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Abstract. The concept of the orienting reflex is discussed from the 
historical perspective. The following conclusions are proposed: (1) in 
accordance with the spirit of Pavlov's concept the orienting reflex is 
a response to a stimulus unexpected in a given situation; (2) the reflex 
consists of targeting, arousal and perceptual components; (3) the reflex 
has three stages, which in the targeting component are represented by 
the movement towards the stimulus, the maintenance of fixation of the 
stimulus and the return movement; (4) when the reflex is evoked by 
a new stimulus, perceptual learning occurs in its second stage. The 
non-orienting targeting reflexes are reviewed. The pretrigeminal cat is 
discussed as a model for investigation of the ocular orienting reflex. 

This lecture allows me an opportunity to look back to my first years 
of work, when under Jerzy Konorski I studied salivary conditioned 
reflexes in a Pavlovian chamber. My teacher, who introduced the con- 
ditioned-reflex method to the analysis of motor activity in dogs, was 
in his turn a pupil of Pavlov, in whose laboratory he worked for two 
years in the early nineteen thirties. 

The concept of the orienting reflex originated in Pavlov's laboratory 
at the beginning of this century. Pavlov mentioned it for the first 
time in a lecture delivered in Petersburg in 1910 (13). Let us recall the 

* The lecture delivered at the round table "Analysis of Pavlovian conditioning" 
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annual meeting of the European Brain and Behaviour Society in ,Marseille, 
September 1986. 



genesis of this concept. It was found that one of the factors disturbing 
salivary conditioned reflexes in dogs were accidental stimuli (12, 13). 
They were either completely new stimuli for an animal or new stimuli 
in a given situation. Thus they all had a common feature of being 
unexpected. These were frequently auditory stimuli, mainly accidental 
sounds. Chiefly for that reason Pavlov built his famous "silent tower", 
where experimental chambers were sound-proof. 

A disturbing stimulus of that type evoked a characteristic movement 
of the eyes, head and sometimes of the whole body in the stimulus 
direction, which manifestly facilitated stimulus perception. Pavlov called 
such response a "what is it? reflex" and "orienting reflex". Each of these 
terms stressed its different characteristic and neither was especially 
fitting, for their literal meaning was broader than the described pheno- 
menon (see below). With time, the second term gained acceptance. 

In Pavlov's laboratory interest was taken mainly in the orienting 
reflexes evoked by the above mentioned stimuli devoid of definite bio- 
logical significance, which were thus called "indifferent". However, the 
orienting reflex can be also evoked by an unexpected stimulus having 
a strong biological effect. In such case two situations may occur. In the 
first, it is owing to the orienting response that the stimulus is recognized 
as biologically significant and thus the orienting reflex constitutes the 
first stage of a chain reflex. For instance, due to the orienting reflex 
the animal recognizes a predator and the escape reflex follows in result. 
In the second situation, the stimulus elicits two responses at the same 
time. For example, the application of a painful stimulus to the animal's 
paw causes, concurrently with the flexion response, an orienting res- 
ponse consisting in turning of the head towards the stimulated place 
on the skin. 

Notably, in the latter case the orienting reflex may disturb the 
course of its non-orienting counterpart. For example, it can inhibit or 
disinhibit the conditioned salivary reflex. This can be illustrated with 
an example from Pavlov's laboratory. After an elaboration of the sali- 
vary conditioned reflex to a definite stimulus, a new similar stimulus 
is applied, which elicits an orienting response and is unreinforced in 
order to produce conditioned differentiation. Owing to the phenomenon 
of generalization, this stimulus also causes salivation, but as a result 
of the inhibitory influence of the orienting reflex it is poor on the first 
trial. However, despite the lack of reinforcement the salivation gradu- 
ally increases within the following trials (Table I). A gradual habitua- 
tion of the orienting reflex enables a fuller manifestation of the gene- 
ralization phenomenon. That process can be observed both when the 
new stimulus is applied several times during one experimental session 



The liberation of generalization of the conditioned salivary reflex 
from external inhibition in the course of habituation of the orienting 
reflex. A reaction to a new, nonreinforced stimulus (square) incre- 
ases for three consecutive days. The salivation (in divisions of 
scale) was recorded during 30 s of stimulus action. The extract from 
experiment in Pavlov's laboratory in 1916. (From Pavlov, 12). 

Time Stimulus Salivation Reinforce- 
ment 

28 Nov. 13.20 circle 14 Yes 
13.53 - - 

square 3 
- -- - - - -- -- - - 

no 
---- 

29 Nov. 14.44 circle 16 Yes 
15.00 square 7 no 

- - - - - - - - --- - - - - - - - - - - 
30 Nov. 13.24 circle 15 Yes 

13.32 square 10 
- - -- -- - - - - 

no 

and when it is applied only once in each consecutive experimental 
session (Table I). Only within a number of trials is the salivary response 
to the unreinforced stimulus gradually extinguished. 

In Pavlov7s laboratory interest was focused on the motor, directional 
component of the orienting reflex. In later years, chiefly in the first 
decades after the second World War, a number of unspecific elements 
of the orienting reflex were described: pupillary dilatation, EEG arou- 
sal, psychogalvanic response, increase of cerebral blood flow, etc. For 
that complex of reactions I propose the name of "arousal component" 
of the orienting reflex. It should be stressed that it is very strong in 
the orienting reflex. The arousal level is sufficient to prepare the animal 
for rapid activity, should the unexpected stimulus be biologically 
important. 

The intensity of the arousal component and easy recording of some 
of its elements turned attention away from the directional component 
of the orienting reflex. For example, in some studies of the habituation 
of the orienting reflex only the EEG arousal was recorded. 

Moreover, fascination with the arousal component is probably one 
of the reasons why many consider the orienting reflex as unspecific 
(see 16, 17). It is emphasized that the reflex is produced by stimuli of 
any modality (visual, auditory, etc.) and by both the appearance and 
disappearance of the stimulus. However, the directional component of 
the orienting reflex is certainly specific. While the magnitude of the 
arousal component increase with the stimulus intensity, the direction 
and magnitude of the directional component depends on the stimulus 
location. For example, a strong visual stimulus appearing at a small 



distance from the fixation point of the eye, causes a large arousal but 
only a slight eye movement, which brings the stimulus image with pre- 
cision to the center of the retina (26). 

There also exists another ambiguity. The directional response, facili- 
tating stimulus perception, obviously occurs not only to an unexpected 
stimulus. For that reason some authors (see 2, 8) believe that the term 
orienting reflex should have a broad meaning. 

In my opinion, the way out of these conceptual and terminological 
difficulties was introduced by Konorski in 1967 who used the broad 
term "targeting reflex", defined as adjusting lower levels of a given 
sensory system for the best reception of the stimulus, mainly owing 
to the action of suitable effectors connected with the given receptive 
area (6). For example, the ocular targeting reflexes consist in turning 
the eyes in the direction of a given object (fixation reflex), their con- 
vergence and accommodation. 

Utilizing this term and taking into consideration the original mean- 
ing of the orienting reflex, I propose to distinguish three components 
in it: the "targeting", "arousal" and "perceptual" components. Treating 
the last as a reflex component is arbitrary, as central perceptual pro- 
cesses are not, for the most part, a direct link of an overt reaction. 

I also suggest that three stages should be distinguished in the orient- 
ing reflex. As they are clearly visible in its targeting component (Fig. I), 
I shall call them "the stage of movement towards the stimulus", "the 
stage of maintenance of the stimulus fixation" and "the stage of return 
movement". 

Let us analyse some properties of the orienting reflex in such se- 
quence. One can assume that a stimulus appearing at  the periphery of 

Fig. 1. Orienting fixation reflex in the cat. The stimulus was an oscillating hori- 
zontally a horizontal light slit (marked with a fine line). Ordinate: inclination of 
the eye; the zero point refers to the mean position of the eye of pretrigeminal 
cat at rest. The reflex was recorded from the right eyeball while the left was 
occluded. In the position of rest the eye was inclined upwardly about 2". During 
maintenance of fixation the upward overshoot of the eye was about 5". The 
return movement appeared about 1 s after stimulus disappearance. The reflex 

was recorded in the acute pretrigeminal cat. (From Zernicki, 24). 



the sensory field must be immediately classified as belonging or not tr, 
a set of stimuli expected in a given situation. If the stimulus is un- 
expected, the orienting reflex is bound to appear, if is expected, the 
reflex will not follow. The orienting reflexes to expected stimuli are 
presumably inhibited. In this inhibition the prefrontal cortex would 
play an important role. In the prefrontal animal the resistance to habi- 
tuation of the orienting reflex is dramatically increased (23) and this 
reflex can appear to conditioned stimuli (21). 

During the second stage the animal presumably estimates whether 
or not the unexpected stimulus is already known, i.e. if it has appeared 
in its life. Consistently with Konorski's concept of gnostic units (6) and 
to some extent with Sokolov's concept of neuronal models (14, 17-20) 
one can assume that the properties of the stimulus are compared with 
the existing perceptual units for the familiar stimuli. When the per- 
ceptual unit is absent a new one can be formed (see 6). The termination 
of this perceptual l e a r n ~ g  can be a signal that the return movement 
should occur, even if the stimulus is still acting. 

If the same stimulus reappears after a short time, it is to a degree 
expected and the orienting reflex is weaker, often as much as by half. 
With repetition of the stimulus, the habituation process intensifies. It 
can be assumed that the perceptual unit, well established due to repe- 
tition of the stimulus, can be activated even from the peripheral part 
of the sensory field. 

Targeting reflexes, obviously, appear not only as a component of 
the orienting reflex. However, in the conditioned-reflex experiments 
the non-orienting targeting reflexes are observed infrequently. In Pav- 
lovian experimental situations some dogs before turning their head to 
the food bowl take a ritual look at the conditioned stimulus, such as 
a moving metronome. Strong targeting reflexes are typical in instru- 
mental conditioning experiments with dogs and cats if the stimulus 
source is distant from the place of food presentation (4, 9). In birds the 
targeting reflex appears during classical conditioning - a pigeon ap- 
proaches and finally pecks at  the source of the conditioned light sti- 
mulus, the so called autoshaped response (1, 2, 5). Finally, an instru- 
mental conditioned targeting reaction can be easily elaborated by food 
reinforcement (15). It must be stressed that the non-orienting targeting 
reflex is usually accompanied by only a small arousal component and 
rather not by perceptual learning. In addition, it is controlled by a de- 
finite drive (e.g., hunger) and thus it does not habituate. In other words, 
its biological sense is different from that of the orienting reflex. 

The non-orienting targeting reflexes can appear in long sequences. 
An animal watching its adversary during a fight may serve as example. 



Such reflexes often constitute an element of complex behavior, which 
comprises also locomotor and manipulatory reflexes. They are directed 
by a definite program, controlled in its turn by a definite drive (curio- 
sity, hunger, fear, etc). Characteristic long sequences'of targeting re- 
flexes are typical for human behavior. They as a rule serve to fill the 
memory store (e.g., reading a book) or have just hedonistic value (e.g., 
looking at a sculpture, see 22). 

The targeting reflexes are more difficult for recording than loco- 
motor and manipulatory reflexes. It is particularly hard to study the 
easily habituating targeting component of orienting reflexes. However, 
recently metodological progress has been made in this field. Eye move- 
ments, the essential element in many targeting reflexes, can be now 
recorded with accuracy in free-moving animals. 

In our Laboratory to study the ocular fixation component of the 
orienting reflex we have been using the pretrigeminal cat, which is 
obtained by transecting the brain stem just in front of the roots of 
trigeminal nerves (24). Although the fixation reflex is less exact than 
in an intact animal, it can be more conveniently analyzed in that pre- 
paration (see 24). It is, among other things, undisturbed by other stimuli, 
the absence of pain stimuli being of special importance. The pretrige- 
minal preparation is, in a sense, a perfect Pavlovian "silent tower", in 

Fig. 2. Orienting ocular following reflexes in the acute pretrigeminal cat. The 
stimulus was the horizcmtal black stick (1x4') moving upwards along the ver- 
tical meridian or parallel up to 40' in the nasal or temporal hemifield. Averaged 
four reflexes for each locus are indicated with heavy line and the presentation 
of stick with fine line. Small oscillations represent mainly the noise of the re- 
cording system. Small numbers indicate the order of four reflexes series. The 
resting position of the eye was continuously low, occasionally even lower than the 
stimulus onset position. Other explanations as in Fig. 1. (From Michalski e t  al., 11). 



this case adapted to the study of the ocular fixation reflex. The reflex 
presented in Fig. 1 was recorded in the pretrigeminal preparation. We 
usually present a stimulus that moves across the visual field; it is much 
stronger than a motionless one. If the stimulus moves slowly with 
a constant speed, the eyeballs in the fixation stage follow it in a similar 
manner: the following reflex appears. Figure 2 shows orienting following 
reflexes produced by a small object moving vertically through different 
parts of the pretrigeminal cat's visual field. Due to the absence of 
horizontal eye movements (their coordination center lies posterior to 
the brain stem transection), the vertical reflex is also produced by a sti- 
mulus moving in the lateral visual field. 

Using the pretrigeminal preparation we have investigated some pro- 
perties of the fixation component of the orienting reflex in the cat 
(11, 25) and the effects of cerebral (see 24) and "environmental" (7) lesions. 
Figure 3 shows an example of our results. The lack of visual experience 

shift 

Fig. 3. A comparison of properties of orienting following reflex in normally 
reared cats (open circles) and cats deprived visually during the first six months 
of life (solid circles). Recording was done in acute pretrigeminal preparations. 
The stimulus was the horizontal black stick (1x4') or the light slit of the same 
size moving upwards or downwards at different distances from the vertical me- 
ridian. Mean data for all cats and for four stimulus varieties (slit and stick, 
upward and downward movement). For the vertical shift of the following move- 
ments (last graph) negative values represent the lag of the eye movement in 
respect to the stimulus movement. Other explanations as in Fig. 1. (From Kossut 

et al., 7). 



in early life (the cats were visually deprived during the first six months) 
has impaired the following reflex. Its amplitude and speed are de- 
creased and its latency increased. Also, the shift between the image 
position and the vertical meridian of the retina is increased. 

It should be added that the pretrigeminal cat is also convenient for 
the study of the accommodation component of the orienting reflex (3) 
and of some elements of its arousal component. 
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