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This paper reports two experiments on the effects of degraded speech signals on memory for spoken lectures. Experiment 1 showed
that broadband noise impairs university students’ memory for a spoken lecture, even though the participants heard what was said.
Experiment 2 showed that reverberation has detrimental effects to school adolescents’ memory for spoken lectures, similar to
broadband noise. The results suggest that poor listening conditions (resulting from background noise and/or long reverberation time)
impair memory and learning, even if the conditions allow the listeners to hear what is said. Since the goal for students and pupils
attending to lectures is to remember the lecture rather than just hearing what is said, the results presented here indicate that standards
for acceptable signal-to-noise ratios and reverberation times in buildings designed for learning should consider the distinction between
speech intelligibility and memory. Standards should be based on memory criteria instead of intelligibility criteria.
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1. INTRODUCTION

Acoustic standards for classrooms are
based on intelligibility criteria [1-3].
The American National Standards
Institute states that ”Normal adults
typically require 0 dB signal-to noise
ratios for high speech intelligibility
when listening to simple and familiar
speech material for short periods of
time”[4]. An underlying assumption is
that if speech is identified correctly,
there are no detrimental effects of noise
and reverberation. Still, to hear what the
teacher

says is only a necessary

condition for understanding and
remembering the lecture, but perhaps
not a sufficient condition. Kjellberg [5]
argued that poor listening conditions
may impair memory for spoken
materials even when it is possible to
hear what is said. This hypothesis was
tested by Kjellberg, Ljung and Hallman
[6] by presenting to-be-recalled spoken
with and without a

word lists
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background noise (signal-to-noise ratio
4 and 27 dB respectively). Participants
were asked to repeat aloud each word
immediately after its presentation. This
repetition procedure made it possible to
ensure complete intelligibility. After list
presentation, the participants were
asked to recall all words presented in the
list. The results that a
broadband noise during presentation

revealed

impairs memory, even when the words
are correctly identified. Ljung and
Kjellberg [7] later
replicated these results, using the same

conceptually

procedure, but comparing memory for

word lists spoken with a long
reverberation time with memory for
word lists spoken with a short
reverberation time. They found that
memory is impaired by a long
reverberation time, even though the
words are intelligible, just as with a
small signal-to-noise (S/N) ratio. These
results are consistent with several other

studies showing that noise impairs
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memory for intelligible word lists [8-
11]. We therefore argue that the acoustic
standards for classrooms should be
based on a memory criterion instead of
intelligibility criteria.

A good memory of a spoken
message seems to require a better S/N
ratio than 0 dB, even though high
speech intelligibility may be achieved at
this ratio. Relatively good S/N ratios
detrimental to

may therefore be

memory and learning in schools.
However, studies looking into the
effects of noise on memory for

intelligible speech have almost
exclusively been restricted to memory
for word lists. Recall of spoken word
lists is a task rarely encountered outside
the laboratory, and it is therefore too
rash to base acoustic standards for
classrooms on these studies. Students
and school children are challenged with
the task

remembering spoken lectures rather

of understanding and
than word lists, and background noise
and reverberation may well interfere
with memory for spoken lectures in
ways that differ from memory for a word
list.

Memory for spoken lectures can be
said to consist of traces from many
different
perceptual processing, analysis of the

levels of processing:
words, phrases, sentences and the
meaning of the message. Traces from
any of these activities may be retained
in memory [12] and poor listening
conditions may interfere with any of
these levels of processing. For instance,
noise might impair perception and
memory of single words, but still not
affect the listener’s memory of larger
parts of the lecture. Another factor to be
considered when moving from memory
of word lists to memory of lectures is the
which
intelligibility for

context may promote

spoken lectures,
whereas this is not possible for lists of
unrelated words presented with no
context. This may make understanding
and memory of the lecture less sensitive

to the effects of noise.

In a pioneering study, Rabbitt [13]
showed that poor listening conditions
(+5 dB S/N) impair memory of spoken
prose. He let the participants listen to
prose passages and answer questions
One
group of participants listened to the

about the contents afterwards.

prose passage without noise in the
background (No noise group). Another
group listened to the passage without
noise during the first half and with
noise during the second half (Noise
group). Rabbitt found that the Noise
group scored lower
concerning the first half of the prose

on questions

passage (which was heard without noise
in both groups) as well as the second
half. Rabbitt’s interpretation of the
results was that the degraded speech in
the second half in the Noise group
impaired any additional processing of
the first half of the lecture. However, the
between-groups design used by Rabbitt
is open to other interpretations. One
possible interpretation of his results is
that the participants in the Noise group
had a lower memory capacity in general,
or poorer speech perception abilities,
and therefore received a low score. This
explanation is consistent with the
finding that the Noise group received a
lower score for the part of the prose
passage that was heard without noise.
Another problem with Rabbitt’s design
is that he tested the participants in
groups of 11 to 22. Obviously, listening
conditions may have varied with group
size and this effect differed between the
two groups (e.g., if the speech was
presented in loudspeakers and not with
earphones; the description of the
method is not clear on this point).
Hence, there are reasons to doubt that
the difference between the two groups
was caused by noise.

2. EXPERIMENT 1

In Experiment 1, we aimed to replicate
Rabbitt’s [13] results by testing the
effects of broadband noise on memory
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for a spoken lecture, while controlling
for the participants’ ability to hear what
is said during the lecture and using a
within-subjects design.

2.1 METHOD

2.1.1 Participants

28 university students 19-35 years old
were paid the
experiment. All participants were native

to participate in

speakers of Swedish and reported
normal hearing ability.

2.1.2 Materials

Spoken lectures and noise. The spoken

lectures (eight minutes long) were
studio recorded and taken from two
reading comprehension tests previously
used in the national university aptitude
test. The participants listened to one
with recorded broadband
background noise and another lecture

lecture

without the background noise. One
lecture concerned inductivism and
scientific methods, and the other lecture
was about acting. After listening to the
lecture, the participants were given
eight open-ended questions about the
content of the lecture. In the noise
condition, a broadband noise was
presented simultaneously with the
spoken lecture giving a S/N ratio of +
SdB(A), which was expected to make it
difficult but possible to hear everything
that was said during the lecture. In the
control condition, the S/N ratio was
+29 dB(A). The lectures and the noise
were presented in two loudspeakers
placed 1.5 m in front of the participant.

Hearing test. The hearing tests
consisted of two lists of ten sentences
each presented with and without the
broadband noise. All sentences had the
same structure (e.g. Sean took eighteen old
balls, Anna held three beautiful rings), and
were constructed so as to carry no
redundant information (i.e., the context
gave few cues to what word would
follow). The participants immediately
repeated each sentence aloud. The five

first sentences in each list were
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considered as training, and only the
results from the five last sentences were
used to measure the hearing ability. The
taken from a

sentences were

standardized hearing test [14].

2.1.3 Procedure and design

The experiment was conducted in a
sound-attenuated climate chamber, with
the participants seated at a desk in the
middle of the room. All participants
were tested individually. They began by
performing the hearing test followed by
the two tests of memory for spoken
lectures, one presented with broadband
noise and one presented without
broadband noise. A within-subject
design was used and the order between
background noise and control condition
was counterbalanced (i.e., half of the
participants began with the background
noise condition and half with the
control condition), as well as the order
of the two different spoken lectures.

2.2 RESULTS

The participants’ memory performance
was worse when the lecture was heard in
the noise condition (M = 2.68, SD =
1.64) than in the control condition (M
= 3.45,8D = 1.76), as shown in Figure
1. A 2 (Noise condition: +5dB S/N ratio
vs. +29dB S/N ratio) x 2 (Condition
order: +5dB S/N ratio first vs. +29dB
S/N ratio first) analysis of variance, with
Noise condition as a within-subject
variable and Condition order as a
between-subject variable, revealed a
significant difference between the two
background conditions, F(1, 26) = 6.71,
MSE = 1.23,p < .05,1? = .20, observed
power = .70, but no significant main
effect of condition order and no
interaction between these two variables.
An additional analysis including only
participants with no errors in the
hearing test (n = 16) showed consistent
results. These results suggest that a
background noise impairs memory for
spoken lectures.
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Figure 1.

Each participant’s recall score (in percent of total score possible) for

lectures spoken with a +29 dB versus a +5 dB signal-to-noise ratio in
Experiment 1. Dotted lines with triangle-marks represent participants
who had at least one error on the listening test, whereas unbroken
lines with square-marks represent participants who had no error on
the listening test. The thick line with circle-marks represents the two

condition means.

2.3 DISCUSSION

The results from Experiment 1 are
consistent with previous investigations
[6, 9, 13] and indicate that background
noise in classrooms may be detrimental
to listeners’ memory for lectures even
when they are able to hear what is said,
at least for university students.

Another factor that influences the
transmission of speech from a speaker to
The
reverberation time is the time it takes

a listener 1is reverberation.
for a sound signal to drop 60 dB from its
initial dB [15].
recommended values for classrooms are
in the range of 0.3-0.8 s [3, 4, 16], but it
is not unusual to find a reverberation
time of as much as 1.3 s in classrooms
[17, 18]. The effects of reverberation on
the speech signal resemble those of a
broadband noise. Based on the results

level Typically

obtained in Experiment 1, we assumed
that a long reverberation time is
detrimental to memory for a spoken
lecture, even when the listener is able to
hear what is said.

3. EXPERIMENT 2

The memory of spoken information
presented with varying reverberation
time has, to our knowledge, only been
dealt with in one previous study [7]
where the to-be-remembered material
was word lists. The purpose of
Experiment 2 was to conceptually
replicate the effect found in Experiment
1, but testing the effect of reverberation
time instead of broadband noise on
memory for spoken lectures. Another
aim of the experiment was to test the
effect

conditions.

in more ecologically valid
Two steps were taken
towards reaching a higher ecological
validity in Experiment 2. First, the
spoken lectures were recorded in two
ordinary classrooms; one with a long
reverberation time and one with a short
reverberation time. Second, school
adolescents (rather than university
students) were recruited as participants

and tested in a group setting.
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3.1 METHOD

3.1.1 Participants

A total of 20 adolescents from an upper
secondary school class in Sweden served
as participants in exchange for a cinema
ticket. One reported a
impairment and was therefore removed

hearing

before the analyses. The remaining 19
participants (17 females and 2 males)
were about 17 years old and reported
normal hearing and Swedish as their
native tongue.

3.1.2 Materials

Contents of lectures. Two lectures were

constructed. One lecture was about a
fictitious culture called the “Timads”
and the other was about a fictitious
“Lobiks”. The
purpose of using fictitious cultures was

culture called the

to make sure that previous knowledge
did not influence task performance.
Each lecture consisted of 10 short
paragraphs about different topics (e.g.,
geography,
included two phases; one listening

religion, history) and
phase and one recall phase. In the first
phase, the participants listened to the 10
paragraphs. In the second phase of the
lecture task, 20 questions (2 for each
paragraph) were presented in sequential
order on a computer screen. The
questions concerned facts explicitly
stated in the lecture (e.g., “What did
their afterlife?”).

Answers were never longer than a single

people wear in

sentence (e.g., “In bird feathers”) and
scored as correct if they contained a
specific keyword (e.g., “feathers”) or
described the accurate meaning of the
keywords (e.g., “Bird suits”). The
participants answered the questions by
typing them on the computer keyboard
and were given as much time as they
needed to answer the questions. After
each lecture, the participants scored
their ability to hear the lecture on a 7-
point scale. This made it possible to
compare self-reported hearing of the
two lectures.

Auditory recording of lectures. The
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two lectures were spoken in male voice
at normal speed in an anechoic room
and recorded. To get ecological school
recordings, the lectures were played
from a loudspeaker in two ordinary
classrooms (one with long reverberation
time and one with short) and recorded
binaurally. These binaural recordings
were presented to the participants
through headphones. The classrooms
were about the same size (length 10 m,
width 6 m, height 3 m) and were
furnished with desks. The loudspeaker
was placed 1 m in front of the
blackboard in
classroom at a height of 1.5 m, and an

the centre of the

acoustical head was placed as a seated
student at a desk in the back of the
room, about 6 m in front of the
loudspeaker. The classroom with short
had

absorbing panels on the walls and the

reverberation time various
ceiling. The reverberation time was 0.3 s
in all octave bands from 125 Hz to 4
kHz. The

reverberation time had some absorbing

classroom with long
panels, but the walls and the ceiling was
and the
reverberation time was 1.84 s at 125 Hz,
1.46 s at 250 Hz, 0.94 s at 500 Hz, 0.77 s
at 1 kHz, 0.78 s at 2 kHz and 0.68 s at 4
kHz.

mostly painted concrete,

3.1.3 Design and procedure
The
attached, were rigged in an ordinary

computers, with headphones
upper secondary school classroom. The
participants entered the classroom and
sat down at their computers, which were
selected without the influence of the
experimenter. The participants were
given a short oral statement of the
purpose of the experiment (i.e., that the
experiment was about memory for
stories) and thereafter performed the
two lecture tasks. Since the participants
completed the lecture tasks at different
paces, additional filler tasks followed
after the last lecture. The purpose with
these the
participants in a meaningful activity so

tasks was to engage
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as not to disturb the other participants
still working on the lecture tasks. The
participants did not interact during the
After  the
experiment, the participants were
debriefed and thanked. Experiment 2
had a within-subject design, and the

experiment  proper.

order between the two reverberation-

conditions  was  counterbalanced
between participants (i.e., half began in
the long reverberation time condition
and half in the short reverberation time
condition), as well as the order of the

two different spoken lectures.

3.2 RESULTS AND DISCUSSION

The participants’ memory performance
was worse when the lecture was heard
with a long reverberation time (M =
2.16, SD = 1.57) than in the short
reverberation time condition (M = 4.00,
SD = 2.03), as shown in Figure 2. A 2
(Reverberation condition: long vs. short
reverberation time) X 2 (Condition

order: long reverberation time first vs.
short reverberation time first) analysis
of wvariance, with Reverberation
condition as a within-subject variable
and Condition order as a between-
subject variable, revealed a significant
the
reverberation conditions, F(1, 17) =
16.60, MSE = 2.12,p < .001, 2 = .49,

observed power = .97, but no main

difference between two

effect of condition order and no
interaction between these two variables.
These results suggest that a long
reverberation time impairs memory for
spoken lectures. The participants’ mean
rating of how well they heard the lecture
was 4.95 (§D = 1.75) in the short
reverberation time condition and 4.68
(8D = 1.89) in the long reverberation
time condition. These two means did
not differ significantly, as shown by a
paired z-test, #(18) < 1. An additional
analysis was carried out based only on
the participants who rated their hearing

40% -
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Figure 2. Each participant’s recall score (in percent of total score possible) for

lectures spoken with a short (0.3 sec) versus long (= 1.0 sec)
reverberation time in Experiment 2. Dotted lines with triangle-marks
represent participants who reported that they heard the lecture with
short reverberation time better, whereas unbroken lines with square-
marks represent participants who had reported that they heard the
lecture with long reverberation time at least as good as the other
lecture. The thick line with circle-marks represents the two condition

means.
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of the lecture spoken with long
reverberation time equal to or better
than their hearing of the lecture spoken
with short reverberation time (n = 8).
The results from this analysis were
entirely consistent with the results from
the analysis above. Taken together, the
results from Experiment 2 indicate that
a long reverberation time disrupts
memory for lectures, even when the
participants are able to hear the lectures
equally well as lectures spoken with a
short reverberation time.

4. GENERAL DISCUSSION

Taken together, these two studies show
that
reverberation time are detrimental to

background noise and long
memory of spoken lectures, even when
people are able to hear what is said.
Experiment 1 found that a S/N ratio of
+5 dB, which is higher than the 0 dB
needed for high speech intelligibility
[4], impaired memory for a spoken
lecture compared with a S/N ratio of +
29 dB. Experiment 2 found similar
results for long reverberation time
compared with short. These results are
consistent with previous investigations
into the effects of noise on memory for
spoken word lists [6, 8-11] and for
spoken prose [13] and lead us to argue
that acoustic standards for rooms meant
for learning (e.g., upper secondary
school classrooms) should be more
stringent than previously suggested.
With few exceptions, studies on the
effects of noise on learning have tested
memory for written materials [19-22].
Little has been done concerning effects
of noise on memory for speech, and to
our knowledge, the present paper is the
first to report effects of reverberation on
memory for spoken lectures. We suggest
two directions for future investigations.
The effects
background noise could be combined to

of reverberation and

test for interactions. Also, the effects of
different levels of S/N ratios (and
reverberation times) on memory should
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be compared to investigate the function
between decreased S/N ratio (and
reverberation time) and decreased
memory performance.

In conclusion, hearing what is said
is a necessary but not a sufficient
condition for people to remember what
is said. Today’s standards for acceptable
signal-to-noise ratios and reverberation
times in buildings designed for learning
this discrepancy
between intelligibility and memory.

do not consider

The standards are solely based on a
hearing criterion [1-4]. Since the goal is
to remember the lecture rather than
solely hear it, the results presented here
and elsewhere [6, 9, 10, 13] suggest that
acoustic standards should be based on
memory criteria instead.
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NEW WEST COAST GOLD RUSH RAISES ENVIRONMENTAL CONCERNS

The high price of gold appears to have sparked a new rush to mine (New Zealand’s) West Coast alluvial
deposits and anger in one community over pollution and noise. About 20 concerned residents of Ruatapu,
12km southwest of Hokitika, have formed an association to oppose plans by Ruatapu sawmill operator Westco
Lagan to join the hunt for alluvial gold at the back of the mill and township next year. Association chairman
Gary Walls said noise levels could reach 105 decibels for some mine machines, when the current noise level
restriction for the sawmill site was 55db. “Noise at this level, even with a bund, would mean OSH regulations
would require us to wear ear protection in our homes,” Mr Walls said. “Dust is currently a problem for us and

will only get worse with a mining operation, as will vibration.”
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