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ABSTRACT 

A methodology consisting of an experimental chamber, operational definitions of 

behavior categories, and methods for quantitative analysis of the use of space by small 

rodents is presented. The chamber consists of a large open box in which the location of the 

animal was determined by a grid of 24x24 infrared beams. Recording was achieved by 

sampling every 5 seconds, and storing the status of the 48 photosensors in a disk file for later 

analysis. Each samplf! produced a binary matrix with 576 cells identifying the location of the 

animal at that time. From this sequence of matrices a number of behaviors were defined and 

described. Exploration was measured as the cumulative percentage of unique cells visited 

by the subject during the observation period. Monotonically decelerating curves were found, 

with exploration during the first day in the chamber significantly different from that on the 

following three days, according to the Kolmogorov-Smirnov test. Time allocation was 

measured as the relative frequency of visits to individual cells computed for various time 

intervals. Three dimensional charts with spatial location along the X and Y axis, and relative 

frequency in the Z axis were used to represent time allocation to space or "spatial prefer

ence". These surfaces were transformed into vectors and compared with the same goodness

of-fit test. The operational definition of time allocation as well as the methods for comparing 

the surfaces were found adequate to reliably describe nesting and patrolling patterns of Ratlls 

Norvegicus. Finally, activity was defined as the amount of space visited as a function of 

time. This measure of rate of location change was computed in 15 min. intervals for 15 

consecutive nights. A consistent 3-hour cycle of activity was detected using ARIMA 

methods. The cycle was accurately described and predicted with a model containing one 

periodic and one nonperiodic components. The usefulness of this nonintrusive technology for 

digitizing behavior in space is discussed in terms of possible applications to studies on 

learning, behavioral pharmacology, and ethology. 
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INTRODUCTION 

The scientific study of nature invariably implies using some kind of technology. Such 

technologies comprise not only physical instruments but, more importantly, they include 

elaborate conceptual frameworks that extend from the identification of suitable units of 

analysis, to the establishment of general laws. In this sense, technologies involved in scientific 

research comprise the specific tools used to observe or measure events and objects, the array 

of methodological principles with which we justify the relevance of particular constructs, 

and the formal logical and mathematical systems used in their description and transformation. 

Individual technologies, therefore, are always biased in the sense that they provide 

information about certain aspects of nature but simultaneously overlook others. Therefore, 

information collected through the use of any particular technology simply cannot be 

dissociated from the technology itself. The extreme case is that in which the physical 

conditions under which we observe, alter the very phenomenon under observation (Bohm, 

1957). But there are other more subtle ways in which an observed event may "depend" on the 

observation method. Such is the case of selecting particular constructs and categories t.o 

identify and classify events. The history of science contains many examples of the effects of 

choosing alternative sets of postulates and constructs within a particular field. In some cases, 

choosing the inappropriate set of postulates leads to closed theoretical systems which cannot 

be confronted by empirical data. This situation kept alchemy and spiritualistic systems from 

entering the realm of science, and has prevented Freudian dynamic theory from full 

integration with scientific psychological systems. In other cases, the established set of 

postulates proves to be restrictive and a new one is adopted to allow for integration of 

unexpected phenomena. Perhaps the most notorious example of this case is the assimilation 

of Newtonian physics by its relativistic counterpart. Itt psychology, the Watsonian be

havioristic system suffered the same kind of fate. In any case, there seems to be no way of 

building the perfect scientific theory, and each new scope must, therefore, be carefully 
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regarded as a temporary working tool. And while there is no simple solution to the 

limitations imposed by particular scopes, science as a whole compares extremely well with 

other knowledge-acquisition methods. The clue, perhaps, lies in the notion of convergent 

validity. More specifically, in the provision that once the conditions under which individual 

observations performed are made explicit, they too can become the object of scientific 

analysis. And thus, the most inclusive technology in science, the scientific method, can be 

modified to circumvent past omissions and mistakes. 

The struggle between alternative theories developed to explain common phenomena 

naturally permeates the study of animal behavior. And again, the main differences between 

alternative scopes reside in determining what constitutes an appropriate unit of analysis, a 

valid construct, and good interpretation of data. For example, while behavior analysts have 

focused on the study of the learning process and the necessary conditions for maintaining 

learned behavior, ethologists have centered around the study of phylogenetically determined 

behavior patterns. Therefore, different behavior units have been adopted. Correspondingly, 

behavior analysts have insisted on experimental control of the environment and on 

establishing functional relations, while ethologists have carefully prevented influencing the 

interactions under observation in the native milieu. Furthermore, while behavior analysts 

stressed quantification and parametric replication, ethologists anecdotically described 

episodes of naturally occurring behavior. 

Clearly, there are different notions of what is meant by "animal behavior", there are 

distinctive types of animal behaviors, and certainly attention to these two types evolved from 

historically different traditions and interests. The psychological perspective evolved from the 

Pavlovian tradition of experimental physiology, while ethology evolved directly from a 

Darwinian approach to the determinants of traits in biological species, including behavior. 

Therefore, psychology has been more interested in findi~g behavior units analogous to the 

atom or the cell, with which to explain most or all behavior, while ethology has centered on 

understanding behavior as resultant from phylogenetic history: as one more form of species-
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specific adaptation to the environment. As a direct implication, psychological theories see in 

the study of animal behavior a preparation for understanding behavior in general, including 

human behavior. For ethology, studying the behavior of fish, for example, implies 

understanding. the particular forms of behavioral adaptations of about 20,000 different 

species. Therefore, the general underlying principle is not a beha,:.ii)ral 001'1, tmi; tlii~ very 

principles of evolution. 

Although both systems have been successful in producing valid principles which 

describe fundamental aspects of the integlul behavior of organisms, they are for the most 

part mutually exclusive. Given that both systems share not only a substantial part of the 

subject matter but also the basic assumptions of their materialistic, empiricist, deterministic, 

and evolutionary roots, it would seem only natural to expect a great deal of interdisciplinary 

contacts and yet, this is not the case. Different postulates have lead to the study of different 

problems, and to the production of particular types of data, making the course of both 

disciplines seem orthogonal. 

Only recently has empirical research in both fields begun exposing limitations of their 

own set of postulates and constructs, forcing scientists to look outside their field for possible 

answers. As a reSUlt, in both domains there are now elements corresponding to a broader 

approach to the study of animal behavior that rival each school's mainstream principles. In 

behavior analysis, for example, new discoveries point to the use of multi-operant chambers 

(Staddon & Simmelhag, 1971; Lyons & Cheney, 1984), the study of "natural" stimuli (Lea, 

1979), the analysis of species-specific behavior (Breland & Breland, 1961; Brown & Jenkins, 

1968), and so on. Simultaneously, a growing number of scholars in the ethological tradition 

are adopting standard quantitative methods of analysis (Bekoff, 1977), performing 

experiments in which the native environment is altered, focusing on learned elements of 

behavior (Kamil & Yorg, 1982), and so forth. Ideally,.a third intermediate field would 

eventually develop sharing the most promising elements of the original fields, and capable 

of integrating their data. But this, unfortunately, is easier said than done. Meanwhile we can 
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certainly expect an increasing number of interdisciplinary contacts to occur, and a broader 

acknowledgement of each other's methods, constructs, instruments, and data. 
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OBJECTIVE 

This document describes an attempt to develop a new technology (apparatus, concepts, 

and methods) for the observation and analysis of a fundamental aspect of animal behavior: 

its distribution in space. It was designed to analyze the activity of small animals in a 
I 

relatively large experimental environment by systematically recording their location in terms 

of ~ coordinates as a function of time. The general strategy may be thought of as a 

method for digitizing activity in two spatial dimensions. 

Compared to other methods for measuring motor activity, exploration, and time 

allocation, the one described here imposes few restrictions on what is to be recorded and 

when. For instance, this method does not depend on the use of operanda such as running 

wheels or levers, nor does it require that observation take place in trials or sessions. 

Moreover, no arbitrary responses or other behavioral categories need to be developed .Ii 

priori. No deprivation states are necessary and, in principle, no further manipulation is 

required other than to have the animal live in the experimental space for as long as a 

particular investigation requires. On the other hand, the presence and distribution of most 

environmental attributes (such as sources of stimulation, nests, partitions, operanda, and so 

forth) can be easily arranged to observe the process of adaptation to environmental change. 

Ideally then, this method should provide new quantitative data about small rodents' 

ethologically relevant behavior such as patterns of exploration, patrolling, foraging, nesting, 

and so on. And it should also help to understand better the effects of certain variables and 

setting factors (Kantor, 1975) in preparations such as the operant chamber and various types 

of mazes. By providing a technology which allows the simultaneous observation and 

description of different kinds of animal behavior based on the use of space as a common 

denominator, some integrative studies can be conducted. Such is the objective of this work. 

This document was written from the psychological perspective to the use of space by 

rats. It first gives an account of the relevant literature on methods developed to record motor 
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activity and some of the resuits obtained. In the subsequent section, the study of the spatial 

characteristics of operant behavior is discussed. Then, the hardware and software which 

make up the new system is presented and finally, some behavior categories are presented 

along with proposed methods for quantitative description and analysis. 
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SURVEY OF METHODS 

Describing Motor Activity 

A fundamental aspect of behavior is its occurrence in time and space. In a sense this 

characteristic is so basic that we have the tendency to take it for granted. However, as 

behavior constitutes an ever changing adaptation to environmental features, the spatial 

arrangement of the environment compels us to attend to the spatial arrangement of behavior. 

Different areas of psychology, however, assign more tOr less relaiive importance to the spatial 

features of behavior. In the case of some laboratory paradigms, fixing the location of 

operanda and stimulation sources restricts the spatial features of behavior, while other 

characteristics of the interaction such as latency. frequency of occurrence, topography. etc., 

are allowed to vary. In other instances, however. it is the data on spatial aspects of behavior 

that constitute the main dependent variable. This occurs in ethology where the physical and 

spatial elements of the interaction are considered to be essential to the understanding of 

evolution and survival of particular species. It also occurs in environmental psychology where 

adaptation to molar environments like geographic locations, buildings, or cities is emphasized. 

Furthermore, motor activity ~. and exploration are considered to be important indicators 

of physiological states. both in terms of participating neurological structures. and the action 

of pharmacological agents. And finally. the study of the cognitive aspects of learning often 

involves observing animal movement in an array of spatial puzzles. 

Much of behavior constitutes motor activity, and it is only in terms of time/space 

frames of reference that it can be described and assessed. Largely. methods developed for 

studying behavior in space establish the characteristics of such frames of reference, and the 

correspondi~g mechanical and electronic substrates. But a fundamental complement of these 

methods is. again, the set of assumptions and constructs that validate the use of each 

particular set of instruments. When possible, we will include in the discussion such 
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theoretical issues, as we consider methods for studying the spatial features of animal behavior 

in the laboratory. 

The Maze 

Small (1901) successfully used mazes to study the behavior of rats, and his technique 

soon became an important instrument for experimental psychology. The method involved 

running white rats through a maze (which was a small-scale replica of the garden maze at 

Hampton Court in London), and keeping records of the time needed to reach the goal, and 

the number of errors made. These two measures made it possible to describe how rats 

gradually learn the pathway to the location of food. Because of the relative ease of use, and 

because it opened up a new research area, the white rat, the complex maze baited with food, 

and the tabulation of time and errors, soon became near standard features of experimentation 

on animal learning. Although Small himself did not propose a theory of the learning process, 

his technique and his detailed accounts of the behavior of the rats formed the basis for many 

investigations that followed. Soon after Small's pioneering work, Yerkes (reviewed by 

Herrnstein and Boring, 1965) began to use mazes to experiment on animals of different 

species. Under the infJuence of Thorndike's theory, he focused on the evolution of 

intelligence. The first set of experiments with "labyrinths" were performed with turtles which 

were rewarded with time in a dark and humid nest. Yerkes kept a detailed record of the path 

followed by the turtles and of the time taken to reach the nest. On the basis of these data he 

described the learning process in terms of consecutive reduction in both time and distance 

traveled. 

Later, mazes of different shapes and lengths were used in research on learning, 

motivation, cognition, and so on. For the most part, however, they were not used to study 

directly activity or exploration. Perhaps the most significant variations to the original 

apparatus are the radial maze (Tolman, 1948), and more recently the water maze used in the 

study of spatial memory in rats and mice. 
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The Running Wheel 

This apparatus produced the earliest systematic measures of activity (Silverman, 1978). 

In a typical setting the rat or mouse has a living cage just big enough to eat and sleep in, but 

has free access to a large running wheel which rotates under the animal's weight as it climbs 

in. Although animals vary widely, some rotate the wheel to cover 15, and as many as to 30 

km per night. Individual animals, on the other hand, seem to be very consistent. This 

apparatus allowed the first systematic studies of behavioral rhythms, among which the most 

important in the rat are a 12-hour cycle of sleep and time awake, a 2-to-4-hour cycle of 

activity, and in females an oestrus-related cycle four to five days long. It has been argued 

that there is some positive feedback involved since once started, rats and mice continue to 

run for hours. This is partly a reflex in the sense that any movement of the animal rotates 

the wheel and thereby upsets the animal's equilibrium, which in turn can be restored by 

rotating the wheel. However, the animals eventual1y manage to stop running and do so under 

different conditions. But because of the inertia involved in the running wheel, today it is not 

considered to be an adequate measure of general activity. It is, however, often used as an 

environment enrichment device in studies such as those concerned with time allocation 

(Cheney, 1984; Staddon and Simmelhag, 1971). 

The Open Field 

Calvin Hal1 (1932) studied the behavior of rats in "open fields". He was interested in 

general activity and exploration as related to emotionality, food deprivation, sex differences 

and so on. He suggested that physical, physiological, and psychological barriers may account 

for maladjustment to novel situations. To test these hypotheses, he carried out a series of 

experiments to observe the process of adaptation to a new environment as a function of drive 

strength, emotionality, and excitability. 

The open field apparatus consisted of a circular arena 2.44 meters in diameter, and 

7.77 m in circumference. The floor of the field was covered with linoleum and was marked 
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off ill zones and sectors to facilitate tracing of the rat's movements. In a study on drive and 

emotionality conducted by Hall (1934), the rats had to adjust to two situations. In the first, 

a food container was positioned in the center of the field. Rats were individually placed in 

the apparatus for two minutes and the amount of food consumed was recorded as a measure 

of adjustment. In the second, a circular barrier was placed surrounding the food, and the 

amount of activity around it was used to measure adjustment. The location of the animals 

was continuously recorded on mimeographed diagrams of the field, and the trace was later 

transformed to distance traveled, using a cartometer. 

Hall's results were clear and consistent. Activity level in the outer sectors of the field 

decreased with the number of days of exposure, and amount of food consumed increased 

accordingly, while signs of emotionality (defecations and urinations) gradually diminished. 

On the other hand, the amount of activity in the inner sectors was a function of the degree 

of food deprivation regardless of whether the food was accessible or not. As predicted rats 

stayed close to the wall when possible. Hall found that sometimes animals carried food close 

to the wall to eat; two of the larger animals actually dragged the food container to the outer 

walls. 

This method for recording activity keeps track of the location of the animal in real 

space, but it lacks an account of time. We know the duration of the whole episode, but no 

information is recorded on the relative permanence in each sector or zone. So, while the 

system works very well in keeping track of distance traveled, and in recording the specific 

path followed by the rat" it is limited by the duration of the recording session that the 

observers can endure, and by not accounting for speed of motion. 

The Hole Test 

Psychopharmacology and biopsychology have benefitted from a number of techniques 

to observe and record normal behavior of intact animals. These observations are then used 

as baseline levels to assess the effects of drugs and surgical procedures. But since it is 
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difficult to evaluate the many effects that a drug might have by observing only one type of 

response, different aspects of the animal's behavior have been selected. Interest has been 

focused on general spontaneous activity, exploration, posture, aggression, motivation, and so 

on. Krnjevic and Videk (1967) developed an interesting method for testing the effects of a 

number of chemical compounds on behavior of intact rats. They observed that rats have a 

tendency to enter holes whose dimensions correspond to those of their bodies, so they 

designed an apparatus that would allow them to measure precisely that. They built a wooden 

cage with a round hole on top 5 cm. in diameter. The cage (40x20x20 cm) was slightly 

darkened so that the animal would enter from above into a faintly lit space. The cage roof 

consisted of-two parts: a fixed part made of wire mesh measuring 20xl0 cm and a movable 

part made of wood which served as a lid through which the contents of the cage could be 

emptied. The hole was in the movable part. The basic procedure consisted of placing a rat 

in the wire mesh part of the roof, about 12 cm from the hole, and recording the time it took 

the animal to enter it. A series of experiments were performed to determine the environ

mental elements that stimulated the animal to make this response. By varying the size of the 

cage, the degree of illumination, the size of the hole and its location, they found that the 

only essential parameter was the diameter of the hole. Enlarging the diameter decreased the 

number of animals entering it and increased the reaction time of those that did. 

Tests were made to assess the usefulness of this procedure for discriminating the 

effects of certain psychotropic drugs, such as depressants, antidepressants, and stimulants. 

The authors found the procedure to be as effective as other methods in isolating the effects 

of depressants and stimulants, and superior to other devices for showing the effects of 

antidepressants such as imipramine. 

With their method, Knjervic and Vadic were able to isolate a particular response from 

the behaviors occurring during exploration. This response, although not an unconditioned 

reflex, seems to share some of the characteristics of an unconditioned reflex such as its 

discreteness and occurrence in the presence of a particular stimulus. These characteristics 
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make it useful because although it is the natural behavior of an intact organism, it can still 

be readily identified and measured, and yet is not as automatic as a reflex. 

The Tunnel Test 

A similar method for observing the effect of drugs on exploratory behavior was 

developed by Shillito (1970). Traditionally, these studies had been performed on Y mazes 

(Rushton, Steinberg, and Tinson, 1961). But since general motility and exploration are 

confounded in this type of setting, Shillito's goal was to observe exploration in a continuous 

situation while differentiating it from general activity. Shillito also took advantage of the 

tendency of mice to enter holes, and thus designed an apparatus made of a square board 

(61x61 cm) on which twelve semicircular tunnels, 7.5 cm long and 4 cm in diameter, were 

mounted. In this arrangement both the length and diameter of the tunnels were critical. Mice 

preferred not to enter wider tunnels, and spent too much time inside narrower tunneis. 

Similarly, mice preferred not to enter short tunnels but explore only the ends, while they 

tended to remain inside very long ones. The arrangement of the tunnels on the board was 

fixed and not systematically explored. 

The general procedure was to place a mouse on the board for 5 minutes, and count 

the number of different tunnels entered as well as the total number of entries. The number 

of different tunnels entered was used as a measure of exploration while the total number of 

entries was used as a measure of general activity, although locomotion was not measured. 

Mice were tested under the effects of several psychotropic drugs. The results showed this 

method to be valuable in discriminating the effects of some drugs on exploration from those 

on general activity. When amphetamine was administered, general activity increased but the 

animals seemed to be "confused", and the amount of exploration decreased. On the other 

hand, when monoamine oxidase inhibitors (tranylcypromine and nialamide) were used, both 

the number of tunnels explored and the total number of entries increased. 
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This method has some notable advantages over mazes. First, a larger, richer environ

ment is provided for the animal to explore. Second, exploration is defined in a way that 

makes counting discrete events such as .,;unnel entries possible. On the other hand, some 

elements of the experimental episodes are not considered. For instance, there is no account 

of the time. From these records one cannot tell what proportion of the time was spent inside 

and outside the tunnels. Also, there is no record of the amount of general activity, but only 

of the number of tunnel entries. And finally, it is difficult to separate the effects of learning 

from those of the drugs. 

The Capacitance Method 

Although the original idea of the capacitance method is Quite old (Siegel, 1946), it is 

very much in use today. Essentially it consists of installing a set of tuned coil oscillators 

whose magnetic fields are disturbed when a new mass is introduced. This perturbation is 

used to trigger a counting mechanism. We review two interesting applications of this method. 

The first was designed to record the activity of mice in their living environment for 

long periods. A ware of the artifacts introduced into the experimental session by transporting 

and handling the animals, and the usefulness of observing for prolonged periods of time, 

ShiIlito (I966), designed a cage that continuously and automatically records the activity of 

a group of mice. The apparatus consisted of eight units stacked one on top of the other. Each. 

unit contains a nest box connected to a feeding chamber by two corridors. The corridors in 

each chamber are connected by vertical passages so that the animals can climb up and down 

the entire enclosed area. Six probes were placed in the control area, under some of the holes 

leading to the vertical passages. When a mouse came near the probe, it changed the 

capacitance of the circuit, triggering a count and an event mark in a continuously running 

plotter. In testing the apparatus, ten animals were run at ~ time. They were put in the cage 

for one week to settle down, and then tested during the following three days. Using this 

method, the author was able to show clearly the delayed effects of some drugs such as 
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reserpine and methyl-amphetamine. The records not only allowed comparison among 

activities before and after administration of the drugs, but also showed changes in the 

circadian activity cycles. 

Despite its crude form, records obtained from the plotter show a distribution of the 

counts in time. These data constitute a molar approach to analyzing activity, not only because 

ten animals are recorded simultaneously but because any kind of movement around the 

probes is counted. To some extent, the fact that the animals live in the experimental cage 

attenuates the alterations brought about by handling them just before the session. In this 

experiment, however, as in most experiments in psychopharmacology, animals are necessari

ly affected by the drug administration procedures. For this reason, the main method for 

evaluating the effect of this variable continues to be the use of control groups. 

A second apparatus using the capacitance method was tested by Svensson and Thieme 

(I969). This motor activity detector was the Animex cage built by Farad Inc. The authors 

carried out a series of experiments to evaluate its sensitivity and resolution, as related to the 

velocity and frequency of moving objects. The detecting system was installed on a box 

measuring 48x40x20 cm. Six oscillator coils were attached just below the floor of the box, 

and the counts activated a time-controlled plotter. Svensson and Thieme used n mechanical 

"mouse" with a mass similar to a real one, and whose speed could be precisely controlled. 

They found both a higher and a lower limit to the speed at which moving objects could be 

detected. The lower limit was determined by the velocity of the rising pulse from the 

oscillators; when the movement was slow, the rise time of the pulse was too long to affect the 

following AC amplifier. The higher limit was determined by the number of pulses that the 

apparatus was able to detect per second. In this case they found the limit to be 5 pulses per 

second. 

The capacitance method has a number of desirable features. First, it can be installed 

under living cages to record activity without interruption. Second, it is unobtrusive. Third, 

more than one animal can be tested at a time. And four, records are made as a function of 
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time, thus allowing the experimenter to observe cyclical changes over extended periods. 

Although activity in specific areas could be counted independently, and thus provide some 

measurement of time allocation, the apparatus used here and the one used by Shillito (1966), 

had a single oscillator connected to several coils in series, which leads to only one type of 

count. The operating limits found by the authors, on the other hand, are derived from 

electronic components other than the tuned oscillator and can be easily upgraded with more 

efficient components. Finally, it is important to mention that due to the fact that tuned 

oscillators detect the presence of objects, moving or stationary, some errors are introduced 

by the wooden particles generally used on the floor of rodent cages,' and by feces. 

More recently, other similar technologies have been introduced to the area of activity 

detection. Ultrasound (Akaka & Houck, 1980) and radar devices (Buchan & Sattelle, 1979) 

have been tried out but found to be no better than the basic capacitance method. Ultrasound 

is perceived by some rodents and therefore interferes with experimental procedures. On the 

other hand, doppler-radar systems respond differently to particular types of movement and 

the necessary technology to compensate for this phenomenon is more complex and expen

sive than most laboratories can afford. 

The Photocell Detector 

Photocells for measuring activity in the laboratory have been used for many years, 

having first been reported by Siegel in 1946, very soon after the invention of the photocell 

itself. His method, consisted basically of a light and corresponding cell connected to a 

counter that was activated when a beam was interrupted. This device was later improved by 

Dews (1953), who attached the system to a rectangular box with two plastic walls. The beam 

of light was' passed across the cage (42x23.5x8.5 cm) along the short axis through the two 

transparent sides and on to the photocell. The cell was adjusted so that when a mouse broke 

the beam, it activated an electromagnetic counter. The main purpose of the photocell activity 

detector was to differentiate between coordinated walking and running from twitching and 
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convulsive movements. Dews' box contained only one detecting beam in the center of the 

box, so movement across the short axis was not recorded even if an animal was obstructing 

the beam. It is interesting to note that Dews tried reflecting the beam in mirrors several times 

before reaching the cell in order to detect more of the activity, but did not find it ad

vantageous. We must keep in mind, however, that there is an important interaction among 

the number of sensors, the size of the environment, and the number of subjects in it. And 

in this case, the cage was relatively small and five mice were tested at a time. If, for 

instance, more mice were put in the box, there would be a higher probability of one blocking 

the beam at the time that another crossed the area. On the other hand if only one mouse were 

tested, much of the movement (i.e., movement across the short axis) would be missed and 

give rise to more variability between subjects. Therefore, the use of mirrors optimizes the 

resolution of the apparatus when the number of animals is small in relation to the size of the 

box, but with only one beam, there is no advantage to using mirrors if several animals are 

tested simultaneously. 

The Infra-Red Detector 

Because beams of visible light may interfere with behavior in the experimental 

environment, invisible infra-red (IR) emitters and detectors are preferred. The operation 

principles are similar to those of the photocell except that at the receiving end, phototransis

tors are used instead of the traditional photoresistive cells. There are several versions of this 

type of system but we will only discuss three original implementations. 

Ulett, Heusler, and Callahan (1961) set up a system of IR beams in the solarium of 

a hospital's ward to record the activity of mental patients as a function of various psycho

tropic drugs. The room was 9.l4x16.IS m, and was crossed by two evenly spaced beams at 

the long axis and by four at the short axis. Breaking each ~eam activated both a counter and 

a running time meter that was active while the beam was interrupted. The value of the 

running time meter was considered by the authors to be inversely related to the speed of 
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locomotion. All the drugs tested were tranquilizers given at different dosages to a group of 

86 chronic psychotic patients. All patients were observed for an hour daily, during which no 

other activity was planned. Observations were collected for a period of 18 months. 

The results reported show this method to be as reliable in this situation as it has been 

demonstrated to be in the animal laboratory. Both the amount of activity and the speed of 

locomotion varied systematically with respect to the type and dosage of the drug tested. An 

important characteristic of this implementation of the method, is the distance between the 

infra-red emitters and receivers. The maximum operating distance was reported to be 45.71 

m, which is much more than any other implementation has achieved. The use of a high 

current circuit and of collimating lenses allowed for such far reaching capabilities. 

A sophisticated version of the photocell detector was implemented by Barnett and 

Smart (1970). These authors designed an environment for mice made up of five chambers 

instead of the traditional open area. The residential "plus-maze" contained a nest box in the 

center from which four arms extended. The distal end of the arms consisted of a tunnel 

about 3 cm in diameter. The center box contained 3 grams of cotton wool, and at the end of 

three arms there was either balsa wood, food, or water. The fourth arm was left empty. Sets 

of IR detectors were installed at the entrance of each arm, and 8 em further out. An 

arrangement of counters recorded the location of individually tested mice. To enter an arm, 

the mouse had to pass through a tunnel about 6 cm long and 3 cm wide. In doing so, it broke 

an IR beam and primed a circuit. On reaching the distal end of the arm it broke another 

beam. This caused a count of one in the "visits" counter for that arm, and activated a running 

timer that recorded the duration of the visit in tenths of a minute. When the mouse returned 

through the tunnel, breaking the proximal beam for the second time stopped the clock. 

Interesting results were obtained from this experiment. Mice usually spent 14 to 16 

hours (53% to 67%) a day in the nest box. Only two of th~ 36 mice spent less than 12 hours 

in the nest box, and only one mouse more than 18 hours there. Since mice were never seen 

to sleep outside the nest, time spent in the arms were considered to be a measure of activity. 
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Some general features of behavior were also found: a) There was an initial peak in number 

of visits upon arrival to the new environment; b) the number of visits to each arm was 

relatively constant across days, even to the empty arm; c) there was no correlation between 

the number of visits to an arm and the duration of the visits; and d) time spent in the nest 

remained relatively constant even after a ten day period of observation. 

By recording one animal at a time and dividing the space into mutually exclusive 

chambers, the authors were able to effectively isolate not only exploration but also the power 

of food, water, and gnawing material to determine the location of the animal. This system 

has also proved jts effectiveness in isolating the effects of different food formulas in subjects 

with a history of undernourishment (Barnett, Smart, & Widdowson, 1970). In addition, since 

animals live in this environment for long periods, the investigator can obtain fairly stable 

measures of activity Irest patterns as well as eating, drinking, and patrolling habits. Although 

the method as reported by these authors does not include a system to keep track of the value 

of the counters as a function of time, systematic recording of such values would provide 

information about sequences of behavior and their cycles. 

More recently, a modification of the basic infra-red system has been published in 

which a personal computer is simultaneously connected to a set of four chambers (Silverman, 

Chang, & Russell, 1988). The chambers constitute circular open spaces 60 cm in diameter, 

crossed by 3 evenly spaced IR beams on each axis, 4 cm above the floor. A second array of 

IR pairs, S on each axis, is located 10 em above the floor. This higher resolution grid was 

implemented to pick up movements of the subject's head and nose as it rears. Again, 

breaking a beam sets up a bit in a latch which is regularly read and reset by the computer. 

Using a computer instead of individual circuits to run the chambers not only reduces the cost 

per station but also allows for complex correction procedures to be implemented as data are 

collected. 
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The Microswitch Method 

The general solution of placing pressure sensing switches underneath the surface on 

which activity is to be measured has been implemented in several forms. We will present only 

the two most original applications. Byron Campbell introduced his new activity recording 

device in 1954. The app3ratus now known as a stabilimeter was a cylindrical cage with a base 

made up of an aluminum baking pan, and wire mesh walls and roof. The cage was pivoted 

in the center and could tip about a third of a centimeter in each direction. Distributed every 

90 degrees around the edges of a plywood base were four sensitive switches that activated 

electromechanic counters when closed. This device was capable of counting cage tilts caused 

by translation and other movements such as jumping or climbing, but inside the cage, an 

aluminum round cookie cutter fixed to the center of the floor prevented the animals from 

using this area, thus eliminating minor postural changes from being recorded. Campbell 

placed six such stabilimeters in a sound-shielded cabinet where rats could be recorded 

uninterruptedly for several days. Activity measures obtained this way had relatively low 

reliability when animals were consistently tested in the same apparatus, the obviou'l problem 

being that of mechanical inconsistencies between prototypes. However, the new mass 

produced versions are more reliable and still widely used in psychopharmacological studies. 

A sophisticated application of the sensing switch method to the study of human 

behavior was developed by Bechtel (1967) who was interested in studying the patterns of use 

of indoor spaces, particularly public buildings. In order to record motor activity, a system 

was designed containing an array of .093 mZ sensing plates placed on the floor underneath 

the carpet. Contact closures activated a corresponding array of counters measuring the 

number and location of steps, and the length of time each contact was closed. Switches were 

operated by a mass of 4 pounds per square inch so that not only steps but changes in balance 

from one foot to the other were recorded. In Bechtel's study on the patterns of movement in 

a museum hall containing artistic drawings, four groups of subjects were observed. The first 

group was asked to visit the hall and rate the drawings according to their preference. The 
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second group was led to the room and simply asked to wait. The third group consisted of 

normal visitors who received no instructions. In these groups subjects were unaware that they 

were being observed whereas those in the fourth group were informed of the recording 

procedure and were also asked to rate the pictures according to their preference. The results 

show significant differences in area covered, number of steps, and duration between those 

subjects who were aware of participating in an experiment and those who were not. Sig

nificant differences were also found between the groups that were unaware of the recording 

system and the fourth group. Finally, an interesting difference was found between male and 

female participants. Males were generally more active than females yet showed smaller 

standard deviations and lower speeds. 

By quantifying the area explored, number of steps, time in the area, and speed of 

movement, the odometer developed by Bechtel provides information that no other system 

applied to human behavior has matched. Time lapse photography graphically shows the 

pattern of use of a particular space but lacks the quantitative data produced by the odometer. 

Restrictions imposed by electronic technology at the time prevented sampling the status of 

the microswitches at regular intervals and identifying movement sequences and other fine 

details. However, the technology developed in these studies established the basis for what can 

be properly termed Experimental Architecture. 

The Resistance Method 

This strategy mainly consists of recording the current passing through laboratory 

animals as they come in contact with surfaces of different polarity. Here again, there are 

various versions of the general method, two of which we consider noteworthy. Originally, 

activity was measured in cages with a floor made of steel bars, in which alternative bars were 

polarized with positive or ground voltage levels. These devices had two main problems. First, 

when animals stepped on two bars of the same polarity no recording was made. And second, 

urine and feces frequently short circuited the system, generating false counts. An interesting 
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solution to the first problem was proposed by Vajnovszky (1972), who designed a new type 

of cage floor. In this apparatus, the floor was constructed of stainless steel square plates 

about 1.25 cm apart, raised from the base and supported by insulators. In tum, each plate in 

either direction was polarized differently, thus reducing -but not eliminating- the chance of 

an animal stepping on plates of the same polarity. Another advantage of this floor type as 

compared to the bar grid is that it presents a homogeneous surface in which the orientation 

of the animal is not determined by the orientation of the bars. 

Although this floor design effectively increases the reliability of the counts by missing 

fewer contacts, and creates a more uniform surface, it is still susceptible to interference by 

feces and urine. To deal with this problem, Tarpy and Murcek (1984) designed a complex 

circuit which determines on the basis of previous resistance readings (autocorrelation) 

whether the present count is valid or not. Although most of the problems created by 

superfluous counts are eliminated, the apparatus is much more complex and still requires 

(according to the authors) occasional flushing with a non ionic solvent to maintain a trouble

free operation. 

The Video Analyzer 

The latest technology to be brought to the study of animal activity is based on the 

television camera. The general method consists of analyzing the output signal of a TV camera 

to locate an animal in a field. Earlier implementations of the method (Livesey & Leppard, 

1981) require that a white rat be placed on a dark background while the system searches for 

contiguous pixels (picture elements) with the highest contrast. The core of such a system is 

a grid generator that produces a square grid pattern. The video signal from the camera, 

showing the rat in the field, is then combined with the grid pattern on the monitor, thus 

indicating the location of the animal in terms of grid cells. The analyzing circuit keeps track 

of the number of horizontal and vertical grid lines as the raster sweeps the screen and 

transmits the value of both counters to a microprocessor when the animal is detected. The 
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result is a file with a sequence of X.Y pairs identifying the location of the animal for every 

sample taken. 

Video technology is today one of the fastest growing fields, and new, more powerful 

devices become available almost every day, as more and more of the imaging processes are 

integrated with digital computers. Very fast digital image processors are now available which 

make possible digitizing a video signal on-line to be numerically analyzed. As a result, even 

the process of detection of an animal in a field has dramatically changed in recent years. 

Newer implementations of the general method no longer require mixing a grid pattern with 

the camera signal and can directly keep track of the position of the raster and use this 

information to locate the animal. Furthermore, color video cameras now allow for the 

location of spots of a particular hue. Thus more than one animal can be tracked simply by 

tagging each with a colored mark. As with other technologies described here, this one also 

has advantages and disadvantages. These systems are capable of continuously keeping track 

of the animal's location, or sampling the image periodically to create more manageable files. 

The resolution afforded is much higher than any other available technology. The shape of the 

background is not limited to open fields, but can accommodate all kinds of mazes, including 

water tanks. Finally, it can detect animals of all sizes, from insects to mammals. Against 

those decided advantages are a few drawbacks. These systems are still quite expensive 

because the technology is new, complex, and rapidly changing. Moreover, the reliability of 

analyzing video tape is much lower than that of an on-line camera, therefore the promise of 

less expensive systems based on a central processing unit and several recording stations has 

not yet been fulfiIIed. Some operating details still need to be enhanced. For example, better 

ways are needed to deal with the effects of shades created in certain situations, especially 

when the background is not an open field. Also, a number of serious problems have been 

reported when feces are liberated in water tanks. And fin~IIy, animals of different color and 

shape generate more or less reliable records. 
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The fact that so much investment is being made on digit~l imaging systems makes 

this a very promising technology. There is no doubt that in the near future more powerful 

and relatively inexpensive video systems will be available for laboratory use. 

Comparing Methods for Measuring Motor Activity 

Turns in a wheel, number of times a light beam is broken, steps, and distance traveled, 

are only a few of the possible measures of activity that have been studied. In each case there 

seems to be a good reason for the experimental design and the apparatus selected. But how 

can one integrate such different data? Only a few studies have been reported that compare 

some of those measures. In 1957, Strong compared the results obtained by measuring the 

effects of food deprivation in three different devices. The activity of individual rats was 

measured with a running wheel, a stabilimeter, and a photocell detector as a function of 

hours since the last feeding. His results show a large and consistent difference in the data 

obtained from each device. The running wheel produced the greatest count, followed by the 

photocell-equipped box, and the stabilimeter. As mentioned earlier, running in the wheel 

seems also to be determined by factors such as inertia and proprioceptive feedback so it is 

not surprising that activity episodes lasted longer when the wheel was available. The 

photocell box showed a moderate count during baseline that seems to provide a sensitive level 

allowing one to observe changes in both directions. Finally, the stabilimeter produced 

relatively low counts in all phases, so although sensitive to increases in activity level, it was 

not adequate to detect decreases from baseline. Similar results were found in another study 

(Weasner, Finger, & Reid. 1960), in which the photocell aLd running wheel methods were 

tested with food deprived animals. 

Spatial Features of Operant Behavior 

Thus far we have concerned ourselves with the measurement of activity as a generic 

class of behavior determined by variables such as hunger, thirst, sex, day cycles, novelty, 
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drugs, and so on. Let us now consider some of the conditionable properties of activity by 

examining its study as operant behavior. Although for the most part, studies on operant 

conditioning determine the location of the behavior under study by fixating the position of 

the operanda and the stimuli, there are some instances in which the spatial features of 

operant behavior have become the focus of research. When Skinner (1938, 1956) was in the 

process of developing a method to isolate and observe instances of what he later called 

operant behavior, he began by recording responses very different from the lever press. His 

first instrument, designed to record the "startle" response of rats, was some kind of myograph 

adapted to record movement of the whole organism. Rats were placed on a platform attached 

to a kymograph, and trembling and other movements of the animal produced a continuous 

record whose amplitude and frequency reflected intensity and type of movement. In this 

apparatus, however, the animals were physically restricted, and this limited the amount and 

type of behavior that could be observed. Not satisfied with the possibilities of the new 

method, a more molar approach was taken. The kymograph was now connected to an elevated 

straight runway, at the end of which reinforcement was delivered; some sort of runway maze 

with automatic recording capabilities. This one seemed to work better but there was still the 

problem of manually returning the rat to the release box after each trial. Skinner solved this 

problem by adding a return path to the basic runway. The apparatus now had a rectangular 

shape and the rat was required to run around it before it was reinforced. It should be noted 

that up to this point his devices made a continuous record of the vibrations created by the 

animal as it moved. His next prototype, however, significantly changed the apparatus to the 

extent of producing a totally different kind of datum. He adapted walls and roof to the 

rectangular runway, making it a tunnel. Then he added a pivot at the middle of the long axis 

so that the entire apparatus would tilt with the rat's weight. And finally, he used the motion 

of the tilting tunnel to automatically deliver the food pellet. Now the rat had to go around 

the tunnel to be reinforced, while the session ran continuously without intervention from the 

experimenter. Although this greatly simplified data collection, the most important contribu-
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tion of the tilting tunnel was not so much its ease of use, but the fact that it effectively 

digitized behavior. Before this modification was introduced, there were no manageable units 

of behavior, and records from the runway were hard to describe in terms of wave amplitude 

and length. On the other hand, the new device was able to automatically record "runs" or 

"responses" as frequencies of discrete events as a function to time. In the next step, by 

changing the runway for a lever Skinner simplified both the apparatus and the response, and 

came closer to the preparation he was looking for. He had now isolated a unit of behavior 

functionally related to the environment, which came to be his main unit of analysis. The 

operant shared many properties with the physiological reflex, and had the advantage of being 

useful in describing more complex behavior of intact organisms. 

The set of concepts and operations developed by Skinner, soon comprised a very 

successful research system that simplified the collection and integration of high quality data. 

The target responses, however, changed with the development of instruments and the 

adoption of the operant as the unit of behavioral analysis. Emphasis shifted from translation 

within an environment, to movement of parts of the body. Since the lever press was seen as 

a typical operant response representative of all other operants, and it did not involve 

translation, the spatial characteristics of operant behavior were -for the most part- excluded 

from the typical laboratory setup. Another possible contributing factor to such restriction 

might have been the failed attempt by Skinner and Morse (1958) to control wheel running 

with a fixed interval schedule of reinforcement, in spite of the success achieved by David 

Premack a few years later. Nonetheless, in 1959 Segal effectively tackled the problem from 

a different perspective. Instead of attempting to condition general activity, she showed lever 

pressing to share some characteristics with behaviorS) such as running in a wheel. Segal 

demonstrated that the rate of lever pressing controlled by light reinforcement increased with 

food deprivation, in the same way that general activity does. And although the study did not 

clarify whether increases in lever pressing were due to the general activation effect, or to an 
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increased response to stimulation produced by deprivation, it did show lever pressing and 

general activity to be functionally overlapping categories. 

A few years later Premack (1962) not only demonstrated that running in a wheel is 

conditionable as an operant, but extended the paradigm by showing it could also function as 

a reinforcer for responses with lower probability of emission. Premack's fundamental 

discovery introduced relativity to the acquisition of stimulus functions by behavior. It 

demonstrated that two ethologicaly important behaviors in the rat -running and water 

drinking- can alternate as the reinforcer and the reinforced response as a function of local 

relative probabilities of emission. Furthermore, in a series of studies on the measurable 

characteristics of wheel running, Premack and Scheaffer (1962, 1963) found that in addition 

to the magnitude of the response, its distributional properties in time are orderly related to 

antecedent and consequent stimulation. 

Antonitis (1951), while working on the reduction of variability by regular reinforce

ment, used the spatial location of a response as the focal characteristic instead of the lever 

press. He built a chamber consisting of two areas, a feeding compartment, and a larger one 

where responses were recorded. The front wall of the response compartment had a slit 50 cm 

long where a rat could insert its nose. Recording was achieved by a combination of a 

photocell and film. The photocell detected nose poking while the camera kept a record of the 

location. Basically, the experiment consisted of reinforcing responses at the center of the slit 

and observing the amount of spatial variability of the response generated during extinction 

after training in different amounts. His results clearly supported the hypothesis that regular 

reinforcement reduced variability during extinction. Later, a more sophisticated version of 

this experiment was run by Gollub (1966), who also obtained generalization gradients of 

response location using a similar device. 

In these experiments, spatial location was studied as a condition able characteristic of 

the response, the same way that topography, intensity, frequency, and others had been 

studied. In a sense, the results of these experiments were similar to those obtained using a 
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regular operant chamber. except that the location of the response was allowed to vary and 

was recorded. Equivalent procedures (yielding digital results) would use an array of levers 

or holes instead of the continuous slit. 

Baum and Rachlin (1969) performed another experiment in which spatial location of 

the response was the main dependent variable. Following Hernstein's (1961) suggestion that 

animals tend to distribute their responses in concurrent schedules in such a way as to match 

their relative proportion of reinforcement. these authors designed a study to demonstrate that 

time allocation to each schedule was also proportionately distributed. They built a rectangular 

chamber with the floor partitioned in half along the short axis. Each side of the floor was 

hinged on the outer wall and rested on a micros witch placed underneath. Both outer walls 

contained response keys and grain hoppers. Basically the study consisted of placing pigeons 

under concurrent variable interval schedules of different value in each key. and measuring 

the total time spent in each side of the chamber. Their results were consistent with those 

obtained with response frequency as the dependent variable. T~e relative amount of time 

spent in each side of the box was proportional to the relative amount of reinforcement 

provided for responding to that key. Again. spatial location of the animal was studied as a 

byproduct of the location of the reinforced response. Similar results are obtained when the 

same procedure is tested in a chamber with two keys and one feeder if one operandum is 

used as a changeover key. and the time that each component is active is now recorded. This 

way the same information on the amount of time allocated to each schedule is obtained 

without regard to the spatial location of the animal. 

But a series of very revealing experiments on the sequential and temporal properties 

of behavior was began when Staddon and Simmelhag (1971) discovered that given the 

opportunity. rats would develop clear patterns of responding when reinforcement is delivered 

regularly. "Typically. a single activity. the terminal response. occurs toward the end of each 

interval. in anticipation of food. A variety of other activities. interim activities, their nature 

depending on species and the opportunities afforded by the environment, occur during the 
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early part of interval (Staddon and Ayers, 1974, p.26)". Pigeons peck and rats chew if 

reinforced with food. And sometimes animals drink excessively if water is available during 

the interval (Falk, 1971). Aggressive behavior (Azrin, Hutchinson, and Hake, 1966), and 

chewing of non-food objects (Falk, 1971) have also been observed. Staddon and Simmelhag 

developed an experimental environment were it was possible to simultaneously study a 

number of different behaviors. The hexagonal chamber contained an empty central area and 

five smaller compartments occupying segments of the outer walls. These areas were: an 

opaque tunnel (occupying two segments of the Wall) where the animal could hide, an area 

containing a pellet dispenser, an area containing access to a water bottle, one containing a 

running wheel, and an area from which another rat could be seen through a window. The 

experiments consisted of manually recording sequences and durations of permanence in each 

of the available areas while individual rats were under a non-contingent fixed time schedule 

of food reinforcement, and then under extinction. They found that after a few sessions all 

the animals tested developed clear, predictable sequences of behavior with identifiable 

terminal and interim responses, which broke down very soon after reinforcement was 

discontinued. Their exploration of the original "superstition" experiment showed reinfor

cement to control a much more complex set of behaviors than was originally thought. 

Specially important for us is the fact that the relative time allocated to each area of the entire 

environment was indirectly but clearly related to the reinforcement schedule. Therefore, it 

is clear that reinforcement controls the distribution in space and time of more behavior than 

the particular operant involved, which opens the area for exploration of interactions between 

learned responses and other forms of ethologically relevant behavior. 

Lyons and Cheney (1984) conducted a study of this type. They analyzed the effects 

that restricting access to one or more areas of a multiresponse environment had on the time 

allocated to the remaining areas. For this purpose they developed an environment consisting 

of five areas interconnected by a passageway in which a particular set of conditions was 

present. In one, food was continuously available, in another, water was available. Upon 
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entering another compartment, the otherwise continuously present white noise was turned 

off. Entering a fourth area provided escape from light. And finally, in the remaining area 

the rat had the opportunity to observe another rat through a window. Individual rats were 

placed in the chamber for 3 hr every day, and time spent in each compartment was 

automatically recorded when a microswitch beneath the floor was closed. Their results show 

that when one component is closed off rats indeed reallocate time among one or more of the 

remaining areas, although the way this reallocation takes place is still not clear. Different 

animals adapted to similar changes in particular ways, even when the restrictive change was 

introduced on equally preferred areas. The authors could not explain the overwhelming 

intersubject variability. It is clear that more information is needed on the particular 

environments explored, and on the way they control behavior individually before good 

predictions can be made in a complex situation such as the one explored. The method used 

by Lyons and Cheney has at least two important drawbacks: it does not provide a way for 

recording sequences. and it does not provide the cyclical effect of periodic reinforcement 

that Staddon and Simmelhag used. At the same time, the experimental sessions were too short 

for other more stable rhythms to develop. Yet, the general procedure of providing a series 

of environmental conditions in which to assess the relative value assigned by rats might be 

useful, provided sequences can be followed, and observation is extended over a period of 

several days. 

Device after Device 

The seemingly endless search for better ways to record and analyze behavior is not 

the result of a blind tendency to produce interesting gadgets, even if it seems so. Parallel to 

this technological search is the continuous quest for a better way to capture the essence of 

what behavior is "really" all about. From the response of a single muscle, to the study of 

molar reflexes, to the operant, to exploration, to cognition, the final goal is to understand 

behavior. as it simultaneously adapts to and modifies the environment. Even though the 
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history of psychology resembles a constant tug-of-war between precision and relevance, as 

the struggle continues, simple but significant pieces seem to fall into place from very 

different sources. The following section describes an attempt to measure some of the spatial 

features of behavior described above, and more. It represents an attempt to utilize current 

computer technology to digitize, analyze, and graphically represent the use of an experimen

tal space by small laboratory animals. 
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METHOD 

Apparatus 

The system consists of a computer controlled 24 by 24 matrix of infra-red devices 

evenly arranged along the sides of a square box. Every n seconds a reading is made and a 

binary value is obtained which describes the status of each of the 48 beams. A "1" is assigned 

to those beams that reach the receptor on the other side of the box, and a "0" is assigned to 

those beams that do not. From this string, composed of 24 bits for the X axis and 24 bits for 

the X axis, the computer decodes the coordinate pairs which describe the physical location 

of the objects in the chamber. The basic 48-bit strings are sequentially stored on disk for 

further treatment. 

The system can be broken down into functional elements for analysis. The following 

is one of several possible lists of complementary subsystems: 

1) the box, 

2) the output circuits, 

3) the input circuits, 

4) the processor, and 

5) the software. 

The Box 

Figure 1 depicts the experimental chamber. Two sets of reference systems are 

pertinent here. On one hand, the box may be seen as a cartesian plane in which points can 

be identified in an XX field. On the other hand, the box may be seen as a three dimensional 

environment oriented in real space where locations are identified in relation to the north. We 

will be using both reference systems when appropriate, ~o please note the correspondence 

between them. The X axis runs south-north and, consequently, the X axis runs east-west. 

The box (1.20m x 1.20m x 0.60m) was made of 1.27cm thick sheets of plywood. Underneath, 
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two (1.20m x S.08cm x S.08cm) wooden rails keep it raised from the floor. A row of 24 

evenly spaced holes 0.40cm in diameter was drilled in each wall 12.7cm above the floor of 

the box, to hold the optoelectronic devices. The interior walls and floor were then lined 

with 0.63cm thick clear plexiglas and sealed with silicone to prevent moisture from 

permeating the wood structure. The clear plastic allows the infra-red beams to travel freely 

across the box while keeping the optical devices inaccessible to the animal, and permits 

thoroughly cleaning and disinfecting of the chamber. A 7.62cm x 12.70cm wedge-shaped 

wire mesh food hopper was attached to the center of the north wall, one inch above the 

infra-red devices. The hopper was filled with food pellets which were continuously available. 

Next to the hopper a hole was drilled to introduce a 0.63cm diameter stainless steel tube from 

the water reservoir. Water was also continuously available. During all experimental sessions 

the floor of the box was covered with commercially available wood particles to absorb 

moisture from excretions. 

The Output Circuits 

Theoretically, an analog subsystem would have sufficed in exciting the infra-red light 

emitting diodes (IRLED) used in the chamber, but two major conditions forced the design 

of the more complex digital network finally used. First, the distance between emit

ter/receiver pairs was such that a current of 2 amperes was necessary to make the IRLED's 

beams reach the other side of the box. Therefore, it was necessary to intermittently excite 

the IRLEDs (TIL 38) with a 100 Hz pulse train QN for only 10 microseconds, in order to 

dissipate some of the heat. On the other hand, infra-red beams like visible light diffract 

upon leaving the LED at an angle which causes more than one receptor to be excited per 

IRLED. This problem is traditionally solved mechanically by collimating each beam at both 

ends, and/or by adapting lenses to each emitter. Both of th~se possible solutions are relatively 

expensive and require very fine mechanical skills in order to work. Not having available 

either of those resources, a new softer approach was used (Cohen, 1988). The problem was 
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finally solved by sequentially exciting one IRLED at a time and immediately reading only 

the status of the corresponding infra-red photo transistor (IRPT) receptor. To achieve this, 

however, the computer had to be able to control the onset of the IRLEDs in order to 

synchronize the reading process, thus determining the final solution. 

Three basic stages can be identified in this output network. First the output ports. 

To be able to control the status of the 48 IRLEDs, six eight-bit programmable input/output 

(I/O) ports were used. The ports were purchased from Alpha Products and are built around 

Intel's 8255A chip, so three ports were available in each card. Another six identical ports 

were used in the input circuits described below. All I/O ports were attached to a proprietary 

bus connected to a controller card containing address decoding logic, which was attached to 

the computer's mother board. The bus was provided with its own power supply, while the 

controller card drew its power directly from the computer. 

The second stage may be called the sequencer stage. The purpose of this stage is both 

to independently. excite each IRLED as selected by the output ports, and to do it according 

to a 100 Hz pulse train (see Figure 2). The pulse tr..in is generated in two steps by NE555 

timers. First, a free running oscillator produces the basic 100 Hz frequency. Then, the output 

of this oscillator is connected to the input of a monostable adjusted to generate a positive 10 

microsecond pulse. The resulting pulse train then oscillates at a frequency of 100 Hz with a 

W microsecond QN phase. This free running clock is then AND-gated with each of the 48 

output lines, and the resulting signal finally controls the power transistors used to excite the 

IRLEDs. The IRLEDs proper and necessary driving circuitry constitute the third stage. The 

pulse train from the previous stage is connected to the base of a NPN power transistor (TIP 

120) which is biased by the QN phase and provides +32 vee to the emitter and thus to the 

IRLED's for 10 microseconds at a time. 
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The Input Circuit 

Reading the status of the mPTs (TIL 141) required two different stages (see Figure 

3). The low-level signal coming from each mPT had to be biased, amplified, and extended, 

and the resulting signal had to be connected to an input port line. Bias and amplification 

are accomplished by the simple network involving a general purpose NPN transistor 

(PN2222), while extension to 0.10 s is achieved by feeding the amplified signal to a NE555 

timer configured as a monostable. The output of each monostable is then connected to an 

input line, where the computer can read it. This arrangement requires that the computer 

processor excites each mLED, reads the status of the IRPT, and turns OFF the mLED. No 

previous synchronization exists between the free running 100 Hz clock and the rise of the 

output line. In addition, no feedback is provided as to exactly when a successful reading has 

been made. This determines the relatively long 0.10 s delay. This delay sets a lower limit to 

the interval between readings which, in turn, restricts the number of samples that can be 

obtained per second. A better but considerably more complex approach would, of course, be 

one which provides some kind of handshake circuitry to optimize the size of the inter-sample 

interval. In the present case, however, this was not a critical issue since the inter-sample 

interval was set at 5.0 s. In any case, there is plenty of room for improving the speed of the 

system by using hardware interrupts, handshake, assembly code, a faster machine, adding 

cache memory, and so on. 

The Processor 

A Tandy 1000 personal computer (PC) was used to run the experimental sessions. The 

PC is an mM compatible system based on Intel's 8088 microprocessor running at 4.71 MHz 

under the MS-DOS (release 3.10) operating system. Random access memory (RAM) was 640 

KB, and a 20 MB hard disk and a 360 KB diskette were also available. The video subsystem 

was composed of a color graphics adapter (CGA) card, and a monochrome composite video 

monitor. Because most of the data analysis was performed while the 
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experiment was in progress, data files were routinely transferred to another compatible 

machine immediately after each session. The data analysis software, however, would have 

worked just as well, if somewhat slower, in the PC. Since a sample was taken every five 

seconds, 17,280 readings were obtained daily for each subject. Over seven days this number 

of readings creates a data file over six million bytes long, which would fill over 15 regular 

diskettes. To circumvent this problem we used PKARC, a data compression package that 

reduces the size of ASCII files like the ones we create by about 96%, thus making it possible 

to hold all data files for each subject on a single diskette. 

The Software 

Two types of computer programs were necessary: one to run the sessions and create 

data files, the other to analyze and graphically represent the data. Most of the code was 

written by the author specifically for this project. Programs were written in Turbo Basic, a 

BASIC language compiler produced by Borland International. Various other packages (mainly 

First Publisher, PC Paintbrush, and Surfer) were used to create the charts. 

Running Sessions 

Appendix I contains a listing of BBSCAN.BAS, the program designed to run 

experimental sessions. It consists of four subroutines to declare variables and addresses, scan, 

control the flow, and finish the program, respectively. Briefly, upon entry to the program 

subroutine MAIN is executed. This routine first directs the program flow to subroutine 

SETUP which performs a number of preliminary functions. It establishes a keyboard control 

to abort the session, defines arrays, defines ports as either input or output, declares I/O port 

addresses, opens the data file buffer, computes the length of the session, resets the timer, and 

initiates the session. This routine also accepts from tbe user the name of the output file, and 

the length of the session in days, hours, minutes, and seconds. Next, a software interrupt is 

enabled which executes subroutine SCAN every five seconds until N, the number of readings 
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made, matches the session length. When either the keyboard interrupt is activated or the 

session is over, subroutine WAYOUT is executed. This segment of the program resets the 

ports, disables the timer, closes the data file and signals the end of the session. Finally, 

subroutine SCAN writes, and reads the status of each of the six input ports eight times, 

masking on every occasion the content of only one bit, creates a binary string for X and 

another one for y, and writes the resulting strings to both the screen and the data file. 

Data Analysis 

The programs described below (see Appendix 1) were designed to manipulate and 

analyze the data. All use raw data from files created during the experimental sessions, and 

transform them to describe motor activity. exploration, or time allocation.-

The function of program PREFERNS.BAS is to create the data file from which Surfer 

generates the surface charts for depicting relative frequency counts at each cell in the box. 

Briefly, the program consists of four routines which initiate files and variables, decode 

spatial location, write the data file, and end the program. Subroutine SETUP defines a 25 by 

25 element array to hold absolute frequencies, opens the I/O files, and sets a software 

interrupt to abort the program. Next, routine DECODE identifies the x.x coordinates 

occupied by the animal in each reading, and increments the count in the corresponding 

element of array M accordingly. When all samples in the raw data file have been accounted 

for, subroutine GRAPH writes the relative frequency data file in Energraphic's .SUR format. 

Finally, routine W A YOUT closes both files, signals the end of the program, and returns 

control to the operating system. 

Program ACTIVlTY.BAS uses raw data from BBSCAN.BAS to create a file containing 

percentage of the box covered by the animal in successive time intervals. The length of the 

intervals can vary from five seconds to the length of the, session. This program is made up 

of three routines. Subroutine SETUP declares variables, starts software interrupt to abort the 

program, gets names of, and opens the I/O files. In turn, DECODE computes the X,Y 
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coordinates from each reading, increments the respective count in array M, accumulates 

percentages as indicated by variable CHUNK, and resets the contents of array M. Lastly, 

W A YOUT closes the I/O files, signals the end of the run, and stops the program. The data 

file generated by this program is then read by program PLOTER.BAS which creates a bar 

graph depicting general activity as a function of time. 

Data for the cumulative curve describing exploration is generated by program 

XPLORE.BAS, a program almost identical to the one just described except that it does not 

reset array M after every block of data is printed to the output file, as ACTIVITY.BAS does. 

This difference creates a cumulative frequency list, that in our case, contains a point for 

everyone of the first 24 hours of the session. 
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RESULTS 

You will remember that the basic datum produced by this system consists of a 

sequence of values representing the status of each of the 48 infrared couples at the time of 

sampling. On this large matrix a number of partitions and transformations can be performed, 

yielding various local and global descriptors of how rats use the experimental environment. 

A fundamental transformation, used as base for the analyses described below, is the area 

visited by the animal in a particular time period. Using these data allows behavior in the box 

to be described in reference to either cartesian or geographical coordinates. Such description 

would provide fine-grain data on the particular places in the box that the animal visited, the 

time spent in each of those locations and the sequence in which the visits occurred. When 

used this way the system provides a quantitative complement to other types of records such 

as video tape or time-lapse photography. In addition to such detailed account of the animal's 

movement, other more molar analyses can be performed on the same basic transformed data 

matrix. Because of the large sampling rate and spatial resolution afforded by this system (576 

cells), it is possible to effectively use statistical methods to account for some molar behavioral 

adjustments. Exploration, time allocation, and general activity, are examples of such 

adjustments. In the following sections a detailed account of these categories and the methods 

used in their description is presented. 

Exploration 

The term exploration refers to the systematic behavior that animals display when 

introduced to a novel environment, presumably leading to the acquisition of information 

about it. Although a common phenomenon to observe, it is elusive because it is not possible 

to differentiate its topography from that of other forms of activity. Furthermore, the most 

important characteristic of this behavior -its function in the acquisition of information

cannot be directly assessed. And we are left with the alternative of either calling behavior 
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exploratory if in a post facto test we determine that the animal behaves differently in the 

same environment, or run the risk of misidentifying its occurrence from direct observation. 

More problems are introduced if the animal is allowed to visit the environment several times, 

if it lives in that environment permanently, or if minor changes are introduced after the first 

few hours. And stilI others if we consider a real environment where new odors and traces of 

other animals complement the structural characteristics. In ali, there seems to be no easy way 

of resolving this problem without resorting to a more or less arbitrary operational definition. 

The tunnel test (Shillito, 1970), the hole test (Krnjevic & Videk, 1967), the open field test 

(Hall, 1932), and the plus maze (Barnett & Smart, 1970) examined earlier, are only some 

examples of such definitions. See Bijou (1980) for a thorough discussion of the concept of 

exploration. 

From the basic data matrix produced by our system, it is possible to compute an index 

to describe exploration. By keeping track of the cumulative count of unique cells visited by 

a rat starting at a particular arbitrary time, a curve is generated which describes the 

percentage of the total area visited, as a function of time. Figure 4 shows the hourly 

cumulative percentage of the total area visited by subject P5, during the first four days in 

the chamber. Several features are noteworthy. During the first day, the rate was significantly 

higher (df=24, ~ <.01) than during the remaining three days. Since we have no reason to 

believe that the animal would be particularly more active during the first than during the 

remaining three days, it is possible to assume that the difference in rate is due to the novelty 

of the environment, and may be considered related to exploratory activities. Furthermore, 

the largest differences occur in the first eight hours in the box, and tend to dissipate by the 

end of the 24 hour periods, as would be expected if we were describing exploration. On the 

other hand, no significant differences in rate (df=24, ~ >.01) occur among the last three days. 

In order to compare the curves we used the goodness-of -fit test developed by Kolmogorov

Smirnov (Siegel, 1956). This nonparametric test, efficiently compares two theoretical or 

empirical functions such as the ones obtained. The resulting statistic D is equal to the largest 



(f) 
---.J 
---.J 

W 100 
U 

0 
W 80 
I-
(f) 

> 60 
LL 
0 

40 *1/'*" 'I' DAY 

U 
W ••••• DAY 
C) G8EBEl DAY « ~DAY 
I- 20 
Z 
W 
U 
cr: 0 
w 0 3 6 9 12 15 18 21 24 
0.... HOURS 

Fig. 4. Exploration during the first four days in 
the chamber for subject P5. The curves depict 
cumulative percentages of unique cells visited per 
hour. 

51 



52 

difference between two cumulative proportions, with degrees of freedom (df) equal to n. 

This test is considered to be more powerful than the chi square ~ test when comparing 

frequency distributions, since it does not have to account for more than two categories. 

Appendix 2 contains the tables of expected and obtained proportions, the absolute 

differences between them, and the values of n for each of the reported comparisons. 

The proposed definition of exploration in terms of cumulative percentage of the area 

visited, may thus also be useful in describing adjustments to the introduction of novel stimuli 

to the chamber. By pillcing a subject in the box and allowing the curves to reach stability, 

we would have a dynamic baseline with which to compare the effect of permanent as well 

as intermittent changes to the environment. These alterations to the environment may, of 

course, involve the introduction of other animals. 

Time allocation 

When the relative frequency of occupying one of the 576 possible cells is computed 

over a large number of samples, a data matrix is obtained which digitally describes time 

allocation in space. Collapsing the data into such a matrix generates a global measure which 

can be used in studies of "preference", where ethologically relevant behavior such as nesting, 

eating, drinking, and patrolling, can be quantitatively described as particular instances. The 

reports by Staddon and Ayers (1975), Staddon and Simmelhag (1971), Barnett and Smart 

(1970), Lyons and Cheney (1984), and Baum and Rachlin (1969) among others, testify to the 

usefulness of time-allocation measures in analyzing choice and behavior sequences. 

A series of pilot runs have been conducted to assess the adequacy of this measure, 

and some interesting tentative results have been obtained. One of the main reasons for 

developing a system such as the one presented here, is to be able to collect data on the 

acquisition of stimulus functions by objects in the environment, and to do so without 

imposing contingencies other than those occurring naturally in the box. Along that line of 

thought, our first question was whether the rats' (Ratus Norvegicus) time allocation in space 
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was related to the location of important resources, namely food and water. Four male adult 

hooded rats were individually placed in the box and their location was sampled every S s for 

48 hours. For rats PI and P2 food and water were adjacently located at the center of the 

south wAll of the boX; for P3 and P4, at the center of the north wall. No consistent results 

were obtained. Two rats from different groups selected the same northeast comer to nest, 

while the others selected opposite corners along the south wall. In all cases, the animals spent 

most of the time (up to 80%) in their selected nest sites, which determined the most salient 

characteristics of entire time-allocation distribution. To explore this finding further, an 

artificial nest was taped to the center of the box on the third day for subject P4. Figure S 

shows the relative frequency of occupied cells for the first 24 hours in the box, while Figure 

6 shows data for the next 24 hours. These figures depict the surface of the box, with each 

line intersection representing one of the S76 (24 by 24) cells. The difference in distribution 

between Figures Sand 6 may be due mainly to more exploration occurring on the first day, 

being replaced by an increasing amount of time spent in the nest. Although the nest site is 

selected very early on, during the first 24 hours more time was spent around the food/water 

area, and at the south-eastern corner. 

The following day the "nest" structure was introduced. Affixed to the center of the 

box, was a small (13cm x 24cm x 7cm) cardboard topless box, half full of saw dust. The 

center of the box was selected, due to its lower probability as a natural nesting site. Figure 

7 shows the data for the first 24 hours with the nesting material in the box. This manipula

tion produced an immediate and drastic change in time allocation. The bulk of the 

corresponding 24-hour period was now distributed between the new nest, and the food/water 

area. Although the specific elements contained in the new nest which are responsible for 

these changes must still be determined, the relative-frequency data matrix seems to be an 

adequate basis for assessing its effects on time allocation In tum, the characteristics of the 

time-allocation distribution seem to be useful in quantitatively describing phenomena such 

as nesting, eating, drinking, and so forth. 
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Fig. 5. Time allocation for subject P4 during day 
1 in the experimental chamber. The surface shoW'S 
the relative frequency of cells occupied during 
17,280 samples. 
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Fig. 6. Time allocation for subject P4 during day 
2 in the experimental chamber. The surface shows 
the relative frequency of cells occupied during 
17,280 samples. 
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Fig. 7. Time allocation for subject P4 during day 
3 in the experimental chamber. The surface shows 
the relative frequency of cells occupied during 
17.280 samples. 
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The example presented above involves very radical changes during the consecutive 

observation days. In such cases it may not be necessary to perform statistical significance 

tests to assess the changes in behavior. However, there will be occasions when quantitative 

tests will be the only objective way to compare two or more relative-frequency surfaces 

obtained from a single subject. In those cases we suggest again to use the Kolmogorov

Smirnov goodness-of -fit test. Because of the structural correspondence between cells in the 

matrices and the real surface, transforming each data matrix into a vector produces a unique 

distribution which can be directly compared to another equally transformed matrix. These 

vectors are then used as input to the computer program. Not surprisingly, when such method 

was applied to the surfaces presented above, they were found to be significantly different 

(df=576, .I! <.001). 

Activity 

Comparative analyses have demonstrated the adequacy of photo cell devices to assess 

activity (Strong, 1957; Weasner, Finger, & Reid, 1960). Optical devices seem to be more 

sensitive to changes in both directions, and more reliable than running wheels and stabiIi

meters. In earlier applications of the technology, however, the light beams were continuously 

present, and the number of times they were interrupted was counted either in a single block 

or in time intervals, and used as a measure of motor activity. In our case, the animal is 

~ obstructing the path of ~ beams, and we periodically sample all cells to identify 

its location. Therefore, we define activity in terms of the number of visited cells during a 

time period, instead of counting individual beam interruptions. The base time period used 

to compute the activity measure has a lower limit of twice the sampling interval, and no 

theoretical upper limit. Nonetheless, there are practical values to the upper limit determined 

by the characteristics of the event one intends to describe. For example, a period of 24 hours 

may prove too large to identify some basic activity cycles in the rat, such as those related to 

food intake, while a sampling interval of one second may be too small. This measure of 
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activity is similar to the one used to describe exploration. The only difference being the 

cumulative nature of the exploration curve versus the absolute count of visited cells of the 

activity record. In this case, the problem is not finding out what percentage of unique cells 

have been visited, but how many cells are visited per unit of time. 

Because the observations come from sampling an ongoing process at regular intervals, 

the data can be considered to be a time series. In this series, as opposed to random sampling 

from a population, the data points are necessarily related, and show strong interdependency. 

These factors prevent use of standard regression techniques, and so Auto-Regressive 

Integrated Moving Average (ARIMA) methods were used to describe the data. ARIMA 

methods are also called Univariate Box-Jenkins (UBJ) methods, and are commonly used to 

generate models to describe and forecast time series data such as weather and economic 

trends. Applying ARIMA methods involves three steps (Bowerman & O'Connell, 1979; 

Pankratz, 1983). First, the general characteristics of a tentative model must be identified. One 

has to determine whether the series is stationary or nonstationary; that is, one has to 

determine whether the mean, standard deviation, and autocorrelation function of the series 

are constant or not. Also, one has to determine whether there are seasonal dependencies in 

the series or not. In order to do this, the raw data as well as differenced or similarly 

transformed data are plotted. And the plots are used to select the most similar of a set of 

existing general models. The second step in the use of ARIMA methods is the estimation 

phase. Here, the selected general model is applied to the data, and the particular values of 

the Phi (tP) and Theta (0) coefficients are estimated by a computer program. Once an 

adequate set of coefficients is available, the model is used to forecast some data p.Jints in the 

third step of the process. If the data points are correctly forecasted, the method is accepted 

as adequate. If, however, this is not the case, a new set of coefficients is estimated and the 

process repeated until the best model is obtained. When the methods are applied to the proper 

type of data, they are very accurate and useful. However, there will be times when it will not 

be possible to arrive at a parsimonious model to describe the data. When this happens, the 
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model will lack generality and its usefulness will be severely restricted to the data used in the 

computation. 

To assess our concept of activity an adult male rat was placed in the chamber and 

observed during 15 continuous days. Due to inadequacies in the input circuit, it was not 

possible to record the location of the rat when the light of the room was on. And since we 

know that rats' activity is heavily affected by daily cycles, we established a light/darkness 

alternating series but recorded only during the 12 hr dark phase. Therefore, the data 

collected consisted of samples taken every 5 s, of the activity displayed between 7:00 PM and 

7:00 AM. It was determined a priori that an adequate time base for describing activity could 

be 15 minutes. So 180 data samples were added to produce each data point in the series. The 

resulting file was reformatted and uploaded to the mainframe for analysis with SPSS-X. We 

used procedure BOX-JENKINS to perform the three steps of the ARIMA modeling 

technique. 

Appendix 3 contains a detailed account of the three steps and the results obtained in 

each. First, by plotting the data and the autocorrelation function, it was determined that 

our series had a very strong seasonal component of about 12 lags, and was nonstationary. 

Therefore it was necessary to differeciate it, and account for seasonality. Differencing the 

series had the effect of making it stationary, since the estimated autocorrelation function 

now falls quickly to zero at both the short and the seasonal lags. On the other hand, by 

examining the characteristics of the autocorrelation function, it was determined that a 

tentative model with seasonal positive moving average (MA) could be adequate. But because 

the spike at lag 1 is followed immediately by 11 cutoff to insignificant values, an MA(I) 

nonseasonal component was also be added to the model. The resulting tentative model had 

the form 
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At the estimation phase it was determined that both coefficients (tP ... 0.83912 and 0 

Ie 0.64063) were significant, yielding absolute t-values grater than 2.0. Also, since the 

estimated coefficients are not highly correlated, they were considered to be stable. 

Finally, the selected tentative model and estimated coefficients were used to forecast 

12 activity levels of the 15th test day. It should be reminded that each point in the series 

represents successive 15 min blocks, therefore the predicted values correspond to 3 hr of 

activity. Figure 8 depicts the 12 obtained and predicted data points corresponding to 

observations 118 to 129, as well as the points marking the 95% confidence intervals. The data 

show a consistent pattern of activity with a sharply marked 3 hr cycle. Note how the 

forecasted points track the pattern in the series, following the extreme seasonal undulations 

very well. All the forecasted values fall comfortably between the estimated 95% confidence 

intervals, which is a good indicator of the adequacy of the model. 

The results presented above suggest this measure of activity may be adequate to 

describe the amount and pattern of translation occurring in the experimental environment. 

They show that ARIMA methods can be successfully used to describe and predict the activity 

patterns recorded with this technology, even when data on the dominant day/night cycle was 

not available. And finally, they suggest these activity patterns can be reliably used as 

baselines with which to compare the effects of a number of environmental and social 

features. Taken together, our measures of exploration, time allocation, and activity, may 

constitute a good estimate of "adaptation" to the physical environment. 



: 

+ •• 
• + 

+ 

)C • 

+ 

+ 

GRAPHIC DISPLAY OF FORECASTS FOR VARIABLE ACTIVITY 
DEFINITIONS OF SYMBOLS 
DATA • • 
FORECASTS AT LEAD 1· + 
ESTIMATED 95X CONFIDENCE LIMITS •• 
FORECAST MCT ION· 0 
OVERLAP· X 

• 
+ 

+ 

• 
+ 

+ 
• . :: 

• 
o • 

+ 

+ + + 

+ 
0 • 

+ 
+. o 0 

• 00 o 

0 

• + + 

:)C)C 
0 

• 

61 

o 

II II II II II II • •• II II II II II II II II • II II II II II II II II II • II II II II II II II II II 

Fig. 8. Activity during day 15 in the experimental 
chamber £or subject P7. The chart shows real and 
£orecasted data on percent o£ the total area visited in 
successive 15-minute intervals. 
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DISCUSSION 

The device described in this paper comprises many old techniques and a few new 

ones. Older ideas can be tracked down to the open field and the photocell devices. Some 

more recent borrowed ideas include the use of IR pairs connected to a microcomputer. 

Perhaps the most important of the ~ elements in this apparatus, is the notion of digitiza

tion as applied to a behavior process. That is, the systematic recording of time/space data to 

describe behavior. Implementing this feature W?_'1 greatly facilitated by the use of computers 

and digital electronic components, allowing more powerful and less intrusive means of 

collecting quantitative information about behavior. 

The prototype presented here has the advantage of not requiring an operandum to 

record behavior. Thus, it is not necessary that animals respond in a particular way before 

recording can take place. Therefore, operations of deprivation become optional, and their 

effects can be assessed against ad libitum conditions. Furthermore, eliminating the response 

requisite also makes reinforcement schedules optional. And finally, removing the above 

restrictions paired with the capability of a digital computer to store and process large 

amounts of data, eliminates the need to conduct trials or short sessions to observe behavior. 

In summary, this apparatus makes the testing situation somewhat less intrusive, and allows 

analysis of the effects of some standard setting operations. In any case, the system was 

designed to complement rather than substitute the data gathered from settings such as the 

Skinner box, and qualitative-type data em~rging from ethograms, video recorded episodes, 

time-lapse photography, and so forth. 

The prototype used in this study has a number of drawbacks and peculiarities. First, 

the size and shape of the chamber were determined on the basis of practical considerations 

and assumptions about possible outcomes, without enough pilot data on some of the 

characteristics of the experimental subjects. As it turned out, the box was too large, and the 

IR devices too high above the floor, to adequately record young adult rats. The height of the 
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IR devices was set to allow a 2.5 cm thick layer of saw dust in the floor. But in this attempt 

to make the box more comfortable, the rats were provided with enough material to build 

nests so tall as to continuously block some of the beams. This, of course, made locating the 

animal a very cumbersome task. At that point the only viable remedy was to reduce the 

amount of saw dust in the box, which in turn made the location of the IR devices seem to 

be even higher above the floor. As a result, relatively old animals were used, big enough to 

be reliably recorded. A future version should have IR devices adjustable along the ~ axis, 

and the area of the box reduced by about 25%, while keeping the same 24 x 24 resolution. 

This arrangement would still be adequate for testing rats, and would also be capable of 

recording smaller animals such as mice. 

Another problem with this prototype derived from an inadequate input circuitry. 

Because the circuit was designed to detect only the presence or absence of infrared light, and 

the phototransistors are sensitive to a spectrum which contains light emitted by regular 

lamps, it was not possible to calibrate the biasing circuit to operate properly under both 

illumination and darkness. An adequate circuit would use a predetermined frequency pattern 

in the detection phase instead of a simple level, so that changes in illumination would not 

affect it. 

There are other limitations imposed by the mere use of IR detecting devices. Because 

the apparatus detects opaque objects in an otherwise open field, the inclusion of partitions 

and objects in the chamber must comply with some restrictions. Partitions above the IR 

beams' level are possible when made out of translucent material, when the animal can be 

located by default, or when additional sensors are used. Also, objects in the environment 

can only be used if they are placed on the walls above the IR beams, or if their location, 

size, or shape are constant and distinguishable from the animal. The features just described 

can be adapted to eliminate or minimize some of the limitations of the technology. There are 

still others, however, imposed by the laboratory situation, which can only be acknowledged 

when using it. 
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An important feature of the data collected with this technology is its simplicity: it 

merely consists of a sequence of XaX pairs. Thus, at this point the level of the data is not yet 

behavioral but physical. Important also is the fact that as a frequency count, it pertains to an 

interval scale. Therefore, a wide variety of formal manipulations can be validly performed 

on it, and on transformed versions of it such as area counts. But the fundamental aspect is 

its adequacy to describe a number of behavioral phenomena. The definitions of exploration, 

time aIIocation and activity used here, while partial to the data, seem to describe reliably a 

number of orderly events with regard to the use of space by rats. These categories, in turn, 

can be built upon to study more complex phenomena such as nesting, territoriality, foraging, 

choice, reinforcement value, behavioral sequences, physiological cycles, drug effects, and so 

forth. 

The type of data provided by this system can be subjected to a number of formal 

manipulations. Because of the sheer number of observations possible from each experimental 

setting, it affords reliable descriptions of frequency as weII as probability distributions. In 

this sense, it is relatively easy to work with. When a particular study caUs for a group design, 

data from individuals can be clustered and treated with parametric tool3. In addition, when 

individual processes are targeted, the data coIIected from single organism designs can be used 

and qualitatively described, or treated with nonparametric statistics and time series methods. 

While the system readily produces quantitative accounts of behaviors typicaIIy 

described anecdotically, its greater strength derives from its application to obtaining 

functional relationships among traditional ethological and psychological variables. Studies 

relating the physical characteristics of the environment to the establishment and maintenance 

of operant behavior, as well as studies describing exploration and activity as a function of 

the probability of food in a given location, are only two indicators of the realm of possible 

applications of the technology. In general, this methodology provides ethology with viable 

experimental and quantitative elements for descriptive studies, and provides psychology with 

a broader range of behavior categories and environmental variables, more representative of 
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the integral behavior of organisms. 
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SUMMARY AND CONCLUSION 

This essay presents a technology for the study of some spatial characteristics of 

behavior in an experimental environment. The technology proper comprises three basic 

elements: the apparatus, the behavior categories, and the methods of analysis. Together, they 

seem to provide a legitimate, reliable, and objective assessment of some important features 

of the use of an experimental space by rats. Only a basic set of behaviors and methods have 

been explored thus far, in a very simple physical environment. The system, however, was 

designed to explore a wide variety of environmental features, and a correspondingly complex 

array of behaviors. 

Implicit in the design of this technology and any other, is a series of limitations and 

biases. This has to be kept in mind. Overall, however, there appears to be a range of 

phenomena for which this system may be adequate. Of great importance is the potential 

integration of scientific data on animal behavior emanating from ethology and psychology. 

Attempts should be made to explore some of the pertinent parameters in the future. 
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APPENDIX 1. COMPUTER PROGRAMS 



MAIN: 

SETUP: 

SCAN: 

WAYOUT: 

1************************************************** 
.* * 
.* 
.* 
.* 
.* 

BBSCAN.BAS 
BY ELIAS ROBLES 
AUGUST 15 1988. 

* 
* 
* 
* 

1*******************6****************************** 

GOSUB SETUP 
ON TIMER(5) GOSUB SCAN 
~HILE N < SL :~NO 
GOSUB ~AYOUT 

CLS 
ON KEy(n GOSUB ~AYOUT 
? "CONNECT POWER SUPPLY ANO PRESS ANY KEY TO CONTINUE" 
WHILE NOT INSTAT:~NO 
N=O: OIN BS(6), 0(8), IP(6), OP(6), N(24,24) 
OP(1)=896:OP(2)=897:OP(3)=898:OP(4)=900:OP(5)=901:OP(6)=902 
IP( 1 )=904: IP(2)=905: IP(3)=906: IP(4)=908: IP(5)=909: IP(6)=910 
0(1)=1:0(2)=2:0(3)=4:0(4)=8:0(5)=16:0(6)=32:0(7)=64:0(8)=128 
OUT 899,128:OUT 903,128:OUT 907,155:ooT 911,155 
INPUT "ENTER NAME OF TODAY'S OATA FILE (SPOO): "; 0$ 
OPEN "0",1,0$ 
INPUT "SESSION LENGTH (OO,HH,MM,SS): "; O,H,N,S 
SL= 0*17280 + H*720 + N*60 + INT(S/5) 
? "PRESS'S' TO START OR 'Q' TO QUIT" 
~HILE INKEYS="": ~NO 
AS=INKEYS 
IF UCASES(AS)="Q" THEN GOSUB IIAYOUT 
TIMER ON 
TlMES="00" 
RETURN 

FOR 1=1 TO 6 
L=O 
FOR J=1 TO 8 

NEXT J 

OUT OP(!), D(J) 
FOR K=1 TO 45:NEXT K 
L=L+(lNP(lP(I» ANO D(J» 

OUT OP(I),O 
B$(I)=STRINGS(8"LEN(BINS(L»,"0")+BINS(L) 

NEXT I 
XS=B$(1)+B$(2)+BS(3) 
YS=BS(4)+BS(5)+B$(6) 
? XS,YS 
PRINT# 1, XSiYS 
INCR N 
RETURN 

FOR PORT=1 TO 6 
OUT OP(PORT),O 

NEXT PORT 
TIMER OFF 
CLOSE 
? "N",N 
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BEEP(3) 
END 
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MAIN: 

SETUP: 

DECODE: 

.************************************************** 

.* 

.* 

.* 
• * 
.* 

XPLORE.BAS 
BY ELIAS ROBLES 
AUGUST 15 1988 • 

* 
* 
* 
* 
* 

.************************************************** 

GOSUB SETUP 
GOSUB DECODE 
GOSUB WAYOUT 

CLS 
DIN N(25,25) 
CUNM=D 
CHUNK"nO 
SAN=CHUNK 
N=D 
ON KEY(1) GOSUD WAYOUT 
KEY(1) ON 
INPUT "ENTER NAME OF INPUT FILE "iiS 
INPUT "ENTER NAME OF SURFACE OUTPUT FILE ";0$ 
OPEN "1",1,IS 
OPEN "0",2,0$ 
CLS 
RETURN 

WHILE NOT EOF(1) 
INPUT# 1, DS 
XS=LEFTS(DS,24) 
YS=RIGHTS(DS,24) 
AS="" 
NDX=1 
WHILE INSTR(NDX,XS,"D"»D 

NDY=1 
WHILE INSTR(NDY,YS,"D"»D 

INCR N(lNSTR(NDX,XS,"D") ,INSTR(NDY, YS,"D"» 
AS=AS+STRS(INSTR(NDX,XS,"D"»+STRS(INSTR(NDY,YS,"O"» 

NDY=INSTR(NDY,YS,"O")+1 

WAYOUT: 

WEND 
INCR N 

WEND 
NDX=INSTR(NDX,XS,"OIl)+1 

IF N=SAM THEN 
'PRINT PERCENT OF TERRITORY EXPLORED TO SCREEN AND DISK 
FOR J=1 TO 24 

FOR K=1 TO 24 
IF N(J,K»D THEN INCR CUKM 

NEXT K 
NEXT J 

PRINT# 2, CUKM/(576)*10D 
PRINT SAN, CUMH/(576)*10D 
SAM=SAM+CHUNK 
END IF 

WEND 
RETURN 
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CLOSE 
BEEP(3) 
END 
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MAIN: 

SETUP: 

DECODE: 

GRAPH: 

1*********************.**************************** 
.* * 
.* 
.* 
.* 
.* 

PREFERNS.BAS 
BY ELIAS ROBLES 
AUGUST 15 1988. 

* 
* 
* 
* 

.************************************************** 

GosuB SETUP 
GOSUB DECODE 
GOSUB GRAPH 
GOSUB WAYOUT 

CLS 
DIM M(25,25) 
ON KEY(1) GOSUB WAYOUT 
KEY(1) ON 
INPUT "ENTER NAME OF INPUT FILE "ilS 
INPUT "ENTER NAME OF SURFACE OUTPUT FILE "iO$ 
OPEN "1",1,1$ 
OPEN "0",3,0$ 
CLS 
RETURN 

WHILE NOT EOF(1) 
INPUT# 1, DS 
X$::LEFTS(DS,24) 
Y$::RIGHTS(DS,24) 
AS=IIII 
NDX=1 
WHILE INSTR(NDX,XS,UOII»O 

NDY=1 
WHILE INSTR(NDY,YS,"O"»O 

LOCATE 25·INSTR(NDX,XS,UO"), INSTR(NDY, n, "011)*2: 1"X"i 
INCR M(lNSTR(NDX,XS,"O"),INSTR(NDY,YS,"O"» 
A$::AS+STRS(INSTR(NDX,XS,"O"»+STRS(INSTR(NDY,YS,"O"» 
NDY=INSTR(NDY,n,UO")+1 

WEND 
NDX=INSTR(NDX,XS,"01l)+1 

WEND 
INCR N 
LOCATE 5,60:1 N 

WEND 
RETURN 

S$::"C:\ER\EG\"+O$+".SUR" 
OPEN 1I0",3,SS 
PRINT# 3, S$ 
PRINT# 3, DATES 
PRINT# 3, " W <> E" 
PRINT# 3 " S <> Nil 
PRINT# 3; "FREQUENCY" 
PRINT# 3, "26,26,0,25,0,25" 
PRINT# 3, ".25,.25,1,60,125" 
PRINT# 3, "60,45,3,0" 
FOR X=O TO 25 
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WAYOUT: 

NEXT X 
RETURN 

CLOSE 
BEEP(3) 
END 
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FOR Yc:D TO 25 
PRINT# 3, "(X,Y) 

NEXT Y 



MAIN: 

SETUP: 

DECOOE: 

.************************************** .. ********** 

.* * 

.* 

.* 

.* 

.* 

ACTIVITY.BAS 
BY ELIAS ROBLES 
AUGUST 15 1988. 

* 
* 
* 
* 

.************************************************** 

GOSUB SETUP 
GOSUB DECOOE 
GOSUB WAYOUT 

CLS 
DIM M(25,25) 
CUMM=D 
CHUNK=60 
SAM=CHUNK 
N=D 
ON KEY(1) GOSUB WAYOUT 
KEY(n ON 
INPUT "ENTER NAME OF INPUT FILE ";IS 
INPUT "ENTER NAME: OF SURFACE OUTPUT FILE ";0$ 
OPEN 1I11I,1,IS 
OPEN "0",2,0$ 
CLS 
RETURN 

WHILE NOT EOF(1) 
INPUT# 1, DS 
XS=LEFTS(DS,24) 
YS=RIGHTS(DS,24) 
AS="" 
NDX=1 
WHILE INSTR(NDX,XS,IID"»D 

NDY=1 
WHILE INSTR(NDY,YS,"D"»O 

INCR MClNSTR(NDX,XS,IOIl),INSTR(NDY,YS,"DI» 
AS=A$+STRS(INSTR(NDX,XS,"D"»+STRS(INSTR(NDY,YS,"D"» 

NDY=INSTR(NDY,YS,"D")+1 

WEND 
INCR " 

WEND 
NDX=INSTR(NDX,XS,IIOIl)+1 

IF N=SAM THEN 

END IF 

FOR J=1 TO 24 
FOR K=1 TO 24 

NEXT K 
NEXT J 

IF H(J,K»D THEN 
INCR CUMM 
H(J,K)=D 

END IF 

PRINT# 2, CUMM/(576)~1DD 
GRAFS=STRINGS( INT(CUMH/(576)*1DD), 11*11) 
? GRAFS 
CUMM=D 
SAM=SAM+CHUNK 
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\/END 

\lAYOUT: 
CLOSE 
BEEP(3) 
END 
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APPENDIX 2. COMPARISON OF EXPLORATION CURVES 



COMPARISON BETWEEN DAY #1 AND DAY #2 

OBSERVED PROP EXPECTED PROP ABSOLUTE DIFF 
========================================================= 

0.3245 
0.4327 
0.5982 
0.6004 
0.7329 
0.7329 
0.7572 
0.7660 
0.8013 
0.8124 
0.8256 
0.8764 
0.8764 
0.8764 
0.8940 
0.8940 
0.8940 
0.8940 
0.8940 
0.9426 
0.9470 
0.9470 
0.9470 
1.0000 

0.7197 
0.7950 
0.8222 
0.8222 
0.8473 
0.8724 
0.9289 
0.9477 
0.9561 
0.9686 
0.9707 
0.9770 
0.9770 
0.9812 
0.9812 
0.9812 
0.9854 
0.9854 
0.9854 
0.9854 
0.9854 
0.9958 
0.9958 
1.0000 

KOLHOGOROV·SMIRNOV 0= 0.3951 

0.3952 
0.3623 
0.2239 
0.2217 
0.1144 
0.1395 
0.1717 
0.1817 
0.1547 
0.1563 
0.1451 
0.1006 
0.1006 
0.1048 
0.0871 
0.0871 
0.0913 
0.0913 
0.0913 
0.0428 
0.0383 
0.0488 
0.0488 
0.0000 
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COMPARISON BETWEEN DAY #1 AND DAY #3 

OBSERVED PROP EXPECTED PROP ABSOLUTE DIFF 
=============================================c=========== 

0.0758 
0.3389 
0.3412 
0.4313 
0.4455 
0.5308 
0.6043 
0.6185 
0.6896 
0.6919 
0.7678 
0.8460 
0.8460 
0.8460 
0.8791 
0.8863 
0.8863 
0.9194 
0.9218 
0.9645 
0.9645 
0.9763 
0.9858 
1.0000 

0.7197 
0.7950 
0.8222 
0.8222 
0.8473 
0.8724 
0.9289 
0.9477 
0.9561 
0.9686 
0.9707 
0.9770 
0.9770 
0.9812 
0.9812 
0.9812 
0.9854 
0.9854 
0.9854 
0.9854 
0.9854 
0.9958 
0.9958 
1.0000 

ICOLMOGOROV-SMIRNOV D= 0.6438 

0.6438 
0.4561 
0.4809 
0.3909 
0.4018 
0.3416 
0.3246 
0.3292 
0.2665 
0.2767 
0.2029 
0.1310 
0.1310 
0.1352 
0.1020 
0.0949 
0.0991 
0.0659 
0.0636 
0.0209 
0.0209 
0.0195 
0.0100 
0.0000 
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COMPARISON BETIofEEN DAY #1 AND DAY #14 

OBSERVED PROP EXPECTED PROP ABSOLUTE DIFF 
======================================================c=c 

D.3232 
0.4426 
0.4941 
0.5012 
0.6885 
0.7119 
0.7119 
0.7119 
0.7354 
0.7424 
0.7752 
0.8431 
0.8454 
0.8454 
0.8454 
0.9461 
0.9719 
0.9719 
0.9742 
0.9742 
0.9836 
0.9953 
0.9953 
1.0000 

0.7197 
0.7950 
0.8222 
0.8222 
0.8473 
0.8724 
0.9289 
0.9477 
0.9561 
0.9686 
0.9707 
0.9770 
0.9770 
0.9812 
0.9812 
0.9812 
0.9854 
0.9854 
0.9854 
0.9854 
0.9854 
0.9958 
0.9958 
1.0000 

ICOLMOGOROV·SHIRNOV Dc 0.3964 

0.3965 
0.3523 
0.3280 
0.3210 
0.1588 
0.1604 
0.2169 
0.2358 
0.2207 
0.2262 
0.1955 
0.1339 
0.1315 
0.1357 
0.1357 
0.0350 
0.0135 
0.0135 
0.0111 
0.0111 
0.0017 
0.0005 
0.0005 
0.0000 
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COMPARISON BETWEEN DAY tl2 AND DAY tI3 

OBSERVED PROP !EXPECTED PROP ABSOLUTE DIFF 
========================================================= 

0.0758 
0.3389 
0.3412 
D.4313 
0.4455 
0.5308 
0.6043 
0.6185 
0.6896 
0.6919 
0.7678 
0.8460 
0.8460 
0.8460 
0.8791 
0.8863 
0.8863 
0.9194 
0.9218 
0.9645 
0.9645 
0.9763 
0.9858 
1.0000 

0.3245 
0.4327 
0.5982 
0.6004 
0.7329 
0.7329 
0.7572 
0.7660 
0.8013 
0.8124 
0.8256 
0.8764 
0.8764 
0.8764 
0.8940 
0.8940 
0.8940 
0.8940 
0.8940 
0.9426 
0.9470 
0.9470 
0.9470 
1.0000 

KOLMOGOROV'SMIRNOV 0= 0.2873 

0.2487 
0.0938 
0.2570 
0.1692 
0.2874 
0.2021 
0.1529 
0.1475 
0.1118 
0.1204 
0.0578 
0.0304 
0.0304 
0.0304 
0.0149 
0.0078 
0.0078 
0.0254 
0.0278 
0.0219 
0.0174 
0.0293 
0.0388 
0.0000 
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COMPARISON BETWEEN DAY #2 AND DAY #4 

OBSERVED PROP EXPECTED PROP ABSOLUTE DIFF 
c=======:=================:==:=::::=====:==:===:========= 

0.3232 
0.4426 
0.4941 
0.5012 
0.6885 
0.7119 
0.7119 
0.7119 
0.7354 
0.7424 
0.7752 
0.6431 
0.8454 
0.8454 
0.8454 
0.9461 
0.9719 
0.9719 
0.9742 
0.9742 
0.9836 
0.9953 
0.9953 
1.0000 

0.3245 
0.4327 
0.5982 
0.6004 
0.7329 
0.7329 
0.7572 
0.7660 
0.8013 
0.8124 
0.8256 
0.8764 
0.8?64 
0.8764 
0.8940 
0.8940 
0.8940 
0.8940 
0.8940 
0.9426 
0.9470 
0.9470 
0.9470 
1.0000 

0.0013 
0.0100 
0.1041 
0.0993 
0.D444 
0.0209 
0.0452 
0.0541 
0.0660 
0.0700 
0.0504 
0.0333 
0.0309 
0.0309 
0.0486 
0.0521 
0.0779 
0.0779 
0.0802 
0.0316 
0.0366 
0.0483 
0.0483 
0.0000 

KOLMOGOROV'SMIRNOV On 0.1040 
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COMPARISON BETWEEN DAY #3 AND DAY #4 

OBSERVED PROP EXPECTED PROP ABSOLUTE DIFF 
==:====================================================== 

0.3232 
0.4426 
0.4941 
0.5012 
0.6885 
0.7119 
0.7119 
0.7119 
0.7354 
0.7424 
0.7752 
0.8431 
0.8454 
0.8454 
0.8454 
0.9461 
0.9719 
0.9719 
0.9742 
0.9742 
0.9836 
0.9953 
0.9953 
1.0000 

0.0758 
0.3389 
0.3412 
0.4313 
0.4455 
0.5308 
0.6043 
0.6185 
0.6896 
0.6919 
0.7678 
0.8460 
0.8460 
0.8460 
0.8791 
0.8863 
0.8863 
0.9194 
0.9218 
0.9645 
0.9645 
0.9763 
0.9858 
1.0000 

0.2473 
0.1036 
0.1529 
0.0699 
0.2430 
0.1811 
0.10n 
0.0935 
0.0458 
0.0505 
0.0074 
0.0029 
0.0005 
0.0005 
0.0337 
0.0599 
0.0856 
0.0525 
0.0524 
0.0098 
0.0192 
0.0190 
0.01)95 
0.0000 

KOLMOGOROV-SMIRNOV D= 0.2473 
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APPENDIX 3. ARIMA ANALYSIS 
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24-Oct-89 SPSS-X RELEASE 3_1 FOR VAX/VMS 
09:10:31 U OF A CCIT VAXCLUSTER on RVAX:: VMS VS_1 

VAX 8600 series U OF A CCIT VAXCLUSTER License Number 17074 
This software is functional through June 30, 1990. 

1 DATA LIST FILE=ACT.DAT FREE/ACTIVITY * 
2 BOX-JENKINS VARIABLE ACTIVITY/LAG=72/PLOT=SER,PACF/IDE 

* * * * * * * * * * * * A RIM A A N A L Y SIS * * * * * * * * * * * * 
VARIABLE ACTIVITY CONTAINS THE TIME SERIES 

DEGREE OF NONSEASONAL DIFFERENCING - 0 
DEGREE OF SEASONAL DIFFERENCING - 0 
SEASONAL SPAN - 1 



GRAPHIC DISPLAY OF SERIES FOR VARIABLE ACTIVITY 
DATA • * 
MEAN· • 

OBS DATA 5.00 10.00 15.00 20.00 25.00 
: ......... : ......... : ......... : ......... : ........• : 

1 7.81300 : •••••••••••••.. * 
2 21.1810 : ••..•••••••••••..•••..••••••••••••••••..• * 
3 10.7640 : .••...•••••.•••••.••. * 
4 15.4510 : .••••••••.•••••••••••.••••..•• * 
5 5.72900 : •••••••••. * • 
6 17.8820 : ••••••.•••••••••••••••••••••••••••• * 
7 5.90300 : ••.•••.•••• *. 
8 0.174000 * 
9 O.OOOOOOE+OO * 

10 0.347000 .* 
11 6.77100 : •..••.•••..•• * 
12 21.5280 : •..••. -.-.- •••• -.-- ••• ---------.----------* 
13 1.73600 :--* 
14 O.OOOOOOE+OO * 
15 16.6670 : - - - - - - - - - --'. - - --. --' - - - -•• -•• --* 
169.37500 :-.--.--- •• -•• -----* 
17 9.54900 :------.--.-- •• ----* 
18 0.347000 :* 
19 0.521000 :* 
20 O.OOOOOOE+OO * 
21 O.OOOOOOE+OO * 
22 2.60400 :----* • 
23 9.20100 :-----.--.---.----* 
24 24.4790 : - --. - - - - - - --. - - --. - - - - -. -. -. - - - - - •• - --. - - - - - - - --* 
25 3.81900 :--.----* 
26 8.33300 :--.---------.---* 
27 5.38200 :----.---.-* . 
28 9.02800 :------- •• ---.- ••• * 
29 18.0560 :--.-------- •• ---.-------------.-.--* 
30 12.8470 .---------.-- •. --.- •• -----* 
31 1.38900 :--* 
32 O.OOOOOOE+OO * 
33 0.174000 * 
34 O.OOOOOOE+OO * 
35 1.21500 :-* 
36 O.OOOOOOE+OO * 
37 0.347000 :* 
38 1.38900 :--* 
39 0.868000 :-* 
40 3.64600 ---.--.* 
41 5.20800 :---------* 
42 11.8060 :--.-----.--- •• ----.-.--* 
43 15.2780 :.------.--.- •••• ------.-------* 
44 4.86101) :--------.* 
45 5.0350~ :--.---.--* 
46 17.5350 :-.----------.-.----- .• --.----.----* 
47 5.n900 :--------.-* 
48 O.OOOOOOE+OO * 
49 3.81900 :-----.-* 
50 17.3610 ------- •• --.- ••• ------ •• -----------* 
51 13.0210 ----.------ •••• -•••••••.• * 
52 16_6670 ..• -•• -•• - -•• -..••. - - -.. -- ..•••• * 
53 11.8060 .. -.- .••. -.- ••• -••• -••• * 
54 5.38200 -- .. -.-- •• * 
55 3.64600 •• - .• -* 
56 1.21500 -* 

85 



OBS DATA 5.00 10.00 15.00 20.00 25.00 
......... : ........ -: •........ : ......... : ......... : 

57 1.21500 .* 
58 5.55600 ••.••••••• * 
59 11.8060 ••••••••.•••••••••••••• * 
60 14.4100 ••••••••••••••••••••••••••••• * 
61 18.7500 : ••••.•••••••••••••••••••••••••••••••• * 
62 5.20800 : ••••••••• * 
63 11.1110 : ••••••••••••••••••••• * 
64 9.54900 : ••••••••••.••••••• * 
65 1.04200 :.* 
66 1.73600 : •• * 
67 3.12500 : ••••• * 
68 0.521000 :* 
69 O.OOOOOOE+OO * 
70 5.03500 •.••••••.• * 
71 9.72200 : .••...••••••••••.• * 
72 11.2850 : ••.•••.•••••••••••.••• * 
73 3.64600 : ••••.• * 
74 4.16700 : •••.••• * 
75 13.8890 : •.••••••.•••••••.•••..••.•• * 
76 12.8470 : ••.•••.••••••••••..•••••• * 
77 0.521000 :* 
78 O.OOOOOOE+OO * 
79 1.04200 :.* 
80 O.OOOOOOE+OO * 
81 O.OOOOOOE+OO * 
82 0.521000 :* 
83 9.72200 : .••••••.•••.•••••• * 
84 3.29900 : •..••• * 
85 1.91000 : .•• * 
86 3.64600 : ••..•• * • 
87 9.~4900 : ••••••••.••.•••••• * 
88 13.7150 : ••••••••••••••.•••••••••.• * 
89 9.54900 : ••.•••.••••••..•.• * 
90 3.47200 •.••.•• * 
91 1.04200 :.* 
92 0.694000 :* 
93 1.73600 : •• * 
94 1.91000 : .•• * 
95 6.07600 : •.••.•••.•• *. 
96 9.20100 : ••..••.•••••••••• * 
97 8.50700 : ••••.•••••.•••.• * 
98 18.7500 : ••.•••.•••.•••••••••.••••••••••.•..•• * 
99 17.5350 : ..••••••.••••••.••.•••.••.•••.•••• * 

100 17.0140 •••.•••..••.•••••••••.••••••.•••.• * 
101 4.34000 : •..••••• * 
~02 1.56300 : •• * 
103 0.868000 :.* 
104 0.694000 :* 
105 0.347000 :* 
106 1.04200 :.* 
107 2.08300 : •.• * 
108 15.4510 : ••.•••.•••••••••.•••••••••.••. * 
109 15.1040 : ••••••••••••••••••••.••.•••.• * 
110 21.0070 ••••..•••••••••••••••.•••••••••••••..••••• * 
111 4.68800 : ••..•••• * 
112 13.0210 : •••..••.••.••••.••.••.•.. * 
113 13.8890 : •.••.•••.••.•••.••••••.••.. * 
114 O.OOOOOOE+OO * 
115 2.43100 : .••• * 
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ODS DATA 5.00 10.00 15.00 20.00 25.00 ......... : ..•...... : ..•...... : ......... : ........ -: 
116 2.08300 ••• * 
117 1.91000 ••• * 

MEAN VALUE OF THE PROCESS 
0.66448E+01 

STANDARD DEVIATION OF THE PROCESS 
0.64060E+01 
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AUTOCORRELATION FUNCTION FOR VARIABLE ACTIVITY 
AUTOCORRELATIONS * 
TWO STANDARD ERROR LIMITS • 

AUTO. STAND. 
LAG CORR. ERR. ·1 -.75 -.5 -.25 0 .25 .5 .75 

:-_ .. : ... -: .... : •.. -: .... :- ... : .... : .... : 
0.409 0.091 :***.**** 

2 0.102 0.090 :** 
3 -0.U35 0.090 *: 
4 -0.117 0.090 . **: 
5 -0.212 0.089 ****: 
6 -0.289 0.089 **.***: 
7 -0.279 0.088 * •. ***: 
8 -0.111 0.088 *"': 
9 0.043 0.088 :* 

10 0.084 0.087 · :** 
11 0.176 0.087 · :**.* 
12 0.237 0.086 · :**.** 
13 0.171 0.086 :*** 
14 0.032 0.086 · :* . 
15 -0.100 0.085 -: 
16 -0.185 0.085 *.**: · 17 -0.078 0.084 · **: · 18 -0.113 0.084 · **: · 19 -0.204 0.083 *.**: · 20 -0.079 0.083 · -: · 21 -0.036 0.083 · *: · 22 0.119 0.082 · :**. 
23 0.097 0.082 · :**. 
24 0.082 0.081 · :**. 
25 0.054 0.081 :* · 26 0.052 0.080 · :* 
27 -0.025 0.080 * 
28 -0.053 0.080 *: 
29 -0.067 0.079 · *: 
30 -0.118 0.079 · **: · 31 -0.153 0.078 ***: · 32 -0.197 0.078 *.**: · 33 -0.129 0.077 -*: · 34 0.008 o.on * 
35 0.067 0.076 :* 
36 0_079 0.076 · :**. 
37 0.195 0.075 · :**.* 
38 0.096 0.075 · :**. 
39 -0.008 0.074 * 
40 -0.022 0.074 * 
41 -0.111 0.073 · -: · 42 -0.161 0.073 *"'*: · 43 -0.139 0.072 ***: · 44 -0.047 0.072 · ~: 45 0.020 0.071 * 
46 0.187 0.071 :**.* 
47 0.213 0.070 :**.* 
48 0.250 0.070 :**.** 
49 0.195 0.069 · :**.* 
50 -0.006 0.069 * 
51 -0.062 0.068 · *: 
52 -0.050 0.068 *: · 53 -0.122 0.067 **: 
54 -0.098 0.067 **: 
5!i -0.044 0.066 *: 
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AUTO. STAND. 
LAG CORR. ERR. ·1 ·.75 ·.5 ·.25 0 .25 .5 .75 

: .... : .... : .... : .... : .... : .... : .... : .... : 
56 ·0.017 0.066 * 
57 0.098 0.065 · :**. 
58 0.133 0.065 · :*** 
59 0.173 0.064 · :*** 
60 0.104 0.063 · :-. 61 ·0.052 0.063 · *: . 
62 ·0.113 0.062 **: · 63 ·0.076 0.062 **: · 64 ·0.057 0.061 · *: 
65 ·0.094 0.061 **: 
66 ·0.040 0.060 *: · 67 ·0.022 0.059 * 
68 0.002 0.059 * 
69 0.056 0.058 · :* · 70 0.082 0.057 · :-71 0.064 0.057 · :* · 72 0.047 0.056 · :* 



PARTIAL AUTOCORRELATION FUNCTION FOR VARIABLE ACTIVITY 
PARTIAL AUTOCORRELATIONS * 
TWO STANDARD ERROR LIMITS • 

PR·AUT STAND. 
LAG CORR. ERR.·' ·.75 ·.5 - .25 0 _25 .5 .75 

1 0.409 0.092 
2 -0.079 0.092 
3 -0.058 0.092 
4 -0.088 0.092 
5 ·0.153 0.092 
6 '0.180 0.092 
7 ·0.134 0.092 
8 0.028 0.092 
9 0.046 0.092 

10 ·0.018 0.092 
11 0.091 0.092 
12 0.086 0.092 
13 ·0.009 0.092 
14 ·0.060 0.092 
15 -0.072 0.092 
16 ·0.080 0.092 
17 0.115 0.092 
18 ·0.052 0.092 
19 ·0.141 0.092 
20 0.033 0.092 
21 ·0.119 0.092 
22 0.097 0.092 
23 ·0.070 0.092 
24 0.007 0.092 
25 ·0.033 0.092 
26 ·0.003 0.092 
27 ·0.015 0.092 
28 0.017 0.092 
29 ·0.028 0.092 
30 ·0.085 0.092 
31 -0.097 0.092 
32 ·0.155 0.092 
33 ·0.043 0.092 
34 ·0.016 0.092 
35 ·0.058 0.092 
36 0.013 0.092 
37 0.093 0.092 
38 '0.120 0.092 
39 ·0.126 0.092 
40 -0.026 0.092 
41 -0.083 0.092 
42 -0.099 0.092 
43 0.009 0.092 
44 0.052 0.092 
45 -0.009 0.092 
46 0.098 0.092 
47 0.038 0.092 
48 0.068 0.092 
49 0.012 0.092 
50 '0.142 0.092 
51 0.002 0.092 
52 0.090 0.092 
53 0.011 0.092 
54 0.062 0.092 
55 0.052 0.092 

: .... : .... : .... : .... : .... : .... : .... : .... : 
:*'1:*.**** 

-: 
*: 

**: 
.***: 
****: 
.***: 

:* 
:* 
* 
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:** 

*: 
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:* 
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:** 
*: 
* 

*: 
* 
* 
* 

*: 
-*: 
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-*: 

*; 

* 
*: 
* 
:** 

-: 
.***: 

*: 
**: 
**: 

* 
:* 

* 
:** 
:* 
:* 
* 

***: 
* 
:** 
* 
:* 
:* 
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PR-AUT STAND_ 
LAG toRR_ ERR_ -1 -.75 -.5 -.25 0 .25 .5 .75 

:-_ .. : .... :- ... : .... : .... : .... : .... : .... : 
56 0.009 0.092 * 
57 0.008 0.092 * 
58 -0.001 0.092 * 
59 0.082 0.092 :** 
60 -0.030 0.092 *: 
61 -0.140 0.092 . ***: 
62 0.012 0.092 * 
63 0.051 0.092 :* 
64 0.019 0.092 * 
65 -0.036 0.092 *: 
66 -0.023 0.092 * 
67 0.014 0.092 * 
68 -0.065 0.092 *: 
69 0.011 0.092 * 
70 0.057 0.092 :* 
71 -0.030 0.092 *: 
72 0.030 0.092 :* 
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24·Oct·89 SPSS'X RELEASE 3.1 FOR VAX/VMS 
09:13:40 U OF A CCIT VAXCLUSTER on RVAX:: VMS VS.1 

VAX 8600 series U OF A CCIT VAXCLUSTER License Nurber 17074 
This software is functional through June 30, 1990. 

1 DATA LIST FILE=ACT.DAT FREE/ACTIVITY * 
2 BOX'JENKINS VARIABLE ACTIVITY/DIFF=1/SDIFF=1/LAG=100/ 
3 Q=1/SQ=1/PERIOO=12/EST/ 
4 PLOT=TSER,PACF,DSER,RESID,RACF 

* * * * * * * * * * * * A RIM A A N A L Y SIS * * * * * * * * * * * * 
VARIABLE ACTIVITY CONTAINS THE TIME SERIES 

DEGREE OF NONSEASONAL DIFFERENCING' 1 
DEGREE OF SEASONAL DIFFERENCING' 1 
SEASONAL SPAN' 12 



GRAPHIC DISPLAY OF DIFFERENCED SERIES FOR VARIABLE ACTIVITY 
DEGREE OF NONSEASONAL DIFFERENCING· 1 DEGREE OF SEASONAL DIFFERENCING· 
DATA • * 
MEAN • 

CBS DATA ·30.00 ·10.00 10.00 30.00 50.00 

1 ·15.1040 
2 27.0840 
3 ·11.9790 
4 9.89600 
5 ·21.3550 
6 12.1530 . 
7 5.20800 
8 0.174000 
9 2.25700 

10 0.173000 
11 0.521000 
12 ·0.668000 
13 6.25000 
14 ·19.6180 
15 10.9380 
16 8.85400 
17 3.99300 
18 ·11.6320 
19 ·0.868000 
20 0.174000 
21 ·2.77800 
22 ·5.38200 
23 ·~6.4930 
24 21.0070 
25 ·3.47200 
26 2.43000 
27 ·0.868000 
28 ·7.46600 
29 11.8070 
30 14.9300 
31 ·9.02800 
32 0.451028E·16 
33 12.6740 
34 ·13.0210 
35 ·4.51400 
36 3.47200 
37 12.5000 
38 ·3.81900 
39 0.868000 
40 ·6.42300 
41 ·13.0220 
42 ·5.20800 
43 7.98600 
44 ·0.174000 
45 ·8.15900 
46 18.0560 
47 8.33300 
48 0.521000 
49 ·27.0840 
50 10.2430 
51 ·5.20800 
52 ·3.64600 
53 7.11800 
54 3.12500 
55 ·0.173000 

: ....... _.-: .....•... : •...•.... : .•...••.. : .......•. : 
* .•...•. 

* ..... 

* ......... . 

* ........ . 

* ..... 

......... w .............. * 
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. ..... * 
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* ...... . 

*. 
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* ...•.. 
*. 

............ * 

.* 
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......... -* 
...... * 

* ..... * 

.* 

..... * 
* .• 

* * .. 
* ..... . 

* .. 
.... * 
* * ... 
................ * 
... * 

* * ......................... .. 
....... * 

* .. 
*. 

.... * 
.* 

* 
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ODS DATA -30.00 -10.00 10.00 30.00 50.00 
••..•.... :- ........ : ...•..... : ......... :- ........ : 

56 -0.521000 
57 0.694000 
58 ·'.56300 
59 -1.04100 
60 -11.9790 
61 14.0630 
62 3.81900 
63 0.520000 
64 -3.81900 
65 ·'.21500 
66 -0.347000 
67 1.56200 
68 0.521000 
69 -4.51400 
70 4.51400 
71 -7.98600 
72 6.25000 
73 1.21500 
74 -3.81900 
75 5.20800 
76 8.16000 
77 -5.55600 
78 -3.47200 
79 0.694000 
80 1.04200 
81 -0.347000 
82 -5.03500 
83 9.54800 
84 0.695000 
85 8.50700 
86 -7.11800 
87 -4.68700 
88 -8.50800 
89 3.30000 
90 1.73500 
91 0.174000 
92 -1.38900 
93 0.521000 
94 -3.12500 
95 10.2430 
96 0.347000 
97 -4.34000 
98 -15.1040 
99 8.85400 

100 13.5420 
101 -11.1120 
102 3.12600 
103 -0.174000 
104 0.174000 

MEAN VALUE OF THE PROCESS 
0.73462E·01 

STANDARD DEVIATION OF THE PROCESS 
0.87178E+01 

* 
* *. 

*. * ..... 
....... * 
•. * 
* *. 

*. 
* 

*. 

* ... 

*. 

* .. 
*. 

* .. 

* ... 
*. 

* ... 

.* 
* 
.. * 
.-.* 
.* 

... * 
..• * 

* 
.* 
* 
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*. 
* *. 
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.. * 
* 
* 
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AUTOCORRELATION FUNCTION FOR VARIABLE ACTIVITY 
AUTOCORRELATIONS * 
TWO STANDARD ERROR LIMITS • 

AUTO. STAND. 
LAG CORR. ERR. -1 -.75 -.5 -.25 0 .25 .5 .75 

: .... : .... : .... : .... : .... : .... : .... : .... : 
1 -0.334 0_096 ***.*_.: 
2 -0.082 0.096 **: 
3 -0.147 0.095 .***: 
4 0.160 0.095 :**" · 5 -0.087 0.094 **: 
6 -0.068 0.094 *: 
7 0.046 0.093 :* 
8 -0.041 0.093 *: · 9 0.200 0.092 :**** 

10 -0.114 0.092 **: 
11 0_137 0.091 . :*** · 12 -0.358 0.091 ***.***: 
13 0.155 0.090 :*** · 14 0.026 0.090 :* 
15 0.031 Q./J89 :* 
16 -0.157 0.089 . ***: 
17 0.149 0.088 :*** · 18 0.073 0.088 :* 
19 -0.170 0.087 ***: · 20 0.116 0.087 · :** · 21 -0.128 0.086 ***: · 22 0.191 0.086 · :**.* 
23 ·0.073 0.085 · *: · 24 0.063 0.085 · :* • 
25 -0.200 0.084 *.**: · 26 0.088 0.084 · :** · 27 -0.002 0.083 * 
28 0.006 0.082 * 
29 0.023 0.082 * 
30 0.035 0.081 · :* · 31 0.088 0.081 · :** · 32 -0.140 0.080 ***: · 33 0.048 0.080 · :* · 34 -0.102 0.079 · **: · 35 0.075 0.079 · :* · 36 -0.156 0.078 *-: · 37 0.190 o.on · :**.* 
38 0.003 o.on * 
39 0.014 0.076 * 
40 -0.029 0.076 · *: · 41 -0.032 0.075 · *: · 42 -0.021 0.074 * 
43 -0.059 0.074 · *: · 44 0.090 0.073 · :** · 45 -0.108 0.073 · **: · 46 0.192 0.072 · :..".~ 

47 -0.131 0.071 ***: · 48 0.078 0.071 · :** · 49 0.006 0.070 * 
50 ·0.027 0.069 · *: · 51 -0.063 0.069 *: · 52 0.047 0.068 · :* 
53 0.016 0.067 * 
54 -0.021 0.067 * 
55 0.016 0.066 * 



AUTO. STANO. 
LAG CORR. ERR.·1 ·.75 ·.5· .25 0 .25 .5 .75 

56 ·0.009 0.065 
57 0.058 0.065 
58 ·0.142 0.064 
59 0.110 0.063 
60 0.014 0.062 
61 ·0.036 0.062 
62 ·0.080 0.061 
63 0.070 0.060 
64 ·0.002 0.059 
65 ·0.042 0.059 
66 0.067 0.058 
67 ·0.018 0.057 
68 0.001 0.056 
69 ·0.038 0.056 
70 0.098 0.055 
71 ·0.053 0.054 
72 ·0.041 0.053 
73 0.018 0.052 
74 0.015 0.051 
75 0.001 0.050 
76 0.037 0.049 
77 ·0.044 0.049 
78 0.001 0.048 
79 0.029 0.047 
80 -0.022 0.046 
81 0.003 0.045 
82 ·0.065 0.044 
83 0.083 0.043 
84 0.002 0.042 
85 -0.017 0.040 
86 -0.060 0.039 
87 0.068 0.038 
88 -0.021 0.037 
89 0.025 0.036 
90 -0.039 0.034 
91 0.008 0.033 
92 -0.035 0.032 
93 0.099 0.030 
94 -0.041 0.029 
95 -0.033 0.027 
96 -0.005 0.025 
97 0.016 0.023 
98 0.051 0.021 
99 -0.069 0.019 

100 0.032 0.016 

: .... :- .. -: .... : .... :._--: .... : .... : .... : 
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PARTIAL AUTOCORRELATION FUNCTION FOR VARIABLE ACTIVITY 
PARTIAL AUTOCORRELATIONS * 
TWO STANDARD ERROR LIMITS • 

PR·AUT STAND. 
LAG tORR. ERR.·1 ·.75 ·.5 '.25 0 .25 .5 .75 

1 ·0.334 0.098 
2 ·0.218 0.098 
3 ·0.299 0.098 
4 '0.048 0.098 
5 ·0.135 0.098 
6 '0.206 0.098 
7 ·0.099 0.098 
8 ·0.201 0.098 
9 0.093 0.098 

10 '0.011 0.098 
11 0.177 0.098 
12 '0.255 0.098 
13 ·0.124 0.098 

. 14 ·0.045 0.098 
15 '0.086 0.098 
16 ·0.180 0.098 
17 '0.034 0.098 
18 ·0.050 0.098 
19 ·0.213 0.098 
20 ·0.020 0.098 
21 ·0.115 0.098 
22 0.058 0.098 
23 0.146 0.098 
24 0.036 0.098 
25 ·0.127 U.098 
26 ·0.096 0.098 
27 ·0.107 0.098 
28 ·0.177 0.098 
29 ·0.024 0.098 
30 0.112 0.098 
31 0.006 0.098 
32 ·0.010 0.098 
33 0.030 0.098 
34 0.018 0.098 
35 0.069 0.098 
36 '0.086 0.098 
37 '0.061 0.098 
38 '0.024 0.098 
39 ·0.001 0.098 
40 ·0.064 0.098 
41 '0.014 0.098 
42 0.034 0.098 
43 '0.005 0.098 
44 '0.039 0.098 
45 '0.096 0.098 
46 0.093 0.098 
47 '0.066 0.098 
48 '0.099 0.098 
49 0.111 0.098 
50 '0.001 0.098 
51 ·0.061 0.098 
52 '0.021 0.098 
53 '0.030 0.098 
54 0.065 0.098 
55 ·0.020 0.098 

: .... : .... : .... : .... : .... : .... : .... : .... : 
***.***: 
-: 

**.***: 
*: 

.***: 
****: 

**: 
****: 

:** 
* 
:**** 

*.***: 
**: 
*: 

**: 
****: 

*: 
• tr: 
****: 

* 
**: 

:* 
:*** 
:* 

***: 
**: 

• **: 
****: 

* :** 
* 
* 
:* 

* 
:* 

**: 
*: 
* 
* 

*: 
* 
:* 
* 

*: 
**: 

:** 
*: 

**: 
:** 
* 

*: 
* 

*: 
:* 
* 
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PR'AUT STAND. 
LAG CORR. ERR. ·1 ·.75 ·.5 '.25 0 .25 .5 .75 

: .... : .... : ... -: .... : .... :- ..• : .... : ..• -: 
56 0.086 0.098 :** 
57 0.002 0.098 * 
58 '0.054 0.098 *: 
59 0.003 0.098 * 
60 ·0.019 0.098 * 
61 ·0.027 0.098 *: 
62 ·0.002 0.098 * 
63 ·0.066 0.098 *: 
64 '0.068 0.098 *: 
65 0.038 0.098 :* 
66 0.032 0.098 :* 
67 0.001 0.098 * 
68 ·0.043 0.098 *: 
69 '0.088 0.098 **: 
70 '0.019 0.098 * 
71 0.019 0.098 * 
72 ·0.020 0.098 * 
73 0.055 0.098 :* 
74 '0.040 0.098 *: 
75 ·0.006 0.098 * 
76 0.019 0.098 * 
77 ·0.101 0.098 **: 
78 0.029 0.098 :* 
79 '0.003 0.098 * 
80 '0.024 0.098 * 
81 0.020 0.098 * 
82 '0.031 0.098 *: 
83 0.006 0.098 * 
84 0.039 0.098 :* 
85 0.085 0.098 :** 
86 ·0.070 0.098 *: 
87 ·0.061 0.098 *: 
88 ·0.020 0.098 * 
89 0.012 0.098 * 
90 '0.038 0.098 *: 
91 0.109 0.098 :*. 
92 '0.069 0.098 *: 
93 0.007 0.098 * 
94 0.010 0.098 * 
95 0.017 0.098 * 
96 0.013 0.098 * 
97 0.013 0.098 * 
98 '0.055 0.098 *: 
99 ·0.031 0.098 *: 

100 ·0.009 0.098 * 

---------- --------



INITIAL ESTIMATE OF PARAMETERS 

OVERALL CONSTANT 
O.73462E-01 

LAG MA PARAMETER 
1 O.38287EiOO 

RESIDUAL VARIANCE = 0.66284E+02 

INITIAL VALUES OF PARAMETERS 

OVERALL CONSTANT 
0.73462E-01 

PERTURBATION INCREMENTS 
0.10000 

CONVERGENCE TOLERANCES 
0.10000E-02 

LAG HOVING AVERAGE PARM 
1 0.38287 

PERTURBATION INCREMENTS 
0.10000 

CONVERGENCE TOLERANCES 
0.10000E-02 

LAG SEASOIIAL HA PARM 
12 O.OOOOOE+OO 

PERTURBATI~ INCREMENTS 
0.10000 

CONVERGENCE TOLERANCES 
0.10000E-02 

INITIAL fUNCTIOII VALUE = 6566.1 

NO. OF ITERATIOIIS e 5 FUNCTION VALUE = 0.4692862E+04 
ESTIMATED OVERALL CONSTANT 
0.48462E-01 

LAG HOVING AVERAGE ~AR~ 
1 0.88287E+00 

LAG SEASONAL HA PARM 
12 0.70000E+00 

HO. OF ITERATIOIIS = 10 FUNCTION VALUE = O.4665547E+04 

ESTIMATED OVERALL CONSTANT 
O.60962e-01 

LAG HOVING AVERAGE PARH 
1 O.88287E+OO 
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LAG SEASONAL MA PARK 
12 0.60000E+00 

NO. OF ITERATIONS. 15 FUNCTION VALUE. 0.4633757E+D4 

ESTIMATED OVERALL CONSTANT 
0.60962E·01 

LAG MOVING AVERAGE PARM 
1 0.83287E+00 

LAG SEASONAL MA PARK 
12 0.65000E+00 

NO. OF ITERATIONS. 20 FUNCTION VALUE = 0.4632878E+D4 

ESTIMATED OVERALL CONSTANT 
0.60962E·01 

LAG MOVING AVERAGE PARK 
1 0.83912E+00 

LAG SEASONAL MA PARK 
12 0.64063E+00 

**. OPTIMIZATION SEARCH CONVERGED III 24 ITERATIONS 

NO. OF ITERATIONS = 24 FUNCTION VALUE = 0.4632878E+D4 

ESTIMATED OVERALL CONSTANT 
0.60962E·01 

LAG MOVING AVERAGE PARM 
1 0.83912E+00 

LAG SEASONAL MA PARM 
12 0.64063E+00 

RESIDUAL VARIANCE 
45.870 

NONLINEAR ESTIMATION RESULTS 

PAR LAG ESTIMATE 

CON 0.60962E·01 
MA 1 0.83912 

SMA 12 0.64063 

STD ERROR 

0.48358E·01 
0.53496E·01 
0.81425E·01 

COVARIANCE MATRIX OF THE ESTIMATES 

PAR LAG 

T RATIO 

1.2606 
15.686 
7.86n 

CON 0.23385E·02 0.15988E-03 0.44986E-03 
MA 1 0.15988E-03 0.28618E-02 ·0.22174E·05 

SMA 12 0.44986E-03 ·0.22174E-05 0.66300E·02 

CORRELATION MATRIX OF THE ESTIMATES 

PAR LAG 
CON 1.00000 0.06180 0.11425 

MA 1 0.06180 1.00000 -0.00051 
SMA 12 0.11425 '0.00051 1.00000 
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MEAN VALUE OF RESIDUAL SERIES 
D.26737E+OO 

STANDARD DEVIATION OF RESIDUAL SERIES 
O.66690E+01 

VARIANCE OF RESIDUAL SERIES 
O.44475E+02 
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DIAGNOSTIC CHI-SQUARE STATISTICS FOR RESIDUAL SERIES OF VARIABLE ACTIVITY 

LAG 
6 

12 
18 
24 
30 
36 
42 
48 
54 
60 
66 
72 
78 
84 
90 
96 

100 

CHI-SQ. D.F. 
5.51 3 
8.26 9 

13.92 15 
18.26 21 
28.01 27 
34.77 33 
38.76 39 
45.04 45 
47.26 51 
47.92 57 
64.09 63 
66.62 69 
70.52 75 
73.23 81 
76.17 87 
89.69 93 
95.73 97 

PROS. 
0.1379 
0.5077 
0.5316 
0.6328 
0.4106 
0.3836 
0.4806 
0.4703 
0.6229 
0.7986 
0.4381 
0.5587 
0.6251 
0.7186 
0.7900 
0.5779 
0.5175 
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GRAPHIC DISPLAY OF RESIDUAL SERIES FOR VARIABLE ACTIVITY 
DATA • * 
MEAN· • 

CBS DATA ·16.00 ·6.00 4.00 14.00 24.00 

·15.1650 
2 14.2978 
3 ·0.423717E·01 
4 9.7'9948 
5 ·13.1930 
6 1.02149 
7 6.00420 
8 5.15131 
9 6.51862 

10 5.~8197 
11 5.14401 
12 3.38750 
13 ·0.683483 
14 ·2.94085 
15 0.696196 
16 15.6778 
17 3.36806 
18 ·1.12028 
19 1.42831 
20 1.38398 
21 ·0.270792 
22 ·5.59841 
23 ·20.9570 
24 2.76539 
25 ·3.47131 
26 ·2.06039 
27 ·0.630990 
28 1.61290 
29 6.82931 
30 18.0714 
31 7.59246 
32 6.42886 
33 17.0902 
34 '2.18208 
35 ·16.8221 
36 2.33253 
37 10.6859 
38 5.63298 
39 6.23718 
40 0.122268 
41 ·9.47238 
42 ·5.31163 
43 ·1.38272 
44 ·1.35818 
45 ·1.86716 
46 5.84329 
47 3.57165 
48 13.9943 
49 ·9.81019 
50 ·0.185679 
51 ·4.45717 
52 ·10.7216 
53 ·8.07371 
54 ·2.02156 
55 0.392345E·01 
56 ·0.675822 . 

: .•••..... :- ........ : ...•...•. : .•..•...• : .••...•.. : 
* .............. . 

................... 
* ••......•. * 

* .............. . 
.* 
...... * 
•.... * 
......... 
...... * 
...... e 
..... 

*. 
* ... 

.* ..•.•..•.••.... * 

.... * 
*. 

* ....• 
* ...................... . 

* .. 
*. 

.* 

.* 
* 

.oo.* 

*. 

*. 
* ............... . 

•. * 
........... 
...•............. * 

.......... 

....... * 

.... -_ ............. . 

.. * 

..................... * 

......• 
..... * 

* * ............... .. 
* ....... 

*. 
*. 

* .• 
....... _* 
...... 
.......................... w* 

0 .......... . 

* * .•. 
* ......... . 

* ............. .. 
*. 

* 
*. 
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CBS DATA 

57 ·0.400100 
58 2.78738 
59 0.383941 
60 '4.67267 
61 ·3.72641 
62 5.78578 
63 2.55847 
64 ·6.20562 
65 ·5.89191 
66 ·2.30693 
67 0.677089 
68 0.574161 
69 ·3.98619 
70 3.10888 
71 -6.69066 
72 ·2.62508 
73 ·0.924097 
74 1.05430 
75 4.56052 
76 6.57506 
77 ·0.538251 
78 '2.29522 
79 0.380946 
80 1.30454 
81 '2.17559 
82 '2.78709 
83 1.19090 
84 3.54832 
85 12.2427 
86 4.26632 
87 1.18684 
88 '5.81247 
89 '5.51768 
90 '4.13701 
91 '1.88056 
92 ·2.39704 
93 ·3.64639 
94 ·6.86170 
95 6.68538 
96 7.52886 
97 7.85219 
98 ·12.4241 
99 ·3.16542 

100 6.46324 
101 ·6.15969 
102 '1.78788 
103 ·0.716034 
104 '1.01249 

'16.00 ·6.00 4.00 14.00 24.00 
......•.• : .. -_ ... -.-:-- .... _ ... : ........• : ... ----_.: 

* .-.. 
* * ..... 

* ..• 
••...• * 
.-.* 

* .... . 
* .... . 

*'. -.* 
.* 

* ... ...• 
* ........... . 

* .. 
*. 
.* 
..... * 
....... * 

*. 
*. 

* 
.* 

*'. * .. 
.* 
... * 

............ * 

.... * 

.* 
* ..... 
*_ ....• 

e __ _ 

*. 
*'. * ... 

* •..... 
....... * 
............ -* 
.............. * 

* ....... -_ .......... . 
* .. 

........ 
* ..... 

*. 
*. 
*. 
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RESIDUAL AUTOCORRELATION FUNCTION FOR VARIABLE ACTIVITY 
AUTOCORRELATIONS * 
TWO STANDARD ERROR LIMITS • 

AUTO. STAND. 
LAG CORR. ERR. -1 -.75 -.5 -.25 0 .25 .5 .75 

:- ... : .... :- ... : .... : .... : .... : .... : .... : 
1 0.164 0.096 :*** . 
2 ·0.012 0.096 * 
3 ·0.090 0.095 **: 
4 0.003 0.095 * 
5 ·0.090 0.094 **: 
6 ·0.085 0.094 **: 
7 ·0.108 0.093 **: 
8 0.031 0.093 :* 
9 0.075 0.092 :* 

10 ·0.005 0.092 * 
11 ·0.063 0.091 *: 
12 0.042 0.091 :* 
13 -0.066 0.090 *: 
14 ·0.008 0.090 * 
15 ·0.059 0.089 *: 
16 ·0.063 0.089 *: 
17 0.133 0.088 :*** . 
18 0.123 0.088 :** 
19 ·0.101 0.087 · **: 
20 0.040 0.087 · :'" · 21 ·0.002 0.086 * 
22 0.115 0.086 · :** 
23 ·0.072 0.085 *: · 24 '0.047 O-J1S'i · *: · 25 ·0.125 0.084 · **: 
26 0.045 0.084 · :* · 27 0.015 0.083 * 
28 0.028 0.082 · :* · 29 0.147 0.082 · :*** 
30 0.164 0.081 :*** 
31 ·0.037 0.081 · *: · 32 ·0.130 0.080 ***: · 33 ·0.130 0.080 ***: · 34 ·0.021 0.079 .. 

. 35 ·0.071 0.079 · *: · 36 '0.055 0.078 · *: · 37 0.115 0.077 · :** 
38 0.087 0.077 · :**. 
39 0.007 0.076 * 
40 '0.028 0.076 · *: · 41 ·0.044 0.075 · *: · 42 '0.018 0.074 * 
43 ·o.on 0.074 · **: · 44 ·0.025 0.073 * 
45 ·0.068 0.073 · *: · 46 0.128 0.072 · :*** 
47 0.018 0.071 * 
48 0.072 0.071 · :* · 49 0.035 0.070 :* · 50 ·0.079 0.069 **: · 51 ·0.039 0.069 · *: · 52 0.031 0.068 :* · 53 ·0.024 0.067 * 
54 0.020 0.067 * 
55 0.003 0.066 * 
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AUTO. STAND 
LAG CORR. ERR. ·1 ·.75 -.5 -.25 0 .25 .5 .75 

: .... : .... : .... : .... : .... : .... :-_ .. :-._-: 
56 -0.005 0.065 * 
57 -0.037 0.065 . *: . 
58 -0.010 0.064 * 
59 0.032 0.063 . :* . 
60 -0.016 0.062 * 
61 -0.144 0.062 *.*: . 
62 ·0.168 0.061 *.*: • 
63 0.025 0.060 * 
64 0.039 0.059 · :*. 
65 '0.021 0.059 * . 
66 0.097 0.058 · :** 
67 0.074 0.057 · :*. 
68 0.017 0.056 * 
69 '0.007 0.056 * 
70 0.016 0.055 * 
71 -0.012 0.054 * 
72 '0.044 0.053 .*: . 
73 ·0.039 0.052 .*: • 
74 '0.059 0.051 .*: . 
75 0.033 0.050 · :*. 
76 0.064 0.049 · :*. 
77 '0.012 0.049 * 
78 0.000 0.048 * 
79 0.009 0.047 * 
80 -0.004 0.046 * 
81 0.021 0.045 * 
82 -0.069 0.044 .*: . 
83 0.011 0.043 * 
84 -0.008 0.042 * 
85 '0.024 0.040 * 
86 -0.032 0.039 .*: . 
87 0.005 0.038 * 
88 0.021 0.037 .*. 
89 0.021 0.036 .*. 
90 -0.041 0.034 *: • 
91 ·0.030 0.033 *:. 
92 ·0.029 0.032 *:. 
93 0.090 0.030 .:.* 
94 -0.028 0.029 *:. 
95 -0.032 0.027 *:. 
96 -0.035 0.025 *:. 
97 0.023 0.023 .*. 
98 0.029 0.021 .:* 
99 -0.038 0.019 *:. 

100 0.013 0.016 .*. 



24·0ct·89 SPSS·X RELEASE 3.1 FOR VAX/VMS 
09:26:23 U OF A CCIT VAXCLUSTER on RVAX:: VMS VS.1 

VAX 8600 series U OF A CCIT VAXCLUSTER License Nlltber 17074 
This software is functional through June 30, 1990. 

1 DATA LIST FILE=ACT.DAT FREE/ACTIVITY * 
2 SOX·JENKINS VARIABLE ACTIVITY/DIFF=1/SDIFF=1/LAG=100/ 
3 Q=1/SQ=1/PERIOD=12/ORIGIN=·24/ 
4 LEAD=12/FQ(.83912)/FSQ(.64063)/FORECAST/ 
5 PLOT=FCF,FLF,CIH 

* * * * * * * * * * * * A RIM A A HAL Y SIS * * * * * * * * * * * * 
VARIABLE ACTIVITY CONTAINS THE TIME SERIES 

DEGREE OF NONSEASONAL DIFFERENCING· 1 
DEGREE OF SEASONAL DIFFERENCING· 1 
SEASONAL SPAN· 12 

FINAL PARAMETER VALUES USED IN FORECASTING 
OVERALL CONSTANT 
O.OOOOOE+OO 

LAG MOVING AVERAGE PARM 
1 0.83912E+00 

LAG SEASONAL MA PARM 
12 O.64063E+00 

LAG AUGMENTED AR PARM 
1 0.10000E+01 

12 0.10000E+01 
13 ·0.10000E+01 

FORECAST ERROR SUMMARY TABLE 
FORECAST FORECAST 

LEAD VARIANCE S.E. 
1 46.574 6.8245 
2 47.779 6.9122 
3 48.984 6.9989 
4 50.190 7.0845 
5 51.395 7.1691 
6 52.601 7.2526 
7 53.806 7.3353 
8 55.012 7.4170 
9 56.217 7.4978 

10 57.422 7.5n8 
11 58.628 7.6569 
12 59.833 7.7352 

--------------

IMPULSE 
RESP FUNC 

0.16088 
0.16088 
0.16088 
0.16088 
0.16088 
0.16088 
0.16088 
0.16088 
0.16088 
0.16088 
0.16088 
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FORECASTS AT INCREASING LEAD FOR VARIABLE ACTIVITY 
STARTING ORIGIN AT 93 
LEAD TIME 1 2 3 4 5 
08S DATA 
93 1.7360 
94 1.9100 3.0845 
95 6.0760 7.8609 8.0499 
96 9.2010 7.0071 7.2943 7.4832 
97 8.5070 3.9549 3.6019 3.8891 4.0781 
98 18.750 5.5003 4.7679 4.4150 4.7021 4.8911 
99 17.535 12.259 10.127 9.3948 9.0419 9.3290 

100 17.014 14.815 13.966 11.834 11.102 10.749 
101 4.3400 9.1383 8.7845 7.9357 5.8041 5.0717 
102 1.5630 6.0649 6.8368 6.4830 5.6342 3.5026 
103 0.86800 3.9878 4.7120 5.4840 5.1302 4.2814 
104 0.69400 1.5561 2.0580 2.7823 3.5542 3.2004 
105 0.34700 1.7246 1.8633 2.3652 3.0895 3.8614 
106 1.0420 3.6681 3.8898 4.0285 4.5304 5.2546 
107 2.0830 7.9237 8.3462 8.5679 6.1066 9.2085 
108 15.451 7.7441 8.6838 9.1063 9.3279 9.4666 
109 15.104 6.5531 5.3132 6.2529 6.6754 6.8970 
110 21.007 12.131 10.755 9.5151 10.455 10.877 
111 4.6880 16.086 14.658 13.282 12.043 12.982 
112 13.021 15.159 16.993 15.565 14.189 12.949 
113 13.889 6.3971 6.7410 8.5748 7.1468 5.n11 
114 O.OOOOOE+OO 5.1300 3.9247 4.2687 6.1024 4.6744 
115 2.4310 3.1883 4.0136 2.8083 3.1522 4.9860 
116 2.0830 1.7676 1.8895 2.7148 1.5095 1.8535 
117 1.9100 1.8905 1.8397 1.9616 2.7869 1.5816 
118 3.5305 3.5273 3.4766 3.5984 4.4237 
119 6.9015 6.8983 6.8476 6.9694 
120 12.192 12.189 12.139 
121 10.510 10.507 
122 15.324 
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LEAD TIME 6 7 8 9 10 
ODS DATA 
99 17.535 9.5180 

100 17.014 11.036 11.225 
101 4.3400 4.7188 5.0059 5.1949 
102 1.5630 2.7702 2.4173 2.7045 2.8934 
103 0.86800 2.1497 1.4174 1.0644 1.3516 1.5406 
104 0.69400 2 3516 0.21998 '0.51237 ·0.86532 ·0.57816 
105 0.34700 3.5076 2.6588 0.52717 ·0.20517 '0.55812 
106 1.04<'0 6.0266 5.6728 4.8240 2.6923 1.9600 
107 2.0830 9.9327 10.705 10.351 9.5021 7.3704 
108 15.451 9.9685 10.693 11.465 11.111 10.262 
109 15.104 7.0357 7.5376 8.2619 9.0338 8.6800 
110 21.007 11.099 11.238 11.739 12.464 13.236 
111 4.6880 13.405 13.626 13.765 14.267 14.991 
112 13.021 13.889 14.311 14.533 14.672 15.174 
113 13.889 4.5312 5.4709 5.8934 6.1150 6.2537 
114 O.OOOOOE+OO 3.2987 2.0588 2.9985 3.4210 3.6426 
115 2.4310 3.5580 2.1823 0.94241 1.8821 2.3046 
116 2.0830 3.6872 2.2592 0.88350 '0.35638 0.58327 
117 1.9100 1.9255 3.7593 2.3313 0.95560 ·0.28429 
118 3.2184 3.5624 5.3961 3.9681 2.5924 
119 7.7948 6.5895 6.9334 8.7672 7.3391 
120 12.260 13.086 11.880 12.224 14.058 
121 10.457 10.578 11.404 10.198 10.542 
122 15.321 15.270 15.392 16.217 15.012 
123 11.078 11.075 11.024 11.146 11.972 
124 14.654 14.651 14.600 14.722 
125 9.5728 9.5697 9.5189 
126 2.9977 2.9945 
127 3.1561 
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LEAD TIME 11 12 
OBS DATA 
104 0.69400 ·0.38920 
105 0.34100 ·0.27096 ·8.19987E·02 
106 1.0420 1.6071 1.8942 
107 2.0830 6.6381 6.2851 
108 15.451 8.1305 7.3981 
109 15.104 7.8312 5.6996 
110 21.007 12.882 12.033 
111 4.6880 15.763 15.409 
112 13.021 15.898 16.670 
113 13.889 6.7556 7.4799 
114 O.OOOOOE+OO 3.7813 4.2832 
115 2.4310 2.5262 2.66.~9 
116 2.0830 1.0058 1.2274 
117 1.9100 0.65537 1.0779 
118 1.3525 2.2922 
119 5.9635 4.7236 
120 12.630 11.254 
121 12.376 10.948 
122 15.356 17.189 
123 10.766 11.110 
124 15.547 14.342 
125 9.6408 10.466 
126 2.9438 3.0656 
127 3.1529 3.1022 
128 2.1990 2.1958 
129 2.1830 

FORECASTS FOR VARIABLE ACTIVITY WITH ORIGIN AT 117 AND 95.OOX CONFIDENCE LIMITS 

OBS LOW CONF LIM FORECAST UPP CONF LIM STAND ERROR 

118 ·9.8482 3.5305 16.909 6.8245 
119 ·6.6492 6.9015 20.452 6.9122 
120 ·1.5282 12.192 25.913 6.9989 
121 ·3.3779 10.510 24.399 7.0845 
122 1.2695 15.324 29.378 7.1691 
123 -3.1397 11.078 25.296 7.2526 
124 0.27364 14.654 29.034 7.3353 
125 -4.9674 9.5728 24.113 7.4170 
126 -11.701 2.9977 17.696 7.4978 
127 ·'1.699 3.1561 18.011 7.5778 
128 ·12.812 2.1990 17.209 7.6569 
129 -12.981 2.1830 17.347 7.7352 



GRAPHIC DISPLAY OF FORECASTS FOR VARIABLE ACTIVITY 
DEFINITIONS OF SYMBOLS 
DATA • * 
FORECASTS AT LEAD 1· + 
ESTIMATED 95X CONFIDENCE LIMITS • 
FORECAST FUNCTION • 0 
OVERLAP • X 

OBS. DATA '6.00 4.00 14.00 24.00 34.00 
: .....•... : ...••...• : .. __ .... -: ........ -: ..... __ .. : 

94 1.91000 *+ 
95 6.07600 * + 
96 9.20100 + * 
97 8.50700 + * 
98 18.7500 + X 
99 17.5350 + * 

100 17.0140 + * 
101 4.34000 * + 
102 1.56300 * + 
103 0.868000 * + 
104 0.694000 *+ 
105 0.347000 * + 
106 1.04200 * + 
107 2.08300 * + 
108 15.4510 + * 
109 15.1040 + * 
110 21.0070 + * 
111 4.68800 * + 
112 13.0210 * + 
113 13.8890 + * 
114 G.OOOOOOE+OO * + 
115 2.43100 *+ 
116 2.08300 X 
117 1.91000 X 
118 3.53045 F : 0 
119 6.90148 F : 0 
120 12.1924 F • 0 
121 10.5104 F 0 
122 15.3237 F 0 
123 11.0783 F 0 
124 14.6537 F 0 
125 9.57282 F 0 
126 2.99766 F 0 
127 3.15607 F 0 
128 2.19896 F 0 
129 2.18298 F 0 

III 
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