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Foreword

The national need for citizens with _competence in" modern
foreign languages has brought ‘ebout widespread use of electro-
mechanical devices to provide the necessary student practice in
listening and speaking. During the past fifteen years, educators
and electronics specialists have been experimenting with language
facilities, usually by modifying equipment components which
were originally designed for other purposes.

These pioneering efforts established promising new patterns

. of instructional procedures and facilities which are being adopted
‘by large numbers of schools as an irtegral part of a nationwide
commitment to strengthen modern foreign-language teaching. The
rapid growth, wide diversity, and newness of these electronic
aids to language learning have created the need for a study of -
the most effective systems of such equipment and theu' related
“technical specifications.

To meet this need, the U. S. Office of Education mltnated a con-
tract, under Title VII of the National Defense Education Act, with
the Electronic Industries Association for the preparation of this
Technical Guide for the Selection, Purchase, Use, and Maintenance
of Language Laboratory Facilities.

An Office of Education committee composed of staﬁ' members
representing Titles III, VI, and VII prepared the educational
rationale and criteria which served as the basis for a cooperative
study of technical considerations by representatlves of the Elec-
tronic Industries Association.

The author of the guide, Alfred S. Hayes, foreign-language con-
sultant, was chosen because of his unique qualifications to examine
and evaluate pertinent research from the many fields related to
this study.

This publication sets forth conclusxons reached by representa-
tives of ‘education and the electronics industry concerning many
pedagogical and technical matters which affect the ultimate con-
‘sumer—the student of modern foreign lﬁnguages

The suggestions contained in this guide are presented to assist
effective planning, selection, installation, and operation of lan- -
guage-laboratory facilities. The guide, however, is not to be con-
sidered, either directly qr indirectly, an'endorsement of any manu-
facturer 8 product by the Office of Education.

" RALPH C.M. FLYNT
Associate Commissioner for Educational
- Research and Development
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CHAPTER |

What Is a langudge Laboratory?

introduction

A language laboratory is a classroom or other area containing
electronic and mechanical equipment designed and arranged to
make foreign-language learning more effective than is usually
possible without it. a

Language laboratories may be very broadly classified into two
groups according to the way they fit into the school’s plan of .
operation. One group includes all class systems; according to this
plan of operation, laboratory work is scheduled by classes. Fhe
second group includes all library systems; according to this plan
of operation, laboratory work is conceived as comparable to library
work, students attending at their own convenience, or scheduled
at times unrelated to their language class meetings.

Functional and budgetary considerations make it necessary that
many different features in many different physical arrangements
be available to either type of system. So that the reader may be-
come generally familiar with typical installations, a representative
.system from each group is described here, and some common terms
are defined. Chapter IV: Language-Laboratory Systems, will de-
scribe and classify the various possibilities in some detail.

In both class and library systems, students sit at tables, and may
be partially isolated from one another by dividing partitions. The
‘space allotted to a single student is called a student position or
student station ; if dividing partitions are used, the resulting semx-
enclosed- 1nd1v1dual space is called a booth.

1 .
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2 TECHNICAL GUIDE;LANGUAGE-LABORATORY FACILITIES

A Typical Class installatien, With Many Features Optional

A. Equipment under the comtrol of the teacher

(1) One or more tape recorders which serve as sources of
recorded sound to which students listen. Disk (record)
players are also used. The tape recorders may also be used
for recording students’ voices for testing purposes. A
single tape recorder or disk player connected for student
listening is called a program source. -

(2) A telephone headset for listening to the program source or
to one or more students. A telephone headset may be called
simply a headset, earphones, or héadphones. The term

. headphones will henceforth be used in this guidebook.

(3) A microphone for talking to one or more members of the

class (intercom facilities), or for recording lesson
material. '

PROGRAM SOURCES
TAPE RECORDERS 4
OR TAPE PLAYERS.

DISK (RECORD)
PLAYER

ELECTRONIC EQUIPMENT
(AMPLIFIERS)

Fig. 1-1. Teacher’s console.

(4) A system of switches which permits the teacher to listen
to individual students. The facilities thus provided are
called monitoring facilities. '

(5) Suitable electronic equipment which amplifies the sound
80 that it may be distributed to the student positions. See
amplifier in the glossary on page 6.

(6) A housing for all the above equipment, usually called the
teacher’s console. The teacher’s console is normally located
at the front of the room, so that the teacher faces the
class in the normal manner, but its physical location is
not critical. It is sometimes installed at the side or rear




- WHAT IS A LANGUAGE LABORATORY? 3

of the room. When program sources and amplifying equip-
ment are housed separately from the various controls
which operate them and located at some distance from
the console, the equipment is said to be remote-controlled.
See Chapter 1V, pages 41-42.

’ v
B. Equipment under the control of the student

(1) Headphones through which the student listens.
(2) A volume control by which the student adjusts the volume
of the program source for comfortable listening.

MICROPHONE

STUDENT
AMPLIFIER |

TAPE RECORDER
PLAYBACK \

HEADPHONES

CONTROL KNOBS
AND SWITCHES

Fig. 1-2. Student equipment.

(3) A microphone, used to fulfill one or more of three func-
tions: .

(a) To permit the student to hear his own voice amplified
in the headphones as he responc?s to the voice on the

tape. Headphones so connected are called activated

headphones and the entire system is called an audio-

active system. This arrangement permits the student

a greater sense of isolation than would otherwise be

possible while at the same time giving his own voice

the same amplified quality as that coming to him from

the program source. It usually requires a student am-

plifier at the student position.

(b) In conjunction with a tape recorder, to permit the
student to record his voice. | -

(¢) To permit the student to respond to the teacher
through the intercom system, if provided.

-




4 TECHNICAL GUIDE—LANGUAGE-LABORATORY FACILITIES

(4) A tape recorder, with its various control knobs and
switches. It may be connected in various ways ¢o perform
- various functions: _
(a) To record lesson material coming from the program
source. If the teaching material can be thus recorded,
the student can then proceed independently of the
program at his own individual learning rate. ’
(b) To record his own voice while he is responding to the
voice on the tape as it comes to him either directly
from the program source or from his recording of it.
When he plays back appropriate sections of this tape,
he will hear the original recording followed by his
own responses to it. This permits him to compare the
two versions. °
(¢) To record his own voice for testing purposes, for
" subsequent evaluation by the teacher,

(d) It may be loaded with pre-recorded tape, making it

independent of an auxiliary sound source. v
C. A system of either wired or wireless circuits interconnecting

teacher and student equipment.

A Typical Library Installation

A. Program sources and control equipment

In this type of system (see Fig. 1-3) a relatively large num-
ber of program sources is used. Since recordings are seldom
made at the control position, the program sources may be sim-
ple tape players. Ideally, there would be enough tape players to
permit simultaneous operation of all levels of all languages
being taught. The seating capacity must be appropriately large.
Amplifying equipment is required just as in the class system

. described above. Monitoring facilities are not usually provided.

B. Equipment under the control of the student

Student equipment possibilities are identical with those used
in the class system. The number of individual tape recorders
installed may be sufficient only for testing needs, and to pro-
4 vide for different individual ‘learning rates in special cases.

. When pre-recorded lesson tapes are not provided, there may
be a selector switch for choosing the proper lesson tape. An
alternative arrangement simply allocates specific student posi-
tions to particular languages or courses: no student selector

s
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WHAT IS A LANGUAGE LABORATORY ? 5

switch is then required, wiﬁng is simpler, but the system is
less flexible. : ’ .

Library systems are found almost exclusively in large col-
leges and universities. Since students normally live on or near
the campus, they fit in their language laboratory practice at
times which best suit their individual schedules, just as they
would go to the library to stady for any course.

Ve

STUDENT POSITIONS TO ACCOMODATE
ALL LEVELS OF ALL LANGUAGES TAUGHT
\

NOTE AN AUDIO-ACTIVE INSTALLATION
HAS WHCROPHMONES (SEE FIG 4-4)

Fig. 1-3. A typical library instalation, ~~

Secondary schools, with their more rigid schedules and
totally different student circumstances, find it very difficult to
work with this type bf system. Yet it is only the library system,
or facilities which_provide an individual portable recorder for
each student, which can make full provision for the extra hours
of practice time which can be so important in foreign-language
learning.* School administrators experimenting with the pos-
sibilities of irregular scheduling, school days of varying
lengths, and other departures from current practice, should

* See also Chapter II, pp. 15-16, Chapter III, p. 20 for a discussion of prac-
tice time considerations.

7
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investigate carefully the possibilities of the library system, or
a system of portable recorders. See Chapter 111, pages 26-27.

Some Common Tape-Recording Terms*

Amplifier: A general term referring to an arrangement
of electronic parts, including tubes or tran-
sistors, capable of changing a weak signal
into a stronger one.

Amplifier stage: One step of amplification, using a tube or a
transistor. A complete amplifier usually has
several stages. ’ -

Blank tape: New or erased magnetic tape with nothing
recorded on it. ‘

Bulk tape eraser: An electro-magnetic device fo erasing a
whole reel (or cartridge) of tape at once,
without having to run it through a tape re-
corder.

FEED REEL TARE -UP REEL

B
\V/

D
)
6 |

\{
®o
S

e

CAPSTAN ROLLER
CAPSTAN

Fig. 14.

Capstan: The rotating shaft, connected to the motor
in a tape recorder, which moves the tape
forward in conjunction with the capstan
roller.

-

* For a more complete glossary of language laboratory terms, see Joseph .C.
Hutchinson, Modern Foreign Languages in High School: The Language
Laboratory, U. S. Department of Health, Education, and Welfare, 0OE-27013,
Bulletin 1961, No. 23, pp. 48-56. .

’;‘4 J5
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Capstan roller: A rubber-like cylinder which squeezes the
tape tightly against the capstan to assure !
forward movement.

Figo 1'50

Cartridge: A device, similar to a réel, which holds blank.
or recorded tape, and is placed in operating
-position by a snap-in motion, avoiding tape
handling and threading.

Channel: (1) Loosely, a program source.

(2) The electrical path from program source
to headphones. Each program source re-
quires a separate channel.

(3) Used in compound words to refer to the
design features of a tape recorder which
permit it to record and play back either
one track, or two or more independently
or simultaneously. See Single-channel
recorder, Dual-channel recorder.

(4) Used in compound words to refer to the
design features of an amplifier which
permit it to amplify either one signal,
or two or more independently or simul-

. taneou§l¥. Thus, a single-channel ampli-
fier can carry only one signal at a time,
while a dual-channel amplifier can carry
two.

Counter: A device similar to the total mileage indica-
‘tor in an automobile, which. permits indexing

o .
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the location of different recorded items
within a single reel of tape, and thereby

~ facilitates finding them.
Deck: See Tape deck.

Drive wheel: A rubber or rubber-like wheel which is part
~of the internal mechanism in a tape recorder.

Dual-channel See Channel.

amplifier:

Dual-channel A tape recorder which can record or play

recorder: two tracks independently or simultaneously.

A modification of the dual-channel recorder
provides the “record-compare” facilities in-
cluded in many language laboratories.

-BOTH TRACKS RECORDED AND PLAYED IN ONE DIRECTION

Fig. 1-6. Dual-track recording.

Dual-track A recording made by a dual-channel recorder,
recording: using both channels.
Dub: To make tape duplicates; to copy tape; to

insert a portion in an already prepared tape;
a copy of a tape.

- Erase head: The electro-magnetic device on a tape re-
corder which removes previously recorded
material from the tape.

Fast forward: Rapid movement of tape in the forward
direction, from feed reel to take-up reel.
Feed reel: The full reel of tape, which empties onto the

take-up reel when a tape is recorded or
played.




|

WHAT IS A LANGUAGE LABORATORY? 9 '

RECORD AND
ERASE MEAD  PLAY-BACK HEAD

Four-track See Quarter-track recording.

recording:
Fgll-track A tape recorder with a record head capable
recorder: of making and playing a full-track records

ing. It can play a half-track recording only
if one track is blank.

DIRECTION OF RECORD
AND PLAY-BACK

Fig. 1-8. Full-track recording.

Full-track A recording occupying the full width of a

recording: quarter-inch tape. Sometimes called single-
track recording, but this term is not recom-
mended.

Gain control: The terms gain control, level control, and

volume control are often used interchange-

682447,0 - 6) - 2
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10 TECHNICAL GUIDE—LANGUAGE-LABORATORY FACILITIES

' ably to refer to a control which adjusts the
loudness of what is heard he latter sense,
volume control is ordin&Hy used by non-
technical people, gain control or level con-
trol by technicians and engineers. Strictly
speaking, gain control is the proper term for
any control which adjusts the amplification
(gain) of an amplifier, regardless of the
effect on the ear. Level control is the proper
term for any control used to set some oper-
ating point (level) in any electronic circuit,
often by observing a meter or other electronic
measuring device.

Half-track A tape recorder with a record head capable
recorder: of making a half-track recording, and play-
ing both half-track and full-track recordings.

RECORD AND
PLAY-BACK

RECORD AND
PLAY-BACK

Fig. 1-9. Half-track recording.

Half-track A recording occupying half the width of a

recording: ' quarter-inch tape. Two different half-track
recordings may be made on a single quarter-
inch tape, each recording beginning at op-
posite ends of the tape. Sometimes called a
dual-track recording, but this term is best
reserved for a different application. See
Dual-track recording.

Head: See Erase head, Playback head, Record head.
Head ' A service instrument which removes the re-
demagnetizer: sidual magnetism which accumulates in tape-

recorder heads as a result of use.
<
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Idler wheel: See Drive wheel.
Indexer: - SeeC?unter. -
Ips.: Inches per second, the measure of tape re-

cording and playing speed.

Leader tape: A strip of blank tape, usually not recording
tape, spliced to the beginning of a tape re-
cording. Also used to separate different pro-
grams recorded on the same reel of tape.

Level control: See Gain control.

Magnetic tape: A ribbon of magnetically sqnsitive material
on which sound is recgfded by a tape
recorder. Except in certgin elaborate experi-
mental situations, quarter-inch tape is uni-
versally used in language-laboratory applica-

tions.
Monaural: See Channel, Single-channel recorder.
Pause lever: A special control feature which stops the tape

movement without disturbing any other func-
tions or operations of the recorder. Tape
movement resumes instantaneously when this
spring-operated lever is released.

Playback head: The magnetic device on a tape recorder which
converts patterns of magnetization on a re-
corded tape into electrical impulses which
are then amplified and converted into sound.

Player: See Tape player.

Power amplifier: An amplifier furnishing spfﬁcient signal
power to operate a loudspeaker.

Preamp: See Preamplifier.

Preamplifier: An amplifier stage or stages designed to raise
the very weak signal from a microphone, a
tape head, or certain phonograph cartridges,
to some predetermined level. A preamplifier
will not operate a loudspeaker directly.

Prerecorded tape: Tape which contains lesson or other mate-
rials, recorded prior to use in instruction,
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Quarter-track
recording:

Recorded tape:
Recorder:
Record head:

Recording tape:

Recording speed:

Reel:

Rewind:

Signal:

L)

Single-channel\

amplifier:

Single-channel
recorder:

Solenoid:

Speed:
Splice:

‘Splicing tape:

Stage:

—

either commercially or by the instructional
staff.

A recording consisting of two&separate dual-
track recordings; four separate recorded
tracks on the tape.

Magnetic tape with a recording Bn it.
See Tape recorder. Q

The magnetic device on a tape recorder which
converts ampl'g\ed electrical impulses from
a microphone into a correspondingly varying .
magnetic field, which puts ‘“sound” on the
tape in the form of invisible patterns of mag-
netization. With appropriate switching, it
may also serve as a playback head. :
See Magnetic tape. ‘ ' g
L
See Tape’speed. ‘

The spool, usually of plastic, which holds
blank or recorded tape.

g
F %

Rapid rﬁovement of the tape in the reverse
direction, from take-up reel to feed reel.

Designates whatever is supposed to be heard
over a reproducing system, as distinguished
from unwanted noise.

See Channel.

A full-track or half-track tape recorder
which can record or play only one track at a
time.

An eleétromagnet, often used to provide in-
stantaneous control of a mechanical switch.

See Tape speed.

To attach two pieces of tape; also, a patch
connecting two pieces of tape.

A special adhesive material for splicing re-
cording tape.

See Amplifier stage.
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Take-up reel: The empty reel which fills with tape from
' the feed reel as a tape is recorded or played.

Tape: See Magnetic t@e.
‘Tape cartridge: See Cartridge. |

Tape deck: Strictly, a tape recorder, minus the power
amplifier required to operate a loudspeaker,
but usually including a preamplifier. If no
reference to amplifiers is intended, tape deck
means the same thing as tape transport.

Tape player: A tape program source having only a play-
back head. It can thus play tapes, but cannot
record or erase them.

Tape recorder: A single machine capabh of recording sound
on magnetic tape and reproducing it or eras-
ing it at will.

Tape speed: The speed with which the tape moves past
the heads when recording or playing. The
two common speeds are 7% and 334 inches
per second (ips.).

, Tape transport: Strictly, that part of the tape recorder which
i transfers the tape from reel to reel, or which
: operates a tape cartridge. It also supports
f the heads under a common cover. Although
: , properly used without reference to any am-
i plifying equipment, the term is also used
loosely to mean tape deck.

Thread: To run the loose end of tape from the feed
reel to the take-up reel in such a way that
the machine is ready to play or record.

Track: The magnetized path made on a tape when a
recording is made. Different physical head
designs produce tracks of different widths.

P S T T T e

Transistor: A miniature electronic device which performs
the functions of a (vacuum) tube.
Tréansport: See Tape transport.
Virgin tape: Blank magnetic tape which has never been
: © used.
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Volume control:
VU meter:

See Gain control. )
A meter which indicates the signal level of
either the recording signal or the playback
signal. It is used to establish the VU (volume
units) or the eventual “loudness” of the
recording. a




CHAPTER M -

Why a Language Laboratory?

Traditional foreign-language instruction in the United States
was dedicated largely to the teaching of reading, approached
through the study of the rules of grammar. The basic approach,
with only minor variations, was extensive translation. But .recent
years have witnessed a shift of emphasis in language teaching and
learning. It has become a matter of national self-interest to in-
crease the number of American citizens who can understand and
speak a foreign language. This shift of emphasis is paralleled by
recent advances in linguistic science and allied fields, which have
contributed to a new view of language and language learning. In
this view, understanding and speaking a foreign language are re-
garded first as essential primary objectives in themselves, then
as a sound basis for systematically acquiring the important read-
ing and writing skills on which the affairs of a literate society so
heavily depend.* Central to this view is the observation that un-
derstanding and speaking are to a large extent matters of habit,
rather than matters of knowledge.

The only known way to form habits is through practice. Learn-
ing a foreign language is in this respect much like learning to
play a musical instrument. No one questions that the music stu-
dent must practice, if he wants to learn to play, say, the piano,
since it is obvious that no amount of study of musical notation
alone will teach anyone to play. Yet failure to make satisfactory -

* Sound experimental support for this contention is accumulating. See, for
example, George A.C. Scherer and Michael Wertheimer, “The German Teach-
ing Experiment at the University of Colorado,” The German Quarterly, Vol.
36, No. 8, May, 1962.

- 16
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progress in a foreign language has been traditionally attributed to
insufficient study rather than to the real cause, insufficient practice.
Even grammar, which in this view of language learning is not
discarded, as is sometimes supposed, is internalized more by ex-
tensive practice in using the most frequent grammatical construc-
tions of the language than by studying statements about them,
although such statements have their place.

The musical analogy may be pursued even further, although the
parallel is not exact. The mechanics of piano-playing must be auto-
matic, or the student will never be able to concentrate on repro-
ducing the “meaning” the composer intended, much less go on to
successful improvisation or compositioh. Successful control of a
foreign language is even more exacting, for the speaker constantly
improvises, often producing genuine, natural utterances which
neither he nor anyone else has said before in exactly that way.
Both musicdl and language improvisation are, however, tightly
bound to sounds and constructions to which members of the same
cultural community can successfully react, and without firm con-
trol of these sounds and these constructions, the improvisation will
be chaotic, and the “message” will not be understood. The com-
poser, and the poet, exploit this firm control to experiment with
new arrangements to convey both familiar and unfamiliar
meanings.

Practice is, then, essential to understanding and speaking a
foreign language. A competent teacher, who makes the best pos-
sible use of classroom time, and has access to good materials, can,
indeed, successfully provide the kind of practice required. But it
is difficult, often exhausting, for a live teacher to provide, through-
out countless repetitions, the consistently authentic model and the
carefully sequenced progression.of drills which efficient practice
‘requires. To provide this practice is the fundamental role of the
language laboratory.

Specific advcnfagqs provided by the language laboratory

(1) In a language laboratory all students present can practice
aloud simultaneously, yet individually. In a class of 30
students, 29 are not idle while one is busy.

(2) The teacher is free to focus his attention on the*individual
student’s performance without interrupting the work of
the group™™ .

(3) Certain language laboratory facilities can provide for
differences in learning rates.
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(4) The language laboratory provides authentic, consistent,
untiring models of speech for imitation and drill.

(6) The use of headphones gives a sense of isolation, intimate
contact with the language, equal clarity of sound to all
students, and facilitates complete concentration.

(6) Recordings provide many native voices. Without such
variety it is common for students to be able to under-
stand only the teacher.

(7) The language laboratory facilitates testing of each stu-
dent for listening comprehension. It has generally been
impracticable for the unaided teacher to test this skill.

(8) The language laboratory facilitates testing of the speak-
ing ability of each student in a class. It has generally

. been impracticable for the unaided teacher to test this
skill.

(9) Some teachers, for reasons beyond their control, do not
themselves have sufficient preparation in understanding
and speaking the foreign language. The language labora-
tory provides these teachers with an opportunity to im-
prove their own proficiency.

(10) The language laboratory makes it possible to divide a class
into teacher-directed and machine-directed groups.

(11) Certain language-laboratory facilities can enhance the
student’s potential for evaluating his own performance.

(12) Given specially-designed instructional materials, the lan-
guage laboratory can provide technical facilities for effi-
cient self-instruction.*

* See the section on programmed instruction in Chapter III.




CHAPTER 1Nl

_Planning For a Language Laboratory

-

Pedagogical Assumptions

If understanding and speaking are not regarded as prifhary ob-
jectives in a foreign-language program, there is no need even
to consider the installation of a language laboratory. If these
skills are considered to be primary objectives, to be continuously
fostered throughout the program while also constituting a solid
basis for. the acquisition of the important reading and writing
skills, it is evident that the selection of electronic and mechanical
equipment to complement the work of the teacher is only one of
the many prior decisions which must -be made. A detailed con-
sideration of the nature of language and language learning, the
teaching methods consistent with it, and the kinds of teaching
materials most likely to implement these methods effectively, lead
to certain assumptions which are basic to the planning, use, and
maximum exploitation of language-laboratory equipment:

(1) Optimum learning requires native or near-native models

of the foreign language for imitation.

(2) Optimum learning calls for frequent, regular practice with
these models, with overlearning to the point of automatic
behavior in the foreign language.

(3) Optimum teaching emphasizes extensive imitation and
memorization of authentic, productive patterns of speech,
extensive structure drills designed to foster the students’
powers of analogy, immediate confirmation of correct re-
sponses, and immediate correction of incorrect responses.

18
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(4) The teaching materials, therefore, must provide authentic
speech patterns, arranged in some form which permits 1
them to be used as models for imitation and memorization.
The dialog is a powerful tool for the presentation and learn-
ing of model or pattern sentences, since it emphasizes that
communication ordinarily involves at least two people and
teaches the appropriate grammatical structures. Each pat-
tern sentence, of necessity, contains one or more such
structures, which occur over and over again in the language.
The materials must also provide the drills by means of
which the structures learned in the pattern sentences are
manipulated, highlighting necessary form and order
changes, in sufficient quantity se that the student can, by
analogy, automatically extend his use of these structures
by the simple substitution of new vocabulary.

(6) There is usually an initial period of exclusively audio-lingual
(understanding-speaking) instruction; books and other
printed materials are not used, and no reference is made
to the written forms of what the student is learning to
understand and say. The reasons for thus postponing the
use of printed materials derive from the need to allot all
available time at the beginning of the course to the difficult
primary skills of understanding and speaking, and from
the need to avoid interference from written symbols until
a proper foundation for good audio-lingual habits has
been laid. The mechanics of subsequently learning to read
and write are simplified by this order of presentation, since
the number of simultaneous new learning tasks is thereby
reduced at évery point in the instructional sequence. Ex-
plicit procedures for teaching reading and writing in an
audio-lingual course are required, of course, just as a child
is not expected to learn to read and write his own language
by himself.

After this exclusively audio-lingual period and through-
out the first 8350 hours of instruction,* new material is
presented so that the student learns to understand and
speak it before dealing with its written form.

(6) The audio-lingual skills can be maintajned and increased
only by continued practice throughout all the years of for-
eign-language study. The level of difficulty of audio-lingual
practice materials should increase in keeping with the diffi-
culty of the reading and writing materials. )

¢ Approximately two academic years, with five hour-long classes per week.
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Criteria for Equipment Selection

There follow a number of criteria for the selection of language-
laboratory equipment, based upon these assumptions. They are
presented in the order of their importance.

(1) The criterion of adequate practice time

In view of the indispensable requirement of frequent, regu-
lar practice, equipment should be provided to allow at
least twenty minutes use per class day per student. This
means that, considering the number of students involved
and the funds and space available, it may be advisable to
install equipment that is far simpler than that described in
Chapter 1. Effective use of good materials can begin with
a single tape recorder or disk playback in each classroom at
‘any level.
(2) The criterion of evaluation of progress

In view of the nature and importance of our grading sys-
tem, provision should be made for tests of speaking ability.
Students cannot be expected to learn to speak the foreign
language if that skill is not to be evaluated regularly by
tests. This means that there must be access to a number of
tape recorders, sufficient to permit testing without serious
disturbance of class schedules. Various means of doing
this will be suggested in Chapter 1V.

The examination function is particularly importar}t, be-
cause much of the revolution now under way in foreign
language teaching focuses upon the need to teach students
to speak, as well as to understand, read, and write. The
newer courses will provide such examinations, and stand-

~ ardized tests of speaking, now being prepared for five lan-
guages by the Modern Language Association working with
the Educational Testing Service, should be ready for nation-
wide use in 1963.

(3) The criterion of extended practice

In view of the requirement of frequent, regular practice,
provision should be made for more work with recorded
native models than can be supplied in the presence of the
teacher. This criterion of outside-of-class or homework
stems again from the close analogy between learning a for-
eign language and le?i‘rning'to play a musical instrument.
In neither case are we doing complete justice to the stu-
dent’s need for practice if we confine his efforts to the time
we can afford in the presence of his teacher. This criterion
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1
is met either by extra practice in the language laboratory ‘
using only supervisory personnel, or by the use of home- |
work disks or tape recordings supplied as part of the course
materials. y

(4) The criterion of teacher readiness

As a general rule, language-laboratory equipment should
not be installed until the teachers have developed a readi-
ness to use it. ‘“Readiness,” in the sense intended here,
should never be expected to include $he technical skill
necessary to maintain the equipment, but only the pedagog-
ical and mechanical skills necessary to teach with the ma-
chines, and familiarity with the proper instructional mate-
rials which the use of machines presupposes. This means
that a program of in-service training for teachers should
be planned well in advance of the purchase of equipment.
Lacking such a program, it may be wise to begin with an
installation as simple as a single tape recorder in each room,
perhaps including multiple headphones, and adding other
equipment in stages. With proper planning, this can be
donée without significant loss or increase in cost.

If the plan can envisage all that might be desired in
the final stage, including electronic compatibility of the
components to be installed at later stages, certain elements,
such as wiring, can be provided at only nominal extra cost
along with the initial simple installation. Thus, successive .
phases in the development of the system would involve
only the addition of new components, with no expense for
replacements or rewiring.

It is inevitable that with the rapid development of new
kinds of teaching materials and the extraordinary advances
in the field of electroni¢s, some items of equipment will .
become obsolete. However, our inability to describe accu-
rately the language laboratory of 1968 or 1970 should not
deter any school from making the best use of the equipment
that is now available.

Language Laboratories and the Elementary School

The special pupil-teacher rapport necessary in the elementary
school, the shorter attention span of younger children, and the
special administrative problems at this level tend to militate
against the use of full-scale language laboratories below grade
seven. The use of tape recorders and simple multiple-headphone
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arrangements does seem justified, especially in view of the acute
shortage of adequately trained elementary school teachers to serve
as native or rear-native models. Continued research and experi-
mentation on the use of such equipment in the elementary school
should be encouraged, however, since concrete evidence of the
way in which its effectiveness differs for different age groups
is almost wholly lacking. '

Step-by-Step Planning; The Use of Consultants

In planning for a language laboratory, it is often difficult to de-
termine just what steps should be taken, and in what order. For a
step-by-step planning sequence, adjustable to the needs of different
schools, the reader is referred to an article by the present writer,
entitled “Procedures for Language Laboratory Planning,” Bulletin
of the National Association of Secondary-School Principals, pages
123-135, March, 1952.* See also the general recommendations in
Chapter V, pages 46-47.

In the above article, and elsewhere in the now extensive litera-
ture on language laboratories, the consumer is advised to obtain
the services of a professional consultant. Since the use of such
consultants is relatively new in the language field, some sugges-
tions are given here for identifying and qualifying specialists in
this field, and for making the most effective use of their services.

Before a consultant is actually chosen, it is most important to

- try to identify as specifically as possible the problem or problems
you wish him to help solve. Following a period of preparatory
study, administrators, purchasing personnel, and the language
teaching staff should try to frame specific questions. Time thus
spent in assembling a careful statement of problems can both in-
crease the ultimate value of the consultant’s contribution and re-
duce the cost to the institution by making efficient use of his

time. .
It is convenient to consider three possible statements of the
consultant’s role: e o

1. If the requirements are highly specialized, as is sometimes .
the case in large university installations requiring custom design,
the institution may need engineering services beyond those usually

* The same article, in a somewhat different format, entitled “Step-by-Step
Procedures for Language Laboratory Planning—Some Suggestions for
Schools and Colleges”, is distributed in mimeographed form by the Modern
Language Association Research Center, 70 Fifth Avenue, New York 11,

~“New York.
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supplied by language-laboratory companies. In such cases the |
consultant must be a qualified electronics engineer, with experi-
ence in the design of complex audio distribution systems. In addi-
tion, he should be or become familiar with the special require-
ments of recording and reproducing systems to be used for foreign-
language instruction, as set forth in Chapter V of this guidebook.
Similar qualifications are required for making evaluations or tests
of the comparative. performance characteristics of samples of
equipment, e.g., various makes and models of headphones and
microphénes which have been submitted for approval.

Such personnel can be located through electronics consulting
firms, electrical engineering departments of colleges and univer-
sities, and radio and television broadcasting stations.

2. The consultant is to take over the entire job of advising and
assisting the ipstitution in all aspects of the development of its
new foreign-language program. He will assist the staff with its
preparatory study, discussing with them questions of theory and
methodology in the light of available materials and institutional
materials-adoption policies. Within stated budgetary limits, he
will develop a practical language-laboratory program, which will
include a statement of needed equipment functions, specific recom-
mendations for implementing them, adequate provision for ex- .
pansion, and a set of specifications tailored to the precise needs
of the institution, written in conformity with institutional pro-
curement procedures and applicable state and local laws. In mak-
ing his recommendations, he will reduce the large field of potential
suppliers to perhaps three or four whose products seem best
suited to the requirements, taking into consideration the prefer-
ences, if any, of the staff, arrived at through preparatory study
and observation of actual language-laboratory installations in
operation at other institutions. He will thus relieve the institutional
\\_staff of the wearisome task of listening to the presentations of
dozens of competing firms. He may be called upon to help evaluate
specific items of equipment as suggested in the proposals of the
companies of choice, and to make actual engineering suggestions
requiring a high degree of technical competence. Upon comple-
tion of the laboratory installation, he may be called upon to con-
duct such practical performance tests as are feasible, to assume
the responsibility for final approval, and to assist the institution
in setting up a suitable preventive-maintenance program.

At the present writing, there are very few consultants both
available and competent to assume this kind of extensive and

time-consuming responsibility. The kinds of competence required
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are extremely diverse, and will ultimately be supplied by respon-
sible consulting firms who will employ diﬂhQnt 8pecialists ag
needed, and consolidate their efforts.

3. Practical use of g consultant at present will, therefore, usually
be based on a more restricted view of his contribution. The

engineer, but hig background should include electronics experi-
ence at the technician level, and his language-laboratory experi-

~
!

¥
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The Language Laboratory and Programmed Instruction®

There has been considerable recent interest in the use of the '
techniques of programmed instruction in many subject matter
fields, including foreign languages. Briefly, programmed instruc-
tion is intended to increase efficiency, and, in some cases, to make
possible efficient self-instruction. It requires exact specification
of what is to be learned (terminal behavior) and breaks up this
material into optimally small units, called frames. The amount
of new material added by succéssive frames is adjusted so that
the possibility of error is drastically reduced. It utilizes the prin-
ciple of immediate reinforcement of correct responses, already
menfioned as indispensable to effective teaching and learning. It
can account completely for differences in individual learning rates,
since students proceed at their own pace.

In order to present the materials most effectively, some kind
of presentation device is usually required; this may be a specially-
arranged textbook, called a programmed textbook, or a mechanical
device. It is this device which is frequently called a teaching
machine, although it is clearly the materials which teach, and
not the machine per se.

That there are problems in the application of these principles
to the audio-lingual phases of foreign-language instruction is ob-
vious. For example, it is not expected that any mechanical device
Wwill directly evaluate pronunciation, at least in the foreseeable
future. But a number of programs are already available commer-
cially, using various techniques for providing immediate rein-
forcement of oral responses. There is a great deal of promising
experimentation in the area of aural discrimination training, de-
signed to teach the student himself to be an expert evaluator of
correct pronunciation, including his own. It is natural to inquire
how programmed instruction is related to the language laboratory,
and in what way this promising new look at learning should in-
fluence language-laboratory planning, if at all.

Considerable attention has been given to the design of recorded
| materials for language-laboratory use. The essential difference

* A detailed discussion of the principles and problems of programmed in-
struction, as applied to foreign language, will be found in: A. S. Hayes, Harlan
Lane, Theodore Mueller, Waldo E. Sweet, “A New Look at Learning”. In
Current Issues in Language Teaching, Reports of the Working Committees,
1962 Northeast Conference on the Teaching of Foreign Languages, W. F.
Bottiglia, ed. Available from Prof. Edward J. Geary, 207 Boylston Hall,
Harvard University, Cambridge, Mass.

682447 O - 1y -3
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between programmeéd instruction and traditional language-labora.
tory techniques lies in the tested design of the taped materials in
accordance with the principles just described. If the materials are
to be self-instructional, the design may incorporate even more
radical departures from customary practice. But many of the
efforts which have been expended on the development of tech-
niques to increase the efficiency of language-laboratory practice
are not inconsistent with the basic idea of programmed instruc-
tion and, indeed, have been intuitively influenced by it.

A number of foreign-language projects experimenting with pro.
grammegd instruction use only a conventional tape recorder and a
work-book. Thus the language-laboratory student position which
is equipped with its own tape recorder meets the technical require-

- ments of these particular teaching-machine programs. Since, for
many reasons, a number of student positions, in many cases all,
will be equipped with individual tape recorders, it can be seen
that adequate planning for the ultimate use of this kind of pro-
grammed instruction in the language laboratory requires only
that proper wiring provisions be made for the eventu‘x,i‘l.,insmllu-
tion of complete tape recorders at each student posttion? o

On the other hand, some of-the techniques now undergoing ex-
perimental development will j’require presentation devices with
features quite different from those usually found on the conven-
tional tape recorder. These features raise new design problems,
and introduce the serious question of -standardization of taped
and.or visual materials and their modes of presentation. In school
situations it would be unwise to consider the use of such devices
at a stage of development when such use might involve permanent
commitnient to the programmed materials of one particular source.

Stimulated by developments in programmed instruction, small,
light, portable units similar to the tape recorder, and intended for
both home and school use, will soon be available. Certainly, any
device or any program designed to increase the now dubious
efficiency of home practice will be welcome, Just as the homework
disk 'is now finding considerable acceptance as an adjunct to
language-laborafory and classroom work. It i8, of course, impera-
tive that audio quality be sufficiently higz:)or foreign-language

N

instruction (see CGhapter V), and that cos be low enough 3o that
- each student could be assigmed his own po le unit.

The implications of programmed instruction for language-labo-
ratory planning may be summarized thus: suitable wiring to
accommodate individual tape recorders at each student position
in the language laboratory will provide adequately for the cur-
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rently most promising of those advances in programmed instruc- I
tion which include the audio-lingual aspects of foreign-language
learning. Techniques involving more complex presentational de-
vices can eventually be accommodated in the language laboratory
in the same way, but lacking standardization, may invite commit-
ment to the programs of one particular source. Language teachers
and administrators should keep abreast of developments in porta-
ble units for home and school use.




CHAPTER IV

Language-Laboratory Systems*

In Chapter I two typical language-laboratory systems were
briefly described and some common terms defined. This chapter wil]
describe some of the many possible variations in such systems, and -
discuss the relative advantages and limitations of each. In view
of the administrative complications inherent in the use of library
systems in secondary schools, all of the systems discussed in this
section are to be considered class systems, although both class
and library systems obviously have many features in common,

It is hoped that the material of this section will simplify the
task. of applying the pedagogical criteria given in Chapter III. The
systems are described in order of complexity. The numbered ad-
vantages listed with each system refer to specific advantages pro-
vided by the language laboratory listed in ‘Chapter 11, and are
.here repeated for convenient reference:

(1) In alanguage laboratory all students present can practice
aloud simultaneously, yet individually. In a class of .30
students, 29 are not idle while one is busy. ’

(2) The teacher is free to focus his attention on the individual
student’s performance without interrupting the work of
the group. ’

(3) Certain language-laboratory facilities cap provide for dif-
ferences in learning rates. -

*For a differently arranged, but excellently detailed discussion of language
laboratory systems-and the relation of their various functions to student
learning activities, see Joseph C. Hutchinson, Modern Foreign Languages in
High School: The Language Laboratory, U. S. Department of Health, Edu-
cation and Welfare, OE-27013, Bulletin 1961, No. 23, pp. 23-35. .

28
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(4) The language laboratory provides authentic, consistent,
untiring models of speech for imitation and drill.

(6) The use of headphones gives a sense of isolation, intimate
contact with the language, equal clarity of sound to all
students, and facilitates complete concentration.

(6) Recordings provide many native voices. Without such
variety it is common for students to be able to understand
only the teacher.

(7) ‘The language laboratory facxhtates testing of each student
for listening comprehension. It has generally been im-
practicable for the unaided teacher to test this skill.

(8) The language laboratory facilitates testing of the speak-
ing ability of each student in a class. It has generally
been impracticable for the unaided teacher to test this
skill.

(9) Some teachers, for reasons beyond their control, do not
themselves have sufficient preparation in understanding
and speaking the foreign language. The language labora- '
tory provides these teachers with an opportunity to im-
prove their own proficiency. :

" (10) The language laboratory makes it possible to divide a class
into-teacher-directed and machine-directed. groups.

(11) Certain language-laboratory facilities can .enhance the
student’s potential for evaluating his own performance.

(12) Given specially-designed instructional materials, the lan-
guage laboratory can provide technical facilities for
efficient self-instruction.

System | A: Listen-Respond

* Equipment:
Tape recorder or phonograph with built-in loudspeaker.*

Principal Functions:
Listening practice and choral drill.

Advantages:

2, 4, 6, 7, 9. This system is inexpensive and very simple to
operate and manage.

~

* It can be argued that this and the following simple system are not what
is usually meant by a language laboratory, but they do fit the broad definition
given at the beginning of Chapter I. The listed advantages certainly cannot
always be supplied by the teacher alone.
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PHONOGRAPH TAPE
(DISC PLAYER) SPEAKERS RECORDER

Limitations:

(1) The amplifiers and loudspeakers built into equipment
of this kind are frequently not of sufficient quality to pro- L
vide good sound at sufficient volume. If ‘the volume is
adequate, other classes may be disturbed, depending, of
course, on the acoustical properties of the room.

(2) The resulting sound, even if of adequate volume and
quality, is not equal for all students in the room.

(3) The single program source permits no provision for
individual differences in rate of learning.

(4) The teacher's evaluation and correction of individual
students is quite difficult.

Notes and Discussion:

This single piece of equipment, and all of the more elaborate
systems discussed hereafter, requires preventive mainte-

nance for maximum efficiency and durability. This point
cannot be overemphasized. See Chapter VII.

System | B: Listen-Respond

E(iuipment:

Tape recorder or phonograph with external amplifier and

higher-quality speaker, or speakers, installed in or on the
walls or ceiling of the room.

Principal Functions:
Same as in System I A.
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Advantages:
Same as in System I A.

Limitations: )
Same as in System I A, except that much better sound quality
can be achieved at adequate volume, with good distribution
throughout the room.

SEPARATE SPEAKER SYSTEM @

STORAGE FOR AMPLIFIER
AND RECORDS AND TAPE

e == —

Fig. 4-2. Listen-respond, System I B.

Notes and Discussion:

While excellent quality and sound distribution can be achieved
by the use of several speakers, installed, for example, at in-
tervals in the ceiling of the room, or high in two or more
corners, the cost of such a system would be out of proportion
to the gain, and, if such funds are available, serious considera-
tion should be given to System II.

System Ill: Listen-Respond

Equipment:
Tape recorder (s) or tape player(s), or phonograph, with in-
dividual headphones. :

Principal Functions:
Listening practice and oral drill, including small group or

\
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individualized practice to accommodate different rates of
learning.

Advantages: - '.
1,2, 3 (but note limitations 1, 27and 6), 4, 5, 6, 7, 9, 10.

Fig. 4-3. Listen-respond, System II.

Limitations:

(1) Provision for individual differences requires additional
program sources.

(2) Individual students cannot control the machines to pro-
vide the needed number of repetitions or pauses.

(3) Without the audio-active feature of System III, the stu-

. dent cannot hear himself clearly as he responds, because

the headphones tend to “stop up his ears.”

(4) The teacher’s evaluation and correction of individual
students is easier, but still somewhat awkward.

(5) Unless the machine-drill group is isolated (e.g., by a

glass partition), it cannot work aloud without disturbing
the teacher-directed group. ‘

Notes and Discussion:
(1) Unless the equipment and wiring are fixed or built-in,
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the task of setting up lines, headphones, etc., each time is
awkward and time-consuming.

(2) Individual differences in hearing are not accommodated
without a volume control for each student.

" (8) Control of the program and evaluation of students as-
sumes that the teacher also can listen to the recorded
. material.

(4) Selection among multiple program sources. can be pro-
vided for by a selector switch at the student’s position or
at the teacher’s position.

System lil: Listen-Respond (audio-active)

STUDENT AMPLIFIER . PROGRAM SOURCE
AND CONTROLS

MICROPHONE (FOR .
STUDENT RESPONSE) HEADPHONES (FOR LANGUAGE
MATERIAL AND STUDENT RESPONSE)

Fig. 4-4. Listen-respond, audio-active system.

Equipment:
Program sources and headphones for group practice, as in
System II, plus microphones and amplification to make an
audio-actiye system. (See Chapter I, page 3.)

Principal Functions:
Same as System II.

Advantages:

'1,2,3,4,5,6,7,9, 10, 11. This system enhances advantage b.
A properly adjusted audio-active system permits the student
a greater sense of isolation than is otherwise possible, since

-
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it gives his own voice the same amplified quality as that
coming to him from the program source. Since the general
level of sound heard in the headphones is constant, he is less
distracted by room noise. Actual room noise is reduced be-
cause the student can now speak in a lower tone, yet without
the muffled effect which is apparent in systems without the
audio-active feature.

Limitations: =

(1) Same as in System II.

(2) Same as in System II. .

(3) The teacher’s evaluation and correction of individual
students is still rather awkward.

Notes and Discussion:

(1) Some of the advantage of the microphones is lost unless
volume of student voice and program source can be co-

_ordinated. v '

(2) An improperly chosen and improperly adjusted audio-
active system can be troublesome. Unless the proper
microphones are used, and their volume level carefully
adjusted, they can readily pick up disturbing noises, in-
cluding the responses of other students. See Chapter V,
pages 92 and 94. .

System IV: Listen-Respond-Compare (individual control)

INDIVIDUAL RECORDING AND PROGRAM SOURCE
PLAYBACK' FACILITIES

STUDENT CONTROLS FOR RECORDING
. AND PLAYBACK

Fig. 4-5. Listen-respond-compare.

<
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Equipnient:
Same as in System III, plus separate recording facilities for
individual students.

Principal Functions:

= (1) Individual listening and speaking practice.

(2) Sma up or individualized practice to accommodate
diﬂ'@ora'tes of learning.

(3) GrouPXpeaking tests.

(4) Individual control of student recorder, permitting com-
plete adjustment to individual learning rates. The stu-
dent can adjust the number of repetitions and the length
of pauses as needed. See discussion below.

(5) The student can record his responses and compare them
directly with the model in the lesson material.

(6) Master recordings for use with individual student, ma-
chines can be duplicated as needed from"the playback
program source or supplied on pre-recorded tapes.

Advz’mtaées:
1,23,45,6,78,9,10, 11, 12.

Notes and Discussion:

Group speaking tests. It is frequently a matter of budgetary
concern to determine the minimum number of student tape
recorders required to permit group speaking tests. This can
be a number equal to one quarter of the number of students
in the largest foreign-language cfass, determined as follows:
allowing twelve minutes per group test, including seating
and re-seating, it is possible to administer four such group
tests in a single fifty-minute period. If there are twenty-eight
students in the largest class, then seven student recorders will
" be the minimum number required. Of course, if the decision
has been made on other grounds to have individual tape re-
corders at each student position, this question will not arise.
Evaluating and grading large numbers of individually re- -
corded test tapes can be extremely time-consuming. To make '
this task more manageable, some provision should be made
for assembling on a single reel of tape the test responses of
a relatively large number of students.
One fairly simple procedure is to place each student test
tape on any tape recorder or player and connect the output of
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the player (by means of a patch cord or connecting cable) to
the input of another tape recorder. Each student tape in turn
is then played and recorded (dubbed) onto the second re-
corder, resulting in a single continuous reel of test responses.
But the test materials, the questions or other stimuli to which
the student responds, are also normally recorded on the stu-
dent’s test tape during the test, and it is still excessively time-
consuming to have to listen to this test material over and
over again while evaluating, or to wind past this portion and
locate the next student response. It is possible to improve
this arrangement by having the student recorders record only
the student responses, not the test material itself. To accom-
plish this, students can be required to start and stop their
machines in response to a command or a tone or other signal
recorded into the test materials. The action of starting and
stopping student machines in this application is more effi-
ciently accomplished by means of a pause lever than by the
normal start-stop controls, such as knobs, keys, or levers. But
frequent manipulation of controls by the student during a test
can be both awkward and distracting. A better arrangement
would provide a master control switch at the console, which
allows the teacher giving the test to start and stop all student
recorders at the same time, using the following procedure:
The test recording is begun. With the student tape recorders
stopped, but ready to record, the first item on the test is
played into the students’ headphones. Using the master con-
trol switch, the teacher then starts all student tape recorders
at the same time. The moving reels are the signal for the
student to record his responses. The teacher permits the stu-
dent recorders to run for a time sufficient to allow the students
to record their responses, stops all student machines simul-
taneously, and proceeds with the next test item. It should
be noted that solenoid-operated machines can provide in-
stantaneous stop-start action, whereas other means of control
do not usually react instantaneously and are generally un-
satisfactory in this application. A novel arrangement, not
available at the present writing, would be a solenoid-operated
pause lever, activated by a master switch at the console.

When student test responses made in this manner are then
copied (dubbed) as described above, the result is a single reel
of tape containing the uninterrupted responses of a large
number of students.
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STUDENT RESPONSE

NOTE  RECORDED MATERIAL CAN BE
INADVERTENTLY ERASED

Fig. 4-6. Sing}e-channel recording.

Slnglo-Chonnol versus Dual-Channel Student Recorders

A single-chanhel recorder can, indeed, provide all of the func-
tions of this system, but it has the disadvantage that lesson mate-
rial can readily be erased by the student. (See Fig. 4-6.) Dual-
channel recorders, on the other hand, are regularly provided with
a feature which places lessqn material and student responses on
different tracks so that they are quite independent of each other. '
(See Fig. 4-7.) The student track can thus be erased readily with-

STUDENT RESPONSE

‘ NOTE LESSON MATERIAL (SHOWN ON THE MASTER TRACK)
CANNOT BE ERASED BY THE STUDENT

Fig. 4-7. Dual-channel recording.
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out affecting the lesson material recorded on the master track.
This same advantage, however, can give rise to certain time-con-
suming administrative problems. Depending on the number of
recording heads supplied (see Chapter V, pages 81-82), it may be
necessary to make provision for pre-recording of the master track.
As successive students use the same tape, the new student record-
ing erases the old one. But if the student stops to evaluate his
performance, and his recording ends slightly before the old one,
he will hear the end of the previous student’s response, which can
be disturbing. It is therefore preferable to erase the student track
after each use by running it through the machine in the “record"
position, but this takes time. If the same tapes are to be used for
other lessons, a bulk eraser may be used to erase both tracks simul-
taneously without running the tape through a machine. Both tracks
can be erased at the student position by providing erase facilities
on the master channel of each student machine which can be acti-
vated only by the teacher.

The “Compare’ Feature

There has been considerable controversy in the teaching pro-
fession concerning the merits of this facility. It can be argued, for
example, that a beginning student is hardly a very good judge
of his own pronunciation. Even if he does notice differences be-
tween his response and the model, any appreciable time lag be-
tween originally responding and subsequently comparing weakens
his impression of just what he did to cause those differences, and
he may have no idea of what to do to improve his response. As
a result, all he can do is try again, which he can do just as well
without any recarding facilities at all. Several factors must be
borne in mind, however, in this connection. Facilities permitting
the student to record his own voice and compare it with a model
seem to increase student motivation. He enjoys the whole pro-
cedure, and certainly any feature.that increases motivation should
be considered valuable. Then, too, students differ markedly in
their ability to observe differences between their own performance
and that illustrated by the model, and to take effective corrective
action if the difference has been accurately observed. Further,
there are a number of experimental projects currently in progress
investigating the efficiency of certain kinds of aural discrimination-
training procedures in teaching the student to become an expert
evaluator of his own performance. When these factors are con-
sidered in the light of the need for at least a minimum number
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|
of complete student/tape recorders for the administration of group ‘
speaking tests, the installation of student recording facilities seems |
justified. 1

System V: Listen-Respond-(Compare), plus Intercommunication
and Monitoring.

Equipment:
The equipment of Systems IIl or 1V, plus facilities for inter-
communication and monitoring.

Principal Additional Functions:

(1) Maximum implementation of advantage 2, freedom of
the teacher to focus his attention on the individual stu-
dent’'s performance for evaluation and coaching, without
interrupting the work of the group. Students tend to prac-
tice more efficiently if they realize that they are subject
to evaluation at any time with or without their knowledge.

(2) Without requiring the individual student recorders of
System IV, the teacher can record student speaking per-
formance, either for examination purposes, or for subse-
quent analysis of both efficiency of the lesson material
and the students’ problems while practicing. Recordings
so made can serve as the basis for teacher-student cri-

tiques.-
Lo . | TEACMER-STUDENT
! INTERCOM AND INTERCOMMUNICATION
WONITOR AND MONITORING
SWITCHES (WIRING CONCEALED)
o E w )
/ SN, =
: ry K PROGRAM
4 < SOURCE
/‘ - < |
e ) < &
sl [

NOTE. STUDENT RECORDERS MAY BE

OMITTED SEE SYSTEM IV

Fig. 4-8. Intercommunication and monitoring.
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Advantages::

1,2,3,4,5,6,7,8,9,10, 11, 12.

Limitations:

(1) It is fairly common practice for the teacher to play a .
single continuous lesson tape. Depending on both labora-
tory procedures and facilities, this material may or may
not be simultaneously recorded onto the student machines
for subsequent independent practice during the same
period. In either case, intercommunication with the stu-
dent for coaching purposes, while it can be extremely
valuable, can cause him to miss appreciable portions of
the recorded lesson. This limitation can be avoided only
if pre-recorded lesson tapes are available at each student
position. In this case, after coaching, the student simply
continues where he left off.

(2) In making student recordings via the monitoring facil-
ities for whatever purpose, only one student can be re-
corded at a time unless special wiring and switching

are provided. In no case is the number of
ho can be so recorded simultaneously greater
the number of recorders available at the console.

If this feature is to be used at all, program sources must,

of course, be complete recorders, rather than simple tape |

- players. '
(3) It should be noted that monitoring by intercom can pro-
vide only a spot-check of student errors.

Notes and Discussion:

Since ordinarily only,o_ng student can be recorded at a time,
via the monitoring facilitfes, this technique does not provide
for efficient group testing. But making occasional recordings
of portions of a practice session, without the student’s knowl-
edge, is an excellent way of gathering samples of student
practice for subsequent analysis. Such analysis can be more
thorough apd more leisurely than is otherwise possible, and
can serve as a sound basis for the sequencing and emphasis
of folHowing periods, for individual coaching, or for actua

" revision or supplementing of the lesson materials. It goes
without saying that if monitoring or recording is to be done
without the student’s knowledge, monitor switches and con-
trols must introduce no extraneous noise, clicks, pops, or
changes in volume which would both warn and, distract the
student.
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\ Details of Monitor-Intercom Facilities

‘Switching facilities for monitoring and intercommunication are
generally arranged on a control panel at the teacher's console in
such a way that rows of switches conform to the geographical
layout of student positions in the laboratory. Many different
switching arrangements are available, permitting the teacher to
talk to one student at a time, to any combination of individual stu-
dents and rows of students, or to the entire class (all-call feature).
The allcall feature can be extremely useful, since the students are
isolated from live communication by their headphones. It also
provides instant alert in the case of building emergencies.

Remote-Controlled Systems

As defined in Chapter I, equipment is said to be remote-con-
trolled when it is physically separated from the various controls
which operate it. Program sources, amplifying equipment, and
student recorders take up classroom space which is often at a
prémium. If remote-controlled, they can be housed in any available
area which would not normally be used as a classroom, in a differ-
ent room, or even in a different building. Any of the functions of
Systems III, 1V, or V can be implemented by remote-controlled
equlpment For mass duplication of tapes, as well as for grpup
testinig as described on pages 35-36, it is advantageous to have all
student recorders (wherever located) controlled from a smgle
point, normally at the teacher’s console. :

The principal advantages of remote control of equipment whnch
would otherwise be at the teacher’s console are: (1) better utiliza-
tion of space in particular school situations, as indicated above;
(2) avoidance of tape handling and rewinding by the teacher. The
principal advantages of remote control of equipment which would
otherwise be at the student position are: (1) the possibility of
malfunction due to inexpert student handling of both equnpment
and tape is reduced; (2) the student’s concentration on the learn-
ing task at hand will be improved, because he has fewer distracti
ing mechamcal operations to perform.

If neither teacher nor student is to handle tape directly, of itself
a most desirable feature, and if rewinding time is to be saved,
a cartridge system must be used. But see Chapter V, pages 82-83.

In currently available remote-controlled systems tape motion is
- controlled and programs are selected in either of two basically -
different ways: (1) by switches usually placed at the console, and

An2447 O - b3 - 4




k4

42 TECHNICAL GUIDE—LANGUAGE-LABORATORY FACILITIES

(2) by means of a telephone dial system, operated by the student.
The merits of either method of control must be evaluated quite
separately from the functions performed by the equipment itself.
Either method of control can be used with equipment which can
perform any or all of the functions of the systems previously de-
scribed. The nature of the circuitry employed in the dial system
makes it possible to divide the lesson material into hundreds, even
thousands, of short discrete learning units, each available to the
student at any time, thus facilitating the application of the prin-
ciples of programmed instruction and making maximum accommo-
dation to individual learning rates. All normal functions of listen-
record-compare are performed by dialing the proper code numbers.

On a cost basis, the dial system does not compare with systems
designed to provide a relatively small number of separate program
sources. But as the need for more and more such channels becomes
greater, as is already the case in experimental courses utilizing
the many short lessons or “frames” required by the application of
the principles of programmed instruction “(see Chapter III, pages
25-27), the cost per available channel drops rapidly. Dial systems
~are not now in general use, and are custom-designed to fit indi-
vidual requirements.

Booths

Obviously, any of the above systems (except I) can be used with
.dividing partitions between the student positions, creating indi-
vidual spaces or cubicles called booths. They have two functions.
(1) They provide a greater sense of isolation and privacy than
the student gets from headphones alone. In this connection it
must be stressed that our culture does not condone conspicuous-
ness; many students literally dislike trying to imitate the sounds
of a foreign language, which are for them unfamiliar and bizarre
noises. They do not wish to appear ridiculous in the eyes (or ears)
of their classmates, out of the same cultural influences which drive
them to dress alike, and, indeed, to use the same speech forms in
their native language. The booth at least shields them from direct
observation. (2) They provide some noise cancellation by means
of acoustical treatment, especially desirable when “live” student
microphones are used, as in audio-active systems III, IV, and V.
For a discussion of the acoustical and other factors involved, see
Chapter V, pages 94-95. ‘ ,

Their chief limitations are two. (1) They limit the usefulness
of the room as a regular classroom. Attempts to provide adjustable )
or folding front or side walls sometimes involve a cost greater
than the results warrant. (2) Theé limit the direct visual access
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to the student, thus restricting teacher control for disciplinary
purposes. Transparent front walls, usually of glass or plexiglas,
help in this respect, although direct visual access is limited to one
direction. :

Visual Aids

Visual aids requiring equipment for presentation are films, film-
strips, and slides. They are mentioned here because the necessary
equipment is frequently installed in language laboratories. Their
principal pedagogical functions are: (1) they can illustrate mean-
ing; (2) accompanied by a sound track, they can serve as one
basis for developing associations between the foreign language
and pictured objects and situations, without the intervention of
English; (3) they can present authentic background material of
cultural value; (4) they seem to provide the student with tre-
mendous motivation to increase his efforts in all the phases of
foreign-language study, by bringing him closer to cultural reality.

Their pedagogical limitations arise largely from overemphasis,
as well as failure to recognize the specific stimulus-response char-
acteristics of a given learning task. In using such aids to elicit
oral responses, for example, it must be borne in mind that the
visual world for which pictures are substitutes is only one possible
kind of stimulus. Looking at a picture and saying something is a
completely different stimulus-response gituation from hearing
someone say something and making the same response, even
though this response is a proper one to either kind of gtimulus.
One example will suffice. The student looks at a picture and learns
to say “Those trees are really beautiful!” If he practices this re-
sponse while looking at the picture, he will learn to respond in
this fashion, either when looking at the same picture or when
looking at real trees. But one cannot assume that he will give the
same response, or any response, in-answer to the question, “What
do you think about these trees?” To make such a response under
these circumstances, he will have had to learn to understand that
question as an oral stimulus to which that response is also
pertinent. .

-In installing projection equipment in language laboratories, pre-
cautions must be taken to assure that the walls of the booths, if
used, do not obstruct the students’ vision from any relevant angle.
Projectors are noisy. If permanent equipment, they should be
installed in a separately enclosed booth or room, to isolate the
language laboratory from the noise. In any case, the noise of a
projector can be made less distracting by playing the sound track
through a channel which feeds the students’ headphones. ’




CHAPTER V

"

Purchasing a Language Laboratory

GENERAL AND SPECIFIC TECHNICAL SPECIFICATIONS

The All-Important Commodity

Let us assume that full consideration has been given to questions
concerning teaching objectives, teaching methods, teaching mate-
rials, and teacher preparation, and that application of the criteria
described in Chapter II has led to the choice of a specific language-
laboratory system. The one technically-based commodity which the
chosen system must supply, and continue to supply, is the high-qual-
tty recording and reproduction of speech. If this is not achieved, all
previous planning will have been in vain. This chapter will attempt
to define high-quality speech reproduction in the specific frame-
work of foreign-language teaching and learning, discuss the tech-
nical factors which affect its achievement, and develop the techni-
cal specifications which equipment must meet to assure that the
performance of the system will conform to the standard implicit
in a satisfactory statement of the requirements.

Technical longuogo i

Readers with many different problems and backgrounds will be
interested in this chapter. Language teachers may wish some
technical orientation in a strange field. Administrators and pur-
chasing agents will want a simple statement of recommended
specifications, and may be less concerned about the technical con-
siderations underlying them. Manufacturers and design engineers
will demand to know the rationale behind any such set of specifica-
tions. The language of this chapter therefore varies in technical

4 i
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difficulty. It is*suggested that the chapter be read through once
fairly rapidly. Sections of particular interest, if found difficult to
follow, may be marked for more careful subsequent study. Other
sections may be omitted entirely, if found too technical or not of
direct interest to the particular reader.

Procurement

Since this chapter will try to develop a sound rationale for the
performance requirements to be recommended, the discussion must
include explanatory language not required in a simple listing of
specifications. For the convenience of administrators and purchas-
ing personnel, therefore, major recommendations, as well as cer-
tain general provisions not specifically discussed in the guidebook,
have been summarized in the form of a sample procurement spect-
fication for a typical language-laboratory system. This summary
appears as an Appendiz, beginning on page 106.

The Administration of Specifications for High-Quality Sound

The term “high quality,” as applied to sound, has only a relative
meaning, as it does in many other fields. High-quality automobiles,
shoes, or language laboratories are high in quality only in relation
to other similar commodities of alleged lesser quality. For most’
consumer products there is a hierarchy of features or advantages
which are available at a cost roughly commensurate with the num-
ber of such advantages or features, the quality of the component
materials, and the costs of production and distribution. Competi-
tive business being what it is, the consumer is accustomed to being
offered both allegedly high quality and a multiplicity of features
at a cost lower than that of a competitor.

The field of high-fidelity sound offers an example which will
bring us closer to the special field which concerns.us here. The term
“high fidelity” is regularly applied to packaged one-piece phono-
graphs retailing for $29.95 or less; it is also applied to carefully
engineered component systems costing thousands of dollars, with
graded price differentials covering the entire area in between these
extremes. But here a poor choice can mean only relatively inferior
reproduction of music, or a short-lived system, for the price paid.
The education and training of American children are far more
serious matters. Without prejudice to the many fine products of
American manufacturers which furnish and equip our schools, and
in full acknowledgement of the baffling problems of harassed school -
administrators who must deal with the stark realities of budgets,
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while taking the best possible advantage of funds made available
through the National Defense Education -Act, it must be stated
categorically that the satisfactory equipping of language labora-
tories, at the present state of development, is rendered extremely
difficult by rigid adherence to the system of competitive bidding
now virtually obligatory in many school systems, or by failure to
exercise the prerogative of buying on a “negotiated” basis because
of quality considerations, when this authority is legally available.*
Most manufacturers try to deliver a quality product despite com-
petitive pressures. But because of the nature of the commodity
being sold, it is easy for these competitive pressures to cause hedg-
ing on specifications, especially when it is known that it is ex-
tremely difficult for the consumer to check the performance of the
delivered system in such a way as to prove that specifications have
not been met. It cannot be overstressed that adequate sound repro-
duction for foreign-language instruction requires a quality stand-
ard second only to that of high-fidelity professional recording and
reproducing equipment, much higher that that needed in appli-
cations whose primary requirement is the intelligible reproduction
of mative-language speech. Failure to meet language-laboratory
specifications which set these higher quality standards can have
even more far-reaching consequences than the obvious ones of in-
adequate sound and frequent breakdowns. The validity and effec-
tiveness of an entire instructional program can be endangered, and
it is but an easy step to the unwarranted assumption that inade-
quate hardware is the same thing as inadequate method. The seeds
of this confusion have already been sown.
A two-part program, which could eventually lead to a solution,
should be given every consideration:

(1) Widespread public acknowledgement by school administra-
tors and manufacturers:
(a) that quality of sound is the prime technical considera-
tion in the purchase of language laboratories;
(b) that specifications which guarantee this quality can-

not be readily checked objectively by the consumer;
(c) that rigid adherence to low-bid methods of procure-
ment encourage hedging on specifications;
(d) that bidding opportunities should be confined to those
manufacturers for whose products the foreign-lan-
guage teaching staff has expressed a preference on the
basis of preparatory study;

* It is startling to note that there is seldom more than 16% difference be-
tween low and high bids on any proposed language-laboratory installation.
This amount and more can easily be spent in increased maintenance costs.
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(e) that part of this preparatory study should be devoted
to learning how to evaluate quality sound by ear;

(f) that the choices of local staff should be based on obser-
vations of complete laboratories in operation in the
field, including evaluation of sound quality.

(2) In the best interests of the school, the foreign-language
teaching profession, and the manufacturer, ways should be
sought to establish independent, neutral sponsorship of the
kinds of instrumental testing and measurement which
would guarantee that published equipment specifications
would be meaningfully stated and actually met, including
component testing under laboratory conditions, and system
testing in the field.

What Must Be Specified?

If a recording and reproducing system made ahsolutely no
changes in the live sound, there would be no need for electronic
specifications. No such perfect system exists, however. A set of
specifications, then, must include quantitative statements of how,
in a given application, recorded or reproduced sound may be per-
mitted to depart in certain ways from the original “live” sound.

Frequency response

Sound consists of air vibrations or pulses, called sound waves,
which are set in motion by some vibrating source, such as a violin
string, or the human vocal cords. A simple or pure tone, like that
of a tuning fork, is caused by a certain number of vibrations per
second. The number, or frequency, of these simple vibrations deter-
mines what is perceived as the pitch of the note. Generally speak-
ing, a low pitch is said to be low in frequency, a high pitch, high in
frequency. The frequenﬁ' of a tuning fork used in tuning a piano
(Concert A) is 440 vibrations or cycles per second (cps). Complex
sounds, like that of many musical instruments or the human voice,
consist of vibrations at many different frequencies at once. The
lowest component of these frequencies is called the fundamental,
higher components, multiples of the fundamental, are called har-
monics.*

* Musical timbre, e.g., the difference in perceived quality between a trom-
bone middle C and a violin middle C, can be defined by the relative strength
of different harmonics of the fundamental; the distinctive character of speech
versus music is partly defined acoustically by the concentration of relatively
large amounts of harmonic energy into’bands of frequencies called vowel
formants, and the relationship of these formants to each other. For a more
detailed discussion, see Martin Joos, A coustic Phonetics, Language Monograph
No. 28, Baltimore, 1948, Chapter 2, especially page 46.
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The frequency range of human hearing extends, on the average,
from about 16 cps to 16,000 cps, and many individuals can hear
somewhat higher-frequency sounds. Some part, perhaps all, of this
range is required for the faithful recording and reproduction of
music, some lesser part for speech. Our first task will be to deter-
mine what part of this frequency range is required for the proper
recording a“r@ reproduction of speech for foreign-language instruc-
tion. Whatever we determine will become the required frequency
response of a language-laboratory system.

It will not be sufficient simply to specify the frequency response
of a language-laboratory system or component. Various factors

may adversely affect sound quality over whatever frequency range [

may be prescribed: Twao/important factors which require descrip-
tion here are distortion and hoise. Excessive amounts of either can
obliterate significant linguistic features. Distortion and noise can
also be sources of distraction and fatigue which can seriously
-reduce the learning efficiency of the stydent.

Distortion

It is customary to define three types of distortion which are
present in measurable quantities in all recording and reproducing
systems: (1) frequency distortion: (2) harmonic distortion; (3)
intermodulation distortion. To define frequency distortion, let us
assume that a pure tone of constant intensity is introduced into a
reproducing system, and then varied in frequency throughout the
range the system is designed to reproduce. The intensity of the’
reproduced tone can be measured at various points as the tone
is varied. If the intensity of the reproduced tone remains constant
regardless of frequency, the response of the system is said to be
flat; if the intensity varies at different points throughout the
range, frequency distortion is said to exist. The effect of severe
frequency distortion is to cause some sounds to appear much louder
or weaker than others in a way which does not correspond to loud-
ness or softness in the original soynd. As will be shown later, ex-
cessive frequency distortion can also cause the difference between
certain sounds to be obliterated, and cause other changes as well.
It can readily be seen that any statement of required frequency
response i3 meaningless unless accompanied by a statement of
variation in intensity over the prescribed range, expressed in
decibels (db)* up or down (plus or minus, written +) from some
reference point, usually 1,000 cps8. In this case, the smaller the
decibel number, the smaller the variation, and the better the 8ys-

* All measurements in gdecibels are similarly meaningless unless the refer-
ence point or reference level is known.
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tem or component. This is shown graphically in Fig. 5-1. In this
guidepook the terms “frequency distortion” and “intensity vari-
ation” will be used interchangeably. -

The amount of harmonic distortion must also be specified. This is
the name given to unwanted harmonics which can appear in re-
corded or reproduced sound, and may be said to include the spuri-
ous sum-and-difference frequencies generated when harmonics of
the wanted frequencies mix with one another. Excessive amounts
of harmonic distortion are.caused by poor design, malfunction, or
maladjustment of equipment. If the total harmonic distortion is
low, intermodulation distortion will usually be low as well, but
since there are instances when this is not\true, it should also be
specified. Intermodulation distortion is created by the modification
of some relatively high frequency by a lower one. :

Both harmonic and intermodulation distortion are expressed as
a percentage.
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Fig. 5-1

" Chart showing measurement of frequency response. Differences in in-
tensity are shown along the vertical axis in decibels up and down from
zero db, the intensity at 1,000 cps. Frequency in cps is shown on the
horizontal scale. Note that zero db does not mean that there is no intensity
at 1,000 cps; whatever the intensity at 1,000 cps may be, it is taken as a
reference point from which deviations are measured. The horizontal refer-
ence lines mark the limits of the area of variation of plus or minus 2 db.
The solid curved line shows the response of a system which is nearly flat:
100-8,000 cps +2 db, ref. 1,000 cps, read as one hundred to eight thousand
cycles per second, plus or minus two decibels, with one thousand cycles
per second as reference point. The dotted curve shows a very different
response, quite unsatisfactory for language laboratories. It is down 20 db
at 400 cps, rises steeply and erratically to 1,000 cps, flattens off briefly,
and is characterized by many other irregularities in the range above
1,000 cps.
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Wow and flutter

Wow and flutter are periodic variations in the reproduced sound
generally caused by mechanical difficulties in tape recorders and
phonographs, and must be specified for these components. Both are
also measured as a percentage. The effect of wow is well known to
anyone who has heard a phonograph operating erratically, causing
the pitch of recorded music to vary in a most annoying manner.
Flutter is more subtle, but is simply a more rapid periodic vari-
ation than wow. A bad case of flutter would make a flute note
sound like a bird trill, and would put an annoying burble on speech.

In all percentage measurements, the smaller the figure the better

~ the system.*

Types of noise

Noise may be classified into two general types: (1) acoustic or
room noise, whose source is external to the recording or reproduc-
ing equipment, except for the possible contribution of mechanical
noise from tape recorders, switches, and the like, when they; are
in operation. Room noise is amenable to noige control, and will be
treated separately later in this chapter; (2) system noise, charac-
teristic of electronic components anywhere in the. system. Exces-
sive amounts of system noise are caused either by limitations in

*the design of equipment, or by malfunction. System noise may be

- broadly classified into two sub-types: inherent noise and extrane-
ous noise. The first requires quantitative measurement to insure
satisfactory performance, the second does not.

Iinherent noise and signal-fo-nolse ratio

. All recording and reproducing systems have some inherent noise
in them. It is an important characteristic of amplifiers, for exam-
ple, and of tape recording circuitry. Since such noise, caused for
the most part by disturbances within the electronic parts and cir-
cuits themselves, can never be entirely eliminated, what is impor-
tant is the relationship of- the intensity of the inherent noise in a
system to the intensity of the sound one wishes to hear. As defined
in the glossary of Chapter I, the sound one wishes to hear is called
the signal. Another very important measurement of system per-
formance, then, is the signal-to-noise ratio, stated in decibels be-
low a reference power level. The larger the decibel number, the
better the signal-to-noise ratio.

* Except the sound absorption coefficient of acoustic materials—see pp.
93-94.
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Extraneous noise

Either through poor design, poor installation, or malfunction,
extraneous noise can be introduced into a system. These kinds of
noises must be described so that they can be identified, but, as
stated above, it will not be necessary to give actual quantitative
specifications, since for all practical purposes extraneous noise
should be inaudible at normal listening level. Typical extraneous
noises are: hum, a steady tone of low or medium pitch which is
present whenever the equipment is turned on, and may or may
not increase with changes in the volume setting; various kinds of
static-like noises, called by technicians, according to the probable
source, AC (alternating current) hash, frying, or grid whine; a
squealing sound, called feedback, which should not occur under
normal operating conditions;* a metallic ringing or echoing sound,
accentuated when the equipment is moved or jarred, called micro-
phonics; the presence of an unwanted voice or voices in the back-
ground of the program, called crosstalk. There can also be pops
or clicks made by thrawing switches anywhere in the system. It is
not uncommon for two or more of these noise types to produce an
annoying jumble of extraneous noise in the background of the re-
corded voice. Both inherent and extraneous noise can produce an
effect called masking, which can make it extremely difficult for the
foreign-language learner to distinguish certain sounds.

Frequency Response, Distortion and Noise: '
Views and Viewpoints

Many different views have been expressed, mostly informally,
concerning the audio characteristics which language-laboratory
equipment should possess. These views stem from the different
viewpoints imposed by various special fields and research activities
seldom directly concerned with our problem. The relevance of the
views of a particular specialist is not always clear. Much confusion
exists, and informal expressions of opinion concerning desirable
characteristics range from 300-3,000 cps, at relatively high distor-
tion and noise levels, to 50-15,000 cps, with correspondingly low
levels of distortion and noise, to state the two extreme positions.
It is the purpose of this section to examine the viewpoints of vari-
ous fields, and to discuss both their limitations and their signifi-
cance in the special field which concerns us here.

* A live microphone held directly in front of a live headphone or loudspeaker
will practically always produce feedback.
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Teléphone circvitry and intelligibility studies; the problem of
underspocification

It has long been recognized that satisfactory intelligibility for
native-language speech is achieved by telephone circuitry and ap-
paratus whose frequency response is roughly 300-3,000 cps.* De.
viations in intensity over this range (see pages 48-49) are not
normally considered important in this application. Further, intel-
ligibility studies, stimulated and supported by various sources, in-
cluding military services properly concerned with the need to com-
municate by voice under high noise conditions, have indicated that
this range can be deteriorated by various kinds of noise and dis-
tortion to a degree far exceeding what would be encountered in
recording and reproducing equipment of the most primitive de-
sign, and still preserve intelligibility for the purposes of communi-
cation. It is most important to understand that the “intelligibility”
factor measured by such studies is largely irrelevant to the design
of systems to be used for foreign-language instruction. The reasons
Why this is so will be explained. The point is stressed orly because
many electronics design engineers, while admitting that there seem
to be other factors involved, are psychologically influenced in the
direction of conceptions based on such studies of intelligibility,
especially as applied to telephone circuitry. Resulting design com-
promises are frequently unconsciously supported by the reserva-
tion that, after all, it’s only speech, and the requirements for satis-
factory speech intelligibility are relatively low, and easy to achieve.

Rédundancy as a factor in intelligibility—To understand why
intelligibility studies are largely irrglevant in the present context
one must be aware of certain properties of every language which
operate only if the listefer is a native speaker of that language.
Every language has.the property called redundancy. As used in
everyday language, this word meahs saying more than is strictly
necessary. Teachers of English composition may criticize a student
for saying a typical type when type alone would suffice. As a tech-
nical term, the word means much the same thing. It is not, how-
ever, something undesirable, but rather a definite property of lan-
guage capable, in fact, of being expressed quantitatively. Cover the
bottom half of a line of type with a card; the line can usually still.
be read. The lower half of each letter may be said to be redundant.
In speech, in the sentence, “This man’s nxxx is-John,” where the

* Harvey Fletcher, Spcéch and Hearing in Co;)a))attnica!ion, New York, D.
Van Nostrand Company, 1953, Chapter 16. See also W. F. Tuffnell, “500-type
Telephone Set.” Bell Telephone Record, Vol 29, pp. 414-418, September, 1951.
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x's stand for sounds imperfectly heard, there is not much doubt
that the obscure word is name. Everyone has had the experience
of successfully—even if with some difficulty—carrying on a con-
versation at a noisy party or in the presence of noisy construction
work. It is the built-in redundancy of language which makes this
possible. In short, we rely on many different simultaneous and suc-
cessive cues to extract meaning from a native language sentence;
many of them can be eliminated by room noise, or by noise and
distortion in an electronic reproducing system, and the meaning
will still be understood.

That some of the cues thus eliminated in the usual telephone
system are essential to full intelligibility even in the native lan-
guage is evident from the fact that we always spell unfamiliar
words or proper names over the telephone; the telephone operator
uses a phonetic alphabet to distinguish b and v and d, saying:
“Was that b as in boy, v as in Victor, or d as in dog 7.1t is evident,

n, that the native speaker makes full use of the redundancy of
language when listening under any conditions of frequency re-
sponse, noise or distortion. It 18 equally evident that none of the
redundancy available in the native language 18 available to the be-
ginning student of a foreign language. It is completely unintelli-
gif)le to him, either live, or reproduced over a system of even the
highest attainable fidelity.* He needs to hear as much as possible
or practical of the linguistic data in the speech wave, if he is to
learn to distinguish the sounds of the foreign language from simi-
lar sounds in the foreign language, and from similar sounds in
his own language which he tends to substitute for them. Only in
this way, after he has also acquired other equally important di-
mensions of the new language, can the redundancy of the foreign
language eventually offer him the multiplicity of meaning cues
with which the native speaker operates. It will be shown that ade-
quate reproduction of the data needed by the student to accomplish
this requires a frequency range, a flatness of response, and dis-
tortion and noise requirements far exceeding that of telephone
equipment.

-

The problem of overspecification

The opinions of linguists and language teachers who understand
the considerations just discussed, have tended in the opposite di-
rection. As previously stated, informal recommendations of a fre-

_ * See Ilse Lehiste and Gordon E. Peterson, “Linguistic Considerations in the
Study of Speech Intelligibility,” Journal of the Acoustical Society of America,
Vol. 31, No. 3, pp. 280-286, March, 1959.

ERIC - -
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‘quency response of 50-15,000 cps, with appropriately stringent
distortion and noise requirements, are not uncommon. The cost of
such equipment is high, but if it could be conclusively demonstrated
that such performance is required in language-laboratory appli-
cations, cost alone could not be considered a valid objection. But,
while this guidebook must repeatedly stress that much higher per-
formance characteristics are required than are frequently found
. in actual installations, and certainly much higher than those re-
quired for native-language intelligibility, it simply cannot be dem-
onstrated that such extremes of frequency response are required.
Indeed, some authorities feel that such an extended range would
be undesirable (see pages 61, 67-68, 71-72). This tendency to
overspecify is based not on exhaustive examination of the evidence,
but.on tactical considerations which, it will be shown, have their
own peculiar validity. : A '
Intuitively aware of the engineer’'s reservations with respect to
speech requirements, the linguist and language teacher have come
to feel that if specifications are made very high, they may at least
get something better than would have been the case if the specifi-
cations had been lower. This point of view is not entirely without
justification, especially in view of the difficulties in administering
specifications, already discussed at the beginning of this chapter.
Specifically, they fear that less demanding statements about fre-
quency response, distortion and noise will not only give free rein
to the tendency of the engineer to think in terms of alleged lesser
requirements for speech, but also encourage the quite unwarranted
transfer of this tendency to other aspects of design, such as proper
operating conditions of circuit components, and precautions to help
assure long life and trouble-free operation. The requirements for
speech reproduction are often associated with the cheapest kind
of intercom equipment. The foreign-language professional will
continue to have a basis for concern as long as instances of such
confusion on the part of manufacturers and engineers exist. The
tendency to conceal poor design and poor quality components be-
neath the glitter of complicated gadgetry must also be deplored. ]
The language field needs better sound and fewer flashing lights.

>
By~

Psycholinguistic implications of linguistic theory

The field of descriptive linguistics describes language, the sys-
tem of vocal symbols by means of which people communicate.
Psycholinguistics studies the relationships between language and
the people who produce it and respond to it. When the linguist
makes informal recommendations concerning frequency response
and other specifications for language laboratories, he is not usually
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drawing upon linguistic theory, but on his knowledge of acoustic
phonetics, which will be discussed in the next section. His views
may be influenced in certain ways, however, by his knowledge of
linguistic theory, and by certain implications of that body of tHeory
for psycholinguistics. Let us briefly review these theories and these
implications.

As a small child gradually acquires his native language, he
learns to attach importance to differences among sounds which
make differences in meaning, and to ignore all others. There are,
thus, many objectively different sounds which the native speaker
comes to regard as ‘“‘the same thing.” It is hard, for example, to
convince a native speaker of English that the aspirated ¢-sound in
the word tick is very different from the unaspirated ¢-sound in the
word stick, yet this difference is great enough so that in other
languages, Chinese, for example, these two sounds are distinctive,
and words can be distinguished in meaning by these differences.

The similar, but objectively different, non-distinctive sounds in
u given language are what the linguist calls allophones; a class.of
such simila# variants (allophones) is what the linguist calls a
A phoneme. Certain allophones are said to be in free variation, for
example, the final t-sound in hat may be exploded with a strong
puff of breath, or may be ‘‘unreleased,” i.e., the tongue-tip stays
at the front of the roof of the mouth. The native speaker of Ameri-
can English will perceive both pronunciations as the word hat, but
will tend to associate the former \igith “British English,” or with
a markedly formal style. Other allophonic differences are condi-
tioned by neighboring sounds. Thus, an unaspirated t is always
heard after s, as in the word stick used as an example above.
Such conditioned allophones of the same phoneme are almost al-
ways perceived as ‘‘sames’ by a native speaker, yet he always
makes the proper objective differences when he speaks, and is im-
mediately aware that a foreigner has done something peculiar if
the latter treats them differently. It is'the mismanagement of allo-
phonic differences which accounts for much of what we call a for-
eign accent, o

The notion of allophonic difference is valid only within a given
language. But the foreign-language learner will tend to group
“allophones’. into ‘“phonemes” in the new language as they are
grouped in his native language. He will thus tend to hear differ-
ences within the new language which the native speaker does not
regard as significant, and to ignore others to which the native
speaker attaches great importance. In a certain sense it may be .
said, then, that a foreign-language learner is partially deaf to the
new sounds and new contrasts which he finds in the foreign lan-
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guage, not physically deaf, of course, assuming that there is noth-
ing wrong with his hearing, but perceptually deaf.*

This notion of perceptual deafness to new sounds and new con-
trasts in the foreign language, and to the differences between these
and similar sounds in the native' language certainly reinforces the
statement that all the relevant data in-the sound waves must be
preserved. Even when they are indeed present, the student can
have difficulty perceiving them.

There are other implications, x/)articularly for equipment design.
It might very well be possible that the exact data in the sound
waves which contain the information that the student persists in
ignoring because he is a native speaker of a different language
could be stressed or enhanced by controlled modifications of these
data intentionally introduced into the reproducing system. It is
known, for example, that extra amplification of middle frequen-
cies in music seems to add a certain kind of liveness or presence
to the reproduction.** In motion-picture dialog recording, the fre-
quencies above 1,000 cps are accentuated to add presence to the
voice.*** There is also some slender evidence from the field of
speech therapy. A rather unexpectedly wide frequency response
seems to be required to bring a speech defect forcefully to the
attention of a patient.****

When we talk, we hear ourselves as we speak. This “self-
monitoring” seems to be essential for normal speech. If the abil-
ity to monitor oneself is disturbed, speech deteriorates. Such dis-
turbances of the “simultaneous feedback” which controls the
smooth flow of speech may be caused by disease, or by neurological
abnormalities, or may be experimentally induced by a special
head arrangement on a tape recorder, in which case we speak of
“delayed feedback.”+ It is thus definitely possible to change how
a subject or a student will speak, by controlling how he hears

* The idea of perceptual deafness, which is related to what the psychologist
calls acquired similarity vs. acquired digtinctiveness, is developed here on
linguistic grounds. It has received some experimental corroboration in certain
studies in speech perception. See the articles by Libermann etal. and Lotz etal.
in the footnote on p. 58. 5

** See also A. S. Hayes, “Problems of the Language Laboratory,” Mono-
graph Series on Linguistics and Language Teaching, No. 2, Georgetown Uni-

versity Press, September, 1962.

*** H. Tremaine, The Audio Cyclopedia, Indianapolis, Ind., Howard W.
Sams & Co., Inc., 1959, p. 617.

*##+C. J. LeBel, “Standards for Educational Recording Machines,”
Quarterly Journal of Speech, Vol. 36, pp. 6520-523, December, 1950.

t There is a considerable literature. See R. A. Chase et al., “Bibliography:

Delayed Audio Feedback,” Jowurnal of Speech and Hearing Research, Vol. 2,
1959, pp. 193-200.
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-himself. It follows that it might be possible, in an audio-active
system, to enhance a student’s ability to imitate, by using special
adjustable filters in the circuitry which feeds his headphones, so
that he would hear the voice of the speaker on the tape exactly as
it was recorded, but would hear his own voice, as he repeated,
modified by the filters. Dr. A. Tomatis in Paris, and Dr. Guberina
in Zagreb, Yugoslavia, have built such’ devices, and have been
experimenting along these lines, but it has been difficult to obtain
detailed specifications, and no experimental results are as yet
available.*

We must conclude, then, that convincing experimental evidence
of the merits of modifying the audio characteristics either of
what the model says, or of what the learner hears himself repeat,
is almost wholly lacking in the context of foreign-language teach-
ing. These are, however, extremely promising research areas,
which might eventually drastically affect specifications for lan-
guage laboratories. But, at the present writing, these possibilities
cannot be taken into account.

Acoustic phonetics

, Acoustic phonetics is the branch of linguistic science which
studies and classifies the raw data of speech from an acoustic
point of view, analyzing the sound waves themselves. Its orien-
tation is thus different from articulatory phonetics, which de-
scribes speech sounds in terms of the positions and movements
of the organs of speech (tongue, lips, etc.) which are required to
produce them. An important tool used in acoustic phonetics, and
in the special area in psycholinguistics which studies the percep-
tion of speech, is the sound spectrograph, which despite certain
limitations, will be directly useful in determining frequency-re-
sponse specifications. This device shows the harmonic structure
of a segment of speech. It also shows the relative distribution of
energy throughout the frequency range, which is responsible for
the differences among many sounds, and the special properties of
the transitions from one segment of speech to another, which are
responsible for other differences. Physically, the recording, called
a spectrogram, appears as bands—of varying shades of gray on
special paper. The height of the recording corresponds to fre-
quency, the width, to time. The varying shades of gray correspond
to differences in the amount of energy present at different bands
of frequencies. The spectrogram itself, or information taken from
spectrograms plotted in various ways, may be called a spectrum.

* See P. R. Leon, Laboratoire de Langues et Correction Phonétique, Pﬁris,
Didier, 1962, pp. 213-216.

682447 O -63-5
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~ Studies in speech perception using speech synthesis

Psycholinguistic research dealing with speech perception seeks
to isolate the acoustic cues which a listener uses to discriminate
sounds. E

Using sound spectrograms, it is possible to isolate certain char-
acteristics of this record which are tentatively considered to cor-
respond to essential cue® in the sound waves. Simplified spectro-
grams displaying these same features are then made by hand and
played back by means of a complex device called a pattern play-
back. The result is synthetic or artificial speech. It is then possible

. to make small variations in the features represented on a hand.
made spectrogram and note the reactions of a native speaker on
hearing it played back. By this means one can pinpoint precisely
those acoustic features which the listener uses to distinguish
sounds.* Studies in speech perception based on speech synthesis
will be helpful wherever the redundancy available to the native
speaker has been eliminated by the choice of items to be evaluated.
Few such studies, however, have been directly concerned with the
perceptual problems of foreign-language students.**

“Learning”’ experiments

On the surface, it would seem that the frequency range required
for optimum foreign-language learning could readily be estab-
lished by setting up a “learning” situation, and noting variations
in learning efficiency as high and low frequency cut-off points are

* Many linguists view the sound system of a language not so much as a
“set of sounds”, but rather as a network of differences between sounds. In
this frame of reference, the elements of such a sound system cannot be defined
positively in terms of what they “are”, but only negatively in terms of what
they are not, i.e., what they contrast with. This view will necessarily question
some of the basic assumptions of speech perception studies based on spectro-
graphic manipulations. For a good discussion, see C. F. Hockett, A Course in
Modern Linguistics, New York, MacMillan, 1958, pp. 24-26, 112-119.

** Liberman, Harris, Hoffman and Griffith, “The Discrimination of Speech
Sounds within and across Phoneme Boundaries,” Journal of Experimental
Psychology, Vol. 54, No. 6, November, 19567. :

Lotz, Abramson, Gerstman, Ingemann and Nemser, “The Perception of
English Stops by Speakers of English, Spanish, Hungarian and Thai: A
Tape-Cutting Experiment,” Language and Speech, Vol. 3, Part 2, April-June,
1960.

Research in progress: .
Pierre Delattre, “Research on General Phonetic Characteristics of Lan-
guages”, University of Colorado, Boulder, Colorado.

Harlan Lane, “Experimental Analysis of the Control of Speech Production
and Perception”, University of Michigan, Ann Arbor, Michigan. : ,
Both of these investigations are being performed pursuant to contracts
between the respective universities and the U. S. Office of Education.

—
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altered. Very few such experiments have even been attempted.
They are extremely difficult to design, administer, and analyze,
because of the many variables which must be controlled to insure
that the results will be unambiguous. One recently performed
experiment,* investigating the effects of high-frequency cut-off,
shows quite clearly that a cut-off at 3,000 cps seriously inhibited
perception of certain consonant sounds in German. German has a
number of significant contrasts among the fricative sounds, which
contain a good deal of high-frequency energy. French, on the
other hand, which has fewer such contrasts, seemed resistant to
the effects of high-frequency cut-off, although there were, indeed,
differenees in the effects of the two lower cut-off points, 3,000 and
5,000 cps respectively. In German, the 5,000 cps cut-off yielded
much better results than did the 3,000 cps cut-off. The still better
performance yielded by a cut-off of about 7,300 cycles was, how-
ever, not statistically significant when compared with the results
achieved with a 5,000 cps cut-off.

It is at this point that some limitations of the experiment itself
come into question. Such experiments, like the language laboratory
itself, are seriously inhibited by the current lack of headphones
whose performance approaches that readily attainable in other
parts of the reproducing system, a problem to be discussed in
detail below. This problem is frankly acknowledged in the report
of this experiment.

Pairs of words, differing in one important sound, were heard by
the student, followed by a pause in which he was to repeat the
pair. This repetition was recorded for subsequent analysis, which
would try to determine the effects of the various high-frequency
cut-offs on mimicry, as opposed to discrimination. Analysis of the

. effeets of both low-frequency and high-frequency restriction on
mimicry are discussed by Freeman and Buka in a later report
(see footnote, Chapter V, page 61). Results are suggestive but
largely inconclusive.

After the repetition pause, one of the words of the pair was
repeated, and the student indicated on an answer sheet which
word he thought had been repeated, the first or the second. This is
known as a “matching” or “ABX” procedure. It seems apparent
that the 3,000 cps cut-off obliterated certain important contrasts

* M. Buka, M. Z. Freeman, W. N. Locke, “Language Learning and Fre-
quency Response.” In Methods and Materials for the Language Laboratory,
ed. Edward W. Najam. Publication 18, Indiana University Research Center
in Anthropology, Folklore and Linguistics. Supplement to International
Journal of American Linguistics, Vol. 28, No. 1, January, 1962. The experi-
mentation described in this article was supported by a grant from Educa-
tional Facilities Laboratories, Inc.
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for many stuglents. But it is quite possible that the pairs he was
hearing with the 5,000 cps cut-off were now sufficiently different
to enable him to match more successfully, since matching requires
only that the student remember a difference, in fact, any dif-
ference. As one adds more high frequencies, the differences be.-
come greater, but not enough greater to be statistically significant,
since there is now always some difference between the pairs. In
short, the technique can demonstrate when significant contrasts
are obliterated, but not at what point the quality of the repro-
duction provides an accurate model.

Frequency Response and Intensity Variation:
A Fresh Analysis*

Let us now attempt to arrive at the needed -specifications by
examining the whole sound spectrum, to see where the speech
data of interest are located. Some things are definitely known
and others are disputed or imperfectly understood. The results
of this examination of the data will yield one or more statements
of desirable total-system response. These statements will then have
to be qualified in certain ways, taking into consideration what is
possible and practical at the present state of the art, as well as
intelligent planning for the future. A

The total frequency range can be divided into three subdivisions:
(1) the low end, from 60 to 250 cps; (2) the middle range, from
250 to 6,000 cps; (3) the top end, from 6,000 cps upward.

The low end (60-250 cps)

Even though minimal phonetic cues do not begin to appear -
until about 150 cps and really significant markers can scarcely
be said to exist until about 200-250 cps, it could be argued that
an ideal system should reproduce the lowest fundamental fre-
quency of a man’s voice, which can go down as low as 60 cps.
But there are good reasons for attenuating (reducing) certain
lower frequencies in any system designed for the reproduction of
speech, although the reasons may differ in different applications.
It is known that low frequencies, generally speaking, have a
—_—

* A number of scholars have contributed in significant ways, in discussion,
correspondence, and in their publications, to the treatment of these problems
which follows, including Professor Pierre Delattre, of the University of
Colorado, Professor Morris Halle, of the Massachusetts Institute of Tech-
nology, and Professor Martin Joos of the University of Wisconsin. The writer,
however, assumes all responsibility for the present synthesis of available data
and prevailing, sometimes contradictory, opinions, as well as for any in-
accuracies which may be found here or elsewhere in this presentation.

AR
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tendency to mask higher frequencies if the intensity of the lower
tone is high enough.* It is simplest to consider this problem from
the point of view of reproducing a live voice by means of a pro-
fessional microphone and amplifier, uncomplicated by tape re-
cording, so that the signal presented to the headphones is sub-
stantially flat in the 60 to 250 cps region. Although a large part
of speech power is concentrated in the 250-500 cps range,** there
can be sufficient power in the low-end frequencies to cause serious
masking of important higher frequencies under the special con-
ditions of extremely close coupling to the ear. Such close coupling
is normal when headphones are used, and is indeed recommended
on other grounds.t Many male voices and certain types of female
voices characterized by an extremely husky or alto quality can
make it difficult to distinguish important consonant markers at all,
without considerable listening to make the necessary perceptual
adjustments. If the volume is simply turned down, important
higher frequencies may be reduced to inaudibility. Then, too, much
room noise is at low-end frequéncies, and extremes of low-
frequency response can increase the difficulty of adjusting both
intercom and audio-active facilities.

Some of these frequencies, however, do contribute to naturalness
of reproduction. A compromise response is indicated which reduces
extremes of energy in this region, yet preserves enough to assure
natural sounding speech. This can be achieved by a response which
rises from about-15 db at 120 cps to zero db at 250 cps.t+
The middle range (250-6,000 cps)

Sound spectrograms indicate quite clearly that this is where
most of the linquistically significant phonetic features are located :
all of the vowel sounds, and most, but not all of the consonants.
Two characteristics of a response curve in this region are im-
portant, both of which have thus far been subsumed under the

* Fletcher, op. cit., p. 164
** Fletcher, op. cit,, p. 78

t Chiefly to provide better isolation from room noise and to assure good
response below 300 cps. See pp. 85-90, passim.

tt A learning experiment using low-frequency cut-off points of 60, 5600, and
1,000 cps is reported by Margaret Z. Freeman and Magda Buka, “Language
Learning and Frequency Response II” (mimeographed). These tests continue
the experimentation reported under Learning Experiments above, pp. 58-60.
While statistically significant results are reported in favor of the lower
frequency cut-off for German (not French), the choice of cut-off frequencies
permits no conclusions concerning the effect of cut-off at frequencies between
650 and 500 cps, which is precisely the problem area.

— . S
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name frequency distortion or intensity variation. Such a curve
might have sudden sharp peaks or broad valleys. A peak may be
defined as an area of extra amplification less than a quarter-octave
wide; a valley as an area of attenuation (reduction) more than a
quarter-octave wide.* Such peaks or valleys can seriously mar the
.reproduction capabilities of a system designed for foreign-language
instruction. A peak, particularly in the 250-4,000 cps region, can
impart a nasal quality to the reproduction, among other possibili-
ties. In the range of 250-6,000 cps, there should be no peaks or
valleys in the response curve greater than 1 db.

There might be no such peaks or valleys, yet the line running
from 250 to 6,000 cps could be straigift, indicating no deviations,
or could slope gradually upward or downward, indicating a
gradual rise or fall in intensity. A proper slope for a suitable re-
sponse curve may be level, or may rise to no more than 3 db at
6,000 cps, but must not fall. A fall, particularly in the 250-4,000
cps region, can change the quality of certain vowels in a most
undesirable manner, making the vowel in French si sound more
like the vowel in su, or the first vowel in German besser sound
more like the first vowel in bdse. '

The top end (from 6,000 cps upward)

This is the region in which is found energy from a number of
fricative consonants, particularly sounds like f in fit and th in
thing. “At the present time, the production, the perception, and
the acoustical properties of the voiceless fricative consonants are
only partially understood. . . . The perception of fricatives has
been studied by various methods, particularly by synthesis tech-
niques, but our understanding of the important cues is far from
complete.”** "

Our first problem in discussing top-end characteristics will be
to determine the upper frequency limits that lpnguage-laboratory
equipment should be capable of reproducing; Certain factors have
limited the usefulness of the sound spectrograph as an analytical
tool for the investigation of high-frequency sounds. Until very
recently, the upper frequency limit of the sound spectrograph was
around 8,500 cps, more often 8,000 cps, and there is at present no.
published work based on spectrographic analysis using newer ma-

* A frequency an octave higﬁer than any given frequency is twice that
frequency; a frequency an octave lower than any given frequency is half that
frequency. .

** J. M. Heinz and K. N, Stevens, “On the Properties of Voiceless Fricative
Consonants,” Journal of the Acoustical Society of America, Vol. 33, No. 5,
May, 1961.

[
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chines which go up to 12,000 cps. Further, as one goes up the
frequency scale, the intensity of speech sounds at these higher fre-
quencies is so much less than that of lower-frequency sounds, that
adjustments have tp be made to the spectrograph to make the
higher-frequency squnds show up at all. It is possible to examine
spectrographically gound energy higher than 8,500 cps by playing
an appropriate speéch sample at half speed. By this means it has
been established that for most fricative sounds there is some
energy present around 10,000 cps, and, in a few cases, up to 12,000
cps.* There has been no study of the relevance of high-frequency
_energy beyond 10,000 cps to the perception of speech sounds. The
extreme weakness of the energy present at these frequencies,
+ which can be missed completely by people with even moderate
hearing loss, make it most unlikely that they contain any useful
cues at all.** Some investigators, however, have suggested in-
formally that frequencies above 10,000 cps may contribute to
naturalness of speech reproducation. This possibility will be dis-
cussed in a somewhat different context, on pages 71 and 72.
Published investigations bearing upon the relevance of the high-
frequency energy in speech between 8,000 and 10,000 cps have not
" used spectrographic analysis, because of the limitations just de-
scribed. The precise details of the much more complex techniques
used will not be described here.t These techniques yield spectra
which are plottings of frequency against energy in decibels. From
such spectra it has been established that, for example, the f-sound
in fit or cuff, as well as the th-sound in thing, show peaks of energy
in the 7,000 to 10,000 cps range. The s-sound in soothe shows peaks
extending somewhat below this range, centering back in what we
have called the middle range, around 5,000 cps. The sk-sound in
sheep will have its peak still lower, well into our middle range,
around 2,500 cps. It is reasonably safe to assume that we will not
find in any language peaks that go higher than those found in
\f or th.
In order to evaluate the importance of these peaks in identifying
f and th, which contain the highest documented peaks, let us first
examine some other kinds of evidence concerning the perception
of four fricative sounds: f, th (as in thing), 8, sh. Cues for dis-
tinguishing these sounds (and other fricatives as well) must be

* Peter Strevens, “Spectra of Fricative Noise in Human Speech,” Lan-
guage and Speech, Vol. 3, Part 1, January-March, 1960.

** Fletcher, op. cit., pp. 78 and 137.

*+ G. W. Hughes and M. Halle, “Special Properties of Fricative Conso-
nants,” Journal of the Acoustical Society of America, Vol. 28, Nb. 2, pp.
303-310. ’
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either in the fricative noise itself, or in the preceding or following
vowel.* By cutting and rearranging fricative and vocalic portions
of tape-recorded syllables containing these sounds, it has been con-
vincingly demonstrated that “the listener may be said to behave
as if he first decided on the basis of friction, whether the syllable
belonged to the 8-sh class or to the f-th class: If 8 or 8h, he uses
the friction again to decide which of these alternatives it was.
If, on the other hand, the first decision had been that the sound
belonged in the f-th class, then the listener uses the vocalic portion
to decide which of the two sounds, f or th, he had heard.”** These
conclusions are substantiated by Heinz and Stevens.t It is also

. readily observable that if f-friction and th-friction are pronounced
in random order by a live speaker, they cannot be distinguished at
distances greater than a few feet (when the speaker’s mouth is
not visible to the listener), yet the difficulty disappears when the
friction is pronounced with a following vowel.

Characteristics of the friction noise in f, then, are not used to
distinguish it from th. To pursue further the relevance of the
friction noise of f to other distinctions, we need to examine how,
following Harris above, the listener does indeed decide ‘that a/
given friction nc.se belongs to the s-sh class on the one hand, or
to the f-th class ou the other. , '

Examining the spectra of Hughes and Halle,++ we find a be-
wildering variety of distributions of energy, which varies con-
siderably from speaker to speaker. The f-friction seems to be
characterized, in most cases, by one or more energy peaks in the
7,000-9,000 cps range, a few showing a rising characteristic at
10,000 cps, the limit of their instrumentation. There is also a
broad pattern of lower-frequency noise with occasional peaks be-
tween 1,000 and 2,000 cps. The s-friction has peaks somewhat be-
low this point, averaging around 5,000 cps; sh is still lower, averag-
ing around 2,500 cps. That the low-frequency energy present in f
is one of the important cues is evident from the results of a per-

* Vowels are identified acoustically by their formant structyre.” A formant
(cf. footnote p. 47) is a band of frequencies containing a concentration of
harmonic energy, and there are several such formants associated with each
vowel. Certain consonant sounds are known to be characterized, in part, by the
shape of the formants in the area of transition to an adjacent vowel.

** K. S. Harris, “Cues for the Discrimination of American English Frica-
tives in Spoken Syllables,” Language and Spegech, Vol. 1, Part 1, January-
March, 1958, pp. 1-7¢ y

t Op. cit., p. 596. \‘

+H Op. cit., pp. 305-307.

&
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ceptual test based on mechanical production of fricative noise,
with firequencies above 6,500 cps eliminated. A good percentage of
f-respénses was made to friction noise in which the low-frequency
energy, was at least equal to the high-frequency energy present up
to 6,500 cps. When the high-frequency energy predominated (note
again that the high f-peaks had been purposely eliminated), lis-
teners made a high percentage of s-responses.*

Let us turn again to Heinz and Stevens.** Using a similar me-
chanical procedure, they elicited responses from listeners to frica-
tive noise having various resonant frequencies, various intensi-
ties, and various manners of transition to a following vowel.t
Responses of sh were always associated with a resonant fre-
quency in the vicinity of 2,500 cps, agreeing well with Hughes and
Halle. Responses of 8 were obtained when the resonant frequency
was above 3,000 cps, and f and th responses were obtained for
very high frequency resonances, particularly when the intensity of
the fricative was low. It should also be noted that the addition of
low-frequency noise, described above as an f-cue in the absence -
“of the higher frequencies, did not significantly increase f and th
responses when the higher frequencies were present. Unfortu-
nately for our purposes, the noise generator used in this experi-
ment went only as high as 8,000 cps, and it has been argued that
higher frequencies would produce even better f-stimuli. But it is
significant that two of the f and th stimuli used by Heinz and
Stevens were unanimously judged to be “natural” syllables.

The authors (Heinz and Stevens) properly advise caution in
interpreting data based on responses to stimuli having a resonant
frequency of 8,000 cps, because the laboratory-standard head-
phones used can show fluctuations as great as 8 db in the range
L 7,000-9,000 cps. An examination of independently made curves of
the response of a sample of these phones corroborates this state-
ment, and indicates that the deviation at 8,000 cps was probably in
the minus direction. Since the response of these headphones at
2,600 cps, the lowest of the resonant frequencies used, is about +2
db from the reference point of 1,000 cps, the actual pertinent de-
viation was probably —10 db at 8,000 cps, although there could be

* Note that th was not a possible response in this test, so that f-th dis-
crimination on this basis is not involved. Note also that in such perceptual
tests, there are no “correct” responses. The listener must identify as some
speech sound a synthetic noise of known acoustic characteristics. It is’
precisely this identification, or “response”, which is of interest.

** Op. cit., pp. 595-596.

t+ It was their interpretation of the effects of the latter variable which
corroborated the conclusion of Harris that the f-th distinction depends on the
vocalic portion of the syllable.
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considerable variation from phone to phone. Responses of f were
clearly better at 8,000 cps than at 6,500 cps, at low ‘intensities
which were measured without reference to the headphones. The
drop in response at this frequency due to the headphones would
have the effect of reducing further the intensity of the signal heard
by the subjects relative to the vocali¢ portion of the syllable, and
thereby, again in the light of the better f-re3ponses achieved at
8,000 cps, reinforce the conclusion that both low intensity and high
frequency can be distinctive cues for f versus g8 or sh.

It could have been argued immediately that, since there are

‘clearly high-frequency peaks of energy in f, the frequency range
of language-laboratory equipment should certainly include them,
but it was felt to be necessary to show that these peaks are indeed
used, at least some of the time, by native speakers to discriminate
f from 8 and 8h. The reason why native speakers appear to use
different cues under different circumstances is again to be found
in the concept of redundancy, extended to their reactions to dif-
ferent energy and intensity distributions within the fricative con-
sonfnts, not only as simulated by mechanical means for testing
‘purposes, but as actually found in the speech of different speakers.
It is known, for example, that there can be wide departures from
a hypothetical “normal’ position of the speech organs in producing
a given sound, which nevertheless produce the “same” result
acoustically.® It is inviting to suppose that the converse of this is
true ot the perceptual level. In the case of the fricatives, various
combinations of energy distribution, taken with various relative
intensitiﬁes, can elicit the same response. But for the foreign-
language learner, the high-frequency cues must be present, since
we want to present him with all the data which are ever used in
discriminating among the fricative sounds.

It is pow clear that language-laboratory equipment should be
capable/ of reproducing -the high-frequency peaks ,found in the
fricative sounds f and th. Since practical systems do not reproduce
up to some frequency and cut off abruptly, it is necessary to es-
tablish up to just what point in this range reasonably flat response
is desirable, and beyond which the response may be permitted to
fall rapidly to some higher frequency, which: will then be con-
sidered a nominal cut-off point. We know that the precise location
of peaks of high-frequency energy in f varies considerably among
different speakers. Again using the spectra of Hughes and Halle,
we find that the arithmetical average of all high f-peaks is just
under 8,500 cps. If we bear in mind that certain f-stimuli at 8,000

* Francis J. Carmody, “X-ray Studies of Speech Articulation,” University
of California Publications in Modern Philology, Vol. 20, No. 4, 1937.
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cps, plus vowel, were unamimously judged by the Heinz and
Stevens subjects to be “natural” syllables, and remember that the
possibility of achieving better f-discrimination by the inclusion of
still higher frequencies has not been experimentally determined,
it seems that flat response to 8,500 cps should provide an adequate
safety factor. Intensity variations between 6,000 and 8,600 cps
should not be troublesome if no greater than =5 db.

It has been pointed out that practical systems do not reproduce
up to some stated frequency and cut off abruptly. Some authorities
have also stated that the range above 10,000 cps can contribute
disturbing squeaks, paper rustling, and the like, indicating that
these frequencies are best eliminated entirely. We have set 8,600
cps as the top-end point up to which an ideal system should have
reasonably flat frequency response. It is impractical on cost
grounds to design cut-off facilities sharp enough to assure flat
response at 8,600 cps and virtual cut-off (20 to 26 db down) at
10,000 cps. It is, therefore, recommended that frequencies above
- 8,500 cps be attenuated as rapidly as consistent with economical
'ggsign. In practice, considerable attenuation in this region is likely
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Fig. 5-2. Ideal -Frequency Responsé Curve for Language-
: Laboratory Systems * .

See page 68. The dashed line shows the permitted 3 db slope from 250-6,000
cps. The intensity within this range may vary +2 db, but such deviation
from flat response should not produce sharp peaks or broad valleys, as defined
on page 62. The area boxed in by dashed lines is the 6,000-8,600 cps area,
within which deviations no greater than +5 db may be tolerated. The atten-
uation shown above 8,500 cps’is more rapid than is actually practical.
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to be contributed by the recording and reproducing heads used in
tape-recording equipment.

To recapitulate: The response requirement thus delineated for
language laboratory systems should be as follows:

120 cps — -15db
250 cps — 0db
250-6,000 cps — =2 db, slope flat or slightly rising,
no peaks or valleys greater
than 1 db
6,000-8,500 cps — =5db
8,500 cps up, rapid attenuation

These response data are plotted as a curve in Fig. 6-2.

The response curve shown in Fig. 5-2 has been based on the
conception of an ideal system, with modifications from completely
flat response based on what is known of speech and speech per-
ception, interpreted for the special conditions imposed by foreign-
language teaching requirements.

Distortion and Noise—A Tentative Analysis

Because of the unavoidable length of the discussion required to
document frequency-response limits and permissible intensity
variation, it might be supposed that distortion and noise were
somehow of lesser importance. Nothing could be further from the A
‘truth. In fact, minor deviations from the response characteristics
just described are much to be preferred to excessive distortion
and noise, which can completely nullify the advantages of adequate
frequency response. But some distortion ang noise is always
present in measureable amounts even in systems of the highest
attainable quality, and difficulties arise when one attempts to
specify their permissible limits.

Gross underspecification of distortion percentages and signal-
to-noise ratios, however, has been inhibited by recent tendencies
in commercial electronic design. For example, most current models
of amplifiers designed for commercial sound-applications, in which
both speech and music are to be reproduced, claim 5% total har-
monic distortion,* and this percentage is easily achievable at
modest cost, '

There are no studies which bear directly on our problem, such
as, for example, foreign-language learning experiments with con-

*® This figure is used as a reference point for audio amplifier measurements
in Publication SE-104 of the Electronic Industries Association: Audio
Amplifiers, Engineering Specifications, May, 1949.
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trolled amounts of different types of distortion and different
signal-to-noise ratios as variables. It has been noted that excessive
distortion and noise can produce masking effects® and listener
fatigue. But one prominent investigator has stated informally
that as much as 10% each of harmonic and intermodulation dis-
tortion is not demonstrably harmful to the phonetic details which
interest us in language teaching. Lacking contrary evidence, let
us accept this opinion for the moment. There are two reasons why
this percentage seems large: (1) many language laboratory sys-
tems clatm distortion percentages much lower than 109, but de-
{iver much higher ones; (2) anyone who has listened to the
average reproduction found in most operating language labora-
tories (especially to copies of tapes made by the usual student
recorder), and compared it directly with the reproduction pro-
vided under the same conditions by top-quality professional equip-
ment, cannot fail to receive the impression that the latter quality
of reproduction is clearer, quieter, more natural, and more pleas-
ing to the ear. It is no coincidence that such professional equip-
ment, while expensive, does indeed have very low levels of dis-
tortion and noise. The specifications we shall develop here will
be based on the assumption that such a subjective comparative
evaluation derives from the listener’s intuitive judgments con-
cerning which system- he would rather listen to for the longest
period of time. The cleaner,-quieter system is then the system
with the lower potential for causing: listener fatigue. This fatigue-
potential is of obvious importance in any recording and reproduc-
ing system which must provide good learning conditions.

- There is experimental evidence to support the view that listeners
are sensitive to distortion. Listeners to recorded speech and music
(good disks and direct-wire transmission from a radio studio)
prefer a narrow or medium frequency range to a wide one.** These
findings could be explained in either of two ways: (1) years of
listening to restricted frequency-range reproduction could lead
listeners to suppose that such is the natural, and hence ‘“preferred”
type of reproduction; (2) unpleasant distortion products evident

¢ Ct., for example, the signal-to-noise ratios used in the experimentation
reported by Miller and Nicely, “An Analysis of Perceptual Confusions Among
English Consonants,” Journal of the Acoustical Society o/ America, Vol. 217,
pp. 338-362, 1955.

*¢ Chinn and Eisenberg, Proceedings of the Institute of Radio Engineers,
Vol. 33, No. 9, p. 571, 1945, as reported in H. F. Olson, Musical Engineering,
New York, McGraw-Hill Book Company, 1962, p. 349. In this experiment the
actual frequency ranges were: narrow — —20 db at 100 cps, 0 db 200-4,000 cps,
—30 db at 8,000 cps; medium = —20 db at 40 cps, 0 db 100-5,000 cps, —20 db
at 10,000 cps; wide = 0 db 50-10,000 cps, —30 db at 12,600 cps.

-
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in the wider frequency range are eliminated when the range is
restricted. Let us hear in mind that the “wide range” used in this
experiment, perfd¥med in 1945, was heard over equipment with
distortion characteristics probably inferior to the best high-fidelity
equipmentavailable today. If we assume that there were, indeed,
noticeable high-frequency distortion components in the “wide
range” used by Ci inn and Eisenberg, we find strong support for
the second explanation in another experiment. Listeners prefer
unmodified, live speech or usic (i.e., the widest possible range) to
speech or music which has been acoustically modified in a way
which restricts the live sound to a frequency range very much like
that of Chinn and Eisenberg’s medium range. Such acoustic modifi-
cation means using special concealed acoustic filters, which do not
involve any electronic .equipment, and hence no harmonic distor-
tion.* The conclusion that noticeable distortion will be rejected
by many listeners is further supported by the observation that the
suffering families of music enthusiasts with high-fidelity aspira-
tions and low budgets will finally insist on turning down the treble
control in order to minimize the wiry harshness of the loud but
distorted top end.**

) On the basis of these experiments we can now agree that listen-
ers prefer to listen to reproduced speech characterized by low .
levels of distortion. This subjective preference, let us remember,
is here interpreted as an.indicator of low fatigue-potential. An- -
other experiment will now give us some clues to determining how
‘much distortion is permissible in this.application.

Olsont reports an investigation of listeners’ subjective evalua-
tion of the effect of controlled amounts of distortion in five different
freq‘uency ranges. The frequency range most desirable for lan-
guage laboratories has already been determined in a previous sec-
tion of this chapter, and corresponds quite closely to Olson’s

. range 4, which was reasonably flat to 8,500 cps, with fairly rapid
attenuation above that frequency. Using a basic reproducing sys-
tem,with very low distortion, contrclled amounts of harmonic dis-
tortion were introduced. For this range, listeners found that about
1% distortion was just perceptible, 3% awas considered ““tolerable”,

* Olson, op. cit., pp. 361-352. The frequency characteristics of the live sound
were slightly modified (+ 2 db to 165,000 cps) by the properties of a cloth
curtain used to conceal the filters.- With the filters in the restricted-range
position, high frequencies were limited to about 5,000 cps.

** True reproduction of the extreme top requires, for music, vanishingly
low levels of distortion and noise, available only in more expensive equipment.

t Op. cit., pp. 345-348.
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and 5% was branded as “objectionable.”* The latter two terms
were necessarily loosely defined, tolerable distortion being said to
mean the amount of distortion which “could be allowed in low-
grade commercial sound reproduction”. By objectionable distar-

tion was meant the amount of distortion “which would be definitely
unsatisfactory for the reproduction of sound in phonograph and ‘
radio systems.” For language laboratories it would then not seem |
unreasonable to conclude that a distortion percentage falling be-
tween perceptible and tolerable would provide a suitably low
fatigue-potential. This minimum figure would then be 2% total
harmonic distortion, at operating level. Superior equipment would
achieve this minimum at maximum output, which would then pro-
vide negligible harmonic distortion at normal listening levels.

It has already been suggested that harmonic distortion is not the
only type of distortion which must be specified. They distortion
products which caused listeners to reject wide-range reproduction
in the experiment reported by Chinn and Eisenberg no doubt in-

cluded not only hqrmonic distortion, but other types as well.

Although inter