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Eight undergraduate males received the embedded 
figures test (EFT) on one of two testing nights in the 
laboratory and the rod and frame test (RFT) on the 
other night. Tests were presented at either the beginning 
or end of each of the first four rapid eye movement 
periods (REMPs). Test presentation nights and 
awakenings were counterbalanced. Performance on the 
RFT was better at the end of REMPs than at the onset, 
but a high (r = +.67), though not significant, correlation 
was found between REM density and decrement of 
performance on the RFT. 

Since the discovery of rapid eye movement (REM) 
sleep (Aserinsky & Kleitman, 1953), there has been a 
great deal of speculation concerning its function. 
Recently, attention has been focused on the possible 
utility of the eye movements themselves. Berger (1969) 
has suggested that the innervation of the oculomotor 
system during REM periods (REMPs) may serve to 
maintain facilitation of eye movements during extended 
periods of sleep. Subsequent work (Berger & Scott, 
1971 ; Berger & Walker, 1972) has shown that 
oculomotor coordination and binocular depth 
perception are better at the end of REMPs than at the 
onset of REMPs and, further, that ocular imbalances are 
of greater magnitude and frequency at the onset of 
REMPs than at their termination. While oculomotor 
theory (Berger, 1969) refers specifically to depth 
perception, the present study was designed to examine 
the possibility that REMP activity might aid 
performance in other more complicated visual tasks. 

To this end, the rod and frame test (RFT) and 'the 
embedded figures test (EFT) were chosen as the tasks. In 
the RFT the S is required to adjust a rod to the vertical 
in a field devoid of visual cues except for a tilted frame, 
and in the EFT the S is required to locate a simple 
geometric form concealed in a larger complex design. 
Both tests typically are used to measure the personality 
dimension of field dependence (Witkin et aI, 1962) and, 
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although they have high reliability over extended periods 
of time (Witkin, Goodenough, & Karp, 1967), 
performance on them has been altered momentarily by 
specific training (McAllister, 1970; Weiner, 1955), 
sensory isolation (Jacobson, 1966; Kurie & Mordkoff, 
1970), and arousal (Gross, 1959). In addition, there is 
some suggestion that the performance might be related 
to the nature of the eye movement sequences used to 
attack them (Conklin, Muir, & Boersma, 1968; 
Silverman, 1968). Specifically, it was predicted that 
performance on the RFT and EFT would be better 
immediately following the end of REMPs than at their 
onset. In addition, it was reasoned that, if the eye 
movements themselves are the facilitators or indicators 
of innervation of the oculomotor system, there should 
be a direct positive correlation between measures of 
REMs-REM density (eye movements per unit time), 
total number of REMs, and duration of REMs (length of 
REMPs)-and performance on both the RFT and EFT. 

METHOD 
Subjects 

Eight paid male undergraduate students served as Ss. 

Apparatus and Procedure 
Each S slept in an air-conditioned, relatively soundproof 

laboratory for 3 nonconsecutive nights. A standard method was 
used to record electroencephalograms, electrooculargrams, and 
electromyograms and to determine the onset and termination of 
REMPs (Rechtschaffen & Kales, 1968). 

The first night served as an adaptation night. On the second 
and third nights, Ss were awakened either at the onset or 
termination of each of the first four REMPs in a 
counterbalanced fashion by an 85-dB buzzer. 

On the second night, the EFT was administered by projecting 
the figures on a screen 3 ft from the S's head and having him 
indicate the location of the simple figure with a 100in. rod while 
sitting on the edge of the bed. Test administration procedure was 
standard, except that the S was permitted a maximum of 60 sec 
rather than 3 min in order to limit his time awake. Series A and 
Series B of the EFT were divided into two sets of six figures 
each, and their order of presentation was counterbalanced across 
Ss. 

On the third night, the RFT was administered using a 
motorized version of the portable RFT (Oltman, 1968). Four 
standard combinations of rod and frame tilt were presented to 
the S in a standard manner (Witkin et al, 1962) at each of the 
four awakenings. The S sat with his head in a headrest and made 
adjustments of the rod by using a bipolar switch. 

On both experimental nights, the delay from awakening to the 
presentation of the task was approximately 90 sec and the total 
time of testing was approximately 10 min, after which the S was 
allowed to return to sleep. 

RESULTS AND DISCUSSION 
The mean error scores for the RFT and the mean 

solution times for the EFT for both onset and 
termination of REMPs are presented in Table 1. As 
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Table 1 
Mean Error on the RFT and Mean Solution 

Time on the EFT· 

RFT (Deg) EFT (Sec) 
Ss Onset End Onset End 

1 4.25 3.18 65.0 67.'1 
2 2.56 1.93 75.8 71.8 
3 3.50 2.93 22.0 28.3 
4 3.25 2.37 35.1 32.5 
5 2.87 3.12 30.5 33.2 
6 3.50t 3.50 53.3 45.2 
7 1.75 1.34 12.1 27.6 
8 3.06 2.75 42.0 32.5 

*Lower scores indicate superior performance. 
tMean score from only one awakening. REMP onset was 
missed for fourth REMP. 

predicted, performance on the RFT was better folloWing 
REMPs than at their onset (t = 2.95, df = 7, p < .025). 
Performance on the EFT did not differ between the two 
conditions. However, examination for trend disclosed 
improved performance on the EFT as a function of 
number of trials, that is, for this test a practice effect 
was present, overshadowing the effects of the awakening 
conditions (F = 11.9, P < .01). 

Exploration of the relationship between RFT scores 
obtained after the termination of REMPs and eye 
movement measures revealed, contrary to expectations, 
a high (but not significant) correlation between REM 
density and decrement in RFT performance (r = +.67) 
and low correlations between the number of eye 
movements and RFT scores and the duration of eye 
movements and RFT scores (r=+.33, r=-.19, 
respectively). To make certain that the REM density 
correlation was not an artifact of field-dependent Ss, a 
correlation was run between the mean REM density and 
performance on the RFT at the onset of REMP 
(r = +.17). 

Although it is too early to make a definitive 
statement, it seems reasonable to speculate that arousal 
and the quality of arousal during REMPs, rather than the 
eye movements themselves, might play a role in 
performance on tasks follOWing REMP termination. 
Karacan et al (1966) and Verdone (I965) have shown 
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that REM density is related to emotionality in dreams. 
In our study, the generally increased arousal during 
REMPs might have aided post-REMP task performance, 
while high dream-content emotionality, as indicated by 
high REM density, might have had an inhibiting effect 
on completion of tasks presented immediately on 
awakening. 
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