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ABSTRACT

High quality speaker imitation can lead to miscarriages of
justice. It has been shown that imitation can lead to
speaker misidentification; this is a problem in a legal
setting. Recent research has indicated that listener
expectation relating to the topic of an imitated passage has
a strong impact upon the acceptance or rejection of the
imitation. The results showed that the teenagers who were
less familiar than the adult Swedish voices with the target
voice were less affected by the topic of the imitation than
the Swedish adults and that the further the listeners came
from the target voice’s dialectal area had a minimal effect
upon the results. It was also found that although, the non-
Swedish Nordic listeners were not as affected by the
semantic content of the training passage as the Swedish
listeners, a similar trend was still found.

1. INTRODUCTION

It has been shown that high quality speaker imitation can
lead to speaker misidentification rates that are of judicial
concern [1]. More recently [2] found that listener
expectation relating to the topic of the imitated passage
and the information contained in the passage has a strong
impact upon the acceptance or rejection of an imitation.
The results of that study showed that listeners were more
likely to accept a voice imitation as the actual voice if the
topic of the speech passage contained information that was
consistent with the listener’s expectations. In that study
two imitations of a single famous voice by the same
imitator were used to investigate the importance of
semantic expectation upon the acceptance of an imitated
voice. The imitations were semantically different but were
judged by three well-trained phoneticians from the
Department of Linguistics and Phonetics, Lund University
to be considered of equivalent standard. Further, the
imitator was judged to have successfully imitated the
primary distinctive characteristics of the voice he was
aiming to imitate.

In [2] the listener groups consisted solely of adults Swedes
from the North of Sweden. These groups had the
following make up: group one (M age= 22.4, SD = 1.3; n
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 and group two (M age = 24.8, SD = 3.2; n = 10). It
sible that the outcome reported in [2] was due to, or
then by, the listener groups coming from the North
eden and the imitated voice having a Southern
sh accent.

vestigate this possibility, the earlier study was
ated, using listener groups from Central and
ern Sweden. Further, the Northern Swedish group
group of [2] was enlarged in the study reported here.

ea that expectation and the information contained in
itation, and the regional background of the listeners
ct when a listener accepts or rejects a voice
ion, is examined in this paper through teenage
er groups from Northern, Central and Southern
en. These groups of listeners are too young to have
olitically interested or active when the famous voice

t the peak of his power; it is, therefore, possible that
tation and the information contained play a smaller
an for the adult groups.

rther tease out these factors an adult Danish listener
 also undertook the experiments used in [2]. This
 would be able to understand the content of the
g passages (the Scandinavian languages, Swedish,

egian and Danish are considered to be mutually
gible (see e.g. [3])), yet would be less aware of the
tic characteristics of the imitated voice than either of
edish groups.

believed that the responses by these groups of
ers will allow the original hypothesis and finding,
xpectation and the information contained in an
ion have an impact upon its acceptance, to be
igated in more detail.

2. METHOD

ethod is a replication of the experiment presented in
xcept that a larger number of listener groups with
ent linguistic and age backgrounds have been used.
replicated sections of the original method are
arized below; the characteristics of the listener
s are described in detail.



3. THE VOICES

The voices consisted of a set of seven recordings of the
same text of a political speech, and one recording of a
non-political topic (how to bake a cake). The political
recordings were an original by Carl Bildt (PS-Bildt), a
professional imitation of the voice of Carl Bildt (am1), the
natural voice of the professional imitator (PS-AM) and
four other male voices, referred to hereafter as ‘foils’. The
non-political recording was a free voice imitation of Carl
Bildt explaining how to bake a cake (amk). Two of the
recordings (am1 and amk) were used as familiarization
passages, and the remaining six were used as the basis for
the voice line-up. Detailed information about the voices
used in the experiment, along with the findings of the
acoustic and auditory analysis of the recordings, can be
found in [2, 4].

4. THE LISTENER GROUPS

The listener groups were all randomly selected and no
listener reported any hearing damage. There were seven
different listener groups. Each group was divided into two
sub-groups.

The listener groups were adult native speaking Swedish
groups from Northern (Umeå), Central (Örebro) and
Southern (Lund) Sweden, teenage native speaking
Swedish groups from the same regions and an adult native
speaking Danish group from Copenhagen. After the
perception experiments, all the participants reported
whether they were Familiar with the voice of Carl Bildt
(FCB) or not, and if they were familiar with any of the
other voices used in the experiment or not. The descriptive
statistics of the listener groups is reported in Table 1.

Grp Exp No. No.
Male

No.
Female

Mean
Age

SD
Age

%
FCB

NA 1 28 7 20 23.56 4.53 93
2 25 6 15 22.95 2.80 100

NT 1 14 2 12 17.43 0.51 57
2 28 11 17 17.21 0.42 57

CA 1 19 17 2 27.58 6.69 90
2 15 14 1 39.2 9.52 100

CT 1 17 14 3 17.18 0.39 59
2 15 6 9 16.13 0.52 93

SA 1 27 10 17 43.96 13.19 93
2 27 10 17 44.19 9.60 96

ST 1 25 6 19 15.24 1.20 72
2 14 5 9 16.07 1.27 43

DA 1 36 2 34 25.28 5.74 3
2 29 12 17 25.72 7.26 30

Table 1: The descriptive statistics of the listener groups.
Missing gender data points are not explicitly given. Exp 1
heard the am1 training passage; Exp2 heard the amk
training passage; FCB = Familiar with Carl Bildt’s voice.
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5. FAMILIARIZATION

experiments were constructed; each began with a
arization voice. The experiments differed only in the
arization passage. Experiment 1 used the political
ge imitation (am1), while Experiment 2 used the
to bake a cake” passage imitation (amk).

6. THE LINE-UP

th experimental set-ups, the line-up was constructed
the six recordings of the political passage that were
sed for the familiarization task. Three separate
nts that contained political content were spliced  out
each  recording.   Each speech segment was repeated
times in the line-up, giving a total of 54 speech

li in the line-up (3 speech samples x 3 repetitions x 6
ers). The line-up voices thus contained PS-Bildt, PS-
nd foils as the test voices.

7. RECOGNITION TASKS

wo experiments were conducted separately. These
identical to those reported in [2, 4]. Both sub-
s were first familiarized with the voice of the
 speaker they were to identify, and were told that
would be asked to recognize it later. Then they
ed to a CD containing the 54 speech stimuli,
nted in a randomized order. The listeners were
cted to respond ‘Yes’ on a response sheet
ever they recognized the voice from the
arization recording, and ‘No’ when they did not.

8. DATA  ANALYSIS

es-No data were analyzed using the techniques used
 4, 5]. The data were categorized as hits (‘Yes’
se to target voice stimulus), misses (‘No’ response

get voice stimulus), false alarms (‘Yes’ response to
rget voice stimulus) and correct rejections (‘No’
se to non-target stimulus) [6].

king the number of hits (H) and false alarms (FA),
er with the total number of target stimuli and non-

 stimuli presented, it is possible to calculate the
rs’ discrimination sensitivity, d’, as follows,

† 

d'= z(H) - z(FA)                   (1)

 z() represents the transformation of a proportion to
ore, H represents the proportion of  target trials
 the listeners scored a ‘hit’ and FA represents the
rtion of non-target trials where the listeners scored a
 alarm’. A log-linear correction was applied in the
ation H and FA as some listener’s detection rates
erfect (z(H)=infinity) [7].

asure of response bias, c, was also calculated to
 whether listeners had a tendency to answer ‘yes’ in
ence to answer ‘no’, or vice-versa. A positive c
indicates a preference to answer ‘no’; here the false



alarm rate is lower than the miss rate. A negative c value
indicates a preference to answer ‘yes’; here the false alarm
rate is greater than the miss rate: c was calculated as
follows:

† 

c = -0.5[z(H) + z(FA)]          (2)

9. RESULTS

Following [2], the responses were counted first with the
imitator’s (AM’s) voice as the target voice, (that is
identification of the natural voice of the imitator being
scored as a hit), and then with the voice of Carl Bildt
(CB), the voice imitated, as the target voice. The first set
of scores shows how well, or badly, the imitator succeeded
in convincing the listeners that he was someone else by
imitating the voice of Carl Bildt. The second set of scores
show how well he convinced the listeners that he was Carl
Bildt. In contrast to [2] the hits and false alarms were not
pooled, rather using SPSS d’ and c-values were calculated
for the individual listeners, from which mean d’ and c
values were computed. The mean d’ values for the
Swedish listeners are shown in Figure 1 and 2. In order to
best show the variation in the d’ scores the y-axes in these
figures have different scales. In figure 1, AM is scored as
the target voice and in figure 2, CB is scored as the target
voice.

A between subjects ANOVA (Experiment (Exp1 or Exp2)
X Region (north, central or south Sweden) X Age (teen or
adult)) was conducted. There was no influence of
Experiment, Region or Age on detection of AM, all
Fs<1.89, ps>0.17. Nor was there any influence in bias in
the detection of either AM, Fs<0.93, ps>0.33, or CB,
Fs<2.33, ps>0.13.

There was, however, a strong main effect of Experiment,
such that detection of CB was better for the group who
heard the political speech (M=2.31) than those who heard
the cake recipe (M=1.64), F(1,241)=15.97, p<.001. This
effect was consistent across all conditions and there were,
therefore, no interactions with Experiment.
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Figure 1: The mean d’ values for the Swedish adult and
teen listeners when AM was scored as the target voice.
am1 = Experiment 1; amk = Experiment 2.
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e 2: The mean d’ values for the Swedish adult and
isteners when CB was scored as the target voice.
 Experiment 1; amk = Experiment 2.

s (M=2.36) were better able to identify CB than
(M=1.59), F(1, 241)=21.17, p<.001. This effect was
ied by a marginal interaction of Age with Region, as
ted in figure 2.  Planned post-hoc comparisons
d that the adults performed better than teenagers in
 Sweden, t(93)=4.82, p<.001, and Central Sweden,
2.11, p<.05, but not in South Sweden, where no
icant difference was detected, t(90)=1.38, ns.

s 3 and 4 show the mean d’ values for the Danish
ers together with the mean d’ values for the adult
ish listeners. In figure 3, AM is scored as the target
and in figure 4, CB is scored as the target voice.

ween subjects ANOVA (Experiment (Exp1 or Exp2)
untry (Sweden or Denmark)) was conducted for the
listeners only. Danish listeners (M= -.27) performed
ly better on the detection of AM than Swedish
rs (M= -.55), F(1,200)=12.19, p=.001.

ish listeners (M=2.35) were better able to detect CB
Danish listeners (M=.88), F(1,200)=66.7, p<.001).
tion was also consistently higher, regardless of
er nationality, for those who heard the political
h (M=1.96) than those who heard the cake recipe
.27), F(1,200)=14.45, p<.001).
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e 3: The mean d’ values for the Swedish and Danish
listeners when AM was scored as the target voice.
 Experiment 1; amk = Experiment 2.
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Figure 4: The mean d’ values for the Swedish and Danish
adult listeners when CB was scored as the target voice.
am1 = Experiment 1; amk = Experiment 2.

A significant interaction between Country andExperiment
for AM bias, F(1,200)=6.73, p<.05, qualified main effects
of Experiment, F(1,200)=5.89, p<.05, and Country,
F(1,200)=12.19, p=.001. Danish listeners (M=.91) were
less likely to answer 'no' than Swedish listeners (M=1.24),
but only in the experiment 2. An interaction between
Experiment and Country for bias in detection of CB
revealed that Danish listeners (M=.86) were more likely
than Swedish listeners (M=.57) to answer 'no', but only in
Experiment 1, (F(1,200)=5.32, p<.05).

10. DISCUSSION AND CONCLUSIONS

The finding reported in [2] for listeners in North Sweden,
that semantic expectation and the information contained in
an imitation impacts upon its acceptance, is confirmed
here for a larger listener group (26 cf 53 adult listeners).

The age of the listener impacted significantly upon the
acceptance of the imitated voice. This difference can be
attributed to teenage listeners being less familiar with the
voice of CB. Even though many responded that they were
familiar with this voice when asked, it is unlikely that their
familiarity was of the same level as that of the adult
listeners, due to the teenagers’ age when CB was at the
height of his domestic political power. A more indirect
method of asking the listeners may have produced
different FCB values. The difference in the performance
between the adults and the teenagers in the three regions
indicates that an adult’s degree of familiarity with the
regional accent of an imitated voice impacts upon its
acceptance. Further the lack of significant difference
between the adult and teen groups in the Southern Sweden
coupled with the conspicuously worse result for the
Northern Swedish teenagers suggests that familiarity with
the accent decreases the age (familiarity with CB) effect.

The responses of Danish listeners point to the same trend
between the two experiments as found for the Swedish
listeners, yet reveal a much lower ability to select the
target voices from the line-ups. However, their relative
lack of familiarity with the target voice enabled them to
identify the natural voice of the imitation better than the
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ish listeners. This can also be seen in the bias for the
ion of the imitator. Danish listeners were more
ent (ie, said 'yes' more) in the cake-baking group.

mary, the findings of [2] are reduplicated and the
hat expectation and the information contained in the
ion is of importance is strengthened by the poorer
s of the teenagers. The results also indicate that the
er’s familiarity with the language (Swedish vs
h) and the regional accent of the imitated voice
es the impact of the semantic expectation and the
ation contained in the imitation.
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