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THE ANGLE VELOCITY OF EYE MOVEMENTS. BY ASSOCIATE PROFESSOR RAYMOND DODGE AND MR. THOMAS SPARKS CLINE. Wesleyan University.



Until recent]}' the question of the angle velocity of the eye, as the point of regard moves over the field of vision, was a very minor problem of merely physiological interest. So far as the authors can discover, only two experimental answers were published previous to the year 1898. These differed widely in their numerical values and were regarded at best as rather curious but insignificant fragments of knowledge. The problem first assumed ps\ chological importance when it was pointed out bv Erdmann and Dodge that the movements of the eve in reading and writing are rhythmically broken by periods of rest which constitute the moments of significant stimulation. Out of this advance in the physiology of vision has developed a constantly growing group of psychological questions which onl}' a quantitative knowledge of the eye movements can answer. For any adequate analysis of the complex processes involved in reading it became necessary not only to know the number of the alternating periods of movement and rest, but their lime values as well. The explanation of the general failure to apprehend the periods of eye movement either as breaks in visual perception or as a fusion of the field of vision demands an accurate knowledge of their duration. Moreover, the problems of the visual perception of motion, binocular coordination, and fatigue of the eye muscles, all presuppose a knowledge of the eye movements which at present is conspicuously lacking. In view of all this the present paper would present first of all' an exact method of recording the movements of the eyes, and secondly, a group of what we may justly claim to be the first M5



146 ltAYMOND DODGE AND THOMAS SPAIiKS



CLINE.



accurate measurements of the angle velocity of the eye movements under normal conditions. METHOD AND APPARATUS.



When the problem of the velocity of the eye movements first assumed psychological importance two methods had already been proposed for its measurement. Of these the method of Volkmann ' was manifestly inaccurate. He reckoned the time of one movement of the eyes by dividing the total time during which the eyes moved rapidly back and forth between two fixation points, by the number of movements. This would obviously include not only the time of movement, but the interval of rest as well. The other method was devised by Lamansky' under the direction of Ilelmholtz. While it gave results only in large units of measurement, it was unquestionably the better of the methods available, and as modified by Dodge gave more nearly accurate results than had hitherto been obtained. The method in brief was as follows: As the eye moved through a given arc a pencil of light was flashed into it at regular intervals. The number of flashes seen during the movement would be in direct ratio to the time of movement. Besides the error involved in the large unit of measurement, the method showed :>everal other sources of error. Since the flashes appeared elongated in direct proportion to the velocity of the eye, flashes which fused in consequence of the slower movement at the beginning or end of an excursion would give no clue to the number of their constituent elements. Moreover, the experimentation was necessarily limited to monocular vision in a darkened room after adaptation and consequent rest, while it was apparently possible to materially reduce the velocity of movement under slightly modified conditions of the attention. All these facts rendered it doubtful if the results could be applied to the eye movements of normal vision, without correction. Our results show that the defects of the Lamansky method were not over1
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estimated, while they justify in the main the corrected values used by Erdmann and Dodge' in their analysis of the reading processes. A material advance was made in the technique of the problem when Huey 2 attached a delicate recording apparatus to a Delabarre eye cup and obtained kymographic records demonstrating the number and general character of the eye movements with great distinctness. The measurements of the eye movements during reading, which were obtained from these records, were more satisfactory than any measurements by the earlier methods. However, as was pointed out in the notice of Huey's work in the R E V I E W , they could not be regarded as final. In moving the long pointer at short leverage the eye muscles do no inconsiderable amount of extra work. That this should materially delay the eye and fatigue it was a priori very probable. A further source of error in the record was the overshoot occurring in the record at the end of every long movement. The method left it quite undetermined what part of the overshoot, if any, belonged to the movement and what part was conditioned by the momentum of the pointer. The experimental requirements of a satisfactory apparatus for recording the eye movements may be summed up as follows : (1) It must be capable of operating under normal conditions of binocular vision. (2) It must be capable of registering both e)res simultaneously. (3) The unit of measurement must be i 
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