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The LIVELab at McMaster University 
No doubt your first question must be, “what is the LIVELab”? The LIVELab or Large Interactive Virtual 

Environment Lab (Figure 1) is a unique facility located at McMaster University in Hamilton, Ontario, 

Canada. It contains a 106-seat research performance hall designed to investigate the experience of 

music, dance, multimedia presentations, and human interaction. The space includes Active Acoustic 

Control; Sound Recording Equipment; and measurement of Behavioural Responses (96 tablets), 

Movement (motion capture), Brain Responses (EEG), Muscle Tension (EMG), Heart Rate (ECG), 

Breathing Rate, and Sweating Responses (GSR). All of which makes it the perfect place to investigate 

the performance of modern hearing instruments.

Figure 1
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The unique opportunity
Access to the LIVELab offers a completely different 
testing experience. In a typical test suite scenario the 
sound field is set up and the participant is placed in 
the center of it. That person is tested and they exit 
to be replaced by the next person, and so on until 
all the participants are tested. In other words, each 
person is tested in the same physical location at a 
different time than all the others. But in the LIVELab 
we could test over 100 people in slightly different, but 
known locations, all at the same time. Therefore, we 
can observe multiple location effects within a sound 

field during a single presentation rather than a single 
location over multiple presentations.1 This is a great 
opportunity for testing hearing instruments such as 
Tempus™ Pro which apply different signal processing 
strategies depending on the location and direction of 
the speech signal in a noisy environment. We took 
advantage of the nearly complete control of the sound 
field offered in a full auditorium to learn how seating 
arrangements effect performance.2

Our study
This study was conducted by Dr. Ian Bruce, Professor 
of Electrical & Computer Engineering at McMaster and 
Associate Director of the LIVELab, and Larissa Taylor, 
an ECE doctoral student in Dr. Bruce’s research group, 
along with the LIVELab staff, headed by Technical 
Director Dr. Dan Bosnyak, and Unitron staff, headed 
by Dr. Henry Luo. We compared the listening effort 
and speech perception in noise of 21 normal hearing 
college students with a mean age of 18.7 years (S.D. 
= 0.87 years). We obtained their listening effort and 
speech perception scores in each of three conditions 
– unaided, aided with Tempus RICs using front facing 
directional microphones and aided with the same 
Tempus RICs using SpeechPro with Spatial Aware-
ness. An illustration of the seating chart can be seen 
in Figure 2.

Speech was presented from one of the three loud-
speakers shown in Figure 2, either from the front, 
left or back. Food court noise was presented using 
the LIVELab loudspeaker system in a diffuse sound 
field. The navy blue faces represent our three rows 
of participants. The cyan face in the center of Row D  
(middle row) marks the spot where KEMAR was 
placed. The signal levels were calibrated to a -6 dB  
SNR at the location where KEMAR was seated. There-
fore, people seated between KEMAR and the loud-
speaker from which speech was emanating would 
experience a more favorable SNR than -6 dB and those 

seated further from the loudspeaker than KEMAR 
would experience an SNR which was less favorable 
than -6 dB.

The listening effort was rated using pen and paper 
on a scale from 0 to 10 with 0 corresponding to 
very little effort and 10 to a great deal of effort. The 
sentences were scored by word correct on paper and 
the percentage of words correct was calculated for 
each session (1=100% correct).
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Listening effort
We looked at the overall listening effort for each hear-
ing instrument condition across all three directions of 
speech. In Figure 3 we have shown the mean effort 
ratings ± 1 Std. for each of the three conditions.

Listening effort ratings for the unaided condition 
for speech from all three directions are shown as 
“Unaided”. Those for the front facing directional 
microphones as “FF” and those for the instru-
ments with SpeechPro and Spatial Awareness as  
“SpeechPro and Spatial Awareness”. There was a 
significant hearing instrument effect found in the 
analysis of variance (ANOVA) for this data, F = 16.17,  
d.f. = 2, p < 0.0001. Looking at pairwise hearing 
instrument comparison using t-tests we found that 
the SpeechPro and Spatial Awareness condition 
required significantly less listening effort than the 
FF condition on these 21 normal hearing young 
adults. T-test results are shown in Table 1.

Given that speech was presented from the front, 
back and left it is not a big surprise that a hearing 
instrument condition which can detect the direction 

of speech in noise and optimize its performance  
accordingly (SpeechPro and Spatial Awareness) would 
outperform the front facing microphone configura-
tion. The front facing microphones are not optimal 
when speech is from the side or the back. Neither of 
the other two comparisons were statistically signifi-
cant at the 0.05 level. There was no significant differ-
ence between the unaided condition and the FF or 
the SpeechPro and Spatial Awareness hearing instru-
ment conditions.
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Figure 3

Table 1

Listening condition 1 Listening condition 2 p-value Significant

Unaided SpeechPro and 
Spatial Awareness

0.0693

Unaided Front Facing 0.1484

SpeechPro and 
Spatial Awareness

Front Facing 0.0019 X
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Speech perception in noise
The speech perception tests offered insights not only 
into how people did with different hearing instru-
ment configurations but also how their performance 
changed by seating assignment relative to the three 
loudspeakers. In Table 2 below we have shown the 
significant main effects of hearing instruments, 
speaker locations, row (C, D or E) and the significant 
interactions of hearing instruments by speaker loca-
tion as well as speaker location by row.

Condition d.f. F value Prob > F

Hearing instrument 2 4.88 0.0101

Speaker location 2 79.09 0.0000

Row 2 12.89 0.0000

Hearing instrument x speaker location 4 3.38 0.0132

Speaker location x row 4 23.25 0.0000

Table 2

In other words, the speech perception scores were 
impacted by which hearing instrument configuration 
the person was wearing, which speaker the speech 
was coming from and where in the auditorium they 
were sitting relative to that speaker. In the figures at 
the right we will investigate further these significant 
findings.

Speech perception scores for each hearing instrument 
condition are shown by speaker location in Figure 4. 
The mean sentence scores ± 1 Std. are shown for 
each hearing instrument condition, unaided, FF direc-
tional and SpeechPro and Spatial Awareness individ-
ually for the three speaker locations, back front and 
side.

 

Figure 4

These results range from just below 60% correct 
(0.60) up to 100% correct (1) across the three graphs 
in Figure 4. Outcomes vary considerably based on 
direction from which the speech is coming by hearing 
instrument condition. The best mean scores over all 
occurred when speech was from the front where all 
mean scores exceeded 90% correct. The lowest mean 
scores as well as the most varied by hearing instru-
ment condition occurred when speech was from the 
back. Even the mean unaided results dropped below 
80% correct for speech from behind the listeners. 
There was a statistically significant Row effect for 
Rows C & E when speech was presented from the Front  
(p = 0.0091) and from the Back (p = 0.00005). There 
was no significant Row effect for speech from the 
left. 
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We can see the impact of Row more clearly if we 
break the analysis down a bit further. For example, if 
we look at the results for the back speaker location 
by row (Figure 5) there is a clear pattern that emerges 
for each hearing instrument condition.

In this case the means ± 1 Std. are shown by row for 
the three hearing instrument conditions when speech 
is from the back speaker only. Please note that Row 
E is the furthest back and closest to the loudspeaker 
whereas Row D is in the middle and Row C is the 
front most row (See Figure 2).

The most obvious impact of the seat arrangement is 
the Row effect. Given that the food court noise was 

presented from all directions and calibrated to a -6 dB  
SNR in the middle of Row D it is easy to recognize 
why the Row scores all tended to deteriorate from 
back to front. People seated further from the speech 
source (Row C) were being tested at a less favorable 
SNR than those nearer to it (Row E).

There was a statistically significant Row effect from 
Row E to Row C for the FF directional aids and the 
unaided conditions (p = 0.01, p = 0.0058) respec-
tively. There was no significant Row effect for the 
SpeechPro and Spatial Awareness condition despite 
the difference between the mean scores from Row E 
to Row C. 
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There were also differences between hearing instru-
ment conditions within rows. There was a substan-
tial difference between the FF directional instru-
ment and the other two conditions in Row D. The  
SpeechPro and Spatial Awareness condition was 
statistically better than the FF condition in rows D and E  
(p = 0.0008, p = 0.016) respectively. There were no 
significant hearing instrument effects in Row C. It is 
very likely that the SNR was so difficult (worse than 
-6 dB SNR) in Row C that there was no signal process-
ing advantages for most of the participants. 

The last effect we looked at was the rather compli-
cated impact of hearing instrument condition by 
speech direction by seat location. The clearest exam-
ple of this complex interaction is shown in Figure 6.

The mean ± 1 Std. speech perception scores obtained 
with the loudspeaker to the left side of seat number 2  

are graphed in Figure 6. It is clear for all conditions 
that distance from loudspeaker has a substantial 
impact on performance. The people in seat number 10  
of each row were furthest from the loudspeaker and 
therefore experienced the most unfavorable SNRs. 
They also had the lowest correct scores for speech 
perception. The performance drop by seat distance 
was smallest for the SpeechPro and Spatial Aware-
ness condition (blue trendline) and largest for the 
FF directional condition (yellow trendline). Perfor-
mance variability, indicated by the size of the stan-
dard deviations per seat, also increases dramatically 
with distance. Every result for seat number 3 (near-
est the speech source) was nearly 100% correct with 
nonexistent standard deviations from the mean. By 
comparison the standard deviations for seat number 
10 (furthest from the speech source) were approxi-
mately ± 15% for all three conditions.
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To paint a clearer picture of the distribution of scores 
that occurred by seat location Figure 7 is a surface map 
of the sentence scores when speech was presented 
from behind the listeners. There are colored surfaces 
shown here where each color represents one of the 
hearing instrument conditions. 

Sentence scores are shown on the left hand y-axis 
with better scores at the top. Seat numbers are shown 
from (the reader’s) right to left on the x- axis. The 
z-axis from front to back is ordered by rows in the 
LIVELab from the front “Row C” to the back “Row E”.   
The loudspeaker is positioned behind seat number 6 
of Row E. 

A few observations can be made from Figure 7. The 
highest sentence scores appear in the back near the 
loudspeaker with scores generally dropping by row 
from E to C. This effect is consistent with Figure 5  
as the same data points were used for both figures. 
However, a much clearer distribution of scores by row 
and seat can be seen on this plot once all of the 
individual points from Figure 5 are plotted in a single 
figure. Not only do scores drop from back to front, 
they also drop from the center seat “6” toward both 
ends of each row. Greater distance from the loud-
speaker, which results in more unfavorable SNR’s 
can be achieved by moving from back to front or 
by moving laterally in either direction away from the 
center axis of the loudspeaker in Row 6. Thus the 
lowest scores tend to occur nearest to seats 2 and 10 
in Row C whereas the highest occur around seat six in 
Row E. It is also clear that the SpeechPro and Spatial 
Awareness condition out performed the other two for 
all subjects except those seated in the rear right or 
the front left positions, where the unaided condition 
had the highest scores.
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Summary
We asked a group of 21 normal hearing young 
adults to rate their listening effort and complete 
speech perception in noise tests inside the LIVELab 
at McMaster University. We found:

• Tempus hearing instruments with SpeechPro and 
Spatial Awareness enabled required less listen-
ing effort in noise than the same hearing instru-
ments using front facing directional microphones 
when speech was presented from three different  
directions.

• When speech was from the front both aided condi-
tions yielded significantly better speech perception 
in noise then the unaided condition.

• When speech was from behind people in the back 
row had significantly better speech perception in 
noise than the front row.

• When speech was from behind, the SpeechPro 
and Spatial Awareness condition and the unaided 
condition both yielded significantly better speech 
perception results in noise than the FF directional 
microphones. This was true for all listeners except 
the front row where all three hearing instrument 
conditions were equivalent. The SNR was likely so 
difficult for people in the front row that it negated 
any potential benefits provided by specific hear-
ing instrument processing.

• The distance effect for speech from the left was 
similar to speech from behind in that people 
further from the speech source had considerably 
worse speech perception in noise than those 
sitting nearby the loudspeaker. However, all hear-
ing instrument conditions were effect by distance 
to more or less the same degree for speech from 
the left side.

This was an interesting and informative first look 
at the performance of Tempus hearing instruments. 
However, the testing was done on convenient but 
otherwise normal hearing young adults. The next 
step will be to improve our design and repeat this 
type of experiment on properly fitted hearing instru-
ment wearers using a less aggressive signal to noise 
ratio.


