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Oreja: A MATLAB environment for the design
of psychoacoustic stimuli
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The Oreja software package (available from www.liv.ac.uk/psychology/Downloads/Oreja.htm) was
designed to study speech intelligibility. It is a tool that allows manipulation of speech signals to facili-
tate study of human speech perception. A feature of this package is that it uses a high-level interpreted
scripting environment (MATLAB), allowing the user to load, break down into different channels, ana-
lyze, and select the parts of the signal(s) of interest (e.g., attenuation of the amplitude of the selected

channels, addition of noise, etc.).

Psychologists have sought to understand how human
listeners understand language, and specifically how the
auditory system efficiently processes language in noisy
environments. Listeners possess strategies for handling
many types of distortion. For example, the “restoration
effect” or “illusion of continuity” occurs when an inter-
mittent sound is accompanied by a masking noise that is
introduced in the gaps so as to exactly cover the silent
spaces, and the intermittent sound is heard as continuous
(see Ciocca & Bregman, 1987). Elucidation of these is
important for understanding speech intelligibility in noisy
environments, designing robust systems for computational
hearing, and improvement of speech technology.

Generally, psychologists do not possess specialist skills
in signal processing, frequency analysis, acoustics, or
computer programming. Similarly, most engineers do not
have in-depth knowledge of statistical analysis or cogni-
tive neuroscience. Interdisciplinary research groups have
emerged to cope with this problem in an attempt to inte-
grate specialized knowledge. The aim of interdisciplin-
ary speech approaches is to combine different sources of
knowledge, attitudes, and skills in order to better under-
stand sophisticated auditory and cognitive systems.
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The development of the Oreja software was inspired
by several considerations. The first motivation was the
need for an interactive and exploratory tool—specifically,
an intuitive interface with which users could dynamically
interact and which would demonstrate virtually the phe-
nomena found in speech and hearing. Whereas there are
different examples of auditory demonstrations, such as
Demonstrations of Auditory Scene Analysis: The Percep-
tual Organization of Sound, by Bregman and Ahad (CD in-
cluded in Bregman, 1990), and more recently, the auditory
demonstrations of Yoshitaka Nakajima (available at www
.design.kyushu-u.ac.jp/~ynhome/ENG/index.html), these
allow the user only to listen, not to explore and manipulate
variables of interest.

It is well known that dynamic interaction with an en-
vironment can improve learning in any field, especially
when such interaction involves the transformations and
manipulations of several different parameters. Direct ma-
nipulation of parameters can be of help to the novice by
decreasing learning times; to the expert, through its speed
of action; and to intermediate users, by enabling opera-
tional concepts to be retained. Across all experience levels,
allowing the user to initiate actions and predict responses
(see, e.g., Shneiderman, 1983) reduces anxiety and bol-
sters confidence. Oreja encourages the user to explore and
replicate the range of relevant variables underlying audi-
tory effects such as the perceptual grouping of tones (see,
e.g., van Noorden, 1977) or duplex perception (see, e.g.,
Rand, 1974). With respect to masking, users can filter
speech into different bands, select and apply maskers from
a menu of noises, and hear the result of their manipula-
tions. Another important aspect of Oreja is its simplicity:
It enhances basic features such as the visual display of sig-
nals and the parameters most used in speech intelligibility
research (e.g., maskers, filters, or frequency bands). The
simplicity of Oreja was motivated by the consideration
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that too much sophistication can overwhelm intermediate
or novice users. Moreover, the different visual representa-
tions of the signals help to reinforce complementary views
of the data and to provide a deeper understanding of the
auditory phenomena.

Another motivation for the development of Oreja
was the work of Kasturi, Loizou, Dorman, and Spahr
(2002), which assessed the intelligibility of speech with
normal-hearing listeners. Speech intelligibility was as-
sessed as a function of the filtering-out of certain fre-
quency bands, termed holes. The speech signals pre-
sented had either a single hole in various bands or had
two holes in disjointed or adjacent bands in the spectrum.
In order to further develop this earlier work, we wanted
to investigate the intelligibility of speech signals when
some of these frequency bands were replaced by sine-
wave speech replicas (SWS), a synthetic analogue of
natural speech represented by a small number of time-
varying sinusoids (see Remez, Rubin, Pisono, & Carrell,
1981). The construction of an intuitive interface would
allow user-friendly filtering of speech into different chan-
nels, menu-driven application of distortions, and output.

A third source of inspiration was the work of Cooke and
Brown (1999): MATLAB Auditory Demonstrations, or
MAD. These demonstrations existed within a computer-
assisted learning application, which provided the user
with the ability to perform interactive investigations of the
many phenomena and processes associated with speech
and hearing. However, we preferred to build a psycho-
acoustic tool more focused on the design of psychoacous-
tic stimuli, with a wide range of possibilities and menus
that would be accessible to a large and heterogeneous
group of language and speech researchers.

Oreja’s main objective is to provide researchers and
students with a useful tool for supporting and motivat-
ing the design of psychoacoustic experiments. Although
a wide variety of professional software exists that offers
more audio processing functions than Oreja does, Oreja’s
advantage and uniqueness is that it brings together under
a simple and clear interface the functions that are most
important to psychologists.

Description of Oreja

Oreja has been most recently implemented using MAT-
LAB 6.5 ( The Matchworks, Inc.) running under Windows
XP, a high-level scripting environment that provides func-
tions for numerical computation, user interface creation,
and data visualization.

The design of Oreja has been specially oriented for the
study of speech intelligibility, supporting the design of
acoustic stimuli to be used in psychoacoustic experiments.
It has two main windows or interfaces. The first window
guides the selection of the signal, and the second window
guides the changes performed on the different parts of
the original signal or the creation of background noises to
mask it. The first window allows loading, breaking down
into different channels, analyzing, and selecting parts of
the signal; it also allows for labeling of signals and their
constituent parts. Moreover, Oreja can load multiple sig-
nals and link them together.
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The second window has been designed to allow the
user to manipulate the loaded signals (or selected parts),
in numerous ways (e.g., attenuating the amplitude of the
channels selected, or adding noise), and save them in an
audio file format.

USING OREJA.M

Oreja can be downloaded from www.liv.ac.uk/psychology
/Downloads/Oreja.htm. At present, it is available only for
Windows operating systems. Installation is simple; one
simply adds the Oreja folder to the MATLAB current di-
rectory path. Or, for Oreja to be permanently available, it
can be added as a single folder, approximately 1 MB in
size, to MATLAB’s collection of toolboxes. Help is avail-
able in a users’ manual, which also contains a glossary that
defines the more technical concepts. Once Oreja is in the
current directory of MATLAB, the first window can be
loaded by typing at the MATLAB prompt the following
command: » oreja.

First Window: Signal

The main function of this first window is to allow the
user to load a signal and select precise portions of it. The
file format of these signals should be .au, .wav, or .snd;
other formats are not currently supported. Panel 1 (see
Figure 1) represents the frequency composition of the sig-
nal. The intensity of the signal is represented in the spec-
trogram with green tones (light green represents greater
intensity or energy). Panel 2 shows the signal filtered into
10 frequency channels (by default, unless another number
of frequency channels is specified). Selected channels will
appear in green. Panel 4 represents the amplitude of the
signal across time (waveform of the sound file loaded).
In these three panels, time is represented on the x-axis
and frequency on the y-axis; the frequency corresponds
to our impression of the highness of a sound. Cursors and
a zoom option are provided to facilitate the accuracy of
the selection. As the mouse or cursors (shown as vertical
lines) are moved around panel 1, the time and frequency
under the current location is shown in the top right dis-
plays (see number 6 in Figure 1). Cursors from panels 1
and 2 are connected, because both share the same time
scale of the signal. However, the cursors from the bottom
panel are linked to the cursors from panels 1 and 2 only
when the whole signal is represented in the first loaded
stage; it is only in this first stage that all the panels rep-
resent the whole signal. The spectrogram display has a
linear-in-hertz y-axis, whereas the filter center frequen-
cies are arrayed on an equivalent rectangular bandwidth
(ERB) rate scale, which is approximately logarithmic. A
speech signal can be labeled or phonologically transcribed
by using the Transcription menu shown in panel 3.

The info menu contains a popup menu with a detailed
user manual, in html format, that also includes a glossary.

Channels and filters. By default, all the channels are
selected after the signal is loaded. Different channels can
be selected or deselected by clicking on individual wave-
forms or on the relevant buttons in panel 2 (see number 5
in Figure 1). The whole original signal can be played back,
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Figure 1.The first window allows the user to select a portion of the signal by time and frequency domain.
Three different representations are available: Panel 1 and panel 2 represent the frequency composition of
the signal, and panel 4, the amplitude of the signal across time. Panel 3 allows for labeling portions of the

signal.

or the channels alone can be selected. For the latter op-
tion, an unselected signal does not contribute to the overall
output. By selecting or deselecting waveforms, the user
can explore various forms of spectral filtering and start
designing stimuli. Alternatively, the select all/unselect
all buttons can be used to speed up the selection process.
The play original button will play back the original signal
to provide a comparison to the active signal, if the origi-
nal already has been distorted. The number of channels
among which the signal has been divided can be modified
to explore lowpass, highpass, bandpass, and bandstop fil-
tering. The information contained in each band depends
on the filterbank applied. A bank of second-order audi-
tory gammatone bandpass filters (see Patterson & Hold-
sworth, 1996) is used to divide the signal. The center fre-
quencies of the filters are shown on the left side of the
display. The distance between their frequency centers is
based on the ERB (see Moore, Glasberg, & Peters, 1985),
fit to the human cochlea. The default filterbank uniformly
covers the whole signal with minimal gaps between the
bands. The default bandwidths can be changed; this forces
all filters to have a bandwidth of 1 ERB, regardless of
their spacing. This option leaves larger gaps between the
filtered signal bands for banks of fewer than 10 bands,
but the distances between the frequency centers are not
changed. Notice that when the signal is filtered by a small
number of channels, the default filterbank provides more

information than the 1-ERB filters. The suitability of each
filterbank depends on the purpose of the experiment.

This first window has been designed to study the ability
of the auditory system to process spectral filtering, re-
duction, and missing data speech recognition. The output
of this window can be manipulated in a second window,
Manipulation.

Second Window: Manipulation

After the selection and filtering is done, the Signal
menu allows access to the Manipulate selection option,
and a second window, Manipulation, appears (Figure 2)
with the time and frequency domain selections repre-
sented in two panels.

As in the first window, the signal can be selected in ei-
ther the time or the frequency domains. The exact position
of the cursors appears in the time and frequency displays.
It is possible to accurately select the time portion the user
wishes to manipulate by inserting the specific values in
the from/to option of the global settings menu.

The distortions menu has been designed to explore the
effect on recognition of altering spectrotemporal regions
or adding maskers to speech. It has been organized into
two subgroups. The first subgroup comprises three differ-
ent types of maskers: speech, tone, and noises. These will
affect all the channels (selected or not), but will only mask
the time period selected with the from/to function from the
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Figure 2. Second window: Manipulation. The portion of the signal selected in the previous window can
be altered in this window. From the distortions menu on the right side, different types of distortions can be
selected and applied to the signal. From the global settings menu, different parameters from the distortions

menu can be modified or generated.

global settings menu. The speech masker is empty by default
and has been designed to load speech previously recorded
and saved by the user. The fone and noises maskers can be
generated by inserting the appropriate values in the global
settings menu, or by selecting a specific type of noise from
the popup menu. The second subgroup of distortions com-
prises gain, time reverse, and sinewaves replicas, and they
can change the properties, such as amplitude or time direc-
tion, of the channels selected, by positioning time-varying
waves at the centers of formant frequencies. None of the
three maskers can be frequency-band restricted.

In the bottom panel (see Figure 2) the spectrum of the
selected portions can be visualized in combination with
the manipulations added. Again, the user has the choice
to play back the original signal or the portion of the signal
selected with the added distortions.

Distortions. The distortions menu displays the stimuli
that can be added, subtracted, or applied. Notice that only
the global settings that are relevant to each specific stimu-
lus are enabled. As described above, the signal loaded can
be masked with speech, a tone, or noises.

Speech. This option mixes the signal selected with
streams of speech or with other signals. The specific inputs
depend upon the kinds of stimuli the user wants to design.
The advantage of this option is that the user can select and
manipulate a speech signal and mix it later with another sig-
nal to create, for example, a “cocktail party effect”—an ef-
fect that addresses the matter of attending to a single voice

and ignoring background noise (see Cherry, 1959)—or the
user can save the signal and use it at a later date.

Tone. A sinewave tone is generated. The user can select
a specific frequency, duration, starting and ending point,
ramp, and the repetition rate, if the tone stops and starts
at a regular rate.

Noises. This menu contains five stimuli: white noise,
brown noise, pink noise, chirp up, and chirp down. Some
of the parameters of all these stimuli can be changed
within the code that generates them (.m files from the
noises folder), or within the global settings menu. Notice
that stimuli, like bursts, can be generated by selecting a
type of noise (e.g., pink noise), and setting its duration.

Transformations. A choice of the following three
transformations may be applied to the selected channels.

Gain. Adjusts the amplitude level in decibels, applied
to the channels selected.

Time reverse. Inverts in time the selected channel.

Sinewaves replicas. Sinewave speech is a synthetic ana-
logue of natural speech, represented by a small number of
time-varying sinusoids.

Global settings. General settings that can modify
some of the parameters of the signal, channels, or maskers
are (1) frequency, (2) amplitude, (3) duration, (4) from/to,
(5) ramp, and (6) repetition period.

Finally, Oreja allows the user to save the manipulations
that have been done, undo the last manipulation, undo all,
or annotate the signal.
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CONCLUSION

The Oreja software provides a fertile ground for inter-
active demonstrations and a quick and easy way of design-
ing psychoacoustic experiments and stimuli. Dynamic
interaction with acoustic stimuli has been shown to aid
learning and provides a better understanding of auditory
phenomena (see Cooke, Parker, Brown, & Wrigley, 1999).
Due to its user-friendly interface and small processor re-
quirements, Oreja is useful for a broad range of research
applications.
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