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The Evolution of
Psychology Instrumentation

Digital Equipment Corporation (DEC), a major contributor to solid-state technology for research with
both computer and confrol system solutions, is concerned with helping the investigator maximize his
investment for psychology instrumentation. Since the degree of sophistication has only recently
caught up with the flexible research requirements of the psychologist, a brief review of the evolution

of control systems for psychology will enable us to see the inherent benefits of solid-state technology.

During the early 1950's, relay modules, the first forms of psychology instrumentation, afforded the

psychologist a means to gather his data. Working with very little money, most researchers were forced

to obtain their relays from a local supplier and to build control systems by themselves. Configuring a !
relay-based control system through trial and error, the researcher often built his own power supply and

wired his components info a makeshiff control panel. Some investigators developed ac voltage systems,

others worked with dc voltages. Standardization had not yet been achieved! Basic concepts which

later forms of equipment employed, such as suppression of contacts and the effects of closure speeds

on the logic, had not yet been developed. However primitive these early systems were, they did pro-

vide a starting point.

Soon, refinements were made in the use of relays. The "snap lead" was standardized and modules were
interconnected by studs. The suppliers of the early relays were induced to design a degree of modular
standardization into their equipment. Thus, 7-in. modules on power bars, designed for 24~28 Vac
power supplies, became available. The psychologist guided the manufacturers in building control sys=-
tems hardware. The "building block" concept, centering around easy=to-understand relay cireuitry,

had begun to evolve.

It is interesting to note that the timing requirements of relays were well suited to the instruments of
the day: Skinner boxes, solenoids, shutters, pellet dispensers, electromechanical counters, and even

cumulative recorders.



However, when an investigator attempted fo do anything more complicated, he found that the limited
speed of his relay equipment did not contribute to his ability to reduce and analyze the data he had

acquired.

Around 1960, psychologists heard the early tremors of the new solid-state technology. The early solid-
state logic, they soon found, was incapable of interacting with relays. The lack of suppression in re-
lays adversely affected transistors in solid=state logic, erroneously friggering the logic. However, the
problem was gradually resolved by changing the threshold (electronic filtering networks) to exclude

this noise problem.

While waiting for solid-state control logic suitable fo the psychology environment and flexible control
systems he could afford, the researcher continued fo design, with relay modules, a solution capable

of interfacing fo the slower input/output devices found in the laboratory. Until DEC began to manu-
facture K-Series, solid-state logic modules in 1965 to replace relays in industrial control applications,
a life science investigator still could not effectively upgrade his relay logic system using DEC hardware

unless he computerized.

DEC saw a need for low-speed (100 kc) solid-state modules that provided high noise immunity, hardware
programming versatility, and a wide range of manual control functions. Adapting K-Series control
modules, which eliminated the electrical noise problem so prevalent in interfacing to relays, the

400" line of manual contro] modules was introduced.

Making use of Modular Level Design (MLD), a predesigned integration of smaller, quieter components
enabling the researcher to configure his own control system with the lowest possible interfacing costs,
a versatile 200-position programming plugboard was developed to provide the needed hardware pro-

gramming flexibility while maximizing the efficiency of solid-state logic.

It is from the Modular Level Design concept that the LAB-K (K for K-Series) logic controller, a hard-
ware system designed specifically to precisely control both time and events in experiments, evolved fo

offer researchers a new level of flexible research alternatives.

Seen as an advanced hardware program controller and as a tool for research by itself, a carefully plan-
ned interim stage in the process of upgrading to a computer and as an integral part of computer-based

research, the LAB-K offers the researcher a number of flexible alternatives to meet his changing inves-

tigative goals.
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Flexible Plugboard Programming

A 200-position programming plugboard provides
efficient logic terminal points which enable the
researcher to fully utilize LAB-K's solid-state

logic.

Individual components of an experiment are quickly
"orogrammed" by connecting plugwires on the plug-
board, thus enabling the appropriate logic in
LAB-K. Experimental components are chained to-
gether on the plugboard and stepped, component

by component, through the entire schedule using
the sequencer as an executive for the LAB-K logic.
Only inputs, outputs, and reset operations must be

controlled through the programming plugboard.

Thus, the plugboard is nearly five times as efficient
as larger (440-, 660-position) hard-wired patch-
boards, each of which must be totally rewired each
time a new experiment is to be run. For even
greater input/output capability, a second 200~
position programming plugboard, available as an

option, can be added to the system.

Features of the
LAB-K Control System




Complete Experimental Control

LAB~K consists of both the hardware and the appropriate logic necessary to control the functional com- e .

ponents (FI, FR, VI, VR, etc.) of experimenfs. wn

For subject-paced control , LAB-K steps schedule components, counts intervals, and provides the
necessary signals to oufput devices (lamps, reinforcement devices, electromechanical counters, etc.).
In experimenter-paced studies, LAB-K implements sequentially preselected stimuli needed to acquire

test data within a timed interval .
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DEC manufactures the following:
a. K-Series, noise immune, solid-state modules for control applications and the
. . "400" line of control modules specifically for the research psychologist's needs.

b. M-Series I/O (Input/Output) modules, available at the lowest cost anywhere
for both controk and computer applications.

c. A-Series A/D (Analog-to-Digital) modules. DEC is the only manufacturer of

LAB-K th ti d ts for eith i i %
ool ot e ool evenis: for lfivey:aB |5k on @seei mnfer-poned remnch. Up: o on psychology control systems that makes A/D modules.

components of ah experiment, once connected by plugwires on the plugboard, are executed Equen= d. Power supplies with the best price/performance ratio available to the psychol-
tially without the assistance of the researcher. ogist (7 amp/$200) .
Computer Level Logic - Computer Compatible Research

LAB-K already contains sufficient logic necessary to meet the experimental needs of most researchers. LAB-K was designed as an independent research station for computerized control of experiments and
However, because LAB-K makes use of a predesigned integration of solid-state logic called Module as a carefully planned interim logic solution in the process of acquiring a computer. Thus, data
Level Design (MLD), additions and modifications to the existing control logic do not require that the acquisition is computer compatible. In addition fo confrol logic systems, DEC is  leading supplier _
system be fotally redesigned. of computers for real-time scientific applications with more than 9,000 of its computers in use world- i
wide.

To help the researcher evolve his instrumentation to meet his expanding needs, DEC manufactures
a wide range of logic modules. Most are available at the lowest cost offered by any manufacturer Thie: Cariputer interfics-Bidsk (XE02) piavides & medns SFepnitsciing ool cohles to/aalandand
providing esntrol systems for peychology. In fact, DEC s racophized worldwide ds tha:lafgest manu= computer interface for computerizing confrol of LAB=K. It enables the researcher to use LAB-K as an
facturing supplier of solid-state logic with more than a decade of experience in building compact (high independent research stafion ~ but with a view towards computer confrol in the future.

density) logic systems using computerized "wire wrap" technology . “ Q




Application Kits A=K represent a typical meaningful research configuration. Below are suggested "add

0 . on" logic functions:

Application Kit
) e st oAl .001-, .01-, and .1 second Time Bases ks
; M M ke . & Variable Interval and Variable Ratio
0N g 2N (4] 2] —E 2 : Programmer M
- ) Session Timer N
. o Second VI and VR Programmer P
IRT Distributor Q
Useful Accessory Options for LAB-K
Application Kit
Two sets of 3-digit BCD thumbwheel switches
for Down Counter &l
Nixie Digital Readout for Down Counter Cc2
Decimal Decoder and Nixie Display for
Up Counter E2
Nixie Tube Readout for @ hour 57 minute
Session Timer N1
99 Hour and 59 Minute Counter (One BCD
Counter Add On) N2
Expandable One Decoder and Nixie Display Add On-
. . 4th Digit N3

As research goals change, so do instrumentation needs. Because it is modular and can be updated at "

any time by selecting the functional Application kits needed by the researcher, LAB-K can be quickly

expanded to meet a changing research need.

Automatic Wirewrap Frame

i pope -
BT s At ML The Automatic Wirewrap Frame is wired to include all of the kits listed above, excluding the modules

Application Kit in each kit. The exceptions are the three basic hardware kits, G, H, and K.

Input Logic A

- B 5 o =
goiiegx:f:r’ c Logic Training Courses and Aids
L;’Sf:;r::d KOt T ? DEC offers a wide range of educational tests and training courses to assist a researcher in upgrading
Output Logic F his working knowledge of solid-state control logic and control logic systems and their maintenance.
}P;ge(tjj:r?j:ﬁon Hanlwose g Your local DEC sales engineer conducts training courses in K-Series logic and it's control applica=
Mounting Panel J tions to assist you in upgrading your application to solid-state logic. A new K-Series Correspondence
Cabinet and Hardware K

Course is also available.
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Some LAB-K-related texts available to users include:

Logic Lab Workbook 0 .
. K-Series Logic Lab Workbook

Control Handbook |
LAB-K Handbook

. Logic Handbook

© -0 o0

Many other texts and fraining courses are also available to assist the researcher in realizing his

ultimate goal of upgrading to a DEC computer in the foreseeable future.

Corporate Commitment

Only DEC has the size, strength and fechnical background to help a researcher meef both current and
future instrumentation needs. Each investigator can draw on this corporate strength and expertise in

many ways:

More than 80 sales offices = one located near you!

More than 75 specialists servicing Psychology - five times more than all competitive
support combined! !

Greatest diversity of high-density solid-state logic!

Only manufacturer of psychology instrumentation with extensive computer experience. 0 .
Only DEC is a leading manufacturer of computers for real~time scientific applications!

Lowest-cost solid-state logic for psychology applications!

Manual control features include ceniral control over logic!

Only DEC offers quantity discounts fo all ifs module customers.

All solid-state modules are guaranteed under a 10 year warranty !

LAB-K solid-state logic is computer compatible and computer interfacable!
Educational fraining in solid-state logic theory and application is available!

Free membership in DECUS (Digital Equipment Computer Users Society) is available
to all DEC equipment users. DECUS is the world's second largest computer users
society!!

Free module systems design services available!!

Complete computer interfacing and Computer Special Systems services available.
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The LAB-K Logic

All LAB-K logic, even for the most complex applications, is built from four basic building blocks -
AND gates, OR gates and their logical inversions, NAND gates and NOR gates. These building

blocks, called operators, are the elements used to build both simple and complex systems. For this
discussion, it is sufficient to recognize that Boole's postulates are powerful tools in designing modules

to control the three functional logic groupings needed for life science applications:

Input Logic

Input logic facilitates the processing of signals emanating from outside a system. This logic usually
consists of switches, contact closures, Schmitt triggers (threshold discriminators), etc. Basically,
the input logic conditions the signals so that the electronic components of a system will respond fo

the signals. (Input logic is discussed in detail under Application A.)

L]
Output Logic
Output logic is used to process a response signal of a system. These response signals are input fo
solid-state drivers which are, in tumn, connected fo external equipment, e.g., test cubicles, lights,

data recorders, display devices, etc. (Output logic is fully explored under Application F

Application Logic

Application logic interprets external events, in the form of signals, and responds electronically de~-
pending on the nature of the event. The discriminatory sensitivity and response contingencies of the
logic must be programmed. When this is done on the LAB-K, programming is accomplished on the
patchboard - affording the user additional flexibility in his use of the application logic. The appli-
cation logic is used fo "remember" and to count time and events, using flip-flops and counters for

these tasks. (Application logic is covered lafer in this presentation.)

With this brief logic overview in mind, let us look at the basic logic functions performed by the
LAB=K control logic system. From there we shall evaluate this logic in the context of precisely

controlling both time and events in experimentation.

11




Basic Logic Functions
The logic operators (AND, OR, NAND, and NOR gates) provide the logic gates for LAB-K applica-
tion logic. However, logic gates require a continuous input level to operate. If the input level is

removed, the gate does not "remember" its previous input condition.

LAB-K, in addition to logic gates, utilizes devices which remember their condition after the input
has been removed. This device, which has a memory, is called a flip-flop. A flip-flop is a logic
element which always exists in one of two stable states - the high (+5V) condition or the low (0V)
condition. This type of component is called a bistable device (a seesaw is a good physical analogy) .
If the flip-flop receives an instruction fo go high at the "1" output, it does so and stays there until

instructed to refurn to the low condition. The reverse is also true.

Flip~flops generally provide both "1" and "0" state outputs that are generated on separate lines. They

do not always mean that the "1" line is always high and the "0" line is always low.

In the LAB-K, flip-flops are used for control, or they are combined and used as @ BCD counter,
up-down counter or divider. The modules in the LAB=K used for this function are the K202, or K124,
or K113 and K220, K221, or K211,

A signal from high to low at the clock gate input provides a high at the "1" output. When the clear
line goes low (ground), the "1" output is put in the low state. It then stays in the low state as long

as the clear line is low, regardless of the input at the data and clock gates.

DATA GATE
+ 5y
| b—
K20z
0 p—
CLOCK
GATE
?R
CLEAR LINE

The flip~flop illustrated below consists of two M113 inverting gates. A truth table is also provided for

this flip-flop.
Truth Table
Set Reset State 1 Output State 0 Output
RESET STATE 1
0 0 1 1
0 1 1 0
| 0 0 1
* * ] "l ~ J anee
i SHATE o I 1 No Change No Change

*Stays in its previous state.
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The gates and the flip-flop discussed fo this point are the basic components required fo implement
logic function on the LAB-K. Circuits, designed fo perform more complex functions, utilize these
basic components. However, regardless of how complex the configuration of any circuit might be,

the operating principle of individual gates always remains the same.

Counters

Counters are used to establish the time or event periods, or the duration criteria of a schedule com~

ponent. In the LAB=K there are three types of BCD counters. Let us look at each of these in depth.

A 4-bit binary or BCD counter such as the K210, consists of 4 bits (flip-flops), each flip-flop represent-

ing one bit. The 8, 4, 2, 1 numbering system (when used as a binary counter) can register and hold 15
pulses with the 16th pulse resulting in one high=to=low pulse out from the last state. Consequently,
all flip-flops return to the O state. This counter counts up when the count gate steps from high to low.
Every 16 pulses input to the first stage (flip-flop) produce 8 outputs from the first stage: four pulses
from the second stage, two pulses from the third stage and one pulse from the last stage. Thus, each

stage divides ifs output by two, a value assigned to each bit.

For a four stage counter, the values of each successive bit is obtained by multiplying each digit by
its binary position coefficient and then adding all the products obtained: For example, if the input

to a 4-bit counter is 1011, the value equals 11(2) as shown below:

1x2 =1
1x2' =2
0x2%=0
1x2°=8

In the diagram below, 0 indicates an off condition while 1 indicates an on (or count) condition.

-

COUNT
GATE

e | |

oro 1010
2 4 8

K210 CO06 J LINE

BCD COUNTER
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The counter stores a total of 15 pulses and acts as a binary counter when pin D (on the module) is
grounded. The 16th pulse input, acting in a binary mode, results in a transfer pulse being output
from the counter; thus, all bifs reset to the 0 (lower) stage.

In the LAB=K, the K210 counters are Binary Coded Decimal (BCD) Counters with Pin D not grounded;
the last stage output of each K210 puts a high-to~low pulse during the 10th input pulse to the counter.

Additional 4-bit stages can be added to the first K210 in either the binary or BCD mode. Three
stages (3-bit BCD Counter) function in the same manner as the flip-flops within a single K210. Each

successive stage divides the signal present at the output of the previous stage by 10.

COUNT GATE

The Programmable Divider (K211) is a counter designed to function as a rate divider of o real-time

clock. It operates in the same manner as the K210, but is prewired to a specific count. The specific

count (10 or 6) divides the pulses generated from the clock frequency or a line sync source.

The output from the final stage provides a frain of pulses that act as a pulse stream generator. The

line frequency from a K731 module produces pulses at the input of the K211 countgate.

In the diagram below, a one pulse per second output is seen. Stage 1 (+10) of the time generator
divides the 60 pulses of the Stage 1 countgate by 10. The output of Stage 1 (Pin V) is six pulses per
second. These pulses are divided again by Stage 2 (+é) of the time generator. This results in a one

pulse per second rate.

1 5EC,
QUTPUT PULSE

INPUT, 60 SEC.

Application L, a LAB-K option, consists of three time generators. These provide time bases of:

0.1 sec., 0.01 sec., and 0.001 sec.
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To obtain 1000 pulses per second (1 ms ~ 0.001 sec), the 10 ke line frequency is divided by 10 (+10)
and one pulse per millisecond is produced at the output line (v) of the K211 Programmable Divider.

To modify this fo a 0.01-sec time base, one adds a second stage to Stage 1 and wires it to divide by
10, producing a 0.01-sec time base. A three-stage time generator (see diagram below) in which all

three stages divided by 10, produces a 0.1-sec time base.

.001 Sec, .0| Sec.
+10 +10 +10 1 Sec,

10KC

The Up/Down Binary or BCD Counter (K220) is utilized as a down counter in most LAB-K applications

and is used as a BCD counter only. Because the K220 module can have a number strobed into the
counter, it can be used with encoding thumbwheel switches (in counting down to zero from the number
in the switches) to determine the length of time or the number of events that remain until an output

pulse is initiated.

By using the control line implemented through the programming patchboard, the researcher can count

up or down with the K220; an important feature when performing titrations or threshold studies.

TO COUNT GATE
OF NEXT STAGE

1

| 't; | | | |
comreatE | —m IR |“ LD |N JR [’ iv £ N _jR |T IV
Gl ol 01 0.1 01 0 10 10 | o1 ot 91 © |
1 2 4 ] K 1 2 4 B K 1 2 4 a ¥
L K220 GJ: L K220 @: L K220 @
COUNT
DIRECTION j
S o] [m ui s | |u ﬂ; W i pllsllu D M; pLls u
FoR
READIN
GATE l —J»— J— LJ—— i

READIN GATES

The count direction is determined by the voltage level at Pin L (high = Up; low = Down).

The read-in gates contain information (in BCD form) that has been set in the thumbwheel switches.
For example, if six were to be set in the counter, gates S and P each have one leg high. At the
appropriate time, the read-in signal, normally sitting low, goes high and the number is set into the

counter.
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LAB-K Application Kits

Application A — Input Logic
LAB-K's input logic, controlled through three toggle switches on the front panel , contains dry contact

switch closures for processing external signals coming into the LAB-K. As with all other Application

Kits to be discussed, the input logic is both highly flexible and expandable.

Toggle Switches

When running an experiment, three toggle switches - MASTER RESET, SYSTEM ON, and EXTINC-

TION - are used in controlling experiments. These three switches manually turn the control logic "off"

and "on" as well as automatically disabling subject reinforcement when desired.

At the beginning of every experiment, the MASTER
RESET is momentarily depressed - resetting all of
the counters and flip~flops in LAB-K back fo the
starting point.

The second toggle switch, SYSTEM ON, allows
the event (input) signals to enter LAB-K. (The
event signals are ANDed with SYSTEM ON.)
This switch also enables the time generators (Kits

D and/or L).

The EXTINCTION switch is used to manually dis-
able subject reinforcement. When locked in the
UP position, it prevents the subject from being
reinforced.
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Processing Input Signals

Of the eight external signal sources in the LAB-K, two are hard-wired info the system when the
researcher purchases the system as a prewired frame, X602, These two external signals, referred to
as the left and right events, are connected to two dry contact switches located in the Input Logic.
Each dry contact switch is connected to a Schmitt trigger (threshold discriminator), which triggers a
one-shot if the event occurs. Since the output signal of a one-shot is only on for a predetermined
period, the subject's holding time has no effect on the duration of the event signal once it has been
generated. The response |lever must be released before another event signal can be generated - thus

eliminating the "holding response" problem.

The six other contact switches in the Input Logic have not been hard-wired into the system. Asre-
quired, they can be directly connected to the leg of the logic gate. The logic gates and one-shots
for these six switches are not provided for on the X602, but are available through the new expansion
I/O Kit LAB-K-200. If used with a one-shot as described above, then the signal must be connected
by a Schmitt frigger.

One=shots can be bypassed if two wires are removed on the outputs of the flip=flops and a wire is
connected between the dry contact filters and the gating structure. Further, it is possible fo add
another gate card to the system and fo provide both the one-shot outputs and the voltage level outputs

for the dry contact closures.

>

Application B — 0-9 Sequencer

The 0-9 Sequencer is a ten-position stepper which acts as the "Executive Director" of an experiment
by sequentially enabling most of the functional components of the logic at intervals that are contingent
on time and/or events. It controls simple one component or complex multiple component schedules.
The sequencer is also used to synchronize the timing generators at the completion of each sequencer

step..
Application B consists of logic gates, a BCD counter, a decoder, and a thumbwheel switch.

The sequencer is stepped by a signal from either the Down Counter or the Up Counter, both of which
count time or events. The researcher determines which of these two components is going fo step the
sequencer at the termination of the preselected time or event through the patchboard. Two groups of
logic gates are used to control the stepping of the sequencer when the Down Counter reaches zero, or
when a count is decoded in the Up Counter. Both groups of logic gates are enabled by a sequencer

step.

¢

One logic gate (4 legs) is used to step the sequencer when the Down Counter reaches zero from a pre-

determined number.

The other logic gate (5 legs) steps the sequencer when a count is decoded in the Up Counter. The
legs of this gate are called Up Counter control legs (1-5) and are connected to a step on the sequencer

via the patchboard .

The sequencer thumbwheel switch is also used whenever it is necessary to repeat a schedule. If the
schedule in question consists of five components (0, 1, 2, 3, 4), setting four on the sequencer thumb-
wheel switch causes the BCD Counter fo reset fo zero at the completion of the fifth component. As a

result, all five components are implemented again.

Application C — The Down Counter

The Down Counter is used to count any timed interval or event required of a fixed value. Therefore,
the Down Counter in LAB-K is used to confrol subject-paced components in operand conditioning
such as a fixed interval or fixed ratio, threshold or titration studies, Sidman avoidance or an avoid-

ance escape and experimenter-paced trials such as discrete frial research.

The Down Counter is also used to control the duration of variable schedules, i.e., a pseudo-random
interval of time or events. During this type of experiment, the Down Counter times the duration of a

component through the programming plugboard, stepping the sequencer at the end of component.

Up to four groups of BCD thumbwheel switches, each containing three digits, are connected to the
encoder of the Down Counter. Each step on the sequencer then controls and determines through the
patchboard which of the numbers from one of four encoder BCD switch groups will go into the Down
Counter. Time and event inputs come into the Down Counter and count the number encoded back

down to zero.

Logically, three types of contingencies of time and event can be met on the Down Counter - all of

which can be controlled through the programming plugboard .

When the Down Counter reaches zero, events can be controlled - outside events -- such as: printout
counters, electromechanical counters, shutters, reinforcement devices, or whatever needs fo be
controlled at the end of a given time period. When zero is reached, the Down Counter is reset to
repeat its countdown. Thus, using the programming plugboard, it is possible to determine that, on

any step of the sequencer, when the Down Counter is to be reset.




The three sets of programmable controls to reset the Down Counter are available on the plugboard:

a. Resef Down Counter on event (response) - Ex. DRL, avoidance in operant research.
Reset Down Counter on zero defection. EX. F.R., or time duration ended.

c. Reset Down Counter when detect zero followed by event. Ex. FI, DRL or Tone
followed by heartbeat.

Application D and L — Timing Kits

Timing kits provide incremented time bases (pulse sireams) used where time durations are needed in
experimenfs. The pulses generated by two logic configurations of modules are used fo generate time

intervals from 1 millisecond to 16.5 hours when used with the various BCD Counters within LAB=K.

Application D

Application D provides three time bases: 1sec, 10 sec, and 60 sec. It consists of 60 ke line sync
generator and three sets of programmable dividers. The time bases are hard-wired fo the various
BCD Counters in the unit. The input gates are confrolled and programmable from the plugboard.

The control points originate from the sequencer outputs.

Application L

An option, Application L provides three time bases: 0.1 sec, .01 sec, and .001 sec. If consists of a
10 ke crystal clock and three sefs of programmable dividers. These time generators are controlled and

programmable in the same manner as in Application D,

Application E — The Up Counter

The Up Counter is simply a three digit BCD Counter that has two sets of three digit BCD thumbwheel
switches connected fo decode its output. It is used to count the durations of the fixed time or event
components run on the Down Counter and will, therefore, decode a number set in the thumbwheel

switches. The three digit BCD Counters that are a part of the Up Counter logic are also used as the

upper limit section of the variable interval , variable ratio programmer.

The Up Counter can decode numbers set in its groups of thumbwheel switches and be programmed to step
the Sequencer to end a phase component or section of an experiment. The decoded output from the

Up Counter is available on the programming plugboard so that the output drivers can be connected.
This encbles the Up Counter to control devices from the outside world - electromechanical counters,
printout counters, etc. On the input to the counter, there are six possible inputs hard-wired fo one

side of the AND gate. These are the six time bases coming into the Up Counter from the two timing
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kits. Again the user can preprogram through the plugboard which increment of time will enter the Up

Counter determined by a step of the sequencer which in turn represents a phase of an experiment,

Application M — VI/VR Programmer

The Variable Interval /Variable Ratio Programmer is used to run variable interval or variable ratio in
a pseudo random mode; for example, experiments when the researcher wants fo present a sequence of

intervals based on a median within controllable limits.

The VI/VR Programmer enables the researcher determine:

a. The lower limit of a variable interval or variable ratio.
b. The percentile setting for a median variable interval or the variable ratio.

c. The upper limit of a variable ratio or variable interval .

There are only three time bases available for VI programs; 0.1 sec, 1 sec, and 10 sec. If a time base
having a frequency higher than a tenth of a second is used, the VI/VR Programmer is not accurate.
Either the leff or right event input signals will generate for variable ratio programs in the same manner

as above.

The interval and event enabling gates are connected fo a two-stage BCD Counter serving as a lower
limit counter. The output of this counter is decoded by two thumbwheel switches. The decoded out-
put puts a count in the upper limit counter and friggers a 50 nanosecond one-shot, which is connected
to a logic coincidence gate and resets the lower limit counter. The other leg of the logic coincidence
gate is enabled by a flip-flop, which when set, provides an aperture window for the gate. The 6 ke
clock continuously steps another two stage BCD Counter. The output of this counter is decoded by two
thumbwheel switches. If is this output that associates the settings of the flip-flop which in turn sets

up the aperture window. When a fwo-digit BCD Counter running at 6 kHz rate reaches a count of one

hundred, the flip~flop controlling the aperture resets.

If a coincidence occurs as a result of the 50 nanosecond pulse, and the aperture window coinciding,
then the output of the logic gate causes the setting of @ memery flip-flop. When the memory flip-flop
is set, the variable ratio condition has been met and reinforcement of the subject is immediate through
plugboard contrel. In the case of the variable interval , the next response is programmably-gated with
the memory that represents the end of a variable interval. This gated output can then be programmed

to provide reinforcement.
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Application N — Session Timer

The Session Timer in LAB~K functions as a real-time clock that counts in minutes the operating time
of the experiment. With a slight modification, it can also be used to count the number of some event

criteria to be programmed fo terminate the experiment,

The user is provided with a real-time clock which counts up to 9 hour and 59 minutes, or he can ex-
pand the clock to 99 hour and 59 minutes (optional). Two further options are the Nixie tube (decimal)

readouts for both the 9 hour and 59 minute or the 99 hour and 59 minute real-time clock.

Application P — 2nd VI/VR Programmer

A second Variable Interval/Variable Ratio Programmer is available to the researcher for situations
where two variable intervals must be run simulfaneously. It operates in the same manner as Applica-

tion M and does not use any logic modules of another set as does Application M.

Application Q — IRT Distributor

An Inner Response Time Distributor distributes events in time. These events are dispersed through the

ten classes or bins, each terminating at the LAB-K's output drivers.

Events coming into the IRT Distributor are channeled into one of the ten bins, controlled and depend-
ent upon what step of a 10 position ring counter is in an ON posifion. When the event occurs, the

ring counter is automatically reset after the event is recorded in the appropriate bin.

The bins or classes are determined by the time period preselected on an Up Counter, Down Counter,
or by a one-shot. This is the time period that causes the ring counter fo step. There is a BCD thumb-
wheel switch which sets the number of bins from 2-10. The 10th bin of the distributor can be used to

disable the ring counter until the event occurs.

The amount of time per event can be recorded by stepping the ring counter by events and running a
time frequence through the normal event input. All controls for the IRT Distributor are coordinated

through the programming plugboard .

Distributions can be refined on subsequent experimental runs by changing the time base causing re-

distribution of events over fime in the ten classes.
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LAB-K Offers
Complete Experimental Control

When viewed as a total control system, LAB-K's Application Kits enable a researcher to run a wide
range of experiments without the usual confrontation between the investigator and his equipment's

limited capabilities.

Below, we have run two LAB-K based experiments, each chosen to demonstrate a distinct series of
LAB-K features. By following each experiment, the ease and flexibility of the system as programmed
through the 200-position plugboard, the sequencer as the executive of LAB-K and even the advanced

capabilities of solid-state logic become immediately apparent.

Multiple Schedules

On LAB-K, Multiple Schedules are easily run on the 200~position programming plugboard. None of
the elaborate, complex, and time-consuming effort required with competitive systems, where wiring

must be manually brought out to the front panel, is required,

In the Multiple Schedule used here to demonstrate the versatile control capabilities of LAB-K, the

following components are desired:

Step Title Component Duration Variables
0 Fixed Ratio 50 responses 120 minutes RED lamp ON
1 Rest Period 60 minutes
Sidman Avoidance 55-20 seconds 90 minutes GREEN lamp ON
RS-40 seconds
3 Rest Period 60 minutes

Step O: Fixed Ratio Component

The first component of this Multiple Schedule uses the Down Counter to set up a fixed ratio of re-

sponses per reinforcement (50) during the allowed time base (120 minutes). The Down Counter, when
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