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1 Introduction
Auditory Verbal Hallucinations (AVH) are most commonly
associated with schizophrenia, being one of the key diagnos-
tic symptoms [1]. However, c. 9.6% of people with no known
psychological issues also report this experience [2]. A com-
mon technique for inducing hallucinations in healthy volun-
teers is to present them with masking noise and suggest the
presence of sound under the noise. The most famous demons-
tration of this is the ‘White Christmas’ effect in which parti-
cipants are played stochastic ‘white’ noise and told to indi-
cate when they hear the song ‘White Christmas’ underneath
the noise. Participants often report hearing the song, despite
there being nothing in the audio signal but noise [3]. Many
replications have demonstrated this effect with speech [4–6].

The ‘White Christmas’ effect induces hallucinations
through sensory expectation and masking. However, there has
been little research conducted on how the phonetic details of
the sensory expectation or how the type of masking noise mo-
dulate the effect. The current experiment addresses this gap
by examining two types of phonetic expectation (expecting
normal modal speech vs expecting whispered speech) and
two types of masking noise (multitalker babble vs spectrally-
matched speech-shaped stochastic noise). Masking relations
likely play a key role as the ‘White Christmas’ effect is si-
milar to phoneme restoration, in which expectation causes
people to hear speech-sounds that are absent, but only if there
is masking that would have obscured the missing sound [7].
It is predicted that there will be more AVH for multitalker
babble than for speech-shaped noise masking, as multitalker
babble is a more effective masker. Similarly, there should be
more AVH for expecting whispered than for expecting spoken
voice, as whisper is quieter and easier to mask. An interaction
is also predicted by which AVH should be disproportionately
more common when expecting a normal voice under babble
noise, as the periodicity of normal voice should be particu-
larly masked by babble.

2 Method
The experiment was conducted at Qatar University. Parti-
cipants sat in front of a computer screen wearing sound-
isolating headphones. On each trial, participants were presen-
ted with a target word in Arabic and were told to listen for this
word during the noise that followed. Whenever they heard the
full word (not just part of it), they were to hit the spacebar.
They were told that the word could appear multiple times du-
ring a trial, so they could hit the spacebar more than once per
trial. They were also told that the word may not occur at all,
so it was fine not to hit the spacebar. When ready to start a
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trial, the participant hit the ‘enter’ key at which point either
multitalker babble or spectrally-matched speech-shaped noise
played for thirty-five seconds. The noise factor (Babble vs
Speech-shaped noise) was run within-subjects. There were
14 trials in the experiment (7 each of Babble and Speech-
shaped noise). The voice conditions (Spoken vs Whisper)
were run between-subjects. Participants in the Spoken condi-
tion were told they would hear a spoken voice under the noise,
participants in the Whisper condition were told they would
hear a whispered voice. The experiment, including instruc-
tions and practice, lasted about twenty minutes.

Two lists of seven Arabic words were created as the ‘to-
be-listened-for’ sounds, one for each noise condition. The
assignment of word-list to noise condition was reversed for
half of the participants, so the assignment was counterbalan-
ced over the full run of the experiment. The words were all
chosen to be concrete, easily imageable nouns. The words in
these lists were selected to use phonetically similar sounds
(roughly equal numbers, between the lists, of e.g., nasals, si-
bilants, stops). This phonetic balancing was an extra precau-
tion to minimize possible variability (within each run of the
experiment) in how easy these words might be to hallucinate.
The lists of words are provided in table 1 :

Table 1: Word lists for the two conditions.

List One List Two
Arabic English gloss Arabic English gloss
tuffah ‘apple’ katef ‘shoulder’

maktab ‘desk’ minshaar ‘saw’
shooka ‘fork’ furshaah ‘brush’
korsi ‘chair’ kitab ‘book”

mismaar ‘nail’ sikkin ‘knife’
shafra ‘razor’ sariir ‘bed’
bedla ‘suit’ dulab ‘cupboard’

The multitalker babble was created using audio from the
Qatari Arabic Corpus. Twenty-one files were selected without
music or other non-speech sounds. They were normalized to
the same intensity and transitions were cut at crossing points
in the waveform to avoid pops at the joins. These sounds
were then overlapped to create a multitalker babble of c. 30
voices. While individual words could not be distinguished in
this babble, as an extra precaution the transcripts of the recor-
dings were searched for the fourteen target words and none
of them occurred in the sections used.

The speech-shaped noise was created by Praat script [8].
This measured the long-term average spectrum and intensity
profile of the multitalker babble and applied these to stochas-
tic noise of equal duration. The two noise sounds thus had
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equal intensity profiles and average spectra.
There were 28 Arabic-speaking female participants (14

each for Spoken and Whisper conditions). Participants were
paid or given course credit for their participation.

3 Results
A mixed ANOVA found a main effect of Noise Type (F[1,26]
= 10.9, p = 0.003) and a marginal main effect of Voice Type
(F[1,26] = 3.42, p = 0.075]). There was no significant inter-
action of Noise Type by Voice Type. These results are shown
in figure 1.

Figure 1: Results.

4 Discussion
These results show that speech hallucinations are influenced
by both phonetic expectation and type of masking noise. With
multitalker babble masking-noise, the rates of AVH are, as
predicted, higher. Similarly, when the participant is told to
expect whisper, hallucination rates are (marginally) higher.
These results fit with findings on phoneme restoration, in
which people can be induced to hear a missing speech-sound
based on the surrounding context as long as there is sufficient
masking that the absent sound would have been obscured had
it been present. Multitalker babble is a more effective mas-
ker than stochastic noise, and whisper is more easily masked
than modal voice. Contrary to prediction, there was no inter-
action between phonetic expectation (voice-type) and mas-
king (noise-type). Attention may play a role in this, given that
attentional demands for detecting a sound in noise are greater
when the sound is similar to the noise – as occurs for detec-
ting normal speech in babble. However, perhaps the data set
is simply too small to reveal an interaction.

These findings are consistent with a proposed mecha-
nism of hallucination in which a perceptual schema of a sound

is compared against auditory input looking for a match. When
there is sufficient similarity, the person reports hearing the
sound [9]. Multitalker babble contains bits of speech with
phonemes that will occasionally match part of the word being
listened for, and so this should increase the likelihood of a lis-
tener reporting a ‘match’ with the expected target word.

Given the links between hallucination and imagery, these
results are likely related to research showing that ambiguous
speech sounds can be shaped by expectations provided by
speech imagery [10, 11].

5 Conclusions
This experiment shows that both phonetic expectation and
type of masking noise influence speech hallucinations in the
‘White Christmas’ effect. In line with predictions based on
the phoneme-restoration effect, greater masking (multitalker
babble) and a more easily masked expected-sound (whisper)
induce more AVH. No interaction was found between these
factors. These are preliminary data – a larger and more detai-
led data set has been collected and is being analyzed.
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