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ABSTRACT 

Previous studies on perceptual-motor skill learning 

present a confusing array of results as to the effects of 

rest interval content on subsequent performance. Studies by 

Melton (1947), Ammons (1951)> Duncan (1957), and Humphries 

and Maclntyre (1963) report no differential effects of 

various types of rest interval content, while studies by 

Adams (1955) and Rosenquist (1965) report considerable 

effect as to the type of activity during an interpolated 

period. The present experiment attempted to resolve this 

conflict by investigating not only the effects found through 

use of the usual practice-rest-practice paradigm, but also 

via further extension of that paradigm to practice-rest-

practice-rest-practice. This was done in order to determine 

possible residual effects produced by activities in the 

first rest interval. Four groups were run: (1) total 

practice, (2) active watching, (3) blindfolded guided, and 

(4) total rest—these titles based upon the treatment given 

in the first rest interval. It was found that differential 

fatigue effects were evident after the treatment period, and 

could be interpreted to support both sides of the issue. 

More interesting was the discovery that over the second rest 

interval, most of the fatigue effects were removed and the 

vii 
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different levels of performance in the final test period 

could be attributed to latent learning effects. In this 

final test period, the total practice group performed the 

best, the guided group next, followed by the watching 

group, with the total rest group exhibiting the lowest per

formance. The performance of the guided group was quite 

significant as this superiority of motor guided practice 

had not been found in previous related studies. The re

sults indicated that further, better designed work on 

fatigue and its effects was needed in order to better 

quantify and localize \?here fatigue is being accumulated 

and how it dissipates. 



INTRODUCTION 

The pursuit rotor task (Melton, 1947) requires the 

subject (S) to pursue a target rotating in a horizontal 

plane by making continuous contact between the target and 

a hand-held stylus. Since World War II this simple motor 

skill has been intensively investigated with respect to a 

variety of learning and performance variables. These 

studies, which generally show great consistency of findings, 

were thoroughly reviewed by Bilodeau and Bilodeau (1961). 

Further, Fitts (19&4) explained that the great interest in 

such a simple task was due to the fact that many in

vestigators believe the processes which underlie skilled 

perceptual-motor performance are very similar to those 

which underlie more complex human behavior such as language, 

problem solving, and concept formation. 

\ One line of inquiry has been to analyze over-all 

rotor performance into its component responses such as arm 

and hand responses, visual responses, and postural responses 

relative to phenomena such as distribution of practice, 

warm up, and observational learning. Adams (1955) ex

perimented with the visual response component and found 

that .Ss watching the rotor in operation exhibited a post-

rest performance decrement as compared to Ss having a period 
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of complete rest. Subsequently, Rosenquist (1965) exper

imented more fully with the visual response component, having 

Ss actively watching the task being performed. In the active 

watching, Eosenquist had a skilled operator perform on the 

pursuit rotor, while S, equipped with a push button, watched 

him. The S was required to depress the push botton whenever 

the demonstrator made contact with the target, and to re

lease the push button whenever contact was lost. Rosenquist 

found that such interpolated active watching produced a 

decremental effect, similar to that found by Adams, and that 

the effect was functionally related to various proportional 

durations of watching and resting. 

Adams1 and Rosenquistfs findings are of interest 

because their results are an exception to the general 

finding that watching or observation has no effect whatever 

on rotor performance. Melton (1947) reported a study in 

which pre-test observation did not improve subsequent 

performance on the rotor. Amnions (1951) found no effect 

from watching, whether observation occurred immediately 

before practice or was interpolated between two practice 

periods. Duncan (1957) found no decrement in performance 

accruing from watching the target for five minutes. More 

recently, Humphries and Maclntyre (1963) reported a study 

in which they used different types of interpolate activity 

(visual pursuit reaction time, blindfolded rotary arm move

ment, complete rest) and found that all groups recovered 



equally from any work decrement which had developed in 

initial practice. 

As can be seen from the above, conflicting ex

perimental results exist with regard to the effect of 

rest interval content on pursuit rotor performance. A 

look at Table 1 may aid in discovering why this confusion 

has occurred and how the present experiment will attempt 

to clarify the situation. The table presents the basic 

experimental design used in most of the above experiments. 

(The studies mentioned so far have used some variation of 

the first three periods; some form of practice-rest-

practice paradigm.) A close look at the factors in 

Period 3 indicates a possible reason for discrepant re

sults. Not only are there differential learning factors 

present in Period 3» but there also remain differential 

fatigue factors, especially v;hen the rest is of short 

duration. Thus, any learning that may have taken place 

is confounded by the accumulated fatigue. The present 

study, with the addition of another total rest period for 

all groups, allows for the dissipation of the fatigue. 

Then, in the final test or practice period, Period 5» 

the only fatigue which is present is minimal and equal 

for all groups, allowing for the isolation of the treat

ment effects presented in Period 2. Therefore, in an 



TABLE 1 

BASIC EXPERIMENTAL DESIGN FOR STUDYING VISUAL AND MOTOR FACTORS* 
INVOLVED IN PERCEPTUAL MOTOR LEARNING 

Periods 
1 (Practice) 2 (Treatment) 3 (Practice) 4 (Rest) 5 (Practice) 
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TABLE 1 (Continued) 
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*VL = visual learning 
VF = visual fatigue 
ML = motor learning 
MF = motor fatigue 
Numerical subscripts to these notations refer to that period in which the factor was 
acquired; thus, ML1+2 refers to the motor learning acquired in Periods 1 and 2. 

Ûnderlined items refer to treatment effects available for assessment. 
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attempt to clarify the situation, the present experiment has 

two general objectives: 

1. To study the effect of different types of rest 

interval content upon subsequent performance, 

in replication of previous studies. 

2. To study the effect of a second rest interval 

(common to all treatment groups after the 

second practice period) in order to discover 

whether the decremental effect of the previous 

rest interval may not be transient and thus 

obscuring the net learning and performance 

effects of the previous treatments. 

In designing the experiment in this fashion, the learning/ 

performance issue is brought to the foreground. The prior 

studies, as mentioned, usually used some form of the 

practice-rest-practice paradigm which produced a confounding 

of measured learning and performance effects during the 

second test period. This paradigm has been historically 

suitable for testing HullTs (in Rosenquist, 19&5) proposed 

reactive and conditioned inhibition effects of interpolated 

activity, given that fatigue accumulates relatively quickly 

on the pursuit rotor task. The present design, however, 

permits both demonstration of temporary decrements, and also 

any longer lasting effects via the use of a second inter

polated rest period and a final practice period. 



METHOD 

Subjects 

The University of Arizona was the source for the 

40 Ss. All were females (mostly freshmen and sophomores, 

registered for the spring semester or the first summer 

session of 1969) who volunteered to participate in the ex

periment, Only experimentally naive Ss were used. In all, 

54 Ss were tested, but 14 were discarded either for failure 

to perform according to instructions or because of apparatus 

failure. A detailed account of the voiding of Ss is pre

sented in Appendix A. 

Apparatus 

A table with two standard pursuit rotor units was 

used. The pursuit rotor units are more fully described else' 

where (Ammons, 1951; Melton, 1947). Each unit was connected 

to two standard electric clocks (.001 minute), which alter

nated in recording time on target. Clocks were grouped into 

two banks of two each. Timing for recording and treatment 

sequence was achieved by a timing mechanism composed of a 

1 rpm synchronous motor, microswitch and 24-volt transformer 

and 24-volt AC relay system which automatically switched 

from one clock bank to another every 30 seconds. The timing 
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of intervals longer than 30 seconds was achieved by sup

plementing the timing mechanism with a hand stop watch. 

A push button was mounted on the table immediately 

to the right of each subject. It consisted of a 3 x 6 x 1/2-

inch block of wood with a 1/4-inch diameter red nylon push 

button located near one end. Electrical wire led from the 

push button to the experimenter end of the table. 

A cardstock screen, measuring approximately 6 x 12 

inches, mounted vertically and diagonally in front of the S, 

served to conceal Ŝ s push button hand movements from the 

other £ but permitted an unobstructed view of the rotor. Two 

large l/4-inch ply board screens, 2x3 feet, separated the 

two rotors from each other and also divided the experimenter 

end of the table from the S/s view. An overhead view of the 

table, showing the location of the rotors, timers, push 

buttons, screens and timing mechanism is presented in 

Figure 1. 

Calibration procedures were observed prior to: 

1. The entire experiment (preparatory) 

2. The experimental day (daily) 

3. The experimental session (immediate) 

The preparatory calibration consisted of oiling each rotor 

motor and noting that the rotor speed measured correctly 

at 60 rpm. All recording clocks were started and stopped 

simultaneously; they read alike. When reliability tests 

were run on the timing mechanism, it was found to be reliable 



Pig. 1. Schematic, overhead view of pursuit rotor table. 

1. PUSH BUTTON 
2. SCREEN 
3. ROTOR 
4. TIMING MECHANISM 
5. CLOCKS 



10 

to within t .02 second. Spring tension was maintained for 

the stylus at 25 grams and for the push buttons at 35 grams. 

The daily check consisted of measuring rotor speed 

by stop watch and finding it correct. It also consisted of 

measuring the ability of the experimenter (E) to reach the 

goal of $0% time on target while demonstrating for a period 

of 9 minutes on the rotary pursuit. A mean time on target 

of S0% was obtained, with a standard deviation of 5%. 

The immediate calibration consisted of allowing the 

timing mechanism to run for approximately 5 minutes before 

the experiment; after approximately 2 minutes, readings were 

taken from the Standard clocks which were checked for ac

curacy (.01 second). At the conclusion of each session, 

both the oxidation accumulated on the silver target and the 

tarnish forming on the stylus tip, during use of the pursuit 

rotor, were removed by pumice cloth. 

The experiment took place in a room of adequate size 

and illumination. Cushioned chairs were provided at one end 

of the room for use by Ss during their scheduled rest 

periods. Chairs were of equal distance from both test 

positions. 

Procedure 

Ss were tested either singly, or in pairs, having 

been randomly assigned to one of four basic treatment 



groups. Treatments consisted of the following test se

quence : 

Treatment I 

1. Practice on the task. 

2. Practice on the task. 

3. Practice on the task. 

4. Complete rest. 

5. Practice on the task. 

Treatment II 

1. Practice on the task. 

2. Rest period while actively watching the task 

being performed. (S was watching a demon

strator perform the task while pressing a 

button with his left hand. All actual practice 

on the task was done with STs right hand. The 

button was connected to dummy leads as though 

the time were actually being recorded.) 

3. Practice on the task. 

4. Complete rest. 

5. Practice on the task. 

Treatment III 

1. Practice on the task. 

2. Rest period while actively following the task 

being performed. (Here a dummy stylus was fixed 

to the rotating surface on the opposite side 

from the target and at the same distance from 
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the edge of the surface as the target. S held 

this stylus in the same manner as the regular 

stylus, but was blindfolded during this period.) 

3. Practice on the task. 

4« Complete rest. 

5. Practice on the task. 

Treatment IV 

1. Practice on the task. 

2. Complete rest. (Here S was seated in a cushioned 

chair with blindfold on and told to relax.) 

3. Practice on the task. 

4- Complete rest. 

5. Practice on the task. 

The complete rest period (item 4) of all groups, was the same 

as period (2) for Treatment IV, except that it was longer. 

Corresponding periods of the different treatments were equal 

in time, with Periods 1, 2, 3> and 5 being three minutes in 

length, and Period 4 of five minutes* duration. A description 

of the test sequences is presented in Table 2. 

The push button apparatus used during the watching 

phase was suggestive of electrical recording, but no measures 

were made in fact since they were of no interest, as such, in 

the experiment. The electrical plug for the clocks was pulled 

at the start of the watching phase to preclude the clock noise 

from providing Ss with audible cues for pushing the button. 



TABLE 2 

SUMMARY OF EXPERIMENTAL TREATMENTS 

Sequence Periods 

Treatment 
1 

(3 min.) 
2 

(3 min.) 
3 

(3 min.) 
4 

(5 min.) 
5 

(3 min.} 

I Practice Practice Practice Complete 
rest 

Practice 

II Practice Rest-active 
watching 

Practice Complete 
rest 

Practice 

III Practice Rest-active 
following 

Practice Complete 
rest 

Practice 

IV Practice Complete 
rest 

Practice Complete 
rest 

Practice 

H VO 
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An attempt was made to standardize the rotor move

ments made by the E in order to equate the stimulus condi

tions of the watching treatment for the Ss and to assist the 

E in achieving greater reliability of performance. A basic 

pattern was adapted from a previous study (Rosenquist, 1965) 

which was followed for the three-minute period. The pattern 

was expressed as a set of symbols on a card posted on the 

psychomoter table in view of E. Each symbol (meaningful 

only to the E) represented a certain movement strategy, such 

as moving the stylus between the target and the center of 

the rotor in circling movements. Each movement strategy, 

made in response to a stop watch (carried in the Ers left 

hand), lasted approximately 15 seconds. The pattern is 

described in detail in Appendix B. During the watching 

phase, the push button was depressed by forefinger of S/s 

left hand. 

Instructions consisted of initial instructions 

(acquainting Ss with the task) and subsequent instructions 

given during the on-going experiment, signalling changes in 

the sequence of activity and of warnings of faulty procedure. 

The initial instructions consisted of those general instruc

tions given to all Ss (accompanied by the ETs demonstration 

of the rotary motions) and these instructions were followed 

by special instructions specific only to those Ss assigned 

to that particular treatment class. 
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Special instructions for the Group I sequence dealt 

with the short rest intervals between test sessions where 

S kept stylus in his hand and looked straight ahead. The 

Group II Ss required instructions about the push button. 

Group III Ss were instructed on use of the blindfold and of 

how their hands would be guided by the apparatus. Group IV 

Ss required instruction on moving to the chairs and on the 

wearing of the blindfolds. General and specific instruc

tions to the S, together with instructions to the E for 

administering the task, are listed in Appendix C. It should 

be noted here that the time intervals involved in changing 

from one period in the sequence to that of another were con

trolled at 15 seconds for all groups or treatments. This 

was the time found to be required for the donning of blind

folds, attaching dummy styli, and moving to the chairs. 



RESULTS 

Statistical calculations were based on the 30-second 

time on target recordings. There were six trials comprising 

each practice session or period. To further clarify the 

terminology used in the sections following, period refers 

to the various phases of the experiment and group refers 

to the different treatment groups. In addition, the treat

ment groups will be identified as: Group I, Total Practice; 

Group II, Visual Practice; Group III, Motor Practice; and 

Group IV, Total Rest. These titles refer to the treatments 

presented in Period 2. 

The results for Period 1 are presented in Figure 2. 

An analysis of variance performed on mean values for each 

group on each of the six trials is presented in Table 3-

As indicated in Table 3 there are no significant differences 

among the mean values; yet, small individual differences 

among groups did exist. Such differences are relatively 

common when Ss have been randomly assigned to the different 

small groups; similar rotor findings have been reported by 

Kimble and Horenstein (1947) and Rosenquist {1965). These 

deviations were taken into account later when comparisons 

were made for Period 3 and Period 5 performances. Table 3 

shows also that the trial means averaged over groups are 

16 
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TABLE 3 

ANALYSIS OP VARIANCE OF PERIOD 1 PERFORMANCE 

Source df MS F R 

Total 239 13. H 

Between 39 54-42 

Groups (G) 3 71.04 1.37 .268 

Error (a) 36 51.95 

Within 200 5.29 

Trials (T) 5 73.95 23.63 .000 

G by T 15 4.10 1.23 .255 

Error (b) 100 3.34 
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significantly different, indicating, as expected, that Ss 

learned an appreciable amount during the initial six trials 

of practice. Figure 2 supports this conclusion and shows 

also that most of the curves did not reach asymptotic per

formance, suggesting that the skill was only partially 

learned, a condition found by Irion (1949) to favor the 

production of reminiscence. Since asymptotic performance 

had not been attained, the skill had not been fully learned, 

and thus the treatment effects presented in Period 2 could 

be expected to have a substantial effect on subsequent 

performance. 

The results for Period 3 are presented in Figure 3. 

All groups show a considerable reminiscence (gain in time on 

target) from the previous practice period, but the shapes of 

the curves also illustrate accumulative fatigue effects— 

after the third trial for the Visual and Motor Practice 

groups (Groups II and III), and for the Total Rest group 

(Group IV), and throughout all trials for the Total Practice 

(Group I) group. An analysis of these data is presented in 

Table 4» in which it may be seen again that trial means 

averaged over all groups are significantly different, which 

is further support for the change in performance as shown 

in Figure 3* It should be noted also that the time on 

target values are now considerably higher for all groups 

than they were in Period 1. This would support the 
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TABLE 4 

ANALYSIS OF VARIANCE OF PERIOD 3 PERFORMANCE 

Source d£ MS E R 

Total 239 22.5& 

Between 39 113.30 

Groups (G) 3 113.38 1.00 .405 

Error (a) 6 113.30 

Within 200 3-91 

Trials (T) 5 16.99 5.14 .000 

G by T 15 6.73 2.05 .014 

Error (b) 130 3.31 
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presumption that some learning did occur during the treat

ments presented during Period 2, and that it continued into 

Period 3* There is now found a significant group by trials 

interaction which indicates that the trend of the trial 

means is not the same for all groups, suggesting that the 

treatments presented in Period 2 are having a differential 

effect on immediate performance. 

Figure 4 shows a mean value for Period 5 data. All 

groups show an increase in performance over the last trial 

trial of Period 3- This would tend to indicate the degree of 

dissipation of fatigue occurring in Period 4« An interesting 

aspect of the curves (Fig. 4) is that all seem to be of the 

same general shape, all indicating an improvement in per

formance during the initial three trials and followed by a 

decline in the final three periods. A summary of the 

analysis of variance for Period 5 is presented in Table 

Here it will be seen that the trial means continue to be 

significantly different, as was indicated by the shape of 

the curves in Figure 4» However, the group by trials inter

action is no longer significant as was found in Period 3; 

this would indicate that the trend of the performance curves 

has become similar, as was demonstrated in Figure 4* 

An over-all analysis of variance was performed 

across Periods 1, 3» and 5, and is summarized in Table 6. 

These results give further support to the statement that 

there was a significant change in performance between these 
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TABLE 5 

ANALYSIS OF VARIANCE OF PERIOD 5 PERFORMANCE 

Source df MS F E 

Total 239 17.95 

Between 39 37-51 

Groups (G) 3 112. Sif 1.32 .232 

Error (a) 36 35.40 

Within 200 4.3S 

Trials (T) 5 37.34 10.53 

G by T 15 2.72 .76 .723 

Error (b) ISO 3.59 



TABLE 6 

21 

OVER-ALL ANALYSIS OF VARIANCE ACROSS PERIODS 1, 3, AND 5 

Source SS M m F R 

Between 6366.13 39 214.52 

Groups (G) 601.77 3 200.59 0.93 .562 

Error (a) 7764.35 36 215.63 

Within 20032.13 630 29.53 

Periods (P) 15621.90 2 7310.95 390.33 .000 

G by P 305.01 6 50.33 2.54 .027 

P by Subjects 
(Within Groups) 1433.76 72 19.93 

Trials (T) 296.04 5 59.21 14.23 .000 

G by T 45.91 15 3.06 0.74 .744 

T by Subjects 
(Within Groups) 746.03 130 4.14 

P by T 372.39 10 37.29 12.23 .000 

G by P by T 153.15 30 5.27 1.73 .012 

P by T by Subjects 
(Within Groups) 1097.45 360 3.05 
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different periods. The period by group interaction signif

icance indicates that the change in performance occurred 

differentially within each group. The significant dif

ference over the trials across all three periods indicates 

that there was a continual improvement in performance for 

all groups throughout the entire task. Finally, the group 

by period interaction significance shows that each group 

did not tend to have the same form of performance for all 

periods, as previously indicated in Figures 2, 3, and 4* A 

summary cf the mean values of each group for each trial and 

each period is to be found in Appendix D. 

To further describe the form of the learning curves, 

trend analyses were performed on each group for each period. 

These values are summarized in Table 7« From this table it 

can be seen that the linear trend component is the most sig

nificant for all groups during Period 1, with Total Practice 

(Group I) also showing a slight quadratic trend and the 

Motor Practice (Group III) demonstrating a significant 

quartic trend. Thus, for Period 1, performance would tend 

to be of the same general trend for all four groups. Group I 

is seen as maintaining the linear trend during Period 2. 

Period 3 produces a variety of trends for the different 

groups which may be attributed to the different treatments 

presented in Period 2. For Period 3» Group I exhibits a pre

dominant linear trend, Group II shows a significant quartic 

trend, Group III has a highly significant cubic trend and a 
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TABLE 7 

SUMMARY TABLE OF TREND ANALYSES 

F Values 
Linear Quadratic Cubic Quartic 

Period 1 

Group I (Total Practice) 16.77* 

Group II (Visual Practice) 37.44* 

Group III (Motor Practice) 15.43* 

Group IV (Total Rest) 34-05 

Period 2 

Group I (Total Practice) 6.00** 

Period 3 

Group I (Total Practice) 16.32* 

Group II (Visual Practice) 

Group III (Motor Practice) 1.88 

Group IV (Total Rest) 7.05** 

Period 5 

Group I (Total Practice) 

Group II (Visual Practice) 5.15** 

Group III (Motor Practice) 2.07 

Group IV (Total Rest) 

4.62** 

3.67 

11.07* 

1.89 

8.34* 

11.30* 

5.50*1 

34.02* 

12.30* 

6.60** 

2.91 2.49 

4.94** 

1.01 

1.38 

57.32̂  

2.71 

22.41* 

222.17* 

154.88* 

2.04 

*Denotes significance at the .01 level 
**Denotes significance at the .05 level 
—Denotes F value below 1.00 
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lesser significant quadratic component, and Group IV has a 

significant quadratic trend with a lesser significant linear 

component. As mentioned, these values illustrate that the 

treatment effects of Period 2 produced rather pronounced 

immediate effects in performance. 

The trend values for Period 5 (Table 7) demonstrate 

that the immediate effects exhibited in Period 3 were some

what changed because of the rest which transpired during 

Period 4. All groups now exhibit a significant quadratic 

component, with Groups I and II also exhibiting highly sig

nificant quartic trends, and Group II a lesser significant 

linear component. These values for Period 5 would tend to 

support the illustrations presented in Figure 4 which showed 

all groups as having the same general cruve, with the excep

tions mentioned. Thus, the differential effects found in 

Period 3 were essentially eliminated during the common rest 

interval, with the result being that, in Period 5, all groups 

are performing the same but at different levels of learning 

as a result of the treatments given in Period 2. 

To further explore these different levels of per

formances in Periods 3 and 5* mean values obtained for these 

periods were corrected for initial performance differences 

which were found in Period 1. To do this, the mean value 

for each group for trial 6 of Period 1 was subtracted from 

the mean values of trials 1 through 6 of Periods 3 and 5 for 

each group. This correction aids in illustrating the true 
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net effects of the treatments presented in Period 2 since all 

initial individual differences have now been controlled. Rep

resentation of the corrected data for Period 3 is presented 

in Figure 3j and for Period 5 in Figure 6. As can be seen, 

the basic form of the curves has changed insignificantly, 

and retains the trend properties previously reported. The 

main changes occur in the relationship or order of each 

group to the others. For the Period 3 data, Motor Practice 

(Group III) and Total Rest {Group IV) seem to show the better 

performances, followed by Visual Practice (Group II), with 

Total Practice (Group I) continuing to show detrimental 

fatigue effects, and thus the lowest level of performance. 

Figure 6 illustrates that the order of performance has been 

essentially reversed from that of Period 3» Wow, in Period 

the corrected means show that Total and Motor Practice groups 

are exhibiting the better performance while Visual Practice 

and Total Rest are lower and essentially the same. 

To more fully explore the differences observed in 

Periods 3 and 5» using the corrected data, multiple t tests 

were performed in comparing each group with each other within 

each of these two periods. The results are summarized in 

Table For Period 3 it can be seen that Total and Visual 

Practice groups do not differ from each other, but each is 

significantly different from the Motor Practice and Total 

Rest groups which, in turn, are not significantly different 

from each other. Thus, in support of the presentation of 
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TABLE B 
l 

SUMMRY OF t VALUES FOR PERIOD 3 AND PERIOD 5 PERFORMANCES 

Comparison Groups df t Values 
(Period 3) (Period 5) 

I-II 10 0.30 2.51** 

I-III 10 4.21* 0.9S 

I-IV 10 2.51** 5.46* 

II-III 10 4.10* 1.11 

II-IV 10 2.12** 1.95** 

III-IV 10 0.41 2.94* 

D̂enotes significance at the .01 level 
D̂enotes significance at the .05 level 



33 

the data (Table &), Groups III (Motor Practice) and 

IV (Total Rest) performed the best during Period 3 with 

Groups II (Visual Practice) and I (Total Practice) having 

the lower levels of performance. 

The t values for Period 5 as presented in Table S 

show that Groups I and II are now significantly different 

from each other, Group I is also significantly different 

from Group IV, vfhile Groups II and III are both significantly 

different from Group IV, but not from each other. Thus, in 

straightening out the level of performance for Period 5, 

Group I (Total Practice) exhibited the highest level of 

performance, with Group III (Motor Practice) following and 

with Groups II (Visual Practice) and IV (Total Rest) having 

the lowest levels of performance. The interpolated rest 

period, Period 4» has allowed for the differential effects 

of the treatments of Period 2 to become more clearly 

observable because of the elimination of prior different 

fatigue levels among groups. (Corrected mean values for 

all groups for Periods 3 and 5 are presented in Appendix E.) 



DISCUSSION 

The results can be summarized according to the two 

general objectives of this experiment as follows: 

1. A confusion of results occurs when measures of 

treatment effects are made immediately there

after. The results for Period 3 can support 

either view, that there are differential post-

rest effects or that there are none. In the 

comparison of the Motor Practice and Total Rest 

groups for Period 3, there is found no signif

icant difference; this would be in agreement 

with the studies of Melton (1947), Amnions 

(1951)t Duncan (1957), and Humphries and 

Maclntyre (1963)• However, an examination of 

the comparisons between the Visual and Total 

Practice groups and the Total Rest group in

dicates differences in decrement in performance 

similar to those found by Adams (1955) and 

Rosenquist (1965). Thus, it may be stated that 

the usual paradigm of practice-treatment-practice 

as used by all these Es does not allow for the 

clear investigation of learning or other effects 

occurring in the interpolated interval. 

34 
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2. The addition of a long common rest interval was 

found to eliminate much of the confusion pre

viously shown. This is noted in the data 

entered for Period 5 where it was observed 

that all of the practice groups now per

formed better than did the Total Rest group, 

depicting the facilitative learning effects 

presented during Period 2. Thus, the dif

ferential effects that were exhibited in 

Period 3 were confounded by the various types 

of fatigue carried over from Period 2. Once 

this fatigue was allowed to dissipate in 

Period 4, the positive learning effects of 

practicing either the visual or motor com

ponents of the task or the total task itself 

become evident. Previous experiments would 

probably have produced similar results had the 

experimental design of the present study been 

used. 

Possibly a more limited, but significant, finding of 

the present study is that guided motor practice produces 

such a large increment in learning. None of the previous 

studies mentioned in this paper reported this phenomenom. 

Again, this could be attributed to the fact that the usual 

practice-interpolated activity-practice paradigm was used. 

However, in the present study, even within this limited 



36 

paradigm before the extended rest period and final testing, 

the motor practice was found to have a comparatively high 

influence on performance in relation to visual and total 

practice groups. Thus, it would appear that other dif

ferences may exist between this study and those conducted 

previously. It may be that the prior studies were not 

adequately guiding the S in the components of the task; e.g., 

not using equipment identical to that used during regular 

practice. The results for the guided motor practice also 

contradict Holding (1965), who stated that kinesthetic 

guidance was significantly less efficient in the training of 

a skill than was visual practice. The present findings 

support the fact that visual practice is an important factor, 

but not so important as the motor, or kinesthetic factors. 

This may mean that for skills such as the pursuit rotor, 

peripheral adjustments acquired during motor practice are 

of greater value than central interpretation of the task; 

that is, if a S were to be guided through the movements com

prising a task, it would appear that such guidance might 

result in greater efficiency and have more value than that 

which might be gained by a S observing the performance of 

the task by another. 

The results of the present experiment also show that 

active watching or visual practice does produce effects which 

are significantly different from those produced by rest. 

Thus, the results reported by Adams (1955) and Rosenquist 
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(1965) were found to be reliable and to have generality; and 

the discrepancies between their findings and those of Melton 

(1947), Amnions (1951), Duncan (1957), and Humphries and 

Maclntyre (1963) on this point may be attributed with greater 

assurance to the procedural differences underlying active and 

passive watching. This support of the findings of Adams and 

Rosenquist does not, however, fully clarify the differences 

between the procedures used. It is still not clear whether 

the essential feature is the overt response required by 

active watching or the consequent required continuous dis

crimination of the changing discrepancies between the stylus 

and target. These problems enter into the literature of 

attention and set and do not seem, at present, to be 

answerable and will not be until it is possible to take more 

refined measures, probably physiological in nature, of the 

individual's attention state during the task. 

It is also worthy of note that although the active 

watching response required by Adams and Rosenquist was button 

pressing by the same hand during the total task, their re

sults were similar to those obtained in the present study 

which required Ss to use the opposite hand. This may in

dicate that activity of either hand during active watching 

is an important factor of the task. It may be possible that 

button pressing is similar to factors involved in the actual 

rotoring and thus has transfer value. It would be 
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interesting to investigate other responses along some sort of 

continuum of similarity and dissimilarity to the total task. 

Further study may also be relevant in investigating 

the time length of the final rest period as used in the ex

perimental design presented in this study. It may have 

been the case in the present study that a five-minute rest 

interval was long enough for most but not all of the fatigue 

elements to be dissipated. However, Rosenquist (1965) found 

that as little as three minutes of rest allowed for the dis

sipation of fatigue accumulated from nine minutes of con

tinuous practice. Furthermore, if the rest interval were 

made longer, the element of forgetting might enter the 

picture more strongly and, consequently, there would be 

another variable with which to cope. Nevertheless, this 

would be a valuable area for study as there have been 

relatively few studies on the role of forgetting in per

ceptual motor tasks, and the present design may offer an 

opportunity to explore this further through the use of 

different intervals for the final rest period. 

Rosenquist (1965) used Hullfs concept of reactive 

inhibition to explain the effects of watching in skill 

learning. This concept might be used to explain the effects 

of motor and total practice, and of rest as well. In the 

present experiment, reactive inhibition (fatigue) generated 

during the initial rotoring was dissipated differentially 

according to the different treatment conditions. Furthermore, 
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reactive inhibition increased during the treatment period 

according to the activity being performed for the various 

practive groups. Thus, the test period immediately fol

lowing the treatment period showed these various effects. 

It was found that the total rest condition, as theoretically 

would be expected, permitted maximal dissipation of fatigue 

and thus maximal responding in Period 3- The Total Rest 

group was closely followed by the Motor Practice group, 

while the Visual Practice group seemed to allow moderate 

dissipation, and the Total Practice group was permitted 

relatively little dissipation of fatigue and thus produced 

the lowest level of responding in Period 3. However, this 

inhibition or fatigue was allowed to dissipate during 

Period k, and subsequent fatigue acquired during Period 5 

was common to all treatment groups; that is, the results of 

the final period were basically affected by only the dif

ferential learning effects of the treatment period, with 

all other factors being controlled. 



APPENDIX A 

SUMMARY OF SUBJECTS DISCARDED 

Reason No, 

Failure to follow instructions 5 

Became ill during experiment (dizziness, nausea) 2 

Improper ejqperimental procedure 3 

Apparatus failure during e:xperiment 

TOTAL 14 
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APPENDIX B 

STANDARD PATTERN OF PURSUIT ROTOR MOVEMENTS 

Time Movement of the Stylus (S) with 
Symbol (sec*) Respect to the Target (T) 

C* 0-15 S moves toward outer disk, runs concur-
' rent with T, then returns; S moves 

toward inner disk, circles faster than 
T, and returns. 

16-30 S speeds ahead, leading T, then drops 
back; S slows, dropping behind, and 
recovers. 

(J») 31-45 S circles around T 1" away, like 
satellite. 

46-60 S circles around T l/4" away, like 
satellite. 

61-75 S takes straight line short cut across 
inner disk. 

+ 76-90 S breaks out in one of four directions 
in a l/2" straight line and immediately 
returns. 

91-105 S drops out, frantically returns by zig-
 ̂ zag path. 

\/ 106-120 S flies off T at a tangent, recovers 
in a straight line, sometimes over
shooting. 

4" 
121-135 S repeats 76-90 sec. pattern, but with 

a vertically shaky hand. 

136-150 S*s tip is not perpendicular to T, and 
circles the edge of T, off and on. 

151-165 S vacillates shakily on the "south
east" edge of T. 

41 



«§3 166-lSO S loops out and back smoothly in 
various directions. 
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APPENDIX C 

GENERAL AND SPECIAL INSTRUCTIONS FOR THE TASK* 

General Instructions for All Subjects 

This is an experiment in skill learning which will 

involve quick responses and close attention to the instruc

tions. It is important that you follow my instructions 

closely. 

1. Please stand here without touching the table with 

your body. 

2. Your job will be to contact the moving target 

(point to it) continuously with the tip of this 

stylus (demonstrate). Your score will depend on 

this. Remember to hold the stylus lightly, but 

firmly, with all the fingers of your right hand 

as I have shown you. When you are making con

tact with the target, do not press down heavily, 

but just enough to maintain smooth, consistent 

contact. Are there any questions so far? 

(Repeat as necessary.) 

*Key to symbols used in General and Special Instructions: 
a. Words enclosed in parentheses: instructions to the ex

perimenter regarding procedure. 
b. Numbered items: instructions to the subjects, narrated 

verbally and from memory (with reminder cards permitted) 
by the experimenter. 

43 
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Special Instructions for Group I (Total Practice) Sequence 

(Render immediately following preceding General Instructions) 

1. After you have been working on the task for a 

while, I shall ask you to stop. When I say 

"stop," I want you to pick the stylus up off 

the turntable and hold it relaxed by your side 

(demonstrate). Hold it there until I tell you 

to go again. When I say "go," begin to try to 

keep on the target as before. 

2. I will be over here (point to experimenter end 

of the table) giving instructions. Are there 

any questions? (Repeat again the sequence of 

events per the instructions above, rephrasing 

where needed so that subjects fully understand 

what will be required of them.) 

3. Hold the stylus in your right hand now and when 

I say go, proceed with the task. 

4. Ready, go! Try to keep contact with the target. 

5>. Stop! Keep the stylus in your hand and hold it 

relaxed by your side and look straight ahead, 

not down at the turntable. 

6. Ready, go! 

7. Stop! Place the stylus down by your side as 

before. 

6. Ready, go! 
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9. Stop I Place the stylus on the table, sit in 

this chair, put this blindfold on, and relax 

until I call you. Please do not talk, but 

just relax. When I call you, return to your 

position and be prepared to begin the task. 

10. Remove the blindfold and return to your posi

tion and get ready to go. 

11. Ready, go! 

12. Stop! 

Special Instructions for Group II (Visual Practice) Sequence 

(Render immediately following preceding General Instructions) 

1. After you have been working on the task for a 

while, I shall ask you to stop. When I say 

"stop," I want you to put the stylus down on 

the table and go to your right to this push 

button (demonstrate). I will then begin to 

work on this rotor (stand by rotor No. 2) as 

you have been doing. Your job now is to push 

the button with the forefinger of your left 

hand whenever I contact the target and release 

the button whenever I fall off the target. 

When I stop, I want you to return to your 

previous position and be ready to again 

start the task. 



2. I will be over here (point to the experimenter 

end of the table) giving instructions. Are 

there any questions? (Repeat again the se

quence of events per the instructions above, 

rephrasing where needed so that subjects 

fully understand what will be required of 

them.) 

3. Hold the stylus in your right hand nov; and 

when I say go, proceed with the task. 

4. Ready, go! Try to keep contact with the target, 

5. Stop! Go to your right to the push button, 

remember to use the forefinger of your left 

hand. (Turn the timers off and go to rotor 

No. 2 and pick up the stylus. Have phase se

quence card in front of you and stop watch in 

left hand.) 

6. Ready, go! Press the button when I am on the 

target and release it when I am not. 

7. Stop! Return to your position and pick up 

your stylus and be prepared to start. 

(Return to experimenter end of the table and replug the 

timers.) 

S. Ready, go! 

9. Stop! Place the stylus on the table, sit in 

this chair, put this blindfold on, and relax 

until X call you. Please do not talk, but 
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just relax. VJhen I call you, return to your 

position and be prepared to begin the task. 

10. Remove your blindfold and return to your 

position and get ready to go. 

11. Ready, go! 

12. Stop! 

Special Instructions for Group III (Motor Practice) Sequence 

(Render immediately following preceding General Instructions) 

1. After you have been working on the task for a 

while, I shall ask you to stop. VJhen I say 

"stop," I want you to pick the stylus off the 

turntable and place it on the table. Im

mediately after doing that, I want you to put 

on this blindfold (demonstrate). VJhen you have 

the blindfold on correctly, I shall place your 

right hand on a stylus. Hold this stylus as 

you did the previous one. Do not try to move 

it around, but hold on to it lightly, but 

firmly, with all your fingers and let it guide 

your hand movement. Continue doing this until 

I say stop again at which time you will release 

the stylus and remove the blindfold. 

2. I will be over here (point to the experimenter 

end of the table) giving instructions. Are 

there any questions? (Repeat again the sequence 



of events per the instructions above, rephrasing 

where needed so that subjects fully understand 

what will be required of them.) 

Hold the stylus in your right hand now and when 

I say go, proceed with the task. 

Ready, go! Try to keep contact with the target. 

Stop! Place the stylus down and put on the 

blindfold. (Pick up the dummy stylus and attach 

it to the rotor and then place the subjectfs 

hand upon it when the blindfold is on correctly.) 

Go! Let the stylus guide your hand. 

Stop! Take your hand from the stylus and remove 

the blindfold and replace it on the table. Pick 

up your original stylus and be prepared to start 

as before. (Remove the dummy stylus from the 

rotor and return to experimenter position.) 

Ready, go! 

Stop! Place the stylus on the table, sit in this 

chair, put this blindfold on, and relax until I 

call you. Please do not talk, but just relax. 

When I call you, return to your position and be 

prepared to begin the task. 

Remove your blindfold, return to your position 

and get ready to go. 

Ready, go! 

Stop! 
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Special Instructions for Group IV (Total Rest) Sequence 

(Render immediately following preceding General Instructions) 

1. After you have been working on the task for a 

while, I shall ask you to stop. When I say 

"stop," I want you to put the stylus down on 

the table and go over to this chair, put on the 

blindfold that is there and sit down and relax 

until I call you. When I call you, I want you 

to remove the blindfold, leave it at the chair 

and return to your position at the table and get 

ready to begin the task. 

2. I will be over here (point to the experimenter 

end of the table) giving instructions. Are there 

any questions? (Repeat again the sequence of 

events per the instructions above, rephrasing 

where needed so that subjects fully understand 

what will be required of them.) 

3. Hold the stylus in your right hand now and when 

I say "go," proceed with the task. 

4. Ready, go! Try to keep contact with the target. 

5. Stop ! Place the stylus on the table and go to 

your chair, put the blindfold on, sit down and 

relax. Please do not talk. 

6. Please remove the blindfold, leave it on the 

chair and return to your positions and get ready 

to do the task. 
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7. Ready, go! 

Stop I Place the stylus on the table, sit in 

chair again, put the blindfold on and relax 

until I call you. Please do not talk, but 

just relax. When I call you, return to your 

position and be prepared to begin the task. 

9. Remove your blindfold, return to your position 

and get ready to go. 

10. Ready, go! 

11. Stop I 



APPENDIX D 

SUMMARY OF UNCORRECTED MEAN VALUES (IN SECONDS) 

USED IN CALCULATIONS AND FIGURES 

Period 1 
Trials 

Group 1 2 3 4 5 6 

I 4.01 4.63 6.30 7.34 7.15 6.73 

II 1.93 3.45 5.93 5.37 5.41 6.37 

III 1.79 2.63 4.44 5.60 3.60 4.06 

IV 3.61 3.70 5.29 6.05 7.01 7.53 

Period 2 

I 7.32 7.34 3.01 7.24 7.57 6.93 

Period 3 

I 11.70 10.57 10.00 9.34 9.65 3.95 

II 9.62 10.49 11.66 10.37 10.31 10.37 

III 9.20 9.44 10.50 9.55 9.46 3.44 

IV 12. OS 14.20 14.34 12.73 12.00 10.73 

Period 5 

I 16. Si 13.30 13.90 17.73 is.52 17.15 

II 15.91 17.24 13.12 16.94 16.36 14.32 

III 12.25 14.34 15.93 15.67 15.47 13.30 

IV 15.36 16.56 17.39 16.50 16.26 15.57 
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APPENDIX E 

SUMMARY OF CORRECTED MEAN VALUES (IN SECONDS) 

USED IN CALCULATIONS AND FIGURES 

Period 3 
Trials 

Group 1 2 3 4 5 6 

I 4.97 3.34 3.27 3.11 2.92 2.22 

II 2.75 3.62 4.79 4.00 3.44 4.00 

III 5.14 5.35 6.44 5.49 5.40 4.35 

IV 4.50 6.62 6.76 5.20 4.42 3.15 

Period 5 

I 10.05 12.07 12.16 11.05 11.79 10.42 

II 9.04 10.37 11.25 10.07 9.99 7.95 

III 5.19 10.75 11.57 11.61 11.41 9.74 

IV 7.7# 5.95 9.52 5.92 5.65 7.99 
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