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Introduction

Assessing the quality or intelligibility of speech requires the use of
psychophysical methods. Indeed, none of the current physical meth-
ods is adequate for assessing the wide variety of speech types and
speech transmitting and listening conditions. Even the most objec-
tive methods must first be validated by comparison with subjective
techniques [1, 2], so the administration of perception tests to panels
of listeners is still indispensable.

This type of testing is very time-consuming, however, not only
because several speakers and listeners must be used to compensate
for individual variability, but also because measurements must be
repeated many times to allow for statistical validation of the results.
Hence there is a need to automate as many operations as possible
such as stimulus generation, procedure control, and data analysis.

The computer-driven system we are presenting here meets these
objectives. It is not possible in this technical report to present the
theoretical foundations of the procedures implemented in the sys-
tem, nor the different methods used during development. Readers
interested in these issues may wish to refer to Calliope [3, 455-488],
Santi [4, 88-135] and Pisoni ef al. [5].

1. Description of the system

1.1. General description

The system consists of a PC-type microcomputer connected to the
necessary hardware and software for testing eight subjects at a time.
The system performs the following operations:

¢ Generation and presentation of auditory stimuli to subjects;
® Message display on individual screens facing subjects;

e Recording of subjects’ responses;

¢ Automatic control of all testing procedures;

¢ Storage, preliminary processing, and presentation of results.

These operations are driven by programs developed in the Microsoft
Windows environment [6). The system takes full advantage of the
environment’s multimedia and audio capabilities and its powerful
spreadsheet and database management tools.

1.2. Basic operation

Each subject is in front of a monochrome alphanumeric screen where
the test instructions and response choices are displayed, a response
box with five buttons, and a set of earphones. The testing procedure
consists of sending an auditory stimulus to the subjects, while a
list of possible responses is displayed on the screens. The system
supports different types of tests. At the present time, three tests are
permanently installed (see 3.4). Subjects respond by pressing one
of the five buttons on the response box (see 3.4). Response time is
recorded.
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Figure 1. System hardware configuration.

In its current version, the system tests up to eight subjects at a
time, although the number of response stations can be extended to
sixteen. Testing is collective, which saves a considerable amount
of time and ensures more uniform experimental conditions than a
setup where subjects are tested one by one. Responses are recorded
automatically, and subsequent processing requires only minor data
manipulation.

2. System hardware configuration

2.1. Basic architecture

The system has the following components (Figure 1):

e A PC-type 486 or Pentium computer, which drives the entire
system. It is equipped with an SVGA graphic screen, 8 Mb or 16
Mb of read/write memory, and a 500 Mb hard disk (or larger) for
storing speech samples.

o Three specialized boards:

— A Hercules monochrome screen driver, .

— a National Instruments PC-DIO-96 numeric input/output
board,

— a multimedia Sound Blaster 16 SP audio board.

¢ A custom-designed interface, which serves as a link and distri-
bution point between the monochrome screens, response boxes,
and earphones.

o Eight response boxes.

o Eight monochrome screens.

o Eight headsets.

2.1.1. Sound files

The sounds originate in a Sound Blaster 16 SP audio board that
supports 8- and 16-bit mono- or stereo-encoding, and sampling fre-
quencies of 11, 22, and 44 kHz. The stimuli presented to the subjects
are saved in sample file format in mass storage. At testing time,
the stimuli are sent to the audio board where they are converted
into analog signals for transmission to the headsets after volume
amplification.
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The sample files can be acquired directly with the Sound Blaster
board either through the microphone input or by hooking up a tape
recorder or D.A.T. to the line input. The stimuli can also be read
off other types of storage devices (CD ROM, magnetic tape, disk,
etc.), provided the imported files are converted into \WAV format.
This format complies with RIFF standards (Resource Interchange
File Format) developed by Microsoft [7, 8]. Files in WAV format
contain the samples proper, and a header describing the characteris-
tics of the signals (sampling frequency, number of bytes per sample,
mono/stereo mode, etc.).

2.1.2. Display source

The Hercules monochrome screen driver generates the alphanumeric
messages presented to the subjects, which include the test instruc-
tions and response choices. To use the screen driver, a protected
memory address must be stored in the Windows environment. A res-
ident program developed by our laboratory ensures indirect access
to the necessary memory addresses [9]. This technique makes it pos-
sible to simultaneously control the subjects’ monochrome screens
and the operator’s standard SVGA color monitor.

2.1.3. Response recording

Eighty channels are needed to simultaneously manage up to sixteen
subject stations and five response choices. The channels are con-
trolled [10] by a National Instruments PC-DIO-96 board with 96
parallel digital I/O’s equipped with four AMD8255A programmable
peripheral interfaces (PPI). Each input on the board is connected
to a push button on a response box. Regular scanning of the PC-
DIO-96 board inputs detects which buttons have been pressed on the
response boxes.

2.2. Control-station / response-station interface

All computer-driven experiments require an interface between the
physical world to be captured and the numerical environment of the
computer. For the present application, we developed an interface
that is connected to the control station and to each of the response
stations (Figure 1). It performs the following functions:

e Audio processing.
Amplification and control of the Sound Blaster line output sound
level is achieved by a power amplifier capable of supplying 16
headsets. The volume is kept constant at +0.2 dB regardless of
the number of headsets connected to it. It is equipped with a
calibrated attenuator for adjusting the listening volume.

* Video processing.
In standard configurations, the video connection between a Her-
cules alphanumeric board and a monochrome monitor cannot
exceed a few meters. Furthermore, the output only supports one
screen. To solve these problems, the interface in our system in-
cludes 16 video line amplifiers to enable direct control of each
output line to the display screens with no specific limit on the
length of the connecting cords.

¢ Recording subjects’ responses off the push button response boxes.
This operation s straightforward. The only necessary precautions
consist of processing potential rebounds generated by the long
connecting cords and eliminating any electromagnetic interfer-
ence that might trigger false detections.

2.3. Response stations

Each response station includes a response box, a headset, and a
monochrome screen. Two-directional cords link each station to the
interface described above. Travelling through these cords are (a) the,
audio and video signals going from the interface to the stations,
and (b) the subjects’ responses moving in the opposite direction.
Electronic processing by the interface allows for cords several tens
of meters long, so the response stations can be set up in a large room.

Beyer type BT 100 electrodynamic earphones are used. They were
chosen for their durability, high sensitivity and response curves, and

low impedance dispersion which eliminates the need for individual
calibration.

Video screen displays are used to transmit alphanumeric data to
subjects. Philips BM7 monochrome monitors were chosen to achieve
the best tradeoff between the high resolution needed for displaying
messages [11] and the cost of the equipment.

The response boxes are metal cases with five push buttons. The
boxes also serves as relay points for connecting the subject’s headset
and the monitor. The push buttons are short stroke, sharp contact, fast
action microswitches especially suited to measuring reaction times.

3. System software

The computer software was developed in the Microsoft Windows
environment [12, 13], chosen for it user-friendliness, widespread use,
and compatibility with other software packages. Our laboratory’s
extensive experience in measuring speech intelligibility, and recent
large-scale measurement projects {14, 15], have enabled us to design
asystem that is both highly flexible and very efficient due to the many
automated operations.

3.1. Hardware checks

The system requires the use of a wide variety of hardware including
screens, headsets, response boxes, cords, the interface, specialized
boards, the computer, and the power supply. Despite the reliability
of the equipment chosen, there is always a risk that some component
will break down. Likewise, the various devices may be improperly
connected. To detect such problems, the system offers a number of
utility programs for checking the hardware and connections before a
run. Utilities are also available for verifying the auditory installation,
the entire video distribution system, and each of the push buttons on
the subject response boxes. These diagnostic aids have proven very
useful.

3.2. Parametrization of testing conditions

During software development, we attempted to render the system as
flexible as possible by allowing user entry of function parameters.
A pre-experiment phase is used to define the system configuration
(number of response stations, which ones will be occupied, push
button initialization, testing conditions, subject data, etc.). It is also
possible to specify the directories where the speech sample files
are stored, and to indicate where the subjects’ responses are to be
recorded. Utility programs allow the operator to choose a standard or
personalized configuration, and to save the selected configuration.
For instance, the operator might want to initialize the system for
several groups of subjects, or to validate response buttons 1 and 5
only for a test with binary responses.

3.3. Script files

Tests are controlled by scripts, a technique already used in the
S.0.AP. system [16). In fact, the system’s core software resem-
bles that of a lexical-syntactic analyzer which reads and interprets
a script file sent to it. The execution sequence is modified in accor-
dance with the commands received. This type of operation provides
a great deal of flexibility and supports a wide variety of tests.

Each script line (Figure 2) contains a keyword followed by
an argument specifying what operation to perform. Here again,
parametrization offers maximum flexibility in test execution:

¢ An instruction file can be chosen for multilingual applications.

¢ The file names where subject responses will be automatically
recorded can be entered (see 3.7).

o The test type can be specified as either N-uplets, preferences, or
scales (see 3.4).

o The time limit for responding can be set.

¢ The time interval between each stimulus can be defined.

¢ The place where the system should start measuring response time
(beginning or end of stimulus) can be specified.

® Random presentation of stimuli and response choices can be
selected.
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CONDITIONS helium.180m.tourelle.repetition1 => testing conditions
INSTRUCTIONS C:\perceval\bin\consigne.txt => instruction file
TYPE_TEST 1 => test code’
RESULTS C:\perceval\reponses\ he 180T1 => response files?
WAITING TIME 2000 => authorized waiting time after listening (in ms)
PAUSE 1000 => pause between two presentations (in ms)
START => start scan
H#— Scan
STIMULUS C:\PERCEVAL\STIMULI\ pile.wav => sound file to present to subjects
DISPLAY 1) bile 2) pile => character string on screens
RESPONSE 53 24 pile.bile® => response scoring
CORRECT 2 => number of the correct response
SCORING +Vois -Vois => error scoring (voiced/voiceless)
CONTEXT 4 => non-variable (context /i/)
STIMULUS C:\PERCEVAL\STIMULI\vingt.wav
DISPLAY 1) vingt 2) bain
RESPONSE 1 2 vingt.bain
CORRECT 1
SCORING -Inter +Inter => error scoring (continuous/interrupted)
CONTEXT ~E => non-variable (context /£)
END =>end of test

Figure 2. Example of a script file. ! type 1= N-uplet test. 2 Each subject has a response file. File he180T1.REZ is the response file of a subject
whose initials are EZ, he180T1.RCA is the file of a subject whose initials are CA, etc. ® stimulus number, * number of response choices (2 =

pair, 3 = triplet, 4 = quadruplet, etc.). ° list of response choices.

3.4. Test types

Given that testing is collective, adaptative procedures cannot be used.
In addition, since there are five buttons on the response boxes, the
tests must be designed for at most five responses. Aside from these
constraints, there are no limitations on the type of test that can be
administered, nor on the way a given test is run. A specific script
file can always be defined for controlling execution in the desired
fashion. Three types of tests are currently available.

o N-uplet tests.
The subject hears a stimulus and then several response choices are
proposed on the screen. For example, the word “baffe* is heard
and “basse”, “baffe”, and “bache” are proposed as responses.
The correct response is “baffe”. Among the various possible N-
uplet tests, the diagnostic thyme test [17, 18] and the quadruplets
test [14] are permanently on-line.

Preference tests.

The subject hears several stimuli, for example, three versions
(synthesis A, B, or C) of a sentence like “I#’ll be a nice day
fomorrow.” The subject must indicate which of the three he/she
prefers by pressing on the corresponding button.

o Scale tests,
The subject hears a stimulus. Several ratings are proposed on the
screen. For example, the subject must rate the stimulus on a scale
from 1 to 5, or state whether it is good, average, Or poor.

3.5. Error scoring

In the case of an N-uplet test where there is only one correct re-
sponse, the errors made by the subjects can be scored. To facilitate
data analysis, errors can be classified by type, context, etc. For clas-
sification purposes, the operator must provide the system with a
complete list containing not only the various competing choices but
how they should be coded. The coding method is as follows:

word1 word?2
codel code2
context.

Example for a diagnostic rhyme test.

pile bile

-vois +vois = Voiced/voiceless

4 = context /i/

vingt bain

-inter +inter = continuous/interrupted
~E = context /&/

3.6. Measuring response time

Response time can be a crucial parameter for assessing task difficulty
and interpreting results [19]. The system measures response time to
the nearest millisecond.

The "Multimedia’ capability of Windows {7, 8] ensures response
time measurement accuracy. The *mmsystem’ library can be used to
set the access time on the computer’s internal clock. It is thus possible
to obtain resolutions below 50 ms, which is the baseline period. The
microprocessor acts on the clock by means of an interrupt whose
role is to interrupt the current action in order to execute a priority
operation (scan the response boxes in our case). The use of a system
interrupt guarantees that the operation one wishes to execute will
occur at regular fixed intervals. This ensures accurate and reliable
response time measures.

3.7. Results

For each subject, a response file is generated containing the neces-
sary information for processing the data. For a quadruplet test, for
example, the following information is stored: script name, testing
condition codes, subject’s name, number of quadruplets, number
of response choices, response choices, correct response, response
given by subject, response scoring system (no response = 0, correct
response = 1, incorrect response = —1), response time, and option-
ally, the error code and context (Figure 3).
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Script File
) ! Choices
Subjects

CAPERCEVALASCRIPTS\HE180.SCR  helium.[80m AA
k CAPERCEVALASCRIPTS\HE180.SCR  helium.180m AA
CAPERCEVAL\SCRIPTS\HEI80.SCR  helium.180m AA 3
CAPERCEVAL\SCRIPTS\HEI80.SCR  helium.180m AA
CAPERCEVALASCRIPTS\HE180.SCR  helium.180m AA

huile.pile.mille.bile
sain.vingt.faim.rein
baffe.base.bave.basse
rang.Zan.dans.gens
doigts.loi.bois.poids

—-u‘,aau[
PR NS
o ae s |

Response scoring
f Number of choices i=correct
| ~I=incorrect
O=no response

Conditions  N-uplet no. Correct response
Subject’s response

— — P

0
2
3
1
2

Reaction time

o0 X
P17 X
-1 1720 vis ba_
1781 o~
11245 X

i
Context

Error code

Figure 3. Example of a response file.

Microsoft Excel - HE180M.RYY
«i fichier Edition Sélection Formal Données Options Macro Ecran 2

i) | | ] 58] Nomat
AT

JPERUEVALSCRIBTSHETISUSUR Theium ¥y 2 4 huiie.pile.millebile
C\PERCEVAL\SCRIPTS\HE180.5CR  helium 4 sainvingtfaim.rein

4
2
PERCEVAL\SCRIPTS\HE180.SCR  helium 4 tinffe base bave basse 4
A APERCEVAL\SCRIPTS\HE180.SCR  helium 4 reng.2en.dens.gens 3
5 {C\PERCEVAL\SCRIPTS\HE180.SCR  helium 4 doigts.foi.bois.poids 2

: STeE
A g i e in]

RIS
-1 1024 mip i ]
11099
- 1581 fs  ba_
12077 . .
4 1580 A wa Figure 4. Excerpt from a response file im-
ported into Excel.

e Generateur de scripts

Ennlafiation -

Fehamtiltons dans 1 (0 \PMLACEVALASTIMULE

Fainnsion dea fichieds Tonoins © f;mv

HICLVAUUPUNST S A hyperbarn

Fichos Ravolaty ;£

Fuchint Conugnas o 110 WL RELVALABIN\conngne txd

Typedatest - Toasps de réachon Biaarage
s Nuplels T Audebat e
Prélbeences - Latin .4 Colonnay
Lehels {17 oot ¥ Goda Earienns
* :cw;ﬂws:[MR.IVwrlé.lliﬂm T da e propestion]T
i Puse Tumes on wlanconday
Hombios de pubtentaton 1 7 Dalei . D000

Pauye s {2000

Laie

Vichien [ \PERCEVALNDIRACADE ¥XT
. Fvsase.
B =

Figure 5. Script generation window.

[,

The response files are filled up automatically during testing. They
are written in table format to facilitate importation into spreadsheets
like Quattro Pro or Excel (Figure 4) or statistical analysis packages
like Statview or Systat. All standard types of processing are possible,
in addition to more detailed analyses. Some examples are counting
the errors made on item 10 for all subjects pooled in such and-such a
testing condition, or using the error scoring capability to determine
the number of errors the voicing feature in the [i] context under a
given testing condition.

4, System operation

4.1. Running a test

The system software operates like any other Windows application.
There is a run icon, a main window, information windows, pull-
down menus, and dialog boxes. The main window supplies various
utilities for ensuring proper execution: hardware checks, testing ses-
sions configuration, script file design (Figure 5), run procedures,
presentation of results, etc.

PERCEVAL Test

3 A 5 2:87 LU e
Tapoen 7 L Reponan 3 LT e 3
- S U kaemvet D tement
o ton - Molie e inco Mol dm s Ml
7400 a ) Ts 8
L T LT N

Touast " 2) mstn - Hxosts 4} omate

5 DF
Ropoons 2.
incocenct

© Con i - Nedle
SiDR 3

200

Figure 6. Test control window.

During execution, the operator has a control screen (Figure 6)
with a bar graph indicating the time elapsed, a central area reproduc-
ing the information displayed on the subject screens, and eight boxes
(one per station), each showing the corresponding subjects’ name, re-
sponse given, total number of correct, incorrect, and non-responses,
and the response time. This information is displayed in real time
and helps the operator detect potential failures in the equipment or
inattentiveness on the part of the subjects. In the 16-station configu-
ration, the screen can be switched back and forth from stations 1-8
and stations 9-16.

At the end of a testing session, the operator can request some
raw results such as the overall percentages of correct, incorrect and
no-response items. Further analyses may then be conducted using
the data processing programs (see 3.7).

Note that it is possible to generate stimuli and then save them
in mass storage off the system. Removable disks or backup tapes
are recommended for transferring the data from the system to other
storage devices. Similarly, for certain system operations, some of the
equipment is not necessary (interface, specialized boards, response
stations). Script generation and data processing can also be done
elsewhere.
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4.2. Successful projects

The system has already been implemented in several speech qual-
ity and intelligibility assessment projects. In a recent campaign on
the intelligibility of coded speech, the system successfully collected
nearly 750,000 responses, an undertaking that would not have been
feasible otherwise. The system has also been used regularly to evalu-
ate speech intelligibility in underwater and hyperbaric environments
[14], and to evaluate speech unscramblers [15].

5. Conclusion

The computer-driven speech assessment system we developed can
be used to evaluate speech quality and intelligibility. It was designed
to allow for collective testing and to automate the various oper-
ations involved in setting up experiments, presenting stimuli, and
recording subject responses. Powerful stimulus and response pre-
processing programs simplify the analysis of the results obtained.
The system has proven to be effective in several large-scale mea-
surement projects (see 4.2). The experience acquired during these
projects has been applied to enhancing the performance and reli-
ability of the current version of the system (release 2.0). Because
of its ability to rapidly collect massive amounts of data, the system
can be used in studies requiring either large corpora (e.g. synthetic
speech evaluation systems, TTS) or many subjects (e.g. studies on
inter-individual variability in speech decoding).
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