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METHODS & DESIGNS

The SSR system: An open format event recording
system with computerized transcription

GORDON R. STEPHENSON, DANIEL P. B. SMITH, and THOMAS W. ROBERTS

The University of Wisconsin, Madison, Wisconsin 53706

The SSR System is an event recording system that encodes the incidence, duration, coincidence,
and sequence of entries in real time on to magnetic tape for subsequent high speed transcription by
computer. The keyboard is light weight and battery powered for field as well as for laboratory appli
cations. A conservative encoding scheme employs phase encoding and multiplexing circuitry to sample
the set of 48 alphanumeric and other characters 20 times per second. The sampling rate provides a time
base that is independent of tape speed. The encoding signal is recorded on an audio tape recorder at
1 7/8 ips (inches per second). A supplementary voice record can be recorded on a parallel track.

At transcription, a small computer decodes the data tape at 15 ips; 1 h of data is transcribed into a
string of characters in 7 1/2 min and stored in binary form. A second program organizes the character
string Into a timed manuscript of lines. The character set and all character functions, e.g., the subset of
characters that start lines, are entirely software defined. A completely open format and the flexibility of
user d e f ~ n e d software grammars facilitate the entry of subjects, actions (both momentary and continu
ous), objects and other contextual information in whatever form the user requires.

The SSR System is described both as a sytem of ideas about the problems or encoding observations
for computerized transcription and as it is currently embodied in a specific set of software and field
tested hardware. The rationale for each major aspect of the system is presented in detail from a user's
point of view.

Within the limitations of a catalogue of categorical

behavior patterns, observers of behavior may wish to re

cord the incidence, duration, coincidence, and sequence

of the patterns observed in real time. Voice notes on

magnetic tape or ink pen tracings on moving paper have

been used to record behavior in these terms, but both of

these methods entail tedious and time consuming trans
cription before analysis. On the other hand, most man

ual recording methods are compromises; check lists or

clocks and counters lose sequence information while

hand written notes tend to lag behind the action. Fur-
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ther losses occur in the course of frequent shifts of the

observer's attention from action to notebook and back.

Lastly, if quantitative analysis or searches of the data

are to be done by computer, all of the above methods

require keypunching.

With these problems in mind, several investigators have

devised keyboard event recording systems that encode

entries and time on to magnetic tape for playback

through interface circuitry to a Teletype or keypunch

(Dawkins, 1971; White, 1971; Sykes, Note 1; Sackett,

Stephenson & Ruppenthal, Note 2). Touch control of

keyboard entries allows the observer to follow the ac

tion without shifting his attention. While an elaborate

hardware interface for decoding information on tape

is required in such systems, the cost is more than recov

ered by the elimination of manual keypunching. Trans

cription of the taped information by means of a hard

ware interface, however, typically requires that all ob

servations be entered in a standard format of preset

length. This length is typically limited to six characters.

Furthermore, the character set is typically limited to

numbers, thereby precluding the use of mnemonic alpha

betic codes for the labels of categorical behavior pat

terns. Many who have tried these systems have found

the pre formatting requirement and the relatively small

number of characters per entry too restrictive for their

work.

Editing the transcripts from most keyboard event re

cording systems presents further problems. The Tele-
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Table 1
Overview of the SSR System

Interface

data tape
playback deck

signal conditioner
"binary" wave form

Observe Record

catalogue keyboard
code encoding signal

audio tape recorder
data tape

set of alphanumeric characters (A.Z and 0-9) and 12

special grammar characters (+, -, j, *, !, $, @, =, ?, and
"segment"). The character set and all character func
tions are all software defined. For example, in our cur.
rent applications of the system, +, -, [, *, !, and "seg
ment" are defined as carriage control characters. In the
first stage of transcription (See Section V), the en
coded keyboard record is decoded simply as a con
tinuous string of characters. In the second stage of
transcription, this character string is organized into a
manuscript of lines. Whenever anyone of the software
defmed carriage control characters is found in the
character string during the second stage of transcription,
a new line is begun in the manuscript. Additional char.
acter functions further tailored to a user's particular
needs can be defined in later stages of software
processing. If, for example, in a user's application of the
system, an entry coincides with a line, then one of
these carriage control characters can be used to indicate
the beginning of a new entry. In our current applica
tions, lines beginning with a + indicate the start of an
event. Lines beginning with a - indicate the termination
of a continuous event (momentary events, by defini

tion, do not require termination). These functions are
software defmed in the data analysis programs (see ex
ample in Section III) and are not inherent in the key
board encoding scheme or specified in the basic trans
cription software. In essence, the format and functions
of entries in a particular record are completely open,
restricted only by a software limit of 54 characters per
line and the structure of the user's problem.

To take account of the vagaries of audio tape record

ing under field conditions, the encoding scheme of the
SSR System keyboard is very conservative (highly re
dundant and with a "discrete channel" for each charac
ter in the character set) and the decoding process at

Transcribe-Second Stage
(organize characters)

binary form from disk file I
computer

program SSRA
timed manuscript of lines

screen or printer for display
character form on disk file 2

computer tape

Transcribe-First Stage
(read data tape)

A to D channel
variable timing reference

computer
program SSR

character string in core
binary form on disk file I

OVERVIEW

The SSR System is an event recording system that en

codes the incidence, duration, coincidence, and se
quence of entries in real time on to magnetic tape for
subsequent high speed transcription by computer. The
system includes a keyboard for encoding categorical ob
servations of ongoing events, an audio tape recorder for
recording keyboard output, a playback tape deck, sig
nal conditioning circuit and analog to digital channel for
input to a small computer, and software for transcrip
tion and timing of the encoded record (see Table 1). The
system has been used to study the temporal structure of
crayfish behavior, feeding sequences of spiders, social
interactions among monkeys, and the use of space by
children.

The SSR System keyboard (Figure 2) has a complete

type produces a punched paper tape transcript of the
record, but working with paper tape is unwieldy at best.
Editing a transcript on punch cards is easier, but can be
time consuming if there is more than one entry per
card. On the other hand, if there is only one entry per
card, but many entries per record, storing the card decks
can be expensive.

The problems outlined above severely limited appli
cation of these data recording methods to our studies of
communication in primates (Stephenson, 1967, 1973,
1975). The complexity, density, and quantity of the
data in our studies required a new approach to data col

lection and management. In the course of the last 6
years (see Note 3), we have built, programmed, and
field tested a keyboard event recording system that over
comes the problems inherent in the aforementioned
methods. Instead of committing the system to an elabo
rate hardware interface, we took our cue from the in
creasing availability of small but powerful computers
and produced a system that is primarily software de
fined.

The primary design objectives of our system were
that it be (I) able to transcribe rapidly data encoded on
audio magnetic tape, (2) flexible enough in format to

be applied to a wide range of user interests, (3) light
weight, battery operated, and reliable enough for field
applications, and (4) simple to use. The sixth version of
the SSR System (for Senders, Signals, and Receivers)
has been implemented on the BOZO (Botany-Zoology)
Computer Facility in the Department of Zoology,
University of Wisconsin, Madison, for more than one
year. More than 500 h of data have been transcribed. In
addition, the System is in the process of being imple
mented on small computers in the Department of Psy

chology and in the Waisman Center on Mental Retarda
tion and Human Development at the University of Wis
consin, Madison.



transcription includes extensive checking for electronic

errors such as tape dropouts. Briefly, the scheme is based

on phase encoding. A character is entered into the re

cord by a single push of the character's key on the

keyboard. The keys are alternate action (push-ON/push

OFF) switches. When pushed, the state of the key chan

ges either from OFF to ON or from ON to OFF. The

primary information is the change in state; with the ex

ception of the "segment" key, which produces an open

angle bracket when going from OFF to ON, and a

closed bracket with going from ON to OFF, the direc

tion of the change of a key's state does not add infor

mation to the record. The state of each of the 48 data

keys is sampled in sequence by a multiplexing circuit

that sweeps the keyboard 20 times per second. As each

key is sampled, its current state (ON or OFF) is encoded

as one of two square waves that differ in the direction

of the zero crossing transient. (In the square waves used,

the signal trace passes through a zero value level of

voltage as it goes from positive to negative and vice

versa. See Figure 5.) Multiplexing the phase encoded

state yields a signal that can be recorded on audio

tape. In contrast to digital encoding schemes used with

incremental tape recorders, the SSR System encoding

scheme permits simultaneous recording of keyboard

output and observer voice notes, animal vocalizations, or

other analog data on parallel tracks of the same audio

tape.

In the course of recording and playback, the precise

shape of the keyboard encoding signal is partially deg

raded (see Level D in Figure 5). At transcription, a sig

nal conditioning circuit (Section IV) incorporating a

Schmitt trigger reshapes the output of the playback

deck into binary information that can be evaluated by

the computer. The Schmitt trigger is a voltage level de

tector; as each zero crossing transient in the playback

signal passes a preset voltage level above zero, the

trigger shifts from one to the other of its two output

values.

In the first stage of transcription, an assembly lan

guage subprogram tracks the sequence of changes in the

value of the trigger output via an analog to digital input

channel to the computer. The subprogram decodes pairs

of values (one value for each half of the square wave

form representing the state of a switch) into the state of

the key switch represented at each position in the multi

plexing sweep. Our current computer (Datacraft 6024/5)

has a 24-bit word length and our current keyboard has

48 character positions. As it is decoded by the subpro

gram, the key's state is stored as a one or a zero (ON or

OFF, respectively) in the bit position of a double word

of memory that corresponds to the key's position in the

mutiplexing sweep. During the delay portion of each

sweep (see Level C in Figure 5), the decoded data

portion is compared to that found in the previous

sweep. If the values of the two double words represent

ing the current and the preceding sweeps are different,
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the bit that differs is found and converted to its corres

ponding character, the sweep count is incremented, and

the character is stored together with its sweep count in

the string of characters that makes up the decoded re

cord at the end of the first stage of transcription. If the

two double words are not different, the program simply

increments the sweep count and waits for the data

portion of the next sweep.

By counting sweeps, the time base of an SSR System

record is independent of tape speed. During the first

stage of transcription, the character string is partitioned

into lines as the program encounters the software de

20 times per second, the sweep count represents the rela

tive time of the character in the record. In the second

state of transcription, the character string is partitioned

into lines as the program encounters the software de

fined carriage control characters. In the resulting manu

script form of the record, only the sweep counts of the

line starter characters are retained; they preserve the

relative time of each line. Relative time is then trans

lated into real time through the software interpreta

tion of a special time statement (!Tnnnn, where n is a

digit, e.g., !T0802) that is entered on the keyboard by
the user during the observation session.

The SSR System is reasonably efficient. While the en

coding signal is recorded at a tape speed of I 7/8 ips, it

is played back for transcription at 15 ips. Thus, 1 h of

data on tape can be read through the first stage of trans

cription of 7 1/2 min. At these tape speeds, the signal is

well within the frequency response capabilities of most

commercially available quarter inch audio tape recor

ders. In contrast, a frequency (tone) encoding scheme

with the same number of discrete channels of informa

tion would be technically more difficult (hence more

expensive) than the SSR System scheme and without

elaborate interfacing equipment could not offer as

favorable a ratio of observation to transcription time.

In an additional few minutes (depending on the number

of characters entered into the record), the data are orga

nized by the second stage of transcription into a timed

manuscript, displayed on the CRT for previewing, and

written out on to computer tape for storage and subse

quent data processing.

III. AN APPLICATION

The basic steps in applying the SSR System to a re

search problem are listed here in chronological order and

discussed in detail in appropriate sections below (see

Table I). Before the system can be put to optimal use, a

catalogue and code for entering categorical observations

must be defined by the user. These typical steps then

follow: (1) entering the observations on to the keyboard

in terms of the catalogue code; (2) transcribing the key

board encoded record at the computer; (3) printing the

raw, timed manuscript; (4) writing a copy of this manu

script from core or disk file on to computer tape; (5)
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verifying the information in the manuscript against the

information on the parallel voice track, making editorial

notes directly on the printout from Step 3 as soon as

possible after the observation recording session; (6) edit

ing the raw manuscript into a corrected version by using

the Teletype and software editor at the computer to

manipulate the retrieved copy that had been written on

computer tape in Step 4; and (7) replacing the raw ver

sion on computer tape with the edited one for later re

ference and data analysis. For safety, a second copy of

the edited version is stored on a second computer tape.

We then re-record the voice track on to minimum quali

ty tape at 15/16 ips should later review of the voice re

cord be necessary. The original high quality quarter-inch

keyboard recording tape is erased and used again.

To demonstrate the SSR System in more detail be

fore explicating the individual steps outlined above, we

will describe our use of the system for recording drink

ing behavior in a l-h priority of access to water test

among members of a troop of 45 rhesus monkeys (Mac

aca mulatta) after 22 h of water deprivation. The basic

assumptions in the use of this test are that the depri

vation has made the monkeys thirsty and that the

sequence in which individuals come to drink or in which

they attain some minimum cumulative total of drinking
time (here, 10 sec cumulative time; see also Alexander &

Harlow, 1965; Weisbard, 1975) is related to their rank

position in the social structure of the troop. Discussions

of the merits (Boelkins, 1967; Clark & Dillon, 1973) and

problems (Bernstein, 1970) of this kind of priority of

access test as a measure of social rank are not germane to

the theme of this report.

In our water test, two observers enter their obser

vations of the animals' access to water on SSR System

keyboards. For each, keyboard output is recorded on

one track of a quarter track stereo tape recorder (Uher

4400 Report.) To facilitate keeping up with the often

hectic pace of the action, observers are encouraged

to verbalize their observations into a microphone as

well as enter them on keyboards. The highly redundant

and somewhat more interpretative voice record is re

corded on the second of the stereo pair of recorder

tracks. The primary observer's task is to record the

drinking behavior of individuals as they drink at a

water fountain. The fountain is the only source of

water in the test environment. Its physical design

allows only one animal to drink at a time. The pri

primary observer is separated from the fountain by a

pane of glass, but is able to monitor the drinking

behavior from a position about 18 in. from the water

source. As the animals, one by one, drink at the foun

tain, the primary observer records the onset of drinking,

the name of the individual drinking, and the offset of

drinking, according to the set of rules in Table 2.

The secondary observer, using a much more complex

set of rules and much less rigorous sampling scheme, re

cords observations of social interaction and context in

the test environment that will be used in inter-

Table 2

A Grammar for Entering Water Test Data on
an SSR System Keyboard

1. There are two kinds of drinking events:
(a) A sip is a momentary event, arbitrarily assigned a duration

of .5 sec;
(b) A drink is a continuous event and requires termination.

2. + indicates the onset of drinking.
3. - indicates the offset of drinking.
4. D after a + indicates that, in the observer's judgment, drink

ing continued for more than .5 sec, and the event is a drink.
5. The names of individuals are two-digit numbers.
6. The name must appear after the first + in each of an

individual's drinking bouts, but is not obligatory after that.
7. When a name is used, it is entered immediately after the +.

preting the results of the water test, especially those in

teractions that occur in the immediate vicinity of the

water fountain or that involve the major sources of

dependent rank (see Kawii, 1958; Missakian, 1972;

Varley & Symmes, 1966). This more elaborate set of

rules is a grammar devised for recording the subject,

action, object, modifiers, proxemic relations, spatial

location and immediate corrections to any of the above

in real time in field studies of primate social behavior

and communication.

The simple set of rules for the primary observer in

Table 2 was constructed from an analysis of manually

prepared transcriptions of four voice recorded water

tests. The analysis gave us a feel for the temporal struc

ture of drinking bouts, the rapidity and frequency with

which animals supplanted one another at the fountain,

and the kinds of observer errors that occurred and would

have to be corrected before the data in the record could

be used. (We believe that event recording systems like
the SSR System cannot be applied advantageously until

the user has this kind of information.)

The rules in Table 2 work together to produce the

record of drinking behavior in Column 4 of Figure 1. In
Line 23 (see Column 2), for example, 06 began drinking

at Frame 11306 (Column 3). The female monkey's drink

was brief, less than the time it took the primary observer

to push the +, assess the situation, be sure of the indenti

fication and enter' her name. This kind of very short

drink is called a sip. A sip is arbitrarily defined as a mo

mentary event of 0.5 sec duration. A drink is defined as

a continuous event and, as such, requires termination by
by entry of a -. For example, just after 06 sipped, her

son 40, came to the fountain and, beginning at Frame

11350, drank for 1.5 sec [(11380-11350)/20 sweeps per

sec]. Using a + to indicate the onset of drinking and

only then distinguishing a drink from a sip enhances the

accuracy of recording the temporal location of drink

ing behavior (a + is a line starter; its relative temporal

position in the record is preserved throughout data pro

cessing). After beginning the entry with the +, the obser

ver has time to consider the content of the entry in

greater detail. If drinking behavior continues, a D is en

tered after the +, and the entry becomes a drink rather
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Figure l. Raw manuscripts of the primary (DLY) and secondary (GRS) observers' SSR System keyboard records of a priority of
access to water test. Titles spanning Columns 2-4 and 5-7 include the troop name (RH4), kind of data (H20), day, month, year,
observer's initials and the keyboard used. The title is entered into the record with the Teletype at the time of transcription. Column
headings are inserted into the record by the basic transcription and initial data processing programs. The frame is the sweep count
in which the line started. Real time is rounded down to the nearest 0.1 sec. The two records were recorded on separate keyboards
and tape recorders. Just before the water was turned on, the secondary observer began a time statement in each record by simultan
eously pushing the ! key on each keyboard. The records are printed here in temporal registration by third stage software that aligned
the two records in register on the initial, simultaneous time statements. Wherea line in one manuscript begins within a half second of
the beginning of a line in the other manuscript, the lines are printed on the same line of the printout and the frame of the primary
observer's line is used to compute the real time equivalent. To facilitate editing after this printout is verified against the parallel
voice track, separate line counts are kept for each manuscript.

than a sip. A drink requires termination; it must be fol

lowed by an -. Using a D in the record to distinguish

a drink from a sip provides a grammatical (or syntactic)

basis for error checking in our subsequent data pro

cessing programs, Thus a +D (with or without a name)

followed by a + line is detected as an error, as is a 

followed by a -. A + (with or without a name) followed

by a - is also an error because a sip is defined as a mo

mentary event and cannot be terminated, but a D can be

forgotten.

Other ot our gramrnancai conventions are also appar

ent in the water test data in Column 4 of Figure 1. In

Line 8 (see Column 2), !TlSOI was entered as the first

time statement in the record. By putting an asterisk in

front of the real time notation in Line 8, the transcrip

tion program has labeled this entry as the base for com
puting the real time of each line. The !Win Line 9 indi-

cates the moment at which the water was turned on, An

editorial mark around the !W notes that a + should be

edited into this line after the W. A + is a line starter; the

only way that a + could appear within a line is by having

been placed there with the edit program. We place it

there as the final step of editing. If our water test data

processing programs do not find a + after the W in the

!Wline, the data processing run is terminated by the pro

gram rather than risk using computer'time to process un

edited data. There is also an editorial mark around the

incomplete correction in Line 10. The ? is a within line

grammar character. During the test it was used by the

observer to correct a misidentification. Our data pro

cessing programs scan each line and process only the

data characters that occur after the last ? in a line. This

convention preserves the line starter, hence the correc
tion entered after the last ? will be associated with the
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Figure 2. Front view of the SSR System keyboard. Half
hinges allow the cover to be detached. Side brackets are for
attachment to the harness that suspends the keyboard in front of
the user in the field. See text.

appropriate relative time. Our rule for errors sensed at

the time of recording is, when in doubt, enter the data

again. In Line 10, the name was corrected immediately

after the error was realized in the course of recording

the data, but the D was forgotten and must now be

added during editing. If the observer had not forgotten
the D after the 44, no editing would have been necessary

in this line, for the correction would be properly inter

preted by the data processing software. The / starting

Line 17 introduces a comment into the observer's key
board record that, in this instance, refers to a comment

on the voice track concerning the name correction a

bove. Lines beginning with a / are treated as comments

and ignored in the data processing programs.

While these conventions are used in the water test re
cord of the primary observer, they are all drawn from

the more complex grammar used by the secondary ob
server. A more complete description of their use will be
deferred until they can be presented in the context of

that larger and more comprehensive grammar. They are
included here to suggest the power of employing a soft

ware defined grammatical method for entering "on
line" observations of complex behavior and social

interactions and to emphasize that the open format of

the SSR System readily accepts the highly variable
entry length that such a method requires.

IV. HARDWARE

From our point of view, the following description of

hardware embodies a system of ideas rather than the

ultimate technological solution to the problem of en
coding observations for computerized transcription. Our
intent is to describe the circuits in enough detail so that
they can be followed directly or serve as the basis for

new designs by others. Requests for technical infor
mation beyond that which is presented here or for

copies of our updated circuits and for assistance in get-

ting copies of our printed circuit boards should be sent

to the senior author of this report. Critical comments

and suggestions would be much appreciated.

Keyboard

Physical description. Outside dimensions of the key

board are 12 X 9 X 3 in. The detachable cover measures

12 X 9 X I in. Weight without cover is 6 lbs; the cover

weighs 1 lb. Case and cover sides are made of extruded

aluminum channel (Vector Co.) cut and fashioned with

mitered comers. Bottom and top are made with .062

(Brown and Sharp 14 ga) aluminum panels. (See Figure

2.)

Keys, control switches, meter, and output jacks are
set into a punched aluminum panel (Nu-Way Manu

facturing Co., Skokie, Illinois). A battery holder and the

printed circuit boards for the key and encoding circuits

are attached to the underside of the punched panel

(See Figure 3). To facilitate service access to the cir

cuit boards, removal of four screws allows the bottom

panel of the case to slide out of its track in the ex

truded aluminum sides. The encoding circuit board is

attached with a hinge so that it can be swung out for
easy access to both of its sides.

Figure 3. Rear view showing circuit subassemblies of the
SSR System keyboard. Bottom panel slides out for access to
circuit subassemblies. The encoding circuit board is hinged to
open for easy access to components. In this view, power supply
and rnultivibrator (clock) are on the right portion of the en

coding circuit board, ring counter is on the left The upper cir
cuit board is for the data keys. A key can easily be replaced
by unsoldering its pair of contacts in the upper board while
pulling it away from the front panel of the keyboard. Cut-out

portion of the upper board allows access to the meter and rocker
switches.
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Figure 4. Discrete components version of the SSR System keyboard encoding circuit. Major sections are the power supply, multi
vibrator (clock), ring counter, and data buss to the bistable switch.

Power is supplied by a set of six C-cell batteries.

Current draw is less than 20 rnA; at a usage rate of 4 h

per day, battery life exceeds 100 h at 70°F.
The two output jacks are at the upper left of the

punched panel. The large 5-pin jack (Switchcraft/Preh)
accepts a plug like that on the Uher microphone cable.

A locking collar prevents accidental disconnection. A

similar plug connects the other end of the cable with one

of the microphone input jacks on the tape recorder.

Either end of the cable may be used at the keyboard

jack. The single pin jack below the 5-pin jack provides a

connection to the keyboard output for externally syn

chronizing an oscilloscope when examining the wave

form of the encoding signal. The other components on

the punched panel are discussed after description of

the encoding process.

Encoding circuit and logic. The functions of the SSR

System keyboard are to produce a discrete representa

tion of the state of each of 48 data keys, to multiplex

these 48 discrete representations into a single encoding
signal, and to provide a time base for the record that is

independent of the tape speed at which it is recorded or
played back.

The discrete component circuit that currently per

forms these functions is diagrammed in Figure 4. More

recently available devices like C-MOS integrated circuits

could be substituted for portions of the present circuit

with substantial savings in cost and assembly time. The

version presented here is a proven circuit. Sixteen units

of this design are now in use in nine different research

groups on the University of Wisconsin-Madison campus.

The logic of the encoding circuit is redrawn in Figure

5. The primary functional components of the circuit

are a multivibrator, a 51-stage ring counter (or con

tinuous shift register), a set of 48 alternate action data

keys, and a two-state (electronically bistable) selector

switch. Each data key is connected to a different stage

of the ring counter. Driven by the multivibrator, the ring

counter sequentially samples the data keys. As a key is

sampled. its state is phase encoded for output to the

tape recorder. The oscilloscope trace at Level B in Figure

5 shows the output from stages represented at Level A.
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Figure 5. Representations of data at serial levels of the SSR
System encoding process. A multivibrator (MY) generates two
complementary square waves at a cycle time of 0.75 msec, The

wave form with the descending zero-crossing transient drives a
ring counter. The ring counter supplies a bias voltage to the

keys in sequence one at a time. If, when supplied, the key is
closed (c), the bias voltage causes the bistable selector switch
(SW) to go into its high state and the square wave form with
the descending zero-crossing transient is routed to output. If
a key is open, the bias is not supplied, the bistable switch goes
low, and the square wave with the acsending transient is output.
Thus, the state of each data key on the keyboard is phase en

coded in sequence and thereby multiplexed into a single signal

for output to an audio tape recorder. The oscilloscope trace of
phase encoding wave forms at Level B represents the states of
the first 12 key positions depicted at Level A. The trace of the
full sweep, with both data and delay portions, is shown at Level
C. The typical degradation of form from recording the encoding
signal of 1 7/8 inches per second (ips) and playing it back for
transcription at 15 ips can be seen in the trace at Level D.

Q PLAYBACK
AT 15 IPS

an ascending transient is put out to the tape recorder.

Beginning at the second stage, each of the 48 data

keys is wired to a different stage of the 51-stage ring

counter. The portions of the encoding signal that corres

pond to these stages can have either an ascending or a

descending zero crossing transient, depending on the

state of the corresponding key. To provide fixed cues for

the transcription program, the first and fiftieth stages

are hardwired as if the key corresponding to the first
stage were CLOSED and that corresponding to the

fiftieth were OPEN. In the sweep at Level C in Figure 5,

first zero crossing transient represents the first stage

hardwired in the CLOSED position, the second through
eleventh crossings represent the keys as indicated at

Level A in Figure 5, the twelfth through forty-ninth

The relationship of these stages to a complete sweep of

all stages is shown at Level C. The sequence of zero

crossing transients in the trace corresponds to the se
quence in which the ring counter samples the data

keys. From the phase encoding process, the direction of

the transient corresponds to the state of the key sampled

there. At transcription, detection of a change in state

results in storage of the character that corresponds to

the data key sampled at that position in the sweep.

In the present circuit, the multivibrator serves as both

a clock and as the source of the encoding signal. The

clock function is based on the multivibrator's 0.75-msec

cycle time. (This function could be performed with a

crystal oscillator and solid state dividing circuits.) Each

time it cycles, the two sides of the multivibrator put

out complementary square waves that differ in the

direction of their zero crossing transients. These two

forms, with an ascending or descending transient (label

ed LOWand HIGH in Figure 5, respectively), are used to

phase encode the states of data keys on the keyboard.

The function of the ring counter is to sample the

state of each data key in sequence and thereby multi

plex the 48 data key channels into one channel of in

formation for recording on magnetic tape. A discrete

sweep position for each key rather than binary coding

of the character set in fewer sweep positions enhances

error checking at transcription and facilitates reconstruc

tion of a record should one of the positions fail. The

ring counter's circuit is so designed that only one stage

is ON at a time. The ON position is driven around the

ring by output from the multivibrator. Each time the

multivibrator cycles, the positive wave front of the des

cending square wave form turns the present ON stage

OFF. In going from ON to OFF, a transient voltage is

produced and passed along to the next stage in the

ring. The transient voltage turns the next stage ON. The

new ON stage stays ON until the next cycle of the multi

vibrator. As the ON position moves from stage to stage

around the ring, it passes a bias voltage to the corres

ponding data key for approximately 0.75 msec.

The function of the two-state selector switch is to

phase encode the state of a data key by routing one of

the two complementary square wave forms to the key

board output circuit. Data keys are push-ON/push-OFF

alternate action switches (Type M61-0800; Cherry Elect

rical Products Corporations, Waukegan, Illinois); a key is
either CLOSED (in its physically down and eiectncauy

on position) or OPEN (physically up and electrically

off) during the period when its corresponding stage is

the ON position of the ring counter. When a data key is

in the CLOSED position, the bias voltage from its

corresponding stage is passed to the selector switch, the

switch goes into its HIGH state, and the square wave

with the descending zero crossing transient is put out to

the tape recorder. When the data key is in the OPEN

position, the bias voltage is not passed, the selector

switch goes into its LOWstate, and the square wave with



crossing all represent CLOSED keys (put in the position

on the keyboard for the example), and the fiftieth cros

sing represents the stage hardwired in the OPEN posi

tion.
The fifty-first stage of the ring counter does not ap

pear as a zero crossing transient in the encoding signal.

When the ON position comes to the fifty-first stage, it

initiates a delay circuit that uncouples the multivibrator

from the ring counter for 12.5 msec. During transcrip

tion (at eight times real time), the delay provides about

1.5 msec for error checking and character processing.

In real time, the delay plus the data portion of the

sweep (50 stages X 0.75 msec per stage = 37.5 msec)

requires 50 msec total. At a constant rate of 20 per sec,
the sweep givesa time base to the record that is indepen

dent of the tape speed at which the encoding signal

was recorded.

Durations of the data and delay portions of the sweep

can be independently set to their correct values of 37.5

and 12.5 msec, respectively, by adjusting the appropriate

potentiometers in the circuit while watching the key

board output on an oscilloscope. A third potentiometer

is used to set the amplitude of the encoding signal to

70 mY. Manual adjustment of the timing potentiometers

can yield a time base that is accurate to within 10 sec

in an hour. Greater accuracy would be routine were a

crystal oscillator used in place of the multivibrator.

Where the time base in our records is discovered to be in

error, third stage software (see Sections III and IV)

compares the number of sweeps found between the first

and last time statements in a record to the number

there should have been (as calculated from the differ

ence between the stated times), computes a ratio, and

corrects the frame counts of all of the lines in the re
cord.

As can be seen in the oscilliscope trace at Level B in

Figure 5, the encoding signal from the keyboard is not

simply a train of square wave forms. To avoid "ringing"
in the audio circuits of the tape recorder, the sharp wave

forms put out by the multivibrator are modified by

rounding their leading edges just prior to output. The
notches that sometimes appear in the signal between
the modified square waves, especially where the phase

form following is the complement of the form preced

ing are the recordable aspects of spurious zero crossing

transients. The zero crossing portion of these tran

sients does not appear in the data record on tape, how

ever, because their rise times are in the microsecond

range, beyond the frequency response capability of the

Uher 4400 Report tape recorder recording at 1 7/8 in.

per sec; the spurious transients are simply filtered out

of the encoding signal in the process of recording it.

The form of the encoding signal permits the user to

verify in the field all aspects of proper keyboard opera

tion other than timing without extra equipment other

than the tape recorder and the keyboard themselves.
With the recorder in RECORD mode and PAUSE, the

user can listen to the input to the recorder by adjusting
the playback volume. When the keyboard is operating
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properly, the delay portion at the end of each sweep

interrupts the approximately 1.34 KHz tone set up by

the data portion of the sweep and the sound has a

"chatter" quality. In contrast, a steady tone means that

one of the stages is malfunctioning and the ON position

of the ring counter is not able to propagate all of the

way to the fifty-first stage, where it would normally

initiate the delay. No tone, of course, means a malfunc

tioning recorder, a bad connection between recorder and

keyboard, or a malfunctioning keyboard.

At a more detailed level, the user can test whether
each data key is functioning properly by setting all of

the keys into their physically down and electrically on

position and then, one by one, pushing each key several

times while listening to the sound. With all of the keys

down, the wave form in the data portion of each sweep

is nearly a sine wave and has a nearly pure tone quality.

Each time the key being tested is pushed into its physi

cally up and electrically off position, the wave form in

its corresponding portion of the sweep is switched to

its opposite phase and the tone quality changes. No

change in tone quality indicates a mechanically man

functioning key. It is still possible to lose data if a key

becomes malfunctioning between tests. Having

a "discrete channel" for each key (per the multiplexing

process), a properly constructed grammar and code, and

a redundant voice record on the parallel recorder track,

however, markedly facilitates reconstruction of a record
in which data characters are missing because of a mal

functioning key. It is best, of course, to monitor regular

ly the sound of the keyboard encoding signal, to exa

mine occasionally its wave form on an oscilloscope and,

if in the field, to send sample data tapes periodically

from field to computer lab for transcription.

Test points for troubleshooting the circuit assembly
and maintenance are labeled as encircled letters on the

circuit diagram in Figure 4. Measured values are also

noted, but these may vary some from keyboard to key
board. Instructions for using these test points, and

wave forms expected at each of them, are detailed in a

user's manual that is available upon request. Values,

sources, and approximate costs of all components are al

so detailed in the manual, together with complete in

structions for operating all aspects of the system.
Rational of keyboard organization. Our particular

layout of the components on the punched panel is
designed to facilitate rapid entry of the subject, action,

object, etc., in communication events among primates.

The layout can be customized to another user's design

by submitting a blueprint for programming the punch

press (at Nu-Way Manufacturing Co,) and making the

appropriate changes in the negative form printing the

circuit board for the keys.

In our layout (Figure 2), keyboard switches, data

keys, meter and jacks are all located in one half of the
front panel so that the keyboard may be worn like a

cigarette tray, supported by a harness at about waist

level in front of the user. This arrangement facilitates
following moving subjects while taking data in the field.
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To provide room for the user's hands, the keyboard is

worn with the component section away from the body.

Keyboard control switches are arranged according to

function at the upper left of the panel. Rocker switches

are used because they indicate the status of the function

they control without drawing power (as indicator lights
would). The rocker switch to the left of the meter is

the POWER ON-OFF switch. Three other rocker

switches are grouped to the right of the meter. The left

most of these, labeled TAPE, MOVE, STOP, utilizes a

circuit in the keyboard track line input jack to operate

the PAUSE mechanism on the Uher 4400 Report tape

recorder; it can be used for remote starting and stop

ping of the tape transport. For example, in the field,

the user can preset the tape recorder in record mode and

then carry it in a backpack frame while wearing the key

board in front. The middle rocker switch is the DATA,

SEND, STBY (standby) switch; it switches the multi

vibrator into or out of the ring counter circuit at a

point that insures that the first sweep of a record be

gins at Stage 1 and that the last sweep ends at Stage

51. The keyboard sends the encoding signal to the

tape recorder only when the power switch is ON and the

data switch is in the SEND position.

The rightmost rocker switch is the SEGMENT, BE

GIN, END switch. This is the exceptional data key that

produces two different characters in the record, depend

ing upon whether the key switches from OFF to ON or

from ON to OFF when it is pushed (from END to BE

GIN and from BEGIN to END, respectively). Pushing

the rocker into the BEGIN position produces an open

angle bracket in the record; pushing it into the END

position produces a closed angle bracket. This conven

tion is employed to mark the beginning and the end of
a data segment within a record, e.g., each sample from a
series of focus subjects in an hour long record. In subse

quent data processing, scanning for the open bracket in
the line starter position of the data format can speed
sorting for a particular segment.

The last control switch is the round momentary push
button above the meter. Its primary function is to RE

SET the ring counter and turn on its first stage. The
circuitry of ring counters is such that they can propa

gate more than one ON position around the ring at the

same time. The encoding signal produced by more than
one ON position cycling around the ring in an SSR Sys

tem keyboard would be uninterpretable by the trans

cription software. When there is more than one ON pos

ition being propagated, current draw is greater and the

reading on the milliammeter is higher than normal. To

insure that only one ON position is being propagated

around the ring, the circuit is routinely initialized each
time that the keyboard is powered up pushing the RE
SET button once after the power has been switched

ON. While the RESET button is depressed, it also en
gages circuitry that changes the meter from a milliam
meter to a voltmeter, thereby enabling the user to test

voltage level of the battery power supply.

The left' to right order of the keyboard control

switches is the sequence in which they are used to

initiate a keyboard record on tape after the keyboard

has been turned ON and RESET, i.e., TAPE MOVE.

DATA SEND, SEGMENT BEGIN. A record is

terminated in the reverse order; SEGMENT END, DATA

STBY, TAPE STOP, and (optionally) POWER OFF.

This procedure results in nesting the record of keyboard

output between a start and a stop of the tape transport,
and within that, nesting a data sample between an open

angle bracket and a closed angle bracket.

Data keys are arranged in blocks to facilitate the en

try of + or -, digits for the subject's name, etc. (see Sec

tion III). Within the numeric block, the 0 through 9

keys are arranged in the standard adding machine for

mat, except that 0 is at the far lower left rather than at

the bottom of the block. The physical arrangement of

the A through Z keys in the alphabetic block is com

pletely arbitrary. The arbitrariness does not slow alpha

betic coding of behavior once the keyboard layout has

been learned, but it does tend to discourage using the
keyboard as a typewriter. The grammar keys are located

according to frequency of use and a left to right organi

zation of grammatical usage in the complex set of rules

designed for encoding monkey social behavior noted
above (Section III).

Tape Recorder

While any audio tape recorder with an adequate fre

quency response could be used to record keyboard out
put, nearly all of our field testing and experience has

been with Uher 4400 Report quarter track stereo tape
recorders. This model of Uher has a frequency response

of 40-10,000 Hz at 1 7/8 in. per sec tape speed (-3dB
for 600-6600 Hz). The stereo feature provides one track

for keyboard output and another for observer

voice notes. The quarter track feature increases efficien- .

cy in that both sides of a tape can be used. This means

that there is less to carry in the field and less time re
winding tape during data collection and transcription.

The Uher 4400 Report with carrying case, shoulder

straps, microphone, and NiCad batteries weighs about
12 lbs. Cassette tape recorders are much lighter, but we

have not yet found a means for high-speed playback of

cassette tapes during transcription.

Recording Tape

Keyboard output is packed on to a quarter track of

1/4 in. magnetic tape at an effective rate of 700 bits per

inch. After testing a variety of products, the 3M Scotch

brand Type 212 (Catalogue Code No. 212-1/4-R45) is
the best readily available type; electronic errors due to

dropouts are very rare, averaging less than one detected

per hour of data transcribed.

Playback Tape Deck
A Sony tape deck (Model TC-850) is used for high

speed (15 ips) playback during transcription of keyboard
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Figure 6. The SSR System signal condi
tioner circuit. Major sections are the power
supply, AGe, high- and low-pass filters, and
the Schmitt trigger.

encoded tapes. A less sophisticated 1/4 in. tape deck

could probably be used, but we have found this parti
cular model to be mechanically stable and easy on the
data tapes while other manufacturers' models were not.

Signal Conditioner

When the SSR System encoding signal is played back

for transcription at eight times recorded speed, it is
passed through a signal conditioner circuit to resolve the

partial degradation that the signal incurs in the course of

recording and playback (see Level D in Figure 5). The

conditioner consists of four basic sections, the first
three of which are equipped with bypass switches. The

first section is an automatic gain control (AGC). This has

proved to be a great help in securing reliable operation
of the transcription process by reducing the variation in
amplitude of the signal. The second and third sections
are high- and low-pass filters, which aid in removing
noise and reducing certain kinds of waveform distortion

that result from variations in the frequency response
of the tape recording system. The fourth and fmal

section is a Schmitt trigger, which converts the signal
to a square wave that is TTL-compatible and suitable for
computer input.

The signal conditioning circuit is diagrammed in Fig
ure 6. Unlike the keyboard, the conditioner is a one-of

a-kind prototype. Persons Wishing to duplicate the con
ditioner should be cautioned that some parts of the cir

cuit may be sensitive to component variation, and that
some experimentation with components and com
ponent values may be necessary to secure good re
sults. This is particularly true of the AGC section, since

proper operation may depend on the characteristics
of FETl.

AGe. Capacitor CI02 blocks de. RIOl and FETl
form a voltage divider in which the ratio is controlled
by the FET gate voltage. In normal operation, the FET

source-to-drain voltage is about 20 mV peak-to-peak,
so that operation is essentially ohmic.

The voltage divider is followed by an amplifier con
sisting of operational amplifier OAI and feedback net
work RI04 and R103, which gives a gain of 200. The

voltage divider and amplifier together form a variable

gain amplifier with an effective overall gain varying from

100 to 0.1 as the gate voltage on FETl swings from
~1.2 V to ~0.2 V. R102 serves to limit the maximum

gain. CIOI and C103 help to suppress oscillations that
can otherwise occur when the input signal drops to

zero and the AGC gain increases to its maximum.

When the AGC bypass switch SWI is in the OFF posi

tion, the gain voltage is determined by R109 and gain is
fixed at a value of about 1.5. When the AGe bypass is

ON, the AGC is engaged and the gate voltage is derived
from the output of OAl by 'a rectifier and filter net
work consisting of XRI, C105 and associated compo
nents. A de voltage of about one-third the peak-to-peak
swing at OAl is developed at C105.

Capacitor CI04 blocksdc and permits the voltage de
elopment at CI05 to be referenced, not to ground, but

to a de offest level set by RI08. Thus, the output of
C105 is the sum of one third the peak-to-peak output of
OAI plus the voltage at the wiper of Rl 08. This voltage
is about -1.6 V. It would probably be advantageous to
insert a 12K resistor between the - f8 V supply and the
upper terminal of R108, to widen the adjustment range.

The effect of R108 is to set the output level to be main

tained by the AGC; RI08 should be adjusted for an
output of about 4 V peak-to-peak.

In operation, a rise in the output of OAI causes a
rise in the gate voltage of FETl and thus a reduction in
gain.

The AGC time constant is determined by CI05. Since
the SSR encoding signal drops to zero during the delay
portion of the sweep, it is not feasible to have a time
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constant that is short compared with the sweep time

(about 6 msec during playback for transcription at eight

times recorded speed); if it were comparatively short,

the AGC would increase gain during the delay portion of

the sweep. A value of I microfarad gives a time constant

of about 50 msec and yields good results.

Although the AGC does not act fast enough to re

move dropouts, it has an important stabilizing effect. By

fixing the level from which the dropouts drop, it permits

the threshold adjustments of the Schmitt trigger to be

permanently set at an optimum level relative to the

signal. The combination of AGC and Schmitt trigger

eliminates the effects of many mild dropouts.

The AGC also has an important effect in eliminating

drifts in signal level. It has been found that recordings

made on portable tape recorders operating on battery

power often contain significant shifts in level as the

recording progresses. This is probably due to changes

in battery condition and tape tension. The shifts, a

mounting to perhaps 6 dB in some cases, might not be

noticable in audio recording, but they can have a serious

effect on the proper transcription of an SSR System

encoded record unless AGC is provided. Before AGC

was added to the signal conditioner, some of the lower

quality reco:dings could not be transcribed without

unacceptably high error rates unless the gain was con

stantly monitored by the operator.

Filters. OA2 and associated components form a

high-pass filter with a 12-dB-per-octave cutoff at a

frequency of 1/21TRC. For the values given, cutoff is

at about 8KHz. When the switch SW2 is in the OFF

position, the RC network is bypassed and the section

becomes a simple amplifier with a gain of about 1.7.

Similarly, OA3 and associated components form a
low-pass filter cutting off at about 16 KHz.

Theoretically, the optimum ratio for the feedback

networks R203: R204 and R303: R304 would be I: 1.72

for optimum results when each filter is used by itself.

When they are used together as a bandpass filter, how

ever, reducing the ratio to I: 1.5 has a beneficial effect

in leveling the response within the passband. As a

practical matter, the difference is not of great impor

tance.

The high-pass filter (OA2) has proved to be quite

valuable in removing several kinds of noise, including ac

hum and low-frequency components arising from partial

rectification of the signal. The low-pass filter (OA3) has

been less important.

The effect of the filters in improving the signal may

be due, not entirely to the frequency response

characteristics, but to their effect on modifying phase

relationships within the signal. It is characteristic of the

signal, as played back, to contain a high-frequency

ringing at three times the base frequency. This probably

results from a harmonic response to some component

of the base signal, and is not important in itself. How

ever, the phase relationship between this component and

the base frequency is quite important in determining

the time of zero-crossings, and the most favorable

than a frequency response adjustment, it is possible that

some other filter design may be more appropriate.

Although the described filters work extremely well

with our particular combination of equipment, it is

possible that experimental adjustment of the Rand C

values in the filters may be necessary with other equip

ment. If the critical effect of the filters is a phase rather

than a frquency response adjustment, it is possible that

some other filter design may be more appropriate.

Schmitt trigger. OA4 and associated components

form a Schmitt trigger circuit. All other sections of the

circuit use a Type 741 operational amplifier. In the trig

ger circuit, a Type 709 is necessary to attain a high

switching speed. Because it is used in a switching mode,

networks usually necessary to stabilize the amplifier

are not needed.

In essence, the Schmitt trigger is used to detect

zero-crossings. In our particular application to the SSR

System encoding signal, however, it is desirable to off

set the trigger levels from zero and to build in some de

gree of hysteresis. A controlled amount of hysteresis is

beneficial because the signal contains a certain amount

of high-frequency noise that could otherwise produce

miltiple crossings as the signal crosses the threshold

level. It also prevents small amounts of ringing from

causing miltiple triggering.

Control R407 determines the average offset of the

two trigger levels from zero, and R405 determines the

distance between them. The optimum setting with our

unit proved to be at the extreme adjustment ranges of

the potentiometers, resulting in switching levels of +0.5

V and +1.5 V (i.e., an offset of I V and a hysteresis of

I V). It would probably be beneficial to expand the ad

justment range by increasing R405 to I K and reducing

R403 to 220K.

An offset is necessary to insure that the delay portion

of the sweep produce a constant ON output from the

trigger. The delay portion of the sweep will not always

be exactly at 0 V, because for various reasons the data

portion often contains some de component, even though

none is intended. In fact, the delay portion, when exam

ined carefully, may show an exponential decay to 0: If

the triggering level is set close to 0, there may be a

crossing during the delay portion. A positive offset

insures that the delay portion will yield a solid ON, and

also insures that the Schmitt trigger always finishes in

the ON state when the signal is removed. These consid

erations are important for the decoding logic in the first

stage of transcription (see Section V).

Variable Timing Reference

To synchronize the logic in the first stage of trans

cription with the stream of values coming from the sig

nal conditioner during playback, the interval between

expected zero crossings is calculated during the delay

portion of each sweep. The interval can be adjusted both

before and during playback by means of a potentio

meter. The potentiometer (kurled knob with a dial



scale) adjusts the voltage to an analog input channel of

the computer over a range of -4.096 V to +4.096 V. A

FORTRAN call to a system subroutine returns an inte
ger value in the range -2048 to +2047. In one case, in
which a user's battery powered tape recorder had gradu

ally slowed down in the course of recording a record,

the record was recovered by monitoring the electronic

errors (in this case, mainly due to the resulting gradual
shift in the time base) through the BOZO system loud

speaker during the first stage of transcription (see Sec

tion V) and adjusting the value of the potentiometer to

keep them to a minimum.

Computer

A Datacraft 6024/5 computer with 16K words of

core memory was used for all of the transcription and

data processing described in this report. The 6024/5
has a 24-bit word and a cycle time of 1 microsecond.

Peripherals include a 5 mega-byte random access disk
memory, Teletype and CRT display, and a drive for

7-track computer tape.

Oscilloscope

Occasional access to an oscilloscope is necessary in
order to check keyboard switches and output wave

forms, and to t-roubleshoot malfunctions of both the

keyboard and the tape recorder. For field studies in

which the SSR System keyboard is a primary tool,
access to a portable field model oscilloscope is highly re
commended. If an oscilloscope is not available, sample

records should be sent from the field to the laboratory

for transcription at regular intervals throughout the field
period.

(V) SOFTWARE

The functional aspects of the basic SSR System soft

ware are described below. Program SSR performs the
first stage of transcription; it decodes the keyboard en
coded data tape and stores the characters and their
sweep counts in binary form in a logical file on the disk.
Program SSRA performs the second stage of trans
cription; it converts the string of characters from binary
form to character form and organizes them into a timed
manuscript of lines. An SSR System utility program
called SPLICE joins sequential portions of an interrup
ted record, each of which has its own relative time base

counting from the first character in the portion, into one

record with a time base that is continuous and consistent

across all of the portions joined. Another utility prog
ram, called REFRAM, corrects the timing of a record
in which the sweep rate is not equal to exactly 20/sec.

COMBO, the last program discussed here, is included as
an example of third stage software, the stage at which
programs are generally tailored to a specific user's pro
blems. Program COMBO produces the printout in Figure
1. All of these programs except the first are written in
Datacraft's FORTRAN IV. The first, SSR, has a basic
framework in FORTRAN IV, but its main functions are
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programmed in assembly language. listings of these pro
grams are available without cost upon request.

Program SSR-First Stage of Transcription

Upon call from the disk, Program SSR advises the op
erator to set the variable timing reference to the proper

value for calculating the delay between expected zero

crossings in the encoding signal of an SSR System re

cord played back at 15 ips. It also requests that a title

for the record be entered via the Teletype. With entry of

the title, the program is ready to decode the output of

the signal conditioning circuit.

Decoding is performed by an assembly language sub
program. The first task is to synchronize the logic of the

subprogram with the stream of values coming from the
Schmitt trigger portion of the signal conditioner. Once

synchronized, the suceeding values in the data portion

of the sweep are sampled, one after another, and decod

ed, pair by succeeding pair in sequence, into bit values

that represent the states of the keys. The bit values
are stored, bit by bit, in a double word of memory in

the same order in which the states of the keys had

been phase encoded and multiplexed into the keyboard

encoding signal (see Level B in Figure 5). These two sys
tem specific parts of the transcription process, i.e., syn

chronizing subprogram logic with trigger output and

decoding the states of the keys encoded in the data
portion of the sweep are diagrammed in Figure 7.

Before considering the methods of synching and
decoding in detail, recall that the keyboard encoding sig

nal is partially degraded in the course of recording and

playback (see Level D in Figure 5). The primary func

tion of the Schmitt trigger in the signal conditioner cit

cuit is to reshape the output of the playback deck into
binary information that can be evaluated by the subpro

gram. The trigger is so devised that when the playback
signal drops below the trigger's lower threshold, the out

put of the trigger is ON at +5 V. When the playback sig
nal rises above the upper threshold; output of the trigger
is OFF at 0 V. When the playback signal is in between
the upper and lower thresholds, output of the trigger is

ON or OFF, whichever was last. This result is a func
tion of the hysteresis that has been designed into the
trigger circuit (see Section IV on the signal condition
er). The relationshiip between the output of the play
back deck and output of the trigger is illustrated in the
upper part of Figure 7.

The relationship between the output of the trigger
and the assembly language instructions that synchronize

subprogram logic with trigger output is illustrated on the
left half of Figure 7. Beginning at the program address
SYNCH, the integer -50 is transferred to the K register

of the computer (TNK: Transfer Negative operand to K;

here is the operand is 50). INPUT is a subprogram mac
roinstruction that utilizes BOZO(Botany-Zoology Com
puter Facility) system functions resident in core to yield
a zero when the output of the trigger is ON and a posi
tive number (represented as a 1 in Figure 7) when the
output is OFF. When INPUT yields a positive number
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(as it would at Point a in Figure 7), the subprogram

branches back to address SYNCH (BOP stands for

Branch On Positive). When INPUT yields a zero, the sub

program advances to the BWK instruction. BWK is a

mnemonic for Branch When K not equal to zero. This

instruction increments the contents of the K register by
I and then tests whether it is equal to zero. When it is

not zero, the subprogram branches to the address in
the operand field, here to SYNCH+1, which puts it back

at the INPUT macroinstruction. If the subprogram were

to encounter a series of zeros from successive executions

of INPUT, it would cycle through the instructions

INPUT, BOB, and BWK, each time incrementing and

testing the value in the K register. When K finally does

equal zero (here after 50 cycles through the series of in

structions), the subprogram moves to the next instruc

tion in sequence, here TNK 500. Should INPUT yield a

posititive value in the cycling before K has been incre

mented up to zero, the subprogram would Branch On

Positive to SYNCH, where a -50 would be transferred
to register K and, in our usage here, the search would be

gin again. INPUT requires 17 microseconds and the

other instructions in this series require I microsecond

each. Thus, the first step of synchronizing subprogram
logic with trigger output proceeds by sampling the out

put of the trigger every 19 microseconds until the out

put is found ON (i.e., INPUT yields a value of zero) for

50 consecutive samples. This would occur only if the

subprogram were sampling in the delay portion of a

sweep or if the record had ended. The trigger is ON

during the delay portion of a sweep because the second

half of the wave form representing the last position in

the data portion of the sweep drops from positive to

zero (recall that the fiftieth stage of the ring counter is

hardwired as an OFF). For the same reason, the trigger is

also ON at the end of a record. A record is ended by

switching the DATA rocker from SEND to STBY, which
uncouples the multivibrator from the ring counter at the

fifty-first stage, thereby insuring that the last sweep is

completed through the fiftieth stage before the record
ends.

The second step in synching logic and output dis
tinguishes between the delay portion of a sweep and the

end of a record by the number of consecutive zeros that

a series of successive executions of INPUT yields after

the fifty in the first step. The K register is incremement

ed from -500 toward zero each time the subprogram,

beginning at address SYNCH, cycles through the series

of instructions. INPUT. BNZ (Branch when not Zero).
BWK. As above, the series requires 19 microseconds. In

playback at eight times recorded speed, the delay por

tion of each sweep lasts about 1.563 msec (12.5 -;- 8).

The 50 consecutive zeros in the first step of synching re

quired about .950 msec; hence, if the sample count in

the second step exceeds 32, the record has probably
ended. To pass over extended delays due to tape splices

or long periods of signal loss due to large dropouts,

another 468 consecutive zeros are required before the

record is taken as terminated. (The total of 500 required

is arbitrary and can be made closer to 32). INPUT will

continue to yield zeros until the sampling encounters

the Schmitt trigger's response to the first half of the



wave form representing the first stage of the ring coun

ter, which is hardwired in the ON stage. At that point

(Point d in Figure 7), the signal rises from zero to posi

tive, trigger output drops from +S V to 0, INPUT yields

a positive value, and the subprogram branches to address

SYNCH2.
The time requirements of the sets of assembly lan

guage instructions from SYNCH2 on are specifically
tailored to decode the output of the Schmitt trigger as

it follows the output of the playback deck operating at
15 ips. The two instructions at SYNCH2 require only

18 microseconds less than a quarter of the 93-micro

ond interval (0.75 msec -:- 8) required for playback of

the waveform representing the state of a key. By sam

pling within a quarter of an interval after the Branch

when Not Zero instruction at Point d in Figure 7, the

point at which the logic of the decoding loop is precisely

synchronized with output of the trigger is located in

the third quarter of the interval that corresponds to the
first position in the data portion of the sweep. From this

point on (Point e in Figure 7), synchrony is maintained

by the time requirements of the instructions in the
LOOP section of the subprogram.

The relationship between the output of the trigger

and the assembly language instructions that decode it

is illustrated on the right half of Figure 7. The time re

quired for execution of the series of four instructions

beginning at LOOP is controlled by the value of DE

LAY, which is computed from the value of the variable
timing reference at the beginning of each sweep. Opti

mally, the INPUT macroinstruction samples trigger out
put in the second quarter of the interval corresponding

to a sweep position, or, in terms of wave form, just be

fore the zero crossing transient. For example, the wave

form at the second position in the sweep would be

sampled for the first time at about Point f in Figure 7.

The optimal setting for the DELAY would position the

Sample Point f very close to 3/4 of an interval after Sam
ple Point e. In this example, execution of INPUT at

Point f would yield a positive value and the subprogram

would Branch (when Not Zero) to Program Address
ONE.

The series of instructions beginning at ONE stores the

value from INPUT. TMD Transfers the contents of a
double word at Memory location WORDS to the D regi
ster. LLD performs a Logical shift of the contents of the
D register one position to the Left. OOB performs an

exclusive Or on the Operand (here 1) and the rightmost

Byte of the D register. TDM Transfers the contents of

the D register back to Memory location WORDS. TMK

Transfers a value (-10) stored at Memory location

TRIALS to the K register. Then another INPUT macro

instruction is executed. While INPUT requires a total of
17 microseconds, the sample IS actually taken in the

eleventh microsecond. Thus, the time required to exe

cute the series of instructions from TMD at Address

ONE to the actual sample by INPUT immediately after
Address ONEl is 25 microseconds, or about one quarter
of an interval after the previous sample. In terms of the

THE SSR SYSTEM 511

wave form, this point (Point g in Figure 7) is just after

the zero crossing transient, hence INPUT yields a value

opposite the value it yielded last. In this example, after

the positive value from the sample at Point f, INPUT

yields a zero at g, and the subprogram Branches On Zero

to LOOPX. If Point g had been early, before the zero

crossing transient, INPUT would have yielded a positive

value and the subprogram would have advanced to BWK,

incremented Register k and branched to Program Ad

dress ONE1+1, which would have put it back at the

INPUT macroinstruction. The second sample would

have been 19 microseconds after the first, and unless

there had been an electronic error, this would have

occurred after the zero crossing, which would have

then produced a zero value at INPUT and a branch to

LOOPX. If this series of instructions does not yield a

zero on the second sample after Address ONE1, the sub
program will continue to cycle through the series until

INPUT does yield a zero or the contents of Register k

has been incremented from -10 up to 0, at which point

the subprogam will Branch Unconditionally (BUC)

to LOOPX. If more than two samples are required, how

ever, subprogram logic will probably be out of phase

with trigger output through the rest of the sweep and

the results will be detected as erroneous in subsequent

parts of the first stage of transcription.

At LOOPX, the AUM instruction Adds Unity to

Memory location COUNT. The contents of COUNT had
been set to 48 at the beginning of the subprogram and

the subsequent Branch On Negative instruction passes

control to LOOP until 48 wave forms with zero cros
sing transients have been decoded. At LOOP, the value
of DELAY again positions the sample point 3/4 of an in

terval after the previous sample. Here, at Point h in

Figure 7, INPUT would yield a zero and the subprogram

would advance to Program Address ZERO. The series

of instructions from Program Address ZERO through

BWK ZERO 1+1 is the complement of the series from
Program Address ONE reviewed above.

In summary, the sampling schedule of 3/4 interval
plus 1/4 interval is offset from the boundaries of the

actual period corresponding to the wave forms that
encode the states of the keys such that the first sample

of a pair of samples occurs just before the zero crossing
transient in the wave form and the second sample occurs

just after. Pair by pair in sequence, the samples of trig
ger output are thereby decoded into the states of the

keys that were originally phase encoded and multiplexed
in that order in the sweep.

The other aspects of the first stage of transcriptIon oy

program SSR are less system specific and are only sum

marized here, After a sweep has been decoded. the con
tents of the two double words representing th'e current

and the immediately preceding sweeps are compared. If

they are the same, there is simply a return to the main

program, where the sweep count is incremented and the
subprogram is called again to process the next sweep. If
the contents of the two double words are not the same,

the position of the bit that differs is found and trans-
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cribed into the character assigned to the key that was
sampled at that position in the sweep. Return to the

main program then results in the character being added

to the string of characters that comprises the decoded re

cord up to this point in the playback. Again, the sweep

is incremented and the subprogram called to process

the next sweep.

When a character is added to the string, it is stored

with its sweep count so that the relative time of each

character is preserved. One byte of memory is required

to store a character and three bytes are required to store

its sweep count. Our present computer has three 8-bit

bytes per word of memory. BOZO system functions

(in Datacraft FORTRAN IV) are used to extract, rotate,

and replace bytes so that the four bytes of information

per character can be stored together in a large buffer

of three-byte words. The current buffer is limited

to 8000 words of memory, but as 24,000 bytes, it can

store 6000 characters before transcription of a record

will be automatically terminated by the SSR program.

Even with this much storage, we occasionally exceed

capacity and must later use program SPLICE (see below)
to concatenate the separate parts into one continuous

record.

In the course of decoding and character processing,
several kinds of errors are detected by progam SSR. Two

criteria determine the detection of errors. The first is

that a key must remain in one state (ON or OFF) for at

least two sweeps. This is a reasonable criterion because
humans cannot push the keys faster than about 10 times

per second; changes in state for less than 0.1 sec (or two

sweeps) are probably due to electronic errors on the

tape. The second criterion is that there can be only

one character encoded per sweep. This is a necessary

criterion because the order of the character determines

its interpretation by grammatical rules at subsequent

stages of data processing. If more that one bit position is

different when the two words are compared, return

to the main program results in the insertion of an error

marker (a back arrow, which is also defined as a line

starter) into the record at the current end of the charac

ter string. All other kinds of errors at the first stage of

transcription, i.e., an incorrect number of zero crossing

transients or loss of synchrony between subprogram lo

gic and trigger output due to electronic errors on the

tape are also detected as the case of more than one

character in the sweep and are processed accordingly.

After the error marker is inserted into the record, a
"tock" sound is generated over the BOZO Facility loud

speaker to inform the operator that an error has been
detected. The operator can use the "tock" rate to evalu

ate the effects of manipulating the Automatic Gain

Control, high and low pass filters, and/or variable timing

reference when attempting to recover a nonstandard

record, such as in the case where the user's tape recor

der had gradually slowed down in the course of an obser

vation recording session. In contrast to the "tock ," a

"tick" is generated whenever a character is successfully

transcribed. This informs the operator that the first

stage of transcription is proceeding normally.

The first stage of transcription is terminated when

program SSR detects a loss of signal (a series of at least

500 consecutive executions in which INPUT yields a

zero) or the operator indicates termination manually by

pushing a button on a reference panel at the computer.

Program SSR then reads the string of characters with

sweep counts from the buffer in core memory and writes

them in binary form onto a logical file of the disk. Last

ly, program SSR chains to program SSRA, which will

perform the second stage of transcription.

Program SSRA-Second Stage of Transcription

Program SSRA converts the string of characters pro

duced by the first stage of transcription into a timed

manuscript of lines. The program begins by asking the

operator to designate via the Teletype the physical de

vice on which the manuscript is to be displayed, e.g.,

screen (CRT), printer or none. It then reads the string

of characters with their sweep counts from the logical

file on the disk where they had been written by pro

gram SSR into an 8000-word buffer in core.

It may seem unnecessary to store the character string

on the disk between the first and second stages of

transcription, but doing so provides two options that

are quite useful. First, the timing in the first stage of

transcription is rigidly determined by a condition ex

ternal to the program, i.e., the necessity of keeping sub

program logic in synchrony with trigger output. The

timing in the second stage of transcription is simply an

internal matter of reading from the logical me when

ready. In the first stage of transcription, the record

accumulates in core until it ends or until the buffer is

full, after which it is written out onto the disk. Read

ing and writing in binary form is very rapid and only a

few seconds are required to transfer a record from core

to disk. Thus, if 30 sec of recording time are left blank

(in DATA STBY) between records in the field, a data

tape with a series of records can be processed nonstop

through the first stage of transcription, with a substan

tial savings in operator and computer time. Secondly,

program SSRA writes the timed manuscript of lines into

a second logical file on the disk. Thus, the

operator has access to both the binary character string

and the timed manuscript forms of the record and can
save either or both on computer tape for subsequent

data processing.

After the character string has been read from the disk

into the buffer in core, it is scanned for the first time

statement (!Tnnnn, where n is a numeric character 0

through 9). Since the sweep count represents the num

ber of twentieths of a second between the first character
and any subsequent character in the record, the differ

ence between the sweep count of the ! that starts the

time statement and the sweep count of any other line



starter character can be used to compute the real time
of any line in the manuscript by reference to the hour

and minute markers that had been entered after the !T.

Once the time statement is found, and the numeric
characters are converted to integers, the programreturns
to the beginning of the buffer. Using a BOZO system

tunction to extract bytes from the buffer, the characters
are retrieved, one by one, together with their sweep

counts. Each character is compared to the list of charac

ters that have been defined as line starters in a data state

ment of program SSRA. One by one, the charactersare
organized into a line until the current character matches
one of the defined line starters. At that point, the sweep
count of the previous line starter, which started the
current line, is used to calculate the real time equivalent
of the line. The time and the line are then written out

onto the chosen physical device. After the whole
manuscript has been displayed, a second pass through

the buffer extracts and organizes the characters, cal

culates the real time, and writes the timed lines of the

manuscript out onto a second logical file of the disk.

If a completely correct time statement is not found

when the character string is scanned, the SSRAprogram

asks whether the operator wants to enter a time state

ment after viewing the manuscript on the Screen. If the
operator enters NO, the manuscript is simply organized
and written on to the chosen device and then into the
logical file as described above, but without the real

time equivalents of the line frame counts. If the operator

enters YES, the program will organize the manuscript
and write it without the real time equivalents, but only

on the screen. Upon reaching the end of the character
string in the buffer, the program asks the operator to
enter the frame number and the four digits representing
the time. The program then proceeds as described above,
i.e., as if it had found a complete time statement on the
first scan through the character string. At the comple
tion of this second pass through the character string,
the manuscript of timed lines is ready for storage on
computer tape or for processing by third stagesoftware
that is specifically tailored to the user's particular in
terests.

Program SPLICE

Program SPLICE is an SSR System utility program

that is used to join parts of an interrupted record to
gether. The stream of data in a record can be interrupted
by large dropouts due to momentary electronic mal
functions of the tape recorder or playback deck or to

uneven density of the magnetic recording material on
the tape, by accidental switching of the keyboard or re
corder controls, or by exceeding the capacity of the buf
fer with too many characters.To splice the parts separa
ted by such interruptions, the user need only determine
the number of missing sweeps. When the interruption is
due to a dropout or to user error, the time between the
end of the preceding part and the beginning of the sue-
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ceeding part can be estimated or measured with a stop
watch during playback at recording speed (I 7/8 ips).
When due to too many characters, the tape can be re

wound over the point at which storage capacity wasex

ceeded and a second record can be transcribed so that
partial printouts of the end of the preceding and the
beginning of the succeeding parts can be overlapped and
matched. After the match is made, the duplicate linesin

each record are deleted. The parts to be joined are then
copied into a logical me in thier proper order.

Program SPLICE scans the lines in the logical file un

til it encounters a read error. The format for a line in
the record is very different than the format for the title

that is inserted at the beginning of every record during
the first stage of transcription. At the read error, the

program backspaces over the title, writes a 1(which is a

comment line starter in our usage, hence ignored by our
data processing programs) and a comment in standard

line format over the title location in the logical file and
over the next line in the me, which is the column

heading line (see Figure 1). It then asks the operator to
enter the number of missing sweeps on the Teletype.
The number is added to the last frame count found be
fore the read error and the sum is assigned to a constant.
The program resumes scanning lines from the file. If the
frame count of the current line is less than the frame
count of the previous line (as it will be for all tinesafter
the first part in the me), the constant is added to the
current frame count, the file is backspaced, and the line

with its new frame count is written in the logical me

over the place of the line and its old frame count.
SPLICE has been used only five times in some SSO h of

data.

Program REFRAM

Program REFRAM is an SSR System program that is
used to correct the frame counts of lines in a record in
which the sweep rate of the' encoding keyboard was
other than exactly (to six significant digits) 20/sec. Tim
ing errors are usually due to inaccurate settings of the
potentiometers governing the output of the multi
vibrator. Such errors are essentially constant throughout
a record. To take account of the possibility of timing
errors, standard operating procedure for use of the key
board includes entering a time statement at both the be
ginning and the end of every record. Time statements
can be entered with high accuracy by pressing the ! as
the sweep second hand crosses a prescribed numeral on

a time piece, and then entering the T and the numbers
for hour and minute as usual.

Program REFRAM scans the record for the first and
last time statements. If it finds at least two time state
ments, it computes the number of minutes between
them and then the number of sweeps there should have
been. The ratio of the number there should have been
over the difference between the frame count of the first
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time statement and the frame count of the last is the re

ciprocal of the rate at which the keyboard was opera

ting. This ratio is used to correct the frame counts of

all lines in the record. The logical me is rewound and

after each line is read, the file is backspaced, the product

of the ratio times the frame count is formed, the real

time equivalent is formed, and the line is rewritten into

the me with a corrected real time and with the product

as its revised frame count.

Program COMBO

Program COMBO is a third stage data processing

program that organizes the raw records of the primary

and secondary observers from the priority of access

to water test described above (Section III) into the out

put depicted in Figure 1. Each observer's record is co

pied into a logical me on the disk. The program scans

each record for its first and last time statements. If at

least two time statements are found in each record, the

program is ready to reframe them so that they can be

put into registration.

Refrarning within each record is done in the manner

described above for program REFRAM, except that

after the ratio between the expected sweep count and

observed sweep count is computed, the product of the

ratio times the frame count of the first time statement is

subtracted from the integer 10,000 and the difference is

assigned to a constant. The logical me into which the

record was placed is then rewound and, as each line is

read, the frame count is multiplied by the ratio and the

product is added to the constant so that the relative

time of each line is corrected and put into the register

on the first time statement, which has been arbitrarily

assigned the frame count of 10,000. At the end of file,
the program switches to the second record and operates

upon it in like manner, so that the relative time of each

of its lines is corrected and in register on the first time

statement, which again has a frame count of 10,000.

Since the ! of the first time statement in each record was

entered by one observer pushing the! key on each key

board simultaneously, the two records are now in regis

tration with each other.

To output the two records in registration, the logical

files are rewound, and, reading a line from each record as

required, the frame counts of the current lines from each

record are compared. If they are within 0.5 sec (10

sweeps) of one another, the lines are printed together

with the real time equivalent of the frame count from

the primary observer's record. The next line in each re

cord is then read and the frame counts compared. If

the frame counts are more than 0.5 sec different, the

line with the lower frame count is printed with its real

time equivalent, and the next line in that record is read.

Thus, the data from the two records are output together

in the temporal relationship in which they were origi

nally recorded.

This technique of combining records in temporal

registration is also being applied to repeated playbacks

of cine filmed and video taped sequences of behavior

among monkeys and children. Each individual in the

visual record is followed as a focus subject and its be

havior is encoded on an SSR System keyboard. The

visual record is then rewound and the next individual is

followed as focus subject. To insure a constant time base

for the multiple playbacks, the markers at the beginning

and the end of the visual record are entered on each indi

vidual's keyboard encoded record. To verify the time

base of the keyboard, time statements are also entered

at the beginning and the end of the keyboard record.

The only time error that cannot be controlled is that

due to variation in the user's reaction time. After all

individuals have been followed, their records can be con

rected and put into registration for parallel printing,

evaluation and analysis.

SYSTEM ADAPTABILITY

As has been indicated throughout this report, the lo

gic of the SSR System is readily adaptable to a wide

variety of user problems because most of its features are

arbitrary and software defined. The set of characters,

the functions of characters, even the number of charac

ters can be changed. Of course, to change the number of

characters would require corresponding changes in the

number of stages on the ring counter and in the values

of some of the variables that are used for counting in the

first stage of transcription. All of the other changes that

we have imagined can be done by modifying only the

software. For example, to change the time base for pro

per timing of records entered from cine films projected
at other than normal speed, the number of sweeps that

equals a second can simply be redefined. Even at the

more basic level of different word lengths in different

computer memories, fitting the 48 bits of each sweep

into, for example, three words of l o-bit length instead

of two words of 24-bit length is fairly straightforward.

Once implemented, this capacity for easy software

modification of its basic characteristics allows the SSR

System to be readily adapted to meet user's changing

needs.
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