide insight into how speech scores measured in the 
laboratory relate to real-world experience as measured by self-report. 
Fifteen questions addressing disability under specifi c situations were 
taken from the Speech, Spatial and Qualities of Hearing Scale (SSQ; 
Gatehouse  &  Noble, 2004). These questions included the 14 ques-
tions in the  ‘ speech ’  subscale, as well as the question addressing 
listening effort from the  ‘ qualities of hearing ’  subscale (question 18). 
Hearing-aid wearers answered all questions twice, based on listening 
unaided and aided. For the purposes of this study, a single score was 
calculated for each subject (separately for unaided and aided listen-
ing, where appropriate) by averaging over a subset of eight questions 
that refer to situations involving selective attention to speech in the 
presence of noise (speech items 1, 4, 5, 6, 7, 8, 9, 11).    

 Results 

 Correlational analyses showed that unaided SRTs (including both 
NH and HI listeners) for both tests were correlated with 4FAHL (sen-
tence: Spearman ’ s  ρ     �    0.80; comprehension:  ρ     �    0.71; p    �    0.001), 
as well as with age (sentence:  ρ     �    0.55; comprehension:  ρ     �    0.56; 
p    �    0.001). Unaided SRTs were also strongly correlated across the 
two tests (Figure 2; Pearson ’ s r    �    0.83, p    �    0.001) with the gradient 
of the least-squares fi t relating the two tests close to one (0.96). 

Although correlated, it can be seen from Figure 2 that SRTs could be 
higher or lower on the comprehension test than on the sentence test, 
depending on the listener. To further investigate this, the change in 
SRT when moving from the sentence test to the comprehension test 
was calculated for each listener (with positive changes indicating an 
increase in SRT, or poorer performance). This SRT difference is plot-
ted in Figure 3 as a function of 4FAHL (upper panel) and age (lower 
panel). The effect of test type was not strongly related to hearing loss 
(Spearman ’ s  ρ     �    0.14, p    �    0.42) or age ( ρ     �    0.25, p    �    0.15), but the 
listeners whose performance dropped the most in the comprehension 
test were all greater than 70 years of age, including the two 80 year 
olds who could not perform the task at all. 
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  Figure 2.     Scatterplot showing individual SRTs in the comprehension 
test against SRTs in the sentence test. Different symbols indicate 
NH listeners (squares) and unaided HI listeners (circles). The solid 
line shows the least squares fi t. The two HI listeners who could not 
perform the comprehension test are shown by triangles and are not 
included in the fi t.  
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  Figure 3.     Scatterplot showing the difference in unaided SRTs 
between the two tests (comprehension SRT  �  sentence SRT) 
as a function of 4FAHL (upper panel) and age (lower panel). 
Different symbols indicate NH listeners (squares) and unaided HI 
listeners (circles). The two HI listeners who could not perform the 
comprehension test are shown by triangles.  
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6    V. Best et al.

 Correlations between unaided self-report scores and unaided SRTs 
were highly signifi cant in both tests (sentence: Pearson ’ s r    �     �    0.71, 
p    �    0.001; comprehension: r    �     �    0.74, p    �    0.001). This was expected 
given the strong correlation between SRTs on the two tests. 

 Hearing-aid benefi ts were calculated for each hearing-aid wearer 
by subtracting unaided SRTs from aided SRTs. To verify that hearing-
aid benefi ts in the comprehension test were not affected by learning 
effects, we compared hearing-aid benefi ts for those listeners who did 
aided testing fi rst versus second and found no signifi cant difference 
[t(21)    �    1.15, p    �    0.26]. A substantial range of benefi ts was observed 
across individuals, ranging from    �    2.6 dB to 5.6 dB in the sentence 
test, and from    �    1.7 dB to    �    6.5 dB in the comprehension test. On 
average, the benefi t of hearing aids was 0.87 dB in the sentence test 
and 0.78 dB in the comprehension test, and individual benefi ts were 
correlated (Figure 4; Pearson ’ s r    �    0.52, p    �    0.01).   

 Discussion  

 A new speech comprehension test 
 A new ongoing speech comprehension test was developed that aims 
to resemble real communication more closely than current sentence-
based laboratory tests. Specifi cally, the new test incorporates three 
key aspects of real world listening: it is  ongoing  rather than discrete, 
it requires  comprehension  of the heard speech, and it uses an  on-
the-go  response structure that imitates (to some extent) the require-
ment for real-time formulation of replies in conversations. In this 
paper we described the development of the test, and conducted a 
preliminary evaluation of the effect of moving from sentence recall 
to comprehension in a group of listeners varying in age and hear-
ing loss. 

 A novelty of our test is the introduction of the on-the-go response 
structure. Our intention with this format was to avoid the heavy 
episodic memory load present in many previous comprehension 
tests, while engaging some of the operational processes that might 
be involved in the formation of verbal responses during real com-
munication. However, this format also introduces other cognitive 
requirements that may not be so relevant for one ’ s ability to cope 

in real conversations. In particular, the ability of subjects to read 
and write may infl uence their performance on our task. In addition, 
the requirement to read and write while continuing to listen adds a 
dual-task component to the task. At the moment, the infl uence of 
these aspects cannot be untangled from the effects of listening in an 
ongoing way, or the effects of comprehension abilities per se. 

 It is worth noting that two of the HI listeners (both 80 years old) 
could not complete the comprehension test even in quiet, despite 
reasonable abilities on the sentence test in noise, and in fact the 
listeners who showed the largest increases in SRT for the compre-
hension test were over 70 years of age. This is somewhat surpris-
ing given that older listeners are better at using semantic context to 
support speech intelligibility (Pichora-Fuller et al, 1995), which is 
an inherent part of the comprehension task. On the other hand, both 
working memory and speed of processing have been found to decline 
with increasing age (Light  &  Anderson, 1985; Wingfi eld et al, 1985; 
Salthouse et al, 1996). These abilities infl uence one ’ s ability to com-
municate effectively (Stephens  &  Kramer, 2010), and would also 
affect the ability to manage our more complex test, and in particular 
the on-the-go response structure. Thus this style of test may have the 
potential to reveal age-related cognitive limitations in real-life com-
munication that sentence tests may not. Although we did not obtain 
any measures of cognitive ability as part of this experiment, we did 
have access to results from the reading span test, used to measure 
working memory capacity (e.g. Besser et al, 2013), for 19 of the HI 
subjects who had also participated in other studies in the laboratory 
at around the same time (Keidser et al, 2013a, 2014). A correla-
tional analysis indicated that these scores were negatively associated 
with the change in SRT when moving from the sentence test to the 
comprehension test, meaning that the listeners with smaller working 
memory spans tended to do  worse  for comprehension than sentences, 
while those with larger working memory spans were more likely to 
do  better  at the comprehension test. This association was only weak 
for unaided SRTs (Spearman ’ s  ρ     �     �    0.25, p    �    0.31) but signifi cant 
for aided SRTs ( ρ     �     �    0.66, p    �    0.003). Further measurements on a 
larger subject pool and the inclusion of a range of cognitive tests will 
be needed to demonstrate conclusively that the ability to handle the 
aspects of speech communication introduced by the comprehension 
test is affected by cognitive ability.   

 Sentence repetition vs. comprehension 
 Despite the very different characteristics of the two tests, the two sets 
of SRTs were highly correlated. As a result, we would not expect the 
comprehension test in its current form to be able to better predict 
real-world abilities of individual participants. Indeed, correlations 
with the self-report data were only marginally better for the com-
prehension test than for the sentence test. On the other hand, it is 
encouraging that we have developed a test with increased ecological 
validity, and which participants found more engaging, that is still 
able to broadly capture speech understanding as would be measured 
by a standard sentence test. 

 The close relationship between scores in the two tests for many 
subjects may be due to the fact that audibility of the target speech in 
the noise was the primary limitation, as suggested by the strong asso-
ciation of 4FAHL with unaided SRTs. This is consistent with several 
previous studies that have found that the performance of listeners 
with and without hearing loss on speech comprehension tasks (where 
questions are asked  after  listening to a passage) can be equated by 
adjusting the level of the materials on an individual basis to equate 
word intelligibility scores (Schneider et al, 2000; Murphy et al, 2006; 
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  Figure 4.     Scatterplot showing individual hearing-aid benefi ts in the 
comprehension test against hearing-aid benefi ts in the sentence test 
(positive benefi ts indicate a reduction in the SRT, i.e. better aided 
performance). The solid line shows the least squares fi t.  
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Gordon et al, 2009). We also speculate that under the given test con-
ditions (e.g. with a background of conventional babble noise), the 
extra cognitive processes introduced in the comprehension test were 
still managed within the cognitive capacity of most of our listeners. 
It is also possible that in relation to speech comprehension, cogni-
tive limitations in the capacity of attentional and working memory 
resources were counterbalanced by utilization of linguistic knowl-
edge and contextual support (Pichora-Fuller et al, 1995; Wingfi eld 
 &  Tun, 2007). This would suggest that the two types of test are only 
likely to lead to differences in performance under more challeng-
ing listening conditions. Under less challenging listening conditions, 
however, it might be that the increased contextual support available 
in the comprehension test may actually  improve  performance over a 
sentence test where every word must be identifi ed exactly. 

 We are aware of only a few studies that have administered a dis-
crete sentence test and an on going comprehension test to the same 
population. Percy et al (2013) compared audiovisual speech compre-
hension to performance on more traditional speech tests in cochlear 
implantees. One of the traditional speech tests was the Hearing in 
Noise Test (HINT; equivalent to the BKB sentences used in this 
study) that was also presented in an audiovisual mode. The authors 
found signifi cant correlations between percentage correct scores 
obtained for the two tests presented in quiet and at three different 
SNRs, although the strength of the correlations did weaken at poorer 
SNRs. The other tests included a word test and a sentence test with 
an accented talker, both presented in audio-only mode. Performances 
on these tests also correlated signifi cantly with performances on the 
audiovisual speech comprehension test in quiet, but the associations 
were weaker than for the HINT test and disappeared at the poorest 
SNR. These data partly support our hypothesis that the two types of 
test are more likely to provide different information under more chal-
lenging listening conditions. Tye-Murray et al (2008) did not directly 
compare performances on a sentence test and a comprehension test, 
but compared relative differences measured with each test. Specifi -
cally, they observed that older adults with normal hearing were more 
affected by distorted audiovisual stimuli than young adults when 
presented with a sentence test than when presented with a speech 
comprehension test. While it is diffi cult to compare these results to 
the current results due to many methodological differences, their 
results again suggest that the diffi culty of the listening condition 
infl uences comparisons between sentence and comprehension tests.   

 Future work 
 Although we have demonstrated the basic feasibility of this new 
comprehension test in listeners with hearing loss and provided an 
initial evaluation, further work is required before it can be put to 
practical use. Most critically, a much larger set of normative data 
would allow a thorough evaluation of the test in terms of passage 
equivalence and test-retest reliability. Furthermore, there are several 
variations on the test that might be of interest. For example, here we 
only examined speech comprehension in a relatively simple babble 
background. Future work will move this test into more realistic and 
challenging background environments containing reverberation and 
competing speech, such as one would encounter when conversing in 
a noisy restaurant (Best et al, 2015). In such a situation, distraction 
from nearby talkers could interfere more strongly with comprehen-
sion than with sentence recall, leading to a larger difference in per-
formance between the two tests. Another nice feature of this test is 
that it can easily be extended to include multi-person conversations 
as targets, so that the ability of listeners to follow dynamic variations 

in voice and location can be examined; we are currently working on 
extending the test in this way. 

 One fi nal issue that warrants discussion is that of validating this 
(or any other) new test in terms of its ability to predict real-world out-
comes. As discussed earlier, one of the broad aims of this work is to 
provide a tool for evaluating new hearing aids or processing schemes. 
However, how do we tell if a new test provides better predictions 
than existing tests? How do we quantify real-world performance as a 
point of reference? The current gold standard is self-report measures, 
usually obtained via interviews or questionnaires, and it is possible 
to compare the outcomes of different tests to self-report data (as we 
did in the present study). But these subjective measures are vari-
able and prone to individual biases (e.g. Kamil et al, 2015), which 
may make it diffi cult to observe subtle improvements in predictions. 
Another problem seems to be that self-report data are often based 
on a rather broad impression of one ’ s ability in various scenarios, 
whereas laboratory measures tend to focus on one or a few very 
specifi c listening situations. New approaches to this issue will be 
needed as the fi eld continues to move towards more realistic tests of 
speech communication.    

 Conclusion 

 In this paper we introduced a new test of ongoing speech comprehen-
sion, and described a preliminary evaluation study in listeners with a 
range of ages and hearing losses. The new test appears to be sensitive 
to both sensory and cognitive factors, and shows promise for the 
larger goal of creating more realistic laboratory evaluations.                   
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Appendix

 The 28 monologues were taken from Volumes 1 – 8 of the IELTS books of past examinations (and two books of practice tests) as follows, 
where TxSx indicates the Test number and Section number within the volume. 

 Volume 1: T1S2, T2S2, T2S4, T3S2, T4S2 
 Volume 2: T1S4, T2S2, T3S2, T4S2 
 Volume 3: T2S2, T3S2, T4S2, T4S4 
 Volume 4: T1S2, T3S2, T3S4, T4S2 
 Volume 5: T1S2, T4S2 
 Volume 6: T3S2, T4S2 
 Volume 7: T3S2 
 Volume 8: T1S2, T2S2, T3S2 
 Practice book 1: T1S2 
Practice book 2: T1S2
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